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6 Abstract 

Human land use can have detrimental impacts on stream health and adjacent riparian 

zones. This study aims to investigate relationships between land use and riparian 

zones to provide a basis for improved monitoring and better management. Local

scale measures of riparian condition were examined for relationships with local- and 

catchment-scale measures of landscape attributes and water quality in the Darwin

Litchfield-Bynoe region of the Northern Territory. Forty-one sites were surveyed in 

the 2005 dry season using the Tropical Rapid Appraisal of Riparian Condition 

(TRARC). The condition of riparian zones in the region was generally good and 

showed limited signs of anthropogenic disturbance. There were 25 weak correlations 

between riparian indicators and catchment-scale terrestrial attributes and 45 stronger 

correlations with local-scale terrestrial attributes. Correlations occurred with aquatic 

attributes; however these relationships were most likely influenced by soil type and 

land clearing, rather than riparian condition at a local-scale. Urban land use and 

vegetation clearing were linked with an increase in weeds, erosion and localised 

pressures in the riparian zone. Correlations were more common and stronger with 

individual indicators of riparian condition than combined groupings of indicators 

(sub-indices). Principal Components Analysis indicated that land clearing at a local

scale was highly correlated with TRARC indicators and sub-indices and provided a 

useful method for presenting multi-metric data for interpretation by land managers. 

This study was the first of its kind to examine the correlations between the indicators 

of riparian condition used in the TRARC and other environmental variables. It 

provides baseline information for future monitoring of riparian condition in the 

region and recommends that future investigations need to consider covariance, 

spatial-scale and additional landscape features. 
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Introduction 

Human land use has greatly modified the global environment, with detrimental 

impacts on stream systems and their associated riparian habitats, especially through 

land clearing and water impoundment for agriculture and urban uses (Allan 2004). 

Australia's rivers have been described as being in crisis (Mary Maher and Associates 

2000) and on a ranking of continental wetland integrity, Australia is placed third 

behind South America and Africa; however efforts to alleviate degradation are 

largest and most advanced in Australia (Junk 2002). Much of the large-scale 

degradation of catchments and their streams in Australia are concentrated in the 

southern temperate regions (Brierley et al. 1999, Bunn et al. 1999, Davis and Froend 

1999, Walker 1985, Webb and Erskine 2003, Wilson et al. 2006). In contrast, 

northern Australia's tropical rivers and wetlands are generally in relatively pristine 

condition (Junk 2002), except where European colonisation is historically more 

intense-such as parts of north-eastern Queensland (Congdon and Lukacs 1995, 

Moller 1996, Russell and Hales 1996, Tait 1994). The expansive and 'untapped' 

water resources of much of northern Australia are poorly understood in a national 

context; and as development grows, it is imperative that we increase our knowledge 

of the impacts associated with anthropogenic disturbances that have scarred many of 

our southern rivers (Douglas 2005, Hart 2004). 

Riparian zones are the interface between terrestrial and aquatic ecosystems (Gregory 

et a/. 1991 ). Despite their relatively small spatial coverage, riparian ecosystems are 

considered vital elements of the landscape (Naiman et al. 2005). Naiman et al. 

(2005) summarised the functions of the riparian zone as: (1) slowing water flow and 

stabilising stream banks; (2) providing food and habitat for aquatic and terrestrial 

plants and animals; and (3) filtering sediments, nutrients and pollutants before they 

enter the stream. Pusey and Arthington (2003) considered riparian zones to be 

important for freshwater fish communities in northern Australia due to their abilities 

to regulate energy and material across the landscape; thus maintaining habitat 

structure, water clarity and food-web structure. Numerous other studies in Australia 

have shown that riparian zones are important to terrestrial and avian fauna. Riparian 

zones support higher abundance and richness of wildlife than adjacent uplands 
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(Catterall et al. 2001, Mac Nally et al. 2000, Palmer and Bennett 2005, Soderquist 

and Mac Nally 2000, Woinarski and Ash 2002); and provide faunal refuge and 

vectors for distribution (Bentley and Catterall 1997, Palmer and Woinarski 1999, 

Woinarski et al. 2000). 

