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ABSTRACT

The adverse impacts on vegetation and soils due to livestock grazing have been

extensively studied for many years. The extent to which native wildlife may also

be causing change to their environment, as a result of local increases in population

density, has been the subject of debate in a number of countries. In Australia there

has been a growing awareness in recent years that native herbivores, particularly

kangaroos and wallabies, may also be causing changes to ecosystem dynamics.

Environmental changes, produced firstly by the aboriginal people and then by

Europeans, have favoured the larger macropods, resulting in increased population

levels. These impacts can also be seen in areas around cities, where pressure from

urbanisation has restricted populations to smaller and smaller patches of remnant

vegetation and reserves, increasing the pressure on diminishing food resources

within these patches.

This study focuses on one of the areas that supplies drinking water to Melbourne,

the Yan Yean Reservoir catchment, which is situated 37 km north east of

Melbourne. This study adds to our understanding of the impacts of native wildlife

populations by investigating the extent of some of these possible changes to

ecosystem dynamics.

The effects of grazing by a native herbivore, the Eastern Grey Kangaroo

{Macropus giganteus), on the quantity and quality of surface water rrmoff derived

from natural rainfall was measured. The runoff was captured using a set of

experimental plots over a period of 30 months and analysed for sediment and

nutrient loads ia order to compare plots that were exposed to kangaroos with plots

from which they had been excluded. Once this phase of the study was completed,

additional data were obtauied by artificially producing runoff across the same plot

system.



While many of the comparisons between the results from grazed and ungrazed

areas showed no statistically significant differences, the results suggest a number

of strong trends. The direct impact of kangaroo grazing was a statistically

significant decrease in above ground plant biomass levels, which may then have

contributed to other changes in catchment hydrology. Sixteen of the 17 rainfall

events produced greater surface runoff from the grazed plots, which was a

statistically significant pattem, and the artificially generated runoff resulted in a

significantly greater level of runoff from the grazed plots.

There was no great difference in the concentrations of solids, sediment and

nutrients in runoff coming from grazed areas when compared to those from

ungrazed areas. When these concentrations were multiplied by the runoff volumes

and total sediment and nutrient loads compared, there were also no statistically

significant differences. However a number of pattems did emerge. Fourteen of the

17 events sampled had greater total solids loads from grazed areas and 9 of the 10

events sampled had greater Total Phosphorus loads from grazed areas, which were

both statistically significant. Mean nitrate/nitrite concentrations were also

significantly higher in artificially generated runoff samples.

Although the variability of the data makes it difficult to draw strong conclusions,

the trends suggest that these results could have important implications for

catchment management. This warrants further investigation by modifying the

methods in order to reduce the variability associated with the water quality

collected from a set of runoff plots using natural rainfall. The results suggest that

particularly where the quality of the water harvested from the area is critical,

consideration should be given to the impact from wildlife grazing.
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1. INTRODUCTION

The importance of good quality drinking water has been recognised by the United 

Nations, which instituted the futemational Drinking Water Supply and Sanitation 

Decade from 1981-90. The provision of clean drinking water is seen as vital to 

reducing and preventing the outbreak of disease within a population and for 

alleviating poverty throughout the world (Young et al. 1994). As the human 

population continues to grow, increasing pressure is placed on the sources of 

drinking water which are becoming more and more polluted as the use of rivers 

and their catchments intensifies (Gleick 1993; Nash 1993; Young et al. 1994; de 

Villiers 1999). The decline in the quality of water makes the provision of a potable 

water supply increasingly difficult and expensive. 

This deterioration in water quality may be traced directly to the discharges 

entering the water course, which are in tum influenced by the land use practices in 

the catchment. Runoff and discharges from agriculture, industry, mining, forestry 

operations, urban areas and sewage plants all have an adverse affect on water 

quality by increasing salinity, sediment and nutrient levels, and introducing other 

chemical contaminants (Gleick 1993; Nash 1993; Gray 1994; Young et al. 1994; 

Fleming and Daniell 1999). The protection of the catchment is therefore vitally 

important in the prevention of deteriorating water quality. Occupied catchments, 

within which intense human activity takes place, tend to produce water of a poor 

quality and treatment costs rise as the necessary processes become more 

complicated (Gray 1994). 

1.1 Closed Catchments 

fu Melbourne, the site of this study, Melbourne Water, the authority responsible 

for providing drinking water, has had a closed catchment management policy for 
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most of its existence (Dingle and Rasmussen 1991). Within these closed 

catchments human activity is highly restricted, and though a small amount of 

timber harvesting occurs in a few places, access is denied to the general public. 

Water coming from these natural areas, most of which are forested, is 

consequently free from the pollutants often associated with human activities. As a 

deterioration in water quality due to changed human land use practices has been 

kept to a minimum, the water is considered to be potable after only minimal 

treatment. This is generally confined to filtration to remove suspended solids, and 

chlorination. 

However, there is increasing evidence to suggest that simply restricting the use of 

these areas to preserve their natural state may not be enough to ensure 

maintenance of runoff quality. As will be discussed fully in Section 2.3, leaving an 

area in its natural state does not guarantee that it will remain free of degradation. 

A number of studies have found that wildlife can have an adverse effect on their 

environment (e.g., Dublin et al. 1990; Alverson and Waller 1997; Coulson 1998). 

Preliminary observations in a number of catchments managed by Melbourne 

Water (including Yan Yean, Sugarloaf and Cardinia) and a metropolitan park 

managed by Parks Victoria (The Plenty Gorge Parklands), suggest that in spite of 

the restricted human use within Melbourne's catchments, changes to ecosystem 

processes similar to those attributed to domestic stock grazing still occur. These 

changes may result in the degradation of the environment and affect the quality of 

water harvested from these areas. 

A major cause of the change in these areas was due to grazing by populations of 

Eastern Grey Kangaroos (Macropus giganteus), and included the depletion of 

ground cover in areas that had been highly grazed by the macropods, and the 

development of extensive track networks that expose bare ground. This suggests 

that the populations of kangaroos in these reserves are at a level that may produce 

a significant long-term change in the condition of the soils and ground flora. This 

then has the potential to contribute to an accelerated erosion rate and consequently 
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increased sediment yield to waterways, particularly in drier years when vegetation 

is scarce and the grazing impact is likely to be most intense. A range of other 

grazing species also occur in these reserves, including the European Rabbit 

(Oryctolagus cuniculus), but are present only at low densities and their impacts 

are likely to be insignificant, especially when compared to the large numbers of 

kangaroos (Ecoplan Australia 1995). How much of an effect kangaroo grazing 

may be having is one of the questions that this study will attempt to answer. 

1.2 Herbivore Impacts 

The model displayed in Figure 1.1 summarises the changes that herbivore grazing 

has the potential to cause to the landscape, leading to possible changes to the 

quality and volume of surface water runoff. The extent of these changes is not 

only dependent on the numbers of animals, but also on factors such as their body 

weight, the structure of their feet and mode of locomotion. 
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Figure LI: Impact of grazing by herbivores. Modified from Noble and Tongway (1986). 

Herbivores can affect the land in a number of different ways as they move across
the landscape. Movement may affect the soil in a mechanical manner, resulting in
the compaction of the soil layer. Impact from an animal's feet breaks down soil
aggregates and reduces the number of pores in the surface layer. This may result in
an increase in the availability of fine soil particles which are more susceptible to
mobilisation. These fine particles may also fill soil pores, producing a harder,
impermeable soil crust which allows less rainfall infiltration, leading to greater
surface runoff and a greater chance for the entrainment of any loose material. The
removal of vegetation by herbivores also produces an effect on the soil layer.
Grazing lowers the height of the ground cover and increases the exposure of the
soil to rainsplash and sheet wash (Thurow 1991). Feeding may also result in direct
soil disturbance if vegetation is removed along with the root systems. The impacts
of herbivore grazing are discussed in detail in Section 2.2.
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Most studies on the impact of grazing by herbivores on natural ecosystems have 

concentrated on the effects· of grazing by domestic livestock ( e.g., Dadkhah and 

Gifford 1981; Bohn and Buckhouse 1985; Schulz and Leininger 1990; Belsky and 

Blumenthal 1997). Results of these studies suggest that livestock grazing led to an 

increase in soil erosion due to a combination of several altered ecosystem 

processes, including soil compaction and a reduction in tree recruitment and 

ground cover. A number of these impacts have also been identified in Australian 

ecosystems and are outlined by Noble and Tongway (1986). These included the 

direct effects involving disturbance and compaction of the soil surface's, and the 

indirect effects due to a reduction in plant and litter cover (Eldridge 1991). The 

effects of domestic livestock grazing are discussed in more detail in Section 2.2. 

1.3 Native Animal Grazing hnpacts 

The extent to which native wildlife may be causing change to their environment as 

a result oflocal increases in population density has been the subject of increasing 

attention in a number of countries. Even in natural areas where land use is 

restricted, native animals may still have an adverse effect on the environfnent. 

Grazing and trampling by native animal populations in many parts of the world 

have resulted in a number of changes to ecosystem dynamics. In North America, 

grazing by native deer, in particular white-tailed deer ( Odocoileus virginianus), 

has resulted in a loss of understorey species in forest areas. Reduced tree 

recruitment, and the replacement of some preferred species with unpalatable herbs 

and shrubs, have also been observed (Frelich and Lorimer 1985; Tilghman 1989; 

Alverson and Waller 1997; McShea and Rappole 1997; Waller and Alverson 

1997). Similar changes to ecosystems in Africa have been attributed to a number 

of native ungulates including elephants (Loxodontia africana), wildebee�t 

(Connochaetus spp.), white rhino (Ceratotherium simum) and hippopotamus 

(Hippopotamus amphibius) (Laws 1981; Owen-Smith 1981; Dublin et al. 1990). 
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Other research investigating the impacts of native animal activities on the 

landscape has mainly involved studies of burrowing animals such as moles (Talpa 

spp.), worms and termites (Baver et al. 1972; Omo Malaka 1977; Jungerius and 

van Zon 1984). The major impact of burrowing animals is to bring subsurface 

materials to the surface where they are deposited over vegetation and litter layers 

and exposed to the effects of rainsplash and other erosion processes. The 

subsurface soils often have characteristics that make them more susceptible to 

erosion (Imeson 1976), such as a higher proportion of clays, and the mounds 

produced tend to be less permeable (Abaturov and Karpachevski 1966). 

There has been some debate over the notion that the current high densities of 

native wildlife in various areas are indeed causing long-term changes to ecosystem 

balance and whether this is an imbalance which needs to be redressed. Some ( e.g., 

Dublin et al. 1990; McCullough 1997; Stromayer and Warren 1997) argue that the 

changes resulting from the high densities of native animals are simply part of a 

long-term cycle in which the ecosystem will eventually reach a new balance or 

alternative stable state. Others ( e.g., Norton-Griffiths 1979; Cumming 1981; 

Hanks et al. 1981; Walker 1981) argue that the changes are a result of local 

population increases due to the unnatural restriction of native animal populations 

to ever decreasing areas, with little or no emigration or predation. 

Answering this question may be beyond the scope of this study. However, the 

information contained here will add to our understanding of the long-term 

environmental changes being caused by high densities of kangaroos in terms of 

their impacts on hydrological processes, soil erosion and changes to species 

composition, and consequently how some of these may be effecting the quality of 

surface water runoff from these areas. 
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1 .4 Kangaroo Grazing Impacts 

In Australia, it has become apparent that not only are introduced domestic stock 

having an adverse affect on the environment, but also that native herbivores, 

particularly macropods (kangaroos and wallabies), are causing change to their 

environment (Cheal 1986; Walters 1986; Coulson and Norbury 1988; Neave and 

Tanton 1989; Ecoplan Australia 1995; ACT Kangaroo Advisory Committee 1997; 

Coulson 1998). hnpacts on the environment being caused by Australia's native 

animals, in particular grazing by macropods, have been hidden behind the 

romantic notion of soft footed marsupials padding across the landscape in total 

harmony with the natural environment. Although this may not be an entirely 

unacceptable assumption, since kangaroos have evolved over thousands of years 

in conjunction with the Australian environment, it is supported by little evidence 

(Noble and Tongway 1986; Freudenberger 1995). Noble and Tongway (1986) 

argued that grazing and trampling by kangaroos could have similar impacts on the 

soils to those caused by domestic herbivores. Their conclusions were supported by 

Freudenberger (1995) who found that there was no significant difference in 

standing forage between paddocks that were grazed by sheep and those grazed by 

kangaroos. A recent study by Bennett (1999) found that kangaroos also did not 

necessarily tread more lightly on the earth. He showed that the pressures exerted 

by hopping medium to large sized macropods were similar to those of galloping 

ungulates. 

1.4.1 Reasons for changes to macropod densities 

It is when the population densities of wildlife populations are high that their effect 

on the environment becomes most evident. In many areas, macropod populations 

have increased due to changes to the environment caused initially by the 

aboriginal people and then by European farmers, creating conditions that favoured 

the large native herbivores. For thousands of years, fire was used by Aborigines to 

reduce scrubby undergrowth and promote grass growth, and farming brought with 
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it improved pasture and permanent water holes (Jones 1969; Flood 1983; Flannery

1990; Caughley and Sinclair 1994; Kohen 1995). In many places this produced an

environment which was more favourable for marsupial grazing. More recently,

pressure from urbanisation has also restricted wildlife populations around cities to

smaller patches of remnant vegetation and reserves, increasing the pressure on

diminishing food resources within these patches.

Distribution and abundance of kangaroos is largely dependent on the availability

of food, shelter, water and freedom from predation. The Eastem Grey Kangaroo

{Macropus giganteus), which is the main subject of this study, occurs in areas of

relatively consistent rainfall and can be found across a broad range. Its habitat

includes woodlands, shrublands, open forests and semi-arid mallee open scrub

(Hume 1982; Pople 1989). These conditions occur throughout most of eastem

Australia, where the Eastem Grey Kangaroo is quite common (See Figure 1.2). It

has distinct feeding and resting areas, spending its days in areas offering good

cover and protection such as open forest or woodland (Pople 1989). These are

usually on the edges of more open feeding areas, where it feeds on a mixture of

mostly grasses with some browsing (Norbury 1987; Wilson 1991b).

Figure 1.2: Distxibution of Eastem Grey Kangaroo {Macropus giganteus) indicated by shaded area.
Modified fi-om Hume (1982).



1.4.2 Impacts due to overpopulation

In areas where high-density macropod populations have been restricted to reserves

their impacts are now seen to be producing a number of negative effects on

conservation objectives, including impacts on habitat quality, endangering

threatened species and communities and threatening their own survival by habitat

destruction (Coulson 1998; Rodger 1998). Overgrazing due to increased

population density has caused adverse impacts in and around a number of reserves

including Coranderrk Bushland, Woodlands Historic Park and Hattah-Kulkyne

National Park in Victoria, Tidbinbilla Nature Reserve in the Australian Capital

Territory (ACT) and Maria Island National Park in Tasmania (Coulson 1998).

Densities of Eastern Grey Kangaroos in a number of ACT reserves for example,

have been foimd to range from 2.4 to 3.7 per hectare, and overpopulation has been

recognised as a problem (ACT Kangaroo Advisory Committee 1997). In

comparison, densities of Red {Macropus rufus) and Grey Kangaroos {Macropus

fuliginosus) on the inland plains of New South Wales have been found to be

mostly below 0.1 animals per ha with a maximum of approximately 0.2 animals

per ha (Caughley et al. 1977). Densities at Yan Yean, one of the areas studied in

detail here, range between 0.8 and 2.5 animals per ha (Coulson et al. 1999a).

Problems resulting from the elevated macropod densities were once perceived as

mainly affecting pastoral land, and economic in nature. As a result most of the

studies on the impact of kangaroo populations have concentrated on their effects

on the vegetation and domestic stock production in the semi-arid rangelands of

Australia, and the extent to which deterioration of the environment can be

attributed to the wildlife component of the grazing fauna, rather than the domestic

species (e.g., Graetz and Tongway 1986; Wilson 1991a; Norbury et al. 1993).

Previous studies have been based largely on the macropod species that are most

abundant in rangeland environments, the Western Grey Kangaroo and the Red



Kangaroo. In contrast little research has been conducted into the effects of grazing

by the Eastern Grey Kangaroo (Coulson et al. 1999a).

1.5 Study obi ectives

The study focuses on one of the areas that supplies drinking water to Melborune,

the Yan Yean Reservoir catchment, and a nearby metropolitan park, The Plenty

Gorge Parklands (Figure 1.3), where densities of Eastem Grey Kangaroos are high

(see Section 3.2). Partial clearing for farming in the past, which is described in

detail in Section 3.2, has provided a range of conditions that favour a build-up of

kangaroo populations. Grassy clearings interspersed among the forested areas

provide an abundant food supply, with nearby shelter to retreat to in case of threat

or disturbance. In other areas, patches of partly cleared forest and a balance

between shelter and open areas were the conditions within which Eastem Grey

Kangaroo densities have been found to be highest (Hill 1981; Pople 1989).

Natural mortality during drought conditions is reduced by a plentiful water supply,

and there is little or no predation. The Yan Yean catchment was therefore

considered to be a good site for the determination of the impacts of kangaroo

grazing where the densities were high. It is also free of livestock grazing, which

ensures that any changes to ecosystem processes measured are attributable to

kangaroo grazing.
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Figure 1.3: Locality map. Modified from Melbourne Parks and Waterways (1994).

This study focuses on the effects of grazing and trampling by the Eastern Grey

Kangaroo on ecological processes, in particular their effects on soils and

vegetation and through this, on hydrological processes, such as the quality and

quantity of surface water runoff. This study is also one of the few to examine

impacts due to grazing by Eastern Grey Kangaroos in areas where their densities

are high and in this controlled site the impact of sheep and cattle grazing is

eliminated.

1.5.1 Objectives

The overall aim was to measure the impacts of grazing by the Eastern Grey

Kangaroo by comparing the quality and volume of surface runoff from areas
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where kangaroos forage to those from where they had been excluded. The quality

of surface runoff was assessed in terms of its nutrient and sediment loads. The

aims of this study were to analyse the link between kangaroo grazing and sediment

and nutrient mobilisation by investigating the objectives listed below which relate

to the model in Figure 1.1.

Objective 1. To compare biomass and species composition in areas that were

untreated (i.e. grazed by kangaroos) to the areas that had the treatment applied

(i.e. fenced and ungrazed).

The model m Figure 1.1 predicts that grazing by herbivores will result in the loss

of vegetation and changes to species composition. These impacts due to grazing

by kangaroos are described in Sections 2.4 and 5.2.

Objective 2. To compare infiltration rates in, and volumes of surface runofffrom,

areas that were grazed by kangaroos to the areas that were fenced and ungrazed.

This model also predicts that grazing by herbivores will result in a physical change

to the soil layer, namely compaction. Impacts on infiltration rates due to .grazing

by the kangaroos are described in Section 6.2. These data also need to be

considered in the context of results of runoff volumes obtained from the surface

runoff plot studies and from the artificially generated runoff, which are described

in Section 6.3 and Section 8.2 respectively.

A decrease in infiltration rate, in combination with a reduction in the biomass

present may result in a decrease in the amount of rainfall being intercepted and

infiltrating the soil surface. This may in turn lead to an increase in surface runoff.

Impacts on the proportion of rainfall that becomes surface runoff due to grazing by

the kangaroos are described in Chapters 6 and 8.
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Objective 3. To compare solids and sediment loads in the surface runoff from

areas that were grazed by kangaroos to the areas that were fenced and ungrazed.

Should the model in Figure 1.1 prove to be valid and the areas grazed by

kangaroos have lower biomass levels, greater compaction and increased surface

flow, then these conditions may result in the increased potential for soil

entrainment. Impacts on solids and sediment levels in the runoff coming from a

number of sites due to grazing by the kangaroos are described in Section 7.1 and

Chapter 8.

Objective 4. To compare nutrient loads in the surface runoff from the areas that

were grazed by kangaroos to the areas that were fenced and ungrazed.

Grazing of herbivores m the imtreated areas may also result in the greater cycling

and mobility of nutrients found in the faecal pellets. Impacts on nutrient levels in

the runoff coming from a number of sites due to grazing by the kangaroos are

explored in Section 7.2.

1.6 Thesis outline

This study begins with a discussion of the dynamics of erosion processes,

reviewing the variables responsible for the production, entrainment and transport

of sediment particles. The impacts of grazing hy herbivores in general on these

processes are discussed and the discussion then focuses on the impacts of

kangaroos. A detailed description of the major study sites follows in Chapters 3

and 4. The intensity of kangaroo grazing in these areas is investigated in Chapter

5, where the impact that this has on the vegetation is also explored. The major

findings of this study are then presented in Chapters 6, 7 and 8, where the impacts
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of the kangaroo grazing are investigated and grazed areas are compared to

ungrazed areas in terms of runoff volumes and quality. Chapter 9 includes an

investigation on concentrated impacts and mass movement which was conducted

at the Plenty Gorge Parklands. The conclusions are presented in Chapter 10.
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2. EROSION PROCESSES AND THE EFFECTS OF

GRAZING 

The introductory chapter outlined the effects that high densities of grazing animals 

can have on their environment. Grazing by herbivores, including native wildlife, 

can alter ecosystem processes by affecting erosion rates and biomass levels, which 

can eventually lead to a decrease in water quality for water courses which receive 

runoff from these areas, as they are the source of pollutants. This chapter explores 

these effects in greater detail by first describing the processes responsible for the 

transport of soil material across the earth's surface, and then discussing how these 

processes are affected by herbivore grazing. Finally the conditions that lead to 

high densities of kangaroos in the study site are described, followed by the effects 

that kangaroo grazing has on the dynamics of the erosion processes. 

2.1 Erosion Processes 

Erosion involves the processes of weathering, the breakdown of rock material 

into smaller fragments, and transport, the movement of the products of weathering 

away from the site of breakdown. Weathering is the chemical alteration and 

physical breakdown of rock material into smaller fragments by either 

decomposition and/or disintegration. Disintegration occurs when a rock physically 

breaks down into smaller fragments without there being any significant alteration 

to the minerals. Any breakdown which involves chemical alteration, changes to 

the mineral structure and composition is referred to as decomposition ( Goudie 

1981). 

If these smaller rock fragments and minerals are not immediately transported from 

the area they will eventually mix with organic material to form a soil. Soil also 

undergoes a weathering process as the particles breakdown further and the 

15 



chemical components are altered or leached from the profile. Often transport 

processes, particularly on hillslopes, are so rapid that soil particles are continually 

moving in and out of the area, with the weathering of soils mainly occurring in 

storage areas. This means that the weathering of soils is not as obvious as the 

weathering of rock due to the dominance of transport processes. 

Wind, water and gravity are the main agents of erosion, acting to abrade, weaken 

and transport various materials of sizes ranging from individual clay particles to 

massive slumps and land slides. This results in a general lowering of the surface of 

the earth at a rate which is determined by the physical properties of the materials 

and the physical environment in which they occur. This produces a local rate of 

weathering and transport, which in turn depends on the susceptibility of the 

surface to erosion. Susceptibility of a surface is dependent on a combination of the 

physical properties, chemical composition, degree of slope and amount of 

exposure to the actions of wind and water (Rosewell et al. 1991). 

Changes to the parameters that influence a surface's susceptibility to erosion or 

the proportion of rainfall which becomes surface runoff, will lead to a change in 

the rate of erosion. As any liberated material is transported by the surface runoff, 

then the quality of the runoff will itself be affected either by material in solution or 

by the particulate matter, and this will in tum have an effect on the downstream 

values of the water courses that this water feeds into. In some cases the erosion 

rate can be decreased (for example after intensive urbanisation), however, the 

reverse is probably more common. Changes such as a decrease of the vegetation 

cover due to fire, the actions of animals in the area, or the clearing of land for 

agriculture can lead to an accelerated erosion rate (Chessman 1986; Rosewell et

al. 1991). 

The factors acting on these processes can best be described in detail using a model 

of the dynamics of a 'normal' system. From this, the significance of any changes 

to the systems dynamics can be more easily explored. The following section 
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describes a number of factors involved in transport and includes some models of 

hillslope processes, of relevance to the hillslopes investigated in this study. 

2.1.1 Detachment and mobilisation 

Tue removal of the products of decomposition and disintegration from the site� at 

which they were formed is referred to as transport. Before transport can occur, the 

soil particles must be detached from their original position and mobilised. An 

important characteristic of the soil, which determines how easily it is detached and 

mobilised, is its cohesiveness or aggregate stability (Cooke and Doornkamp 

1990). Aggregates are a collection of soil particles bound together into a distinct 

unit. Tue soil particles are held together by either the electrostatic forces from 

charges associated with clay minerals, cementing substances from organic matter, 

iron hydroxides or the binding strands of fungal hyphae and roots (Craze and 

Hamilton 1991 ). Tue ability of the soil particles to bind together reduces the 

availability of smaller, lighter particles that are more easily entrained and 

transported and more susceptible to erosion. 

On very steep slopes, the force of gravity alone may be enough to mobilise 

sediments. However on slopes with lesser angles, the force required to detach and 

mobilise soil particles is provided by rainsplash impact and surface runoff, which 

add to the forces exerted by gravity. The amount of force required from these 

processes before detachment and mobilisation occurs is dependent on the angle of 

the slope as shown in Figure 2.1 and Figure 2.2. 

Rainsplash has a high erosive effect and occurs on all slope angles, but as the 

slope angle increases, displacement is biased as particles are moved further in the 

downslope direction (Figure 2.1 ). On a flat surface, the net effect ofrainsplash 

may not be significant as particles dislodged from one area are returned by a later 

raindrop impact. However, rainsplash is still able to break up soil aggregates, 

dislodge material by undermining and by direct impact forces, and by carrying fine 
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particles along with its rebounding droplets. In so doing, it is able to provide the 

energy required for the initial detachment of soil particles, making them more 

susceptible to transport by surface flow. Breaking up soil aggregates also increases 

the availability of smaller, lighter particles (Hairsine et al. 1999), which generally 

require less energy to be mobilised. The most easily transported particles are 0.1-

0.5 mm in size, with smaller as well as larger particles requiring a greater velocity 

to be entrained (Cooke and Doornkamp 1990). Rainsplash also acts to compact 

the soil, reducing the infiltration rate, increasing the amount and speed of surface 

runoff and increasing the potential for erosion (Rosewell et al. 1991 ). Cooke and 

Doornkamp ( 1990) believe that raindrop impact is often the initiator of soil 

erosion and responsible for as much as 90 % of erosion on agricultural land. 

Raindrop 
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Figure 2.1 : Forces exerted by rainsplash. Source: Finlayson and Statham ( 1980) 

As surface runoff increases, the flowing water cushions the soil against the impact 

of rainsplash and the transport of soil by overland flow becomes more important 

(Finlayson and Statham 1980). This establishes a relationship between detachment 

by rainfall and the depth of water flow. If there is little surface flow then the 

surface may contain pre-detached particles which have not been carried away by 

surface flows. In this case, sediment yield is controlled by rainsplash impact. If the 

surface flow increases, then soil strength or cohesion controls sediment yield, as 

transport is initiated by overland flows (Agassi and Bradford 1999). 
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In most environments the transport of soil material by overland flows is limited to

periods of very intensive rainfall, and it is therefore accepted that rainsplash

impact is also involved in the transport of sediment (Hairsine and Rose 1991). In

the case of surface runoff, as slope angle increases the downslope component or

force due to gravity increases, and less force is required from the flow to instigate

detachment and mobilisation (Figure 2.2).

Lift torce

flc
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Figure 2.2; Forces acting on a stationary soil particle by surface flow. Source: Finlayson and
Statham (1980)

The processes involved in the erosion of soil by water are presented as a model in

Figure 2.3. In summary, transport (T) or erosion of a soil surface is the product of

raindrop erosion (RD) plus runoff erosion (RO), and these in tum depend on the

erosivity of the raindrops (ER) and the overland flow (OF) plus the erodibility of

the soil surface (ES). The erosive potential of raindrops (ER) is a function of the

mass of the drop (dm), the size (s), the size distribution (sd), direction (d), rainfall

intensity (ri) and the impact speed of the raindrop (is), while soil erodibility (ES)

is influenced by its aggregate stability (as), texture (t), chemical (c) and organic (o)

characteristics (Cooke and Doomkamp 1990). Expressed as an equation this

becomes

T = RD + RO,

where RD = ER + ES,

RO = OF + ES,

ER = dm + s + sd + d + ri + is and

ES = as +1 + c + o.

19



Soil from upslope

Detachment by
rain

Detachment by
runoff

Detached on

increment

Total detached soil

Transport capacity
of rain

Transport capacity
ofnmoff

Total transport
capacity

Soil carried downslope

Figure 2.3: Model of soil erosion processes by water. Source: Meyer and Wischmeier (1969).

2.1.2 Hillslope processes

When the movement of soil particles takes place on hillslopes, the material is

moved down the slope due to the combined actions of rainsplash, surface runoff

and gravity, until it is deposited in a fan usually associated with a break of slope,

or is transported directly into a watercourse. Finer, lighter particles are moved

furthest down the slope, with the very fine colloidal particles and solutes washed

out of the area. A simple model of this process is described in Figure 2.4.
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Figure 2.4: Simple model of soil movement down a slope. Source: Edwards (1991)

More detailed models of sediment movement down a slope show that most of the

mobilised particles are deposited at other sites further down the same slope in a

cycle of entrainment and deposition (Loughran et al. 1989). A generalised model

of these zones of deposition and erosion is presented in Figure 2.5 (Loughran et al.

1989). Zone A represents an undisturbed stable area where little erosion has

occurred. Zone B and E are sites of erosion and zone C represents a transitional

zone where both erosion and deposition are occurring. Zone D and F are areas of

deposition, which occur at changes in the slope or where an obstacle causes the

velocity of the runoff water to decrease. If zone F is close to a watercourse the

material here may eventually be removed from this section of hillslope. However,

since most of this material too is redeposited, it is often true that very little of the

eroded material is lost from the drainage basin (Sutherland and de Jong 1990).
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Figure 2.5: Hillslope model (Source: Loughran et al 1989)

2.1.3 Surface runoff and sediment transport

Surface runoff is the portion of rainfall that does not infiltrate the soil surface and

that flows across the surface (Rosewell et al. 1991). Rainfall becomes runoff when

it stops infiltrating the soil surface. This can occur when the intensity of the

downpour is greater than the soil is able to absorb, and in this case is described as

Hortonian overland flow or sheet flow (Heron and Hairsine 1998). It occurs as an

irregular sheet of water moving across the soil surface and is thought to take place

in areas which have a sparse vegetation cover and low infiltration capacity (Dunne

and Leopold 1978). Overland flow may follow ill-defined pathways, which are

related to the microtopography, or it may start to form a system of rills (Goudie

1981). Cooke and Doomkamp (1990) describe this process in more detail, with

the flow begiiming as the soil becomes saturated and rainfall intensity exceeds the

infiltration rate. Water then begins to collect in small depressions on the surface,

until they overflow and a thin layer of water moves between the depressions.

When this layer becomes thick enough, water flows across the surface.

Overland flow can also occur where the soil mantle becomes saturated as rainfall

higher up the slopes passes through the soil surface and percolates through the soil
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profile until it reaches the water table and causes it to rise. This leads to a rise in

the saturated zone around streams and intermittent drainage lines. Rain falling on

these areas flows directly across the surface, as it caimot be absorbed into the soil

surface, and is described as saturation overland flow (Dunne and Leopold 1978;

Heron andHairsine 1998).

In some cases this water passing down through the soil reaches a less permeable

layer, such as the B horizon, at a shallow depth (Thompson et al. 1986) and is then

forced to move laterally as throughflow through the upper layers until reaching the

saturation zones around the streams at the bottom of the slope. Any

inconsistencies or blockages in this zone may drive this water back to the surface

where it once again becomes a component of surface runoff. Throughflow can also

return to the soil surface-where there is a break in the slope.

A Horizon^.*

B Horizon

Figure 2.6: Resurfacing of throughflow when confronted with a less permeable layer and
inconsistent soil profile.

The amount of rainfall that becomes surface nmoff is dependent on the interaction

of a number of variables that all affect the ability of water to infiltrate into the

profile. These include, the amount and intensity of rainfall, the type and amount of

vegetation cover and the slope length and gradient. Also important are the surface

soil characteristics such as texture and structure (which determine porosity),

temperature, moisture content, holding capacity and faunal activities (Cooke and

Doomkamp 1990; Heron and Hairsine 1998).
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Microtopography and slope angle are important as they can either slow or increase

the speed of water movement once the rain hits the surface. Small bumps and

irregularities in the surface produce similar results to vegetation in that they

reduce the speed of the overland flow, allowing more time for infiltration to occur

and reducing the volume of surface runoff. Slope angle also affects speed of flow,

as water has the potential to flow quicker on a steeply angled slope. The

production of overland flow, and the speed of travel, are critical factors in the

mobilisation of sediment from a slope surface.

The proportion of rainfall that becomes surface runoff is important as overland

flows can result in the transport of sediment and non-point source pollutants to

waterways (Sander et al. 1996). Although the models show that most sediment

mobilised is deposited elsewhere on the slope, they also show that some material,

especially colloids and solirtes, may eventually find its way to a watercourse

(Edwards 1991). Particularly when overland flow occurs close to a waterway, it

can carry soil fmes, pollutants, nutrients and bacteria which would be filtered out

if the water passed through the soil, into a waterway (Dunne and Leopold 1978;

Herron and Hairsine 1998). Stream hydrographs give an indication of the

predominant type of runoff occurring in a catchment. The gradual changes to flow

conditions with the onset of rain shown by smooth hydrographs indicate that the

stream is being fed by the steady supply of groundwater, while sharp peaks on

hydrographs indicates a stream subject to the rapid delivery of water caused by

surface runoff (Talsma and Hallam 1980).

The mobilisation of soil particles requires them to be dislodged from the soil

mass. As described in Section 2.1.1, the kinetic energy produced by rainsplash

impact or overland flow may be able to break the cohesive forces that hold

together the soil mass, decreasing the soils resistance to erosion. This allows the

entrainment of the soil particles, which are removed from the original cohesive

sou mass and carried along by sheet flow either in suspension or by saltation. If

the flow is not capable of transporting these particles the rainsplash produces a

24



deposited layer which acts as a temporary store until the particles are moved once

again by rainsplash. It also acts to protect the underlying soil surface from

rainsplash impact (Hairsine et al. 1999). When the sediment load exceeds the

transport capacity of the overland flow, the particles are deposited, forming a layer

which is distinct from the previous cohesive soil mass. Once soil particles are

detached from the original cohesive matrix and become part of this deposited

layer, they may be re-entrained more readily because of the noncohesive nature of

this layer. Only enough force is required to counteract the immersed weight of the

particles and suspend the sediment into the flow. This dynamically changing layer

is continually added to by deposition and removed by re-entrainment (Hairsine

and Rose 1992). Occasionally though, with soils that are high in clay content,

surface crusting can occur. This results in a surface seal, which can not only make

detachment of the particles more difficult, but which also decreases permeability

and increases runoff (Elliott and Leys 1991).

The amoxmt of soil material able to be mobilised, and hence the concentration of

suspended sediment, is determined by a number of factors which act to break the

cohesive forces of the soil mass or re-entrain soil particles. Firstly concentration is

thought to be dependent on the velocity and turbulence of the discharge (Rosewell

et al. 1991). Turbulence can be increased by raindrops impacting the surface

water, but as the depth of water moving across the surface increases, the impact on

the soil surface is decreased (Sander et al. 1996; Agassi and Bradford 1999).

Sediment concentration is also affected by the availability of soil particles of a

size suitable for transport and the moisture content of the soil: For example, wet

clay particles are more difficult to detach. The cohesive resistance of the soil is

also important in determming the amount of material able to be mobilised. This is

described as the force required break the soil particles away from the soil surface

and to suspend them into the flow. Once this has occurred less force is required to

resuspend soil particles into the flow, as the cohesive resistance of any previously

deposited layer is lower (Hairsine and Rose 1992).
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The sediment load of the overland flow usually peaks soon after the

commencement of rainfall due to the initial availability of fine particles in the

deposited layer, and decreases quickly over time as the most easily transported

material is rapidly removed (Proffitt et al. 1991; Hairsine et al. 1999). This results

in a higher proportion of fine sediment particles in the runoff leaving an area,

when compared to the original composition of the soil surface due to the

redeposition of coarser material, aggregate breakdown due to rainsplash impact

and transport, and the selective detachment of sediment (Hairsine et al. 1999).

Once the initial readily transportable sediment is removed the remaining sediment

load is then mostly made up of larger particles which roll along or are moved by

saltation (Sander et al. 1996). The proportion of these larger particles leaving an

area then increases through a series of erosion events or as the extent of soil loss

increases (Hairsine et al. 1999).

To summarise therefore, sediment transport is determined by the rates of

entrainment and re-entrainment, minus the rate of deposition (Hairsine and Rose

1991). Entrainment is partly affected by gravity processes which are affected by

slope, the cohesive strength of the soil, aggregate stability and the dispersiveness

of the soil, while re-entrahunent is also affected by the availability of the

deposited layer and deposition rates, which are affected by particle size.

These processes together explain how surface runoff, occurring as either

saturation or Hortonian overland flow, or as a series of rills or interconnected

ponds (Cooke and Doomkamp 1990), results in the movement of surface sediment

gradually downslope by the combined effects of gravity, natural disturbance by

wind and animals, raindrop impact and transient runoff. This movement is often

interrupted by the presence of macropores, into which the runoff and sediment

falls, vegetation at the soil surface, or by deposition in temporary sediment storage

sites (Loughran et al. 1989; Cooke and Doomkamp 1990; Erskine 1992). These

are often small depressions in the soil surface, which have been produced during

previous events, or result ftom the actions of animals and litter transport. They are
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the first areas to yield up sediment dming a runoff event (Trudgill et al. 1984).

The models of overland flows involve the episodic movement of water and debris

downslope, linked to a series of runoff producing events, rather than a continual

movement towards the water course, such as is thought to be generated during

storm events, where rainfall intensity quickly exceeds the infiltration rate. As a

consequence, Ronan (1986) suggests that the sediment levels measured in the

runoff from plot studies will not necessarily be those entering the water course,

since most would probably have been deposited a short distance down the slope.

Although beyond the scope of this study, it would be valuable to link the results

from runoff plot studies to models of broader sediment movement within the

landscape in question.

Numerous studies have used caesium-137 as an indicator of sites of deposition

and erosion within catchments in order to map sediment movement within the

catchment (For examples see; McCallan et al. 1980; Wise 1980; Ritchie and

McHenry 1990; Loughran et al. 1992; McFarlane et al. 1992; Sutherland 1992;

Wallbrink and Murray 1993). Loughran et al. (1988) found that erosion rates

could be linked to levels of caesium-137 in the soil. High levels of caesium-137

meant that less erosion had taken place, and this was associated with soils that had

more stable aggregates. There was also a significant correlation between a high

caesium-137 concentration and high organic matter content, which meant that

more eroded soils had less organic matter content. This produced a link between

high organic matter content, good aggregate stability and less eroded soils, and

showed that increased aggregate stability made the soils less susceptible to

erosion. The ability of the soil particles to bind together reduces the availability of

smaller lighter particles which are more easily entrained and transported. This is

an important link, since it is recognised that grazing can reduce the organic matter

content of soils (Schultz and Leninger 1990) by decreasing vegetation biomass.

Organic matter plays a vital role in supporting soil mesofauna, megafauna,

microfauna and microflora which, through their activities improve soil structure

(Charman and Roper 1991). These improvements take a variety of forms and
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include; worms ingesting soil particles and passing them out as aggregates;

burrowing activities which reduce compaction and increase the number of soil

pores, allowing a higher level of infiltration and soil microfimgi which produce

long chained organo-mineral complexes which help bind particles and result in the

production of stable aggregates (Harte 1991). The loss of groundcover and the

resultant loss of nutrients and organic matter has an adverse impact on the soil

fauna resulting in a deterioration in soil structure.

This chapter has identified the processes responsible for the movement of soil

particles. The importance of the vegetation cover in these processes is the role it

plays in the interception of raindrops before they hit the ground, the restricting of

surface runoff flows, improving infiltration capacity and the importance of the

organic matter it contributes for stable soil aggregates. Vegetation limits raindrop

impact and obstructs the flow of water onto and across the surface, resulting in a

gradual delivery of water across the stuface (Cooke and Doomkamp 1990). The

structure of the vegetation determines the maimer in which it absorbs rainsplash

impact, rather than simply the amount present. Thus prostrate plants, which

provide up to ICQ % foliage cover over the soil, are more effective than erect,

spindly species which may have only partial coverage (Eldridge 1991). The

following section describes the importance of vegetation in greater detail and

shows how the actions of grazing animals can change the processes discussed in

this section, which can lead to a change m a soil's susceptibility to erosion.

2.2 The Importance of Vegetation and the Effects of Herbivore Grazing.

The impacts of domestic herbivore grazing have been studied extensively (see for

example; Mott et al. 1979; Schultz and Leninger 1990; Thurow 1991) and this

section begins with a review of these impacts, followed by a discussion of the

extent to which grazing by kangaroos may affect the environment in a similar

manner.
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In a review of the effects of livestock grazing on the Upland Forests of the North

American interior west, Belsky and Blumenthal (1997) foimd that livestock

grazing led to an increase in soil erosion due to a combination of altered

ecosystem processes. These included reductions in plant and litter cover,

disturbance and compaction of the soils, and reduced infiltration rates. These are

all important soil properties that influence hillslope processes and soil erosion

rates, as discussed in detail in the previous section. Schultz and Leninger (1990)

found that areas grazed by livestock had half the litter cover and four times the

extent of bare ground compared to areas from which grazing had been excluded.

Ground cover is seen as being the most important factor in producing changes to

erosion rates (Edwards 1991). The ground cover is critical for the protection of the

top soil layer as it slows overland flow, aids water infiltration, serves as a source

of nutrients and organic matter and cushions the impact of raindrops resulting in a

considerable reduction in erosive power (Eldridge 1991; Heron and Hairsiue

1998). The characteristics of vegetation that enable it to reduce the erosive

potential of raindrops and surface flow include canopy density, height, degree of

cover, root density, mulch and water consumption (Cooke and Doomkamp 1990).

Any reduction in ground cover increases the amount of exposed soil and this,

coupled with a reduced infiltration rate due to soil compaction, increases the flow

and speed of water across the surface, which is then able to transport more

sediment (Borg et al. 1988). This leads to an increase in the soils vulnerability to

erosion and an accelerated erosion rate (Thurow 1991). Occasionally though

vegetation can lead to increased erosion as rainfall collecting and dripping off

leaves and stems can actually concentrate raindrops and increase their impact

force when they strike the surface (Cooke and Doomkamp 1990). Ground cover is

also an important source of nutrients and organic matter, assisting soil stmcture

and stability by playing an important role in the formation of stable soil

aggregates, as discussed in the previous section.
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Ground cover and the growth of vegetation may also be impeded by the

compaction of the soil surface caused by livestock grazing. This results in a

decrease in biomass and cushioning of the soil smface and increased areas of bare

soil, leading to increased levels of compaction, a decrease in the number and size

of soil pores, and the formation of a crust on the soil surface. As discussed in the

previous section, soil pores and vegetation act as smks and unpediments which

slow the speed of surface nmofif. Without these impediments, runoff moving

freely across the surface will be able to mobilise and carry a greater amount of

suspended sediment a greater distance across the landscape. Mott et al. (1979)

investigated the effect of domestic grazing animals on soil in an area which was

heavily grazed over a two year period. The grazing resulted in physical changes to

the soil including a great reduction in infiltration rate caused by a reduction in

microporosity of the surface horizon as a result of animal trampling. They found

that most of the soil degradation took place during a short period when a

combination of factors including high animal numbers, low rainfall, little

vegetative cover and high temperatures, exacerbated the process. These periods of

high temperatures and low rainfall, leave soils exposed and vulnerable to the

erosive effects of siunmer storms. Trampling from animal movement across the

soil is also greater at this time as there is little vegetation to decrease the impact.

This results in the break up of soil aggregates, compacting of the surface soil, a

reduction of soil pores, an increase in the proportion of dust and an increase in the

susceptibility of the soil to erosion by providing a greater proportion of soil fmes

(Langford and O'Shaughnessy 1980). As a result, sediment yields from forested

systems grazed by livestock were found to be three to ten times greater than from

comparable ungrazed areas (Smith 1967). A direct link between livestock grazing,

ground cover, surface lunoff and sediment yield was also found by Forsling

(1931). His work showed that once livestock grazing was eliminated from certain

areas plant cover increased by 150 %, runoff from summer storms decreased by 72

% and sediment loss decreased by 50 %.
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The reduction in ground cover and trampling by livestock grazing results in

conditions which tend to feed upon themselves and accelerate the instability of the

ecosystem. The removal of the ground cover results in a reduction in the amount

of biomass available to be converted to litter (Belsky and Blumenthal 1997),

further exposing bare soil to erosion, leading to a reduction in the ability of the

ground cover to re-establish itself. The lack of ground cover increases the level of

compaction, continues to accelerate the erosion processes and results in a

continued loss of the nutrient and organically rich surface soil which is most

effective at holding moisture. This further reduces plant productivity, increases the

amount of bare ground, and may even expose hard pan subsoils in which the re-

establishment of vegetation is very limited. These changes to ecosystem processes

and stability were discussed by Thurow (1991) and are outlined in Figure 2.7.

31



Reduced soil 
compaction 

Decreased trampling of 
vegetation and soils 

\/ 

Increased infiltration 
Improved soil structur

�
. / 

' t 
Increase in vegetative 
cover, litter and soil 

organic matter. 

t 
Decreased 

consumption of 
vegetation 

Equilibrium between soil 
Protection from grazing +--- formation and soil loss ----+ Overgrazing

/� 

Reduced 
infiltration 

Consumption of 
vegetation 

Loss of vegetative 
cover, litter and 
organic matter 

Deteriorated soil 
structure 

Figure 2.7: Grazing impacts on soils (Source: Thurow 1991) 
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Grazing by herbivores can also lead to changes in species composition. The 

herbivores normally select the more palatable species, which is normally not a 

problem as these species have co-evolved with the grazers and have adaptations 

which allow to them to cope with the grazing pressures. However, during times of 

stress, such as when population levels are high or the food supply is scarce, this 

preferential grazing may result in the less palatable and introduced species 

becoming dominant (Smith 1967). A shortage of food may also lead to foraging 

on less palatable or rare species, which may be endangered by their lack of 

adaptation to grazing (Belsky and Blumenthal 1997). 
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The damage caused to natural environments by introduced domestic cloven

hoofed (ungulate) stock discussed in this section is well established. The 

following section investigates the problems due to the overpopulation of native 

animals, including macropods, and how this can result in similar impacts to those 

of domestic herbivores. 

2.3 Impacts of Native Animal Grazing 

A number of changes to ecosystem dynamics in Africa have been attributed to the 

effects of grazing by native ungulates. Elephants (Loxodontia africana), 

wildebeest (Connochaetus spp.), white rhino (Ceratotherium simum) and 

hippopotamus (Hippopotamus amphibius) are all seen to be degrading their 

environment (Laws 1981; Owen-Smith 1981; Dublin et al. 1990). Damage due to 

grazing and tree destruction by these animals has been responsible for a change 

from woodland conditions to more open grasslands in parts of Africa (Bell 1981; 

Cumming 1981). However, it is unclear as to the extent that an increase in the 

incidence of fires due to increased human populations in the areas surrounding the 

reserves has also contributed to this change (Norton-Griffiths 1979). In other 

areas, overgrazing has produced a change from open grasslands to thickets of less 

palatable shrubs (Owen-Smith 1981). Even without the effects of fire, elephant 

populations in some areas are at densities that prevent woodland regeneration 

(Dublin et al. 1990). 

In North America, grazing by native deer populations, in particular white-tailed 

deer (Odocoileus virginianus) has also been recognised as responsible for changes 

to ecosystem dynamics. The result of this grazing is a reduction in understorey 

development, a lack of tree recruitment and the replacement of some preferred 

species with unpalatable herbs and shrubs (Frelich and Lorimer 1985; Tilghman 

1989; Alverson and Waller 1997; McShea and Rappole 1997; Waller and 

Alverson 1997). In some situations this creates more open, park-like conditions 

(Healy 1997). The change in plant species composition and abundance as a result 
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of the change to forest structure also acts on the other animal components of the 

ecosystem, resulting in a further decrease in biodiversity (deCalesta 1997). 

The high densities of native wildlife that are responsible for these effects on 

ecosystem processes have arisen from a combination of factors. In the case of 

North American deer, management practices such as clear-cutting patches of 

forests have produced conditions favouring increased deer numbers ( deCalesta 

1997). In Africa, the initial modification of the environment was triggered by the 

increased incidence of fire (Norton-Griffiths 1979; Dublin et al. 1990). Since 

these initial changes, densities of both the African and North American ungulates 

have remained high. Another factor that contributes to these continued high 

densities is the restriction of range. Dispersal of individuals is often restricted by 

the hostile environments created by surrounding human populations which have 

cleared the vegetation, planted agricultural crops, put up fences and built roads 

(Norton-Griffiths 1979; Cumming 1981; Hanks et al. 1981; Walker 1981; 

McCullough 1997). Problems arise, and conflict with humans results, when some 

of these animals do venture into areas of human settlement (Wemmer 1997). 

Other research investigating the impacts of animal activities on the landscape has 

mainly involved studies of burrowing animals such as moles (Talpa spp.) and 

rabbits. An example ofthis research, by Jungerius and van Zon (1984), found that 

moles in Luxemborg tended to increase erodibility by bringing material poor in 

organic matter to the surface. Mounds built by termites, which are constructed 

from finer soil particles, have a bare surface and low infiltration capacity, which 

also makes them susceptible to erosion (Omo Malaka 1977). Alternatively, worms 

decreased erodibility by improving soil structure and increasing organic matter 

content, as their burrowing actions increased permeability and promoted aggregate 

formation (Baver et al. 1972). 

The burrowing by these animals brings subsurface materials to the surface where 

they are deposited over vegetation and litter layers, and exposed to the effects of 
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rainsplash and other erosion processes. The higher proportion of clays in these 

subsurface soils, and the fact that the mounds produced tend to be less permeable, 

makes them more susceptible to erosion (Abaturov and Karpachevski 1966; 

Imeson 1976). 

2.4 Impacts of Kangaroos 

In Australia, as well as feral pigs and deer, native mammals that disturb the soil 

include wombats (Vombatus ursinus and Lasiorhinus spp.) and echidnas 

(Tachyglossus aculeatus). Birds may also have a similar effect; a recent study by 

Ashton and Bassett (1997) reported that foraging by the Superb Lyrebird (Menura 

novae-hollandiae) resulted in considerable soil movement and disturbance. While 

they do not disturb the soil in a digging manner, the effect of macropods, due to 

their large population sizes and range, are of increasing concern in the Australian 

landscape. 

2.4.1 Changes to Macropod densities and reasons for overabundance 

Modification to the Australian environment that produced conditions favouring 

the large native herbivores was previously thought to have begun with the use of 

fire by Aboriginal communities. More recent evidence suggests that vegetation 

change may have been largely in response to greater climate variability. 

Fire was used by Aborigines as an aid to hunting, a signalling device and to clear 

paths through dense undergrowth in order to make travelling easier and safer 

(Flood 1983; Press 1987). Aborigines also used fire as a tool to increase the 

productivity of the land by producing an open woodland environment dominated 

by fire-adapted eucalypts, sedgelands and grasslands. This reduced the scrubby 

undergrowth and promoted grass growth, which attracted and favoured the native 
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marsupial herbivores, which were then hunted as a food source (Jones 1969; Flood 

1983; Flannery 1990; Kohen 1995). 

The extent to which this produced a change in the vegetation in many places, from 

one dominated by rainforest species such as Nothofagus spp. and closed 

woodlands, to a fire adapted, open woodland is still debatable. Some ( e.g. Singh et 

al. 1981; Singh and Geissler 1985; Flannery 1990; Kershaw 1993) argue that 

increases of charcoal in lake sediments, due to increased fires and corresponding 

changes to vegetation patterns, determined from pollen counts, to frre adapted 

species, and the loss of the megafauna, are linked to the arrival of man to these 

areas between 120,000 and 38,000 years ago. Others (e.g. Blackbum and Sluiter 

1994; Kohen 1995; Kershaw et al. in press) believe that an increase in climatic 

variability and a reduction in precipitation over the last 50,000 years have been 

largely responsible for changing vegetation patterns and that aboriginal burning 

has caused changes to vegetation patterns only in the last 5000 years or so. 

Kershaw et al. (in press) argues that the impact_of Aboriginal burning on the 

vegetation was restricted to an acceleration of the climate driven trends rather than 

the instigator of vegetation change. The increase in the frequency of fire during the 

last 50,000 years was thought to be in response to the increase in sclerophyll forest 

and heath vegetation as a result of the climate change (Blackbum and Sluiter 

1994). 

The arrival of European settlers brought about further changes that favoured the 

larger macropods. The clearing of land for farming, and the establishment of 

improved pastures, changed the grasslands from ones that were dominated by tall 

grasses such as Themeda triandra to the more lawn-like grasses such as Stipa spp. 

and Danthonia spp. (Noble and Tongway 1986). The settlers also hunted the 

macropods' main predator, the dingo, which was considered to be a pest by the 

graziers, resulting in a reduction in dingo numbers and their exclusion from large 

areas. These changes, coupled with the development of more permanent water 

supplies in the form of dams and drinking troughs, produced an environment in 
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which the population density of the larger species were able to increase 

dramatically in the first few decades after settlement (Calaby 1971; Doohan 1971; 

Cunningham 1981; Flannery 1990; Caughley and Sinclair 1994). The lack of 

hunting by Aboriginal people is also thought to have contributed to these 

population increases because, although past aboriginal management practices 

encouraged an increase in macropod numbers, hunting kept macropods at low 

densities (Flannery 1990; Kohen 1998). An abundance of food from improved 

pastures and almost constant water supplies provided ideal conditions for survival 

and reproduction. A reduction in burning after European settlement and land 

clearing practices more recently has had a negative effect on some species of 

macropods and stabilised the populations of others, as underbrush has become 

established in areas where none previously existed (Johnson et al. 1989; Flannery 

1990; Kohen 1995). However, Robertson et al. (1987) claim that the populations 

now have greater numbers than before the arrival of Europeans and in certain 

areas localised population numbers have risen to and persisted at extremely high 

levels (ACT Kangaroo Advisory Committee 1997; Nelson 1998). 

Predation is thought to have only a minor impact on population numbers. The 

dingo is the main predator with the effects limited to localised populations. 

Wedge-tailed Eagles (Aquila audax) and foxes (Vulpes vu1pes) are only minor 

predators of the Eastern Grey Kangaroo, with most of their diet consisting of 

carrion (Robertshaw and Harden 1989). In the absence of effective predators, 

starvation and stress during drought conditions have the biggest effect in reducing 

kangaroo populations (Robertshaw and Harden 1989; Newsome 1994). 

2.4.2 Removal of vegetation 

As discussed previously in Section 2.2, a reduction in vegetation biomass and the 

stripping of the vegetative cover leads to conditions which increase the soil's 

vulnerability to erosion. The exposure to the effects of rainsplash and overland 

flow leads to a greater chance of soil entrainment. Also discussed was the fact that 
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while grazing by domestic stock can result in changes to species composition, 

grazing by kangaroos can have similar impacts. 