Despite their recognised importance across the landscape, the relationships between 

landscape attributes-such as land use type, soil type, water quality, topography and 

geomorphology-and riparian condition have rarely been documented; but see 

Mensing et al. (1998), Sponseller eta!. (2001) and the following for examples. In 

temperate regions of Australia, studies have identified anthropogenic land use as 

having detrimental impacts on riparian ecosystems. For example, along the 

Murrumbidgee River in southern New South Wales, increased land clearing and/or 

stocking rates were negatively correlated with riparian bird community composition 

(Jansen and Robertson 2001a); frog community composition and species richness 

(Jansen and Healey 2003); and vegetation condition (Jansen and Robertson 2001b). 

In northern Australia, riparian and stream disturbance is often attributed to weed 

invasion, feral animals, fire, overgrazing and erosion (Burrows 2001, Choquenot et 

a/. 2001, Douglas and Pouliot 1997, Grice 2001, Sattler 1993), but very little 

research has evaluated the impacts of landscape attributes on tropical riparian 

condition. Instead, research has mostly focused on clearing of wetland vegetation 

(e.g. Johnson et al. 2000) or riparian status reporting-such as 'State of the Rivers' 

reports (e.g. Moller 1996, Moller eta!. 2002). One exception is a recent study in the 

Burdekin Catchment in north-eastern Queensland that identified a weak decline in 

riparian condition with an increase in cattle use in the riparian zone (Dowe et a!. 

2004). To gain greater knowledge of riparian zones in tropical Australia, my study 

investigates the relationships between landscape attributes and riparian condition in 

the fastest developing region in the Northern Territory-the Darwin-Litchfield

Bynoe region (Treasury 2005). 

The Darwin-Litchfield-Bynoe region is increasingly becoming developed for mixed 

land use and there is a growing need to establish research and monitoring programs 

to collect baseline data and to gain a better understanding of the impacts of this 

development. To meet this need, NRETA (Department of Natural Resources, 

Environment and the Arts-Aquatic Health Unit) has recently developed models of 

the relationships between the water quality and environmental features in the 
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catchment, with the purpose of predicting water quality of streams and prescribing 

resource condition targets (Fukuda and Townsend 2006). Prior to 2005, knowledge 

of the condition of the region's riparian zones was limited to pilot trials of a rapid 

assessment protocol (Dixon and Douglas 2004, Dixon et al. 2005, Townsend et a!. 

2005) and supplementary data collected for instream biotic assessments (Dostine 

2002a, b). 

Investigating the relationships between land use and stream ecosystems-with the 

intent of identifying causal effects-is not a straightforward task. Allan (2004) 

identifies four challenges in identifying linkages between landscapes and 

'riverscapes'. They are as follows. 

Firstly, covariation of anthropogenic and natural landscape features: geology, soil 

type, topography and other natural features may all provide suitable conditions for 

specific land uses. Thus if anthropogenic and natural gradients covary and only 

anthropogenic disturbances are assessed, then the causal effect of land use can be 

overestimated. 

Secondly, spatial scale: physical and biological measures of stream condition can be 

related to land use at varying scales because of scale-dependent mechanisms. 

Therefore, studies should investigate landscape attributes at multiple scales (e.g. 

local- and catchment -scale attributes). 

Thirdly, non-linearities: stream condition may not respond in a linear trend to a 

gradient of land use and often thresholds dictate when change may occur. This has 

been suggested for the Darwin region where macroinvertebrate taxa richness declines 

when clearing exceeds 50% of the catchment (Townsend et al. 2005). 

Fourthly, legacy effects: present-day measures of stream integrity may be detecting 

long term effects of past land use, even if that land use ceases to exist. In addition to 

this, lag effects from development may occur. That is, impacts due to human-altered 

landscapes may take several seasons or years to be detected. 

Another challenge associated with assessing riparian condition is the definition of 

'condition' itself. Keith and Gorrod (2006) suggest that 'condition' has gained 

currency as one term with many meanings. They identified three meanings of 

vegetation condition that could be derived from the concepts of aesthetics, 

production and biodiversity. Ladson (2000) considered five approaches to defining 
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stream condition whilst developing the Index of Stream Condition (ISC)-a tool 

widely used by catchment management authorities in Victoria (VDSE 2006). These 

were: (1) Comparison of current stream condition with a state that would be ideally 

suited for a particular species; (2) Comparison against specific goals for the river or 

designated uses; (3) Comparison with control or reference sites; (4) Comparison with 

natural or pristine conditions (pre-European colonisation); and (5) Comparison with 

ideal conditions as defined by expert judgement. 