Macropods can be divided into browsers and grazers. While browsers tend to feed 

on soft, unabrasive, low fibre herbage, grazers feed on abrasive, siliceous grasses, 

often of a high fibre content (Sanson 1978). The larger species of kangaroos, 

including the genus Macropus, are primarily grazers (Hume 1982). Although the 

proportion of grasses may vary depending on the environmental conditions and the 

availability of grasses as opposed to other components of the diet, which include 

forbs and shrubs, the kangaroo diet consists predominantly of grass and is the 

preferred vegetation type (Edwards et al. 1995). Studies have shown that the 

proportion of grasses in the diet ranges from 61 - 99 % (Taylor 1984; Jarman and 

Phillips 1989; Duncan 1992). 

A study of kangaroo grazing in arid regions of Australia found that the kangaroos 

had a significant impact on the ground flora by impeding the accumulation of 

annual and perennial grass biomass and decreasing species diversity (Norbury et

al. 1993). Grice and Barchia (1992) concluded that, in order to minimise the loss 

of endemic perennial grasses from the rangelands, grazing pressure from 

kangaroos as well as sheep had to be considered. This grazing pressure can result 

in the loss of water and nutrients from the system resulting in a lower species 

diversity and causing the vegetation to take longer to recover when growing 

conditions improve after periods of stress (Freudenberger 1995). Unpublished data 

cited in the ACT Kangaroo Advisory Committee report (1997) from a study in the 

Tidbinbilla Nature Reserve (ACT) showed that overall kangaroo grazing resulted 

in a reduction of plant biomass. 

During periods of prolonged drought, the effects of exceeding the carrying 

capacity of the land become readily apparent. The kangaroo diet shifts from their 

preferred grasses to forbs and shrubs. Norbury (1987) believed that the proportion 

of grass in the diet was related to rainfall amount and that the move away from 
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grass was a result of decreasing nutrient content as the grass dries. Kangaroos 

were also liable to overgraze in a similar manner to rabbits and sheep in that they 

continued to feed until almost no forage remained (Kirkpatrick 1985; Short 1985). 

Similar effects were noted by Freudenberger (1995) who looked at the effects on 

the vegetation in separate paddocks stocked by similar numbers of kangaroos and 

sheep and found that there was no significant difference in standing forage 

between the paddocks grazed by kangaroos and those grazed by sheep. 

Short (1985) compared grazing between rabbits, Red Kangaroos (Macropus rufus) 

and sheep in the New South Wales arid zone and found that the maximum food 

intakes were respectively 80, 710 and 1275 g per animal per day, with pasture 

grasses being the preferred component. Kangaroos have lower metabolic 

requirements for protein and energy and therefore would be expected to consume 

less than a similarly sized sheep: they have been found to consume 65 - 75 % of 

an equally weighted sheep (Wilson 1991a). When food intake was adjusted for 

differences in metabolic rates it was found that food intake between the kangaroos 

and the sheep was approximately equal (Short 1985). A later study found that the 

Red Kangaroo in the same environment consumed approximately 907 g per 

animal per day and were able to graze the vegetation until less than 20 kg/ha 

remained. Western Grey Kangaroos in the same study consumed 1150 g per 

animal per day, but were unable to eat the last 180 kg/ha (Short 1986). 

The food intake of the Eastern Grey, a number of other macropods and sheep was 

compared in a study where the animals were caged and fed a diet of lucerne hay. 

The Eastern Grey Kangaroos consumed a mean of 549 g/animal/day, compared to 

sheep which consumed 1109 g/animal/day and Tammar Wallabies (M eugenii) 

which consumed 94 g/animal/day (Dellow and Hume 1982). 

Kangaroos are selective feeders and have a preference for particular species of 

grass (Norbury 1987; Wilson 1991b). A number of studies have shown that 

kangaroos select for particular grasses and also grasses of a particular quality. The 
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species of grasses present in the diet vary according to those present in the 

individual's range. In one study of the diet of the Forester kangaroo (M giganteus 

tasmaniensis), Duncan (1992), found that 61 % of its diet consisted of only a few 

grass species. The kangaroos were quite selective and most of these grasses were 

native species rather than introduced species. The kangaroos preferred species 

such as Themeda triandra and selected against Paa spp., Microlaena stipoides, 

Holcus lanatus, Lamandra longifolia, Juncus spp. and moss. Other studies have 

found that kangaroos selected for high-protein grasses when the conditio�s were 

good and increased their intake of lower quality vegetation during winter when 

conditions meant a reduction in the availability of the high quality grasses (Taylor 

1983). When vegetation was abundant, this selection would even extend to 

particular parts of the plant as kangaroos selected for leaf and avoided sheath and 

stem (Jarman and Phillips 1989). 

The selection of particular species for consumption by kangaroos has been found 

to result in changes to species composition (Neave and Tanton 1989). Heavily

grazed, favoured species may never mature enough to reach a seed production 

stage, whilst unpalatable species continue to flourish (McMahon and Carr 1991 ). 

In the Coranderrk Bushland, a small reserve close to Melbourne, overabundance 

of Eastern Grey Kangaroos and the Black Wallaby (Wallabia bicolor) is thought 

to be affecting the vegetation of the reserve (McMahon and Carr 1991 ). While 

many of the native species were not regenerating, Burgan (Kunzea ericoides ), an 

unpalatable shrub, was dominating the shrub layer and an introduced species also 

avoided by grazers, Sweet Vernal-grass (Anthoxanthum odoratum) was prominent 

in the grass layer. This was in contrast to areas of reduced grazing pressure within 

exclosures where increased species diversity was evident amongst the shrub layer, 

with considerable recruitment of eucalypts. 

The effects of kangaroo grazing on the vegetation biomass and species 

composition of the Yan Y ean Reservoir catchment were investigated as part of 

this study. Details of the methods and results are set out in Section 5.2. 
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2.4.3 Mechanical impact 

Kangaroos move around by using four different types of gait. These have been 

identified as a walk, a quadrupedal bound, a slow movement where the animal 

does not leave the ground and the tail and forelimbs support the animal while the 

hindlimbs are moved forward and the bipedal hop (Windsor and Dagg 1971). At 

high speeds, the hopping action results in a reduced energy consumption when 

compared to the running action of other large mammals (Baudinette 1989). 

As discussed in the previous section, damage to soil structure in Australia has 

been largely attributed to introduced cloven-hoofed domestic herbivores 

(ungulates), with the soft-footed native marsupials thought to have little or no 

impact on soil structure. There is little evidence to support this view. As the data 

in Table 2.1 show, the static foot pressure exerted by the kangaroo was not very 

different to those of sheep and camels (Noble and Tongway 1986) and these 

figures only relate to the pressure exerted on the ground by that animal of a given 

weight whilst it is in a stationary position. Given that a kangaroo often reaches a 

height of at least 500 mm off the ground as it hops, the pressure exerted at the 

point of landing is considerably more: the kangaroo, due to its hopping action was 

able to exert a vertical pressure on the ground up to six times that of its body 

weight (Alexander and Vernon 1975) and twice the pressure exerted in the normal 

standing position (Bennett 1999). The pressures produced by a hopping kangaroo 

are therefore believed to be similar to those exerted by galloping cattle and slightly 

greater than those ofa sheep. However, the infrequent occurrence of fast 

locomotion means that erosion problems produced by the actions of any of these 

animals are more likely to be the result of standing foot pressures (Bennett 1999). 
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Table 2.1: Comparative static foot pressures by contrasting herbivores.

Herbivore Live-weight (kg) Static pressure per foot surface (kg cm-2)

Camel 450-650 1.1-1.6

Kangaroo 30-66 0.8-1.8

Sheep 40-55 1.9-2.6
Cattle 500-600 4.4-5.2

Horse 400-700 2.2-3.8

Source: Noble and Tongway (1986)

As the feet touch down and push off again the hopping action also exerts forces in

a longitudinal direction. As the animal lands it decelerates slightly on contact with

the ground surface and the force is acting in the forward direction. Maximum

force is then exerted as the animal pushes up in the vertical direction until some of

this is transferred backwards as the animal pushes forward, accelerates and leaves

the ground again (Alexander and Vemon 1975).

As animals move across the soil surface the pressure exerted by their feet acts to

compact the soil surface. Whilst this impact is usually only minor, intense grazing

pressure associated with an increase in the density of animal numbers, or the

establishment of highly trafficked areas, together with a lack of vegetation will

produce a significant impact. Trampling effects have been observed in areas

occupied by high densities of macropods (McMahon and Carr 1991). Compaction

of the soil surface results in a reduction of soil pore size and number, with a

resultant lowering of the infiltration rate. Although kangaroos are not cloven-

hoofed, it is argued that their padded feet may pulverise the soil as they hopped

across it, resulting in a reduction in aggregate size and a production of dust which

is then able to be transported more easily (Noble and Tongway 1986). As

discussed in the Chapter 2, Hairsine and Rose (1992) believed that aggregate size

and stability were important factors in deterrriming the susceptibility of a soil to

erosion.
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3. DESCRIPTION OF MAJOR STUDY AREA

3.1 The Yan Yean Catchment

The catchment of the Yan Yean Reservoir is situated approximately 37 km north

east of Melbourne (37034'S, 145O09'E). It covers 2250 ha, of which approximately

one quarter is abandoned farmland, regenerating as grassland and woodland as

detailed in the following section (see Figure 3.1). The primary use of this area

now is as a closed catchment, where land use and access is restricted. Its major

purpose is for the production of water, which is stored in the Yan Yean Reservoir

and passed through the Yan Yean water treatment plant before providing part of

the water supply for the Melboume Metropolitan area. The reservoir has a

capacity of 30,000 ML and a surface area of 560 ha when filled to capacity

(MMBW 1988, 1989). The reservoir also receives water via an aqueduct from

Toorourrong Reservoir, approximately 8 km to the north and by pipeline from

Silvan Reservoir 40 km to the south-east.
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Figure 3.1; Map of Yan Yean Reservoir catchment. Regenerating grassland and woodland shown
as shaded area. Closed catchment boundary includes the shaded area and all the area to the north

east within the public road and the stock fence.

3.1.1 Topography

Most of the catchment of Yan Yean comprises undulating hills which are an

extension of denuded ridges descending from the Kinglake Plateau to the North

east. These are part of a larger area known as the Nillumbik Terrain, a basin to the

north and east of Melboume, which contains the Plenty and Yarra Rivers and their

tributaries, and the Diamond, Merri and Darebin Creeks and their tributaries. The

highest point is in the north east of the catchment where there is a small area of
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steep hills rising to 480 m. The land falls away southward to a low of 185 m in the

southern part of the catchment, where the topography is classed as a flat plain

(MMBW 1987).

3.1.2 Geology and Soils

The higher areas in the north east of the catchment consist largely of Lower

Devonian siltstones with interbedded thin sandstone (MMBW 1984). These are

overlain by shallow, stony gradational soils, which Jeffery (1981) describes as

comprising a hydrophobic gravely loam A horizon over a clayey, stony or gravely

B horizon.

The underlying rocks of the lower part of the catchment area are predominantly

Silurian sandstone interbedded with siltstone and shale. These lower slopes carry

reddish duplex soils. There are also thin bands of Quatemary deposits of river

alluvium, consisting of sand, silt, clay and minor gravel which follow two

intermittent watercourses and continue around the reservoir margin. Yellow

gradational soils are found along these drainage lines with the A horizon being

described as a clay loam. A small swamp deposit of silt, clay and black mud, also

Quatemary in age, follows another watercourse (Jeffrey 1981; MMBW 1984).

A more detailed investigation of the soils of the runoff plot sites was carried out as

part of this study and is set out in Chapter 4. The A horizons were found to range

from silty clay loams to light medium clays, and all three sites had a B horizon

which consisted of a stony heavy clay. The soils were classified according to the

Northcote system (Northcote 1989) as Gradational and non-calcareous.
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3.1.3 Climate

The catchment is situated in a temperate climatic zone with the hottest month

being February when average daily temperatures range between 26.8®C and

16.3®C (Quin 1989). The coolest month is July, with average temperatures

ranging between 12.9°C and 6.1^C (Quin 1989).

Rainfall at Yan Yean is recorded on a daily basis at the Melbourne Water staff

works depot, which is situated adjacent to the western edge of the reservoir. These

records date back over 140 years to 1856. The annual rainfall averages 663 mm

(standard deviation =138 mum), with October, which averages 69 mm, being the

wettest month. February as well as being the driest month with an average 45 mm

and the hottest month, has the most variable rainfall, with a standard deviation of

42 mm. The highest reading recorded for February was 221 mm in 1911 and the

lowest 0 mm in 1991. July, which is the coolest month, exhibits the least

variability of rainfall, with a standard deviation of 23 mm compared to an average

of 51 mm (see Figure 3.2).
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Figure 3.2: Rainfall monthly averages since 1856 (Source: Melboume Water).

There have been quite large fluctuations in annual rainfall totals in the last decade

(see Appendix 1) and this trend has continued during the period of this study

which encompassed the calendar years 1995 to 1997 (see Figure 3.3). Rainfall

during 1995 was 824 mm, 24 % above average, which put it amongst the wettest

46



13% of years. The wettest year on record was 1872, when 1048 mm were

recorded. In contrast, the reading of 482 mm for 1997 was 28 % lower than

average and put it amongst the driest 10% of years. This compares with the driest

year recorded (1945) when only 370 mm were recorded. The second year of the

study, 1996, received 784 mm of rain which was close to the average. However, it

had above average monthly rainfall totals for the first nine months following the

wet year, with a swing to below average rainfall for the last three months showing

the beginnings of the dry spell in 1997. For more details of rainfall amounts see

Section 6.1 and Appendix 1, which contains data on daily, monthly and aimual

rainfall totals for 1995, 1996 and 1997.
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Figure 3.3: Comparison of monthly rainfall for the study period.

3.1.4 Vegetation

The vegetation pattems that exist in the catchment today reflect past land use

practices. The shaded area shown in Figure 3.1 shows the area of former farmland,

which contains patches of grassland, remnant vegetation and regenerating trees

and shrubs that are invading the grasslands. It covers approximately one quarter of

the catchment and shows the greatest effects from previous land uses associated

with clearing and grazing in the past. These previous land uses are discussed in the

Section 3.2. The unshaded areas of the catchment (see Figure 3.1) remain largely
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unchanged by past land use practices. Their importance as land types and

vegetation communities that are relatively undisturbed was recognised by the

Melbourne and Metropolitan Board of Works (now Melbourne Water) which

designated them as reference areas and subject to a special management plan

prepared in 1984 (MMBW 1984), and revised in 1987 (MMBW 1987).

The northern portion of the shaded area contains mixed stands of Swamp Gum

{Eucalyptus ovata) and River Red Gum (E. camaldulensis) which are found in the

lower lying areas. Drooping She-oak (Allocasuarina verticillata) occurs on the

higher slopes and introduced species such as Bulbil Watsonia (Watsonia meriana

cv. Bulbuliferay, Blackberry {Rubus spp.) and Sweet Briar {Rosa rubiginosa)

make up a large proportion of the understorey (Coulson et al. 1999a). The

southern portion of the shaded area, which has the lowest relief, is dominated by

former plantations of Monterey Pine {Pinus radiata). Blue Gum {E. globulus ssp.

globulus) and Sugar Gum {E. cladocalyx), which are now naturally regenerating

(Coulson ei u/. 1999a).

The northern portion of the unshaded (undisturbed) area, which has the highest

relief, contains mixed stands of Red Stringybark {E. macrorhyncha) and Long-

leaved Box {E. goniocalyx), with a varied understorey comprising Cassinia spp..

Acacia spp. Poa spp. and Hop Goodenia {Goodenia ovata). The southem portion

of this area is dominated by mixed stands of Red Stringybark, Candlebark {E.

rubida) and Yarra Gum {E. yarraensis), with an imderstorey of Cassinia spp. In

the lower lying areas Swamp Gum {E. ovata) and White Sallee {E. pauciflora) are

found in association with an understorey of Austral Bracken (Pteridium

esculentum) and Spiny-headed Mat-rush {Lomandra longifolia) (Coulson et al.

1999a).
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3.2 Land Use History

In the early history of the City of Melbourne the water supply was taken directly

from the Yarra River. By 1843, concems arose about the quality of the water taken

from the river because of its use as a sewer, watering point for stock and industrial

discharge. An alternative source had to be formd, and Government Commissioners

were appointed to investigate other options for water supply and sewerage in

1853. After considering various options Yan Yean was chosen as a site for the

construction of a reservoir. It lay in the upper reaches of the Plenty River, over an

area which was previously a swamp. Construction of the reservoir began in

December 1853 and was completed four years later. In 1883, a smaller reservoir

(Toorrourrong) was constructed upstream, from which water could be transferred

to the Yan Yean Reservoir: its was completed in 1885 (Payne 1975).

Criticism of the Yan Yean Reservoir water quality began almost as soon as the

supply to the city commenced. The water was described as unattractive and

undrinkable, with high levels of organic matter (Griffiths 1992). Within a year, a

Select Committee upon Water from the Yan Yean Reservoir was established by

the Legislative Assembly to examine the problems (Jones 1992). The following

quote from John Macadam, an analytical chemist to the government, is indicative

of the criticisms levelled at the water quality. It formed part of his report to the

Select Committee.

The principal popular objections to the Yan Yean water, as at present

supplied to be: Firstly, the unsightly appearance of the water. Second, its

unpalatableness. Thirdly, its being highly objectionable for laundry

purposes, for its iron and other impurities. Fourthly, its unsuitableness for

brewing purposes, for culinary operations, and indeed, for general domestic

use. Fifthly, its having the property of darkening the color of certain

spirituous liquors, and destroying the transparency of liquors, wines, and

infusions generally. In fine, over and above the conclusions inevitably
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drawn from a scientific investigation, I regret to state, a feeling of 

disappointment prevails as to the fitness of the water for the ordinary 

purposes of life, and for such few arts and manufactures as have sprung up 

amongst us, for the successful prosecution of which, a supply of pure water 

is indispensable (Jones 1992, p.66). 

The objectionable quality of the water was traced to a combination of factors. Part 

of the problem lay in the lead and tin pipes used to transport the water to 

Melbourne. Water in the former swamp also had a high organic matter content 

(Jones 1992), and clay-lined channels, which were dug through the swamp and 

drained into the reservoir, contributed discoloured water, particularly after heavy 

rainfall. During periods of low rainfall, stagnant water in the channels was of 

concern. A sawmill on the banks of the Plenty River also contributed to water 

quality problems, but the main concern came from stock grazing around unfenced 

streams in the upper part of the reservoir's catchment (Payne 197 5; Edwards 

1978). 

The land which the Yan Y ean Reservoir now occupies was originally owned by 

three European settlers. William Walker owned land at the southern end of the 

reservoir and land at the northern end was owned at the time by Thomas 

Hutchings Bear and Henry Barber. The land was eventually purchased by the State 

from all three owners in 1854 after reservoir construction had begun. Land that 

was still in the catchment continued to be farmed and a 40-acre vineyard was still 

owned and operated by Thomas Bear up until 1890 in an area at the northern end 

of the reservoir still known as Castle Hill (see Figure 3.1). Orchards were also 

planted in small sections of Bear's property. 

Grazing continued throughout the catchment in the early years, particularly in an 

area called the Upper Plenty Farmers Common, which was Government owned. 

Each farmer had a quota of cattle, which they could graze on the land for a fee per 

head, and the cattle were tended by a herdsman. The fact that the cattle moving 
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through this area had access to the creeks that drained into the reservoir was one 

of the reasons for the water quality complaints during the reservoir's early years. 

This resulted in a change in strategy by Melbourne's water supply authorities, who 

in seeking a solution to the problem of poor water quality, initiated the closed 

catchment management policy, later extended to land around reservoirs in the 

Upper Y arra. In 1872, parts of the Yan Y ean catchment were set aside in a 

reservation, and all timber harvesting operations, which had begun to cause 

erosion problems, ceased. This area was extended in 1873 (Payne 1975). Cattle 

grazing was eventually removed from many areas and restricted in others when 

·grazing rights and Crown Licences were declared null and void in 1872. The land

previously owned by Walker, Bear and Barber was acquired by the State in 1890

(Edwards 1978).

The distribution of forested and grassland areas in the catchment today reflects 

these early land use patterns. They are responsible for producing conditions 

favourable for the Eastern Grey Kangaroos that now thrive in the reserve. The 

nature of these favourable conditions was discussed in the introduction and 

include open grassed areas interspersed among forested areas, which provide 

plenty of food with nearby shelter to retreat to in case of threat or disturbance. 

A Melbourne Metropolitan Board of Works (MMBW) study in 1984 found the 

density of kangaroos in the Yan Yean Reservoir catchment to be 3.8 - 5.7 per 

hectare (MMBW 1984) which was thought to be extraordinarily high (Quin 1989). 

This was much higher than that estimated in a study by David Morgan of 

Melbourne University in 197 5 which put the density at 1. 73 per hectare ( Coulson 

et al. 1999b ). 

A more recent population census conducted over the summer of 1996/97 found 

there to be 2400 - 3000 kangaroos in the catchment area (Coulson et al. 1999a), 

which is equivalent to 1.1 - 1.3 �angaroos per hectare. This is not, however, a true 
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indication of the grazing pressure over the entire catchment, as most of the 

kangaroos confine themselves to the western side of the catchment, which is 

mostly regenerating improved pasture, rather than the forested area, which makes 

up approximately three quarters of the catchment. This preferential use of the 

different habitats within the catchment was reflected in the estimates of density in 

the different areas at the time of the 1996/97 count. Densities were found to range 

from 2.5 per hectare in the surrounding farmland, through to 1.9 per hectare in the 

partially cleared areas of the catchment, to a low of 0.8 per hectare for forested 

areas. These densities are only an indication of grazing pressure in these areas 

because the counts were conducted during daylight hours and grazing patterns at 

night may vary. 

In comparison, densities of Red and Grey Kangaroos on the inland plains of New 

South Wales have been found to be mostly less than 0.1 animals per hectare, with 

a maximum of approximately 0 .2 animals per hectare ( Caughley et al. 1977). It 

must be noted here though that these environments may only be able to support 

lower population levels due to lower biomass levels. The productivity of the land 

may be much lower than the conditions present at the Yan Y ean Reservoir 

catchment where biomass availability may be higher despite the colder winters, 

due to the higher and more consistent rainfall. 

A better indication of whether or not the densities at Yan Yean are high may be 

made by comparing them with densities recently measured in a number of reserves 

with similar climates to and therefore perhaps similar biomass levels to that of the 

Yan Yean Reservoir catchment. The Australian Capital Territory (ACT) has 

temperature and rainfall amounts which are similar to those at Yan Y ean. A mean 

maximum of temperature of 20° C and a minimum of 7 .1 ° C, compares to Yan 

Y ean which has a mean maximum of 19 .5° C and a minimum of 9 .3 ° C and 

rainfall levels ofin the ACT 633 mm, compared to 666 mm for Yan Yean. 

Densities of Eastern Grey Kangaroos in these reserves range from 2.4 - 3.7 per 

hectare and kangaroo overpopulation has been recognised as a problem (ACT 

52 



Kangaroo Advisory Committee 1997). At Woodlands Historic Park, situated 

approximately 30 km west of Yan Yean, and which currently has a recognised 

problem with overabundance of Eastern Grey Kangaroos, the densities in 1997 

were estimated to be 2.8 per hectare (Coulson 1998). 

These densities are similar to those at Yan Y ean. They therefore provide an 

indication that the kangaroos in some parts of the catchment are at densities that 

may be causing problems similar to those being experienced in the ACT reserves 

and at Woodlands Historic Park as outlined previously in Chapter 1. 

A range of other grazing species also occur in the Yan Y ean Reservoir catchment 

and the Plenty Gorge Parklands, including the Black Wallaby (Wallabia bicolor) 

and introduced species such as the European Rabbit, Sambar Deer (Cervus 

unicolor) and Feral Pig (Sus scrofa). However, they are present only at low 

densities and their impacts are likely to be insignificant (Ecoplan Australia 1995), 

especially when compared to the large numbers of kangaroos. 

3 .3 Kangaroo Grazing and Water Quality Problems at the Yan Y ean Reservoir 

As the previous section showed, water quality problems have been noted at Yan 

Y ean Reservoir since the beginning and continue to the present. These problems 

include high turbidity levels and problems with the colour. Consumer 

dissatisfaction regarding the colour and lack of clarity of the water led to the 

establishment of a $25 million water treatment plant on site, which began 

operations in October 1994. High nutrient levels resulted in the reservoir being 

taken off line in early 1995 after a blue-green algae bloom, and other blooms have 

threatened since. 

The extent to which grazing by the kangaroos in the catchment is contributing to 

the continuing water quality problems forms one of the questions being 

investigated by this study. The following sections explore the dynamics involved 
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in blue-green algae blooms, their contribution to the water quality problems of the 

Yan Yean Reservoir, and the potential of the kangaroo population to contribute to 

these problems. 

3 .3 .1 The dynamics of blue-green algae 

Blue-green algae blooms appear as a surface scum or as a discolouration of the 

water surface, which appears green. A bloom is defined as occurring when the 

water has a cell count in excess of2000 cells/mL (Cottingham et al. 1995). 

Problems caused by the algae include dissolved oxygen depletion, the 

development of taste and odours and the production of toxins. The toxic by

products of the growing algae make the water temporarily unusable for a variety of 

domestic, industrial, agricultural and recreational needs and if consumed or 

contacted can cause the death of stock, skin irritations and sickness in humans 

including gastroenteritis (Carmichael 1981) and problems to filtration equipment 

(Water Ecoscience 1996). The toxins produced include alkaloids, polypetides and 

pteridines (Carmichael 1981). 

Earliest records of algal blooms in Victoria date back to a bloom in 1928 at the 

Maroondah Reservoir and in 1929 at the Yan Yean Reservoir (Cottingham et al.

1995). Incidences of algal blooms have become an increasing problem and seemed 

to reach a crisis point when a severe algal bloom in NSW at Lake Cargellio in 

1990, was followed in 1991-92 by the world's largest recorded riverine algal 

bloom which occurred along a 1000 km stretch of the Darling-Barwon River 

(Herath 1997). This resulted in the establishment of a number of State and Federal 

Government initiatives the terms of reference for which included the monitoring 

and identification of blue-green algae blooms and the development of strategies to 

deal with and prevent the problems (Cottingham et al. 1995; Young et al. 1996). 

Blue-green algae blooms in general result from a combination of factors including 

the availability of the nutrients, phosphorus, nitrogen and carbon; trace levels of 
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iron and molybdenum; warm, still and dry conditions; and low zooplankton 

grazing (Donnelly et al. 1997; Herath, 1997). In many cases, the availability of 

phosphorus seems to be the most important limiting nutrient for algal growth 

(Hodgkin and Hamilton 1993; McComb and Davis 1993). Normally, most 

Australian waterways have high levels of turbidity and, while nutrient 

concentrations in the water may be conducive to blooms, algal growth is limited 

by these high turbidity levels and suspended sediment particles which limit light 

penetration and consequently photosynthesis. Growth of the algae is further 

reduced by the readiness of phosphorus to bind with these particles, causing it to 

be unavailable for algal use (Oliver et al. 1993). Still conditions reduce turbulence 

in the water body, which decreases aeration and oxygen levels of the water: they 

also decrease turbidity, allowing light to penetrate the water column and 

photosynthesis to occur (May 1981 ). Turbidity of the water body can also be 

decreased rapidly when clay flocculation occurs. This can occur when saline 

groundwater enters the water body causing the ionic charges on the clay particles 

to change with the result that the small particles aggregate, increase in weight and 

fall out of suspension (Donnelly et al. 1997). 

Poor circulation in a water body, which at Yan Y ean often occurs when water 

levels are low and inflow is limited, can cause stratification leading to low oxygen 

levels in the deeper water layers. Under these conditions, phosphorus is released 

from the underlying sediments, increasing its concentration in the water body and 

stimulating algal growth. A recent study by Donnelly et al. (1997) showed that the 

release of phosphorus from underlying sediments may not be solely dependent on 

low oxygen levels, but that sulfate levels and the actions of sulfate reducing 

bacteria were also important in increasing the intensity of sediment and water 

interactions. It also appears that the conversion of ferric oxyhydroxide by 

reduction under anaerobic conditions to its ferrous forms and differences in their 

ability to bind with orthophosphate ions, may foster the increase of available 

phosphorus to the water body (Patrick and Khalid 1974). The development of the 

bloom in the near surface layers of water results in a decrease of light at deeper 
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water levels. This reduces photosynthesis at these depths, leading to a lack of 

oxygen production which further enhances the anaerobic conditions (Lukatelich 

and McComb 1986). 

As the algae grow and dissolved carbon dioxide is used up in the photosynthetic 

process, carbon concentrations decrease and the pH increases. Blue-green algae 

are able to obtain their carbon at higher pH values then other algae (King 1970, 

quoted in May 1981) and so are able to outgrow other algae, continuing the cycle 

and leading to a bloom. This competitive advantage is increased further by the 

ability of blue-green algae to fix atmospheric nitrogen (Finlayson and McComb 

1978; Hodgkin and Hamilton 1993). Their growth rates are therefore not limited 

by low nitrogen levels in the water (Donnelly et al. 1997; Herath 1997) but by 

supplies of available phosphorus (McComb and Davis 1993). Even in situations 

where available phosphorus is plentiful, Donnelly et al. ( 1997) believed that blue

green algae blooms may also be limited by the availability of trace levels of iron, 

which is required for nitrogen fixation to occur. The sulfate concentration in the 

lower anoxic water levels is critical, as the activities of the sulfate reducing 

bacteria results in the mobilisation of reactive iron, which is the limiting factor in 

nitrogen fixation and therefore algal growth. As was shown by Patrick and Khalid 

(1974) the mobilisation ofiron may also result in further mobilisation of 

phosphorus from the sediments. 

3.3.2 Water Quality Problems and the Yan Yean Reservoir 

Many of the problems of poor water quality from the Yan Y ean Reservoir are 

related to the shallow water depth in the reservoir, which has a maximum depth of 

9 m when full, and the nature of the catchment's substratem and clay soils (see 

Sections 3.1.2 and 4.5) which are easily suspended in the water column. The 

shallowness of the reservoir means that wave action generated by windy 

conditions creates turbulence that results in the remobilisation of soil fines which 

had previously settled on the bottom. Turbidity levels increase and water produced 
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from the reservoir fails to meet the demands of consumers who expect a clear 

water supply. While turbidity problems have largely been eliminated by the new 

water treatment plant, other problems, notably algal blooms, continue to be of 

concern. During still conditions the soil fines settle and light is able to penetrate 

through the water column. As discussed in the previous section, coupled with a 

period of warm weather, this provides conditions conducive to algal growth 

(Bowles 1991 ). 

The occurrence of phytoplankton (algae) and zooplankton in a water storage and 

supply facility affects the quality of the water in a number of different ways. These 

organisms are found in the Yan Y ean Reservoir and include those commonly 

referred to as blue-green algae, such as Anabaena circinalis, which are Capable of 

producing toxic by products. Others including, Anabaena spp., Dinobryon spp. 

and Synura spp. impart strange odours and tastes to the water. Aulacoseira spp., 

Synedra spp. and Rhizosloenia. spp. are capable of causing blockages in the 

filtration systems (Bowles 1991). 

Despite the presence of these organisms, sometimes in high numbers, the reservoir 

has only been taken offline in 1928, 1929 and more recently for three weeks in 

1995. The closure each time was due to blooms of Anabaena circinalis (Water 

Ecoscience 1996). Although the nutrient data available for the Yan Y ean 

Reservoir is limited, the levels generally recorded were described as relatively low 

and while they were high enough to promote general algal growth in most years, 

they were not high enough to cause a bloom (Water Ecoscience 1996). The trigger 

for the blooms seems to be a combination of a number of factors which include 

nutrient levels, clarity of the water column, temperature, pH, conductivity, carbon 

availability and stillness of the water body (May 1981; Bowles 1991; Cottingham 

et al. 1995; Water Ecoscience 1996). 
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3.3.3 Potential Kangaroo hnpacts on Water Quality 

Areas close to the reservoir, which are subject to periodic inundation are often 

open and at times of low water provide ideal grasslands for kangaroo grazing. 

Residual dampness in the soil provides conditions that promote vegetation growth 

and attracts kangaroos. It is likely that this would result in a high level of 

compaction and deposition of faecal material high in nutrients and possibly 

bacteria in these areas. Mean urinary losses of nitrogen from macropods were 

found to be approximately 0.5 g/day/animal in a study by Brown (1968), while a 

study conducted by Dellow and Hume (1982) found that the mean urinary loss of 

nitrogen from a number of Eastern Grey Kangaroos was 9.8 g/day/animal. These 

animals were, however, kept in a caged environment and fed luceme hay. In the 

same study faecal nitrogen losses were found to be 4.5 g/animal/day. 

Due to their closeness to the_ water's edge impacts on these draw down zones may 

directly influence water quality as these areas are most likely to experience 

saturation overland flow (see section 2.1.3). This means that any rain falling in 

these areas would wash directly off, carrying with it soil fmes, pollutants, nutrients 

and bacteria which would be filtered out if the water infiltrated through the soil 

surface (Dunne and Leopold 1978; Lowrance et al. 1985). Additional nutrients 

would enter the reservoir as the water level rises again leading to the 

decomposition of previously deposited material and remaining plant matter within 

the water column. It must be remembered however, that the draw down zones 

cover a limited area when compared to the surrounding catchment and these 

localised effects are considerably diluted by the volume of water in the reservoir. 

It is more appropriate to look at the catchment as a whole in search of impacts 

which develop gradually, such as increased sediment loading, which are largely 

invisible until they are well established and may be causing longer term effects. In 

the case of sediment mobilisation, a detectable change in water quality only occurs 
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when a considerable amount of sediment has been mobilised. By this time 

remedial measures have become difficult and expensive. 

There are also a number of other impacts, not previously discussed which could be 

associated with kangaroo overgrazing. Although their investigation is beyond the 

scope of this study, it is important to note these as possible concerns. 

Animals carry a number of disease agents. Whilst these are normally insignificant 

and in any case easily dealt with by normal water treatment processes, an increase 

in animal density will lead to an increase in the prevalence and severity of diseases 

in the animal population (Finnie 1978). It is then that their presence in a catchment 

becomes a concern. 

Two protozoa that are currently of concern are Giardia spp. and Cryptosporidium 

spp. LeChevallier et al. ( 1991) found a significant correlation between 

Cryptosporidium spp. levels and water quality parameters such as turbidity and 

faecal coliform levels. Although Cryptosporidium spp. are killed by drying in air 

for about four hours, oocysts that are attached to faeces can live for long periods 

of time and are difficult to eliminate by most water treatment processes 

(Robertson et al. 1992). 

Despite the high numbers of kangaroos in the Yan Y ean Catchment for a long 

time (Ecoplan Australia 1995; Coulson et al. 1999a), neither Giardia spp. or 

Cryptosporidium spp. have appeared in the reservoir. This, and the fact that 

diseases caused by these protozoa were not common in Macropods (Speare et al. 

1989), suggest that there is little risk of these protozoa being introduced into the 

reservoir by the kangaroos. However, the possibility that increases in feral 

animals, such as foxes and encroaching urbanisation and dogs could facilitate 

transfer of these diseases to the large number of kangaroos which will then 

become carriers, needs to be explored. 
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The animal welfare issue is another important problem in managed areas where 

animal overabundance is a concern (ACT Kangaroo Advisory Committee 1997). 

Under natural conditions food scarcity during drought periods brings down the 

population numbers by starvation. In managed reserves, the sight of animals losing 

condition and dying is to be avoided as it reflects poorly on the managers of these 

areas. 

Starvation also places a great deal of stress on the animals, which, coupled with 

the loss of condition and a high concentration of faeces due to overcrowding, 

makes the animals more vulnerable to disease (Finnie 1978). This situation could 

also have a serious impact on water quality. 

This study therefore seeks to investigate the extent to which potential impacts 

identified in this chapter and the one preceding it, are likely to arise under 

conditions of high density kangaroo grazing. While the potential impacts are 

generally recognised, as noted in the literature referenced in this chapter, there 

have been few studies which have research linking kangaroo grazing to 

measurable changes to surface runoff, sediment and nutrient mobilisation and 

vegetation biomass and species composition. This study has explored these 

impacts using the methods, and detailing the results described in the following 

chapters. 
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4. DESCRIPTION OF SURFACE RUNOFF PLOT STUDIES

In an attempt to determine the extent to which kangaroo grazing results in changes 

to surface runoff volumes and quality, this study focuses on the runoff dynamics 

from a series of paired plots within the Yan Y ean Reservoir catchment. fu each 

case one plot was left open, allowing kangaroo grazing to continue, and the other 

was fenced to exclude the kangaroos. The open plots acted as a control, where 

kangaroos continued to feed and move around, while the fenced plots allowed the 

vegetation to regrow and prevented the kangaroos from disturbing the surface. The 

areas of interest in the catchment were open, gentle slopes where grazing was 

most intense and the impacts were most likely to occur. A number of sites for the 

plot studies were identified in these areas, according to the criteria described in 

Section 4.1. 

4.1 Site Selection Criteria 

The selection of sites for the establishment of the surface runoff plot stutlies was 

based on a number of criteria which are described below. Sites at the reservoir 

margin, although of interest for catchment management as a whole, were rejected 

for experimental purposes, due to their lack of slope and their propensity to 

become inundated. 

• The sites had to be located within the Yan Y ean Reservoir catchment. As

discussed previously in Section 1.5, this allows for the elimination of any

livestock grazing impacts. The catchment is also currently facing real issues in

terms of high kangaroo populations (see Sections 1.4 and 2.4) and water

quality problems ( see Section 3 .3 ). It therefore provided an opportunity to

examine the possible links between these two concerns. The catchment also

provided ideal conditions for the researcher as public access was restricted and
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therefore interference with equipment was minimised. Use of the catchment 

was also encouraged by Melbourne Water, who as managers of the catchment, 

were interested in the outcomes of the study. 

• The sites also had to be in areas that showed a high level of kangaroo grazing

since this was the effect to be tested for. Areas within the catchment which

best met this criterion were identified by high levels of faecal pellet

deposition, which indicates a high grazing intensity. The grazing intensity at

each site could be compared according to the pellet density by using a standard

method described in Chapter 5. All sites initially had a dense sward of short,

green grass, the types of habitats where Eastern Grey Kangaroos feed

preferentially (Jarman and Phillips 1989) and were within areas that had

previously been identified as having high kangaroo densities (Coulson et al.

1999a).

• fu order for the sites to generate surface runoff they needed to have a moderate

slope and the plots had to contain few trees and shrubs, including crown cover,

which might capture rainfall and aid in its infiltration. Trees and shrubs also

restrict kangaroo movement, concentrating the impacts and resulting in the

production of tracks rather than the broader catchment wide effect being

assessed at Yan Y ean. Areas of shelter provided by trees and shrubs also tend

to produce concentrated impacts.

The selected sites all happened to be within the part of the catchment previously 

identified as being cleared and grazed and therefore consisting of large open areas 

(see Section 3 .2). fu the final selection of sites it was necessary to allow for the 

many variables associated with plot studies, such as soil porosity and 

microtopography, which could influence the runoff characteristics of each plot. 

The area within which the experimental plots were set up also had to be large 

enough to allow replication at each site. The close proximity of the plots allowed a 

number of variables that may affect the results to be minimised. Replication 

allowed for the differences in runoff characteristics between the pairs of plots 

undergoing the same treatment at the same site to be tested for variability. This 
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also minimises the variability of factors such as rainfall intensity, soil 

characteristics, slope and vegetation cover across each set of plots and which are 

described in Sections 4.5 and 6.1. 

The plots were first marked out using string and pegs. The final position allowed 

for factors such as the slope of the land, the amount of grass present and for the 

exclusion of as many shrubs as possible. The top and bottom of the plots were 

situated at a 90° angle to the slope and their vegetation and topography had to be

similar. The inevitable existence of small variations between the plots was 

allowed for by grouping the data of all open plots together and those of the fenced 

plots together as a separate group. 

These criteria resulted in the establishment of three sites spread out within the 

western portion of the Yan Yean catchment (see Figure 4.1). Each site consisted 

of two pairs of plots, with two left open and two fenced to exclude kangaroos, 

resulting in a total of 12 surface runoff plots (See Figure 4.2). The decision on 

which plots would be closed and which would remain open within each site was a 

random one, made after the initial plots had been defined. Construction of the 

surface runoff plots took place during January, February and March 1995 and the 

exclusion plots were fenced off between 20 March and 3 April 1995. 

While the use of plot studies does have a number of inherent problems, these 

problems were as far as possible identified and minimised according to the 

following points. 

• Descriptions of overland flow and soil transport presented in Section 2.1

suggest that runoff collected has not been generated over the whole plot, but

rather in the area immediately adjacent to the collection device. However as

'tliese models suggest a gradual movement of sediment downslope, then it is

the runoff generated and the soil movement along the whole plot that has
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produced the material available for transport in the area immediately in front 

of the collection device. 

• The speed of surface runoff, proportion of rainfall that becomes surface runoff

and the concentration of sediment being carried also vary widely in space and

time due to variations in the microtopography and climatic conditions over the

period of any research study, which may not be typical of long-term

conditions.

• Also the conditions of the larger area may not reflect those from which results

were obtained and therefore extrapolating the results to the larger area and

expressing them in terms of yield per unit area may not be appropriate.

The selection of areas in which to establish the grazed and ungrazed runoff 

collection plots were chosen for their similarity. Pairs of the grazed and ungrazed 

runoff collection plots were sited close together and the selection of the plots from 

which grazing was to be excluded and where grazing was to continue was a 

random decision. Since Wendt et al. (1986) found that a series of plots with 

apparently uniform characteristics could still produce runoff and soil loss levels 

that were quite different from each other, an attempt was made in this study to 

minimise the problems of varying and non-uniform runoff patterns. A number of 

replicates of the runoff collection plots were used and data from plots undergoing 

the same treatment were grouped together prior to statistical analysis. The analyses 

of the data also included a test of site by treatment effects to determine if the 

different sites were behaving in a similar manner. 
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Figure 4.1: Positioning of runoff collection sites within the Yan Yean catchment. 
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Site 1 - Water tank. 

Site 3 - Dam 

Figure 4.2: Relative positions of surface runoff plot set-ups at each site. Shows relationship 

between ungrazed plots (shaded) and grazed plots (Not to scale). 
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4.2 Fencing

Fences were constructed around the control runoff plots in order to exclude

kangaroo grazing and allow for the regeneration of vegetation so that the effects of

kangaroo grazing on the vegetation and runoff could be determined. The area

enclosed by the fences around the runoff plots measured approximately 17 x 12 m.

The fences were placed approximately 1 m from the plot boundaries to provide a

buffer zone and to create an area where soil and vegetation samples could be taken

without the runoff plot surface being disturbed.

The fences were of a similar height and composition as those used by Wilson

(1991a) to exclude Westem Grey Kangaroos. Star posts of 1.8 m were driven in at

each comer, with another placed half way between these. The end posts were

braced by a 1-m star post driven in at a 45° angle and wired together. Star posts of

1.2 m were placed between each of the 1.8 m star posts. The bottom half of the

fence was constmcted of 100 x 100 mm weld mesh fencing and above this were

strung two lines of fencing wire to an approximate height of 1.5 m (See Figure 4.3

and Figure 4.5).

0.9II

1.2m

Figure 4.3: Fence
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Initially, some plots showed signs of forced entry, but these breaches were quickly

repaired and further reinforced with the addition of another 1.2 m star post. This

strategy eventually prevented any further entry.

The fencing had the potential to also restrict access by other species, leading to the

possibility that any differences between the results from the fenced and unfenced

plots may not be solely related to the effects of kangaroo grazing. However there

was little evidence of the presence of other native animals such as Black

Wallabies, echidnas or wombats in any great numbers in the study areas. Rabbits

could also have been a major problem, but their numbers within the catchment

were carefully controlled as part of the Melboume Water management strategy

and evidence of them was very rare.

Evidence of ant activity was observed in and around the plots and the construction

of their nests had the potential to produce large amounts of sediment ready for

transport. However, as with small variations in the plots themselves, the ants were

considered to be fairly evenly distributed across both the open and fenced plots

and therefore contributed equally to sediment loads across all plots. Any

variability was reduced by siting the open and closed plots close together and by

the random selection of the plot which was to be fenced.

4.3 Description of Surface Runoff Collection Plots

Runoff collecting systems were constructed to captme and store any surface runoff

that was generated within the plot boundaries. Review of previous plot studies

showed that a variety of shapes and sizes were used. Plots sizes ranged from 20 x

20 m (Ronan 1986) in a study of the effects of fire on water quality in a forested

environment, to 2.3 x 2.3 m in a comparison of measured soil caesium losses and

erosion rates (Kachanoski 1987). Table 4.1 presents a summary of those studies.

In an investigation of overland flow on a steep forested slope, Bren and Turner
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(1979) used plots 3.5 m wide and of varying lengths and found no correlation

between the plot length and the amount of lunoff produced. Overland flow was

foimd to be linked to rainfall amount and intensity (Bren and Turner 1979).

Table 4.1: Summary of plot dimensions used by different studies.

Study Plot Dimensions

Wiltshire (1947) 39.6m long x 2.5m wide
Bren and Turner (1979) variable length x 3.5m wide
Blong et al. (1982) 4m long x 2m wide
Alchin (1983) 1.83m long x 0.92m wide
Kinnell (1983) 41 m long x 2.5m wide
Ronan (1986) 20m x 20m
Kachanovski (1987) 2.3m x 2.3m

The final decision on the size and shape of the runoff plots for this study was a

result of a number of different considerations, but largely based on the need to fit

four runoff plots at the sites deemed to be suitable in accordance with the site

selection criteria. The size, shape and design of the plots also needed to miniinise

changes to kangaroo use of the area and not deter the kangaroos from grazing or

moving across them. It was felt that a larger plot would be less of an obstacle to

kangaroo movement as they could easily move within the plot borders. As a result,

this study used runoff plots 15 m in length and 10 m wide. The runoff plots were

longer in the downslope direction rather than wider to allow for a greater chance

of surface nmoff generation and to make sure that sediment supply was ftot

limited by the top border during the period of the study. The comers were not

always square to allow for the collection gutter to follow the contours of the land,

and drain to one downslope comer (See Figure 4.4 and Figure 4.5).
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Figure 4.4: Runoff collection plot. 

The boundaries of the plots also needed to be defined with the use of a barrier 

which ensured that only surface runoff generated on the plot would be captured 

and analysed. This not only allowed for the comparison of the volumes of runoff 

generated between the grazed plots and the ungrazed plots, but also meant that any 

runoff generated outside the ungrazed plots, where kangaroo grazing was still 

occurring would not enter the plots and contaminate the results. Other studies used 

either a 150 mm galvanised sheet (Ronan 1986), which was driven halfway into 

the ground or wooden borders (Bren and Turner 1979) as barriers. 

In order to minimise soil disturbance, this study used metal sheeting in preference 

to wooden borders. The latter would have required the digging of trenches for 

their insertion, while for the sheet metal the blade of a shovel inserted into the soil 

along the boundaries allowed an entry point with minimal soil disturbance. 

Galvanised metal sheets (200 mm deep) were then driven approximately half way 

into the ground to seal the boundaries of the plot. In order for easier insertion the 

sheets were kept to lengths of approximately 1.5 m. All joints were then sealed 

using a silicone sealant. 
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Figure 4.5: Photo of plot at Site 2. Shows PVC pipe leading to drum, roof over guttering, borders
and fence.

Surface runoff generated was captured by the use of a collection gutter. Ronan

(1986) used a concrete collection gutter to collect the runoff, which was angled so

that it drained towards the middle. A galvanised iron roof was erected over the

tops of the gutter by to prevent direct precipitation and leaf litter from falling in.

The concrete collection gutter was found to be unsatisfactory, as changing soil

levels before the lip of the concrete apron meant that soil could not move freely

into the collection gutter. Alchin (1986) thought a rust-resistant metal sheet

inserted into the soil for a short distance was a better alternative.

For this study, the system used was a modification of that used by Ronan (1986)

incorporating improvements as suggested by Alchin (1986). Surface runoff was

captured in galvanised metal sheeting which had been bent into the shape of a

gutter. Trenches to the depth of approximately 200 mm were dug at the

downslope end to allow the guttering to be inserted level with the ground surface.

This gutter shape included a lip on the upslope edge, which extended out at a right

angle to the gutter for 25 mm and then down 25 mm. This thin sheet lip was then

able to be
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driven into the ground with minimal disturbance to produce a surface level with 

the ground surface (see Figure and Figure 4.7). To allow for easier transport and 

installation the guttering was in lengths of 2 m. When it was installed, the edge of 

one piece of guttering was placed over the edge of the lower piece, and the joint 

was sealed with silicone sealant. The trenches were then backfilled, allowing the 

guttering to remain firmly in place. 

Figure 4.6: Close up of runoff collection gutter. Shows roof, PVC pipe and lip flush with ground 

surface. 

Galvanised metal sheeting was also used to construct a roof over the collection 

gutter. This prevented rainfall diluting the sample by falling directly into the 

collection gutter without traveling over the plot surface. It also reduced the 

amount ofleaves and dust being blown into the collection gutter (see Figure 4.6 

and Figure 4. 7). 
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Figure 4. 7: Runoff collection gutter and roof. 

The trenches were dug at an angle to allow water to flow level with the ground 

surface, along the guttering to a lower comer, then drain via a 10-m long PVC 

pipe to a 200-L drum (see Figure 4.4). The drum was placed in a hole deep enough 

to allow water to flow freely along the ground surface via the PVC pipe into the 

drum. This drum was fixed in position by attaching it to a series of star posts, 

preventing it from floating up and tipping during periods of heavy rainfall when 

early observations indicated that the hole filled with water before runoff generated 

on the plot was received by the drum. A lid was also placed over the drum to 

prevent dilution by rainwater and to prevent dust being blown in. 

4.4 Subsurface Flows 

The use of metal sheeting as a barrier around the plots ensured that there would 

not be any contamination of the runoff generated within the plots by runoff 

passing through areas where kangaroos were continuing to graze further up the 

slope. However, the barriers could not prevent contamination by flows through the 

soil from surfacing within the plots. 

Through pores in the soil, surface water enters the soil zone where it is either 

removed by evapotranspiration into the air, or it percolates through the 

intermediate zone to the capillary fringe and then to the water table. Water 
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travelling through the soil zone is also known as throughflow or interflow. 

Turoughflow is generated when water infiltrating the soil reaches a less permeable 

layer, such as a clay B horizon, at a shallow depth (Thompson et al. 1986). It is 

then forced to move laterally through the upper layers until it reaches the 

saturation zones around the streams at the bottom of the slope. Throughflow can 

lead to the production of subsurface pipes or tunnels and water moving through 

these pipes can carry significant levels of sediment and solutes (Thompson et al.

1986; Rosewell et al. 1991). However any inconsistencies or blockages in the 

throughflow zone may drive this water to the surface at a point higher up the 

slope, where it once again becomes a component of surface runoff. Subsurface 

water can also return to the soil surface where there is a break in the slope (See 

Section 2.1.3 ). 

This subsurface movement could result in water that has entered the soil profile 

uphill of a plot in areas where kangaroo grazing is occurring, resurfacing in a plot 

where the kangaroos have been excluded and contaminating surface runoff 

collected in the ungrazed plot. It could also result in errors in the measurement of 

total volumes of surface runoff generated from the plots as this throughflow may 

be resurfacing in some plots, but not in others and so increasing the volume of 

runoff captured from particular plots. In order to determine the potential for 

contamination a small pilot study was carried out which analysed a number of 

samples of this throughflow taken from bore holes, for nutrient loads and 

compared to the loads measured in the surface runoff. The nutrient loads were 

found to be comparable to those of the surface runoff (see Appendix 4) and so 

could have an effect on nutrient concentrations measured once the kangaroo 

grazing was removed. 

A survey of the slopes showed that the plots were situated in positions where the 

slope angle was continuous (see Section 4.5.4), meaning that the chance .of 

throughflow returning to the surface due to a break in slope was minimal. 

Although visual examination of the plots during periods of high rainfall found no 
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evidence of piping or of subsurface water returning to the surface, it was decided 

to eliminate any possibility of this occurring. During February 1997 a series of 

trenches were placed across the tops of the plots to further reduce the possibility of 

throughflow resurfacing in the plots. The trenches extended into the B horizon to a 

depth of approximately 400 mm (see Section 4.5.1) and extended out past the 

edges of the plots for approximately 2 m. Plastic sheeting was then placed into the 

trenches, which were then backfilled carefully to ensure that the sheeting remained 

in a vertical position. An impermeable barrier was thus created upslope of plots, 

which would then redirect any throughflow around the plots. 

4.5 Physical Properties of Runoff Collection Sites 

This section includes an analysis and description of some of the physical 

properties of the runoff collection sites within the Yan Y ean Reservoir catchment, 

which, together with the grazing pressure applied, are important determinants in 

the quantity and quality of the surface runoff produced. This information includes 

a description of the soil type and topography of the runoff collection areas. 

The soil characteristics which are important in determining the production and 

availability of material for transport by surface runoff were identified and 

discussed in Chapter 2. These characteristics include, soil moisture conditions, 

proportion of soil fines (Olive and Rieger 1985), degree of slope (Young et al.

1996), and aggregate stability (Hairsine and Rose 1992). Section 4.5.1 describes 

the basic soil properties. Particle size analysis of samples from the sites is 

described in Section 4.5.2 which details the proportions of soil fines and other 

components; the results of aggregate stability tests are described in Section 4.5.3. 

The angle of slope is an important influence on the proportion of runoff produced 

and in the amount of material able to be entrained by the runoff (Young et al.

1996). Runoff moves more quickly along a slope with a steep surface due to the 

effect of gravity and the greater speed increases the potential for the runoff to 
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carry a greater sediment load. Soil particles also move easier down a steeper slope 

due to gravity and the distance that dislodged particles are moved down the slope 

is also greater on a steeper slope (Rosewell et al. 1991 ). It was therefore 

considered important to measure the angle of the slopes of the three sites in order 

to determine the difference between the three sites and to be able to assess the 

effect that this may have on the variability in the volumes of runoff produced and 

the sediment loads coming from the three sites. The local topography is described 

in Section 4.5.4. 

4.5.1 Soil texture grades 

The soils at each of the three sites within the Yan Y ean Catchment were classified 

according to soil texture. The identification was carried out in the field using the 

field bolusing technique, which is described in Northcote (1989) and is detailed 

below. 

The soils for classification were obtained from the sides of the pits that were dug 

to accommodate the drums used to capture the surface runoff samples from the 

plots. These pits allowed sampling of the soil profile up to a depth of 

approximately 0.8 m. Due to the uniformity of each of the sites and of the slope 

angles in particular, it was assumed that the soil profiles and textures were similar 

across the site, therefore soil texture classification was carried out only once at 

each site. One pit was selected at each site according to the accessibility to the soil 

profile, the depth of profile exposed and the amount of disturbance to the actual 

profile. 

The most important component of the soil profile in terms of its role in infiltration 

capacity and surface runoff production and the amount of available finer particles 

susceptible to erosion, is the upper horizon. In this case the soil profiles classified 

included the A and B horizons. 
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The soil layers were sampled by scrapping away the outer layers of the pit walls 

until a clean soil profile was exposed. From this the Ai, A2 and B horizons were 

identified· and their depths recorded. The texture of the soil of each of the horizons 

was classified individually by using the following method. 

1. A small soil sample, which fit comfortably in the palm of the hand was taken

from each of the horizons.

2. Water was then slowly added to the sample while it was being worked, until a

cohesive ball ( a bolus) formed which was sticky to the touch but did not stick

to the fmgers.