Karr (1999) uses the concept 'health' synonymously with 'good condition' because 

'health' is a notion that humans are familiar with and can evoke concerns about 

human impacts on rivers; and he also suggests that both 'ecological integrity' (i.e. 

maintenance of all ecosystem structures and functions) and human values be 

included in the 'health' metaphor (Boulton 1999). Measurement of change in 

'integrity' requires an understanding how far an ecosystem has drifted from its 

natural state-where 'natural state' refers to the normal or expected conditions of an 

area without human-induced impacts. Karr (1999) claims that the fluctuation of 

natural condition lies within a range of parameters, and this range is only minor 

compared to the potential changes due to anthropogenic disturbance. However, 

determining the natural range for the purpose of assessing causal effects of 

anthropogenic disturbances is difficult in a highly dynamic environment such as 

rivers (Innis eta/. 2000). 

Tropical rivers feature large seasonal flooding events that have the potential to 

reshape the river annually: large flood events-especially those associated with low 

pressure or cyclone systems-can drastically modify the structural community of 

riparian vegetation and cause severe erosion (Erskine et a/. 2005). The effects of 

these natural forces/disturbances can vary with geomorphology of the river or 

riparian plant traits. For example, the outside of a river bend is more susceptible to 

flood damage; thus proving difficult to assess riparian condition when using generic 

reference conditions for comparison. The developers of the ISC address this issue by 

recommending that assessment sites are not located on the outside of river bends 

(pers. comm. Paul Wilson, ISC coordinator, 2006). In the 'Top End' region of the 

Northern Territory, clumps of native bamboo (Bambusa arnhemica) have recently 

been witnessed to die after flowering in areas ranging from a few hectares to many 

kilometres across (Franklin and Bowman 2003). From personal observation, the 
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riparian zones of the Adelaide River downstream of the Stuart Highway crossing 

have drastically changed over a three year period: in 2003, the area was densely 

populated with tall clumping bamboo; in 2004, nearly all adult bamboo died after 

flowering, leaving stands of dead stems; in 2005, most of the dead stems were 

transported downstream by seasonal floods; in 2006, a severe flood event (Tropical 

Cyclone Monica) caused massive amounts of bank slumping following the loss of 

the bank-stabilising vegetation. Under these circumstances the 'natural' range for an 

indicator of condition, such as plant cover, could vary from 0 to 100%. It is therefore 

questionable as to how one can measure anthropogenic change outside this range 

without an in-depth knowledge of the interactions between individual plant species 

traits (e.g. senescence and recruitment events) and the geomorphology of the stream 

(e.g. shape, gradient, substrate and stream order). An exception to this problem is the 

presence of invasive plant species, because the normal or expected condition of an 

ecosystem would have no weeds, thus providing an unchallenged benchmark: 0% 

cover of weeds. 

For these reasons, defining tropical riparian 'condition', 'health' or 'integrity' may 

be an unattainable goal. It may be more practical to evaluate the change of 'status' 

of an ecosystem; where 'status' refers to what is there at one point in time. Thus, 

changes in 'status' can be monitored over time by comparing future assessments with 

original baseline 'status'. A change in 'status' could then be a surrogate for the 

'condition' of the area because it measures deviation from a point of reference, 

regardless of natural range or anthropogenic influences. However, to be meaningful 

to management, the causal effects would need to be identified via indicators of 

disturbance combined with an understanding of the relationships between riparian 

zones and landscape attributes (e.g. land use and soils). My research is a first step in 

developing this understanding by utilising a rapid appraisal protocol to evaluate the 

current condition (or 'status') of riparian zones based on indicators of ecological 

functions and disturbance, and by comparing these indicators to landscape attributes. 