3. Any organic or stone particles were removed during the kneading as these

affected the feel of the soil and make it difficult to judge its texture.

4. The bolus was then pressed between the thumb and forefinger to form a

ribbon.

5. The thumb and forefinger was then worked back into the bolus, pushing the

ribbon forward as it was being formed.

6. The soil sample was then classified into one of the nineteen texture grades

defined in Northcote (1989), according to the length of ribbon able to be

formed before it broke away and other characteristics of the bolus outlined in

the texture grade descriptions.

Colour was then described by comparing a small, moistened smear of the soil 

sample to a Munsell colour chart. The pH of the samples was determined in the 

field using the Inoculo Labs Soil pH Testing Kit, and three drops of Hydrochloric 

Acid (HCl) were applied to determine if the soils were calcareous or not 

( calcareous soils effervesce when HCl is applied to them). The results are 

summarised in Table 4.2. 
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Table 4.2: Soil Descriptions 

SITE 1 - WATER TANK 

Depth Texture Grade Colour Qtl Approx. % Clay 
A1 Horizon 0-100 mm Clay loam 7 .5YR 2/1 Black 6.5 30-35 
A2 Horizon 100-210 mm Clay loam 7.5YR 3/3 Dark brown 6.5 30-35 
B Horizon > 210 mm Heavy clay 10YR 5/6 Yellowish brown 6.5 > 50

SITE 2 - CASTLE HILL 

Depth Texture Grade Colour Qtl Approx. % Clay 
A1 Horizon 0-60 mm Silty clay 7.5YR 2/1 Black 6.5 35-40 
A2 Horizon 60-200 mm Light medium clay 7.5YR 2/2 Brownish black 6.5 40-45
B Horizon > 200 mm Heavy clay 1 0YR 4/6 Brown 6.5 >50

SITE 3- DAM 

Depth Texture Grade Colour Qtl A1212rox. % Clay 
A1 Horizon 0-200 mm Clay loam 7.5YR 2/2 Brownish black 6.5 30-35
A2 Horizon 200-320 mm Silty clay 1 0YR 4/4 Brown 6.5 35-40
B Horizon > 320 mm Heavy clay 10YR 5/6 Yellowish brown 6.5 > 50

As can be seen from Table 4.2 above, the three sites showed a consistency in 

, texture with only a small variation in texture grades in the A horizons which 

ranged from a silty clay loam to a light medium clay. Northcote (1989) details the 

approximate clay content (particles less then 0.002 mm) associated with each of 

the grades and these vary by less than 10 %. The pH level of the soil also did not 

vary either between sites or with depth down to the B horizon. As is common in 

soil profiles, the clay content increased with depth and all three sites had a B 

horizon which consisted of a heavy clay, with a stony or gravely layer. 

Sites 1 and 2 also had an A horizon which was of a similar depth, with the A 

horizon at Site 3 being slightly deeper. As all the sites were situated on previously 

cleared areas the depth of the A horizon may indicate a former plough depth 

especially at Site 1 and 2 which also had similar soil textures in the A 1 and A2

horizons, possibly the result of a mixing of these two layers. The main difference 

between the A1 horizons and the A2 horizons was the colour. The A1 horizons 

were generally darker than the A2 horizons, which, although not measured, was 

probably due to their increased organic matter content resulting from the 

vegetation present. 
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Overall the soils can be classified as gradatiqnal soils as the texture became more 

clayey with depth and the range of the texture grades between the A and B 

horizons exceeded more than one texture group as defined by Northcote (1989), 

but did not exceed more then 1.5 texture groups. Since none of the soils examined 

effervesced after the application of three drops ofHCl, they were classified as 

non-calcareous. The soils present at each of the three sites can be described as 

Gradational, non-calcareous soils or as Gn in Northcote's (1989) terminology. 

This is consistent with previous brief descriptions of the soils of the Yan Y ean 

Catchment (Section 3.1.2) where they were described as gradational soils with 

loamy A horizons in the higher areas and clay loams along drainage lines 

overlaying a stony clayey B horizon (Jeffrey 1981; MMBW 1984). 

The soil profiles of the three sites were found to be similar. They should therefore 

behave similarly in terms of infiltration capacity and surface runoff production and 

the amount of available finer particles susceptible to erosion. 

4.5.2 Particle size analysis 

When overland flow occurs the soil particles most susceptible to transport are 

often the smallest and lightest particles. Particle size analysis involves a 

determination of the proportions of the soil mass which can be classified into 

various size categories. In particular it determines the proportion of the smaller 

particles in the soil sample, defined as silts (3.9 to 63 µm ) and clays(< 3.9 µm), 

which have been identified as being important in the availability of material for 

transport (Young 1980; Olive and Rieger 1985). 

Particle size analysis generally involves a description of the soil sample according 

to the content of gravel (% of total sample), which is any material other than 

organic greater then 2 mm. Sand (0.063-2 mm), silt (0.0039-0.063 mm) and clay 
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(< 0.0039 mm) proportions are then expressed as the percentage of material less 

than 2 mm (Langford and O'Shaughnessy 1980; Haydon et al. 1991). 

Soil samples for this study were classified according to the Wentworth Grain Size 

Classification by separating samples of soil of approximately 50 g into the 

different size divisions defined above, according to a method described in 

McTainsh et al. (1988). This method also describes all the pre-treatment processes 

that the soil samples must undergo before sieving occurs and the samples can be 

separated into each division. The method was modified slightly, with the Malvern 

Particle Size Analyser M3 used to determine the proportions of silt and clay 

instead of pipette analysis. It is described below. 

1. As the material available for transport comes from the surface or the A

horizon, samples of soil were collected from areas adjacent to the runoff plot

studies at each of the 12 sites from just below the grass root zones.

2. The samples were then taken to the lab and approximately 50 g of each placed

in a pre-weighed foil container and then weighed accurately.

3. The soil samples were then dried in an oven at 50 °C for at least 24 hours

before being weighed again, so that the dry mass of soil passed through the

sieve would be known.

4. Since the intent was to measure particle size and not aggregate size, the soil

was treated before the samples were passed through the sieves in order to

break down the aggregates.

5. One of these treatments involves the breakdown of carbonates if they are

present. Three drops of lM HCl were added to the soil sample to test for the

presence of carbonates. Their presence is indicated by an effervescence or

reaction to the acid. As with the field tests the samples showed no reaction to

the addition ofHCl. This indicated that carbonates are not present in the soil

samples and so the samples were not treated for carbonate removal.
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6. Another treatment involves the breakdown of iron oxides. The colour of the

soils indicated that they were not rich in iron oxides and so they were not

treated for iron oxide removal.

7. Organic matter in the soil samples was removed by digestion in hydrogen

peroxide, which acts as an oxidising agent.

8. Each of the samples were placed in 300-mL beakers and covered in distilled

water.

9. 5 mL of 30 % hydrogen peroxide (H2O2) was added to each beaker and stirred

vigorously using a glass rod.

10. The beakers were then placed on a hot plate and kept at a constant temperature

of between 60 and 70°C until all reactions ceased. This occurred after

approximately four hours.

11. The samples were boiled vigorously for a few minutes before 100 mL of

distilled water was added.

12. The samples were then stirred and placed in an oven at 60°C ovemight to dry.

13. The following day distilled water was added to each sample and the samples

stirred until they had become liquid again.

14. The samples were then washed into 1-L bottles and topped up to the 600 mL

mark.

15. 10 mL of a 10 % solution of Calgon and 10 mL of a 1M solution of Sodium

Hydroxide were then added to each of the bottles which were then placed on a

shaker at the highest setting for a further four hours before being wet sieved.

16. Each sample was placed on a stack of sieves of the required size divisions,

with the largest sieve size at the top and the smallest at the bottom and sieved

using the wet sieve method.

17. The first sieve was 2 mm in size and was used to remove gravel from the

sample, since gravel is defined as being greater then 2 mm.

18. The remaining sieves included the size ranges 150, 125, 90, 75 and 63 pm,

which were used to slowly separate what is classified as sand in the sample in

the range less than 2 mm but greater than 63 pm. A number of different sized

sieves were used in order to reduce the incidence of sieves becoming blocked.
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19. The sample was then slowly poured onto the top sieve and water flushed

through into a container at the bottom which collected the material finer than

63 µm which is classified as silts and clays.

20. Water was passed through the sieve stack until only clear water was emerging

from the bottom of the stack.

21. A 1-L sample was collected of the initial water flushed through the stack,

which contained the fraction less than 63 µm, for later analysis by the particle

size analyser of the proportions of silts (3.9 to 63 µm ) and clays(< 3.9 µm).

Only a sample of the water flushed through the sieve was collected because of

the large volume of water involved. Using the first litre of sample passed

through the sieves reduced the chance of some of the finer material being

caught amongst the sand particles and affecting the proportions of clay and

silt. This meant that some of the sample mass of the fraction less than 63 µm

was lost, but since the initial sample mass was known and the mass of the

gravel and sand fractions determined from that captured by the sieve then the

remaining fraction ( <63 µm) could be determined by the equation;

Mass of silt and clays = Total sample mass -(Mass of Gravel + Mass of Sand) 

22. The soil samples collected on each of the sieves were then carefully washed

into two preweighed 250-mL beakers. One beaker contained the gravel

fraction and one the sand fraction.

23. The beakers were then dried in an oven at 50°C for 24 hours and the dry

weight of each fraction determined.

24. Each of the samples of the remaining silts and clays were vigorously shaken

and placed in an ultrasonic bath for approximately 10 minutes. The ultrasonic

bath helps to further breakdown any individual clay particles which may be

still bound together.

25. The samples were then vigorously shaken again and a small sample was taken

as quickly as possible using a pipette. This reduced the amount of particles

that may have begun to settle out of solution and the pipette sample was
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always taken at a similar depth to further reduce sampling variation due to 

settling. 

26. The Malvern Particle Size Analyser M3 was then used to determination the

proportion of silts and clays in each sample.

Results 

The findings of the particle size analyses are set out in Table 4.3 below. The 

results for gravel are expressed as a percentage of the total sample and included 

stones (material> 2 mm), whilst the results for sands, silts and clays are expressed 

as a percentage of the sample which is less than 2 mm. For a full description of the 

results see Appendix 7. 

Table 4.3: Proportions of soil components 

MEAN% Site 1 Site 2 Site 3 

GRAVEL(> 2 mm) 1 5 6 

SAND (2 mm to 63 µm) 21 19 22 

SIL TS (63 to 3.9 µm) 57 62 60 

CLAYS(< 3.9 µm) 22 18 18 

The soils at each of the three sites consist largely of the fine silts and clays. If 

these results are plotted on Marshall's triangular texture diagram (Craze and 

Hamilton 1991) then the soils can be classified as silty loams, which border on 

being silty clay loams (see Figure 4.8). This corresponds closely with the 

classification of the soils in the catchment by previous studies (Jeffrey 1981; 

MMBW 1984), described Section 3.1.2 as clay loams or silty clays. 
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Figure 4.8: Soil classification according to sand, silt and clay fractions. After Marshall (1947) in 
Craze and Hamilton (1991). 

Statistical analysis was carried-out to compare the mean percentages of each of the 

soil components across the three sites. Normality plots of the standardised 

residuals of the data showed that the assumption of normality had been met. The 

resultant p-values of 0.189 for gravel, 0.812 for sand, 0.488 for silt and 0.226 for 

clay, showed that there were no statistically significant differences in the 

percentages of each of the soil components across the three sites. See Appendix 7 

for the ANOV A tables. 

4.5.3 Aggregate stability 

As discussed in detail in Chapter 2, aggregate stability or the ability of soil 

particles to bind together is an important factor in the erodibility of a soil. It was 

therefore necessary to determine the aggregate stability of soils from the study area 

as this information is important for understanding why these plots behave the way 

they do, and in order to determine if there is any difference in the aggregate 

stability between the plots. This information is also important when applying 

results from this study to other areas and soil types. 
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A number of methods have also been used to categorise soils according to their 

aggregate stability. Downes and Leeper (1940) categorised soils according to their 

resistance to water erosion depending on their percentage disaggregation when 

immersed in water. The higher the percentage the lower the aggregate stability and 

the greater the tendency to produce soil fines which erode easily. Langford and 

O'Shaughnessy ( 1980) used a method developed by Meyer and Rennenkampf 

(1936) and described by Downes and Leper (1940). This method requires a soil 

sample of approximately 25 g to be placed on top of a stack of five sieves graded 

from coarse at the top to fine at the bottom. Water is then siphoned through the 

sieves until the effluent is clear. After allowing for gravel and sand, the proportion 

of soil washed out of the sample is then calculated and expressed as percentage 

disaggregation or percentage dust. 

The most commonly accepted method of classifying the aggregate stability of soils 

is the Emerson Aggregate Test (Craze and Hamilton 1991). It is based on a 

method first published by Emerson ( 1967), which involves the classification of 

soil aggregates into various classes according to how they break up when 

immersed in distilled water in a beaker. The degree of breakdown is due to the 

mineral and ion content of the soil particles, such as calcium, magnesium and 

gypsum. The procedures have been modified slightly to produce a more 

standardised set of guidelines and a more complete set of descriptions for the 

various classes by Craze and Hamilton (1991). 

For this study, the Emerson Aggregate Test (Emerson 1967) was used to classify 

the aggregate stability of the soils from the plots. Changes to the method and 

aggregate descriptions (see Figure 4.9) as described by Craze and Hamilton (1991) 

were incorporated into this method, which is described below. 
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Figure 4.9: Emerson Aggregate Test classes. Source: Craze and Hamilton (1991) 
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Method 

1. Soil samples were taken from around each of the runoff collection plots,

producing 4 samples from each site and 12 samples in all.

2. Air dry aggregates of between 5 and 10 mm were placed in separate 250-mL

beakers which already contained 75 mL of distilled water.

3. The aggregates were observed closely and then rated after 2 hours and 20

hours according to their degree of disaggregation.

4. The aggregates are first categorised according to whether they break up or

slake when immersed in the water.

5. The aggregates that showed no signs of slaking are then divided into those that

swelled (Class 7) and those that did not change at all (Class 8).

6. The aggregates that did slake are then further classified according to the degree

of dispersion of the clay particles into a series of six classes and four

subclasses.

Results 

fu this case the aggregates were observed during the first few minutes of their 

immersion into the water and again after two hours. At this time there was no sign 

that any of the aggregates were beginning to break up or slake. The samples were 

then left overnight and examined again after 20 hours with the same result. All of 

the samples showed very little change. No slaking was observed and only a small 

amount of swelling had taken place. As a consequence, the samples were all rated 

according to Emerson's (1967) descriptions as belonging to Class 7. Emerson 

( 196 7) found that soils from these classes were high in organic matter and often 

had come from grassland areas. 

The aggregate stability analyses indicate that the soils aggregates are very stable, 

not susceptible to slaking and do not breakdown easily, probably reflecting the 

dominance of the silt and clay particles described earlier. This means that despite 
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the large proportion of soil fines, the availability of fine soil particles is limited, 

reducing the material able to be transported easily. However, as previously 

discussed (see Chapter 2 and 2.2) rainsplash impact and mechanical impact from 

herbivores, particularly where little vegetation is present, helps to breakdown soil 

aggregates. 

4.5.4 Local Topography 

The slopes on which the runoff plots are situated were surveyed using a dumpy 

level and levelling staff. This allowed for the calculation of slope angle at the plot 

sites. The line of slope to be surveyed was first marked out using a series of 

ranging poles. As the runoff plots were set out across the slope covering a width of 

between 40 and 100 m, the line to be surveyed was marked out close to the middle 

of each site where the slope was judged to be representative of the site as a whole. 

This plan was modified for Site 1 where the surveyed line ran between runoff 

collection plots C and D. This avoided an area unrepresentative of the site as a 

whole, where old gully erosion due to destroyed rabbit warrens had changed the 

ground surface. Site 2 had a consistent slope and so the survey line, which ran 

between runoff collection plots C and D was situated close to the middle of the 

site. The slope at Site 3 was also fairly uniform, with the survey line 

approximately situated along the centre of the site (See Figure 4.10). 
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Site 1 - Water tank. 

1D 

Site 2 - Castle Hill 

2A 

2D 

Site 3 - Dam 

3B 

3C 

Figure 4.10: Diagram showing survey lines at each site. Ungrazed plots shaded (Not to scale}: 

The results of the surveys were plotted and the angles of the slope at each of the 

sites determined. The surveys are shown in the following figures (Figure 4.11, 

89 



Figure 4.12 and Figure 4.13) and include the positions of the runoff plots at each

site in relation to the slope.

Site 1 - Water Tower (Vertical exaggeration = 1.5)
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Figure 4.11: Profile of Site 1 also showing positioning of runoff collection plots.

The profiles shown in Figure 4.11, Figure 4.12 and Figure 4.13 show that each of

the sites has slopes which are quite uniform. The slope at Site 1 (Figure 4.11) has

only one variation in the angle close to the top of the slope (at point a), occurring

well above any of the nmoff plots.

Site 2 - Castle Hill (Vertical exaggeration = 1.5)
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Figure 4.12: Profile of Site 2 also showing positioning of runoff collection plots.

The profile of Site 2 (Figure 4.12) shows a number of minor variations in slope,

most of which can be attributed to past farming practices at this site. These

changes in slope are however situated between the areas where the runoff plots are

situated and so have little influence on the runoff occurring within the plots.
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Site 3 - Dam (Vertical exaggeration = 1.5)
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Figure 4.13: Profile of Site 3 also showing positioning of runoff collection plots.

Site 3 (Figtjre 4.13) also shows a number of small variations in slope. The larger

changes are found well above and below the area where the nmoff plots are

situated. The lower change in slope shows the remnant impact of a former road

(situated at point a). A minor variation can be seen just below the start of Plot 3D

and inside the bottom of Plot 3B (situated at point b). Visual examination of this

area showed that this change was confmed to the line surveyed rather than within

the actual plots themselves.

The angles of the slopes at each of the sites were very similar, differing by less

than 1°. The angle of slope at Site 1, was 7.5°, Site 2 was 8.5° and Site 3 was 8°. It

may therefore be assumed that slope angle would have had only a minor influence

on any differences in the levels of runoff and sediment loads coming from the

sites.

4.6 Summary of Chapter Findings

•  Soil texture grades of the A horizons at the three sites were classified as silty

clay loams, clay loams or light medium clays.

•  Clay content between these classifications varies by less than 10 %.
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• These classifications are consistent with previous descriptions of the soils of

the Yan Y ean Catchment.

• Tue percentages of gravel, sand, silt and clay at each of the three sites were not

statistically significantly different.

• Aggregate stabilities at all three sites were classified as Class 7.

• The soil profiles at all three sites were similar.

• The angles of the slopes at each of the three sites differed by less than I 0• 

All of these results indicate that the three sites had similar characteristics in terms 

of soil types, aggregate stability and angle of slope. They therefore should behave 

in a similar manner in response to the grazing by kangaroos, although Wendt et al.

(1986) found that a series of plots with apparently uniform characteristics could 

still produce runoff and soil loss levels that were quite different from each other. 

Therefore replicates were used, grazed and ungrazed plots were randomly selected 

and data from plots undergoing similar treatments were pooled. The response of 

the different sites to the treatment were also tested during the analyses of the data 

which included a test of site by treatment effects to determine if the different sites 

were behaving in a similar manner. 

Tue combining of data from the different sites to produce an overall mean for 

grazed and ungrazed areas for a number of measured parameters was therefore 

considered to be appropriate. This coupled with the fact that the runoff collection 

plots undergoing different treatments also received similar amounts of rainfall (see 

Section 6 .1.1 ), suggests that any differences in the parameters measured between 

the grazed and ungrazed runoff plots were the result of kangaroo grazing. 
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5. GRAZING PRESSURE AND IMPACT ON VEGETATION.

As discussed in the introduction and Chapter 2, there is a concern that as the 

numbers of herbivores increase the effect of their grazing and movement across 

the landscape may cause environmental changes (see for example; Grice and 

Barchia 1992; Norbury et al. 1993; ACT Kangaroo Advisory Committee report 

1997; Belsky and Blumenthal 1997). It is possible that these changes will 

eventually affect water quality directly through nutrient addition via faeces, and 

indirectly through impacts on the vegetation and soils. 

Recent population counts of Eastern Grey Kangaroos in the Yan Y ean Reservoir 

catchment have shown that the densities of kangaroos are comparable to other 

reserves which have a recognised overabundance problem (ACT Kangaroo 

Advisory Committee 1997; Coulson 1998; Coulson et al. 1999a). Chapter 1 and 

Section 3.2 present a full discussion of these matters. The counts also show that 

kangaroo densities are greatest in the open grassy areas of the catchment where the 

runoff plot studies were set out. The analyses in this chapter involved the 

monitoring of the grazing pressure at each of the three sites during the period of 

the study and the impact that this pressure had on the amount of vegetation 

biomass and species composition present. 

5.1 Estimation of Kangaroo Grazing Pressure 

fu a review of the techniques for monitoring macropod populations, Southwell 

(1989) discussed a number of methods. These methods included drive counts, line 

transect counts and pellet counts. All the methods discussed have applications 

which make them more suited to particular situations. Drive counts provide the 

most accurate measure of a population size but they require small enclosed areas 

where a line of beaters can stretch across the area to be surveyed and walk from 
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one end to the other without any animals escaping unseen (Coulson and Raines 

1985). Line transect counts take a number of forms, but generally involve 

travelling along a transect line by foot, vehicle or aircraft and noting the number of 

animals seen and their distance and angle from the observer. This method which 

can be affected by the density of vegetation or the shape of the terrain, has been 

used for numerous population estimates (see for example; Caughley et al. 1984; 

Short and Bayliss 1985; Arnold and Maller 1987; Southwell 1989). 

In the Yan Y ean Reservoir catchment, population estimates of the whole 

catchment are undertaken periodically using the line transect method (Coulson et

al. 1999b ). Since estimates of the population densities of Eastern Grey Kangaroos 

using the catchment area already exist (See Coulson et al. 1999a), and this study 

focused on the effect of kangaroo grazing on a number of runoff plots, a method 

was required which would produce an estimate of grazing densities in the areas 

surrounding the plot studies. Grazing pressure can be indexed by using the faecal 

pellet count method which is described in detail in the following �ection and has 

been found to be useful for monitoring the abundance of localised populations of 

macropods (Southwell 1989). 

The method involves the removal of faecal pellets from sample areas and the 

measurement of the rate of deposition to calculate an index of abundance over 

time. Rates of deposition can also be compared to known rates of defecation to 

determine the absolute abundance of kangaroos. These counts are conducted in a 

series of plots, which are spread throughout a variety of habitats and the results are 

then extrapolated to the larger area. Once all the newly-deposited pellets have 

been counted, population density may then be calculated using the equation, D = 

X/(Atr ). Where D is the estimate of density, X is the mean number of pellets or 

groups, A is the plot area, t is the deposition time in days and r is the rate of pellet 

production per kangaroo per day (Coulson and Raines 1985). 
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For this study, where attention is focused on the potential impacts of high density

grazing, the runoff plots and pellet plots were sited on open grassy slopes.

Although some of the pellet plots were placed in scrubby and wooded areas, most

were situated on the grassy slopes, the preferred feeding grounds for the Eastem

Grey. As Eastem Grey Kangaroos defecate most often while they feed (Johnson et

al. 1987), any pellet-based estimates of population numbers where the sampled

areas mostly comprised these feeding areas would be unrealistically high.

As a consequence, the pellet counts for this study were used to provide an index of

grazing pressure being exerted by the Eastem Grey Kangaroo population over

time rather than absolute abundance. The information provided was used to

determine whether the grazing pressure around the runoff plot sites varied across

the three sites over the period of the study.

5.1.1 The faecal pellet count method

A number of factors need to be considered when using this method. These factors

include:

• the rate of pellet deposition,

• the disappearance of pellets due to decomposition,

• the size and shape of the pellet plots to be used,

• the proportion of area to be surveyed in comparison to the larger area and

• whether to count groups of pellets or individual pellets.

These points are discussed below, and the various points of view and methods

used in the literature surveyed are outlined.

a) Pellet deposition and decomposition

Although quite variable, Johnson et al. (1987) found that in the wild, the average

weight of faeces per animal produced in a 24 hour period was 1.55 kg wet or 0.28
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kg dry, which was also recorded as 493 pellets per individual per day. These rates 

can vary across different regions and conditions. For example, defecation rates for 

captive animals are lower than those of wild animals, and it is thought that 

defecation rates are also lower in summer (Southwell 1989). Adult female Eastern 

Grey Kangaroos defecate twice as often as males and so the population sex ratio 

must not change significantly over time for the pellet count to be a reliable method 

of monitoring population change (Johnson et al. 1987). 

Depending on the time between clearing and recounting, the deposition rates may 

need to be corrected for the disappearance of pellets. Johnson and Jarman (1987) 

conducted their survey during the months of June to August and found that the 

generally cold, dry conditions at this time of the year resulted in a minimal 

disappearance of pellets. The low rate of disappearance at this time means that 

counting can take place after a longer period, reducing the need to increase the 

number of pellet plots and producing less chance of error due to variation 

(Southwell 1989). In a survey conducted in the month of September, Coulson and 

Raines (1985) counted the pellet plots after a period of 15 days and assumed that 

the rate of disappearance was negligible. Dung beetles can also increase the rate of 

pellet decomposition, however these were not observed in the study area. For my 

study the pellet counts were conducted in the months of October and November. 

As the plots were cleared and counted within 10 days, the rate of disappearance 

was assumed to be negligible. 

b) Size and shape of the pellet plots

The size and shape of the of the areas monitored by previous studies have included 

a variety of shapes and sizes. Table 5 .1 includes a number of examples. Whilst 

rectangular shaped plots produced the lower coefficient of variation, the time 

taken by the surveyors to achieve this efficiency is quite high and therefore 

circular plots with a radius ranging between 0.8 m to 1.1 m appear to be the most 

efficient shape for providing accurate results (Batchelor 1975; Southwell 1989). In 
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a review of a number of pellet count studies, Southwell (1989) found that the use 

of circular plots of approximately 9 m2 was an efficient size and shape. This size

and shape resulted in an increase in the area of the estimation unit and decreased 

the number of zero values and the error associated with this. Circular plots also 

have less edge compared to area and therefore reduce the error associated with 

determining whether a pellet is judged as being in or out of the plot (Robinette et

al. 1958). 

Table 5.1: Example of size and shape of pellet count plots. 

AUTHOR 

Norbury and Norbury (1993) 

Arnold and Maller (1987) 

Johnson and Jarman (1987) 

Perry and Brasher (1986) 

Coulson and Raines (1985) 

c) Proportion of total area to be surveyed.

SHAPE SIZE 

Rectangular 100x4 m 

Rectangular 100 X 1 m 

Circular 9 m2 

Circular 3.14 m2 

Circular 10 m2 

Before the actual count is undertaken a preliminary survey should be carried out to 

ensure that the number of plots will produce results that are not highly variable, 

statistically valid and therefore will produce an estimate which can be applied to 

the whole area (Johnson and Jarman 1987). For pellet surveys covering less than 

10 Ian2 a precision of 15 % required the plots to cover 0.2 to 0.3 ha, with this 

increasing to 1.5 to 7 .5 ha for areas greater than 20 1an2 (Southwell 1989). 

Coulson and Raines (1985) surveyed 0.13 ha for an area of2.661an2. The sites 

surveyed in the Yan Yean catchment each covered an area of approximately 0.01 

km2
, where 36, 10 m2 pellet plots were surveyed (see Figure 5.1). The pellet plots 

therefore cover an area of 36 ha over the 10 km2 area of open grassland 

immediately surrounding the runoff plots. This is well above that suggested for 

precision in the other comparable studies discussed. 
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d) Counting pellets or pellet groups.

The method also involves either the counting of individual pellets or pellet groups. 

The accuracy of each method varies. It is argued that in areas of higher density, 

individual pellet counting is more accurate because pellet groups are more easily 

dispersed as animals tread on them, producing multiple groups instead of one 

(Johnson and Jarman 1987). Inaccuracy also arises from the difficulty in defining 

and identifying a pellet group (Southwell 1989). There are, however, 

disadvantages in counting individual pellets as they are likely to decay more 

quickly, are harder to detect, and more likely to be destroyed by being stepped on 

when fresh and soft (Johnson and Jarman 1987). In a comparison of a number of 

population estimate methods to known population sizes, Coulson and Raines 

( 1985) counted both pellet groups and individual pellets and found the latter to be 

a more accurate representation of population numbers. Therefore in the surveys 

carried out in the Yan Y ean Reservoir catchment individual pellets were counted. 

5 .1.2 Method used for this study 

Circular pellet �ounting plots of 10 m2
, were set out around the runoff plots as 

shown in Figure 5 .1. The pellet plots extended out from each side of each runoff 

collection plot and were placed at 25 and 50-m intervals from the boundaries of 

the runoff plots. Each runoff plot had eight pellet plots around it. In addition to 

this, in 1996 and 1997 each of the open runoff plots had two pellet plots sited on 

them so that a comparison between grazing levels on them and the surrounding 

open, grassy slopes could be made (see Figure 5.1). This comparison was made to 

determine whether or not the kangaroos were avoiding the open runoff plots, 

causing less impact than on the rest of the open, grassy slope. The size of the 

pellet plots meant that only two could be sited in each runoff plot. As the removal 

of pellets from the runoff plot could effect the nutrient levels in the runoff, pellets 
/' 

removed from the pellet plots, were returned to other parts of the runoff plot, at a 

98 



similar distance from the collection gutter. The pellet counts were also only 

conducted on an annual basis . 

• • • 

20m 

• 

Figure 5.1: Arrangement of pellet count plots around runoff plot, which is represented by the 

rectangle. 

This arrangement allowed a maximum of 36 plots at each site. In some cases this 

arrangement meant that a pellet plot fell within the boundaries of another runoff 

plot, in which case the pellet plot was not used. The pellet counts were carried out 

on three occasions: 8-15 October 1995, 3-11 November 1996 and 9-11 November 

1997. The pellet plots were surveyed according to the following method based on 

that by Coulson and Raines (1985) whose method produced estimates of 

population size which compared favourably to the actual known numbers. 
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1. Each pellet plot was marked by inserting a stake in the centre which protruded

no more than 100 mm out of the ground. This stake was left in place over the

three years of the study, ensuring that the same area was surveyed each time.

2. The pellet plots were cleared of all pellets on one day by anchoring a string

1. 78 m in length to the central stake, sweeping around the pellet plot in an arc

and removing all pellets within the 1. 78 m length, which was equal to a 

circular 1 0m2 area. 

3. The pellet plots were then revisited between seven and ten days later, when the

number of new pellets were counted and recorded by anchoring a string

1.78 m in length to the central stake, sweeping around the pellet plot in an arc

and counting all pellets within the 1. 78 m length.

5.1.3 Results and discussion 

Since any change in grazing pressure is likely to change conditions on the runoff 

plots, establishing that an area received a consistent grazing pressure over the time 

of the study was important when comparing results of runoff analyses from one 

period to another. Figure 5.2 shows the grazing pressures at each of the sites over 

the three years as measured by the number of faecal pellets deposited per square 

metre, per day. 
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Figure 5.2: Pellet densities over three years at three sites. 
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The data were assessed for normality using Lilliefors test, which showed that the

assumption of normality may not be valid. A log transformation of the data faded

to improve the normahty, but a square root transformation proved effective in

normalising the data. This section contains a summary of the results of the pellet

count data. For full data on the pellet counts see Appendix 5. A repeated meastires

ANOVA was carried out to compare pellet densities at the three sites over the

three years of the study. Grazing pressure over the three years was significantly

different (p = 0.021). A profile plot of the estimated marginal means of the three

sites over the three years shows that the pellet densities were less in 1997 (See

Figure 5.3). The ANOVA tables can be seen in Appendix 5. The lower grazing

pressure corresponds to a drier than normal year resulting in lower available

biomass. These areas may therefore have been less appealing to the kangaroos

which, might have spent more time foraging in other areas. The reduction in time

spent around the runoff plots is reflected in the lower pellet densities. Due to the

lower available biomass levels in this drier year and the fact that the fenced runoff

plots have been ungrazed for more than two years, the expectation is that the

differences between the grazed and ungrazed plots would have been greatest at

this time. However, the lower grazing pressure at this time could have resulted in

a reduction in these differences, particularly in terms of nutrient loads, which are

thought to be linked to pellet deposition.
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Figure 5.3: Profile plot of estimated marginal mean of pellet densities in years 1995, 1996 and 
1997. 

It was also considered important to establish that grazing pressure over the three 

sites was also similar. This would allow the runoff data from the different sites to 

be pooled to increase the sample size. A repeated measures ANOV A showed that 

there was no statistically significant difference in grazing densities across the three 

sites over the period of the study (see Appendix 5) between the three sites (p = 

0.35). The ANOVA also showed that this relationship was consistent across all 

time periods (p = 0.482). In 1997, when the grazing pressure was lower, it was 

consistently lower across all sites, as shown by the profile plot of the estimated 

marginal means. The ANOVA tables and profile plot can be found in Appendix 5. 

The possibility of aversion to grazing on the runoff plots was examined by 

comparing the grazing pressure on the runoff plots with grazing pressure in the 

surrounding areas in 1996 and 1997. The results are set out in Figure 5.4 which 

clearly shows the difference in grazing pressure between the surrounding area and 

on the runoff plots themselves. 
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Figure 5.4: Comparison of pellet counts on runoff plots to surrounding area. 

This assumption was proved correct by a repeated measures ANOV A which 

compared pellet densities on the runoff plots to those on the surrounding areas. It 

showed that there was less grazing pressure on the runoff plots (p = 0.009), and 

that this difference was consistent across time points (p = 0.432). See Appendix 5 

for ANOV A tables. 

It seems likely that with their galvanised metal guttering and edgings, the 

kangaroos had an aversion to grazing on the runoff plots. This avoidance 

behaviour does not invalidate the overall conclusions of the experimental work, 

since the kangaroos still used the open runoff plots and could not graze the fenced 

plots. It means that, since use of the runoff plots by kangaroos was less than the 

surrounding areas, the impacts of kangaroo grazing are likely to be greater than the 

runoff analysis results show. 

5 .2 Vegetation 

Kangaroo grazing on vegetation is likely to impact on the quality and quantity of 

surface runoff. A reduction in the vegetative cover, particularly at the ground 

surface, leads to a greater impact on the soil surface as it is more exposed to the 

effects of rainsplash, resulting in a greater chance for soil entrainment. See 
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Chapter 2 for a full discussion. Therefore it was important to assess the extent to 

which the level of grazing by the kangaroos, identified in Section 5 .1, had affected 

the vegetation of the study area. 

Once the plots had been fenced off for nearly two years, the amount of available 

biomass, as ground cover, in areas which were open to kangaroo grazing was 

measured and compared to areas from which they had been excluded. This 

provided an indication of the mass of material being consumed by the kangaroos 

in this area and of the extent of soil exposure resulting from the grazing. 

As discussed in Section 2.4, grazing by kangaroos in areas where the population 

densities are high has been found to affect vegetation regeneration and 

consequently species diversity (Grice and Barchia 1992; Norbury et al. 1993). 

Measurements of species composition could be obtained with only a small 

addition to the method for measuring biomass. Consequently species composition 

in the grazed and ungrazed runoff plots was compared to assess the effect that 

intensive kangaroo grazing can have on native species and the proliferation of 

weeds. Knowing which species are present also provides an indication of the 

extent of the ground cover protection afforded by their shape. Different species 

have different life forms, ranging from prostrate rosettes, which provide maximum 

ground cover, to narrow tussocks, which provide little cover. 

5.2.1 Methods for the determination of biomass levels and species composition 

A number of techniques could be used in the study of the vegetation biomass and 

species composition. The most suitable method will depend on the vegetation type 

and structure and the required outcomes. These methods may include destructive 

techniques, which involve the clipping and removal of vegetation, or non

destructive techniques. Whilst providing the most accurate results, the clipping 

and removal of vegetation has a number of disadvantages. Clipping, drying and 

weighing samples is not only destructive but also a time-consuming process. In 
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some situations, as in this study, removal of the vegetation may affect the 

experimental results and is therefore to be avoided. A non-destructive technique 

allows for a larger number of samples to be taken from the plots because it is often 

quicker and simpler to use. The ease of use means that the inaccuracy associated 

with an indirect method is compensated for by the ability to increase the number 

of samples. 

A widely used non-destructive methods of biomass estimation is the comparative 

yield method of Haydock and Shaw ( 197 5). This method uses randomly-selected 

quadrats, which are compared to a set of reference quadrats, and relative weight 

rather than absolute weight is estimated (Friedel and Bastin 1988). The method 

has been tested in many studies of vegetation patterns and change (Friedel and 

Bastin 1988; Friedel et al. 1988; Norbury et al. 1993). A review by Catchpole and 

Wheeler (1992) found that where the vegetation was fairly homogeneous, the 

comparative yield method was a very effective non-destructive method to use. 

The comparative yield method (Haydock and Shaw 1975) requires the selection of 

a number of reference quadrats which need to reflect the entire range of available 

biomass from the proposed study area. The reference quadrats are then ranked by 

visual estimation in order oflowest to highest biomass yield ( e.g. 1 for lowest, 5 

for highest). Once the reference quadrats have been ranked they are photographed 

and calibrated by harvesting to determine the relationship between the biomass 

and the rank. This is achieved by clipping the reference biomass plots to ground 

level using hand shears, and determining the dry matter yield after oven-drying. 

(Haydock and Shaw 1975). All material within the marked quadrat is harvested. 

This includes the shoots or leaves of a plant which has its roots outside the 

quadrat. A regression equation of dry matter yield versus rank is then developed. 

Biomass levels in the field are then determined by assigning a rank, which 

corresponds to the reference quadrats, to the randomly selected sample quadrats in 

the field. This rank can then be converted to dry matter yield by substituting their 

rank in the regression equation. 
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Errors in the perceptions of biomass yields by different surveyors have been found 

to occur (Friedel et al. 1988). In order to minimise these errors it is important that 

the reference quadrats are ranked by the same person who will then rank the 

sample quadrats. This error can be reduced with the use of a photographic record 

of the reference quadrats (Friedel and Bastin 1988). The method requires 

photographs to be taken of the quadrats from an oblique and vertical angle. The 

oblique photographs are taken from the normal standing position and should 

include a graduated scale in order to determine the height of the vegetation. The 

quadrats to be photographed are chosen to represent a range of vegetation 

structure, distribution, yield and composition. Once they are clipped, dried and 

weighed species proportions are also determined and this information is included 

with the photographs. 

The result is a collection of photographs of the reference plots which are not only 

ranked according to yield, but also include information regarding dry matter yield 

and species composition to further aid comparison to randomly selected quadrats. 

Often more than one photograph is provided of each ranking, when species 

composition or structure varies but the biomass does not, and the same set of 

photographs used for all pasture types in the study area (Friedel and Bastin 1988). 

The use of a collection of photographs further improves the speed and accuracy of 

the comparative yield method by producing a set of 'portable' reference quadrats, 

eliminating the need to return to the reference quadrats to refamiliarise oneself 

with the rankings. 

The other goal of the vegetation study was to compare the difference between 

species composition on the runoff plots that are grazed to those that were not 

grazed. Friedel et al. (1988) showed that species proportions could be determined 

by combining the comparative yield method with the dry-weight-rank method of 't 

Mannetje and Haydock (1963) as modified by Jones and Hargreaves (1979). 
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The dry-weight-rank method involves the random placing of quadrats and the 

recording of all species present. The species proportions in a quadrat are then 

determined in terms of dry weight and ranked in order of first second and third 

most abundant. Cover is then estimated using known relationships between rank 

and cover (Jones and Hargreaves 1979). Where no obvious difference in ranking 

exists, first and second place, second and third place, or first, second and third 

place must be allocated equally to two or three species. The size of the quadrats 

was found to be unimportant as long as three species were included in most cases. 

Samples of between 50 and 100 quadrats were required ('t Mannetje and Haydock 

1963). Even though some species may only be in small proportions and therefore 

never attain a ranking, their presence should still be recorded. In cases where one 

species is dominant, comprising more than 85% of the yield, the dry-weight-rank 

method is not appropriate. In such cases the problem can be overcome by applying 

cumulative ranking where the most abundant species is given the ranking of one 

and two (Jones and Hargreaves 1979). 

5.2.2 Method used for this study 

For this study the comparative yield method and the dry-weight-rank method were 

combined to study the effects of grazing on the vegetation on the runoff plots in 

the Yan Y ean Reservoir catchment. Being able to combine these two techniques 

further increases the efficiency of these methods for botanical analysis and the 

combination has also been widely used in studies of vegetation patterns and 

change (See for example, Norbury et al. 1993). The specific methods used are 

described below. 

A photographic record of the reference quadrats was first produced as set out in 

the following method. 
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1. Five 0.5 reference quadrats were selected from the areas around the plots,

as it was important for the species composition to be similar to those that are

to be compared to at a later date.

2. The quadrats were graded visually on a scale from 1 (lowest biomass) to 5

(highest biomass).

3. Overhead and oblique photographs were taken of the plots using a Pentax SF7

SLR camera with a 35-70 mm lens. The camera settings were left on automatic

and the camera was mounted on a tripod for maximum stability.

4. The overhead photographs were taken at a height of 1.35 m above the plot

using the lens set at 50 mm, and the oblique photographs were taken from a

normal standing position height above the ground of 1.5 m and at a distance of

1.9 m from the back of the quadrat using a lens set at 70 nun.

5. The species present in the quadrat were identified.

6. The reference quadrats were clipped as low as possible using hand shears and

placed in a paper bag. Care was taken to remove any dry matter such as leaves

and twigs, which were also later dried and weighed.

7. The collected biomass was retumed to the laboratory and oven dried until the

mass remained constant. This took 48 hours at between 70 and 80 °C.

8. Once the dry weights of the reference quadrats were determined, they were

assigned their actual ranking, where for example a ranking of one

corresponded to 100 g of dry weight and a ranking of 2.5 corresponded to

250 g.

9. The photographs of each reference quadrat were placed together in a folder,

and the ranking and species composition recorded with each photograph.

The sampling was carried out by the author only, in order to minimise errors of

perception, between 23 January and 11 February 1997. This was nearly two years

after the plots had first been fenced in and kangaroo grazing excluded. Initially

two of the runoff plots were sampled and analysis of the results showed that

sampling 50 of the 0.5 m quadrats in each runoff plot was adequate. The other ten
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runoff plots were then sampled according to the same procedure which is set out

below.

1. To ensure that samples represented an even coverage of the plot area, each plot

was divided into a 2 x 3 grid, with each cell measuring 5 x 5 m.

2. A random number generator was then used to produee a series of 50 co

ordinates using the numbers one to five.

3. Eight quadrats were then randomly located within each cell by pacing out the

co-ordinates, the starting point being the bottom left hand comer of the

quadrat.

4. Two extra quadrats were then sampled by randomly selecting two of the cells

and taking one sample within each.

5. Each quadrat selected was compared to the set of photo standards and assigned

a rank for the amount of biomass present.

6. The three most common vegetation types were then identified to at least genus

level and ranked from most to least abundant.

5.2.3 Results and discussion

Using this method, all runoff plots were surveyed for above grovmd biomass and

species composition. Figure 5.5 shows the difference in above ground biomass

between the runoff plots where grazing by the kangaroos had been excluded for

approximately two years and the plots where grazing had continued. For full

details see Appendix 6.
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Figure 5.5: Comparison of above ground biomass between grazed and ungrazed plots. 

Mean biomass level on the ungrazed runoff plots was approximately six times 

greater than on the grazed plots. Normality plots of the standardised residuals of 

the data showed that the assumption of normality had been met and an ANOV A 

showed that this was a significant difference (p < 0.001). The analysis also 

showed that there was no difference in above ground biomass levels across the 

three sites (p = 0.522) and that the treatment effect did not vary across sites (p = 

0.985). See Appendix 6 for the ANOV A result table. 

The mean mass of the genera identified in each of the runoff plots was obtained 

using the dry-weight-rank method (see Appendix 6). As the ungrazed runoff plots 

have above ground biomass levels which are much higher than those in the grazed 

runoff plots, a direct comparison of the biomass of each genus in the grazed and 

ungrazed plots would be meaningless because there would usually be more in the 

ungrazed runoff plots. In order to compare the effect that kangaroo grazing has on 

plant composition, the results for each plant type have been expressed as the 

proportion (%) of the total biomass of the grazed and ungrazed runoff plots. 
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Figure 5.6: Dominant vegetation types present on imgrazed and grazed runoff plots.

The mean percentage of total above-grotmd biomass for each of the plants from

each of the 12 runoff plots was determined and are presented in Figure 5.6, Table

5.2 and Appendix 6. Analysis of variance tests were carried out on these results in

order to determine if there was a statistically significant difference in the

proportion of each plant on the grazed plots compared to the rmgrazed plots. The

data were first checked to ensure that assumptions of normality had been met.

Where the data appeared not to be normal it was either transformed using a log or

a square root transformation. For the occasions when the data still failed to meet

the assumption of normality, the Mann-Whitney U test, a non-parametric test,

which does not require the data to be normally distributed was used to compare

the results.

As the summary of the results in Figure 5.6 above shows, four grasses, Danthonia

spp., Themeda triandra, Anthoxanthum odoratum and Schoenus apogon, dominate

the vegetation types on both the grazed and ungrazed plots. These four grasses

made up 82 % of the above ground biomass present on the grazed runoff plots.

Other plants found in the runoff plots were in proportions of less than 5 % each. In

contrast, the ungrazed plots were dominated by only three grasses, Themeda

triandra, Schoenus apogon and Anthoxanthum odoratum, which made up nearly

95 % of the above ground biomass present. The main difference between the
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grazed and the ungrazed plots appears to be the near disappearance of Danthonia

spp. on the ungrazed plots with its proportion dropping from almost 40 % to

1.5 %. This was a significant decline (p < 0.001).Whilst Themeda triandra

occurred at a significantly higher proportion in the ungrazed plots (p < 0.001), the

proportions of the other two grasses, Anthoxanthum odoratum (p = 0.103) and

Schoenus apogon (p = 0.17), did not vary between the grazed and ungrazed plots.

The results of the analysis of variance for all the plants identified are summarised

in Table 5.2 below: see Appendix 6 for ANOVA tables.

Table 5.2: Grasses present and % of above ground biomass.

(Exotics are marked with an asterisk!

% of above ground biomass Statistical diff between

Piant Grazed Unarazed grazed and unarazed

Danthonia spp. 39.66 1.48 Significant
Themeda triandra 18.34 47.55 Significant
Anthoxanthum odoratum* 12.27 22.70 Not significant
Shoenus apogon* 11.84 24.63 Not significant
Euchiton gymnochephaius 4.54 0.29 Significant
Microieana stipoides 3.27 0.51 Not significant
Briza spp.* 2.87 0.51 Not significant
Hypochearus radicata* 2.76 0.12 Significant
Linum marginaie* 1.59 0.55 Not significant
Juncus procerus* 0.76 0.15 Not significant
Cotula austraiis* 0.72 0.03 Not significant
Gonocarpus tetragynus 0.63 0.41 Not significant
Poa rodwayii 0.23 0.03 Not significant
Agrostis aemuia 0.23 0.03 Not significant
Centaurium erythraea 0.16 0.00 Not significant
Piantago ianceoiata* 0.03 0.67 Significant
Aira caryophyllea* 0.03 0.03 Not significant
Lomandra filiformis 0.03 0.00 Not significant
Lobelia gibbosa 0.00 0.03 Not significant
Agrostis avenacea 0.00 0.03 Not significant

Apart from the four types of plants discussed above, 14 other grasses were

identified in the ungrazed plots. They made up only a mean of 3.4 % of the ahove-

ground biomass and were present in amounts of less then 1 % each. Similarly, 14

other grasses were also identified in the grazed plots, but they were more prevalent

as they made up a mean of 17.6 % of the above-ground biomass, in amounts

which ranged from 4.5 to 0.03 %. See Appendix 6 for full details of the results.
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The results of the ANOVA tests on the proportions of the above-ground biomass 

show that apart from the four dominant grasses, two species of grasses, Euchiton 

gymnochephalus ( p = 0.044) and Hypochearus radicata (p = 0.003) were 

significantly more abundant on the grazed plots. Only Plantago lanceolata ( p = 

0.035) was significantly more abundant in the ungrazed plots. See Appendix 6 for 

ANOVA tables. Two species, Centaurium erythraea and Lomandrafiliformus, 

occurred only in the grazed plots, and two, Lobelia gibbosa and Agrostis 

avenacea, only in the ungrazed plots. However, in each case the proportions were 

so low that the difference was not statistically significant. 

As discussed in Section 2.4.2, kangaroos are selective feeders and can reduce 

species diversity. fu this study, species richness in the grazed and ungrazed plots 

was found to be identical. Half of the 18 species identified in the grazed and 

ungrazed plots were native and half were exotics. Exotics on the grazed plots 

made up a mean of32.9 % of the above-ground biomass and 49.4 % on the 

ungrazed plots. Grazing encouraged the growth of two native grasses, Danthonia 

spp. and Euchiton gymnochephalus, and one exotic, Hypochearus radicata, 

whereas one native Themeda triandra, and one exotic, Plantago lanceolata, were 

statistically significantly more abundant in the ungrazed plots. 

5.3 Summary of Chapter Findings 

5.3.1 Grazing pressure 

• Grazing pressure was not statistically significantly different across all three

sites.

• Grazing pressure across all three sites was statistically significantly lower in

1997.
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•  Grazing pressure on the grassy, slopes surrounding the runofiF plots was

statistically significantly greater than on the plots themselves.

These results indicate that the three sites had a similar level of grazing pressure

from the kangaroos. Therefore it was quite appropriate to combine the data

together from the different sites to produce an overall mean for grazed and

ungrazed areas for a number of measured parameters. The results also indicate that

the kangaroos had an aversion to grazing on the runoff plots. Since the use of the

runoff plots by kangaroos was less than the surrounding areas, the impacts of

kangaroo grazing as measured in this study are likely to be greater than the results

indicate.

5.3.2 Impacts on vegetation

• Mean above-ground biomass levels were six times greater on the ungrazed

plots. This was a statistically significant difference.

•  Four types of grasses, Danthonia spp., Themeda triandra, Anthoxanthum

odoratum and Schoenus apogon, dominated the vegetation present on the

grazed and ungrazed plots.

•  Themeda triandra and one exotic, Plantago lanceolata were present in

statistically significantly lower proportions on the grazed plots

• Danthonia spp., Euchiton gymnochephalus, and one exotic, Hypochearus

radicata were present in statistically significantly lower proportions on the

ungrazed plots.

•  Species richness on the grazed and ungrazed plots was identical.

• Half of the plants identified were native and half exotics on both the grazed

and rmgrazed plots.

•  There was no difference in the life forms of the plants found on both the

grazed and ungrazed plots.
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The results clearly showed that the grazed surface runoff plots had a statistically 

significantly lower biomass level than those that were ungrazed. Biomass levels 

on the ungrazed runoff plots were over six times greater than on the grazed plots. 

Just how the changes to species composition caused by kangaroo grazing may 

alter the structure of the vegetation and consequently the protection offered to the 

ground surface by these plants is unclear. The most abundant grasses found in 

both the grazed and ungrazed plots, Danthonia spp., Themeda triandra, 

Anthoxanthum odoratum and Schoenus apogon, all have narrow tussock life forms 

which provide little ground cover. The difference is that the ungrazed plots 

contained a greater level of above-ground biomass, with Schoenus apogon, filling 

in all the spaces between tussocks of Themeda triandra and Anthoxanthum 

odoratum. Two exotics, Hypochearus radicata, whose abundance increased under 

grazing, and Plantago lanceolata whose abundance decreased under grazing have 

prostrate rosettes life forms which provide good ground cover. In both cases 

however, these species were only a minor component of the total above-ground 

biomass. 
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6. HYDRODYNAMICS

As discussed in detail in Chapter 2, grazing and movement of herbivores can 

impact on the soils by reducing the plant and litter. This results in a decrease in 

biomass and so less cushioning of the soil surface. It also causes increased areas of 

bare soil, leading to increased levels of compaction, soil disturbance, a decrease in 

the number and size of soil pores, and the formation of a crust on the soil surface 

cover (Mott et al. 1979; Belsky and Blumenthal 1997). As the previous chapter 

showed, the growth of vegetative cover is also impeded by kangaroo grazing. 

Without the vegetation and soil pores, which act as sinks and impediments, less 

rainfall infiltrates the soil surface and the runoff can flow freely, mobilising and 

carrying a greater amount of suspended sediment a greater distance across the 

landscape. This chapter focuses on the effect that kangaroo grazing in the Yan 

Y ean Reservoir catchment has on the infiltration rate and on the proportion of 

rainfall that becomes surface runoff. 

Tue proportion of rainfall that becomes surface runoff can be expressed by the 

relationship; 

SRO = P - (I + E) 

where P = precipitation, 

I= infiltration and 

E = evaporation. 

Tue following sections describe the methods used to compare surface runoff 

volumes and infiltration rates from the grazed runoff plots to those from the 

ungrazed plots. Evaporation rates were not measured as this is not directly 

affected by kangaroo grazing, and was taken to be constant across both the grazed 

and ungrazed plots. It could, however, be argued that the greater biomass levels 

present in the ungrazed runoff plots result in greater levels of evapotranspiration 

occurring in those plots, causing the soil within the plots to be have a lower 
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moisture level. This could bias the results as the ungrazed plots would absorb 

more rainfall before the soil becomes saturated and runoff occurs, producing a 

result that is not an effect of kangaroo grazing. It could also be argued that the 

lower biomass on the grazed runoff plots leave them exposed to the sun and wind, 

which would also lower soil moisture levels. In order to remove these 

uncertainties, soil moisture levels in the grazed and ungrazed runoff plots were 

measured and compared at the same time as the infiltration rates were determined 

in Section 6.2 and again at the time of the artificially generated runoff in Chapter 

8. 

6 .1 Rainfall 

As can be seen from the equation above, precipitation, both prior to and during an 

event, is an important determinant of the quantities of surface runoff produced. As 

the soil moisture content prior to an event and the production of surface runoff 

during an event is obviously dependent on the amount of rainfall that occurs, 

rainfall amounts during the course of the study were monitored. 

Rainfall occurring in the area was measured using two methods. Daily rainfall 

readings for the Yan Y ean Catchment were provided by Melbourne Water which 

maintains a recording station at a works depot adjacent to the reservoir. Rainfall 

was also recorded specifically for this project by rain gauges placed in the middle 

of each plot. A small amount of oil was used in the rain gauge to reduce error due 

to evaporation. Rain gauges were sited in each plot in order to determine whether 

the plots were receiving similar amounts of rainfall. This was important because 

the amount of runoff produced by each plot is linked to the amount of rain that 

falls on it, which in turn could vary because of spatial variation in the intensity and 

duration of the rainfall and interception by overhanging vegetation. Any great 

variation in rain falling on the plots could bias the results. 
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Once rain had occurred, which was thought to have generated a measurable 

amount of runoff, the sites were revisited. Samples of the runoff were collected 

using a procedure described in detail in Section 7 .1, and the amount of rainfall 

measured by the gauges on each plot was recorded. 

6.1.1 Results and discussion 

A summary of the rainfall data from the Melbourne Water gauge is shown in 

Figure 6.1; daily rainfall records for the period of the study are given in Appendix 

1. The rainfall amounts at each of the runoff plots provides data on the amount of

rainfall that fell prior to each event, plus the mean amount of rainfall that fell on 

each plot for each event over the study period. Full details of these records and the 

average daily rainfall for the period preceding each event can be found in 

Appendix 1. A summary of this data can be found in Table 6.1 below. 

Comparison of Monthly Rainfall for Study Period 
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Figure 6.1: Comparison of monthly rainfall during the three years of the study with the long-term 
mean. 

Analysis of variance tests were conducted on the rainfall amounts during the 

period of the study. Mean monthly rainfall was compared for each of the years 

1995, 1996 and 1997. Normality plots ofthe standardised residuals ofthe data 

showed that the assumption of normality had been met. The results of the 

ANOVA show that there was a significant difference (p = 0.023) in rainfall 
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amounts during the three years and a profile plot of the estimated marginal means 

shows that whilst levels in 1995 and 1996 were similar, those for 1997 were much 

lower. This was further tested by removing the data for 1997 and comparing 

rainfall amounts for 1995 and 1996 only. The ANOVA result shows that there was 

no significant difference between 1995 and 1996 rainfall amounts (p = 0.769). See 

Appendix 1 for the analysis result tables and profile plot. 

Table 6.1: Mean rainfall :Qer :Qlot :Qer event. 

SITE PLOT MEAN PER EVENT (mm) 

1 A 41.3 

1 B 42.5 

1 C 41.8 

1 D 43.4 

2 A 39.9 

2 B 40.2 

2 C 43.4 

2 D 39.9 

3 A 39.5 

3 B 37.2 

3 C 40.3 

3 D 43.3 

Table 6.1 shows that the mean rainfall received by the plots for each event over 

the period of the study ranged from 43.4 mm to 37.2 mm and varied by 6.2 mm. 

The mean amount ofrainfall received by each site ranged from 39.6 to 41 mm. 

The data showed a normal distribution, and an ANOV A conducted on the mean 

rainfall per event per runoff plot found that the rainfall received by each site over 

the period of the study was not significantly different (p = 0.32). The ANOVA 

table can be found in Appendix 1. 

The ANOV A was also used to determine if the runoff collection plots undergoing 

different treatments were also receiving similar amounts of rainfall. The grazed 

plots received a mean of 40.3 mm per event and the ungrazed plots received 

41.8 mm per event. Analysis of variance tests showed that there was no significant 

difference between the rainfall received by the plots undergoing different 

treatments (p = 0.159). 
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6.2 Infiltration Rate 

As a measure of the rate at which water is able to pass through the soil surface, 

infiltration rate is an important influence on the amount of runoff produced. It 

determines the proportion of rainfall that goes towards soil or ground water and 

that which becomes surface runoff. As discussed in Chapter 2, a reduction in the 

infiltration rate and an increase in the proportion of rainfall that becomes surface 

runoff increases the potential for the mobilisation of soil particles (Rosewell et al.

1991). 

Tue infiltration rate is dependent on structural properties of the soil surface, 

including permeability and porosity and it is sensitive to structural changes in the 

soil which may result from changes in land management and use (Youngs 1987). 

It is a parameter likely to be changed by the impact caused by grazing as it is 

influenced by soil texture and compaction (See Chapter 2). In this study, 

infiltration rates were compared between the grazed runoff plots and the ungrazed 

plots to determine if kangaroo grazing, through its impact on soil compaction has 

had any effect on infiltration rates. 

6.2.1 Methods for the determination of infiltration rate 

Infiltration rates are measured by inserting a metal or plastic cylinder infiltrometer 

partly into the soil surface. Water is then poured into the infiltometer to a 

determined height and the amount of water added over time to maintain that 

height is recorded. Tue measurements are taken by ponding water in a cylinder 

and no attempt is made to simulate rainfall. Tue results therefore are a measure of 

water infiltration under controlled conditions, rather than a measurement of 

rainfall infiltration (Hills 1970) as the infiltration rate measured under natural 

rainfall conditions has been found to be between 2 and 10 times greater (Dunne 
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and Leopold 1978). As a consequence, these measurements are useful only for a 

comparison of infiltration capacity between sites. 

The cylinders used to measure infiltration usually have a diameter which varies 

between 100 to 457 mm (Hills 1970; Langford and O'Shaughnessy 1980; Sharma 

et al. 1980; Youngs 1991 ). It has been suggested that the diameters of the rings 

should be at least 150 mm (Youngs 1987; Youngs 1991) and it has been found 

that infiltration rings with larger diameters resulted in less variable results (Sisson 

and Wierenga 1981; Youngs 1987). This was largely because rings with diameters 

greater than 300 mm are able to encompass a more representative area of the soil 

surface and reduced the chance of selecting non-uniform areas (Youngs 1991). 

The greater surface area of the larger rings also means that the amount of lateral 

flow is relatively small in comparison to the vertical flow, eliminating the need for 

an outer ring (Youngs 1987). 

There are also a number of other experimental errors associated with the cylinder 

infiltrometer method, which include water seepage at the edges of the cylinder, 

depth of cylinder insertion and disturbance of the soil during cylinder insertion. 

Various strategies to minimise or eliminate these errors have been described by 

Hills (1970). The lateral movement of water at the edge of the infiltration ring is 

thought to be a problem as it can result in a higher measured infiltration rate. fu 

order to minimise this error, infiltration rings which comprise an inner ring as well 

as an outer ring have been used (Sharma et al. 1980; Youngs 1991). The outer ring 

is filled with water and maintained as a constant pond and as this water seeps into 

the surface, it reduces the lateral movement of water away from the edge of the 

inner ring. 

Depth of insertion should be kept to a minimum as this is likely to be the cause of 

most errors including the trapping of air below the soil surface and within the 

cylinder, which reduces infiltration. A number of studies were investigated and it 

was found that the depth of insertion varied from the 50 mm depth used by Hills 
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(1970) and Sharma et al. (1980), to the 250 mm depth used by Langford and

O'Shaughnessy (1980).

Problems caused by the disturbance of the soil during insertion can be minimised

by using a thin gauge steel, and a wooden slab placed across the top of the

cylinder will help ensure that the cylinder is kept level as it is driven into the soil.

Insertion is further aided by trimming the vegetation to a height of 20 mm before

the ring is inserted into the ground. This allows the cylinder to be inserted into the

soil without being overly impeded by the vegetation, and to aid in the addition of

water later, provides a clear view of the depth of water within the riug. It is

difficult to eliminate the problem of water seepage at the edges of the cylinder, but

it can be minimised by careful uisertion. In any case, small channels produced

during insertion of the cylinder will have a minimal effect as they tend to act as

surface storage depressions rather than channels which iucrease infiltration rates

(Hills 1970). Other errors are inherent in the method itself and as such ■wiU be

consistent across all areas allowing the comparison of results to still be relevant.

After the ring is inserted water is poured into the ring to a depth of between 10 and

20 mm and maintained at this level for a knovra amount of tune (Sharma et al.

1980). This can also be achieved with the use of a constant head device, described

by Hills (1970), which automatically maintains the water at the desired level. The

amount of water required to maintain this level for a known amount of tune is

then recorded as the infiltration capacity.

Another factor that must be considered in the determination of infiltration rates is

the soil moisture content, as the infiltration rate is influenced by the moisture

content of the soil at the time of measurement, or of the rainfall event and

intensity. In order to ensure that there is no difference in soil moisture content

between the areas to be compared at the tune that infiltration rates were

determined, an adjacent soil sample should also be taken for the calculation of

moisture content. Any measurement of infiltration rate for comparison across a
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number of areas should take place at a similar time so that the conditions will be

as similar as possible.

Disc permeameters or tension infiltrometers can also be used to determine

infiltration rates. These reduce the requirement for water to be ponded at the

surface, focus on soil absorptivity and so limit the amovmt of water taken up by

pores in the soil surface. The simpler method associated with the cylinder

infiltrometer meant that a larger number of samples could be taken which would

reduce sample variability. The focus of this study is on the effect of kangaroo

grazing and the possible impact on soil structure, porosity and therefore

infiltration rate. It was therefore thought more appropriate that measurements of

this should incorporate a method, such as the use of a cylinder iafiltrometer, which

encompasses all of these soil characteristics.

6.2.2 Method used for this studv

The infiltration rates were measured four times for each runofif plot. Two sites

were randomly chosen at any 1 m interval along each of the plot sides and within

1 m of the boundaries of each of the runoff plots. For the ungrazed plots this area

was still within the enclosures and so was not impacted on by the kangaroos.

A soil sample was also taken from a depth of approximately 50 mm, which was

just below the grass root level at each site adjacent to where the infiltration rates

were determined. The four soil samples for each plot were all placed in the one ah

tight bag and retumed to the laboratory for the determination of an overall soil

moisture level for each plot. The same method as described in Chapter 8 was used.

For this study a cylinder infiltrometer 300 mm in diameter was used and the

following procedures were followed at each site.
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1. The grass was trimmed to a height of approximately 20 mm.

2. The cylinder infiltrometer, with its thickness trimmed to a point at one end to

allow easier insertion, was then driven 50 mm into the ground using a wooden

slab across the top to ensure that the cylinder was kept level.

3. Water was added to the ring until it reached the marked height of 20 mm

inside the ring. At this point, timing commenced and the water inside the ring

was topped up to the 20 mm height eveiy minute until 10 minutes had elapsed.

4. The volume of water added after every minute was recorded and then totalled

after 10 minutes. On rare occasions when the water in the ring infiltrated

quickly and there was little left on the surface, more frequent additions were

made with a final top up being made at the end of the minute and the total

volume added during and at the end of the minute recorded.

6.2.3 Results and discussion

The four estimates of infiltration rates for each of the plots which were then

combined to produce a mean infiltration rate for each plot. These means were then

combined to produce an overall mean for the grazed and ungrazed plots.

Infiltration rates (iitres/10 mins) (Error bars = standard error)
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Figure 6.2: Comparison of infiltration rates for grazed and ungrazed plots.

As can be seen from Figure 6.2 above, the mean infiltration rate for the ungrazed

exclusion plots was 9.4 litres per 10 minutes, compared to the grazed plots which
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absorbed 7.5 litres of water in 10 minutes. For further details of the results see

Appendix 9.

The variability of the infiltration rate data and the resultant small differences in the

means between the grazed and ungrazed plots were tested by using analysis of

variance. The data were tested for normality and was found to be normally

distributed. The means of the grazed and ungrazed plots were not significantly

different (p = 0.318). A test of site by treatment (grazed v's ungrazed) showed that

the three sites responded in a similar maimer to the treatment (p = 0.868). These

results and the ANOVA table can be found in Appendix 9.

Since absorption or infiltration by the soil surface is influenced by the antecedent

soil moisture levels, it was important to ensure that there was not a large

difference in moisture levels between the grazed and ungrazed plots at the time of

water application. The results of the soil moisture level analysis of soil samples

taken just before the infiltration rates were measured are set out in Figure 6.3.

Average % soil moisture (Error bars = standard error)
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Figure 6.3: Comparison of soil moisture levels for grazed and ungrazed plots.

The results in Figure 6.3 show that the moisture levels between the grazed and

ungrazed plots are quite similar, with the percentage of soil moisture in the

ungrazed plots being 24.2 % and 23 % in the grazed plots.
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Given the concern, described in the introduction to this chapter, that biomass 

quantity might influence antecedent soil moisture levels and effect the results, the 

means of the soil moisture levels of the grazed and ungrazed plots were tested by 

using analysis of variance. The data were tested for normality and was found to be 

normally distributed. The difference in the soil moisture levels between the grazed 

and ungrazed plots was not significantly different (p = 0.509). A test of site by 

treatment showed that the three sites responded in a similar manner to the 

treatment ( p = 0.292). These results show that the soil moisture conditions were 

not necessarily influenced by the amount of vegetation present. Detailed results 

and the ANOVA table can be found in Appendix 9. 

6.3 Surface Runoff Volumes 

Testing for sediment volumes and nutrient loads, which are described in Chapter 

7, involved the capture of all surface runoff generated during a particular event. 

This section describes the methods used to record runoff volumes and collect 

samples for sediment and nutrient analyses. A literature review of runoff 

collection plot designs and a detailed description of the runoff collection plots can 

be found in Section 4.3. 

Surface runoff generated on each plot was channelled via a PVC pipe running 

along the ground surface to a 200-L drum which was placed in a hole deep enough 

to leave the top of the drum flush with the ground surface. As the sites were 

visited after each event, a 200-L drum, which was covered by a lid to prevent 

rainfall directly entering it and diluting the contents, was considered to be of 

sufficient size to capture all runoff generated during an event. So that the sediment 

and nutrient loads could be determined without the samples being contaminated 

by rust from the drum, each drum was lined with a plastic bag. 

The volume of runoff captured in the drums was measured at the time of 

sampling. The methods used to determine the volume depended on the amount of 
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runoff that had collected in the drum. If the drum was more than approximately a 

quarter full the amount of water was estimated by dipping a 1-m ruler into the 

drum and measuring the depth of water. This method had been calibrated at the 

beginning of the study when a plastic bag was placed into one of the drums and 

known volumes of water added. A water depth of 80 mm corresponded to 20 L of 

water. The corresponding depth of water in each of the drums was then recorded 

and later converted to a volume. If there was only a small amount of water in the 

drum, the bag was removed and the entire contents drained into a container which 

indicated the volume. 

Once the samples had been taken, any water left in the drum was pumped out 

using a small battery-operated pump. The remaining sediment, which had settled 

out of suspension was then removed and the drum prepared for the next event by 

removing the bag and replacing it with a clean one. This ensured that sediment 

captured by previous events did not build up in the drums. 

If 6 or more of the plots failed to produce runoff after an event, then the whole 

sample run was aborted as the results from this number of samples were likely to 

be too variable to allow any meaningful conclusions. Instead the drums were reset 

for the next event and these occurrences appear as missed months in the results. 

Occasionally during the sample collection period, the runoff collection drums 

were found to be overflowing. In this case, the depth of water was still recorded, 

but the volume entered into the results was equal to the maximum amount able to 

be held by the drums which was 202.5 L. 

In the early stages of the study, drums that were not firmly fixed to the ground 

occasionally floated up as water filled their holes either directly from rainfall, as 

overland flows from the slope not contained within the plots, or as throughflow. 

As the drums rose, they overturned and spilt their contents. In these cases, 

contamination of the samples with water from the holes meant that these sites 

could not be sampled for nutrient and sediment levels until the problem was 
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corrected (see Section 4.3). As the volumes were also not able to be measured, 

these sites were excluded from all results for that particular event. These occasions 

appear as blank entries in the results tables for runoff, concentrations and total 

yields of total solids, suspe�ded sediment and nutrients and were not used in

calculations of average concentrations and total yields. In some cases one or more 

of the plots produced no runoff after an event. When this number was less than 

six, samples from the other plots were still collected. These cases appear as zero 

entries for those plots in the results for runoff and were included in calculations of 

average runoff volumes. Since samples could not be collected from these plots for 

the analysis of concentrations of total solids, suspended sediment and nutrients, 

these cases appear as blanks in the results tables and were excluded from the 

calculations of average loads. This was because the non-collection of a sample 

does not mean that the concentration at that point was zero grams or milligrams 

per litre. For the purposes of calculating total loads ( concentration multiplied by 

volume) of solids, sediment and nutrients, these occurrences were included and 

appear as zero entries in the results since the volume was zero. 

6.3 .1 Results and discussion 

Samples for the determination of surface runoff volumes and sediment and 

nutrient loads in the surface runoff were collected over a period of nearly three 

years. Since the parameters to be measured and compared may be influenced the 

increase in biomass on the plot after the treatment (fencing) had been applied, it 

was expected that the differences in runoff volumes and sediment and nutrient 

loads may become larger as time passes and the vegetation returns to the plots. 

Therefore tests for the effect of time on the results were carried using repeated 

measures ANOV As to compare the differences between treatments across time. 

The natural variability in the results across the selected sites was also tested by 

analysis of variance to determine if the differences between the untreated and 

treated sites were greater than the differences between sites undergoing the same 
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treatment, and whether it was valid to group the data from different sites together

as replicates.

The records of surface runoff volumes captured for each event between May 1995

and December 1997 are summarised in Figure 6.4 below. Missing entries in the

results indicate that no sample was taken due to a lack of runoff or for the reasons

described in Section 6.3.
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Figure 6.4: Mean surface runoff volumes between May 1995 and December 1997, comparing
grazed and ungrazed plots.

The mean runoff volume collected from the grazed plots was 96.7 L per runoff

producing event, while for the ungrazed plots a mean of 75.4 L were collected per

each event. For a full record of the results see Appendix 2.

The surface runoff volumes collected from each of the grazed plots for each event

were compared to those from each of the ungrazed plots by using a repeated

measures ANOVA. Normality plots of the standardised residuals of the runoff

volume data showed that the assumption of normality may not be valid. Log and

square root transformations had no effect on improving this, so an attempt was

made to pool the data in order to improve the normality. First the data were pooled

into the seasons for each of the years. This also proved ineffective in improving
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the normality of the data, so the data were pooled into years. In this form, 

normality plots showed that the assumptions of normality had been met. Results of 

the repeated measures ANOV A showed that there was no significant difference 

between the grazed and ungrazed areas (p = 0.083) over the three years and that 

there was no evidence to suggest that this difference was not consistent across the 

years (p > 0.05). The runoff quantities in total over the three years were 

significantly different (p < 0.001), which reflects the variable rainfall amounts 

which occurred during the period of the study discussed in Section 6.1. See 

Appendix 2 for the ANOV A tables. 

The mean runoff volumes from the grazed plots for each event were then 

compared to the mean volumes from the ungrazed plots. Normality plots of the 

standardised residuals of the data showed that the assumption of normality may 

not be valid. Log transformations and square root transformations had no effect on 

improving the normality of the data and so further analysis was then carried out 

using the Mann-Whitney U test, a non-parametric test which does not require the 

data to be normally distributed. The resultant p-value of 0.249 showed that there 

was no significant difference in the runoff quantities coming from the grazed and 

ungrazed areas. See Appendix 2 for the analysis result tables. 

Whilst this test showed that there was no statistically significant difference, a 

profile plot of the estimated marginal means against time, which compared the 

runoff volumes from the grazed plots to the ungrazed plots, showed that on most 

occasions mean runoff volumes for each event were higher from the grazed plots 

(See Figure 6.5). 16 of the 17 events where runoff volumes were measured 

produced greater volumes of runoff from the grazed plots. This pattern was tested 

using a G Test (Sokal and Rohlf 1987) and was found to be significant (p < 

0.005). 
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Figure 6.5: Profile plot of estimated marginal means of surface runoff quantities. 

The non-significant result from ANOV A was probably the result of highly 

variable data due to large differences in total volumes for each event because of 

differences in rainfall. An attempt was made to adjust runoff volumes by 

comparing them to total rainfall for the event, divided by the number of days 

before the event. Figure 6.6 and Figure 6.7 shows the comparison of rainfall 

volumes preceding each event and the volume of runoff produced. 
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Figure 6.6: Runoff produced compared to rainfall(mm/day) preceding event. 
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Figure 6.7: Runoff produced compared to total rainfall (mm) preceding event.

As can be seen Figure 6.6 and Figure 6.7 no relationship appears to exist between

rainfall preceding the event and the runoff volumes. A number of regressions were

carried out between preceding rainfall levels and runoff volumes from the grazed

and ungrazed areas, and none was statistically significant. See Table 6.2 for a

summary.

Table 6.2: Results of regression analysis

For mm/day For Total Rainfall

Grazed Ungrazed Grazed Ungrazed

R squared 0.044 0.078 0.045 0.023

Significance 0.417 0.277 0.414 0.559

6.4 Summarv of Chapter Findings

6.4.1 Rainfall

• ANOVA tests showed that rainfall amounts received by the grazed and

ungrazed plots were not significantly different.
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• The mean percentage of soil moisture was higher in the ungrazed plots, but not

statistically significantly different.

These results indicate that the runoff plots which were undergoing different 

treatments received a similar volume of rainfall and had similar soil moisture 

levels. Therefore the possibility that any difference in surface runoff volumes 

generated from these plots was due to these factors was eliminated. 

6.4.2 Infiltration rate 

• Mean infiltration rates on the grazed plots were lower than those on the

ungrazed plots, but not statistically significantly different.

This is indicative of the variability of the data. In this case it is unclear if kangaroo 

grazing has had any impact on infiltration rates and consequently soil compaction. 

6.4.3 Surface runoff volumes 

• Overall mean runoff volumes were higher from the grazed plots, but not

statistically significantly different between the grazed and ungrazed areas.

• 16 of the 17 events where runoff volumes were measured produced greater

volumes of runoff from the grazed plots, with a mean difference of21.2 L.

This pattern was found to be significant (p < 0.005).

These results indicate that the higher volumes of runoff coming from the grazed 

plots for a majority of the events was not simply due to chance. This trend was 

also supported by the results of the artificial runoff generation experiments carried 

out in Section 8.2.1. These results indicate that kangaroo grazing has resulted in 

increased levels of surface runoff, probably largely due to the lack of above 

ground biomass, as measured in Section 5.2. 
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7. SEDIMENT AND NUTRIENTS

The modified model proposed by Noble and Tongway (1986) and discussed in the 

introduction, describes the possible effects that herbivore grazing can have on the 

areas on which they graze, increasing their susceptibility to erosion and changing 

the chemical condition of the soil. These effects were discussed in more detail in 

Chapter 2. While the effect of kangaroo grazing on the volume of surface runoff 

produced from an area was determined in the previous chapter, the real concern 

associated with increased levels of surface runoff is the potential it has to deliver 

increased sediment and nutrient loads to local watercourses. This is a major 

concern at Yan Y ean as the runoff from this catchment runs into a drinking water 

reservoir, where increased sediment and nutrient concentrations could have a 

serious affect on the quality of the water. Some of these concerns include 

increased incidences of algal blooms and increased suspended sediment 

concentrations and the increased treatment costs associated with these problems. 

These were discussed in detail in Section 3 .3. 

This chapter describes the results of experiments carried out to determine the 

concentration of sediment and nutrients in the runoff, with a view to identifying 

the effect of kangaroo grazing on the concentration. As kangaroo grazing may also 

alter the proportion of rainfall that becomes surface runoff, the total sediment and 

nutrient loads ( concentration x volume) being exported from grazed and ungrazed 

areas may be different even though the concentrations were similar. Therefore 

total sediment and nutrient loads were also compared by multiplying the 

concentrations by the volume of runoff. 
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7 .1 Total Solids and Suspended Sediment 

Runoff for the investigation of total solids and suspended sediment was captured 

using the plot set up described previously in Section 4.3. A literature review 

identified a number of approaches to the determination of water quality 

parameters. One involved the measurement of turbidity on site either manually 

from the container or by using an automatic turbidity analyser, such as a Hach 

turbidimeter, although Duncan et al. (1980) believed that physical water quality 

parameters, such as total solids or suspended sediment, are a better measure of 

water quality parameters than those determined by optical measurements. A 

consideration in the sampling and analysis for total solids and sediment was to 

ensure that the samples taken were representative of the runoff collected in the 

drums. Important determinants in the collection of a representative sample, were 

the sample sizes, which ranged from 570-mL to 50-mL (Loughran 1977; Alchin 

1983; Lang and McCaffrey 1984) and method of collection which ranged from 

automatic samplers (Olive and Rieger 1985) to manual depth-integrated sampling 

(Loughran 1977; Goudie 1981; Alchin 1983). 

Total solids were used as a measure of the kangaroo grazing effects on erosion 

rates, and on the quality and clarity of water. Total solids are defined as a measure 

of the weight ofresidue left over once a given volume of water has been 

evaporated from the sample (Lang and McCa:ffrey 1984; Eaton et al. 1995). It 

therefore includes the suspended sediment, which can be separated by filtering the 

sample prior to its evaporation (Eaton et al. 1995), plus the dissolved solids 

(which includes salts) and can be defined by the equation: 

TS = TDS + TSS, 

where TS = total solids, 

TDS = total dissolved solids and 

TSS = total suspended solids. 
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7.1.1 Method 

Given the large size of the drums, it was suspected that heavy sediments collected 

in the drum would remain close to the bottom even if the runoff collected in the 

drum was vigorously agitated. This problem was reported by Lang (1992) who 

found that dip samples taken from 300-L drums seriously underestimated the true 

sediment concentrations. In order to reduce this error, a pilot study was initially 

undertaken. This involved the collected runoff in the 200-L drums being agitated, 

using a technique described in full in the description of the sampling method that 

follows. Samples were then taken of the runoff from close to the bottom of the 

drum, by inverting the sample bottle so that air trapped inside it would allow as 

little water as possible from the surface to enter the bottle before it was at the 

required water depth in the drum. The bottle was then turned over allowing the air 

to escape and the water to enter. The collected runoff was then agitated again and 

water pumped out of the drum until half of the drum had been emptied. This was 

again agitated and another sample taken close to the bottom of the drum. The 

collected runoff was further agitated and water pumped out until the drum was 

only a quarter full and a sample taken again. 

Total solids levels were then determined using a method similar to that of Lang 

and McCaf:frey (1984). In this case 1-L samples were taken, using a bottle with a 

30-mm mouth. The samples sizes were larger than those quoted in the literature to

increase the chance of obtaining a representative sample. The whole sample 

bottles were placed in the oven at 105°C to determine the mass of the material left 

over after the water had evaporated. Their weights were then recorded, the bottles 

cleaned and dried again and then re-weighed. The difference between the two 

weights was the amount of total solids in the 1-L sample. 

The results showed that the sample of runoff taken when the drum was half full 

had a level of total solids which was approximately half way between that of the 

sample taken when the drum was full (lightest) and that of the sample taken when 
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one quarter full (heaviest, see Appendix 3). It was apparent that, by pumping half 

the water out of the drum, the sample was able to be agitated more thoroughly and 

most of the heavier sediment, which had settled at the bottom, was able to be 

brought into suspension again. However if too much water was pumped out, then 

this produced an unrealistic sample as the cleaner water was removed, leaving 

behind the sediment which had settled out of it. It was decided from this that if the 

drums were found to be more than half full of collected runoff, the water in them 

would be agitated and then pumped out until the drum was approximately half 

full. Alternatively if the drums were found to be less then half full the water was 

simply agitated and a sample taken. Whilst it is recognised that the most accurate 

method would be to sample the total contents of the drum, this would not be 

possible. The pilot study shows that if the drum is too full it is extremely difficult 

to agitate the entire contents of the drum to a level which mobilises the heavier 

sediment, that has settled out of solution. The method described above provides a 

way of reducing the error associated with collecting dip samples and a method of 

collecting a representative sample and agitating the contents equally, where the 

volumes of the drums after an event were different. Finally, as the method is used 

consistently to collect samples across both the grazed and ungrazed areas, any 

error would be consistent across the treatment. 

Sampling for total solids first took place in May 1995. This was a month after the 

last site had been fenced off, and also after a decent amount of rainfall had 

occurred. This was to ensure that any sediment mobilised during plot construction 

was flushed through the system by the rain before the recording of sediment 

delivery from the plots occurred. This also ensured that any areas in the guttering 

and pipes of the runoff collecting equipment that would trap sediment were filled 

up, allowing any further sediment to pass through. 

Early each month during the period of the study, the runoff collection equipment 

of each of the surface runoff plots was reset so that samples from the next event 

could be collected. Each time the following procedures were carried out. 
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1. Water was pumped out of the holes surrounding the drums so that the wires

holding the drums down could be released without the drums floating up out

of the hole and damaging the drainage pipes.

2. The wires that held down the lid on the drum were then released.

3. The remaining water was pumped out of the drums, the old plastic bag

removed and a new bag inserted into the drums.

4. The drum lids were replaced, ensuring that no rainwater or windblown

material fell into the drums while they were awaiting the next surface runoff

generating event.

5. The collection trough and pipes were treated as an extension of the plot and so

any sediment which had collected in the trough and pipes was not disturbed.

The sites were revisited for sample collection once a decent amount of rainfall had 

fallen and it was felt that there was a good chance that this rainfall event could 

have generated surface runoff. If a month passed without decent rain and the 

drums were all empty, the equipment was left untouched for the following month. 

If some runoff had collected, but not enough to sample, the collection equipment 

was reset as previously described. When there was enough runoff in the drums the 

following procedures were followed for the collection of total solids samples. 

1. Water was first pumped out of the holes surrounding the drums and the lids

removed after releasing the wires.

2. Depending on how much water was present, some of the water in the drums

may have been pumped out after being agitated and then reagitated before a

sample was taken. This step was previously described fully on page 131.

3. If the drum was approximately half full then the water was simply agitated

with a wooden paddle. This involved a stirring of the drum contents until a

whirlpool effect had been generated and the paddle was able to continue this

motion with little force.
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4. A 1-L sample was taken of the collected runoff close to the bottom of the

drum as quickly as possible using a plastic bottle with a 30-mm mouth.

5. The samples were taken back to the laboratory for the determination of total

solids concentrations.

For the period from May 1995 to August of 1996 the amount of total solids (TDS 

+ TSS) was determined using a method similar to that of Lang and McCaffrey

(1984). This involved: 

1. Pouring of the 1-L sample into a clean, dry, pre-weighed evaporating dish,

2. Removing any small sticks, stones and invertebrates, which were not counted.

3. Evaporating off all the water in a 105°C oven.

4. Re-weighing the dish and determining the weight of the evaporite (the

remaining material).

This method resulted in the measurement of total solids, which included the 

amount of suspended sediment plus the amount of dissolved solids (which include 

salts). In order to improve the information obtained, an extra step was included in 

the method, resulting in the production of a more detailed level of information, 

and was able to determine both of these components separately. 

From September 1996 the collected samples were first filtered to determine the 

suspended sediment levels and then the remaining liquid evaporated off to 

determine the amount of dissolved solids. Most of the samples collected had a 

high level of suspended sediment. In order to reduce the amount of error this 

causes by clogging the filters (Eaton et al. 1995), and to speed up the filtering 

time, only 500 mL of the 1-L samples collected was used each time. The process 

was further enhanced by often using more than one filter paper for a particular 

sample. The method which was used follows that proposed in Standard Methods 

for the Examination of Water and Waste Water (Eaton et al. 1995). It involved the 

following: 
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1. A number of Whatman GF IC filter papers of 4 7 mm diameter were pre

washed, dried in a 103 °C oven for 24 hours and weighed.

2. Once each filter paper had been weighed it was placed in a numbered petri

dish, ensuring that the exact weight of each filter paper was known.

3. Each of the samples were then vigorously shaken and 500 mL of the sample

was then drawn through the filter papers using vacuum filtration.

4. Each filter paper was placed back on the numbered petri dish with care in

order to prevent them from sticking to the dish as it dried.

5. Any small sticks, stones or invertebrates were removed.

6. Some sediment rich samples caused the filter paper to become clogged,

causing the vacuum filtration process to slow. In this case the remaining

sample was poured through another filter paper. This was repeated until all the

sample had been filtered and the weights of all the filter papers added together

to produce a result for the one sample.

7. The filter papers were then placed in an oven at 103°C for 24 hours and re

weighed.

8. The initial weight of the clean filter paper was then taken from the weight of

the filter paper through which the sample had been passed, and the weight of

the suspended sediment determined.

9. The result was converted to units of grams per litre.

10. The filtrate was then poured into clean, dry evaporating dishes of known

weight and the mass of dissolved solids determined according to the method of

Lang and McCaffrey (1984) described previously.

7 .1.2 Results and discussion 

Results of sampling and analysis for total solids (TDS + TSS) captured for each 

event between May 1995 and December 1997 are summarised in the figures that 

follow. For the period after September 1996 this information also includes 
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suspended sediment and dissolved solids levels as well as proportions of dissolved

solids. For a full record of the results see Appendix 3.
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Figure 7.1: Comparison of total solids concentrations from grazed and ungrazed plots between
May 1995 and December 1997.

The results show an interesting trend which changes in May 1996 by which time

grazing had been excluded from some plots for a year. Prior to this the imgrazed

plots had been yielding nmoff with total solids concentrations which were higher

than the grazed plots. After this period this trend changed with the nmoff from the

grazed plots beginning to contain greater concentrations of total solids. However

the results showed a trend back to the original conditions for the last two samples

and the highly variable results from individual plots indicated by the standard

error bars means that on most occasions these differences may not have been

statistically significant.

The mean total solids concentration measured for each event from the grazed plots

was 0.37 g/L and from the imgrazed plots 0.45 g/L. For a full record of the results

see Appendix 3. The total solids concentrations measured from each of the grazed

plots for each event were compared to those from each of the ungrazed plots by

using a repeated measures ANOVA. Statistical analysis of the concentrations of

total solids results proved difficult as for most of the events sampled not all the
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runoff plots yielded runoff. This meant that data from these plots were missing

from the results and therefore any events sampled with data missing had to be

excluded from the repeated measiues ANOVAs. However there were two months

when enough runoff was collected from all of the plots and a repeated measures

ANOVA was conducted on these data. These months were February 1996 and

June 1996. Normality plots of the standardised residuals of these samples showed

that the assumption of normality had been met. Results of the repeated measures

ANOVA showed that the total solids levels of the samples from the two events

were not significantly different (p = 0.706) and that there was no difference

between the grazed and ungrazed areas (p = 0.475). The ANOVA also showed

that there was evidence to suggest that this difference was not consistent across

time points (p = 0.049). See Appendix 3 for ANOVA tables. This last result was

due to the fact that for the first sample the grazed plots had higher concentrations

of total solids than the imgrazed plots and in the second sample this result was

reversed with the imgrazed plots having higher total solids concentrations.

It is difficult to draw any conclusions from only two samples and an attempt was

then made to pool the results in order to produce a more meaningful and reliable

result from the statistical analysis. The data were pooled into the first and second

years of the sample period. The third year was excluded as no total solids samples

were collected from plot 2B. The mean total solids concentrations for each plot for

the two years were used in the analysis. The data were also pooled into seasons

where at least one sample was collected from each plot during a season for each

year. Where more than one sample was collected the mean total solids

concentrations were used. The seasons which did not have any data points missing

were spring 1995, summer 1995 and winter 1996. A repeated measures ANOVA

was then carried out on the results from the three seasons. Normality plots of the

standardised residuals of these samples showed that the assumption of normality

had been met. Results of the repeated measures ANOVA showed that the total

solids concentrations of the samples from the three seasons were not .significantly

different (p > 0.05) and that there was no difference between the grazed and
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ungrazed areas (p = 0.38). The ANOVA also showed that there is no evidence to

suggest that this difference is not consistent across the seasons (p > 0.05). See

Appendix 3 for ANOVA tables.

Statistical analysis of the effect of years showed a different result. A normality

plot of the standardised residuals of total solids samples for the two years showed

that the assumption of normality may not have been valid and the data were

therefore transformed using a log transformation. This proved effective in

normalising the data. Results of the repeated measures ANOVA showed that the

total solids concentrations of the samples from the two years were significantly

different (p = 0.046) and that there was no significant difference between the

grazed and ungrazed areas (p = 0.571). The ANOVA also showed that there was

no evidence to suggest that this difference was not consistent across the two years

(p = 0.453). See Appendix 3 for ANOVA tables. The profile plot of the estimated

marginal means shows that the total solids concentrations in the second year were

much lower (See Figure 7.2). Suice the estimated marginal means for 1995 looked

quite different, the transformed data for 1995 were also tested using an

independent samples T Test. The result also showed that there was no significant

difference between the grazed and ungrazed plots (p = 0.502). See Appendix 3 for

statistical table.
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Figure 7.2: Profile plot of estimated marginal means of total solids concentrations.

The data were also pooled into overall mean total solids concentrations from

grazed and ungrazed plots over the three year period. Statistical analysis of the

pooled data was carried out to compare the mean total solids concentrations from

the grazed plots to the mean concentrations from the ungrazed plots (See

Appendix 3). Normality plots of the standardised residuals of the data showed that

the assumption of normality may not be valid and so the data were transformed

using a log transformation which proved successful in normalising the data. An

ANOVA test was carried out on the data and the resultant p-value of 0.423

showed that there was no significant difference in the overall total solids

concentrations coming from the grazed and ungrazed areas. This was probably a

stronger test than the previous seasonal and yearly tests as it included aU data

collected in the first two years and did not exclude any data from the final year.

See Appendix 3 for the ANOVA result table.
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Figure 7.3: A comparison of suspended sediment concentrations from grazed and ungrazed plots.

From September 1996 filtering of the samples meant that the suspended sediment

levels could be separated out from the total solids. The mean suspended sediment

concentration measured for each event from the grazed plots was 0.44 g/L and

from the imgrazed plots 0.37 g/L. For a full record of the results see Appendix 3.

The dry spell that occurred after this time meant that even though samples were

collected from another five events, not all the runoff plots produced runoff during

each event. As a consequence, no meaningful statistical analysis could be carried

out on these data, so the analysis was restricted to a comparison of the mean

suspended sediment concentrations from the grazed plots, to those from the

ungrazed plots. Normality plots of the standardised residuals of the data showed

that the assumption of normality had been met. An ANOVA test was carried out

on the data and the resultant p-value of 0.787 showed that there was no significant

difference in the overall suspended sediment concentrations coming from the

grazed and ungrazed areas. See Appendix 3 for the ANOVA result table.

The interpretation of the sediment/solids concentration results can be confused by

the possible dilution effects associated with increased runoff volumes. As a

consequence the total sediment and total solids concentrations were further

analysed by converting them to total loads by multiplying the concentrations by

the volume of runoff produced from the grazed and ungrazed plots. Treating the
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data in this manner also increased the sample size of events. Where previous data

points were missing because concentrations could not be determined if there was

no runoff, by treating the results as loads leaving the plots, where no runoff was

measured, the load equalled zero.
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1000

ra 100

at

2

o
(O

c
ra
a>

S

□ Grazed

InUngrazedJ

IL

CD DC

Month

Figure 7.4: Comparison of total solids leaving grazed and imgrazed plots. Concentration multiplied
by volume of runoff.

The mean total solids load measured for each event from the grazed plots was

30.86 g and from the imgrazed plots 21.96 g. See Figure 7.4 above. For a full

record of the results see Appendix 3. A repeated measures ANOVA was carried

out on the results of the total solids loads where the total solids loads from each of

the grazed plots for each event were compared to those from the ungrazed plots.

Normality plots of the standardised residuals of these samples showed that the

assumption of normality may not be valid and so the data were transformed using

a log transformation. This proved effective in normalising the data. The results of

the ANOVA showed that the total solids loads coming from the plots over time

were significantly different (p < 0.001). An examination of the profile plot of the

estimated marginal means shows that total solids loads fluctuated greatly over

time in line with runoff quantities (see Figure 7.5). The ANOVA also showed that

there was no difference between the grazed and ungrazed areas (p = 0.159) and

that there is no evidence to suggest that this is not consistent across time points (p

> 0.05). See Appendix 3 for ANOVA tables.
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Figure 7.5: Estimated marginal means of total solids loads.

The overall mean total solids load from the grazed plots were then compared to

the mean total solids load from the ungrazed plots using an ANOVA test.

Normality plots of the standardised residuals of the data showed that the

assumption of normality may not be valid. Log transformations and square root

transformations had no effect on improving the normality of the data and so

further analysis was carried out using the Mann-Whitney U test, a non-parametric

test which does not require the data to be normally distributed. The resultant p-

value of 0.174 showed that there was no significant difference in total solids loads

coming from the grazed and ungrazed areas. See Appendix 3 for the analysis

result tables.

All of the above analyses produced results which showed that the data were highly

variable. Despite this variability, a trend emerged which showed that for 14 of the

17 occasions when event samples were collected, total solids loads were greater

from the grazed plots. This pattem was tested using a G Test, and was found to be

significant (p < 0.025) and suggests that kangaroo grazing may be impacting on

total solids loads.
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Figure 7.6: Comparison of total suspended sediment from grazed and ungrazed plots. 
Concentration multiplied by volume of runoff. 

The concentrations of suspended sediment were also converted to a total sediment 

budget by multiplying the concentrations by the volume of runoff produced from 

the open and closed plots (see Figure 7.6 above). The mean suspended sediment 

load measured for each event from the grazed plots was 16.54 g and from the 

ungrazed plots 3.49 g. For a full record of the results see Appendix 3. 

A repeated measures ANOV A was carried out on the results and the total 

suspended sediment loads from each plot for each event from the grazed plots 

were compared to those from the ungrazed plots. Normality plots of the 

standardised residuals of these samples showed that the assumption of normality 

may not be valid and so the data were transformed using a log transformation. 

This proved effective in normalising the data. The results of the ANOVA showed 

that the total suspended sediment loads coming from the plots over time were not 

significantly different (p > 0.05). The ANOV A also showed that there was no 

difference between the grazed and ungrazed areas (p = 0.514) and that there is no 

evidence to suggest that this is not consistent across time points (p > 0.05). See 

Appendix 3 for ANOV A tables. 

An ANOV A test was carried out on the summarised data to compare the mean 

total suspended sediment loads from the grazed plots for each event to the mean 
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total suspended sediment loads from the ungrazed plots. Normality plots of the

standardised residuals of the data showed that the assumption of normality had

been met. The resultant p-value of 0.101 showed that there was no significant

difference in total suspended sediment loads coming from the grazed and

ungrazed areas. See Appendix 3 for the analysis result table.

It became apparent that dissolved solids concentrations were important to the total

solids concentrations measured. If the dissolved solids levels were different from

the plots undergoing different treatments, then this would have effected the results

from the total solids concentrations. For example, if a greater proportion of

dissolved solids were coming from the ungrazed plots, then the fact that the

amount of total solids coming from these plots was the same as those coming from

the grazed plots may only have been due to the dissolved solids. Sediment levels

may in fact have been less then those coming from the open, grazed plots.

Therefore the dissolved solids concentrations coming from the grazed and

imgrazed plots were also compared. See Figure 7.7 and Appendix 3 for a full

record of the results.
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Figure 7.7: Comparison of the proportion of dissolved solids from grazed plots to ungrazed plots.

The mean concentration of dissolved solids from the grazed plots was 0.17 g/L

and 0.25 g/L from the imgrazed plots. The dry spell that occurred during the

period when dissolved solids were able to be measured as a separate component of
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the runoff samples meant that, even though samples were collected from five

events not, all the runoff plots produced runoff during each event. As a

consequence, no meaningful statistical analysis could be carried out on those data,

so the analysis was restricted to a comparison of the overall dissolved solids

concentrations.

An ANOVA test was carried out to compare the overall mean concentrations of

dissolved solids coming from the grazed plots for each event to the mean

concentrations of dissolved solids coming from the ungrazed plots. Normality

plots of the standardised residuals of the data showed that the assumption of

normality had been met. There was no significant difference in the concentrations

of dissolved solids coming from the grazed and ungrazed areas (p = 0.267). See

Appendix 3 for the analysis result table.

The proportion of dissolved solids as a component of the total solids from the

grazed and ungrazed areas were also compared. The mean proportion of dissolved

solids measured for each event from the grazed plots was 36.18 % and from the

imgrazed plots 46.8 %. See Figure 7.8 below. For a full record of the results see

Appendix 3.
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Figure 7.8: Comparison of the proportion of dissolved solids from grazed plots to ungrazed plots.
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An ANOVA test was carried out to compare the mean proportions of dissolved

solids coming iBrom the grazed plots for each event to the mean proportions of

dissolved solids coming from the xmgrazed plots. Normality plots of the

standardised residuals of the data showed that the assumption of normality had

been met. The resultant p-value of 0.159 showed that there was no significant

difference in the proportions of dissolved solids coming from the grazed and

rmgrazed areas. See Appendix 3 for the analysis result table.

Table 7.1 presents a summary of the results obtained from the analysis of total

solids and suspended sediment levels from the surface runoff plot studies.

Table 7.1: Summary of sediment levels in surface runoff results.

OVERALL MEAN

PARAMETER FROM GRAZED AREAS

Total Solids (cone)
Total Solids (total)
Sus sed (cone)

Sus sed (total)
Dis Solids (cone)

Lower

Higher
Higher

Higher

Lower

DIFFERENCE OF RESULTS

FOR EACH EVENT

Not significant
Not significant
Not applicable

Not significant

Not appiicable

DIFFERENCE OF

OVERALL PLOT MEANS

Not significant
Not significant
Not significant
Not significant

Not significant

7.2 Nutrients

Nutrient analyses concentrated on those nutrients which had the greatest effect on

plant growth, particularly algal growth as identified in Section 3.3.1. The samples

of runoff were analysed for the Total Nitrogen, Total Phosphorus, nitrate/nitrite

(which is equal to total oxidised nitrogen), and phosphate. Phosphate is defined

here as the readily available form of phosphorus or reactive phosphorus,

determined without preliminary hydrolysis or digestion of the samples (Eaton et

al. 1995).

Nutrients are transported either across the surface by the actions of wind and water

or by sub-surface water flows. Nitrate/nitrite compounds are highly soluble and
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therefore are likely to be transported down and through the soil profile by

percolating water (White 1979), while phosphorus, which binds strongly to soil

particles, tends to be transported by across the surface by runoff (Porter et al.

1975; Goulding et al. 1996). Very little phosphorus remains available in the soil,

as, any orthophosphate that is released by mineralisation rapidly attaches to the soil

particles, and consequently very little is lost due to leaching (White 1979;

Goulding et al. 1996). The amount of rainfall that becomes runoff, and the

conditions influencmg the amount of sediment that the runoff mobilises, are

therefore important m determining nutrient loss from an area. Anything that

disturbs the soil surface or vegetative cover can therefore influence the amount of

nirtrients transported jfrom an area (Porter et al. 1975). The processes that

determine the speed and proportion of rainfall which becomes nmoff, and

sediment loads have been discussed in detail in Section 2.2.

Different soil types also have different nutrient absorption capacities that influence

the amount of nutrients that the soil can store (Young et al. 1996). Sandy/gravely

soils have a low cation content (Beaulac and Reckhow 1982), which means that

the nutrient ions bind poorly to the soil particles. This, coupled with their porous

nature, means that while water soluble nutrients may be leached from the soil as

water percolates through it, little rainfall travels across the soil surface. Clay soils,

in contrast, have a high cation content and low infiltration rates (Beaulac and

Reckhow 1982; Craze and Hamilton 1991). This means that they are more

susceptible to nutrient loss, as the nutrient ions bind easily to the soil particles and

the high levels of surface runoff caused by the low infiltration rate results in a

greater chance for soil entrainment and therefore of nutrients being washed away.

However, as discussed in detail in Section 2.1, this susceptibility to erosion is

counteracted by the strong bonds which can form between clay colloids, producing

stable aggregates (Finlayson and Statham 1980), and the surface crusting which

occasionally results in soils with a high clay content, sealing the surface and

making detachment of the particles more difficult.
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The A horizons of the soils from the three runoff collection plot sites in the Yan

Yean Reservoir catchment were foimd to range from silty clay loams to light

medium clays (see Section 4.5.1). The high clay content of these soils means that

potentially nutrient ions could bind easily to them. Coupled with the fact that clay

soils result in the production of greater proportions of surface runoff, the result

can be the transport of a high concentrations of nutrient ions with the any

mobilised sediment.

The concentration of nutrients in the runoff may also vary over the period of the

storm event. This was evaluated under the experimental conditions described in

Chapter 8, where the production of artificially generated runoff was used to

determine possible changes in nutrient concentrations in the runoff over time. This

was not important to this part of the study since the collection of all'the runoff

generated during an event meant that a total amount of the measured nutrient

could be calculated for that event by multiplying the average concentration by the

total volume produced. This then allows the total amounts of nutrients leaving the

grazed and ungrazed areas to be compared.

7.2.1 Method

When collecting samples for the determination of nutrient levels a number of

factors need to be considered to ensure that the results are representative, free

from contamination and unaffected by transport and storage of the samples. In

order to avoid contamination all the samples bottles med need to be cleaned

thoroughly and if sampling for phosphate levels, a phosphate-free detergent should

be used. A series of tests carried out using the same sampling equipment and

methods and the same analysis equipment and methods, but using distilled water

in place of the samples, will expose any potential sources of contamination

(Goudie 1981).
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Errors in the results can also occur due to changes in the nutrient levels between

the time the samples are collected and the time they are analysed. Nitrate/nitrite

and nitrogen levels can be altered by the efifects of biological activity, and the

amount of available phosphate changes as it binds quickly to soil particles (Ronan

1986). Collection and storage methods need to be carefully considered in order to

minimise these changes. Biological activity can be prevented by using a method

outlined in Eaton et al. (1995), which is described in the method. Changes to

samples for the determination of phosphate and nitrate/nitrite concentrations can

be minimised by filtering the sample prior to its placement into the sample bottle

(Gardiner and Dackombe 1983; Eaton et al. 1995).

The sampling and analysis of the collected runoff for nutrient loads commenced in

January 1996. As with the suspended sediment samples, the nutrient load samples

were taken on a monthly basis when rainfall was sufficient to produce a

measurable volume of runoff. On occasions, the results fi-om some months were

also not able to be determined due to problems with the availability of analytical

facilities. As nutrient levels can be affected by the conditions of storage, the

samples were collected as soon as possible after rain. Generally the following day,

or after ovemight rain. Although this was important to the measurement of long-

term change, the fact that all the samples were collected at close intervals meant

that the comparisons of one plot against another for the same moment in time

were not affected.

As suggested by Goudie (1981), in the initial stages of the study a number of tests

were carried out to check for the possibility of contamination firom the various

collection and transfer stages involved in the collection of samples. All the

collection bottles used were of a similar type to those used in the collection of

runoff water, and had been treated using Decon in the same manner as described

below. Filtering can also be a source of contamination to the sample, so filtering

was included as part of the method for the determination of blanks. The procedure
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for the testing of possible contamination from the collection and storage 

equipment is described below. 

1. Two litres of distilled water were placed in a bucket lined with the same type

of plastic bag used to line the runoff collection drums.

2. This water was left in the bag for two days before samples were taken using

the same methods used to collect the runoff water as described below.

3. The sample for phosphate and nitrate/nitrite determination was also passed

through the same filtering device and filter paper, using the syringe, as used

for the collection of the runoff samples.

The results of tests on these blanks showed that all the levels for the nutrients 

tested for were extremely low (see Appendix 4). It could therefore be assumed that 

the various collection and storage devices were not contaminating the runoff 

samples and distorting the results. 

The plots used and the experimental set up were the same as for the suspended 

sediment study, with samples being taken at the same time. The methods carried 

out in order to minimise errors by avoiding contamination and alteration to the 

parameters to be measured are described below. 

1. All samples were collected in polyethylene plastic bottles previously cleaned

by soaking in a phosphate-free detergent, Decon, for approximately two hours

and then rinsed twice in distilled water (after Goudie 1981).

2. The collected runoff was thoroughly agitated and the samples for Total

Nitrogen and Total Phosphorus were collected by placing the bottles by hand

about half way into the runoff. The method used to avoid taking water from

the surface was similar to that used for the suspended sediment analysis.

3. A 100-mL sample bottle was used to collect a sample for Total Phosphorus

analysis and a 500-mL sample bottle was used to collect the sample for Total

Nitrogen analysis.
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4. Approximately 25 mL of lM sulphuric acid (H2SO4) was added to each

nitrogen sample bottle at the time of collection to lower the pH to less than 2,

(Eaton et al. 1995) thus preventing biological activity and avoiding

deterioration of the sample quality.

5. 100-mL samples for phosphate and nitrate/nitrite analyses were collected and

filtered immediately on site by inserting a large plastic 50-mL syringe into the

runoff and rinsing it thoroughly in the sample waters to be collected.

6. A sample of the collected runoff was then drawn into the syringe and forced

through a filtering device so that only filtered water was collected in the

phosphate, nitrate/nitrite bottle (Gardiner and Dackombe 1983; Eaton et al.

1995). This was to prevent a change in phosphate, nitrate/nitrite levels due to

binding with the soil particles.

7. After each sample was taken, the syringe and filtering device were rinsed

using distilled water and a clean filter paper reinserted into the device ready

for the next plot to be sampled.

8. All the samples were immediately placed in ice, in a portable cooler after

collection and transported back to the laboratory as soon as possible.

9. Once there, they were stored in a freezer until they were required for analysis.

Analysis of the samples over the period of the study took place in three different 

laboratories. Initially (January to June 1996) the samples were taken to the Water 

Ecoscience Laboratories (previously a division of Melbourne Water) for analysis. 

Bureaucratic changes to the structure of Melbourne Water meant that this could 

not continue and the samples were analysed by the author until an alternative, the 

Monash University Water Studies Centre, was found. A summary of the samples 

collected and the laboratories responsible for the analyses is included in Table 7 .2. 
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Table 7.2: Laboratories responsible for nutrient analyses.

Sample Date T-P T-N Nox P04

Jan-Jun 96 Water Eco Water Eco Water Eco Water Eco

Aug-96 Author Author Author Author

Sep-96 Author Author Monash Monash

Jan-Nov 97 Monash Monash Monash Monash

Both the Water Ecoscience Lahoratories and the Monash Water Studies Centre

Laboratories are nationally-accredited analytical laboratories. As such, they run a

system of checks involving a set of standards, blanks and recovery tests with all

their analyses.

The samples that were analysed by the author using a Merck Photometer SQ300,

were carried out in accordance to instructions outlined in the manual and in

conjunction with a series of known standards, and blanks, which checked the

accuracy of the results. Standards for Total Nitrogen, nitrate/nitrite, Total

Phosphorus and phosphate were prepared according to the methods described in

the Monash University Water Studies Centre Test Methods Manual. The methods

for the preparation of standards are based on those outlined in Eaton et al. (1995).

This allowed for the comparison of the results jfrom the different laboratories with

confidence.

7.2.2 Results and discussion

As described in the previous section, samples of runoff captured after each event

between January 1996 and December 1997 were analysed for nutrient loads, (i.e.

Total Nitrogen, Total Phosphorus, phosphate and nitrate/nitrite). Results of the

analyses are summarised below. For a full record of the results see Appendix 4.

Missing entries in the results indicate that no sample was taken due to problems in

the collection system as explained in Section 6.3.
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Figure 7.9; Comparison of concentrations of Total nitrogen from grazed plots to those from
ungrazed plots.

The mean concentration of Total Nitrogen in the surface nmoff measured for an

event from the grazed plots was 9.67 g/L and 15.47 g/L from the ungrazed plots.

For a full record of the results see Appendix 4. Statistical analysis of the Total

Nitrogen concentration results proved difficult as for most of the events sampled

not all the runoff plots yielded runoff. This meant that data from these plots were

missing from the results and therefore any events sampled with data missing had

to be excluded from the repeated measures ANOVAs. These data were pooled into

the mean nitrogen concentrations for each plot for each of the years, 1996 and

1997 and a repeated measures ANOVA conducted on these results.

Normality plots of the standardised residuals of these samples showed that the

assumption of normality had been met. The results of the ANOVA showed that

the Total Nitrogen concentrations coming from both the grazed and ungrazed plots

were significantly higher (p <0.001) in the second year. Perhaps the infrequency of

rainfall during 1997 compared to 1996 allowed the Total Nitrogen levels to build

up. The ANOVA also showed that there was no significant difference between the

grazed and ungrazed areas (p = 0.077) and that there was no evidence to suggest

that this is not consistent across time (p = 0.101). See Appendix 4 for ANOVA

tables.
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Analysis of variance tests were conducted on the results in order to compare the

mean Total Nitrogen concentrations in the runoff for each event from the grazed

plots to that from the ungrazed plots. Normality plots of the standardised residuals

of the data showed that the assumption of normality may not be valid. Log

transformations and square root transformations had no effect on improving the

normality of the data, so further analysis was then carried out using the Mann-

Whitney U test. The resultant p-value of 0.65 showed that there was no significant

difference in Total Nitrogen concentrations in the runoff coming from the grazed

and ungrazed areas. See Appendix 4 for the analysis result tables.
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Figure 7.10: Comparison of mean Nitrate/nitrite levels from grazed plots to those from xmgrazed
plots.