Indicators are widely used in detecting and measuring the impacts of environmental 

stressors on ecological health and may include: physical features; presence and 

abundance of species-e.g. ants, spiders, birds, mammals and reptiles (Woinarski et 

al. 2002, Woinarski and Ash 2002); floral and faunal communities; and functional 

assemblages (Innis et al. 2000). However, it is argued that indicators should also 
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reach beyond the scientific realm of ecosystem functioning and be combined with 

socio-economic goals within the catchment (Fairweather 1999, Scrimgeour and 

Wicklum 1996, Walker 1997); and include studies of more dynamic attributes, such 

as key ecological processes (Bunn et al. 1999, Fairweather 1999). In my study, I 

apply an early version of a recently developed rapid assessment protocol, named the 

Tropical Rapid Appraisal of Riparian Condition (TRARC) (version updated April 

2005) (Dixon et al. 2006). Indicators utilised by the TRARC do not specifically 

address socio-economic goals and ecological processes. Instead, they focus on the 

structural and spatial features of vegetation (e.g. plant cover), stream bank condition 

(e.g. erosion), and disturbance (e.g. cattle, fire); and were selected due to their 

representativeness of key functions that the riparian zone performs (Table 1 ). To aid 

in interpretation of riparian condition and to identify possible causal factors

whether natural or human induced-several indicators of pressures are also included 

in the TRARC protocol (Table 2). 

Indicators require rigorous field testing to determine their ability to capture the 

complexities of an ecosystem but they also need to remain simple enough to be 

easily measured (Dale and Beyeler 2001, Innis et a!. 2000). The TRARC indicators 

are easily measured by visually assessing simple features. However, it is not yet 

known how well the TRARC indicators capture disturbance in a dynamic 

environment and how this relates to catchment condition, My study will investigate 

relationships between riparian condition-when measured by TRARC indicators

and landscape attributes. 

The TRARC is a multi-metric rapid appraisal protocol designed specifically for use 

in Australia's tropical savannas. Dixon et al. (2006) give detail to the origin and 

application of the TRARC and also identify knowledge needs for further 

development. The use of a multi-metric index is attractive as it provides the user 

with a simple assessment methodology to give scores to key indicators of condition 

based on broad abundance or cover classes (Gibbons and Freudenberger 2006). 

Indicators can be grouped into sub-indices which then contribute to an overall index 

of condition to help summarise large amounts of data. Although rapid assessment 

tools provide simple results suitable for the non-expert, a common criticism is that 

valuable information can be lost when combining scores into indices (Norris and 

Hawkins 2000, Suter 1993, Watzin and Mcintosh 1999). For this reason, it may be 
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more appropriate that indices only be used to capture a broad overview of an area to 

help identify sites that require closer inspection of their individual indicators. 

Selection of sites for closer inspection would depend on the management objectives, 

such as prioritising sites for weed control. The inherent challenge in doing this is the 

need to interpret large amounts of data and make the results presentable to a non

expert audience. My project looks at the possible relationships between landscape 

attributes and all TRARC variables (indicators and sub-indices), which will increase 

the chances of identifying cause and effect-an essential requirement before making 

management decisions or recommendations (Gibbons and Freudenberger 2006, 

Naiman et al. 2005). I also explore a multivariate approach to analyse and present 

theTRARC. 

It was once stated that "in every respect, the valley rules the stream" (Hynes 1975, 

cited in Allan 2004), but now, it is becoming acknowledged that "increasingly, 

human activities rule the valley" (Allan 2004). My study investigates these 

relationships and identifies their possible links with riparian condition. The overall 

aim of this project is to assess the condition of the riparian zone in the Darwin

Litchfield-Bynoe region to provide a basis for improved monitoring and better 

management. It will examine the relationship between riparian condition and 

landscape attributes. 

To do this, the project will examine the following: 

1. the relationships between site-scale riparian condition and catchment-scale 

terrestrial attributes 

2. the relationships between site-scale riparian condition and local-scale 

terrestrial attributes 

3. the relationship between site-scale riparian condition and in-stream indicators 

of aquatic ecological health 

4. the application of multivariate methods for the analysis and presentation of a 

multi-metric index of riparian condition. 
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Table 1 Key ecological functions of the riparian zone as defined by (Naiman 
and Decamps 1997) and their indicators used in the TRARC (version 
updated August 2005). Modified from (Dixon eta/. 2006) 

Functions performed by Elements that performs these Indicators used in TRARC 
riparian zone functions (Aug 2005) 

- Plant cover 

Plant roots - Canopy continuity -
Bank erosion (exposed Bank sediment size -

Bank stabilisation -
tree roots, slumping, - Bank slope 
gullying, undercutting) - Fallen trees and logs - Exposed soil 

- Logs 

- Fallen trees, logs, branches and - Logs 
Water flow reduction leaves - Organic litter 

- Standing vegetation - Plant cover 

Trapping of plant 
Fallen trees, logs, branches and - Logs -propagules; filtering of 
leaves - Organic litter 

sediments, nutrients and 
Ground cover plants - Understorey and grass -

pollutants from upslope cover 

- Plant cover 
Organic input to stream - Fallen fruit, branches and leaves - Logs 

- Organic litter 

- Logs 
Creation and - Organic litter 
maintenance of aquatic - Plant cover 
and terrestrial plant and - Fallen trees, logs, branches and - Canopy health 
animal habitats and leaves - Canopy continuity 
biodiversity (including - Standing vegetation - Large trees 
refuge and landscape - Tree size classes 
connectivity) - Tree regeneration 

- Weeds 
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Table 2 

Pressure 

Fire 

Overgrazing and 
feral animals 

Impoundment 

Tree clearing 

Weeds (exotic 
species) 

Erosion 

Human activities 
and structures 

Key pressures of tropical riparian zones, their impacts and indicators 
used in the TRARC (version updated August 2005). Modified from 
(Dixon eta/. 2006) 

Impact llndicalors used in 
TRARC (Aug 2005) 

- Reduced riparian width 
- Death of sensitive and juvenile plants 
- Reduced canopy cover - Fire 
- Increased sediment and nutrient inputs to stream 
- Reduced litter inputs to stream 

- Trampling and compaction of soil 
- Reduced grass cover 
- Bank destabilisation and increased erosion 
- Death of adult trees from ring barking and uprooting 
- Transport of weed seeds - Animals (managed 
- Death of juvenile plants through grazing, trampling and unmanaged) 

and uprooting 
- Disturbance of instream substrate 
- Increased nutrient and sediment input and poorer 

water quality 

- Reduced wet season flood intensity and frequency 
- Increased dry season flow 
- Reduced episodic recruitment events - Flow regime: large 
- Reduced flushing of instream sediment slugs dams 
- Creation of instream sandbars and braided channels 
- Alter structure and abundance of riparian vegetation 

- Increased sediment and nutrient inputs to stream 
- Increased surface water runoff and flooding 
- Reduced habitat for native animals 
- Decreased canopy cover - Tree clearing 
- Increased weed invasion 
- Increased infiltration to ground water basin 
- Increased erosion potential 

- Smothering of native plants 
- Competition with native plants for light, water and 

nutrients Increased fire fuel loads (grass) - Weeds 
- Reduced plant biodiversity 
- Reduced habitat for native animals 
- Increased refuge for feral animals 

- Loss of bank material, vegetation and habitat 
- Increased sediment input to stream - Bank stability 
- Reduction of bank stability 

- Reduced plant cover and regeneration 
- Increased path for weed dispersal 
- Increased erosion mechanisms 
- Increased risk of fire Other 

Creation of back-flow eddies downstream of 
--

structures Increased water height upstream of 
structures 

- Bank erosion 
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8 Methodology 

8. 1 Study Area 

Forty one sites in the Darwin, Bynoe and Litchfield regions of the Northern Territory 

of Australia were surveyed between April and September 2005 (Figure 1 ). Streams 

within these regions flow into Darwin Harbour, Bynoe Harbour, Fog Bay, Shoal Bay 

or Adam Bay. Stream order of the sites ranged from 151 to 61h order based on 

1:50,000 topographic maps. The combined catchment, area of the study sites is 

approximately 2610 km2, with 90% of the area a mixture of undeveloped land, water 

bodies (e.g. Darwin and Manton Dams), defence land and traditional indigenous use. 

The most common developed catchment land use is urban land, which averaged 14% 

of the catchment areas of each of the 41 study sites. Other land uses in the region are 

horticulture (average 3%) and pasture (average 0.5%) (Fukuda and Townsend 2006). 

The region has a low population density, with 35 people per km2 in the greater 

Darwin region (Australia Bureau of Statistics, Darwin region, 2003, 

www.abs.gov.au) and even fewer in the Bynoe and Litchfield regions (personal 

observation). 

Vegetation in the region is typical to northern Australia's savannas and is 

characterised by Eucalyptus woodland with a continuous grassy understorey (Mott et 

al. 1985). The soils in the study area are predominantly Kandosols, Hydrosols and 

Rudosols, with minor areas of Tenosols and V ertosols--classified to the Australian 

Soil Classification (Isbell 2002). The region has a tropical climate characterised by a 

distinct wet season (December to March), a contrasting dry season (May to October), 

and transitional periods between wet and dry seasons (Taylor and Tulloch 1985). 