As for the Total Nitrogen results, the results for nitrate/nitrite concentrations show

a high level of variability (see Figure 7.10). The mean concentration of

nitrate/nitrite in the surface nmoff measured for the events from the grazed plots

was 0.4 g/L and 0.58 g/L from the ungrazed plots. For a full record of the results

see Appendix 4. Statistical analysis of the nitrate/nitrite concentrations also proved

difficult as for most of the events sampled not all the runoff plots yielded runoff.

These data were also pooled into the mean nitrate/nitrite concentrations for each

plot for each of the years, 1996 and 1997 and a repeated meastires ANOVA

conducted on these results. Normality plots of the standardised residuals of these
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samples showed that the assumption of normality had been met. The results of the

ANOVA showed that the nitrate/nitrite coming from the plots were significantly

higher (p = 0.011) in the second year. Again this may have been due to the

infrequency of rainfall during 1997 compared to 1996 which allowed the levels to

build up. The ANOVA also showed that there was no significant difference

between the grazed and imgrazed areas (p = 0.706) and that there was no evidence

to suggest that this is not consistent across time (p = 0.723). See Appendix 4 for

the ANOVA tables.

Statistical analysis was carried out to compare the overall mean nitrate/nitrite

concentrations from the grazed plots for each event to the mean concentrations

from the ungrazed plots. Normality plots of the standardised residuals of the data

showed that the assumption of normality may not be valid and so the data were

transformed using a log transformation which proved successful in normalising

the data. An ANOVA test was carried out on the data and the resultant p-value of

0.739 showed that there was no significant difference in the overall mean

nitrate/nitrite concentrations coming from the grazed and ungrazed areas. See

Appendix 4 for the ANOVA result table.
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Figure 7.11: Comparison of Total Phosphorus concentrations from grazed plots to ungrazed plots.
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The mean concentration of Total Phosphorus in the surface runoff measured for 

the events from the grazed plots was 1.37 g/L and 1.8 g/L from the ungrazed plots. 

For a full record of the results see Appendix 4. Once again statistical analysis of 

the Total Phosphorus concentrations proved difficult as for most of the events 

sampled not all the runoff plots yielded runoff. These data were also pooled into 

the mean Total Phosphorus concentrations for each plot, for the years each of the 

years, 1996 and 1997 and a repeated measures ANOVA was carried out on these 

results. Normality plots of the standardised residuals of these samples showed that 

the assumption of normality had been met. The results of the ANOVA showed 

that Total Phosphorus concentrations coming from the plots were significantly 

higher (p <0.00 I) in the second year. The ANOV A also showed that there was no 

significant difference between the grazed and ungrazed areas (p = 0.575) and that 

there was no evidence to suggest that this is not consistent across time (p = 0.565). 

See Appendix 4 for the ANOV A tables. 

Statistical analysis was carried out to compare the overall mean Total Phosphorus 

concentrations from the grazed plots for each event to the mean concentrations 

from the ungrazed plots. Normality plots of the standardised residuals of the data 

showed that the assumption of normality may not be valid and so the data were 

log-transformed which proved successful in normalising the data. An ANOV A 

test was carried out on the data and the resultant p-value of 0.743 showed that 

there was no significant difference in the overall Total Phosphorus concentrations 

coming from the grazed and ungrazed areas. See Appendix 4 for the ANOV A 

result table. 
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Figure 7.12: Comparison of the concentration of phosphate from grazed plots to ungrazed plots. 

The mean concentration of phosphate in the surface runoff measured for the 

events from the grazed plots was 0.86 g/L and 1 g/L from the ungrazed plots. For 

a full record of the results see Appendix 4. Once again statistical analysis of the 

phosphate concentrations proved difficult as for most of the events sampled not all 

the runoff plots yielded runoff. These data were also pooled into the mean 

phosphate concentrations for each plot, for each of the years, 1996 and 1997. 

Normality plots of the standardised residuals of these samples showed that the 

assumption of normality may not be valid. Log transformations, square root 

transformations and inverse square root transformations proved ineffective in 

normalising the data. As a consequence the results of the repeated measures 

ANOV A carried out on these results should be viewed cautiously. Based on the 

Lilliefors test of normality, the data that had been transformed by a log 

transformation most closely approached the pattern for normality, so these results 

are based on data which had been log transformed. The results of the ANOVA 

showed that the phosphate concentrations coming from the plots were 

significantly higher (p <0.001) in the second year. The ANOVA also showed that 

there was no significant difference between the grazed and ungrazed areas (p = 

0.200) and that there was no evidence to suggest that this is not consistent across 

time (p = 0.208). The strong significance or otherwise of the results means that 
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they can be accepted with some confidence despite the assumption of normality 

not being valid. See Appendix 4 for the ANOV A tables. 

Analysis of variance tests were conducted on the results in order to compare the 

overall phosphorus concentrations in the runoff from the grazed plots for each 

event to the runoff from the ungrazed plots. Normality plots of the standardised 

residuals of the data showed that the assumption of normality may not be valid. 

Log transformations and square root transformations had no effect on improving 

the normality of the data, so further analysis was then carried out using the Mann

Whitney U test. Tue resultant p-value of 0.88 showed that there was no significant 

difference in overall phosphorus concentrations in the runoff coming from the 

grazed and ungrazed areas. See Appendix 4 for the analysis result tables. 

Overall the results from the comparisons of concentrations of nutrients from the 

surface runoff were similar to those for total solids and suspended sediment, in 

that there was very little difference between the grazed and ungrazed areas ( see 

Section 7.2.2). In some cases the concentrations of nutrients in the runoff coming 

from the ungrazed plots were slightly higher than those from the grazed areas, 

however the small difference and the high level of variability resulted in no 

statistically significant difference. 

Transport of nutrients is usually dominated by surface flows rather then sub

surface flows. This is particularly true of nutrients that bind readily to sediment 

particles. It is therefore important to consider runoff quantities when estimating 

nutrient loss (Young et al. 1996). Since the earlier results seemed to show that the 

plots that were being grazed by the kangaroos were producing more runoff than 

the ungrazed plots, it may be more appropriate to express the nutrient loads as the 

total nutrients leaving the plots. 

In order to achieve this the nutrient concentrations are converted to a total nutrient 

yield by multiplying the concentrations by the volume of runoff produced from the 
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open and closed plots. By treating the results as loads leaving the plots, where no 

runoff was measured the loads were therefore equal to zero. Previously if there 

was no runoff then data points were missing because concentrations could not be 

determined. By treating the data in this manner statistical analysis could be carried 

out more rigorously because more data points become available. The following 

figures and tables express the results in this manner. 
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Figure 7.13: Comparison of Total Nitrogen loads leaving grazed plots to ungrazed plots. 

The mean Total Nitrogen load measured for the events from the grazed plots was 

382.9 g and from the ungrazed plots 261.6 g. For a full record of the results see 

Appendix 4. A repeated measures ANOV A was carried out to compare Total 

Nitrogen loads leaving each of the grazed plots for each event with Total Nitrogen 

loads leaving the ungrazed plots. Normality plots of the standardised residuals of 

these samples showed that the assumption of normality may not be valid and so 

the data were transformed using a log transformation. This proved effective in 

normalising the data. The results of the ANOVA showed that the Total Nitrogen 

loads coming from the plots changed over time (p < 0.01). The profile plot of the 

estimated marginal means shows that the Total Nitrogen loads coming from the 

plots were higher during 1996, which had higher rainfall amounts than a much 

drier 1997 (See Figure 7.14). The ANOVA also showed that there was no 

significant difference between the grazed and ungrazed areas (p = 0.238) and that 
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there was no evidence to suggest that this was not consistent across time points (p 

> 0.05). See Appendix 4 for ANOV A tables.
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Figure 7.14: Estimated marginal means of Total Nitrogen loads 

The mean Total Nitrogen loads coming from the grazed plots for each event were 

then compared to the loads coming from the ungrazed plots. Normality plots of 

the standardised residuals of the data showed that the assumption of normality 

may not be valid and so the data were transformed using a log transformation 

which proved successful in normalising the data. An ANOVA test gave a p-value 

of 0.253, showing that there was no significant difference in the overall Total 

Nitrogen loads coming from the grazed and ungrazed areas. See Appendix 4 for 

the ANOV A result table. 
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Figure 7.15: Comparison of total nitrate/nitrite loads leaving grazed plots and ungrazed plots. 

The mean nitrate/nitrite load measured for the events from the grazed plots was 

9 .19 g and from the ungrazed plots 7 .18 g. For a full record of the results see 

Appendix 4. A repeated measures ANOV A was carried out to compare 

nitrate/nitrite loads leaving each of the grazed plots for each event with 

nitrate/nitrite loads leaving the ungrazed plots. Normality plots of the standardised 

residuals of these samples showed that the assumption of normality may not be 

valid and so the data were first transformed using a log transformation which 

proved ineffective. A square root transformation proved effective in normalising 

the data. The results of the ANOVA showed that the nitrate/nitrite loads coming 

from the plots over time were significantly different (p < 0.001). A profile plot of 

the estimated marginal means showed that this again was due to the higher rainfall 

during 1996 (See Appendix 4). The ANOVA also showed that there was no 

significant difference between the grazed and ungrazed areas (p = 0.243) and that 

there was no evidence to suggest that this was not consistent across time points (p 

> 0.05). See Appendix 4 for ANOV A tables.

The nitrate/nitrite loads coming from the grazed plots for each event were then 

compared to the loads coming from the ungrazed plots. Normality plots of the 

standardised residuals of the data showed that the assumption of normality may 

not be valid, so the data were log-transformed which proved successful in 
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normalising the data. An ANOVA test was carried out on the data and the 

resultant p-value of 0.273 showed that there was no significant difference in the 

overall nitrate/nitrite loads coming from the grazed and ungrazed areas. See 

Appendix 4 for the ANOV A result table. 
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Figure 7.16: Graph of Total Phosphorus leaving plot. 

The mean Total Phosphorus load measured for the events from the grazed plots 

was 36.64 g and from the ungrazed plots 23.52 g. For a full record of the results 

see Appendix 4. A repeated measures ANOV A was carried out to compare Total 

Phosphorus loads leaving each of the grazed plots for each event with Total 

Phosphorus loads leaving the ungrazed plots. Normality plots of the standardised 

residuals of these samples showed that the assumption of normality h�d been met. 

The results of the ANOVA showed that Total Phosphorus loads coming from the 

plots were inconsistent over time (p <0.001). The profile plot of the estimated 

marginal means shows that these levels fluctuated in response to levels of runoff, 

with no clear patterns (See Appendix 4). The ANOVA also showed that there was 

no significant difference between the grazed and ungrazed areas (p = 0.134), but 

that there was evidence to suggest that this difference was not consistent across 

time points (p < 0.05). The profile plots shows that while the Phosphorus loads 

coming from the grazed and ungrazed plots were similar during 1996, the loads 

during 1997 seemed to be higher (See Figure 7 .17). Repeated measures ANOV As 

were then carried out separately on the data for 1996 and 1997. The results 
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showed that there was no significant difference between the grazed and ungrazed 

areas in 1996 (p = 0 .177), and they failed to detect any difference for the 1997 

results (p = 0.309). See Appendix 4 for the ANOV A tables and profile plot. 
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Figure 7.17: Estimated marginal means of Total Phosphorus loads from grazed and ungrazed plots. 

The mean Total Phosphorus loads coming from the grazed plots for each event 

were then compared to the loads coming from the ungrazed plots. Normality plots 

of the standardised residuals of the data showed that the assumption of normality 

had been met. The resultant p-value of0.257 showed that there was no significant 

difference in the Total Phosphorus loads coming from the grazed and ungrazed 

areas. As the previous repeated measures ANOV A showed that the difference 

between the grazed and ungrazed Total Phosphorus loads was not consistent 

across time, separate ANOV As were carried out which compared the results for 

1996 and 1997 separately. The analysis showed that while there was no significant 

difference between Total Phosphorus loads from the grazed and ungrazed plots in 

1996 (p = 0.754), there was a significant difference between loads in 1997 (p = 

0.033). See Appendix 4 for the analysis results table. 
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Also, Total Phosphorus loads were greater for 9 of the 10 events where the loads 

were tested for. This pattern was tested using a G Test and was found to be 

significant (p < 0.025). 
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Figure 7.18: Comparison of phosphate loads leaving grazed plots and W1grazed plots.

The mean phosphate load measured for the events from the grazed plots was 

9.71 g and from the ungrazed plots 4.93 g. For a full record of the results see 

Appendix 4. A repeated measures ANOV A was carried out to compare phosphate 

loads leaving each of the grazed plots for each event with phosphate loads leaving 

the ungrazed plots. Normality plots of the standardised residuals of these samples 

showed that the assumption of normality may not be valid. Log transformations, 

square root transformations and inverse square root transformations proved 

ineffective in normalising the data. As a consequence the data were pooled for 

each of the years 1996 and 1997 and expressed as the mean phosphate loads 

coming from each runoff plot for each of these years. Pooled in this manner, the 

data showed a normal distribution. The results of the ANOV A showed that the 

mean phosphate loads coming from the plots were significantly higher (p = 0.049) 

in the second year. The ANOVA also showed that there was no significant 

difference between the grazed and ungrazed areas (p = 0.447) and that there was 

no evidence to suggest that this is not consistent across time points (p = 0.434). 

The profile plot of the estimated marginal means shows that while the phosphate 
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loads coming from the ungrazed plots remained relatively unchanged in 1997, the 

loads from the grazed plots increased (See Figure 7 .19). An ANOV A run 

exclusively on the results from 1997 showed that this difference was still not 

significantly different (p = 0.071), although only marginally so, and further rain 

and samples may have been required for the difference to become evident. See 

Appendix 4 for the ANOV A tables. 
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Figure 7.19: Estimated marginal means of phosphate loads from grazed plots and ungrazed plots 
for 1996 and 1997. 

The mean phosphate loads coming from the grazed plots for each event were then 

compared to the loads coming from the ungrazed plots. Normality plots of the 

standardised residuals of the data showed that the assumption of normality had 

been met. The resultant p-value of0.204 showed that there was no significant 

difference in the phosphate loads coming from the grazed and ungrazed areas. See 

Appendix 4 for the analysis result table. 
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Table 7.3: Summary of nutrient levels in surface runoff. 

OVERALL MEAN 

PARAMETER FROM GRAZED AREAS 

T-N (cone) 

T-N (total) 

NOx (cone) 

NOx (total) 

T-P (cone)

T-P (total)

P04 (cone)

P04 (total)

Lower 

Higher 

Lower 

Higher 

Lower 

Higher 

Lower 

Higher 

DIFFERENCE OF RESULTS 

FOR EACH EVENT 

Not significant 

Not significant 

Not significant 

Not significant 

Not significant 

Not significant 

Not significant 

Not significant 

DIFFERENCE OF 

OVERALL PLOT MEANS

Not significant 

Not significant 

Not significant 

Not significant 

Not significant 

Significant ( 1997) 

Not significant 

Not significant 

Table 7.3 is a summary of the results obtained from the analysis of total solids and 

suspended sediment levels from the surface runoff plot studies. Results from the 

comparisons of concentrations of nutrients from the surface runoff were similar to 

those for total solids and suspended sediment, in that there was very little 

difference between the grazed and ungrazed areas. In some cases the 

concentrations of nutrients in the runoff coming from the ungrazed plots were 

slightly higher than those from the grazed areas, but the small difference and the 

high level of variability resulted in no statistically significant difference. 

When these nutrient concentrations were converted to total nutrient loads, the 

differences between the grazed and ungrazed areas became evident. These results 

are summarised in Table 7.3, and show that all the means of the total loads 

coming from grazed areas were consistently higher than those from ungrazed 

areas. 

7 .3 Pellet Analysis 

Chapter 5 involved the use of pellet counts to produce an index of grazing 

pressure. The results of the pellet counts can be combined with the results of this 

section to provide an estimate of nutrient input to an area. This information is 

especially important due to the potential for kangaroos to graze at the reservoir 

margin, where there may be direct impact on the reservoir contents. This was 

171 



discussed in more detail in Section 3 .3 where information on the approximate 

levels of nitrogen excretion by Eastern Grey Kangaroos can also be found. 

Results from the sampling and analysis of surface water runoff were augmented by 

the analysis of the nutrient content of the kangaroo pellets. By linking this 

information to the pellet counts undertaken in and around the plots and observing 

the number of pellets deposited in an area over a given time, an estimation of total 

nutrient input due to these pellets may be made. 

7.3 .1 Methods 

Two pellet samples were collected and analysed, the first in October! 995 and the 

second in February 1996. Areas next to both the open and closed runoff plots were 

cleared of existing pellets, then fresh pellets were collected after 24 hours had 

elapsed. Some of these pellets were taken for fresh analysis and others were 

placed in a known area, close to the runoff plots, for later collection and analysis. 

This allowed a test for the effects of decomposition and rainfall after exposure to 

the elements and the resulting loss of nutrients from the pellet to the soil over 

time. 

Samples for pellet analysis were first collected in October 1995. Some fresh 

pellets (less than 24 hours old) were collected on 16 October, with a further 

collection on 24 October to collect nine day old pellets which had been put aside 

at the time of the first collection. Over the intervening period 57 mm of rain had 

fallen. A second set of fresh samples was collected on 12 March 1996, with a 

follow up collection on 24 March, thirteen days later, after 30 mm of rain. 

Analysis of the pellets was carried out by Water Ecoscience of Melbourne. The 

pellets were placed in a water suspension and then pulped. A sample of this liquid 

was then filtered and analysed for Total Nitrogen. Total Phosphorus and nitrate 

levels, reflecting the nutrient loads that are easily leached from the pellets by 
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rainfall. The pulped material was then put through a digestion process and the 

suspension/homogenate analysed for Total Nitrogen and Total Phosphorus loads, 

reflecting the levels bound in the pellet material and not released until the pellet is 

completely decomposed. 

7.3 .2 Results and discussion 

Table 7.4: Results of pellet analyses. 

1st Sample 2nd Sample 

DATE COLLECTED 16-10-95 24-10-95 12/3/96 24-3-96

AGE Fresh (<24h) 9 days Fresh (<24 h) 13 days 

RAINFALL(mm) 0 57 0 30 

WEIGHT (g) 68.3 53.6 68.8 38 

No. OF PELLETS 74 30 55 50 

MOISTURE CONTENT(%) 25 79 28 15 

SUSPENSION/HOMOGENATE 

Total Nitrogen (Ave mg N/L) 443.33 69.33 94.67 91.67 

Total Phosphorus (Ave mg/L) 59.67 7.30 9.63 9.40 

FILTRATE 

Total Nitrogen (Ave mg NIL) 57.00 10.17 15.33 15.33 

Total Phosphorus (Ave mglL) 33.67 4.17 4.37 4.43 

Nitrate (Ave mg N/L) 0.03 0.03 BDL 0.11 

LOADS PER PELLET 

Total Nitrogen (Ave mg NIL) 6.76 2.65 2.00 2.14 

Total Phosphorus (Ave mg/L) 1.26 0.38 0.25 0.28 

Table 7.4 contains the results of the nutrient load analyses of the pellet samples. 

The results show that the nutrient loads for the fresh pellets collected in October 

1995 were much higher than those collected in March 1996. As grass dries its 

nutritional content falls (Norbury 1987). Taylor (1984) found that kangaroo diet 

shifts from high quality to lower quality grasses as the availability of the high 

quality grasses is reduced. Therefore this difference may be the result of the better 

quality of feed available in the spring, compared to the end of summer when 

conditions were much drier and a majority of the kangaroo intake consisted of 

lower quality grasses. 
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Pellets collected in October 1995 lost 80 % of Total Nitrogen and 85% of Total 

Phosphorus in nine days. This may have been caused by the heavy rainfall 

between the first and second pellet collections, which may have washed the 

readily soluble nutrients out of the pellets. For the second sample collected in 

March 1996 the nutrient loads of the 13 day-old pellets were actually higher than 

those of the fresh pellets. This was probably caused by errors associated with the 

variability of the samples with such low nutrient levels. 

The pellet counts reported in Chapter 5 showed that during the last pellet count 

conducted during November 1997, a mean of O .4 3 pellets/m2 
I day were deposited 

around the surface runoff plots. The results of this section showed that pellets 

collected at a similar time of the year (October), contained a mean of 6.76 mg/L of 

Total Nitrogen per pellet and 1.26 mg/L of Total Phosphorus per pellet. If the 

number of pellets deposited per day were multiplied by these nutrient loads, then 

kangaroo grazing around the three surface runoff plot sites has the potential to 

contribute 2.9 mg/L of Total Nitrogen per m2/day and 0.54 mg/L of Total 

Phosphorus per m2/day. The results also show that when heavy rainfall occurs, 

potentially, 80-85 % of these nutrients can be released from the pellets. 

7.4 Summary of Chapter Findings 

7.4.1 Total solids and suspended sediment 

• Mean concentrations of total solids in the surface runoff from the grazed plots

were lower than the concentrations from the ungrazed plots. However the

difference was not statistically significant.

• Mean concentrations of suspended sediment in the surface runoff from the

grazed plots were higher than the concentrations from the ungrazed plots.

However the difference was not statistically significant.
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• Total solids loads and suspended sediment loads from the grazed surface

runoff plots were higher than the loads from the ungrazed plots. However the

difference was not statistically significant.

• Nine of the 17 events sampled, had total solids concentrations which were

higher in the runoff from the grazed plots. This pattern was not statistically

significant (p > 0.100).

• Fourteen of the 17 events sampled produced greater total solids loads from the

grazed plots. This pattern was found to be statistically significant (p < 0.025).

• Four of the 5 events where suspended sediment concentrations were also

measured, had higher concentrations in the runoff from the grazed plots. This

pattern was not statistically significant (p > 0.900).

• All 5 events produced greater suspended sediment loads from the grazed plots.

While most of the events yielded samples which had higher total solids and 

suspended sediment loads and concentrations from the grazed areas, the highly 

variable data is reflected in the fact that these levels were not statistically 

significantly different. However, 14 of the 17 samples of total solids loads had 

greater levels coming from the grazed areas, which was a statistically significant 

trend. This suggests that kangaroo grazing and movement has resulted in increased 

erosion levels at Yan Yean. 

7.4.2 Nutrients 

• Mean nutrient concentrations in the surface runoff from the grazed plots were

lower than the concentrations from the ungrazed plots. However the difference

was not statistically significant.

• When the nutrient concentrations were converted to total nutrient loads

coming from the grazed plots then the overall mean mass of nutrients coming

from the grazed plots were all higher. The differences were however not
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statistically significant, except for the Total Phosphorus loads coming from the 

grazed plots in 1997. 

• When concentrations were multiplied by the runoff to produce a total load,

total solids, suspended sediment and nutrie�ts loads were always greater from

the grazed plots.

• Only 4 of the 10 events yielded runoff from the grazed plots with Total

Nitrogen concentrations which were greater than the concentrations from the

ungrazed plots. This pattern was not significant (p > 0.250).

• Eight of the 10 events produced greater Total Nitrogen loads from the grazed

plots. This pattern was not significant (p > 0.100).

• Only 5 of the 10 events yielded runoff from the grazed plots with nitrate/nitrite

concentrations which were greater or equal to the concentrations from the

ungrazed plots. This pattern was not significant (p > 0.250).

• Eight of the 10 events produced greater nitrate/nitrite loads from the grazed

plots. This pattern was not significant (p > 0.100).

• Only 3 of the 10 events yielded runoff from the grazed plots with Total

Phosphorus concentrations which were greater than concentrations from the

ungrazed plots. This pattern was not significant (p > 0.250).

• Nine of the 10 events produced greater Total Phosphorus loads from the

grazed plots. This pattern was found to be significant (p < 0.025).

• Only 4 of the 10 events yielded runoff from the grazed plots with phosphate

concentrations which were greater than or equal to the concentrations from the

ungrazed plots. This pattern was not significant (p > 0.250).

• Seven of the 10 events produced greater phosphate loads from the grazed

plots. This pattern was not significant (p > 0.250).

As with the total solids and suspended sediment results, most of the events yielded 

samples which had higher total nutrient loads coming from the grazed plots. Once 

again the highly variable nature of the data is reflected in the fact that these levels 

were not statistically significantly different. One exception was the Total 
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Phosphorus loads from the event sampling. Nine of the 10 samples analysed had 

higher loads from the grazed plots, which was a statistically significant trend. 

Another possibility may be that any nutrients released from the pellets are quickly 

absorbed by the soil and then transported through the soil profile via subsurface 

flows. That is, although the grazed plots appear to have large amounts of pellets 

on them, only those freshly deposited just before a runoff generating event could 

be contributing to nutrient loads in the runoff. These may only be insignificant 

levels. 

In this case it is not clear if kangaroo grazing and movement has resulted in 

increased nutrient mobilisation from the plots. However, there is evidence to 

suggest that this could be possible for some nutrient loads, and these results 

should be considered in the context of the results from the artificially generated 

runoff in Section 8.2.4. 

177 



8. ARTIFICIALLY GENERATED RUNFOFF

This chapter presents the results of analyses from experiments where the runoff 

was artificially generated. These experiments provided a more detailed level of 

information which enhanced the study, particularly in terms of the change of 

solids, sediment and nutrient loads over time, and by providing additional samples 

during a particularly dry period. As the plot conditions would be changed by the 

artificial application of water, this section of the study took place after data 

collection under natural rainfall conditions was completed. 

The controlled conditions enabled data to be collected from different components 

of run off over time so that "first flush" loads could be compared to later loads. 

The water samples collected during the period of the natural rainfall study were 

the result of the total runoff generated over whole rainfall events. As such, the 

analysis of these samples for sediment and nutrient loads represented average 

levels over the whole period of the event. In order to obtain more information on 

the short term changes in concentration of sediment and nutrient levels of the 

runoff over time, and in particular changes over time compared to 'first flush' 

levels, a sprinkler set up was devised by which water could be added to the plots 

to generate runoff. 

The artificial generation of runoff also provided additional run off data to 

supplement that obtained from the few natural events in the years ofthei;tudy, 

which included a period of considerably below average rain fall in the final year. 

This can be seen from the graphs ofrainfall in Figure 6.1. The final year of the 

study was particularly dry with only 482 mm of rainfall being registered. This put 

it amongst the driest 10% of years on record, with a rainfall 28 % lower than 

average. The conditions during this year meant that little runoff was generated, 

and only four samples could be collected for the whole year. 
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The artificial application of water to the plots also enabled a comparison of the 

quality of runoff coming from the ungrazed and grazed runoff plots at a time when 

the vegetation cover was depleted after a period of below average rainfall. This 

allowed the quality of runoff to be compared during a period when the lack of rain 

made the collection of natural runoff impossible. 

In the artificial application experiments samples of the initial runoff were captured 

and the levels of sediment and nutrients compared to a follow up sample collected 

10 minutes after the initial one-litre sample bottle was filled. This allowed the 

changes to sediment and nutrient concentrations over time to be determined. As 

discussed in Section 2.2, one of the possible impacts of kangaroo grazing being 

tested in this study is the effect on infiltration capacity due to a combination of 

compaction of soil and a reduction of the ground cover. Although infiltration rates 

between the grazed and ungrazed plots are compared in more detail in Section 6.2, 

the sprinkler system allowed for the controlled application of water to the plots, 

and so the duration of application and the volume of water required for the 

production of runoff from the grazed and ungrazed plots could be compared. This 

gave a further indication of how grazing had affected the infiltration rates of the 

surface runoff plots. 

It must be noted that while the sprinkler system used here produces artificially 

generated runoff, it is not applied as artificial rainfall and it is not a rainfall 

simulator, in the sense described in Byars et al. (1996), Ogden et al. (1997) and 

Singh et al. (1999). Time and financial constraints made the construction and use 

of a rainfall simulator beyond my capacity. True rainfall simulation requires the 

application of water to a plot with careful control of intensity, drop size, impact 

energy and pattern of application (Blijenberg 1996; Assouline et al. 1997; Ogden 

et al. 1997 and Agassi and Bradford 1999; Croke et al. 1999). Despite the fact that 

the sprinkler set up used in this experiment was not a rainfall simulator, the 

information produced was considered to provide useful supplementary data in 
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support of that obtained from the infiltration rings and event sampling. As with the 

infiltration rings, runoff volumes, sediment loads and nutrient loads which 

approximate natural values are not produced, but the method still allows the 

results from grazing areas to be compared to those from ungrazed areas. 

8.1 Methods 

Prior to the application of water to the plots the gutter and pipe collection systems 

at the bottom end of the plots were flooded with water in order to flush through 

any sediment or other debris that had collected in them over time. This ensured 

that only sediment and nutrients removed from the runoff plots during the 

experimental application of water were collected for analysis and comparison. 

Rather than simply flooding the plots with water, a sprinkler set up was devised 

which would more closely resemble the characteristics of rainfall. The set up 

consisted of four Hardie Pope Rotoframe sprinkler heads which were chosen 

because their rotation through the water jet produced droplets rather than a stream 

of water. These sprinkler heads were initially attached to a 1.2 m riser and spread 

evenly down the centre of the plot so that water was applied to the whole of the 

runoff plot. This method was first used on a grazed runoff plot (3B) and runoff 

was first generated after water was applied for 54 minutes. When this set up was 

used on an ungrazed runoff plot (3A), water was applied for nearly four hours 

before any runoff was generated. The time involved in this and the logistics of 

transporting the necessary amount of water to the study sites made the centinued 

use of this method impossible. 

The sprinkler set up was then modified so that the sprinkler heads were attached to 

a 200 mm riser connected to a 25 mm pipe. The sprinkler heads were then 

inverted and placed at a height of0.9 m above the runoff plot surface (see Figure 

8.1 and Figure 8.2). 
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Figure 8 .1: Photo showing application of water during artificial runoff generation.
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Figure 8,2: Sprinkler set up.

In this position, and at this height, the water from each of the sprinklers covered

an area of the surface with a diameter of 3.4 m. The sprinklers were then placed 2

m apart across the front of the runoff plot and 2.5 m from the gutter at the front

edge of the plot (see Figure 8.3). While this set up resulted in some of the spray

from the sprinklers overlapping, it did not adversely affect the ability to compare

the results from different plots as the method was kept constant for all the plots

surveyed.

181



15 m 

�1tm+2m -l 

�- -- 10m 
----� 

Figure 8.3: Sprinkler lay out. 

The rate of water application was determined prior to this by starting the pump 

and measuring the time required to fill a 9-L bucket of water. This was repeated a 

number of times and the application rate averaged 1.21 Lisee. This water was 

applied over an area of approximately 26 m
2

, which was equal to 0.046 L/m2/sec. 

As the pump was on its slowest setting and each of the sprinkler heads had the 

capacity to deliver up to 5 Lisee of water, the rate of water delivery would not be 

restricted by the sprinkler set up and the same volume would be delivered to the 

plots as that measured directly from the pump. 

The time taken to produce a given volume of runoff (IL) from each of the plots 

was recorded and by multiplying by the known water application rate previously 

measured, was converted to a volume. 
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The methods for the analysis of the samples for the determination of the 

suspended sediment, total solids and dissolved solids were the same as those used 

for the runoff collected from th� runoff plots and set out in Section 7 .1. Samples 

for nutrient analysis were also collected and treated in the same way as the runoff 

collected from the runoff plots, which is described in Section 7.2. All the samples 

were analysed for nutrient loads by the Monash University Water Studies Centre. 

The antecedent soil moisture content affects the infiltration rate and therefore also 

the volume of runoff discharged in proportion to the volume of water applied. It 

was therefore considered important to ensure that there was not a large difference 

in moisture levels between the grazed and ungrazed plots at the time of water 

application. Soil samples were taken for the comparison of soil moisture levels 

between the plots just prior to the application of water. Samples of the topsoil 

were taken from an area just outside the runoff plot and just below the grass root 

zones. In the case of the fenced plots, this area was still within the ungrazed zone 

as the fences were placed well outside the runoff plot boundaries (see Section 4.2). 

The soil samples were placed in a sealed bag for transport back to the laboratory 

where the soil moisture levels were determined using the method described below. 

1. The soil samples were placed in a preweighed clean and dry foil tray and the

combined weights were measured.

2. The container and contents were then dried at a temperature of between 105

and 110°C until a constant weight was achieved. This occurred within 24

hours.

3. The container and soil was then allowed to cool in a desiccator before being

reweighed.

4. The moisture content was then determined as a percentage by subtracting the

weight of the dried container and soil ( d) from the weight of the wet container

and soil (w) and then dividing this by the weight of the dry container and soil

( d) which has had the weight of the dry container only ( c) subtracted from it.
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All this is then multiplied by 100 to determine the moisture content as a 

percentage. Expressed as a formula this is: 

MC= ((w - d)/(d- c)) x 100 (Goudie 1981). 

8.2 Results and Discussion 

The application of water to the runoff plots via the use of sprinklers, as described 

' 
above, took place over a period of nine days between 27 April and 5 May 1998. 

This was almost three years after the fences around the runoff plots had been put 

in place and grazing by the kangaroos had been excluded. Water was applied to 

the plots over a period of 9 days as described in Table 8.1. On the third day water 

was added to Plot 3C before rain began to fall and the experiment was suspended 

for the rest of that day, and the following, in order to allow soil moisture levels to 

return to a similar level before the experiment proceeded. When the water 

application resumed on the fifth day, soil samples taken on this day indicated that 

soil moisture levels were not statistically significantly different to the previous 

sampling periods. Another break occurred on days six and seven, where once 

again despite a break of two days, the results of the soil moisture analysis were 

similar to the levels from the other plots. 

Date 
April 27 

April28 

April 29 

April 30 

May1 

May2 

May3 

May4 

May5 

Table 8.1: Schedule of artificial runoff generation 

Day Activity 
1 Water applied to Plot 3B. 

2 Water applied to Plot 3A. 

3 Method altered, water applied to 3C. Suspended due to rain. 

4 Suspended to allow soil moisture to return to previous levels. 

5 Water applied to Plots 3D, 1A and 1 B. 

6 Break 

7 Break 

8 Water applied to Plots 1 C, 1 D and 28. 

9 Water applied to Plots 2C and 2D. 
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8.2.1 Runoff generation

The different sprinkler set ups used on plots 3A (ungrazed) and 3B (grazed) meant

that the application time, and therefore the volumes of water required to produce

runoff from these plots, were much higher than all the others. These results were

therefore excluded when the calculations of average volumes of water required for

runoff production for all the other plots were determined (see Figure 8.4). Runoff

from plots 3A and 3B was analysed for sediment and nutrient levels, and the

results included in the averages calculated as these levels should not have been

severely affected by the different sprinkler set up and application volumes. An

examination of the results showed that the levels of sediment and nutrients from

these two runoff plots were well within the ranges of those of the other plots.

VOLUME OF WATER APPLIED FOR RUNOFF GENERATION.

(Error bars = standard error)
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Figure 8.4: Volume of water required to produce initial litre of runoff.

As can be seen from Figure 8.4, the mean volume of water required to produce the

initial one litre of nmoff on the vmgrazed exclusion plots was considerably greater

than for the grazed plots. The imgrazed plots absorbed a mean of 4472.4 litres of

water prior to runoff generation, which was more than three times the volume of

water absorbed by the grazed plots, which produced nmoff after the application of

a mean of 1419.3 litres. For details of the results see Appendix 8. These results

showed a similar pattern to those of the event runoff measurements, where the
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grazed plots consistently produced a greater volume of runoff than the ungrazed 

plots due, it was inferred, to a lower infiltration rate than the ungrazed plots (see 

Section 6.3). 

Due to the variable nature of the data and the fact that there were only few 

samples, analysis of variance tests were inconclusive. An ANOVA conducted on 

the volume of water required to produce 1 L of runoff from the plots showed that 

there was a significant difference in the amount of water applied to the grazed 

plots compared to the ungrazed plots. However with a p-value of 0.045 this 

difference was only marginal and analysis of the data shows that the assumption of 

normality may not be valid (See Appendix 8). Boxplots showed that the data are 

skewed, and that the variation in the ungrazed plots is much larger than the 

grazed. Log and square root transformations had no effect on improving the 

normality of the data and so analysis of variance tests on these data were 

disregarded. If the design is then treated as a nested design with the 'treatment 

within site' then an ANOV A shows that the difference between the grazed and 

ungrazed plots is not significant (p = 0.061). Again this result was only marginal 

and normality plots of the data once again showed that the assumption of 

normality may not be valid (See Appendix 8). Further analysis was then carried 

out using the Mann-Whitney U test, a non-parametric test which does not require 

the data to be normally distributed. The resultant p-value of 0.047 was again 

marginal but showed that there was a significant difference between the grazed 

and ungrazed areas. 

The conclusions that can be drawn from all these analyses are that the results are 

highly variable and that more samples are required for a definite answer. 

However, the initial ANOV A and the Mann-Whitney test showed that there was a 

significant difference. 
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8.2.2 Soil moisture content

MEAN % MOISTURE (Error bars = standard error)
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Figure 8.5. Comparison of soil moisture content.

The mean soil moisture level measured in the ungrazed plots of 21.7 % by weight

was higher than the 18.5 % measured in the grazed plots and therefore, if the

preceding soil moisture conditions only are considered, then the drier soil of the

grazed plots should have been able to absorb more water and require more water

than that applied to the ungrazed plots to produce runoff. This was not the case as

shown by the results in Figure 8.4 where the ungrazed plots absorbed more than

three times the water than the grazed runoff plots. For further details of the results

see Appendix 8.

Analysis of the soil moisture data showed that the assumption of normality had

been met. Results of the ANOVA showed that the mean soil moisture levels in the

grazed and ungrazed sites were not significantly different (p = 0.075). The

ANOVA also showed that there is no evidence to suggest that this is not

consistent across all sites (p = 0.431) however the mean soil moisture levels across

Sites 1, 2 and 3 were significantly different (p = 0.022). See Appendix 8 for

ANOVA table. With a mean of 24.2 % Site 3 had moisture levels slightly higher

than Site 1 (18.3 %) and Site 2 (17.8 %).
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Site 3 with its higher moisture level also had an ungrazed plot (3D) which

produced runoff after only about half the 'artificial rainfall' was applied to it, than

was applied to any of the other ungrazed plots to produce runoff. If it is assumed

that Site 3 is different to the other sites in terms of the soil moisture content, and

the two runoff plots (3C and 3D) are excluded from the results for the volume of

water required to be applied for runoff generation, then the analysis of variance

tests conducted on these results produce the following clearer results. The

ungrazed plots absorbed a mean of 5143.1 L of water prior to generating runoff,

which was more than four times the volume of water absorbed by the grazed plots,

which produced runoff after the application of a mean of 1284.5 L. That is, the

amount of water able to be absorbed by the ungrazed plots was three to four times

greater than that absorbed by the grazed plots. The raw data also show a normal

distribution and the ANOVA clearly shows that the ungrazed sites are

significantly different to the grazed sites with the p-value = 0.014. There is also no

site difference with p = 0.234 or treatment by site difference with p = 0.059. See

Appendix 8 for ANOVA table.

8.2.3 Sediment and solids concentrations

SEDIMENT (g/L) (Error bars = standard error)
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Figure 8.6. Sediment yields from artificially generated runoff.
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The results of sediment yields showed that the initial 1-L samples of runoff 

collected from the ungrazed plots produced a mean of 0.28 g/L of sediment 

compared to the grazed plots which had a mean of 0 .15 g/L. Whilst the highly 

variable nature of the data from the ungrazed plots, shown by the error bars in 

Figure 8.6 suggests that the two values may not be statistically significantly 

different, the difference in the averages ·may have been caused by the low rates of 

runoff from the ungrazed plots. Results of the event based runoff collection 

showed that the ungrazed plots produced less runoff than the grazed plots (see 

Section 6.3). This lack of runoff, a transport mechanism, could have allowed the 

available soil fines to build up within the plot, until being removed by a big storm 

event where a copious amount of runoff is generated. Such an event was simulated 

by the application of the 'artificial rainfall', hence the initially higher levels of 

sediment from the ungrazed plot compared to the grazed plot. 

Runoff samples collected 10 minutes after the initial sample showed that this may 

have been the case, as sediment levels in the runoff samples collected from the 

ungrazed plots dropped by approximately 86 % of the initial sample to a mean 

level of 0.04 g/L. At the same time the levels of sediment collected in the follow 

up runoff sample from the grazed plot dropped by 47 % of the initial sample to a 

mean level of 0.08 g/L. The levels of sediment being transported from the plots 

had reversed, with more now coming from the grazed plots (twice the level). The 

levels in the follow up samples from the grazed plots also seem to be significantly 

different to those from the ungrazed plots (see Figure 8.6). For further details of 

the results see Appendix 8. 

A repeated measures analysis of variance shows that the above assumptions 

regarding the significance of any differences to be correct. Normality plots of the 

standardised residuals of the first and second sediment samples showed that the 

assumption of normality had been met. Results of the ANOV A showed that the 

mean sediment levels of the first and second samples were significantly different 

(p = 0.02) and that there was no difference between the grazed and ungrazed areas 
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(p = 0.618) when the first and second samples were compared as two sample

periods. The ANOVA also showed that there is no evidence to suggest that this

difference is not consistent across time points (p = 0.317). An ANOVA carried out

on the second sediment samples showed that the grazed plots produced

significantly more sediment than the ungrazed plots (p = 0.018). This provided

more support for the interpretation that once the initial available soil fines were

flushed from the ungrazed plots there was very little material available for

detachment and transport, while the grazed plots continued to have material

available. See Appendix 8 for ANOVA tables.

MEAN TOTAL SOLIDS (g/L) (Error bars = standard error)
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Figure 8.7: Average total solids yields from artificially generated runoff.

When dissolved solids (which include salts) are combined with the sediment

measurements to produce a total solids yield, the results become quite variable as

shown by the standard error bars in Figure 8.7. Runoff from the ungrazed plots

initially had total solids levels with a mean of 0.4 g/L and runoff from the grazed

plots had a mean of 0.23 g/L. The total solids levels in the follow up runoff

coming from the grazed plots had levels with a mean of 0.27 g/L and runoff from

the ungrazed plots had a mean level of 0.15 g/L. For details of the results see

Appendix 8. Normality plots of the standardised residuals of the total solids

results showed that the assumption of normality may not be valid and the data

were therefore transformed using a log transformation. This proved effective in

normalising the data. The repeated measures ANOVA showed that the mean total

solids in the first and second samples were not significantly different (p = 0.178)
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and that there was no difference between the grazed and ungrazed areas (p =

0.993). The ANOVA also showed that there is no evidence to say that this is not

consistent across time points (p = 0.311). See Appendix 8 for ANOVA tables.
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Figure 8.8: Average dissolved solids yields from artificially generated runoff.

The other component of total solids, dissolved solids, shows a similar pattern to

the results from the sediment and total solids analysis. Runoff from the ungrazed

plots had initial levels of dissolved solids in the runoff of 0.13 g/L, compared to

the loads coming from the grazed plots of 0.09 g/L. The mean dissolved solids

levels in the follow up runoff coming from the grazed plots was 0.19 g/L and 0.11

g/L from the ungrazed plots. For further details of the results see Appendix 8.

Statistical analysis of the data showed that it was highly variable and exhibited no

statistically significant differences. Normality plots of the standardised residuals

of the dissolved solids results showed that the assumption of normality may not be

valid and the data were therefore transformed using a log transformation. This

proved effective in normalising the data. The repeated measures ANOVA showed

that the mean dissolved solids levels in the first and second samples were not

significantly different (p = 0.496) and that there was no difference between the

grazed and ungrazed areas (p = 0.754). The ANOVA also showed that there is no

evidence to suggest that this difference was not consistent across time points (p =

0.185). See Appendix 8 for ANOVA tables.

191



8.2.4 Nutrient concentrations

Samples of the artificially generated nmoff were also analysed for nutrient loads.

The nutrients tested were Total Phosphorus, Total Nitrogen, phosphate and

nitrate/nitrite. In each case the mean concentrations in the first runoff sample and

the second runoff sample from the grazed and ungrazed plots were analysed and

compared.
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Figure 8.9: Mean concentration of Total Phosphorus in artificially generated runoff.

As can be seen from Figure 8.9 the results are highly variable and there was little

difference in the mean Total Phosphorus levels in the initial runoff captured from

the ungrazed plots (1.06 mg/L) when compared to the grazed plots (0.87 mg/L).

The Total Phosphorus levels in the follow up runoff coming from the grazed and

ungrazed plots were also very similar. The grazed plots had a mean concentration

of 0.19 mg/L and the ungrazed plots 0.22 mg/L. For further details of the results

see Appendix 8.

Normality plots of the standardised residuals of the Total Phosphorus results

showed that the assumption of normality was met. The repeated measures
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ANOVA showed that the mean Total Phosphorus levels in the first and second

samples were not significantly different (p = 0.094) and that there was no

difference between the grazed and ungrazed areas (p = 0.711). The ANOVA also

showed that there is no evidence to suggest that this difference was not consistent

across time points (p = 0.667). See Appendix 8 for ANOVA tables. These results

indicate that grazing by the kangaroos has had no impact on the concentration of

Total Phosphorus in the artificially generated runoff.
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Figure 8.10: Mean concentration of Total Nitrogen in artificially generated runoff.

As can be seen from Figure 8.10 the results were highly variable, with the initial

nmoff from the imgrazed nmoff plots has a mean concentration of Total Nitrogen

of 12.1 mg/L compared to the mean concentration of 5.6 mg/L coming from the

grazed plots. The levels in the follow up runoff were 1.57 mg/L from the grazed

plots and 1.58 mg/L from the imgrazed plots. For further details of the results see

Appendix 8.

Normality plots of the standardised residuals of the Total Nitrogen results showed

that the assumption of normality had been met. Although the concentrations in the

follow up samples appear to be much lower, the repeated measures ANOVA

showed that the mean Total Nitrogen levels in the first and second samples were

not significantly different (p = 0.082) and that there was no difference between the

grazed and ungrazed areas (p = 0.746). The ANOVA also showed that there was
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no evidence to suggest that this difference was not consistent across time points (p 

= 0.649). See Appendix 8 for ANOV A tables. These results indicate that grazing 

by the kangaroos has had no impact on the concentration of Total Nitrogen in the 

artificially generated runoff. 
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Figure 8.11: Mean concentration of phosphate in artificially generated runoff. 

As can be seen from Figure 8.11 the results were once again highly variable, with 

the initial runoff from the ungrazed runoff plots has a mean concentration of 

phosphate of0.55 mg/L, compared to the 0.2 mg/L coming from the grazed plots. 

In the follow up runoff, the grazed plots had a mean concentration of 0.06 mg/L 

and the ungrazed plots 0.22 mg/L. For further details of the results see 

Appendix 8. 

Normality plots of the standardised residuals of the phosphate results showed that 

the assumption of normality had been met. Although the concentrations in the 

follow up samples appear to be much lower, the repeated measures ANOVA 

showed that the mean phosphate levels in the first and second samples were not 

significantly different (p = 0.075) and that there was no difference between the 

grazed and ungrazed areas (p = 0.754). The ANOVA also showed that there was 

no evidence to suggest that this difference was not consistent across time points (p 

= 0.626). See Appendix 8 for ANOV A tables. These results indicate that grazing 
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by the kangaroos has had no impact on the concentration of phosphate in the 

artificially generated runoff. 
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Figure 8.12: Mean concentration of nitrate/nitrite in artificially generated runoff. 

As can be seen from Figure 8.12 the initial runoff from the grazed runoff plots has 

a mean concentration of nitrate/nitrite of 0.64 mg/L, compared to the 0.19 mg/L 

coming from the ungrazed plots. In this case, the concentrations measured from 

the grazed plots only appeared to be quite variable. The nitrate/nitrite levels in the 

follow up runoff coming from the grazed and ungrazed plots appear to be much 

lower than the levels in the initial runoff. As with the initial runoff, the mean 

nitrate/nitrite level in the runoff from the grazed plots was higher than the level 

from the ungrazed plots. The grazed plots had a mean concentration of 0.22 mg/L 

which was 34 % of the initial level and the ungrazed plots had a mean 

concentration of 0.08 mg/L which was 42 % of the initial level. For further details 

of the results see Appendix 8. 

Normality plots of the standardised residuals of the nitrate/nitrite results showed 

assumptions of normality may not be valid and the data were therefore 

transformed using a log transformation. This proved effective in normalising the 

data. The repeated measures ANOVA showed that the mean nitrate/nitrite levels 

in the first and second samples were significantly different (p = 0.001) and that 

195 



there was a significant difference between the grazed and ungrazed areas (p = 

0.043). The ANOV A also showed that there was no evidence to suggest that this 

difference was not consistent across time points (p = 0.973), which suggests that 

the mean level of nitrate/nitrite was higher in both the first and second runoff 

samples. See Appendix 8 for ANOV A tables. These results indicate that there 

were higher levels of nitrate/nitrite in the first flush artificially generated runoff 

than in runoff captured at a later stage and that grazing by the kangaroos has had 

an impact on the concentration of nitrate/nitrite in the artificially generated runoff. 

8.3 Summary of Chapter Findings 

Table 8.2: Summary of statistical analysis of artificially generated runoff 

data. 

VARIABLE 

Volume 

Sediment 

Total solids 

Dissolved solids 

Total Phosphorus 

Total Nitrogen 

Phosphate 

Nitrate/nitrite 

DIFFERENCE BETWEEN 

1st AND 2nd SAMPLE 

Not Applicable 

Significant 

Not Significant 

Not Significant 

Not Significant 

Not Significant 

Not Significant/Marginal 

Significant 

DIFFERENCE BETWEEN 

GRAZED AND UNGRAZED 

Significant 

Not Significant 

Not Significant 

Not Significant 

Not Significant 

Not Significant 

Not Significant 

Significant 

Overall the results from the production of artificially generated runoff were highly 

variable. Although a comparison of the means of each of the variables tested for 

shows that, on most occasions, the levels in the second samples were much lower 

than the first, the variability of the data has resulted in the differences being not 

statistically significant. There were, however a number of trends evident in the 

comparisons of the nutrient and sediment loads of the first flush of runoff, to the 

follow up sample taken 10 minutes later. 
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8.3.1 Runoff generation 

• A greater amount of water was applied to the ungrazed plots before any runoff

occurred, indicating that infiltration rates were higher in the ungrazed plots.

This was a statistically significant difference.

This suggests that kangaroo grazing has resulted in increased levels of runoff 

generation. This supports the trends in the results from the event sampling 

component of the study which suggested that the grazed plots produced greater 

volumes of runoff (Section 6.3 .1 ). 

8.3.2 Sediment and solids concentrations 

• The mean sediment concentration in the first flush samples was statistically

significantly higher than the concentration in the follow up samples from both

the grazed and ungrazed plots.

• The second samples of the artificially generated runoff captured from the

grazed plots had statistically significantly higher levels of suspended sediment

than the levels from the ungrazed plots, even though the initial samples did

not.

This indicates that the grazed plots continued to have material available for 

transport while the ungrazed plots did not. This also supports the trend in the 

results from the event sampling component of the study which suggested that the 

grazed plots produced greater total solids loads. 

8.3.3 Nutrient concentrations 

• The grazed plots had statistically significantly higher mean nitrate/nitrite

concentrations in the captured runoff.
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•  The mean nitrate/nitrite concentration in the first flush samples was

statistically significantly higher than the concentration in the follow up

samples.

•  The mean phosphate concentration in the first flush samples was not

statistically significantly higher than the concentration in the follow up

samples, but only marginally so (p = 0.075).

Although the results fi:om the event sampling were mostly inconclusive, there was

a trend for Total Phosphorus loads to be higher from the grazed plots. In this case

the idea that kangaroo overabundance can result in increased nutrient mobilisation

from grazed areas first discussed in Section 7.2, received added support from the

artificially generated runoff results which had statistically significantly higher

levels of nitrate/nitrite in the runoff from the grazed plots.
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9. CONCENTRATED IMPACTS

The preceding chapters have focused on the largely diffuse impacts of kangaroo 

grazing spread over a large area of the Yan Y ean Reservoir catchment. This 

chapter focuses on the trampling effects of kangaroos on the landscape. These 

effects occur in areas where kangaroo movement is concentrated and mainly 

mechanical in nature and results in the production of a track network. These 

trampling effects have been observed in areas occupied by high densities of 

macropods (McMahon and Carr 1991). 

As discussed in Section 2.4.3, it is generally perceived that kangaroos, as soft 

footed marsupials produce little impact as they move across the landscape, this 

perception is supported by little evidence (Noble and Tongway 1986; 

Freudenberger 1995). Kangaroos can exert a similar pressures on the ground 

surface to those attributed to introduced cloven-hoofed domestic herbivores 

(ungulates) (Bennett 1999). Alexander and Vernon (1975) also studied the transfer 

in forces as the kangaroo lands and pushes off again in the hopping motion and 

found that maximum force is exerted as the animal pushes up in the vertical 

direction until some of this is transferred backwards as the animal pushes forward, 

accelerates and leaves the ground again. The kangaroo also has a claw on the 

hindfoot which it relies heavily on to generate thrust as it pushes forward. This 

claw digs into the soil surface in a manner which is thought to be similar to the 

hooves of ungulates (Bennett 1999). 

This is particularly important in the development of the tracks in the area chosen 

for this part of the study, the Plenty Gorge Parklands (see Section 9.1), where 

preliminary observations indicate that kangaroo movement has led to the 

development of a track network. The track development in this woodland, is 

accelerated especially where slopes are steep, as kangaroo traffic is restricted and 

concentrated by understorey vegetation. Their movement up and down the gullies 
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of the study area means that the maximum force exerted by their hopping action is 

continually pushing soil down the slope. 

This study attempted to determine the effect of these forces on paths by measuring 

changes in height of the ground surface at monitored cross sections and using 

these to estimate soil loss from paths caused by kangaroo traffic. A change in 

height can also be caused by a compaction of the ground surface, without the loss 

of any soil and therefore any estimate of soil loss needed to take this into account 

by making allowance for this in the method. Automatic animal counters were used 

to link the soil losses to kangaroo numbers. The turbidity of creek waters both 

upstream and downstream of areas where paths crossed a small stream was also 

monitored. The research at this site involved an investigation of the speed of track 

development, the volume 'of soil displaced in the process and the possible delivery 

to, and impact of, this soil on stream turbidity levels. 

9 .1 The Plenty Gorge Parklands 

Situated approximately 25 km north-east of Melbourne and 8 km south of the Yan 

Y ean Reservoir, the Plenty Gorge Parklands are a part of Melbourne's 

Metropolitan Park system. It is a linear reserve which follows the Plenty River for 

a distance of 11 km (see Figure 9.1). It covers an area of 1350 ha of both public 

and private land, which previous land use practices have left as a mixture of 

grassy open woodland and grassy pasture (Melbourne Parks and Waterways 1994; 

Ecoplan Australia 1995). 
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Figure 9.1: Locality map. Modified from Melbourne Parks and Waterways (1994). 

The Parklands are situated in an area which marks a significant change of 

landscape from the flat basalt plains of western Melbourne to the undulating hills 

of the east. The Plenty River here has cut its course around the edge of the more 

recent lava flows and into the softer, older sedimentary rocks to the east to form a 

deep gorge. The soils of the park reflect the dominant geology of the region. Those 

on the western side of the river consist mainly of heavy clays produced from the 

underlying basalt. On the eastern side of the river the soils are shallow and stony, 

being derived from the underlying sedimentary rocks (Melbourne Parks and 

Waterways 1994). 

Conditions within the reserve are ideal for the large herbivores, and Eastern Grey 

Kangaroos are abundant there (Ecoplan Australia 1995). Previous land use 

practices have resulted in a mosaic of open grassed areas interspersed amongst 

forested areas, providing a combination of a plentiful food supply, with nearby 
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shelter to retreat to in case of threat. Water is plentiful and there is little or no

predation. As discussed in the introduction, this is the type of environment in

which kangaroos thrive.

The kangaroos move between feeding areas and areas of cover they cross through

areas which may be susceptible to soil erosion, such as steep gullies and river

banks. At the Plenty Gorge Parklands this movement is encouraged by large

paddocks of open grassland occurring on either side of thin strips of open

woodland which follow gullies and streams. Any kangaroos disturbed on one side

immediately take refuge in the woodland areas or continue to move through them

to the pasture on the other side (see Figure 9.2). This type of movement has led to

the establishment of a path network both up and down and along the creek banks

(see Figure 9.3).
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Figure 9.2: Vegetation patterns at Plenty Gorge. Shows remnant patches following creek bed,
surrounded by open grassland.
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Figure 9.3; Path created by kangaroos

9.2 Monitoring of Path Development

The area of particular interest in the park is known as Smugglers Gully. It consists

of a strip of remnant vegetation approximately 100 m wide, through which

kangaroos move, as they travel between two preferred feeding areas, grassy open

paddocks on either side (see Figure 9.2). Two paths developed by the kangaroos

as they move between the open grassland areas on either side of a gully were

identified in this area. The two paths were approximately 100 m apart, with no

other paths linking the two feeding areas between them. Both paths descend

steeply down the northern side of a gully, cross a small, intermittent watercourse

and continue up the southern side of the gully. The downstream path was chosen

for the cross section study as it was in an area with a sparse understorey, making it

ideal for the establishment of a new path adjacent to the old one, without any
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impediment to the kangaroo traffic. Turbidity was then monitored upstream of the

other path to provide a baseline turbidity level for the stream before any possible

impact fi:om the kangaroo paths.

The exercise required the shifting of the kangaroo traffic in order to produce a new

path. This was achieved by constructing a 900-mm high fence across and along

the existing section of path, which ran almost at right angles to the stream, on both

sides of the gully for a distance of 25 m on the northem side, and 15 m on the

southem side. The fence was designed to block the existing path of the kangaroos

and create a new path running alongside the original one. As the fence was mainly

there to encourage a shift in direction of the kangaroos, it did not need to be high

but needed to be solid enough to provide a visual deterrent. Star posts provided

additional strength and visual impact in areas where the kangaroos required added

incentive to shift their path. The fence proved to be effective hi encouraging a

change of path by the kangaroos and although the occasional individual would try

another new route, once the path became established most kangaroos continued to

follow it. The fence for the southem side of the gully was erected in June 1995

and the fence for the northem side of the gully was erected in August 1995.

The development of a track along the new path was monitored by the

establishment of a number of cross sections at eight sites along the track. Five

cross sections were sited on the southem side of the gully, spread equally over a

distance of 21 m along the track and three were sited on the northem side, spread

over a distance of 13 m (see Figure 9.4).
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Figure 9.4: Survey of Plenty Gorge path and cross section positions.

At each cross section stakes measuring 25 x 25 mm and 600 mm long were driven

approximately half-way into the groimd. Each site consisted of three stakes placed

across the slope surface. One stake was situated close to the fence line, a second

was placed 1.25 m away across the slope, and a third stake was inserted a similar

distance from the second. The gap between the first and the second stake was

placed where the new path had been established and the gap between the second

and third stake provided a control. In this manner the movement of soil by the

kangaroos could be compared against natural movements of soil down the slope.

Depth of soil was measured across each of the path cross sections, then again

across the control cross sections.

The cross sections were monitored as the track developed over time by using a soil

profiler, which was placed on a series of permanent metal stakes at each of the

cross sections along the path. This was similar to the use of an erosion frame to

measure slopewash erosion as outlined by Goudie (1981). The soil profiler

consisted of a frame 1.25 m in length, with 21 pins mounted on it that dropped to

the ground surface (see Figure 9.5). The profiler was modified to include metal

sleeves on either side, which could slip over the permanent stakes, holding the

profiler in place and allowing the recordings to be made (see Figure 9.5). The tops
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of the pins were aligned with a chart mounted on the frame and their heights 

above the ground surface noted. 

Pennanent 

Metal 

Stake 

Soil Profiler 

1.25 m 

Figure 9.5: Soil profiler. 

This arrangement allowed for a permanent reference point on which to sit the soil 

profiler for comparative measurements over time. The original height of the 

ground surface was then compared to measurements taken at later dates and an 

estimate of sediment lost from the track was calculated. Profiles of the ground 

surface of the cross sections at each site on the northern side of the gully were first 

mapped four weeks after the fence was built and those on the southern side three 

weeks after the establishment of the fence. Subsequent readings of the ground 

profile were first taken in July 1995 for Sites 1 to 5 (southern side) and September 

1995 for Sites 6 to 8 (northern side), and final readings were taken just over two 

years later in October 1997. 

The delay between the construction of the fences and the first measurements of the 

soil profile allowed the kangaroos to begin the new path prior to measurement, 

thus ensuring the appropriate siting of the cross sections across this path. The 

delay also allowed the soil to be compacted before estimates of soil loss began, 

reducing the likelihood that estimates of soil loss would include a reduction in the 

surface profile due to compaction. Observations at this point showed that the paths 
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were stripped of vegetation and that no imprint appeared on the surface after

pressure was applied. This compaction could result in a reduction in loose

material and therefore limit the amount of material lost from the path. This is,

however, counteracted by the steep incline of the paths and the use of claw on the

kangaroos hindfeet as they move up the paths, which continuously digs into the

soil profile and liberates soil particles. As the paths become less permeable the

surface flow across them increases and this could also lead to the increased

mobilisation of sediment from them.

9.2.1 Results

Figure 9.6 and Figure 9.7 below show the mean change in soil depth across the

paths and the controls from the first measurements taken in July/September 1995

to the last taken in October 1997. Paths developed by the kangaroos were all less

than the 1-m width measured by the profiler (see Appendix 10). The estimates of

soil loss from the cross sections therefore only represent a minimum value. The

following is a summary of the results. For the full data see Appendix 10, which

includes graphs of the soil surface, showing the change in height over various

sample periods.

Mean change in height of paths
(Error bars = standard error)
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Figure 9.6: Mean change in path heights.
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A summary of the cross section data shows that the surface of the path was 

lowered by a mean depth of 30.2 mm. This compares to the 10.5 mm lowering of 

the control sites most probably due to the occasional use of the part of the cross 

section by kangaroos and the movement of rocks and soil material naturally down 

the slope due to the actions of gravity and water flow. 

Normality plots of the standardised residuals showed that the data were normally 

distributed. The mean changes in the height of the paths were compared using a 

paired samples t-test which showed that the paths had not lost significantly more 

soil �an the control sites (p = 0.091). 

Depth of soil gained/lost from path cross sections (cm) 

(Error bars = standard error) 
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Figµre 9.7: Mean depth of soil lost/gained from path cross sections. 

Each individual site was then compared. Analysis of variance tests were carried 

out on the data, which compared the original height of the soil surface to the 

height at the end of the study. All the data were checked for normality and log 

transformations or square root transformations where required. If this had no 

effect on normalising the data, the results were compared using the Mann-Whitney 

U-test, a non-parametric test which does not require the data to be normal. For a

summary of the results see Table 9.1. 
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Table 9.1: Summary of statistical analysis of changes in height of the surface. 

Path Control 

Change Significant p value Change Significant p value 

Site 1 Lower Yes < 0.001 Lower Yes < 0.001 

Site 2 No 0.246 Lower Yes < 0.001 

Site 3 Lower Yes 0.001 No 0.143 

Site4 Lower Yes < 0.001 No 0.076 

Site 5 Lower Yes < 0.001 No 0.157 

Site 6 No 0.486 No 0.118 

Site 7 Lower Yes < 0.001 Lower Yes 0.02 

Site 8 No 0.724 Lower Yes 0.001 

The greatest change in height at any one point measured on the paths was a loss of 

144 mm of soil at Site 5. Five of the eight sites monitoring the paths showed a 

statistically significant lowering of the soil surface, while four of the control sites 

also had a statistically significant loss. The paths at Sites 3, 4 and 5 showed a 

statistically significant loss, while the controls showed no statistically significant 

change. Sites 1 and 7 showed a statistically significant loss for the path and 

control, while the path at Site 8 showed no statistically significant loss, but the 

control did. 

When the differences in the change in the heights of the paths and the controls are 

compared, the paths lost statistically significantly more soil than the control at five 

of the eight sites. Only at Sites 2 and 8 did the controls lose statistically 

significantly more soil. A summary of the statistical analysis results are contained 

in Table 9.2. 
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Table 9.2: Summary of differences in soil loss between path and controls.

Path soil loss Significant p value
more/less than control

Site 1 More No 0.348

Site 2 Less Yes 0.027

Sites More Yes < 0.001

Site 4 More Yes < 0.001

Site 5 More Yes < 0.001

Sites More Yes 0.004

Site? More Yes < 0.001

Site 8 Less Yes 0.002

If the distances between each site are taken into account then a total volume of soil

lost from each path can be calculated (see Figure 9.8). This was achieved by

estimating the area of soil lost/gained at each cross section by multiplying the

average depth of soil lost/gained by the width of the surveyed area (1 m). The

distance from one site to the next was then determined by starting at Site 1 (top of

the southem side) and working back to the bottom of the gully on the southem

side and then again from Site 8 (top of the northern side) to the bottom of the gully

on the northern side. The area of soil lost from the previous site (eg: Site 1) was

assumed to be consistent along that length and was then multiplied by the distance

between that site and the next (e.g. between Site 1 and 2 = 3 m) to produce a

volume of soil lost for that length. Each of the lengths were then added together to

produce a total volume for the track. See Appendix 10 for full details.
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Figure 9.8: Total volume of soil lost from paths.
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Figure 9.4 shows that the volume of soil lost from the southern path was estimated 

at 0. 73 m3
, which is equivalent to 348 m3 /hec and compares with 0 .15 m3 or 72 

m3/hec from the control sites. The northern path lost 0.22 m3
, or 170 m3/hec and 

the controls 0.14 m3
, or 107 m3/hec. In total 0.95 m3 of soil was lost from the 

paths and 0.29 m3 from the control sites. See Appendix 10 for a full description of 

the results. A normality plot of the standardised residuals showed that the 

assumption of normality may not have been valid and the data were therefore 

transformed using a log transformation. This proved effective in normalising the 

data. Analysis of variance tests carried out found a significant difference between 

the volume of soil lost from the paths and the controls (p < 0.001). 

9 .3 Automatic Turbidity Monitoring 

Possible impact on the stream due to the kangaroo crossings and path 

development was monitored with the use of automatic turbidity monitors. Two 

Tain Electronics turbidity sensors were connected to a Tain Electronics 

Micropower Data Logger. One sensor was placed upstream of the highest 

crossing, and the second downstream of the lowest kangaroo crossing in 

Smugglers Gully in April 1997. This allowed the continuous and simultaneous 

monitoring of turbidity levels both upstream and downstream of the crossings, 

with the aim of measuring the impact of sediment delivery from the paths on 

stream turbidity. 

The turbidity sensors use the dual beam light method. This involves the projection 

of two beams of light, across two separate gaps of different lengths, through which 

water may pass, to a sensor. As the water becomes cloudier because of increased 

suspended sediment levels, more of this light is absorbed by the particles. 

Readings from the turbidity sensors are not in any standard units of turbidity 

measurement, so the meters were calibrated in the laboratory before being placed 

out in the field. The calibration allowed the readings measured by the sensors to 
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be standardised against Formazine Attenuation Units (FAUs). A number of 

solutions of known FAUs ranging from 2 to 2000 were produced, and the readings 

from each sensor were determined for each of the standard solutions. A calibration 

curve could then be drawn for each sensor. Calibration of a hand-held sensor was 

also carried out at this time. The hand-held sensor was used in the field to cross 

check the readings from the field sensors. 

At each site, a star post was driven into the creek bed and the sensor fixed to it 

with cable ties. The turbidity sensors were positioned so that they would remain 

under the water in a variety of flow conditions. The stream in which they were 

placed was quite shallow, and a dry summer meant that there was no water in the 

stream when the sensors were first placed in position. It was therefore necessary to 

estimate the optimum position, which was predicted to be about 50 mm above the 

creek bed, in the hope that this would be usually under water, but high enough to 

avoid bed load moving past in an event. Both the sensors were placed at 

approximately the same level above the bed of the stream because the 

concentration of suspended sediment is known to decline from the bed to the 

surface (Goudie 1981). This would have caused errors in measurement by 

producing a difference in the readings of the sensors at the different sites which 

were due to their positioning rather than any effects due to sediment coming from 

the kangaroo tracks. 

Cables were run along the ground for a distance of approximately 6 m 

downstream from the sensor to the data logger. The logger was placed on the 

creek bank in a position high enough to avoid being submerged or washed away 

during a storm event and fixed to a tree. To prevent rain damage it was placed into 

a plastic container, with a hole drilled and then sealed for the cables to pass 

through, and the container placed inside a plastic bag. The cables were run along 

the ground and pegged down so that passing animals would not catch on them and 

damage the equipment. To avoid damage by chewing the cables were placed 

inside some flexible plastic tubing. 
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The automatic turbidity monitors and data loggers were first placed in the field on 

28 April and continuous readings were recorded until 14 August 1997. 

Information from the data loggers on the turbidity levels in the stream was 

collected by using the following method; 

1. The data loggers were set to scan for turbidity levels every five minutes. The

turbidity levels from each scan were stored on data cards which could be

removed and taken back to the laboratory.

2. The data loggers were then reset and the time of the first scan was recorded so

that at a later stage all the readings could be related back to a particular point

in time.

3. The loggers were left in position for a period of two to three weeks before the

site was visited again.

4. On the following visit routine servicing involved firstly disconnecting the

batteries to stop all turbidity scans before the creek waters would be disturbed.

5. Taking care not to disturb the creek, the turbidity was then measured at each

site using a hand held sensor. These readings could be later compared against

the final readings taken by the field sensors to check if fouling of the lenses

had caused errors in the readings.

6. The sensor was then cut from the star post and the lenses cleaned.

7. The sensor was then reattached using cable ties, the batteries replaced by fresh

ones, the data cards exchanged, the data logger reset and the time of the first

scan recorded once again.

8. The data cards were then returned to the laboratory to be downloaded using the

program MPLOG, supplied by Tain Electronics.

9. Using an Excel spreadsheet, the raw readings were then converted to FAUs

and since the time of the first scan was recorded and each subsequent scan was

set at five minutes, a particular time could also be assigned to each reading.

213 



The turbidity values measured upstream of the kangaroo crossings could then be

compared to the readings taken downstream of the crossings for similar times and

consequently the impact of sediment delivery from the crossings deduced.

9.3.1 Results

Five minute scans by the loggers were averaged over the course of a week. The

readings upstream of the kangaroo crossings were then compared to those

downstream. This information is subject to a number of constraints including the

fact that the quality and accuracy of this information is dependent on there being

no other major causes or contributors to erosion in between the two turbidity

monitors. This could come from stream bank erosion or other burrowing animals.

Turbidity Comparison (Error bars = standard error)
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Figure 9.9: Comparison of turbidity levels upstream and downstream of kangaroo crossings.

Results of the weekly averages show initial readings from both sensors which

indicate that there was no water in the stream. Consistent turbidity readings (i.e:

greater than zero) were only achieved after the 5 April 1997 when water began to

flow and the sensors were constantly immersed in water. As a consequence

readings before this were disregarded. The initial readings were then quite high as

the first water flows would have carried sediment brought to the base of the gully
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and into the dry stream bed by the actions of wind, gravity, animals and

intermittent rain periods not great enough to result in a stream flow. After this

initial flush, the sensor readings settled down and became quite consistent. The

mean weekly reading from the sensor upstream was 97 FAU and the mean from

the sensor downstream was 93 FAU. For full details of the weekly results see

Appendix 10.

Normality plots of the standardised residuals of the data showed that the

assumption of normality may not be valid. Log transformations and square root

transformations had no effect on improving the normality of the data and so

further analysis was then carried out using the Mann-Whitney U test. The resultant

p value of 0.039 showed that the turbidity values upstream of the kangaroo

crossings were significantly higher then the downstream values (see Appendix 10

for test table).

9.4 Kangaroo Counters

Automatic counters were used to provide an indication of kangaroo numbers using

the paths, so that the impacts of the kangaroo traffic on the development of the

tracks and the delivery of sediment to the stream could be attributed to a particular

level of use. The cormts were carried out between the 1-9 and the 21-26 October

1997 using an Active Infrared Traihnaster TM1500, TM Data Collector and the

TM Statpack. This arrangement uses an infrared beam between two sensors and a

data logger which recorded the time and date each time the beam was broken. The

best chance of the sensors detecting an animal passing through is if the sensors are

mounted at a height that corresponds to the body of the animal. This height had to

be a compromise between being low enough to detect small kangaroos and yet

high enough so that it includes more than just the legs of a large kangaroo moving

past. A height of approximately 500 mm was chosen and the sensors were set up

across each of the tracks at this level. The detector was set up at the bottom of the
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gully, on the stream bank, where it could be concealed and where there would be 
minimal disturbance from wind (see Figure 9.4). 

The Trailmaster TMl 500 also has the capability to activate a camera, so that each 
time the beam is broken a photograph is taken of the cause. This helped to ensure 
that the records were actually those of kangaroos breaking the beam and not of 
some other anomalies, such as other animals or errors in the recording equipment 
or set up. The camera used was a fully automatic Olympus Infinity Mini DLX 
weatherproof camera, which was loaded with a 36-shot roll of 1600-speed film. 
Although the camera included an automatic flash which could startle the animals, 
the fast speed film meant that the flash was used minimally and would therefore 
have less impact on the animals crossing. 

9 .4 .1 Results 

The monitoring of kangaroo traffic along the paths returned results which were 
quite variable. The readings show that the mean number of kangaroos passing 
through the gully per day was approximately 16. However, as shown in Figure 
9.10, this number varied from 3 kangaroos per day to 76 per day. 
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Figure 9.10: Numbers of kangaroos using path. 
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9.5 Summary of Chapter Findings 

• The movement of kangaroos up and down the gully sides resulted in the

lowering of the ground surface and a statistically significant loss of soil from

the path.

• However this soil loss did not cause a detectable change to turbidity levels in

the watercourse downstream of the paths when compared to the levels

upstream.

The results of the path development study (Section 9 .2) showed that the kangaroos 

had a statistically significant effect on the loss of soil from the gully sides. The 

development of these tracks and the statistically significant loss of soil in this area 

was caused by a mean number of 16 kangaroos per day travelling through the 

remnant vegetation and up and down the gully sides. The kangaroo counters 

showed these numbers varied widely from day to day, which was probably related 

to the amount of disturbance that the kangaroos experience. The gully and stream 

is surrounded by a strip of vegetation that is flanked on both sides by open 

grasslands, the preferred kangaroo feeding areas (see Figure 9.2). Any disturbance 

of the kangaroos on one side of the gully will cause them to move through the 

remnant vegetation, where they may take refuge, or through to the open grassland 

on the other side of the gully. This could account for the occasional large increases 

of traffic across the monitored paths, which normally is minimal. 

The results of the monitoring of turbidity levels in the stream were less clear. Even 

though the mean turbidity levels only differed by 4 FAU units, the mean turbidity 

levels upstream of the kangaroo crossings were statistically significantly higher 

than the levels downstream. This means that either soil was lost from the paths but 

was not being delivered to the stream, or the soil added to the stream from the 

paths was not enough to alter the stream turbidity to a level distinguishable from 

background levels. 
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In reality the answer probably lies between both explanations. Figure 9.4 is a

surveyed cross section of the gully where the path was established. Close analysis

of the cross section reveals numerous breaks in slope along the path length. It is

possible that soil liberated from one part of the path is deposited at another point

further down the slope, limiting the amount of soil delivered to the stream or

increasing the amount of time it takes to get to the stream. On the southem side of

the gully the bank is also quite flat and could act as a sediment trap, except during

periods of high flow when water flows over this bank and carries away any stored

sediment. Observations of this area showed the formation of a fan, where soil

from up the slope had been deposited. Increased sediment delivery from the paths

could also have been accompanied by increased surface nmoff from the paths,

resulting in a dilution of sediment concentrations.

Changes to stream flow could also have resulted in any change to turbidity levels

being negligible in comparison to changes as a result of variations in stream

dynamics. These changes could have been in the form of changes in water volume,

but not in sediment; changes in the speed of flow which resulted in the dhanges to

the proportion of sediment moved as suspended and bedload; and the possible

existence of a settling pond between the two monitored sites.
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10. SUMMARY AND CONCXUSIONS

The effects of domestic stock grazing on natural systems have been well

researched and their adverse impacts have been clear for many years (see Chapter

2). Many of these impacts are attributed to the fact that these animals are

introduced species and therefore have not evolved with the natural environment in

which they now find themselves. However, studies of the problems associated

with native wildlife, where populations have become overabundant, also show a

number of adverse impacts on the environment which are similar to those caused

by introduced domestic stock (see Section 2.3). In Australia, it has been suspected

that wildlife, in particular kangaroos, can also impact on the environment in a

maimer similar to domestic stock, but little evidence for this exists (see Section

1.4). Mostly these previous studies of the impacts of kangaroo grazing in Australia

have shown that kangaroos can reduce the biomass of vegetation in the inland

pastoral zone (e.g., Wilson 1991a; Norbury et al. 1993).

In contrast, the overall aim of this study was to analyse possible links between

kangaroo grazing in a temperate ecosystem and its impact on the landscape, as

determined by the quality and quantity of runoff water leaving grazed areas. In

particular, this study focused on sediment and nutrient loads of the runoff. The

discussion that follows summarises the results of the experimental work and then

concludes with a discussion of the implications of these findings.

10.1 Summarv

As discussed in the literature review in Section 2.2, any change in the quantity and

quality of surface runoff due to herbivore grazing is largely the result of changes

to vegetation cover and compaction of the surface soil. In the following section the

original objectives are included as subheadings. Each is followed by an analysis of

219



how the results relate to these objectives and the conclusions that can be drawn

from the data.

Objective 1. To compare the biomass levels and species composition in

areas that were untreated (i.e. grazed by kangaroos) to the areas that had

the treatment applied (i.e. fenced and ungrazed).

As discussed in Section 2.2, the removal of the vegetative cover exposes the soil

layer to the erosive affects of rainsplash and sheet flow as little rain is intercepted

before it strikes the soil surface. Any surface runoff that is generated is not

impeded, and continues to flow quickly across the surface, so there is increased

potential for the entrainment of surface soil particles. Kangaroo grazing, through

the reduction in biomass and vegetative cover, leaves the soil surface vulnerable to

erosion.

The vegetation studies at Yan Yean showed that continued grazing by kangaroos

resulted in the grazed sruface runoff plots having a statistically significantly lower

biomass level than those that were ungrazed (see Section 5.2.3). These results are

similar to those obtained in other studies of kangaroo impacts on vegetation

discussed in Section 2.4.2, which also found that kangaroo grazing resulted in

reduced vegetation biomass levels.

Biomass alone can be a poor indicator of the protection offered to the soil by

plants. Changes to species composition between grazed and ungrazed areas were

also identified as intense herbivore grazing can result in an increase in weed

species (see Section 2.4). Species change can also impact on sediment mobility

through the modification of dominant life form, where the ratio of prostrate rosette

to erect spindly plants changes, in turn increasing or diminishing ground cover.

Similar numbers of species were found to be present in the grazed and ungrazed

areas, although six of the nine weed species identified were found to make up a
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greater proportion of the grazed areas. As a percentage of the available biomass,

Danthonia spp., Euchiton gymnochephalus and Hypochearus radicata had

statistically significantly higher proportions in the grazed areas, while Themeda

triandra and Plantago lanceolata had statistically si^ificantly lower proportions

in the grazed areas. These results were also consistent with other studies discussed

in Section 2.4.2, which found that kangaroo grazing could result in changes to

species diversity. The two exotics, Hypochearus radicata and Plantago lanceolata

form prostrate rosettes which provide good ground cover. In both cases however,

these species were only a minor component of the total above-ground biomass.

The most abimdant grasses found in both the grazed and ungrazed plots,

Danthonia spp., Themeda triandra, Anthoxanthum odoratum and Schoenus

apogon, all have narrow tussock life forms which provide little ground cover. In

the ungrazed plots however, Schoenus apogon, filled m all the spaces between

tussocks of Themeda triandra and Anthoxanthum odoratum, which resulted in

very little of the surface being exposed.

Objective 2. To compare the infiltration rates in, and volumes ofsurface

runojf fiom, areas that were grazed to the areas that were fenced and

ungrazed.

As discussed in Section 2.4.3 there is a potential for kangaroo grazing and

movement to cause a compaction of the soil surface. The result of this is an

increase in the proportion of rainfall that becomes surface runoff, which in turn

increases the likelihood of soil mobilisation (see Sections 2.1 and 2.2). In this

study, compaction of the soil surface due to kangaroo grazing was determined hy

comparing infiltration rates and surface runoff voltimes from grazed and ungrazed

areas.
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Table 10.1: Overall summary of hvdrological parameters.

SAMPLING METHOD MEAN LEVELS TREND ANALYSIS DIFFERENCE

FROM GRAZED

Event sampling Higher Significant Not significant
Artificially generated runoff Higher N/A Significant
Infiltration rates Lower N/A Not significant

As seen in Chapter 4, and summarised in

Table 10.1, the results of the event sampling phase showed no statistically

significant difference in the mean volumes of runoff firom the grazed and imgrazed

areas. However, 16 of the 17 events sampled had higher runoff volumes coming

from the grazed plots than those firom the ungrazed plots, which was a significant

trend. In the case of the artificially generated runoff, the volumes coming from the

grazed plots were statistically significantly higher than those from the ungrazed

plots (see Chapter 8).

Although the results from the event sampling phase were inconclusive, it is likely

that this reflects the highly variable nature of the data. Runoff volumes ranged

from 0 to 202.5 L for the same plot over different events and for plots undergoing

the same treatment during the same event and resulted in very high standard

deviations. This shows the variability which can result from apparently similar

plots that was also experienced by Wendt et al. (1986). The results from the trend

analyses and the artificially generated runoff indicate that kangaroo grazing and

movement increased smface runoff quantities from the plots. As discussed in

Section 2.2, these trends may be attributed to soil compaction resulting in

decreased permeability, and a reduction in impediments to surface runoff as a

result of lowered biomass levels after grazing by herbivores. These results support

the predictions of the biomechanical studies by Alexander and Vemon (1975),

Noble and Tongway (1986) and Bennett (1999), who believed that kangaroos
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could have an impact on soils similar to that of domestic grazers, as discussed in

detail in Section 2.4.3.

Objective 3. To compare solids (TDS + TSS) and sediment (TSS) loads in

the surface runoff from areas that were grazed by kangaroos to the areas

that were fenced and ungrazed.

As discussed in Chapter 2, an exposed soil sruiace and increased runoff quantities

results in an increased potential for the mobilisation of solids and sediment. Since

the outcomes of the previous objectives have shown that kangaroo grazing has

reduced above ground biomass and increased stuface runoff volumes, there is

likely to be an increase in solids and sediment mobilisation from the grazed areas.

Table 10.2: Overall summary of results of total solids and sediment loads.

IMPACT ON SOLIDS LOADS

Event sampling - concentrations

Event sampling - total load

Artificially generated runoff -1®' sample
Artificially generated runoff - 2"^ sample

IMPACT ON SEDIMENT LOADS

Event sampling - concentrations

Event sampling - total load
Artificially generated runoff - 1®' sample
Artificially generated runoff - 2"'^ sample

MEAN LEVELS TREND ANALYSIS DIFFERENCE

FROM GRAZED

Lower

Higtier

Not significant

Significant
Not significant

Not significant

Lower

Higfier

Higher

Higher
Lower

Higher

N/A

N/A

Not significant

Not significant
N/A

N/A

Not significant
Not significant

Not significant

Not significant
Not significant

Significant

As seen in Chapter 4 and Sections 7.1, and summarised in Table 10.2, the means

of total solids loads, sediment concentrations and total sediment loads coming

from the grazed plots were not statistically significantly higher then those from the

ungrazed plots. However, 14 of the 17 samples of total solids loads had greater

levels coming from the grazed areas, which was a statistically significant trend.

Furthermore, the second samples of the artificially generated runoff captured from

the grazed plots had significantly higher levels of suspended sediment than the

levels from the ungrazed plots, even though the initial samples did not. This
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suggests that after the initial available soil fines were transported from the

ungrazed plots there was very little material available for detachment and

transport, while the grazed plots continued to have material available.

The highly variable nature of the results from the event sampling exercise were

again inclusive. However there is some evidence from the trend analyses of the

total solids loads and the higher concentrations of suspended sediment found on

the second samples of the artificially generated runoff to suggest (though they do

not confirm) that kangaroo grazing and movement could have resulted in

increased erosion levels at Yan Yean.

This was supported by the results from the study at the Plenty Gorge which

showed that where kangaroo movement is restricted by a dense understorey to

narrow pathways, the mechanical impact caused by this concentrated movement

can result in the production of tracks similar to those produced by cattle or sheep.

The soil compaction and removal of vegetation from these areas resulted in a

statistically significant loss of soil from the preferred pathways.

Objective 4. To compare nutrient loads in the surface runofffrom the areas

that were grazed by kangaroos to the areas that were fenced and ungrazed.

As discussed in Chapter 2, increased nutrient loads are thought to be a result of a

combination of factors resulting from intense grazing pressure. These include;

•  increased runoff quantities due to soil compaction,

•  an exposed soil surface due to reduced biomass and life form changes which

increase the likelihood of the movement of soil particles with attached

nutrients, and

•  increased faecal pellet deposition.
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Table 10.3: Overall Summary of Nutrient Load Results.

IMPACT ON NUTRIENT LOADS

Event sampling - T-N concentrations
Event sampling - T-N total load
Artificially generated runoff - T-N cone 1®* sample
Artificially generated runoff - T-N cone 2""^ sample

Event sampling - NOx concentrations
Event sampling - NOx total load
Artificially generated runoff - Nox cone 1®' sample
Artificially generated runoff - Nox cone 2"^* sample

Event sampling - T-P concentrations
Event sampling - T-P total load
Artificially generated runoff - T-P cone 1®' sample
Artificially generated runoff - T-P cone 2™* sample

Event sampling - P04 concentrations
Event sampling - P04 total load
Artificially generated runoff - P04 cone 1®* sample
Artificially generated runoff - P04 cone 2"'' sample

MEAN LEVELS TREND DIFFERENCE

FROM GRAZED ANALYSIS

Lower Not significant Not significant

Higher Not significant Not significant

Higher N/A Not significant

Higher N/A Not significant

Lower Not significant Not significant

Higher Not significant Not significant

Higher N/A Significant

Higher N/A Significant

Lower Not significant Not significant

Higher Significant Not significant

Lower N/A Not significant

Lower N/A Not significant

Lower Not significant Not significant

Higher Not significant Not significant

Lower N/A Not significant

Lower N/A Not significant

As seen in Section 7.2, and siimmarised in Table 10.3, the total nutrient loads

coming from the grazed plots were higher then those from the ungrazed plots,

although the differences between most means were not statistically significant.

One exception was nitrate/nitrite levels in the samples of the artificially generated

runoff, which had statistically significantly higher levels in the runoff from the

grazed plots. Also 9 of the 10 samples analysed for Total Phosphorus loads from

the event sampling had higher loads from the grazed plots, which was a

statistically significant trend.

The experimental work in this thesis therefore fails to offer conclusive evidence

that increased nutrient release occurs as a result of intensive kangaroo grazing on

the open slopes on which the experimental plots were sited. However, trend

analysis of the event sampling results showed that Total Phosphorus loads are
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significantly higher fiom the grazed plots. This is important as Phosphorus binds

strongly to soil particles, so increased Total Phosphorus loads in the runoff should,

and does, correlate with increased levels of Total Solids. These results therefore

offer some support, for the view discussed in Sections 3.3.3 and 7.2, that kangaroo

overabundance may result in not only increased erosion levels but also increased

nutrient mobilisation fiom grazed areas.

10.2 Conclusion

It is clear fiom this study that the direct effect of kangaroo grazing is the removal

of vegetation, which results in an increase in the proportion of rainfall that

becomes surface runoff. Due to the highly variable nature of the data many of the

comparisons of the means fiom grazed and ungrazed areas during the event

sampling exercise showed no statistically significant differences and were

therefore inconclusive. The study did however reveal a number of trends. Total

sediment and nutrient loads coming fiom grazed areas were almost invariably

higher than those fiom ungrazed areas. Importantly, the results obtained here are

likely to underestimate the true grazing impact, as the analysis of pellet densities

in Chapter 5 showed that grazing pressure was lower on the experimental plots

than on the surroxmding areas.

Not only is grazing by the Eastem Grey Kangaroo at Yan Yean reducing above

ground biomass fiom a mean of 411 to 66 g/m^, but there is some evidence to

suggest that this reduction is producing increased sediment and nutrient

mobilisation across the surface by modifying hydrological processes in the

catchment. This has important implications for the management of water quality

in the reservoir which may warrant further investigation. Should this runoff reach

the reservoir as overland flow, rather than throughflow, this could result in the

degradation of the water quality of the reservoir, resulting m increased treatment

costs as discussed in Section 3.3.
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The results of the track development study carried out within the Plenty Gorge

Parklands also showed that kangaroo movement can have a significant impact on

the soils when their routes are confined to preferred alignments rather than

dispersed as they were at Yan Yean. Kangaroo movement led to the production of

tracks similar to those produced by domestic stock, which resulted in a statistically

significant loss of soil from those paths.

This study has shown that a closed catchment management policy, which restricts

all land uses within the catchment, may not necessarily continue to adequately

protect the catchment and the quality of water commg from it. The results show

that even though the animals present within the catchment may be native, they

may still be having a negative effect on the local environment. Given a high

enough population density, a native herbivore may affect the environment in a

maimer similar to domestic stock. Therefore, the idea that native faxma simply live

in harmony with the environment may be an view which is too easily accepted.

This research provides experimental evidence, at least from trends if not

statistically significant individual plot results that shows that overabvmdant

kangaroo populations can contribute to environmental degradation. The highly

variable nature of the data derived from the event sampling makes it difficult to be

more conclusive than this. However as discussed in the previous section there

were some statistically significant results obtained which adds to the small amount

of evidence from previous studies of kangaroo grazing in Australia.

In the case of the Yan Yean Reservoir catchment, high population densities are the

result of past land management practices which provided ideal conditions; the

encroachment of other land uses around the catchment, leading to the restriction of

the range of the kangaroo populations and the prevention of emigration; and a

reduction in mortality as a result of artificially maintained optimum conditions.
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As highlighted in Section 2.3 native wildlife populations all around the world,

whether they be deer in North America or elephants in AMca, which build up to

abnormally high levels due to the above reasons can cause ecological changes

which may be damaging. Once a boundary is put around an area of land, reserves

declared and the population restricted, continued active management is required to

maintain the biological values of these areas.

This is of particular concern to those responsible for the management of

catchments being used to harvest drinking water. As discussed in the introduction,

declining standards of drinking water quality all around the world can be linked to

a deterioration in the catchment. This creates a real need to optimise and protect

drinking water quality. The issues related to imbalances in animal populations are

important in terms of the land use provided by such a catchment and the resultant

value of the output in terms of water quality. Degradation of the water quality as a

result of degradation in the catchment's natural environment will result in an

increased economic cost associated with supplying water of an acceptable quality

for human consumption. These economic costs may include the control of algal

blooms or the increased costs associated with treating water with increased

sediment levels.

Whatever management outcome is required, this study has shown that simply

providing an environment where human impacts are restricted and nature is

allowed to take its course may not be enough to ensure that degradation of that

environment does not occm:. A closed catchment, free of human activity within its

boundaries is not necessarily free of the effects that surroimding activities can

cause within its boundaries. It therefore may not provide the pure source of water

that is sought. Active monitoring and management of these areas, including the

animal populations within them, may be required to ensure that the degradation of

the catchment environment and consequently a decrease in the quality of the

surface water runoff does not occur.
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APPENDIX 1 - YAN YEAN RESERVOffi AVERAGE MONTHLY RAINFALL 1856-
1997 (mm) (Source: Melbourne Water) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1995 64.0 18.8 75.2 98.8 98.0 80.0 50.4 52.4 52.4 105.8 74.8 54.2 
1996 65.6 128.2 57.8 99 8 52.6 88.7 69.0 46 0 77.8 33.0 47.2 18.6 
1997 42.6 1.0 37.6 21.2 77.6 38.4 29.6 29.6 70.8 42.2 71 0 20.4 

MEAN (1855-1997) 45.6 45.2 50.2 56.7 56.6 52.4 51.0 57.4 62.6 68.7 61.0 55 9 

Std Dev (1855-1997) 31 42.5 39.4 39 29.4 24.8 23 24.8 28 33.3 37.9 36.7 

ANOV A table for com�arisons of rainfall levels for 1995
2 

1996 and 1997 

Tests of Between-Subjects Effects 

Dependent Variable. RAIN 

Type Ill 
Sum of Mean Noncent. 

Source Sauares df Sauare F Sia. Parameter 
Corrected 

5848.261
b 

2 2924.130 4.240 .023 8.479 Model 
Intercept 121463.9 1 121463.9 176.107 .000 176.107 
YR 5848.261 2 2924.130 4.240 .023 8.479 
Error 22760 603 33 689.715 
Total 150072 7 36 
Corrected 

28608.863 35 Total 

a. Computed using alpha = 05

b. R Squared = .204 (Adjusted R Squared = .156)

Estimated Marginal Means of MEASURE_ 1 

70 

., 60 
C: 

� 50 
·e,
ffl 
::;E 

"C 40 

;n 30 ,.__ _______ �----------1

2 3 

TIME 

Observed 
Power" 

.702 

1.000 
.702 

YEAR 
824.8 
784.3 
482.0 
663.4 

138.5 
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APPENDIX 1 fCont)

ANOVA table for comparisons of rainfall levels for 1995 and 1996 only

Tests of Between-Subjects Effects

Dependent Variable: RAIN

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powet^

Corrected

Model
68.344" 1 68.344 .089 .769 .089 .059

Intercept 107883.5 1 107883.5 140.086 .000 140.086 1.000

YR 68.344 1 68.344 .089 .769 .089 .059

Error 16942.696 22 770.123

Total 124894.5 24

Corrected

Total
17011.040 23

a- Computed using alpha = .05

b. R Squared = .004 (Adjusted R Squared = -.041)

RAINFALL PER EVENT AS MEASURED AT PLOTS.

DAYS BETWEEN SET AVE RAINGAUGE AVERAGE/DAY AVE RUNOFF (L)

EVENT UP AND EVENT READING (mm) (mm) OPEN CLOSED

MAY 95 17 51 3.0 6.5 2.3

JUNE 7 12 1.7 186.0 111.7

AUG 9 16 1.8 118.6 70.3

SEPT 18 20 1.1 3.3 2.6

NOV 12 39 3.3 180.7 158.9

DEC 19 36 1.9 59.1 40.7

JAN 96 11 7 0.6 22.6 13.7

FEB 15 56 3.7 117.5 107.9

MAY 26 44 1.7 145.0 137.5

JUNE 43 62 1.4 182.1 186.3

JULY 29 10 0.3 160.8 114.8

AUG 35 11 0.3 105.3 102.9

SEPT 28 23 0.8 142.4 77.9

JAN 97 122 47 0.4 5.0 2.3

MAY 86 73 0.8 6.2 5.7

SEPT 94 79 0.8 51.7 35.0

NOV 41 61 1.5 69.3 1.7
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APPENDIX 1 (Cont.) 

ANOVA of Mean Rainfall per event per site. 

Tests of Between-Subjects Effects 

Dependent Variable: STUDY AVE 

Type Ill 
Sum of Mean 

Source Squares df Square F Sig. 
Corrected b 

1 281 .381 
Model 27.489 5 5.498 

Intercept 20101.213 1 20101.213 4684.853 .000 

SITE 11.910 2 5.955 1.388 .320 

TREATMEN 11.066 1 11.066 2.579 .159 

SITE* 
4 513 2 2.257 .526 .616 

TREATMEN 

Error 25.744 6 4.291 

Total 20154.446 12 

Corrected 
53.233 11 

Total 

a Computed using alpha = .05 

b. R Squared = .516 (Adjusted R Squared = .113)

Noncent. Observed 
Parameter Powef 

6.407 .223 

4684.853 1 000 

2.776 .198 

2.579 .273 

1 052 .103 
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N 
0\ 
0 

APPENDIX 1 (Cont) Rainfall recorded by raingauges on glots for each event. 

MEAN PER 

SITE PLOT Nov-95 Jan-96 Jan-96 Feb-96 May-96 Jun-96 Jul-96 Aug-96 Sep-96 Nov-96 Jan-97 May-97 Seg-97 Nov-97 EVENT (mm) · 

1 A 28 37 8.5 63 43 63 12 14 24 19 72 79 61 41.3 
1 B 42 37 8 57 44 63 11 14.5 23 20 49 74 90 62 42.5 
1 C 42 36 7.5 64 43 61 10 14 23 20 51 75 77 62 41.8 
1 D 42 35 7.5 66 44 62 12 15 19 52 73 72 63 43.4 
2 A 35 5.5 51 44 61 10 9 16 42 65 80 60 39.9 

2 B 50 36 5.5 50 44 60 9 8.5 24 16 45 75 89 60 40.2 
2 C 47 35 5.5 50 43 61 9 24 16 47 80 90 60 43.4 
2 D 50 36 5.5 52 43 62 9 8 24 16 47 74 80 62 39.9 
3 A 41 35 6.5 57 45 62 9.5 8 23 18 44 70 74 61 39.5 
3 B 14 35 6.5 56 45 61 9.5 8.5 23 19 48 68 45 59 37.2 
3 C 39 35 6.5 55 45 62 9 8 23 19 49 75 79 59 40.3 

3 D 39 36 7 56 47 63 9.5 8 23 46 73 88 63 43.3 

�

�
S< 



APPENDIX 2 - RESULTS OF RUNOFF VOLUMES 

VOLUME OF RUNOFF (L) 

rJJ. 
Ave from Ave from S.D from S.D from S.E for S.E for

i DATE 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D 012en Qlots closed 1:1lots 012en Qlots closed !;!lots OQen Qlots closed 1:110� 

� 02/05/1995 0.84 2.36 4.24 1.2 18 1.62 1.06 5 93 6 49 2.29 8.01 1.41 4.01 0.70 

0 15-6-95 187.5 176 202.5 182 202.5 1.2 182 202 5 177 122 190 3 136.5 11 74 81.28 5.25 36.35 

> 03/08/1995 100 42.5 175 52.5 2 9 202.5 202 5 180 177.6 119 8 106.1 78.37 98.78 31.99 49.39 

07/09/1995 4.5 4.5 0.6 2.1 3 4  3.3 2.6 1.20 2.76 0.69 1.96 

0 08/11/1995 187.9 186.3 56 172.5 202.5 202.5 202 5 202.6 176 181 178 184.0 171.1 11.86 57.82 5.30 23.60 

� 
28/12/95 7 9  1.8 0.76 11 3.2 6 8 130 125 145 67.5 59.1 40.7 69 63 57.46 31.14 25.70 

23-1-96 3 1 1.1 0 0 15 0 0 0 0 3.7 20 8 66 3 36.3 15 1 6.9 26 37 14.60 10.77 5.92 

� 28-2-96 202.5 187.6 56 177 5 25 4 8.5 2 2 202.6 127.5 202.5 202.6 122.9 110.0 89 25 97.66 36 44 39.87 
0 

14-5-96 182 5 202.6 70 172.5 202.5 110 202.6 107.5 197.6 167 5 180 202.5 168.8 164.2 32.32 58.86 13.19 24.03 

26-6-96 188 182.5 202.6 175 202.5 202.5 202.5 202.5 196 202.5 202.5 202.6 195 4 197.9 11 66 8.13 4.76 3.32 

s 24-7-96 203 185 56.25 202.5 0 110 50 170 177 5 202 5 167.6 167 0 114.8 66 29 74.00 29.65 30.21 
rJJ. 

29-8-96 188 177.6 202.5 202.5 0 0 3 65 67 5 202 5 175 110 7 103.3 98 24 93.05 40.11 37.99 

� 27-9-96 203 56 0 0 25 17 202.5 202.5 202 5 202.5 156.1 80.8 92.75 96.39 46.38 39.36 

N 
28-1-97 2.1 3.9 0.0 2.4 4.0 3.9 4.0 0 0 0.0 1.5 20 0 1.8 5.0 2.3 7.46 1.94 3 05 0.79 

i
09/05/1997 1 4 12.0 0.0 2.0 27.5 9.0 4.7 0 0 0.0 3.0 3.4 8.2 6.2 6.7 10.50 4.96 4.29 2.02 

11/09/1997 25 0 4.1 1.0 23.8 40.0 0.3 2.0 1.2 203 203 52.5 2.4 57 5 35.4 73.10 81.88 29.84 33.43 

� 
12/11/1997 42 0 3.6 0.0 72.5 203 0.0 0.0 0.0 1.4 123 14.5 6.3 75.7 1.7 76.01 2.26 31.03 0.92 

� Ave 108 89 56.6 105 75.6 38.4 46.3 40 5 130 125 127 117 96 67 82.26 

Sum of Ave runoff from Open plots: 580 L Average = 96.7 L 

Sum of Ave runoff from Closed plots· 494 L Average = 82.3 L 
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Summary of Runoff Volumes (litres) 

Mean from Mean from Mean from Mean from 

DATE grazed 12lots ungrazed 12lots DATE grazed 12lots ungrazed 12lots 

May-95 6.49 2.29 Jun-96 195.42 197.92 

Jun-95 190.30 136.54 Jul-96 167.00 114.79 

Aug-95 119.83 106.13 Aug-96 110.67 103.33 

Sep-95 3.33 2.55 Sep-96 156.13 80.83 

Nov-95 183.98 171.13 Jan-97 5.00 2.27 

Dec-95 59.14 40.65 May-97 6.22 5.65 

Jan-96 15.06 6.85 Sep-97 57.49 35.38 

Feb-96 122.87 110.00 Nov-97 75.67 1.72 

May-96 168.75 164.17 

Mean 96.67 75.42 

Overall 

ANOVA tables for runoff volume comparisons 

Source df F §jg df Adjusted Sig Adjusted 
TIME 
TIME*TREATMENT(SITE} 
Error(TIME) 

2 33.28 0 
10 2.082 0.115 
12 

1.4 < 0.001 
7.1 > 0.05
9 

Tests of Between-Subjects Effects 

Measure: MEASURE_ 1 
Transformed Variable: Average 

Type Ill 
Sum of Mean Noncent. Observed 

Source Squares df Square F Sig. Parameter Power 
Intercept 312310.5 1 312310.5 119.809 000 119 809 1.000 
TREA TMEN(SITE) 44694 635 5 8938 927 3.429 .083 17.146 .539 
Error 15640.428 6 2606 738 

a. Computed using alpha = .050
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Result of Mann-Whitney U test on overall runoff means 

Test Statistics' 

VOLUME 
Mann-Whitney 

111.000 
u 

WilcoxonW 264 000 
z - 1.154
Asymp. Sig. 

.249(2-tailed) 

Exact Sig. 
a 

[2*(1-tailed .259 
Sig.)] 

a. Not corrected for
ties.

b. Grouping Variable:
Treatment

Profile plot of mean runoff volumes over time. 

Estimated Marginal Means of MEASURE_ 1 
300 -------------� 

200 

/\ 
100 

111 
TREATMENT 2 

<> OPEN 

0 CLOSED w 

1 2 3 4 5 6 7 8 9 

TIME 
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A PPENDIX3-RESULTS OFT O TALSOLIDSANDSUSPENDEDSEDIMEN T 

ANALYSES 

SUSPENDED SOLIDS SAMPLING PILOT STUDY 

WATER LEVEL IN DRUM FULL 

WEIGHT OF BOTTLE LESS WATER (g) 93.51 

WEIGHT OF CLEAN DRY BOTTLE (g) 93.17 

SUSPENDED SOLIDS (g/L) 0.34 

HALF QUARTER 

89.93 96.72 

89.45 96.06 

0.48 0.66 

264 



'l/") 

APPENDIX 3 - RESULTS OF TOTAL SOLIDS AND SUSPENDED SEDIMENT ANALYSIS 

TOTAL SOLIDS CONCENTRATIONS (g/L) 

Ave from Ave from SD from S.D from S.E for S.E for 

DATE 1A 1B 1C 1D 2A. 2B 2C 2D 3A 3B 3C 3D 012en 1;1lots closed 12lots 012en 12lots closed (!lots 012en 12lots closed (!lots 

02/05/1995 0.59 0.29 3.28 0.5 0 48 0.37 0.4 0 09 0 42 1.09 0 22 1.46 0.11 0.73 

15-6-95 1.17 2.16 0.68 1 53 0.67 0.22 0 58 0.4 0.32 0 80 0.89 0 50 0.80 0 25 0.36 

03/08/1995 0 13 0.36 0.3 0.11 1.48 0 53 0.14 0 11 0.19 0.14 0.23 0.63 0.16 0.64 0,07 0.32 

07/09/1995 0 17 0.83 0.14 0 15 0.21 0 18 0.49 0 03 0.49 0 02 0.36 

08/11/1995 0 11 0.17 0.17 0 13 0.24 0.61 0.09 0 14 0.18 0.1 0.23 0.16 0.21 0.06 0.09 0.03 
..... 