Average annual rainfall at Darwin Airport is approximately 1700 mm, and average 

annual temperatures ranging from 23.2°C to 31.9°C (Commonwealth Bureau of 

Meteorology, 2003, www.bom.gov.au). 
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Figure 1 Location of the 41 study sites and their catchment boundaries in the 
Darwin-Litchfield-Bynoe region, Northern Territory of Australia. Site 
names are listed in Table 3. 

8.2 Site Selection 

Site selection was limited to those of a larger water monitoring project run by 

NRET A. Sites were selected by an advisory committee comprising local experts in 

land and water evaluation and monitoring from NRET A. Sites were accessible 

within a 10 minute walking time from roads; and included both developed and 

undeveloped catchments. Undeveloped catchments were selected on the basis that 
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they are suitable for future development (e.g. areas with good soil and preferable 

topography were given priority to areas with contrasting features). 

Once in the field, sites were positioned to avoid the disturbances associated with 

main access roads (e.g. bridges). Water monitoring sites sampled by NRETA staff 

were located upstream of any road crossing. 

Table 3 

Site Nol 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Site numbers, G-eodes (NRETA Hydstra site number), names and 
locations (UTM zone 52L) of 41 streams assessed in the Darwin
Utchfield-Bynoe Region 

G-eode I Site Name I Easting I Northing 
G8150018 Elizabeth R u/s Stuart Hwy 725257 8605565 
G8150102 Bees Ck u/s Horne Rd 723169 8607648 
G8150106 Bees Ck d/s confluence of Nth and Sth arms 724546 8608461 
G8150127 Rapid Ck d/s McMillans Rd 703304 8629307 
G8150190 River Charlotte u/s Finniss Rd 694082 8590142 
G8150191 River Annie u/s Finniss Rd 689268 8587580 
G8155142 Rapid Ck Yankee Pool) 704334 8628168 
G8155182 Rapid Ck u/s Airport Drain 703941 8628520 
G8155468 Mitchell Ck d/s Stuart Hwy 717215 8616423 
G8155469 Blackmore R both sides of road crossinq 708402 8584001 
G8155470 Peel Ck u/s Spencer Rd 707156 8580787 
G8155472 Elizabeth R u/s Elizabeth Valley Rd 727542 8601353 
G8155473 Elizabeth R u/s Stuart Hwy low-level bridge 725991 8604714 
G8155474 Brooking Ck u/s Stuart Hwy 720061 8615827 
G8155476 Elizabeth R u/s Alverly Rd 729267 8598187 
G8155478 Fly Ck u/s Old Bynoe Rd Xing 722890 8588137 
G8155479 Darwin River u/s Old Bynoe Rd 715341 8587433 
G8155510 Wells Ck u/s Virginia Rd 720547 8612001 
G8155511 Bennett Ck u/s Jenkins Rd 719756 8604710 
G8155553 Leaders Ck (West Branch) 724493 8648806 
G8155554 Leaders Ck (South Branch) 728093 8645848 
G8155607 Mitchell Ck u/s Lam brick Ave 717606 8617429 
G8155608 Fog Bay Rd Ck 655401 8584610 
G8155609 Point Celyon Rd Ck 668793 8586838 
G8155610 Leviathan Ck u/s Fog Bay Rd 686220 8585340 
G8155615 Turnbull Bay Ck u/s road crossing 680483 8600472 
G8155618 Bees Ck u/s Gulnare Rd 724648 8608819 
G8155619 Stephens Ck u/s road crossing 686903 8603224 
G8155620 Point Stuart Spring (15m d/s of Spring outlet) 680054 8622776 
G8155621 Palm Ck u/s road crossing 710088 8627376 
G8155624 Elizabeth R u/s Townend Rd 728575 8594925 
G8155626 Acacia Ck u/s Old Stuart Hwy 729944 8585911 
G8155628 Ella Ck u/s Parkin Rd Xing 724611 8587454 
G8155629 Berty Ck u/s McHen_ry_ Rd 727068 8591349 
G8155635 Darwin R u/s Darwin R Rd crossing (Cabomba control1) 712809 8581747 
G8155636 Darwin R d/s dam road crossing (Cabomba control2) 712861 8582551 
G8155637 Darwin R (Cabomba control 3) 713466 8583146 
G8155638 Darwin R ( Cabomba impacted 4) 714309 8584911 
G8155639 Darwin R( Cabomba impacted 3) 713980 8585779 
G8155640 Darwin R ( Cabomba impacted 2) 715469 8586852 
G8155655 Diamond Ck both sides road crossing 680050 8615802 
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8.3 Survey design: riparian assessment 

Rapid assessment protocols are a balance between scientific rigour and user

friendliness and allow non-specialists to gain an overview of ecological condition 

(Ladson et al. 1999, Werren and Arthington 2002). Riparian surveys in this study 

were conducted by applying a draft version (August 2005) of a rapid assessment 

methodology known as the Tropical Rapid Appraisal of Riparian Condition 

(TRARC) (Dixon et al. 2006). The TRARC is designed to capture the current 

condition of riparian zones and to identify possible causal features using a multi

metric index. In its current form, the TRARC is limited to site-scale assessments of 

stream reaches < 1 0 km in length. 

The TRARC is comprised of 17 indicators of condition which are grouped into four 

sub-indices, which can be then combined into an index of riparian condition. These 

four sub-indices are summarised as follows: 

1. PLANT COVER-the amount of cover provided by all the vegetation 

2. REGENERATION-the extent of native plant regeneration 

3. WEEDS-the amount of weed cover relative to native plant cover 

4. EROSION-the amount ofbank erosion 

Gibbons and Freudenberger (2006) identify that information on the condition of 

ecosystems should be used in conjunction with other measures of threats or 

disturbances to inform decision-makers. Thus, the TRARC also includes five 

indicators of natural- and human-induced-pressures or features. These indicators are 

grouped into an index of PRESSURE, which is helpful in identifying possible drivers 

of change in condition. 

Each of the 22 indicators used in the TRARC are given a score of between 1 and 5. 

The higher number scores represent better condition or higher pressure. Table 4 

groups the 22 indicators into their sub-indices with summary explanations of the 

measurements used for scoring. See Appendix 1 for field score-sheets and complete 

descriptions of scoring criteria. 

The riparian zone-for the purposes of this study-is defined as the area between the 

edge of the stream channel (or low flow height) and the point where there is a 

distinct change in floristics and landform (Dixon et a/. 2006, Figure 2). At each site, 
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four 100 m long transects were laid out parallel to the stream; two on each bank 

upstream of the water quality assessment point and spaced approximately 50 m apart 

(Figure 3). Where possible, each transect was positioned to sample a representative 

portion of the stream bank (e.g. transects were positioned to avoid confluences with 

other streams). Transects varied in width according to the riparian zone width. They 

were at least 5 m wide but were capped at a maximum width of 20 m. 

A selection of indicators were assessed at three points along each 100 m transect 

(Points A, Band C, Figure 3). Other indicators were assessed along the entire length 

of each transect. Appendix 1 specifies where and how each indicator is scored. 
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Channel 

Figure 2 

Figure 3 

Riparian Width Savanna or Floodplain 

Cross section depicting the area defined as the riparian zone: the 
area between the edge of the stream channel (or low flow height) and 
the point where there is a distinct change in floristics and landform 
(from Dixon eta/. 2006). 

'------In-stream water quality assessment point 

Sketch of transect layout relative to an in-stream monitoring site. 'L' 
and 'R' refer to left and right banks when facing downstream. 
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Table 4 Summary of 22 indicators and their measurements of riparian 
condition. Indicators are grouped into five sub-indices. Full details 
are presented in Appendix 1. 

Sub-indices and their Indicators Measurement (each given a score of 1-5) 

PLANT COVER (Total Score= 100) 

a) Canopy cover Percentage cover of trees >5 m tall 
b) Canopy continuity Percentage of longitudinal bank covered with trees >5 m tall 
c) Midstorey cover Percentage cover of vegetation 1.5-5 m tall 
d) Understorey cover Percentage cover of vegetation <1.5 m tall 
e) Grass cover Percentage cover of grass 
f) Organic litter Percentage cover of leaves and fallen branches <10 em diameter 
g) Logs Abundance of logs >1 0 em diameter 

REGENERATION (Total Score= 100) 

h) Canopy health Appearance of canopy health 
i) Large trees Abundance of trees with trunk diameter >30 em 
j) Dominant tree regeneration Variation in tree trunk width and abundance of juveniles <3 m 