28/12/95 0 1 0.16 0.71 0 05 0.16 0 05 0.03 0 06 0 06 0.03 0.06 0.21 0 02 0.28 0.01 0.13 

23-1-96 0 2 0.18 0 15 0.13 0.16 0.17 0.16 0.17 0.16 0 02 0.03 0.01 0.01 u 

� 28-2-96 0 1 0.29 0.09 0.1 0.17 0.62 0.33 0 12 0.28 0 15 0 13 0.31 0 13 0.32 0 03 0.17 0.01 0.07 

� 
14-5-96 0.2 0.26 0.19 0.2 0.33 0.18 0.13 0.17 0 2  0.17 0.22 0.18 0 06 0.04 0 03 0.02 

� 
26-6-96 0.33 0.3 0.16 0.19 0.23 0.13 0.18 0 24 0.1 0 15 0.33 0.18 0 25 0.18 0 08 0.07 0.03 0.03 

24-7-96 0.2 0.31 0.3 0.31 0.24 0 34 0.16 0 2 0 25 0.25 0 26 0.25 0.06 0.06 0.03 0.03 

� 
29-8-96 0 64 0.31 0.33 0.56 0 28 0 33 0.18 0 18 0 22 0.24 0.37 0.27 0 .19 0.07 0.08 0.03 

27-9-96 0 04 0.06 0.06 0 14 0.1 0 09 0.14 0.12 0.10 0.08 0.05 0.03 0.02 0.01 

28-1-97 1 89 1.02 2.59 0 78 0.34 0.82 1 64 0 33 2.03 1.45 1.05 0.90 0.71 0 40 0.36 

\ 
09/05/1997 0.46 0.38 0.49 0.5 0.34 0.21 0 31 0 44 0.27 0 44 0.30 0 08 0.08 0 03 0.04 

11/09/1997 0.05 1.06 0 63 0 42 0.19 0.43 0.26 0.59 0 45 0.7 0.43 0.55 0.21 0.41 0 08 0.20 

12/11/1997 0 53 1.7 0 52 0 97 1.05 0 29 0 4  0.37 0.54 1.04 0 26 0.66 0.12 0.38 

Ave 0 37 0.50 0.82 0.49 0.50 0.44 0.37 0.29 0.22 0 31 0 26 0.36 0.37 0.45 

Sum of Ave weight of Open plots 2 22 g/L Average= 0 37 g/L 

Sum of Ave weight of Closed plots 2.71 g/L Average= 0 45 g/L 
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TOTAL SOLIDS (vol x g/L = g) 

Ave from Ave from SD from S.D from SE for S.E for

DATE 1A 1B 1C 1D 2A 2B 2C 2D 3A 38 3C 3D 012en 12lots closed i;ilots 012en 12lots closed i;ilots 012en 12lots closed i;ilots 

02/05/1995 0.5 0.7 13.9 0 6 8 6 0.6 0.4 0 5 2 57 3.89 4.05 6.68 2 02 3.34 

15-6-95 204.8 437.4 123.8 309.8 0.7 40.0 117.5 70.8 39.0 155.5 144.4 105.6 181.8 52 79 81.28 

03/08/1995 13.0 14.9 52.5 5.8 3.0 4 8 28.4 22.3 34.2 24.9 22 1 17.8 18 55 11.40 7 57 5.70 

07/09/1995 0.8 3.7 0.1 0 3 0 7 0.6 1.9 0 25 2.58 0.14 1.83 

� 
08/11/1995 20 7 31.7 9.4 22 4 48.6 123 5 18.2 24.6 32 6 17.8 44.8 25.1 44 26 15.36 19 79 6.87 

28/12/95 0 8 0.3 0.5 0.6 0.6 0.3 3.9 7 5  8.7 2.0 3 6 1.4 4 15 1.54 1 86 0.69 

23-1-96 0.6 0.2 0.0 0 0 0 0 0.0 0.0 0.0 0.5 3.3 11.3 5.4 2.5 1.0 4 47 2.18 1.82 0.89 
� 28-2-96 20 3 54.4 5.0 17.8 4.3 2.5 2.8 0 3 56.7 19 1 26.3 62.8 14 7 30.7 10 12 30.01 4 13 12.25 

14-5-96 36 5 60.6 13.3 34.5 66.8 36.5 26.7 28 5 36.0 34.4 40.5 32.1 15 08 13.80 6.74 6.17 >< 
26-6-96 61.9 54.8 32.4 33 3 46.6 26.3 36.5 48 6 19.5 30.4 66.8 36.5 47 9 34.3 14.68 12.62 5.99 5.15 

24-7-96 40 5 57.4 16.9 62.8 0.0 26.4 17 0 27.2 35 5 50.6 41.9 41 3 28.3 17.12 19.82 7.66 8.09 

28-8-96 120 0 55.0 66.8 113.4 0 3 0.0 0.0 1 0 11.7 12 2 44.6 42.0 48 6 29.3 55.22 29.18 22.54 11.91 
= 
..+, 

27-9-96 8 3 3.2 0.0 0.0 1.6 2.3 19.3 18 4 28 2 23.9 14 3 8.0 11 40 10.69 5 70 4.36 

28-1-97 4.0 4.0 0.0 6.2 3.1 1.3 3.3 0 0 0.0 2.5 6 6 3.7 3.7 2.0 2 47 1.83 1 01 0.76 

09/05/1997 0 6  4.6 0.0 1.0 13.8 3.1 1.0 0.0 0.0 0 9  1 5 2.2 3.0 1.8 5.31 1.82 2.17 0.74 

11/09/1997 1 2 4.4 0.0 15 0 16.6 0.0 0.4 0.5 52.0 119 9 23 5 1.7 29.4 9.7 45 21 20.76 18 46 8.47 

12/11/1997 22 1 6.1 0.0 37.3 197 3 0.0 0.0 0 0 1.5 35 9 5.8 2.0 49.7 1.6 73 88 2.38 30.16 0.97 

Ave 23 4 34.2 39.7 34.7 51.8 3.1 9.6 14 2 20.3 29.9 28 0 22.7 30.9 22.0 

Sum of Ave sediment from Open plots: 182 g Average = 30.9 g 

Sum of Ave sediment from Closed plots· 129 g Average = 22 0 g 

0\ 
0\ 
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DISSOLVED SOLIDS CONCENTRATIONS (g/L) 

Ave from Ave from S.D from S.D from S E  for S.E for

DATE 1A 18 1C 1D 2A 28 2C 2D 3A 3B 3C 3D 012en Qlots closed 12lots 012en Qlots closed 12lots 012en Qlots closed 12101 

27-9-96 0.07 0.11 0 07 0.1 0.09 0 09 0.08 0 02 0.01 0.01 0.01 

28-1-97 0 44 0.56 0 38 0.3 0.16 0.02 0 16 0 14 0.26 0 28 0.25 0 13 0.23 0.06 0.11 

09/05/1997 0 2 0.2 0 36 0.16 0.2 0.12 0 14 0.24 0.2 0 22 0.18 0.09 0.04 0 04 0.02 

11-9-97 0 04 0.68 0 1 0 1 0.08 0 3 0.08 0.04 0 06 0.44 0 11 0.32 0.10 0.29 0 04 0.15 

12-11-97 0 08 0.64 0 22 0.22 0.32 0 06 0 14 0.26 0 14 0.41 0.08 0.20 0.03 0.12 

- Ave 0 19 0.52 0 27 0 20 0.18 0.07 0.21 0.20 0 09 0 14 0.25 0.17 0.25 

Sum of Ave weight of Open plots: 1 09 g/L Average= 0.17 g/L 

� 
Sum of Ave weight of Closed plots. 1 22 g/L Average= 0 25 g/L 

� 
\_ 

SUSPENDED SEDIMENT DATA (g/L) 

� Ave from Ave from S.D from S.D from S.E for S.E for

DATE 1A 18 1C .1Q 2A 28 2C 2D 3A 3B 3C 3D 012en Qlots closed 12lots 012en Qlots closed 12lots 012en Qlots closed 12101 

27-9-96 0 041 0.058 0.063 0.136 0.095 0 091 0 139 0.118 0.10 0.08 0 05 0.03 0 02 0.01 

28-1-97 1.45 0.459 2 208 0.483 0.178 0.80 1 478 0.192 1.769 1.16 0.80 0.82 0.69 0.37 0.35 

09/05/1997 0.26 0.182 0 134 0 341 0.142 0.09 0 169 0 2  0.065 0.22 0.12 0.08 0.05 0.04 0.03 

11-9-97 0 01 0.383 0.53 0.316 0.11 0 131 0.177 0 552 0 387 0.263 0.32 0.23 0.22 0.12 0.09 0.06 

12-11-97 0 446 1.059 0.295 0 754 0.73 0 233 0.258 0.112 0 40 0.63 0 22 0.48 0.10 0.28 

Ave 0 44 0.43 0 79 0 47 0.16 0.27 0 13 0.33 0 50 0 24 0.47 0 44 0.37 

Sum of Ave weight of Open plots. 2.58 g/L Average= 0.44 g/L 

Sum of Ave weight of Closed plots: 1 65 g/L Average= 0.37 g/L 



N 
0\ 
00 

DATE 1A 1B 1C 

27-9-96

28-1-97 23.29 54.98 

09/05/1997 43.52 52.38 

11-9-97 80 32 63.96 

12-11-97 15 2 37.67 

AVE 40.58 52.25 

DATE 1A 1B 1C 

27-9-96 8.282 3.201 0 

28-1-97 3.044 1.789 0 

09/05/1997 0.363 2.182 0 

11/09/1997 0.245 1.571 0 

12/11/1997 18.74 3.812 0 

AVE 6 135 2.511 0 

Sum of Ave weight of Open plots· 

Sum of Ave weight of Closed plots 

10 

14.68 

72 93 

15.89 

42 72 

36 55 

10 

5 3  

0.267 

12.58 

21 39 

9.883 

PROPORTION OF DISSOLVED SOLIDS(%) 

Ave from Ave from 

2A 2B 2C 20 3A 38 3C 3D 012en 12lots closed 12lots 

52.71 44 77 43 45 41 81 43.31 43.3 48.0 

38.32 47.28 2.435 9 768 42 14 12.81 25 6 29.4 

31.96 58.51 56.98 45.37 54 57 75.41 49.7 60.8 

24.06 41.39 69.59 31.18 6 757 13 43 62.6 35.0 49.8 

22 58 30.48 20 46 35 18 69.93 27 2 46.0 

29 23 52.9 38.38 57 18 30.83 25.16 37 42 52.81 36 18 46.80 

TOTAL SUSPENDED SEDIMENT (vol x g/L = g) 

Ave from Ave from 

� 2B 2C 20 3A 38 3C 3D 012en Qlots closed 12lots 

0 1.57 2 307 19.3 18 45 28 19 23.85 14.31 7.99 

1.931 0.696 3.206 0 0 2.217 3.844 3.185 2.72 1.48 

9.367 1.276 0.426 0 0 0.506 0 679 0.535 1.86 0.74 

12.63 0 0.227 0.157 35.76 111 8 20 31 0.631 26.28 6.37 

152.8 0 0 0 1.022 28 57 3 741 0.593 37.53 0.90 

44.17 0.394 1.086 0.493 11 22 32 3 11 35 5,759 16.54 3.49 

104 3 g/L Average= 16.5 g/L 

21 0 g/L Average = 3.49 g/L 

S D  from S.D from SE for S.E for 

012en 1;1lots closed [!lots 012en glots closed 12101 

1 49 6.65 0 86 4.70 

14.2 25.7 6.37 12.8 

15.3 10.1 6 84 5.04 

31 6 16.1 12 9 8.07 

11.3 21.0 5 07 12.1 

� 

� 
CM 

S.D from S.D from SE for S.E for � 
012en 1;1lots closed Qlots 012en 12lots closed 12101 

11.40 10.69 5 70 4.36 
..... 

1.81 1.48 0.74 0.60 

3.68 0.85 1.50 0.35 

42 62 14.41 17 40 5.88 

57 49 1.48 23.47 0.61 
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ANOV A tables for total solids concentrations comparisons. 

Measure· MEASURE_ 1 

Spheric1ty Assumed 

Type Ill 
Sum of 

Source Squares 
TIME 1.204E-03 
TIME* 
TREATMEN .171 
(SITE ) 

Error(TIME) 4.623E-02 

df 

Tests of Within-Subjects Effects 

Mean 
Square F 

1 1.204E-03 .156 

5 3.410E-02 4 427 

6 7.704E-03 

a. Computed using alpha = 050

Measure: MEASURE_ 1 

Transformed Variable. Average 

Type Ill 
Sum of 

Source Squares 
Intercept 1.131 
TREA TMEN(SITE) 4.992E-02 
Error 5.802E-02 

a Computed using alpha = 050 

Tests of Between-Subjects Effects 

Mean 
df Square F 

1 1 131 116.950 
5 9 984E-03 1 032 

6 9 671 E-03 

Noncent. 
Sig. Parameter 

.706 .156 

.049 22 134 

Noncent 
Sig. Parameter 

000 116 950 
475 5162 

Observed 
Power8 

.063 

.658 

Observed 
Powel" 

1.000 
.185 
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ANOVA table for comparisons of total solids concent 

Spring 1995, Summer 1995 and W 

rations pooled for the seasons 

inter 1996. 

Source df E §jg dfA djusted Sig Adjusted 
TIME 
TIME*TREA TMENT(SITE) 
Error(TIME) 

2 0.323 0.73 

10 1.625 0.211 

12 

Measure: MEASURE_ 1 

Transformed Variable: Average 

Type Ill 
Sum of 

Source S uares 
Intercept 1.980 
TREATMEN(SITE) .196 

Error .183 

a. Computed using alpha = .050

Tests of Between-Subjects Effec 

Mean 
df S uare 

1 1 980 

5 3 923E-02 

6 3.057E-02 

F 

64.772 

1 283 

1.6 >0.05

7.9 > 0.05

9.52 

ts 

Noncent. 
Sig. Parameter 

.000 64.772 

.380 6.416 

Observed 
Powef 

1 000 

.223 
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ANOVA tables for total solids concentrations comparisons for pooled data of the years

1995 and 1996.

Tests of Within-Subjects Effects

Measure. MEASURE 1

Source

Type III Sum
of Squares df Mean Square F Sig.

TIME Sphericity Assumed 1.058 1 1.058 5.160 .046

Greenhouse-Geisser 1.058 1.000 1.058 5.160 .046

Huynh-Feldt 1.058 1.000 1.058 5.160 .046

Lower-bound 1 058 1.000 1.058 5.160 .046

TIME * TREATMEN Sphericity Assumed .125 1 125 .610 .453

Greenhouse-Geisser .125 1.000 125 .610 .453

Huynh-Feldt .125 1.000 .125 .610 .453

Lower-bound .125 1 000 .125 .610 .453

Error(TIME) Sphericity Assumed 2.050 10 .205

Greenhouse-Geisser 2.050 10.000 .205

Huynh-Feldt 2.050 10.000 205

Lower-bound 2.050 10.000 .205

Tests of Between-Subjects Effects

Measure: MEASUREJ

Transformed Variable: Average

Source

Type ill Sum
of Squares df Mean Square F Sig.

Intercept 40.347 1 40.347 104.440 .000

TREATMEN .133 1 .133 .344 .571

Error 3.863 10 .386

Independent Samples Test

Levene's Test for

Equality of Variances t-test for Equality of Means

Mean Std Error

95% Confidence

Interval of ttie

Difference

F Sig. t df SIfl (2-tailed) Difference Difference Lower Upper

LOG95 Equal variances
assumed

3137 .107 -.697 10 502 -2931 .4205 -1 2299 6438

Equal vanances
not assumed

-697 6 627 510 -2931 4205 -1 2988 7126
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DATE 
May-95 
Jun-95 
Aug-95 
Sep-95 
Nov-95 
Dec-95 
Jan-96 

Feb-96 

May-96 

Mean from 

APPENDIX 3 (Cont) 

Summary of Total Solids- Concentrations. 

Mean from Mean from 

grazed Riots ungrazed 1;2lots DATE grazed Riots 

0.42 1.09 Jun-96 0.25 

0.80 0.89 Jul-96 0.26 

0.23 0.53 Aug-96 0.37 

0.18 0.49 Sep-96 0.10 

0.23 0.15 Jan-97 1.45 

0.06 0.21 May-97 0.44 

0.17 0.15 Sep-97 0.43 

0.13 0.32 Nov-97 0.54 

0.22 0.18 

Mean 0.37 
Overall 

Mean from 

ungrazed 1;2lots 

0.18 

0.25 

0.27 

0.08 

1.05 

0.30 

0.55 

1.04 

0.45 

ANOV A table for comparisons of overall total solids concentrations. 

Tests of Between-Subjects Effects 

Dependent Variable: LOGTS 

Type Il l 
Sum of Mean Noncent. Observed 

Source Squares df Square F Sig. Parameter Power3 
Corrected b 

Model 392 1 .392 .659 .423 .659 124 

Intercept 46.980 1 46.980 78.905 .000 78.905 1.000 

TREATMEN .392 1 .392 .659 .423 .659 .124 
Error 19.053 32 .595 

Total 66.425 34 

Corrected 
19.445 33 Total 

a. Computed using alpha = .05

b. R Squared = .020 (Adjusted R Squared = -.010)

Summary of Suspended Sediment Concentrations (g/L). 

Mean from Mean from 

DATE grazed Riots ungrazed 1;2lots 

Sep-96 0.10 0.08 

Jan-97 1.16 0.80 

May-97 0.22 0.12 

Sept-97 0.32 0.23 

Nov-97 0.40 0.63 

Mean Overall 0.44 0.37 
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ANOV A table for comparisons of overall suspended sediment concentrations. 

Tests of Between-Subjects Effects 

Dependent Variable: SS 
Type Ill 
Sum of Mean 

Source Squares df Square F SiQ. 
Corrected 1.087E-Ol 1 1.087E-02 .078 .787 Model 
Intercept 1.661 1 1.661 11.871 .009 
TREATMEN 1.087E-02 1 1.087E-02 .078 .787 
Error 1.119 8 .140 
Total 2.791 10 
Corrected 1.130 9 Total 

a Computed using alpha = .05 
b R Squared= 010 (Adjusted R Squared= -.114) 

Noncent. Observed 
Parameter Powel" 

.078 .057 

11.871 .854 
.078 057 
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AN OVA table for comparisons of tota l solids loads. 

Source 
TIME 
TIME*TREATMENT(SITE) 
Error(TIME) 

df E .fil9 df 
7 17.906 0 

35 2.532 0.002 
42 

Adjusted 
1.8 
9.1 

10.8 

Tests of Between-Subjects Effec ts 

Measure: MEASURE_ 1 

Transformed Variable. Avera e 

Type Ill 
Sum of 

Source S uares 
Intercept 340.676 
TREATMEN(SITE) 34.072 
Error 17 097 

a Computed using alpha = .050 

Mean 
df S uare 

1 340.676 
5 6.814 
6 2.850 

F 
119.554 

2.391 

Sio. 
.000 
.159 

Summary of Total Solids (g/L x Vol). 

Mean from Mean from 

DATE grazed 12lots ungrazed �lots 

May-95 2.57 3.89 

Jun-95 155.46 144.38 

Aug-95 22.09 17.76 

Sep-95 0.60 1.91 

Nov-95 44.77 25.13 

Dec-95 3.58 1.44 

Jan-96 2.54 1.02 

Feb-96 14.66 30.68 

May-96 40.46 32.10 

DATE 
Jun-96 
Jul-96 
Aug-96 
Sep-96 
Jan-97 
May-97 
Sep-97 
Nov-97 

Mean 
Overall 

an from Me 
gra zed 12lots 

47.92 
41.28 
48.56 
14.31 
3.74 
2.97 

29.45 
49 74 

30.86 

Sig Adjusted 
< 0.001 
>0.05

Noncent. Observed 
Parameter Power 

119 554 1.000 
11 957 .393 

Mean from 

ungrazed �lots 

34.31 

28.28 

29.26 

7.99 

2.04 

1.80 

9.73 

1.59 

21.96 
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Result of Mann-Whitney U test on overall mean total solids loads

Test Statistics''

TS(LOAD)

Mann-Whitney

U
105.000

Wilcoxon W 258 000

Z -1.361

Asymp. Sig.
(2-tailed)

Exact Sig.
[2*(1-tailed

Sig.)]

.174

a

.182

a. Not corrected for

ties.

b. Grouping Variable:
TREATMEN

ANOVA table for comparisons of total suspended sediment loads

Source F Sig df Adjusted Sig Adjusted

TIME 3 3.670 0.032 2 >0.05

T!ME*TREATMENT{SITE) 15 1.776 0.123 9.9 >0.05

EiTor(TIME) 18 11.8

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent

Parameter

Obsen/ed

Power®

Intercept 64.151 1 64.151 19 118 .005 19.118 .950

TREATMEN(SITE) 15 873 5 3.175 .946 .514 4.730 173

Error 20.133 6 3.356

a. Computed using alpha = .050
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Summary of Total Suspended Sediment (g/L x Vol). 

Mean from Mean from 

DATE grazed plots ungrazed f:!lots 

Sep-96 14.31 7.99 

Jan-97 2.72 1.48 

May-97 1 86 0.74 

Sept-97 26.28 6.37 

Nov-97 37.53 0.90 

Mean Overall 16.54 3.49

Result of ANOV A test on overall mean total suspended sediment loads 

Tests of Between-Subjects Effects 

Dependent Variable: SSG 

Type Ill 
Sum of Mean 

Source Squares df Square F SiQ. 
Corrected b 

Model 425 590 1 425.590 3.426 .101 

Intercept 1003.634 1 1003.634 8.079 .022 
TREATMEN 425.590 1 425.590 3.426 .101 
Error 993.763 8 124.220 
Total 2422.986 10 
Corrected 

1419.352 9 Total 

a. Computed using alpha= .05

b R Squared= 300 (Adjusted R Squared= .212)

Concentration of Dissolved Solids (g/L} 

DATE 
Sep-96 
Jan-97 
May-97 
Sept 97 
Nov97 

Ave Overall 

Ave from 
grazed plots 

0.09 
0.28 
0.22 

0.11 
0.14 

0.17 

Ave from 
ungrazed plots 

0.08 
0.25 
0.18 
0.32 
0.41 

0.25 

Noncent. Observed 
Parameter Power8 

3.426 .371 

8.079 .703 
3.426 .371 
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APPENDIX 3 (Cont)

Result of ANOVA test on overall mean dissolved salts concentrations

Tests of Between-Subjects Effects

Dependent Variable: DSOLIDS

Source

Type III Sum
of Squares df Mean Square F SIg.

Corrected Model 1.600E-02^ 1 1.600E-02 1.426 .267

Intercept .433 1 .433 38.560 .000

TREATMEN 1.600E-02 1 1.600E-02 1.426 .267

Error 8 976E-02 8 1.122E-02

Total .538 10

Corrected Total 106 9

a- R Squared = .151 (Adjusted R Squared = 045)

Summary of Proportions of Dissolved Solids (yo).

DATE

Sep-96
Jan-97

May-97

Sept-97

Nov-97

Mean from

grazed plots

43.34

25.64

49.67

35.01

27.23

Mean from

unqrazed plots

48.01

29.38

60.82

49.78

46.03

Mean Overall 36.18 46.80

Result of ANOVA test on overall mean dissolved salts proportions

Tests of Between-Subjects Effects

Dependent Variable: PDS

Source

Type III
Sum of

Squares df

Mean

Square F SIg.

Noncent.

Parameter

Observed

Powei^

Corrected

Model
282.290" 1 282.290 2.410 .159 2.410 .278

Intercept 17214.440 1 17214.440 146 970 .000 146.970 1.000

TREATMEN 282.290 1 282.290 2.410 .159 2.410 .278

Error 937.034 8 117.129

Total 18433.764 10

Corrected

Total
1219.324 9

a. Computed using alpha = .05

b. R Squared = .232 (Adjusted R Squared = .135)
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APPENDIX 4 - RESULTS OF NUTRIENT ANALYSES

ANALYSIS OF THROUGHFLOW (malL)

BLANK No. OF SAMPLES AVE OF SAMPLES

T-P 0.5 9 0.556

P04 0.1 12 1.859

N03/4 1.518 12 2.464

T-P Limit of detection 0.5 mg/L
P04 Limit of detection 0.1 mg/L
N03/4 Limit of detection 0.1 mg/L

SAMPLE RANGES

T-P 0.5 to 0.9

P04 0.1 to 16.45

N03/4 0.311 to 11.72

ANALYSIS OF BLANKS (ma/L1

BLANK AVE OF SAMPLES % OF SAMPLES

T-P 0.012 0.291 4%

P04 0.009 0.047 19%

T-N 0.14 4.186 3%

N03/4 0.01 0.164 6%
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' ,

TOTAL NITROGEN (mg/L) 
( 

Ave for Ave for S D  for S.D for S.E for S.E for 

DATE 1A 18 1C 1D 2A 28 2C 2D 3A 38 3C 3D 012en 12lots closed 12lots 012en 12lots closed 12lots 012en Qlots closed 

23-1-96 4 4  8.3 5 1 3 3,2 3 2.3 3 93 4.53 1 00 3.28 0 50 1.89 

28-2-96 1 3 1.1 2.5 1 4 2 5 3.2 4.3 4 7 1 1.4 2.1 0.86 2 23 2.16 1.30 1.41 0 53 0.68 

..J 14-5-96 3 5  6.6 6.7 3 3 5 2.4 6,9 3.7 1.5 0 7 2.8 3 18 4.44 2.15 2.07 0 88 0.93 

27-6-96 7.84 8.1 7.5 6 9 9 2 2.3 3.7 2.6 1.9 2 9 5  0.64 6.34 4.02 3 27 3.09 1 34 1.26 

29-8-96 3 7 2.6 4 5 4  2 2 5 6 1.7 2 2 2 4 2.5 3 58 2.70 1.59 0.96 0 65 0.48 

� 27-9-96 2 3 4.4 6 10 6 1.5 1 8 2.4 1.8 4.28 3.43 4.22 2.15 2 11 1.08 

28-1-97 31 32 28 60 12 19 20 21 94 32.00 39.25 16 32 37.43 7.30 18.71 

09/05/1997 16 14 25 22 26 20 6 4 18 11 17 48 17.76 7 11 6.65 3.18 3.33 

� 

11/09/1997 5 1 98 41 26 7 7  16 40 8.3 3 5  7 4 22 14.95 36.86 14 75 36.30 6 02 16.23 

12/11/1997 13 68 14 2 9 24 2.9 11 36 8 76 39.33 5.46 17.24 2 44 9.96 

Ave 8 814 23.31 12.34 12.76 13 75 10.88 10.06 11 73 5.638 4 49 7.75 17.39 9 673 15.447 

Sum of Ave cone of Open plots 59 3 g/L Average = 9.67 g/L 

Sum of Ave cone of Closed plots 79 6 g/L Average= 15.4 g/L 



NITRITE + NITRATE (malL\

DATE 1A IS

23-1-96 0 24 0.3

28-2-96 0 14 0.097

14-5-96 0 09 0.09

27-6-96 0.04 0.007

29-8-96 0.2 0.17

27-9-96 0.12 0.005

28-1-97 0 17 0.08

09/05/1997 0 46 5.7

11/09/1997 0.9 0.046

12/11/1997 0 016 0.03

ic ID 2A

Ave for Ave for SDfor S.D for S.Efor S.E for
2B 2C 2D 3B 3C 3D ooen Diets closed olots ooen Diots closed Diots ooen Diets closed Diets

0.13 0.24 0 21 0.016 0.01 0 149 0.183 0.100 0.153 0.050 0.088
0.2 0 1 0 15 0.23 0.063 0.45 0.007 0.11 0 082 0.01 0 172 0.101 0 139 0.095 0.057 0.039

0.09 0 09 0 09 0.09 0.09 0.1 0.09 0 09 0.09 0.090 0.092 0.000 0.004 0 000 0.002
0.004 0.007 0 008 0.007 0.006 0 008 0.006 0.009 0 009 0.039 0 014 0.012 0.013 0.014 0.005 0.006
0.17 0.1 02 0 1 0.25 0.06 0 09 0.17 0 125 0.190 0.060 0.040 0 024 0.020

0.005 0 005 0.005 0.01 0 005 0.1 0 035 0.029 0.057 0.048 0.028 0.024
0 23 0.005 0.18 2.6 0.33 1 5 0.83 0 447 0.923 0.600 1.167 0 268 0.583

2.3

02 0 13 0.11 0.2 0.79 77 5.7 1 856 2.928 3.277 3.202 1 466' 1.601
1 8 0 19 0.12 2.3 0.15 0 12 0 76 1 1 012 0.723 0.875 0.964 0 357 0.431

0.004 0.065 1.6 0 1 0.3 0.1 0.097 0.577 0 120 0.887 0 054 0.512

n
o
a

Ave 0.238 0.653 0.553 0.296 0 105 0.132 0.441 0 492 0.295 0 183 1 055 0.805
0.400 0.576

Sum of Ave cone of Open plots

Sum of Ave cone of Closed plots:
2 37 g/L

2 88 g/L

Average =

Average =

0.40 g/L

0.58 g/L

to
00
o



DATE 1A 18 1C 1.Q 2A 28 

23-1-96 0.26 0.66 0 33 

28-2-96 0.045 0.045 0.1 0 057 0.06 0.41 

..; 14-5-96 0.15 0.17 0.8 0.2 0 19 

27-6-96 04 0.4 0.4 04 0.4 0.4 

29-8-96 0.53 0.41 0.68 0 58 0 38 
""' 

0.13 0.42 

� 
27-9-96

28-1-97 4.5 3.2 5 1 8.8 1.2 

� 09/05/1997 2.3 1.1 5.2 1 4 2.3 

� 

11/09/1997 1.2 11 3.3 3 7  1 2 

12/11/1997 2 6.3 1 8 0 36 

Ave 1 152 2.371 1.036 1 93 1 599 1.078 

Sum of ave cone of open plots 8 3 g/L 

Sum of ave cone of closed plots 9 0 g/L 

TOTAL PHOPHORUS (mg/L) 

Ave for 

2C 2D 3A 38 3C 3D ogen glots 

0.23 0.16 0 26 0.14 0 253 

0.24 0 12 0.032 0 042 0 081 0.048 0.068 

0.18 0.44 0.097 0.14 0 17 0.15 0.215 

0.6 04 0.4 04 0.4 0.4 0.400 

1.37 0.26 0.23 0.35 0.29 0.573 

1.06 2 61 0.19 0 26 0 29 0.19 0.823 

4.8 4 2  4.2 16 5.360 

2.6 0 58 4 0.86 2 696 

2.2 5 1 0.39 0.44 1 1 1.4 2.123 

4 0 34 1.4 2.5 1 180 

1.654 1.673 0.7 0.679 1 225 2.197 1.369 

Average = 1 37 g/L 

Average= 1 80 g/L 

Ave for S D  for S.D for

closed 12lots ogen glots closed 12lots 

0.343 0 070 0.278 

0.146 0.029 0.151 

0.279 0 113 0.293 

0.433 0.000 0.082 

0.385 0.410 0.145 

0.466 1.194 0.411 

6.300 1.958 6.632 

1.688 1.890 0.833 

3.658 1.840 4.241 

4.267 0 788 1.914 

1.796 

S.E for

ogen glots 

0.035 

0.012 

0.046 

0 000 

0.168 

0.597 

0.876 

0.845 

0 751 

0.352 

S.E for 

closed (;!lots 

0.160 

0.061 

0.131 

0.033 

0.073 

0.206 

3.316 

0.417 

1.897 

1.106 

-

00 
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APPENDIX4 

DATE 1A 1B 1C 

23-1-96 0 014 0.22 

28-2-96 0.003 0.003 0.008 

14-5-96 0.004 0.012 0.37 

27-6-96 0.031 0.019 0.052 

29-8-96 0 0 0 

27-9-96 0.008 0.12 

28-1-97 3 1.5 

09/05/1997 4.3 0.68 

11/09/1997 0.44 4.2 2.2 

12/11/1997 1.3 3.8 

Ave 0 91 1.055 0.526 

Sum of ave cone of open plots: 

Sum of ave cone of closed plots· 

1D 2A 2B 2C 2D 

0 016 

0 003 0 004 0.49 0.1 0.076 

0.01 0 009 0.28 0.26 

0.014 0 023 0.023 0.022 0.044 

0 0 1 3 

0.58 1 3 

3.2 6.6 0.33 4.2 

4 4  0 43 0.87 2 

1 8 0.81 1.4 2.2 

0.9 0.2 

1 149 1 01 0.428 1.226 0.863 

5 7 g/L Average= 

8.9 g/L Average= 

PHOSPHATE (mg/L) 

Ave for Ave for S.D for S.D for SE for S.E for

3A 38 3C 30 ogen glots closed 12lots 012en glots closed 12lots oi;ien glots closed 12lots 

0.035 0 014 0 005 0.025 0.012 0.093 0 005 0.110 0.002 0.063 

0.007 0 003 0 003 0.003 0 015 0.102 0 030 0.194 0.012 0.079 

0.007 0.011 0 007 0.004 0 050 0.135 0.103 0.177 0.042 0.079 
� 

0.014 0.015 0.023 0.017 0 025 0.025 0 011 0.014 0 005 0.006 

� 0 0 0 0 0.217 0.000 0 531 0.000 0.217 0.000 

0.014 0.015 0 018 0.006 0.335 0.180 0 643 0.272 0.322 0.136 � 
3.1 3,3 12 3.840 4.508 1.547 5.251 0 692 2.626 � 
0 2 3 3  0.81 2.526 1.090 2 065 0.612 0.924 0.306 

0.11 0 065 0.38 1 0 949 1.782 0.857 1.547 0.350 0.692 

1 0 18 0 8 1.4 0 676 2.067 0.482 1.514 0.215 0.874 

0.148 0 36 0 784 1.527 0 865 0.998 

0.86 g/L 

1.00 g/L 



en
00

cs

o

U

W
Pli

DATE

JAN 96

FEE

MAY

JUNE

AUG

SEPT

JAN 97

MAY

SEPT

NOV

Ave

1A

0 744

28 35

16 43

7 5

37.5

24.3

0 357

0.644

22 5

0.672

11

0.33

18.19

18.23

1.278

11

0

11

6.3

0.81

30.18 34.43

0.275 0

0.312

68.4

0.189

0.108

0

0

2.3

0

ID

0 02

17.75

2A

0

3 75

15 53 18 23

1.225 1,62

20.25 0 2

0 552

04

42.75

0 29

0 02

3 575

76

13 16

TOTAL LOADS (mq\L x L)

NITRATE/NITRITE (mg)
Ave from Ave from S Dfor S.D for S Efor S.E for

2B 20 2D 3A 38 30 3D ooen Diots closed Diets ooen Diets closed Diets ooen Diots closed Die

0 0 0 0.888 4 368 1.061 0.363 1.0 0.3 1 70 0.35 0.69 0.14

0.92 0.536 0 99 1.418 14 03 16 61 2.025 136 5.7 10 00 7.29 4.08 2.97

0 18.23 9 675 19.75 15 08 162 18.23 152 13.5 2 91 8.25 1.19 3.37

1.418 1.215 1.62 1.17 1.823 1 823 7.898 26 2.3 2.41 2.75 0 98 1.12

0 0 03 16.25 4 05 18 23 29.75 134 18.4 14 73 15.53 6 01 6.34

0 0.125 0 085 1.013 2 025 1 013 20.25 69 3.6 11 66 8.16 5 83 3.33

0.702 10.4 0 0 0.495 30 1.494 52 2.2 12 13 4.08 4 95 1.67

0.99 0.94 0 0 2 37 26 18 46.74 5 5 19.5 10.21 30.27 4 17 12.36

0 0.24 2 76 30.38 24 3 39 9 2.4 23.3 5.9 16.27 12.03 6 64 4.91

0 0 0 2.24 12 25 4 35 0.53 5.1 0.5 6 09 0.89 2 49 0.36

15 37 15.26 6.093 12 31 4.374 0.448 3.52 1.714 7.874 7 615 16 78 14.35 9 186 7.180

Sum of ave load from Open plots

Sum of ave load from Closed plots

58 2 mg

47.5 mg

Average =

Average =

9 19 mg

7 2 mg



NITROGEN fmq)

Ave from Ave from S.D for S.D for S Efor S.E for

DATE 1A 11 11 ID 2A 2B 2C 2D 3A 3C 3D ooen Diets closed Diots ooen Diets closed Diots ooen Diets closed Diots

JAN 96 13 64 9.13 0 0 765 0 0 0 0 11.1 66.56 198 9 83.49 46 64 17.29 78 90 32.82 32 21 13.40

FEB 263 3 206.3 137.5 248.5 62 5 12.8 36.55 10.34 202.5 178 5 425.3 172.1 198 06 127.95 149 9 84.08 61 21 34.32

MAY 638 8 1337 469 517.5 708 8 0 486 741.8 730.8 251 3 126 567 497 33 598.21 254 3 436.1 103 8 178.0

JUNE 1470 1478 1519 1208 1863 465.8 749.3 526.5 370.5 405 1924 129.6 1232 63 785.35 650 5 587.1 265 6 239.7

AUG 693 8 461.5 810 1094 22 0 0 168 110.5 148 5 486 437.5 406 79 303.25 434 2 322.8 177 3 131.8

SEPT 465.8 242 0 0 150 180.2 303.8 364.5 486 364.5 374 11 176.71 139 8 154.2 69 9 62.9

JAN 97 65.1 124.8 0 67 2 240 46.8 76 0 0 30 420 169.2 137.05 69.47 161 8 68.1 66 1 27.8

MAY 22.4 168 0 50 605 234 94 0 0 192 61 2 90.2 126 30 97.70 235 6 92.4 96 2 37.7

SEPT 127 5 401.8 41 617 5 308 0 30 48 1681 708 8 388 5 52.8 366 38 367.73 261.8 660.4 106 9 269.6

NOV 546 208.8 0 1015 587 3 0 0 0 33.6 355.3 159.5 190.8 443 83 72.20 358.6 99.9 146 4 40.8

iU.

O
o
a

Ave 417.8 492 330.7 475 3 473 7 84.37 180.2 169.3 378.9 241 4 501 7 229.6 382 91 261.68

Sum of ave load from Open plots. 2279 mg Average = 383 mg

Sum of ave load from Closed plots- 1696 mg Average = 262 mg

to
00

4^



fl
o
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TOTAL LOADS (mq\L x L)

PHOSPHATE (mq)

Ave for Ave for S.D for S.D for S Efor S.E for

DATE 1A li ic ID 2A 2B 2C 2D 3A 3C 3D ooen Diets closed Diots ooen Diets closed plots ooen Diets closed Diots

Jan 96 0 043 0.242 0 0 002 0 0 0 0 0.13 0 291 0 332 0.908 0 111 0.213 0.156 0.354 0 064 0.144

Feb 0 608 0.563 0.44 0 533 0.1 1.96 0.85 0.167 1.418 0.383 0 608 0.608 0 400 0.973 0 223 0.595 0.091 0.243

May 0 73 2.43 25.9 1 725 1 823 0 56.7 27 95 1.383 1 843 1.26 0.81 5.888 14.537 10.816 22.92 4.416 9.356

Jun 5 813 3.468 10.53 2 45 4.658 4.658 4.455 8 91 2.73 3 038 4.658 3.443 4 921 4.880 2 302 2.858 0 940 1.167

Aug 0 0 0 0 0 0 0 39 0 0 0 0 0 650 0.000 1.592 0.000 0.650 0.000

Sept 1 62 6.6 0 0 14.5 22 1 2.835 3 038 3 645 1.215 7 601 4.192 9 703 5.620 4.852 2.294

Jan 97 6.3 5.85 0 7 68 26 4 1.287 16.8 0 0 4 65 66 21.6 18 505 7.590 24.97 9.371 10.20 3.826

May 6 02 8.16 0 8 8 11 83 7.83 9.4 0 0 06 11 22 6.642 6411 5.339 5 16 4.228 2.11 1.726

Sept 11 17.22 2.2 42 75 32 4 0 2.8 2 64 22.28 13 16 19 95 2.4 20.317 7.816 14.83 9.430 6 05 3.850

Nov 54 6 13.68 0 65 25 40 5 0 0 0 1.4 22 05 11 6 7.42 32 333 3.750 25 40 5.653 10 37 2.308

Ave 8 673 5.821 3.907 14 35 13.08 1.573 10.55 6 567 3.217 4 905 11 93 4.504 9 714 4.929

Sum of ave load from open plots

Sum of ave load from closed plots

59 5

29 6

Average =

Average =

9 71 mg

4 93 mg

oo

CN



PHOSPHORUS (mq)

Ave for Ave for S.Dfor S.D for S Efor S.E for

DATE 1A 11 ic ID 2A 2B 2C 2D 3A 3B 3C 3D ooen Diots closed Diets ooen Diets closed plots ooen Diots closed Plots

Jan 96 0 806 0.726 0 0 05 0 0 0 0 0.851 3 328 17.24 5.082 3.570 1.110 6.818 1.984 2 783 0.810

Feb 9.113 8.438 5.5 10.12 1 5 1.64 2 04 0.264 6.48 5 355 164 9.72 7 125 5.636 6.014 3.291 2 455 1.344

May 27.38 34.43 56 34.5 38 48 0 36 45 47.3 19.16 23 45 30 6 30.38 33.617 29.401 8 521 18.723 3 479 7.644

June 75 73 81 70 81 81 121 5 81 78 81 81 81 78.167 85.917 4.665 17.710 1.905 7.230

Aug 99 38 72.78 117.5 1175 0 38 0 0 4 11 16.9 15 53 70.88 50.75 51 286 42.979 51 322 46.623 20 952 19.034

Sept 26.33 23.1 0 0 26 5 44.37 38.48 52 65 58 73 38.48 45.518 21.092 14.083 17.478 7 041 7.135

Jan 97 9.45 12.48 0 12 24 35 2 4.68 192 0 0 63 84 28.8 24.532 10.860 31.506 11.559 12.862 4.719

May 3.22 13.2 0 104 38 5 20.7 11 75 0 0 1 74 13.6 6.97 11 243 8.770 14 355 8.098 5 860 3.306

Sept 30 45.1 3.3 87.88 48 0 44 6 12 78.98 89.1 57.75 3.36 53 141 22.523 32 538 32.462 13 284 13.253

Nov 84 22.68 0 130 5 72 9 0 0 0 5.6 41 65 20.3 13.25 58.225 6.922 47.343 9.315 19 328 3.803

Ave 36.47 30.59 26.33 52 57 35.11 10.8 22.18 18 32 24.44 32.01 45.05 26.78 36 642 23.521

Sum of ave load from open plots- 220 mg Average = 36.6 mg

Pi

n
o
B

Sum of ave load from closed plots- 141 mg Average = 23.5 mg

to
00

OS



APPENDIX 4(Cont)

ANOVA table for comparisons of Total Nitrogen concentrations.

Measure: MEASURE_1

Sphericity Assumed

Tests of Within-Subjects Effects

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powei®

TIME 2936.467 1 2936.467 69.776 .000 69.776 1.000

TIME*

TREATMEN 651.731 5 130.346 3.097 .101 15.486 .495

(SITE)
Error(TIME) 252.505 6 42.084

a. Computed using alpha = .050

Tests of Between-Subjects Effects

Measure. MEASURE_1

Transformed Variable: Average

Type III
Sum of Mean Noncent. Obsen/ed

Source Squares df Square F Sig. Parameter Power®

Intercept 5274.093 1 5274.093 111.275 .000 111.275 1.000

TREATMEN(SITE) 843.781 5 168.756 3.561 .077 17.803 .556

Error 284.380 6 47.397

a. Computed using alpha = 050

Summary of Mean Total Nitrosen Concentrations fme/L).

Mean for Mean for

DATE qrazed plots unqrazed olots

Jan-96 3.93 4.53

Feb-96 2.23 2.16

May-96 3.18 4.44

Jun-96 6.34 4.02

Aug-96 3.58 2.70

Sep-96 4.28 3.43

Jan-97 32.00 39.25

May-97 17.48 17.75

Sep-97 14.95 36.88

Nov-97 8.76 39.33

Mean Overall 9.67 15.45
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APPENDIX 4(Coiit)

Result of Mann-Whitney U test on overall mean Total Nitrogen concentrations

Test Statisticd'

T-N

Mann-Whitney
U

Wilcoxon W

Z

Asymp. Sig.
(2-tailed)

Exact Sig.
[2*(1-tailed

Sig.)]

44.000

99.000

-.454

.650

.684^

a- Not corrected for

ties.

b. Grouping Variable:
treatment
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APPENDIX 4(ConO

ANOVA table for comparisons of nitrate/nitrite concentrations.

Tests of Within-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F SIg.

Noncent.

Parameter

Observed

Powei^

TIME 6.776 1 6.776 12.923 .011 12.923 .848

TIME*

TREATMEN 1.494 5 .299 .570 .723 2.849 .119

( SITE)
Error(TIME) 3.146 6 .524

3- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type,III
Sum of

Squares df

Mean

Square F SIg.

Noncent.

Parameter

Obsen/ed

Power®

Intercept 9.453 1 9.453 18 831 005 18.831 .948

TREATMEN(SiTE) 1.499 5 .300 .597 .706 2.986 .123

Error 3 012 6 502

a- Computed using alpha = 050

Summary of Mean Nitrate/nitrite concentrations (mg/L).

Mean for Mean for

DATE □razed plots unqrazed plots

Jan-96 0.15 0.18

Feb-96 0.17 0.10

May-96 0.09 0.09

Jun-96 0.01 0.01

Aug-96 0.13 0.19

Sep-96 0.04 0.03

Jan-97 0.45 0.92

May-97 1.86 2.93

Sep-97 1.01 0.72

Nov-97 0.10 0.58

Mean Overall 0.40 0.58
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APPENDIX 4 rCont^

Result of ANQVA test on overall mean nitrate/nitrite concentrations.

Tests of Between-Subjects Effects

Type III

Source

Sum of

Squares df

Mean

Square F Siq.

Noncent.

Parameter

Observed

Powei^
Corrected

Model

b

.285 1 .285 .114 .739 .114 .062

Intercept 58.642 1 58.642 23.538 .000 23.538 .996
TREATMEN .285 1 .285 .114 .739 .114 .062
Error 44.846 18 2.491

Total 103.773 20

Corrected

Total
45.131 19

3- Computed using alpha = .05

b- R Squared = .006 (Adjusted R Squared = - 049)

ANQVA tables for comparisons of Total Phosphorus concentrations.

Tests of Within-Subjects Effects

Measure; MEASURE_1

Sphericity Assumed

Type III

Source

Sum of Mean Noncent Observed
Squares df Square F Sig. Parameter Power^

TIME 51.417 1 51.417 58.608 .000 58.608 1.000
TIME*

TREATMEN 3 698 5 .740 .843 .565 4.216 .158
( SITE)
Error(TIME) 5.264 6 .877

a- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure- MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Siq.

Noncent.

Parameter

Observed

Power®
Intercept 80.592 1 80.592 69.923 .000 69.923 1.000
TREATMEN(SITE) 4.748 5 .950 .824 .575 4.120 .155
Error 6.916 6 1.153

3 Computed using alpha = .050
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Summary of Mean Total Phosphorus concentrations (mg/L).

Mean for Mean for

DATE qrazed plots unarazed

Jan-96 0.25 0.34

Feb-96 0.07 0.15

May-96 0.22 0.28

Jun-96 0.40 0.43

Aug-96 0.57 0.39

Sep-96 0.82 0.47

Jan-97 5.36 6.30

May-97 2.70 1.69

Sep-97 2.12 3.66

Nov-97 1.18 4.27

Mean Overall 1.37 1.80

Result of ANOVA test on overall mean Total Phosphorus concentrations.

Tests of Between-Subjects Effects

Dependent Variable: LOGTP

Type ill
Sum of Mean Noncent. Observed

Source Squares df Square F SIg. Parameter Power^

Corrected

Model

b
.195 1 .195 .111 .743 .111 .062

Intercept 1 459 1 1.459 .832 .374 .832 .139

TREATMEN .195 1 .195 .111 .743 .111 .062

Error 31.574 18 1.754

Total 33.228 20

Corrected

Total
31.769 19

a. Computed using alpha = .05

b. R Squared = .006 (Adjusted R Squared = - 049)
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ANOVA tables for comparisons of phosphate concentrations.

Tests of Within-Subjects Effects

Measure: MEASURE_1

Sphencity Assumed

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powei^
TIME 93 621 1 93.621 88.540 .000 88.540 1.000

TIME*

TREATMEN 10.707 5 2.141 2.025 .208 10.126 337

(SITE)

Error(TIME) 6.344 6 1.057

a- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Siq.

Noncent.

Parameter

Observed

Powei^
Intercept 48.281 1 48.281 49 219 .000 49.219 1 000

TREATMEN(SITE) 10.178 5 2.036 2.075 200 10.376 .345

Error 5.886 6 .981

3- Computed using alpha = .050

Summary of Mean Phosphate concentrations (mg/L').

Mean for Mean f

DATE grazed olots unarazed

Jan-96 0.01 0.09

Feb-96 0.02 0.10

May-96 0.05 0.13

Jun-96 0.O3 0.02

Aug-96 0.22 0.00

Sep-96 0.34 0.18

Jan-97 3.84 4.51

May-97 2.53 1.09

Sep-97 0.95 1.78

Nov-97 0.68 2.07

Mean Overall 0.86 1.00
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Result of Mann-Whitney U test on overall mean phosphate concentrations.

Test Statistic^

P04

Mann-Whitney
U

48.000

Wilcoxon W 103.000

Z -.151

Asymp. Sig.
(2-tailed)

Exact Sig.
[2*(1-tailed

Sig.)]

880

a

.912

a. Not corrected for

ties.

b. Grouping Variable;
treatment
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ANOVA tables for comparisons of Total Nitrogen loads.

Source F SIg df Adjusted Sig Adjusted

TIME 8 9.999 0 2.1 <0.01

TIME*TREATMENT(SITE) 40 1.573 0.067 10.7 >0.05

Error(TIME) 48 12.9

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Obsen/ed

Power®
Intercept 1990 125 1 1990.125 189.234 .000 189.234 1 000

TREATMEN(SITE) 97.267 5 19.453 1.850 .238 9.249 .310

Error 63.100 6 10517

3 Computed using alpha = .050

Summary of Total Nitrogen loads (mg).

Mean for Mean for

DATE grazed plots unqrazed plots

Jan-96 46.6 17.3

Feb-96 198.1 128.0

May-96 497.3 598.2

Jun-96 1232.6 785.4

Aug-96 406.8 303.3

Sep-96 374.1 176.7

Jan-97 137.1 69.5

May-97 126.3 97.7

Sep-97 366.4 367.7

Nov-97 443.8 72.2

Mean Overall 382.9 261.6
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Result of ANOVA test on overall Total Nitrogen loads.

Tests of Between-Subjects Effects

Dependent Variable: LOGIN

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powei®

Corrected

Model
1.506" 1 1.506 1 393 253 1.393 .201

Intercept 570.403 1 570.403 527.559 000 527.559 1.000

TREATMEN 1.506 1 1.506 1.393 .253 1 393 .201

Error 19.462 18 1 081

Total 591.370 20

Corrected

Total
20.968 19

a. Computed using alpha = .05

b R Squared = .072 (Adjusted R Squared = .020)
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ANOVA tables for comparisons of Nitrate/nitrite loads.

Source df Siq df Adjusted Siq Adjusted

TIME 8 15.594 0 3.3 <0.001

TjME*TREATMENT(SITE) 40 1.73 0.035 16.6 >0.05
En"or(TIME) 48 20

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type ill
Sum of

Squares df

Mean

Square F SIg.

Noncent

Parameter

Observed

Power®
Intercept 21535.552 1 21535.552 140.698 .000 140.698 1.000

TREATMEN(SITE) 1394.722 5 278.944 1.822 .243 9.112 .306

Error 918.371 6 153.062

a Computed using alpha = 050

Estimated Marginal Means of MEASURE_1
40

Estir 1;a

TREATMEN

O

ted Marginal Means 1 00

TIME
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Summary of total nitrate/nitrite loads (mg).

Mean for

Mean Overall 9.19

Mean for

DATE grazed plots unarazed i

Jan-96 1.03 0.26

Feb-96 13.58 5.68

May-96 15.19 13.45

Jun-96 2 60 2.30

Aug-96 13.42 18.43

Sep-96 6.86 3.61

Jan-97 5.24 2.15

May-97 5.53 19.51

Sep-97 23.30 5.92

Nov-97 5.12 0.48

7.18

Result of ANOVA test on overall nitrate/nitrite loads.

Tests of Between-Subjects Effects

Dependent Variable: LOGNOX

Type III
Sum of Mean Noncent Observed

Source Squares df Square F Sig. Parameter Powei®

Corrected

Model
1 905'' 1 1.905 1.277 .273 1.277 188

Intercept 50 559 1 50.559 33.892 .000 33.892 1.000

TREATMEN 1 905 1 1.905 1 277 .273 1.277 .188

Error 26.851 18 1.492

Total 79.316 20

Corrected

Total
28 757 19

3. Computed using alpha = .05

b R Squared = .066 (Adjusted R Squared = .014)
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ANOVA tables for comparisons of Total Phosphorus loads.

Source F Sig df Adjusted Siq Adjusted

TIME 8 20.306 0 2.3 < 0.001

TIME*TREATMENT(SITE) 40 2.641 0.001 11.6 <0.05

Error(TIME) 48 14

Tests of Between-Subjects Effects

Measure: MEASURE_1

Transformed Variable: Average

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powet^
Intercept 95410.295 1 95410 295 140 000 .000 140.000 1.000

TREATMEN(SITE) 9001.876 5 1800.375 2.642 .134 13.209 .430

Error 4089.026 6 681 504

a- Computed using alpha = 050

ANOVA table for comparisons of Total Phosphorus loads (1996)

Tests of Between-Subjects Effects

Measure- MEASURE_1

Transformed Variable: Average

Source

Type ill

Sum of

Squares df

Mean

Square F Siq.

Noncent.

Parameter

Observed

Powei^
Intercept 68807.110 1 68807.110 186.518 .000 186.518 1 000

TREATMEN(SITE) 4129.757 5 825.951 2 239 .177 11.195 .370

Error 2213.418 6 368 903

a- Computed using alpha = 050

ANOVA table for comparisons of Total Phosphorus loads (1997)

Tests of Between-Subjects Effects

Measure: MEASURE_1

Transformed Variable: Average

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Power®
Intercept 28918.919 1 28918.919 23.435 .003 23.435 .978

TREATMEN(SITE) 9399 246 5 1879.849 1.523 .309 7.617 .260

Error 7403.923 6 1233.987

a Computed using alpha = .050
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Summary of Total Phosphorus loads (mg).

Mean for Mean for

DATE grazed plots unarazed plots

Jan-96 3.57 1.11

Feb-96 7.13 5.64

May-96 33.62 29.40

Jun-96 78.17 85.92

Aug-96 51.29 42.98

Sep-96 45.52 21.09

Jan-97 24.53 10.86

May-97 11.24 8.77

Sep-97 53.14 22.52

Nov-97 58.23 6.92

Mean Overall 36.64 23.52

Result of ANOVA test on overall Total Phosphorus loads

Tests of Between-Subjects Effects

Source

Type III
Sum of

Squares df

Mean

Square F SIg.

Noncent.

Parameter

Observed

Powei®

Corrected

Model
860 856'' 1 860.856 1.370 .257 1.370 .198

Intercept 18098 053 1 18098 053 28.802 000 28.802 .999

TREATMEN 860 856 1 860.856 1.370 .257 1 370 .198

Error 11310 307 18 628.350

Total 30269.216 20

Corrected

Total
12171.163 19

a- Computed using alpha = .05

b. R Squared =071 (Adjusted R Squared = 019)
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Result of ANOVA test on overall Total Phosphorus loads (1996)

Tests of Between-Subjects Effects

Dependent Variable: TP

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Power®
Corrected

Model
91.562" 1 91 562 .104 .754 .104 .060

Intercept 13696 912 1 13696 912 15 585 .003 15.585 .944

TREATMEN 91.562 1 91.562 .104 .754 .104 060

Error 8788.403 10 878.840

Total 22576 877 12

Corrected

Total
8879.965 11

a Computed using alpha = .05

b R Squared = .010 (Adjusted R Squared = -.089)

Result of ANOVA test on overall Total Phosphorus loads (1997)

Tests of Between-Subjects Effects

Dependent Variable: TP

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Power®
Corrected

Model
1500.441" 1 1500.441 6.665 .033 6.665 .620

Intercept 6907.654 1 6907.654 30.685 .001 30.685 .998

TREATMEN 1500.441 1 1500.441 6.665 .033 6.665 .620

Error 1800.945 8 225.118

Total 10209 040 10

Corrected

Total
3301.386 9

3- Computed using alpha = .05

b R Squared = .454 (Adjusted R Squared = .386)
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ANOVA table for comparisons of phosphate loads

Tests of Within-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powet®

TIME 512.280 1 512.280 6.087 .049 6 087 .543

TIME*

TREATMEN 477 379 5 95.476 1.134 .434 5.672 .200

( SITE)
Error(TIME) 505.000 6 84.167

a. Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Power®

Intercept 1589.240 1 1589.240 35.297 .001 35.297 .998

TREATMEN(SITE) 247.631 5 49 526 1.100 .447 5 500 .195

Error 270.150 6 45.025

a. Computed using alpha = .050

ANOVA table for comparisons of phosphate loads (1997)

Tests of Between-Subjects Effects

Dependent Variable: YR97

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Power®

Corrected

Model
661.391 5 132.278 1.208 .406 6 039 .211

Intercept 1953.055 1 1953.055 17.832 .006 17.832 .937

SITE 75.562 2 37.781 .345 .721 .690 .084

TREATMEN 528 124 1 528.124 4.822 .071 4.822 .454

SITE*

TREATMEN
57.705 2 28.852 .263 .777 .527 .076

Error 657.163 6 109.527

Total 3271.609 12

Corrected

Total
1318.554 11

a Computed using alpha = .05

b. R Squared = .502 (Adjusted R Squared = .086)
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Summary of Total Phosphate Loads (mgl.

DATE

Jan-96

Feb-96

May-96

Jun-96

Aug-96
Sep-96
Jan-97

May-97
Sep-97
Nov-97

Mean Overall

Mean for

grazed plots

0.11

0.40

5.89

4.92

0.65

7.60

18.51

6.41

20.32

32.33

9.71

Mean for

unqrazed plots

0.21

0.97

14.54

4.88

0.00

4.19

7.59

5.34

7.82

3.75

4.93

Result of ANOVA test on overall phosphate loads.

Tests of Between-Subjects Effects

Dependent Variable: P04

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powei®
Corrected b

Model
114.470 1 114.470 1.735 .204 1.735 .239

intercept 1072.032 1 1072.032 16.250 .001 16.250 .968

TREATMEN 114.470 1 114.470 1.735 .204 1.735 .239
Error 1187.470 18 65.971

Total 2373.972 20

Corrected
1301.940

Total
19

a- Computed using alpha = .05

b. R Squared = .088 (Adjusted R Squared = .037)
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ROO COUNT DATA 1995 8-10-95 to 15-10-95

PLOT COUNTS

SITE1 SITE 2 SITES

16 32 29

26 23 61

56 19 54

24 11 23

8 19 26

17 47 17

21 15 34

9 40 29

11 0 42

43 21 30

36 20 44

7 16 39

12 23 61

21 18 53

43 37 71

20 87 62

10 19 75

16 56 6

5 50 32

13 33 19

26 62 23

18 34 56

59 54 42

99 32 13

136 16 14

88 19 35

52 18 107

46 16 53

16 25 46

14 29

32

32.90 29.20 40.55

3.29 2.92 4.05

0.47 0.42 0.58

0.44 0.26 0.31

0.08 0.05 0.06
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ROO COUNT DATA 1996

PLOT COUNTS

3-11-96 to 19-11-96

21 32 45

6 62 42

0 42 15

0 20 67

20 55 31

37 13 3

8 5 18

27 76 56

28 75 22

24 76 18

55 57 34

15 40 21

13 41 13 ON PLOT DENSITIES

65 57 1

0 23 0 SITE 1 SITE 2 SITE 3

20 33 20 0 0 20

53 26 166 9 0 15

29 22 128 8 7 57

66 41 58 32 6 80

30 49 87

26 54 66 12.25 3.25 43 AVE PELLETS/PLOT

51 47 63

41 20 55 1.225 0.325 4.3 AVE PELLETS PER M2

37 13 54

63 38 4 0.18 0.04 0.48 PELLETS/M2/DAY

14 37 28

23 56 41 0.20 0.04 0.34 STD DEV

66 12 0

7 13

6

106

102

0.10 0.02 0.17 STD ERR

ALL SITES GROUPED

TOGETHER

SURROUNDS ON PLOT
29.93 38.93 43.22 AVE PELLETS PER PLOT

2.99 3.89 4.32 AVE PELLETS PER m2

0.43 0.43 0.48 PELLETS/M2/DAY

0.30 0.23 0.44 STD DEV

0.06 0.04 0.08 STD ERR

Notes: Site 1 counted on 10-11-96 after 7 days. Sites
2 and 3 counted on 19-11-96 after 9 days.

37.64

3.76

0.45

0.32

0.03

19.50

1.95

0.23

0.19

0.06
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ROO COUNT DATA 1997 9-11-97 to 16-11-97

PLOT COUNTS

5ITE 1 SITE 2 SITE 3

16 6 37

8 50 36

18 35 36

0 8 64

14 35 40

51 17 43

0 0 34

0 61 32

0 11 72

32 29 24

31 17 42

24 0 85

11 14 113

24 27 29 ON PLOT DENSITIES

16 7 7

82 0 10 SITE 1 SITE 2 SITE 3

88 49 12 10 6 3

24 48 6 14 31 20

89 58 16 46 0 6

90 43 49 31 8 8

12 101 14

101 38 23 25.25 11.25 9.25 AVE PELLETS/PLOT

67 0 3

4 10 0 2.52 1.13 0.93 AVE PELLETS/M2

0 33 0

20 39 12 0.36 0.16 0.13 PELLETS/M2/DAY

26 17 45

12 11 0 0.24 0.19 0.11 STD DEV

62 8 10

85 6 0.118 0.097 0.053 STD ERR

18

39 ALL SITES GROUPED

TOGETHER

SURROUNDS ON PLOT

33.57 26.62 29.91 AVE PELLETS PER PLOT 30.07 15.25

3.36 2.66 2.99 AVE PELLETS PER m2 3.01 1.53

0.48 0.38 0.43 PELLETS/M2/DAY 0.43 0.22

0.47 0.34 0.37 STD DEV 0.40 0.18

0.09 0.06 0.07 STD ERR 0.04 0.05

305



APPENDIX 5 (Cont^

ANOVA tables of pellet counts for 1995,1996 and 1997 by site.

Tests of Within-Subjects Effects

Measure: MEASURE_1

Sphericity Assumed

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powet®
TIME 40.219 2 20.110 3.928 .021 7.857 .701

TIME * SITE 17.844 4 4.461 .871 .482 3 486 274

Error(TIME) 870.229 170 5.119

a- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE_1

Transformed Variable: Average

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Power®
Intercept 7489.301 1 7489.301 1233.809 .000 1233.809 1.000

SITE 12.888 2 6.444 1.062 .350 2.123 .230

Error 515.956 85 6.070

a. Computed using alpha = .050
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ANOVA tables of comparing on plot and surrounding areas pellet densities.

Tests of Within-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Sip.

Noncent.

Parameter

Observed

Power^

TIME 4.515 1 4.515 .925 .339 .925 .159

TIME*

PLOT
3.035 1 3.035 .621 .432 .621 .122

Error(TIME) 478.580 98 4.883

3- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Powet^

Intercept 1649.629 1 1649.629 223.000 .000 223.000 1.000

PLOT 51.829 1 51.829 7.006 .009 7.006 .746

Error 724.950 98 7.397

a Computed using alpha = 050
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APPENDIX 6 - RESULTS OF VEGETATION STUDY

BIOMASS Site 1

Site 1A (open) Site 1B (closed)

Species Ave (g/m2) Var Stdv Species Ave (g/m2) Var Stdv

Danth 53.24 52.3 7.23 Them 212.15 1940.5 44.05

Anth 13.94 77.3 8.79 Anth 106.07 526.7 22.95

Sch 9.58 21.8 4.67 Sch 87.37 867.9 29.46

Hyp 5.55 1.0 0.99 Linum 5.11 10.5 3.24

Them 5.10 13.4 3.65 Danth 4.36 15.9 3.99

Linum 3.36 5.4 2.32 Gona 3.75 7.3 2.70

Gona 3.09 18.8 4.34 Ribwort 2.19 4.0 2.01

Juncus 0.14 0.1 0.32

Ave Biomass (g/m2): 94.00 32.32 Ave Biomass (g/m2): 421.00 108.40

Site 1A (open)

% of Total Biomass

Site IB (closed)

Species Ave % Var Stdv Species Ave % Var Stdv

Danth 56.6 19.6 4.43 Them 50.3 87.0 9.33

Anth 14.9 84.7 9.21 Anth 25.2 28.6 5.35

Sch 10.4 26.4 5.13 Sch 20.8 49.7 7.05

Hyp 6.0 2.1 1.45 Linum 1.2 0.6 0.78

Them 5.4 15.9 3.99 Danth 1.0 0.9 0.96

Linum 3.6 6.8 2.61 Gona 0.9 0.4 0.62

Gona 3.0 16.9 4.12 Ribwort 0.5 0.2 0.48

Juncus 0.2 0.2 0.39

BIOMASS

Site ID lOpenl Site 1C ICIosedl

Species Ave (g/m2) Var Stdv Species Ave (g/m2) Var Stdv
Danth 29.12 39.6 6.30 Them 212.35 1471.1 38.35

Them 10.72 4.6 2.15 Sch 126.23 742.2 27.24

Anth 8.42 4.8 2.18 Anth 77.35 398.8 19.97

Sch 3.77 16.6 4.08 Ribwort 6.05 18.7 4.32

Linum 1.97 0.5 0.67 Linum 0.77 3.0 1.72

Micra 1.16 1.5 1.21 Gona 0.76 2.9 1.71

Hyp 0.30 0.1 0.28 Danth 0.75 2.8 1.68

Juncus 0.30 0.1 0.28 Juncus 0.73 2.7 1.64

Briza 0.25 0.3 0.57

Gona 0.10 0.1 0.23

Loman 0.09 0.0 0.20

Ave Biomass (g/m2): 56.2 18.14 Ave Biomass (g/m2): 425.00 96.63
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% of Total Biomass

Site 1D (Ooen) Site 10 (Giosed)

Species Ave % Var Stdv Species Ave % Var Stdv

Danth 51.3 31.6 5.62 Them 49.8 57.9 7.61

Them 19.4 26.8 5.17 Sch 29.8 44.7 6.69

Anth 15.4 28.8 5.37 Anth 18.3 27.5 5.25

Sch 6.4 44.7 6.68 Ribwort 1.4 1.0 1.00

Linum 3.5 0.8 0.89 Linum 0.2 0.2 0.39

Micra 2.1 4.4 2.11 Gona 0.2 0.2 0.39

Hyp 0.5 0.2 0.48 Juncus 0.2 0.2 0.39

Juncus 0.5 0.2 0.48 Danth 0.2 0.2 0.39

Briza 0.4 0.9 0.94

Gona 0.2 0.2 0.39

Loman 0.2 0.2 0.39

BiOMASS Site 2

Site 2A (open) Site 2B (ciosedl

Species Ave (g/m2) Var Stdv Species Ave (g/m2) Var Stdv

Danth 15.98 20.1 4.49 Them 240.62 640.5 25.31

Micra 6.48 8.5 2.92 Anth 106.59 1120.2 33.47

Them 5 80 9.6 3.10 Sch 44.57 255.6 15.99

Anth 2.72 8.1 2.84 Danth 18.50 131.9 11.48

Cotula 1.40 1.8 1.35 Micra 5.89 67.0 8.18

Cud 0.75 0.2 0.47 Briza 3.97 48.6 6.97

Briza 0.59 0.2 0.41 Ribwort 2.92 9.7 3.12

Agrostis 0.57 1.6 1.27 Euch 1.76 15.5 3.94

Hyp 0.52 0.5 0.70 Cotula 0.73 2.7 1.63

Linum 0.50 0.1 0.32

Cent 0.34 0.2 0.43

Sch 0.08 0.0 0.18

Ribwort 0.08 0.0 0.18

Ave Biomass (g/m2): 35.80 18.66 Ave Biomass (g/m2): 425.55 110.05

% of Totai Biomass

Site 2A (open) Site 2B tciosed)

Species Ave % Var Stdv Species Ave % Var Stdv

Danth 45.1 93.0 9.65 Them 55.9 15.5 3.94

Micra 17.5 37.7 6.14 Anth 25.0 70.0 8.37

Them 17.0 99.4 9.97 Sch 10.3 10.6 3.25

Anth 7.1 38.3 6.19 Danth 4.2 6.0 2.45

Cotula 4.1 12.8 3.58 Micra 1.4 4.1 2.02

Cud 2.2 2.1 1.46 Briza 0.9 2.8 1.67

Briza 1.7 1.7 1.31 Ribwort 0.7 0.5 0.73

Agrostis 1.4 9.9 3.14 Euch 0.4 0.9 0.94

Linum 1.3 0.3 0.59 Cotula 0.2 0.2 0.39

Hyp 1.3 2.2 1.48

Cent 0.9 1.5 1.22

Sch 0.2 0.2 0.39

Ribwort 0.2 0.2 0.39
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BIOMASS

Site 2D (open)

Species Ave (g/m2) Var Stdv Species Ave (g/m2) Var Stdv
Danth 20.85 6.4 2.53 Them 149.83 1777.2 42.16
Anth 9.95 17.9 4.24 Anth 144.62 1519.8 38.99
Briza 6.03 5.2 2.27 Sch 41.33 426.0 20.64
Them 5.63 20.8 4.56 Briza 6.72 27.8 5.27
Pea 0.67 2.2 1.49 Micra 5.82 16.3 4.04
Cud 0.41 0.2 0.48 Ribwort 4.87 2.3 1.53
Hyp 0.32 0.2 0.39 Aira 0.66 2.2 1.48

Juncus 0.24 0.1 0.37 Agros 0.65 2.1 1.46
Aira 0.16 0.0 0.22

Sch 0.16 0.1 0.35

Cotuia 0.08 0.0 0.18

Ave Biomass (g/m2): 44.50 17.08 Ave Blomass (g/m2): 354.50 115.57

Site 2D (opent

% of Total Biomass

Site 2C iciosedl
Species Ave % Var Stdv Species Ave % Var Stdv
Danth 37.9 520.6 22.82 Them 41.8 78.6 8.87
Anth 21.7 46.9 6.85 Anth 40.9 100.7 10.04
Briza 13.7 18.7 4.32 Sch 12.0 48.5 6.96
Them 11.9 56.6 7.52 Briza 2.0 2.4 1.56
Cud 11.4 551.9 23.49 Micra 1.6 1.4 1.17
Pea 1.4 9.9 3.14 Ribwort 1.4 0.2 0.48
Hyp 0.8 0.7 0.87 Agros 0.2 0.2 0.39

Juncus 0.5 0.6 0.78 Aira 0.2 0.2 0.39
Sch 0.3 0.6 0.78

Cotuia 0.2 0.2 0.39

Aira 0.2 0.2 0.39

BIOMASS Site 3

Site 3B (openi

Species Ave (g/m2) Var Stdv Species Ave (g/m2) Var Stdv
Sch 37.88 48.8 6.98 Sch 170.32 1899.3 43.58
Them 24.70 28.6 5.35 Them 148.22 1320.3 36.34
Danth 21.17 191.5 13.84 Anth 13.33 28.6 5.35
Hyp 4.66 1.2 1.08 Linum 5.46 6.3 2.51
Gona 0.33 0.5 0.73 Gona 5.01 13.2 3.63
Cud 0.27 0.4 0.61 Juncus 2.41 1.8 1.36

Hyp 1.20 2.7 1.64

Lob 0.63 2.0 1.42

Danth 0.61 1.9 1.37

Briza 0.61 1.8 1.36

Poa 0.61 1.8 1.36

Cud 0.61 1.8 1.36

Ave Biomass (g/m2): 89.00 28.59 Ave Biomass (g/m2): 349.00 101.26
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% of Total Biomass

Site 3B (open)

Species Ave % Var Stdv

Sch 42.8 70.0 8.37

Them 28.3 68.8 8.30

Danth 16.1 232.9 15.26

Cud 7.2 226.4 15.05

Hyp 5.2 0.6 0.80

Gone 0.4 0.9 0.94

Site 3A (closed)

Species Ave % Var Stdv

Sch 48.6 127.8 11.31

Them 42.7 127.8 11.31

Anth 3.8 2.5 1.59

Linum 1.6 0.5 0.73

Gone 1.4 1.0 1.00

Juncus 0.7 0.2 0.39

Hyp 0.3 0.2 0.48

Lob 0.2 0.2 0.39

Briza 0.2 0.2 0.39

Poa 0.2 0.2 0.39

Cud 0.2 0.2 0.39

Danth 0.2 0.2 0.39

BIOMASS

Site 30 (ooen) Site 3D (closed)

Species Ave (g/m2) Var Stdv Species Ave (g/m2) Var Stdv

Danth 28.44 83.0 9.11 Them 220.27 725.3 26.93

Them 19.80 13.0 3.60 Sch 129.51 1903.9 43.63

Anth 10.73 2.8 1.67 Anth 113.82 1624.5 40.31

Sch 8.74 41.9 6.48 Danth 21.53 109.8 10.48

Juncus 2.72 14.0 3.75 Ribwort 4.42 39.2 6.26

Hyp 2.37 8.2 2.86 Hyp 1.75 5.7 2.39

Briza 1.12 6.3 2.51 Linum 1.71 5.5 2.34

Linum 0.93 0.2 0.45

Cud 0.49 0.6 0.74

Gona 0.14 0.1 0.31

Ave Biomass (g/m2): 75.50 31.48 Ave Biomass (g/m2): 493.00 132.34

% of Total Biomass

Site 30 (ooen) Site 3D (closed)

Species Ave % Var Stdv Species Ave % Var Stdv

Danth 31.0 319.3 17.87 Them 44.8 42.7 6.53

Them 28.0 123.5 11.11 Sch 26.3 79.5 8.91

Anth 14.6 10.8 3.28 Anth 23.0 59.0 7.68

Sch 10.9 44.9 6.70 Linum 0.3 0.2 0.48

Cud 6.5 166.0 12.88 Hyp 0.3 0.2 0.48

Juncus 3.4 15.8 3.98 Cud 1.1 6.3 2.50

Hyp 2.8 10.8 3.29 Danth 3.2 6.9 2.62

Briza 1.4 9.9 3.14

Linum 1.2 0.2 0.48

Gona 0.2 0.2 0.39
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Comparison of mean biomass levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Dependent Variable: BIOMASS

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Power®
Corrected

Model
361510.1" 5 72302.021 31.573 .000 157.866 1.000

Intercept 683064.1 1 683064.1 298.284 .000 298.284 1.000

SITE 3329.112 2 1664.556 .727 .522 1.454 .124

TREATMEN 358110.8 1 358110.8 156.381 .000 156.381 1.000

SITE*

TREATMEN
70.245 2 35.123 .015 .985 .031 .051

Error 13739.890 6 2289.982

Total 1058314 12

Corrected

Total
375250.0 11

a- Computed using alpha = .05

b. R Squared = .963 (Adjusted R Squared = .933)

Comparison of mean Danthonia levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Dependent Variable: LOGDANTH

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powet^
Corrected

Model
25.93o" 1 25.930 75.268 .000 75.268 1.000

Intercept 55.999 1 55.999 162.553 .000 162.553 1.000

TREATMEN 25.930 1 25.930 75.268 .000 75.268 1.000

Error 3.445 10 .344

Total 85.373 12

Corrected

Total
29.374 11

a. Computed using aipha = .05

b. R Squared = .883 (Adjusted R Squared = .871)
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Comparison of mean Anthoxanthum levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Dependent Variable: ANTH

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powei®

Corrected

Model
325.521'' 1 325.521 3.230 .103 3.230 .369

Intercept 3671.501 1 3671.501 36.431 .000 36.431 1.000

TREATMEN 325.521 1 325.521 3.230 .103 3.230 369

Error 1007.788 10 100.779

Total 5004.810 12

Corrected

Total
1333.309 11

«

a- Computed using alpha = .05

b R Squared = .244 (Adjusted R Squared = .169)

Comparison of mean Schoenus levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Power®

Corrected

Model

Intercept

TREATMEN

Error

Total

Corrected

Total

491.520"

3989.453

491.520

2243 347

6724 320

2734.867

1

1

1

10

12

11

491.520

3989.453

491.520

224.335

2.191

17.783

2.191

.170

.002

.170

2.191

17.783

2.191

.268

.966

.268

a- Computed using alpha = .05

b- R Squared = .180 (Adjusted R Squared = .098)
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Comparison of mean Hypochearus levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Dependent Variable: LOGHYP

Type III

Source

Sum of Mean Noncent. Observed
Squares df Square F Sig. Parameter Powei^

Corrected

Model
3.421 1 3.421 15.653 .003 15.653 .945

Intercept 4.633 1 4.633 21.201 001 21.201 .985
TREATMEN 3.421 1 3.421 15.653 003 15.653 .945
Error 2.185 10 .219

Total 10.239 12

Corrected •

Total
5.606 11

a- Computed using alpha = .05

b. R Squared = .610 (Adjusted R Squared = .571)

Comparison of mean Themeda levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Dependent Variable: THEM

Type III

Source

Sum of

Squares df

Mean

Square F Siq.

Noncent.

Parameter

Observed

Powei^
Corrected

Model
2560.841 1 2560.841 46.489 .000 46.489 1.000

Intercept 13021.841 1 13021.841 236.396 .000 236.396 1.000
TREATMEN 2560.841 1 2560.841 46.489 .000 46.489 1.000
Error 550.848 10 55.085

Total 16133.530 12

Corrected

Total
3111.689 11

3- Computed using alpha = .05

b- R Squared = .823 (Adjusted R Squared = .805)
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Comparison of mean Plantago levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Dependent Variable: PLANTAGO

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Power^
Corrected

Model

b

1.203 1 1.203 5 937 .035 5 937 .595

Intercept 1.470 1 1.470 7.253 .023 7.253 .681

TREATMEN 1.203 1 1.203 5.937 .035 5.937 .595

Error 2.027 10 .203

Total 4.700 12

Corrected

Total
3.230 11

3- Computed using alpha = .05

b- R Squared = .373 (Adjusted R Squared = .310)

Comparison of mean Euchiton levels in grazed and ungrazed areas.

Tests of Between-Subjects Effects

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Power®

Corrected

Model
se.sss'' 1 56.333 5.332 .044 5.332 .550

Intercept 68.163 1 68.163 6.452 .029 6.452 .630

TREATMEN 56.333 1 56.333 5.332 044 5.332 .550

Error 105.643 10 10.564

Total 230.140 12

Corrected

Total
161.977 11

a- Computed using alpha = .05

b. R Squared = .348 (Adjusted R Squared = .283)
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APPENDIX 7 - DESCRIPTION OF STUDY SITES

PARTICLE SIZE ANALYSTS

SAMPLE lA IB ic ID 2A 2B 2C 2D 3A 3B

INITIAL WIEGHT 47.37 48.3 42.13 48.55 47.07 46.8 48.6 47.2 46.28 46.16 48.31 47.84
GRAVEL 0.36 0.68 0.47 0.16 6.26 0.41 1.14 1.32 2.2 3.67 3.26 1.38
SAND 12.14 6.69 9.95 10.28 5.19 8.97 8.07 13.15 11.56 5.28 9.95 13.37
SILTS/CLAYS 34.87 40.93 31.71 38.11 35.62 37.42 39.39 32.73 32.52 37.21 35.1 33.09

FROM MALVERN% SILT

SAMPLE 1 63.7 76 77.7 71 78.5 73.6 79.7 77.9 78.3 74.8 78.9 79.6
SAMPLE 2 60.9 75.9 78.3 70.7 79.2 73.6 79.3 75.8 79.4 73.8 76.3 76.6
MEAN 62.3 75.95 78 70.85 78.85 73.6 79.5 76.85 78.85 74.3 77.6 78.1

FROM MALVERN% CLAY

SAMPLE 1 36.3 24 22.3 29 21.5 26.4 20.3 22.1 21.7 25.2 21.1 20.4
SAMPLE 2 39.1 24.1 21.7 29.3 20.8 26.4 20.7 24.2 20.6 26.2 23.7 23.4
MEAN 37.7 24.05 22 29.15 21.15 26.4 20.5 23.15 21.15 25.7 22.4 21.9

PERCENTAGES 1A IB IC ID 2A 2B 2C 2D 3A 3B 3C 3D

GRAVEL 0.8 1.4 1.1 0.3 13.3 0.9 2.3 2.8 4.8 8.0 6.7 2.9
SAND 25.8 14.0 23.9 21.2 12.7 19.3 17.0 28.7 26.2 12.4 22.1 28.8
SILTS 46.2 65.3 59.4 55.8 68.8 59.4 66.0 54.8 58.2 65.1 60.5 55.6
CLAYS 28.0 20.7 16.7 23.0 18.5 21.3 17.0 16.5 15.6 22.5 17.5 15.6

Dependent Variable: CLAY

ANOVA table for percentage of clay

Tests of Between-Subjects Effects

Type III

Source

Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powei^
Corrected

Model
44.022'' 2 22.011 1.760 .226 3.520 .276

Intercept 4520.201 1 4520.201 361.399 .000 361.399 1.000

SITE 44.022 2 22.011 1.760 .226 3.520 .276

Error 112.568 9 12.508

Total 4676.790 12

Corrected

Total
156.589 11

a- Computed using alpha = .05

b. R Squared = .281 (Adjusted R Squared = .121)
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ANOVA table for percentage of gravel

Tests of Between-Subjects Effects

Dependent Variable' GRAVEL

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powet^

Corrected

Model
50.795" 2 25 398 2.018 .189 4.036 .312

Intercept 171 007 1 171.007 13 588 005 13.588 .905

SITE 50.795 2 25.397 2.018 189 4.036 .312

Error 113 267 9 12 585

Total 335 070 12

Corrected

Total
164.063 11

a- Computed using alpha = 05

b. R Squared = .310 (Adjusted R Squared = .156)

ANOVA table for percentage of sand

Tests of Between-Subjects Effects

Dependent Variable: SAND

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Power^
Corrected

Model
17.687" 2 8.843 213 .812 .427 .074

Intercept 5296.201 1 5296.201 127.817 .000 127 817 1.000

SITE 17 687 2 8.843 .213 .812 .427 .074

Error 372.922 9 41.436

Total 5686.810 12

Corrected

Total
390 609 11

3- Computed using alpha = .05

b- R Squared = .045 (Adjusted R Squared = -.167)
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ANOVA table for percentage of silt

Tests of Between-Subjects Effects

Dependent Variable: SILT

Type III

Sum of Mean Noncent. Observed
Source Squares df Square F Sig. Parameter Powet^
Corrected

Model
62.562'' 2 31.281 .778 .488 1 557 .144

Intercept 42614 001 1 42614.001 1060.438 .000 1060 438 1.000

SITE 62.562 2 31.281 .778 .488 1.557 .144

Error 361.668 9 40.185

Total 43038 230 12

Corrected

Total
424.229 11

a- Computed using alpha = .05

b R Squared = .147 (Adjusted R Squared = -.042)
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APPENDIX 8
ARTIFICIAL RAINFALL RESULTS

On

ro

PLOT

DATE

% MOISTURE

APPLICATION TIME INITIAL

SECONDS

APP TIME SECONDARY

SECONDS

VOLUME FOR INITIAL (L)

VOLUME FOR SECONDARY (L)

AVERAGE VOL FOR INITIAL (L)

AVE VOL FOR SECONDARY (L)

1A li ic ID 2A 2B 2C 2D 3A 3B 3C

1/5/98 1/5/98 4/5/98 4/5/98 5/5/98 4/5/98 4/5/98 4/5/98 28-4-98 27-4-98 29-4-98 01/05/98

15 4 18 3 21 6 17 9 16 5 22 6 186 134 24 4 26.9 20 9 24 6

0 10.05 1.49 50 1 23 02 0 09 50 0 04 16 0 40 20 0 50 10 0.46.35 2 58 45 0 54.39 0 26.59 0.24.39

605 6590 4982 590 256 2420 3010 2795 10725 3279 1619 1479

0 20 58 2 00 07 1 35.04 0.21 05 0.14 35 0 50 55 1 00 33 0.57 28 3 53 52 1.24.49 0,40 39 0 37 40

1258 7207 5704 1265 875 3055 3633 3448 14032 5089 2439 2260

732.1 7973 9 6028 2 713.9 309 8 2928 2 3642 1 3382.0 12977 3 3967 6 1959 0 1789 6

1522.2 8720 5 6901 8 1530 7 1058 8 3696 6 4395 9 4172 1 16978 7 6157.7 2951.2 2734 6

Grazed Ung razed S D open S.D closed S.E open S E closed

14193 4472 4 1259.4 2497.6 563 2 1117 0

2247.0 5289 9 1289 6 2461.4 576.7 11008
r



TOTAL SOLIDS (alL)

Ave from
SAMELE 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D open plots
INITIAL 0 266 0.670 0.155 0.159 0.422 0.138 1.103 0 191 0.173 0 238 0 121 0.188 0.233
SEC 0.766 0.121 0.172 0.130 0 156 0.081 0.125 0 125 0.225 0 299 0.140 0.177 0 269

Ave from

closed Plots

0.405

0.150

S D from

open Plots

0.106

0.252

SUSPENDED SEDIMENT LEVELS lalL)
Ave from

SAMPLE 1A 1B 1C 1D 2A 2B 2C 2D M 3B X 3D open plots
INITIAL 0.166 0.590 0.075 0.079 0.322 0.038 0.743 0.111 0.093 0 118 0 081 0.128 0 146
SEC 0.046 0.001 0.032 0.050 0 076 0.021 0.025 0.025 0.065 0.179 0 120 0.077 0 083

Ave from S.D from

closed Plots open plots

0.278 0 092

0.037 0 057

DISSOLVED SOLIDS LEVELS fa/L)
Ave from

SAMPLE 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D open plots
INITIAL 0 100 0.080 0.080 0.080 0 100 0.100 0.360 0 080 0.080 0.120 0.040 0.060 0 087
SEC 0 720 0.120 0.140 0 080 0 080 0.060 0.100 0.100 0.160 0.120 0.020 0.100 0 187

Ave from

closed Plots

0.127

0.113

TOTAL PHOSPHORUS rma/L^

Ave from Ave from
MMPLE 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D open plots closed plots
INITIAL 0 350 0.250 1.100 0.140 0.240 0.240 3.600 0.370 0.940 3.900 0.240 0.230 0 873 1.060
SEC 0.110 0.130 0.510 0.098 0.062 0.065 0.170 0.080 0.290 0 630 0 140 0.160 0.187 0.221

S D from

open Plots

0.027

0 263

S.D from

open Plots

1 485

0 219

S.D from

closed Plots

0.398

0.051

S.D from

closed Plots

0.306

0.028

SEfor

open Plots

0 043

0 103

S Efor

open Plots

0 037

0 023

S.E for

closed Plots

0.163

0.021

S.E for

closed Plots

0.125

0.012

S.D from S Efor S.E for

closed plots open plots closed plots

0.115 0.011 0.047

0.035 0 108 0.014

S.D from

closed Plots

1.303

0.160

S Efor

open Plots

0 606

0 089

S.E for

closed Plots

0.532

0.065

SAMPLE 1A IB 1C ID 2A 2B 2C
INITIAL 3.80 2.90 5.50 1.30 4.80 2.60 40.0
SEC 1.20 0.90 2.50 0.86 1.50 0.51 1.60

2D

2.50

0.88

TOTAL NITROGEN (malL)

Ave from Ave from S.D from S.D from 8 E for s.E for
3A 3B 3C 3D open plots closed plots open plots closed plots open plots closed plots
20.0 18.0 2.90 1.50 5 550 12.083 6.213 15.308 2.537 6.249
3.20 3.90 1 10 0.80 1 573 1.585 1.164 1.066 . 0 475 0.435

00

O
o

0

U)
K)
o
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m

a
o

U

00

a

g

PHOSPHATE (ma/U

Ave from

sample 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D open plots
INITIAL 0 210 0.130 0.780 0.083 0 070 0.099 1.60 0.200 0.49 0 47 0.180 0.190 0 202
SEC 0 036 0.075 0.430 0 042 0 014 0.028 0.100 0 049 0.260 0 160 0 055 0.060 0 059

NITRATE/NITRITE rmq/L)

Ave from

sample 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D open plots
INITIAL 0 340 0.140 0.240 0.190 2.300 0.160 0.26 0 420 0.19 0.34 0 270 0.120 0.643
SEC 0.140 0.075 0.091 0 110 0 580 0.075 0.130 0 270 0.041 0 150 0.090 0.076 0 223

Ave from

closed plots

0.548

0.159

Ave from

closed plots

0.185

0.081

S D from

open Plots

0.144

0 051

S D from

open plots

0.815

0 186

S.D from

closed plots

0.578

0.156

S.D from

closed plots

0.056

0.029

S Efor

open plots

0 059

0 021

S.E for

open Plots

0 333

0 076

S.E for

closed Plots

0.236

0.064

S.E for

closed plots

0.023

0.012
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ANOVA of untreated data comparing volume of water applied to grazed and ungrazed
plots.

Tests of Between-Subjects Effects

Dependent Variable: V0L1

Type III

Source

Sum of

Squares df

Mean

Square F Slq.

Noncent.

Parameter

Observed

Powei^
Corrected

Model
4 SE+Ot'' 5 9545971 5.560 .061 27.802 .590

Intercept 6.9E+07 1 6.9E+07 40.147 .003 40.147 .995
SITE 6231569 2 3115785 1.815 275' 3.630 .204

TREATMEN 1.4E+07 1 1.4E+07 8.296 .045 8.296 .586
SITE*

TREATMEN
1.8E+07 2 9098131 5.300 .075 10.599 .491

Error 6867110 4 1716778

Total 1.4E+08 10

Corrected

Total
5.5E+07 9

3- Computed using alpha = .05

b- R Squared = .874 (Adjusted R Squared = .717)

ANOVA of data treated as a nested design (site within treatments

Tests of Between-Subjects Effects

Dependent Variable: V0L1

Type III

Source

Sum of Mean Noncent. Observed
Squares df Square F  , Slq. Parameter Powei^

Corrected Model 4.8E+07'' 5 9545971 5.560 .061 27.802 .590
Intercept 6.9E+07 1 6.9E+07 40.147 .003 40.147 .995
TREATMEN(SITE) 4.8E+07 5 9545971 5.560 .061 27.802 .590
Error 6867110 4 1716778

Total 1.4E+08 10

Corrected Total 5.5E+07 9

3- Computed using alpha = .050

R Squared = .874 (Adjusted R Squared= .717)
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Result of significance test on volume of 'artificial rainfall' applied to grazed and
ungrazed plots.

Test Statistic^

' V0L1

Mann-Whitney

U

Wilcoxon W

Z

Asymp. Sig
(2-tailed)

Exact Sig.

[2*(1-tailed

Sig.)]

3 000

18 000

-1 984

047

.056®

3- Not corrected for

ties.

b. Grouping Variable:
TREATMENT

ANOVA table of moisture levels prior to 'artificial rainfall' application

Tests of Between-Subjects Effects

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powei®

Corrected

Model
144 994" 5 28.999 4.417 .049 22.083 .657

Intercept 4844.101 1 4844.101 737.774 .000 737.774 1.000

SITE 101.822 2 50.911 7.754 .022 15.508 .773

TREATMEN 30.401 1 30.401 4.630 .075 4.630 .440

SITE*

TREATMEN
12.772 2 6.386 .973 .431 1.945 .151

Error 39.395 6 6.566

Total 5028.490 12

Corrected

Total
184.389 11

a- Computed using alpha = .05

b R Squared = .786 (Adjusted R Squared = .608)
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ANOVA table showing results of volume of'artificial rainfalP applied after the

exclusion of data from plots 3c and 3d.

Tests of Between-Subjects Effects

Dependent Variable: V0L1

Source

Type III

Sum of

Squares df

Mean

Square F Sip.

Noncent.

Parameter

Observed

Power^
Corrected

Model
4.5E+07'' 3 1.5E+07 8.707 .032 26.122 .740

Intercept 8.3E+07 1 8.3E+07 48.128 .002 48.128 .999

TREATMEN 3.0E+07 1 3.0E+07 17.344 .014 17.344 .869

SITE 3361825 1 3361825 1.958 .234 1 958 .192

TREATMEN

*SITE
1.2E+07 1 1 2E+07 6 820 .059 6 820 .510

Error 6867110 4 1716778

Total 1 3E+08 8

Corrected

Total
5 2E+07 7

3- Computed using alpha = .05

b R Squared = .867 (Adjusted R Squared = .768)

ANOVA tables for 'artificial rainfall' suspended sediment data.

Tests of Within-Subjects Effects

Measure: MEASURE_1

Sphericity Assumed

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Powet^
TIME .346 1 .346 9.898 .020 9.898 .746

TIME *

TREATMEN .261 5 5.215E-02 1 494 .317 7.468 .255

( SITE)

Error(TIME) .210 6 3.492E-02

3- Computed using alpha = .050
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Tests of Between-Subjects Effects

Measure: MEASURE_1

Transformed Variable: Average

Source

Type III
8um of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Power®

Intercept .775 1 .775 22.066 .003 22.066 972

TREATMEN(SITE) .131 5 2.618E-02 .745 .618 3 725 144

Error .211 6 3.514E-02

a. Computed using alpha = 050

ANOVA comparing means of second suspended sediment samples.

Tests of Between-Subjects Effects

Dependent Variable: 88 2

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Power®

Corrected

Model
2 325E-02'' 5 4 651E-03 7.731 014 38.653 .890

Intercept 4 284E-02 1 4.284E-02 71 213 000 71.213 1.000

SITE 1.534E-02 2 7.671 E-03 12 751 .007 25.503 .936

TREATMEN 6.302E-03 1 6 302E-03 10.476 .018 10.476 .769

SITE*

TREATMEN
1.609E-03 2 8 043E-04 1.337 .331 2.674 .192

Error 3.610E-03 6 6.016E-04

Total 6.970E-02 12

Corrected

Total
2.686E-02 11

a Computed using alpha = .05

b. R 8quared = .866 (Adjusted R 8quared = .754)

ANOVA table for ̂ artificial rainfall' Total Solids results

Tests of Within-Subjects Effects

Measure: MEA8URE 1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powet^

TIME .747 1 .747 2.326 .178 2.326 .252

TIME*

TREATMEN 2.437 5 .487 1.518 .311 7.591 .259

( SITE )

Error(TIME) 1.926 6 .321

a. Computed using alpha = .050
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Measure: MEASURE 1
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Tests of Between-Subjects Effects

Source

Type III
Sum of

Squares df

Mean

Square F SIg.
Noncent

Parameter

Observed

Powei^
Intercept 59.350 1 59.350 88.479 .000 88.479 1.000
TREATMEN(SITE) .267 5 5.337E-02 .080 .993 .398 .059
Error 4.025 6 .671

a- Computed using alpha = .050

ANOVA tables for 'artificial rainfall' dissolved solids results.

Measure: MEASURE_1

Sphericity Assumed

Tests of Within-Subjects Effects

Type III

Source

Sum of Mean Noncent. Observed
Squares df Square F SIg. Parameter Powei^

TIME .115 1 .115 .526 .496 .526 .095
TIME*

TREATMEN 2.378 5 .476 2.184 .185 10.918 .361
(SITE )

Error(TIME) 1.307 6 .218

3- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F SIg.
Noncent.

Parameter

Observed

Powei®
Intercept 129.563 1 129.563 172.552 .000 172.552 1.000
TREATMEN(SITE) 1.957 5 .391 .521 .754 2.607 .113
Error 4.505 6 .751

a. Computed using alpha = .050
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ANOVA tables for 'artificial rainfall' Total Phosphorus results.

Tests of Within-Subjects Effects

Measure: MEASURE_1

Source

Type III
Sum of

Squares df

1

Mean

Square F Sig.

Noncent.

Parameter

Observed

Powei^

TIME 8.262 1 8.262 32 794 .001 32.794 .997

TIME*

TREATMEN 1.635 5 .327 1.298 .375 6.489 .225

(SITE )

Error(TIME) 1.512 6 .252

a. Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE_1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent

Parameter

Observed

Power®

Intercept 40 109 1 40.109 21.134 .004 21.134 .966

TREATMEN(SITE) 5.324 5 1.065 .561 .729 2.805 .118

Error 11.387 6 1.898

a. Computed using alpha = .050

ANOVA tables for 'artificial rainfall' Total Nitrogen results.

Tests of Within-Subjects Effects

Measure: MEASURE_1

Source

Type III
Sum of

Squares df

Mean

Square F Sig.

Noncent.

Parameter

Observed

Power®

TIME 314.288 1 314.288 4.341 .082 4.341 .418

TIME*

TREATMEN 249.949 5 49 990 .691 .649 3.453 .136

( SITE )
Error(TIME) 434.351 6 72.392

a. Computed using alpha = .050
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Tests of Between-Subjects Effects

Measure; MEASURE_1

Transformed Variable: Average

Source

Type III
Sum of

Squares df

Mean

Square F Sig.
Noncent.

Parameter

Observed

Powei^
Intercept 648.440 1 648.440 6.847 .040 6.847 591

TREATMEN(SITE) 252.623 5 50.525 .533 .746 2.667 .115

Error 568.233 6 94.706

a Computed using alpha = .050

ANOVA tables for 'artificial rainfall' Phosphate results.

Tests of Within-Subjects Effects

Measure: MEASURE_1

Sphericity Assumed

Source

Type III

Sum of

Squares df

Mean

Square F 5ifl.

Noncent.

Parameter

Observed

Powei^
TIME 425 1 .425 4.634 .075 4.634 .440

TIME*

TREATMEN .335 5 6.704E-02 .731 .626 3.657 .142

( SITE)

Error(TiME) .550 6 9.167E-02

3- Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Siq.

Noncent

Parameter

Observed

Powei^
Intercept 1.407 1 1.407 8.587 .026 8.587 .687
TREATMEN(SITE) .427 5 8.545E-02 .522 .754 2.608 .113

Error .983 6 .164

3- Computed using alpha = .050
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ANOVA tables for 'artificial rainfall* Nitrate/nitrite results.

Tests of Within-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Slg.

Noncent.

Parameter

Observed

Power®

TIME 4.339 1 4.339 44.255 .001 44.255 1.000

TIME*

TREATMEN 7 243E-02 5 1.449E-02 .148 973 .739 .066

( SITE )

Error(TIME) .588 6 9.805E-02

a. Computed using alpha = .050

Tests of Between-Subjects Effects

Measure: MEASURE 1

Source

Type III
Sum of

Squares df

Mean

Square F Siq.

Noncent.

Parameter

Observed

Power®

Intercept 70 856 1 70.856 190.281 .000 190.281 1.000

TREATMEN(SITE) 8 802 5 1.760 4.727 .043 23.636 .688

Error 2.234 6 .372

3 Computed using alpha = .050
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APPENDIX 9 - INFILTRATION RATE RESULTS

Overall Mean Volumes S.D S.E

Grazed 7.55 L/IOmins 2.05 0.84

Ungrazed 9.39 l_/10mins 3.59 1.47

Mean % moisture S.D S.E

Grazed 23.0 2.1 0.9

Ungrazed 24.2 4.7 1.9

1A 1B 1C 1D 2A^ 2C 2D 3A 3B 3C 3D
% Moisture 25.3 28.3 29.5 23.6 20.8 27.5 19.3 22.7 20.1 20.3 25.2 20.2
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INFILTRATION RATES (U

TIME (minutes) Total

SITE PLOT 1 2 3 4 5 6 7 8 9 10 yol
A  0.78 0.83 0.68 0.58 0.58 0.58 0.54 0.58 0.60 0.45 6.2
A  0.98 0.18 0.45 0.70 0.18 0.48 0.38 0.53 0.33 0.36 4.5
A  0.80 0.70 0.48 0.59 0.45 0.62 0.50 0.46 0.53 0.40 5.5
A  1.00 0.86 0.63 0.66 0.65 0.43 0.46 0.58 0.48 0.38 6.1
B  1.00 0.71 0.40 0.40 0.52 0.36 0.36 0.38 0.43 0.37 4.9
B  0.77 0.37 0.28 0.23 0.35 0.17 0.35 0.18 0.28 0.17 3.1
B  1.00 0.50 0.44 0.55 0.28 0.28 0.28 0.25 0.23 0.28 4.1
B  1.00 1.00 1.00 0.05 0.43 0.33 0.53 0.30 0.43 0.43 5.5

C  3.00 1.10 1.10 1.00 1.00 1.00 0.98 0.92 0.83 0.93 11.9
C  2.80 1.60 1.00 1.50 1.20 1.00 1.25 1.00 1.15 1.00 13.5

C  2.80 1.30 1.13 1.00 1.00 1.00 1.00 1.00 0.95 0.95 12.1

C  1.00 1.00 0.75 0.58 0.53 0.56 0.51 0.59 0.55 0.51 6.6
D  1.00 1.00 0.88 0.81 0.63 0.53 0.53 0.50 0.50 0.51 6.9
D  1.00 1.00 0.80 0.68 0.20 0.83 0.65 0.68 0.73 0.68 7.2
D  0.73 0.65 0.30 0.33 0.53 0.30 0.35 0.30 0.32 0.25 4.0
D  0.50 0.55 0.46 0.21 0.48 0.41 0.45 0.33 0.26 0.39 4.0

2  A 0.53 1.55 1.00 1.00 1.00 0.83 1.38 0.77 1.00 0.99 10.0

2  A 0.00 0.60 0.50 0.33 0.30 0.35 0.40 0.45 0.35 0.30 3.6

2  A 2.00 0.51 0.73 0.90 0.83 0.81 0.54 0.71 0.81 0.60 8.4

2  A 1.00 0.76 0.88 0.80 0.83 0.76 0.91 0.68 0.71 0.78 8.1

2  B 3.00 1.40 1.00 1.00 0.98 0.78 0.85 0.82 0.88 0.75 11.4

2  B 3.00 2.00 2.00 2.80 1.40 0.90 1.20 1.00 0.85 0.80 16.0

2  B 0.75 0.40 0.63 0.15 0.46 0.39 0.56 0.28 0.43 0.38 4.4
2  B 2.00 1.10 0.75 0.85 0.76 0.75 0.81 0.67 0.83 0.64 9.2

2  C 1.90 1.15 1.25 1 00 0.65 0.83 0.90 0.90 0.78 0.83 10.2

2  C 3.00 1.20 1.40 1.38 1.00 1.23 1.25 1.25 1.00 1.00 13.7
2  C 3.50 3.00 2.00 2.89 2.48 2.38 1.05 2.30 1.80 2.43 23.8
2  C 1.00 1.00 0.85 0.76 0.58 0.65 0.66 0.59 0.45 0.57 7.1
2  D 1.40 1.10 1.00 0.80 0.93 0.53 0.93 0.85 0.73 0.80 9.1

2  D 2.65 1.75 1.40 1.00 1.30 1.00 1.10 1.00 1.00 1.00 13.2

2  D 1.55 1.50 1.65 1.38 1.58 1.42 1.38 1.88 1.43 1.10 14.9

2  D 1.00 0.95 0.68 0.65 0.53 0.33 0.63 0.61 0.34 0.55 6.3

3  A 0.65 0.50 0.50 0.41 0.60 0.43 0.40 0.48 0.43 0.50 4.9

3  A 0.33 0.28 0.55 0.58 0.53 0.30 0.40 0.25 0.30 0.50 4.0
3  A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.70 9.5

3  A 1.00 0.65 0.43 0.37 0.26 0.45 0.31 0.21 0.28 0.31 4.3
3  B 0.80 0.58 0.65 0.70 0.40 0.45 0.38 0.58 0.48 0.43 5.4

3  B 0.28 0.63 0.53 0.50 0.33 0.43 0.46 0.33 0.35 0.36 4.2

3  B 0.95 0.58 0.74 0.68 0.48 0.51 0.65 0.61 0.38 0.48 6.0
3  B 1.00 1.40 1.40 1.25 1.00 1.13 1.53 1.00 1.10 1.00 11.8

3  C 2.40 0.98 0.96 0.86 0.85 0.85 0.65 0.80 0.70 0.75 9.8
3  C 0.35 1.00 1.00 1.00 0.73 0.83 0.78 0.70 0.85 1.00 8.2

3  C 1.65 0.55 0.63 0.40 0.70 0.80 0.53 0.60 0.58 0.53 7.0

3  C 1.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 10.7

3  D 2.75 2.00 2.00 0.60 1.60 1.25 1.30 1.33 1.13 1.25 15.2

3  D 2.00 1.65 0.80 1.00 0.83 1.00 0.75 0.85 0.68 0.78 10.3

3  D 1.70 0.98 0.75 0.75 0.63 0.63 0.63 0.43 0.62 0.50 7.6
3  D 2.70 1.30 1.00 1.00 1.20 1.00 1.05 0.98 1.00 1.00 12.2

Ave

PlotVol

5.59

4.41

11.01

5.55

7.53

10.24

13.70

10.85

5.66

6.86

8.92

11.34
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ANOVA Table for Infiltration Rates

Tests of Between-Subjects Effects

Dependent Variable: LITRES

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F SIg. Parameter Powei®
Corrected

Model
44 18?'' 5 8.837 1 029 .477 5.145 185

Intercept 861.230 1 861.230 100 277 .000 100 277 1.000

SITE 31.506 2 15.753 1.834 .239 3.668 .249

TREATMEN 10.194 1 10.194 1.187 .318 1.187 .152

SITE*

TREATMEN
2.486 2 1.243 145 .868 .290 .064

Error 51.531 6 8.588

Total 956 947 12

Corrected

Total
95.717 11

uoill^ ~ .\JyJ

b. R Squared = .462 (Adjusted R Squared = .013)

ANOVA Table for Soil Moisture Levels

Tests of Between-Subjects Effects

Dependent Variable: MOIST

Type III
Sum of Mean Noncent. Observed

Source Squares df Square F Sig. Parameter Powet^
Corrected

Model
89.787'' 5 17.957 2.172 .186 10.861 .360

Intercept 6664.653 1 6664.653 806.208 .000 806.208 1.000

SITE 60.502 2 30.251 3 659 .091 7.319 .451

TREATMEN 4.083 1 4.083 .494 .509 .494 .092

SITE *

TREATMEN
25.202 2 12.601 1.524 .292 3.049 .214

Error 49.600 6 8.267

Total 6804.040 12

Corrected

Total
139.387 11

a- Computed using alpha = .05

b. R Squared = .644 (Adjusted R Squared = .348)
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Site 8A
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Summary of change in height of soil surface.

Soil aained/lost (cm) Control Patti

Site 1 -3.59 -4.36

Site 2 -1.92 -0.62

Sites -0.42 -3.72

Site 4 1.824 -2.67

Site 5 -0.95 -6.41

Sites -0.64 -2.95

Site? -1.43 -4.86

Sites -1.28 1.44

Paired samples t-test table for comparison of change on path and control heights.

Paired Samples Test

Paired Differences

t df

SIg.
(2-tailed)Mean

Std

Deviation

Std Error

Mean

95% Confidence

Interval of the Difference

Lower Upper

Pair 1 CONTROL

-PATH
1 9680 2 8459 1 0062 -4113 4.3473 1.956 7 .091
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Soil lost from path.

Southern Path

Length between sites.

m2 lost/gained from cross section
m3 lost/gained from section

Northern path

Length between sites.
m2 lost/gained from cross section
m3 lost/gained from section

Total m3 lost/gained from path
Southern path
Northern path

Path

1 to 2

Control Path Control Path Control Path Control Path Control
1 to 2 2 to 3 2 to 3 3 to 4 3 to 4 4 to 5 4 to 5 5 to 5 to

botto bottom

m

3  3 4 4 5 5 5 5 4 4

0.04 -0.036 -0.01 -0.019 -0.04 -0.004 -0.03 0.0182 -0.06 -0.009
■0.13 -0.108 -0.02 -0.077 -0.19 -0.021 -0.13 0.0912 -0.26 -0.038

Control

6 to
bottom

Path

6 to
botto
m

5  5

-0.03 -0.006
-0.15 -0.032

Path

7 to 6

3

-0.05

-0.15

Control

7 to 6

3

-0.014

-0.043

Path Control
-0.73 -0.152
-0.22 -0.139

Path Control
8 to 7 8 to 7

5  5
0.014 -0.013
0.072 -0.064

S.D

Path Control
0.085 0.0759
0.126 0.0162

S.E.

Path Control
0.038 0.034
0.073 0.009

m3/ha

Southem path
Northern path

Path Control
-348 -72.47
-170 -107

Area (ha)
0.0021
0.0013

Siimmarv of soil volumes lost from paths.

Total m3 lost/gained from path
Southem path
Northem path

Path

-0.73

-0.22

Control

-0.152
-0.139

m3/ha lost/gained
Southern path
Northem path

Path

-348

-170

Control

-72.47

-107

Area (hal
0.0021
0.0013

Paired samples t-test of volume of soil lost from path.
Paired Samples Test

Paired Differences

t df

Sig.
(2-tailed)Mean

Std
Deviation

Std. Error
Mean

95% Confidence
Interval of the Difference

Lower Upper

Pair 1 LOGSOIL -
treatment

-5972 .4859 1215 -.8561 -3383 -4.916 15 .000
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Weekly average readings from data loggers.

Average FAU

Week Beginning Upstream Downstn

5/5/97 360 461

12/5/97 102 136

19-5-97 94 122

3/6/97 85 67

10/6/97 147 160

17-6-97 92 57

24-6-97 85 38

17-7-97 44 19

24-7-97 35 15

31-7-97 30 11

7/8/97 41 15

14-8-97 52 12

Mann-Whitney U Test Results for Turbidity Values

Test Statistic^

FAU

Mann-Whitney
U

245.000

Wilcoxon W 623.000

Z -2 067

Asymp. Sig.
(2-taiied)

.039

3- Grouping Variable:
TREAT
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PLENTY GORGE ROO COUNTS

OCTOBER 1ST TO 9TH

UNIT NUMBER 0.1

OCTOBER 21 ST TO 26TH

Overall mean: 16

Daily Average:

Range:

22.14

8 to 76

Daily Average:
Range:

10.80

3 to 28

EVENT TIME DATE

nbr hh:mm mo day

EVENT TIME DATE

nbr hh:m mo day
m

1 14:52 10 1 1 16:44 10 21

2 14:52 2 16:45

3 16:53 3 16:45

4 16:53 4 17:32

5 16:58 5 17:33

6 16:58 6 17:35

7 16:59 7 17:35

8 23:12 Total Daily 8 8 17:35

Count:

9 5:47 10 2 9 17:36

10 8:12 10 17:36

11 9:59 11 17:39

12 9-59 12 17:39

13 9:59 13 18:04

14 9:59 14 18:04

15 9:59 15 18:04

16 9:59 16 18:04

17 9:59 17 18:40

18 10:00 18 18:40

19 10:00 19 18:40

20 10:00 20 18:40

21 10:00 21 18:40

22 10:00 18:41 Total Daily

23 10:22 23 9:43 10 22

24 10:22 24 9:46

25 10:23 25 9:46

26 10:23 26 9:46

27 10:25 27 9:46

28 10:25 28 9:47

29 10:25 29 9:47

30 10:29 30 9:47

31 10:38 31 9:47

32 12:10 32 9:47

33 12:10 33 13:37

34 12:10 34 13:50

35 12:10 35 13:50

36 12:10 36 13:50

37 12:10 37 13:50

22
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38 12:11 38 13:50

39 12:11 39 13:50

40 12:11 40 13:50 Total Daily

41 12:23 41 3:39 10 23

42 12:56 42 3:39

43 15:44 43 3:40

44 15:44 44 3:40

45 15:44 45 5:31 Total Daily
46 15:44 46 17:06 10 24

47 15:44 47 17:07

48 15:44 48 17:28 Total Daily
49 15:44 49 4:35 10 25

50 15:44 50 4:35

51 15:44 51 4:35

52 15:44 52 4:35

53 15:44 53 4:35

54 15:44 54 4:36

55 15:44 55 4:41

56 15:44 56 5:37

57 15:44 57 5:37

58 15:44 58 5:38

59 15:44 59 5:38

60 15:44 60 5:38

61 15:44 61 5:38

62 15:44 62 5:38

63 15:45 63 5:38

64 15:45 64 5:38

65 15:45 65 5:39

66 15:45 66 5:39

67 15:45 67 5:40

68 15:45 68 5:40

69 15:45 69 5:40

70 15:45 70 5:40

71 15:46 71 5:40

72 15:46 72 6:27

73 15:46 73 6:51

74 15:46 74 8:07

75 15:56 75 8:07

76 15:56 76 8:07 Total Daily
77 15:56 77 6:07 10 26

78 15:58 78 7:14

79 16:00 79 7:33

80 16:00 80 7:33

81 16:00 81 7:33

82 16:00 82 7.33

83 16:21 83 7:33

84 17:18 Total Daily 76
Count:

84 7:33

85 5:09 10 3 85 7:33

86 5:15 86 7:34

87 6:17 87 7:34

88 6:39 88 7:34

89 6:40 89 7:34

90 6:41 90 7:34

18
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91 6:41 91 7:34

92 6:41 Total Daily 8 92 7:34

Count:

93 11:56 10 4 93 7:34

94 11:56 94 7:34

95 11:56 95 7:34

96 11:56 96 7:34

97 18:58 97 7:34

98 18:58 98 7:34

99 18:58 99 7:59

100 18:58 100 7:59

101 18:58 101 7:59

102 18:58 102 8:00

103 18:58 103 8:00

104 18:58 104 8:00

105 19:01 Total Daily 13 105 8:00

Count:

106 0:22 10 5 106 8:00

107 9:40 107 8:00

108 9:40 108 8:00

109 9:40 109 8:00

110 9:40 110 8:00

111 9:40 111 8:00

112 9:40 112 8:00

113 9:40 113 8:00

114 9:40 114 8:00

115 9:51 115 8:00

116 13:22 116 8:00

117 14:43 117 8:00

118 14:43 118 8:00

119 14:44 119 8:00

120 14:44 120 10:02

121 14:44 121 10:19

122 14:49 122 10:20

123 14:49 123 10:20

124 23:09 Total Daily 19 124 10:21

Count:

125 6:06 10 6 125 10:21

126 17:24 126 10:21

127 17:24 127 10:21

128 17:24 128 10:21

129 17:24 129 10:21

130 17:56 130 10:21

131 17:56 131 10:22

132 17:56 Total Daily 8 132 10:22

Count:

133 0:24 10 7 133 10:22

134 0:25 134 10:22

135 0:25 135 10:22

136 6:27 136 10:22

137 17:46 137 10:22

138 17:46 138 10:22

139 17:46 139 10:22

140 17:46 140 10:22

141 17:46 141 10:22
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142 17:47 142 10:22

143 17:55 143 10:23

144 17:55 144 10:23

145 18:44 145 10:23

146 18:44 146 10:23

147 18:44 147 10:23

148 18:44 148 10:23

149 18:44 Total Daily 17
Count:

149 10:23

150 6:01 10 8 150 10:23

151 6:01 151 10:23

152 6:01 152 10:23

153 8:41 153 10:23

154 8:41 154 10:23

155 8:41 155 10:23

156 8:41 156 10:23

157 8:41 157 10:23

158 8:41 158 10:23

159 8:42 159 10:23

160 8:42 160 10:23

161 8:57 161 10:23

162 9:18 162 10:23

163 9:18 Total Daily 14
Count:

163 10:23

164 7:01 10 9 164 10:23

165 14:15 165 10:23

166 14:15 166 10:23

167 14:28 167 10:23

168 14:28 168 10:23

169 14:28 169 10:24

170 14:28 170 10:24

171 14:28 171 10:24

172 14:28 172 10:24

173 14:28 173 10:24

174 14:28 174 10:24

175 14:28 175 10:24

176 14:28 176 10:24

177 14:28 177 10:24

178 14:28 178 10:24

179 14:28 179 10:24

180 14:28 180 10:24

181 14:28 181 10:24

182 14:28 182 10:24

183 14:28 183 10:24

184 16:42 184 10:24

185 16:42 185 10:24
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