WEEDS (Total Score= 100) 

k) Canopy weeds 
I) Midstorey weeds 
m) Understorey weeds 
n) Grass weeds 
o) High impact weeds 

EROSION (Total Score = 1 00) 

p) Exposed soil 
q) Bank stability 

PRESSURE (Total Score= 100) 

r) Animals 

s) Fire 
t) Tree clearing 
u) Flow regime 
v Other 

Proportion of weed Vs native canopy cover 
Proportion of weed Vs native midstorey cover 
Proportion of weed Vs native understorey cover 
Proportion of weed Vs native grass cover 
Presence of listed weed species 

Percentage cover of exposed soil/sand/ash 
Extent and severity of erosion 

Extent of impact due to managed animals (e.g. stock) & 
unmanaged animals (e.g. feral pigs) 
Time since fire and spatial impact of fire 
Proximity of clearing to river bank and width of clearing 
Reduction of plant regeneration due to large dams 
Extent of dama e from human built structures and activities 

8.4 Terrestrial and aquatic attributes 

A large amount of information was collected by NRETA and made available for this 

study. This included in-stream physical and chemical water properties and multi

scaled land attributes (Table 5). Water samples were collected and analysed by 

NRETA staff and analysed by Northern Territory Environmental Laboratories in 

accordance to standard laboratory methods (Franson 1989). 

Land use data was obtained from NRETA's Land Use Mapping Program (Owen and 

Meakin 2003) and was classified into four groups by NRETA staff: Urban, 

Horticulture, Pasture and Vegetation. These classifications were in accordance with 
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the Australian Land Use and Management (ALUM) Classification, Version 5 

(Australian Government 2001). Elements that made up these groups are listed in 
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Table 6. In addition to land use data, spatial measurements of land clearing (i.e. 

native vegetation removed for any purpose) were sourced from the NT Clearing 2005 

database (Northern Territory Government). 

For each of the terrestrial attributes listed in Table 5, data were aggregated into two 

spatial-scales: (1) catchment-scale-proportion within each catchment; and (2) local

scale-proportion within a 1 km radius of each site. 

Table 5 Terrestrial and aquatic attributes used in this project 

- Land use type 

- Land clearing 

- Soil type 

- pH 

- Electrical 
Conductivity 

- Turbidity 

- Total Kjeldahl 
Nitrogen 

- Phosphate 

- Chlorophyll a 

- Ammonia 

- Gilvin 
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8.5 

8.5.1 

Table 6 Four land use groups and their associated ALUM classifications 

Group ALUM class 

Commercial services 
Defence facilities 
Electricity generation/transmission 
Manufacturing and industrial 
NaviQation and communication 
Railways 

Urban Recreation and culture 
Recreation and culture- parks 
Roads 
Rural residential 
Supply channel - water pipe 
Urban residential 
Utilities 

Hay and silage 
Intensive horticulture 
lrrir:~ated seasonal horticulture 

Horticulture Irrigated sown grasses 
lrrir:~ated tree fruits 
Perennial horticulture 
Sown grasses 

Cattle 

Pasture Grazing modified pastures 
Grazing natural veg_etation 
Native/exotic pasture mosaic 

Marsh/wetland - conservation 

Vegetation Other conserved area 
Other minimal use 
Remnant native cover 

Data Analysis 

Calculating TRARC scores 

Several methods exist to analyse multi-metric data, with most utilising additive 

and/or multiplicative calculations to derive index scores from the original indicator 

scores (Gibbons and Freudenberger 2006). Andreasen et al. (2001) reviewed the 

problems associated with combining scores into an index and noted that important 

data can be concealed within an index, thus misinforming decision makers. To 

examine the possible loss of information by relying on index scores in this study, I 

analysed the data using two datasets. The first data set consisted of the scores for 
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each of the 22 indicators; the second dataset consisted of 6 indices that were derived 

from the indicators using the formulae below. The following describes the 

calculations used to generate each dataset. 

8. 5. 1. 1 Dataset 1 - Indicators 

Indicators that were measured three times along the transect (Points A, B and C, 

Figure 3) were averaged for each transect. As there were four transects at each site, 

scores for each of the indicators were then averaged across the four transects to 

derive a site score. This resulted in 22 indicator scores (from 1 to 5) for each of the 

41 study sites. 

8.5.1.2 Dataset 2- Sub-indices 

Indicator scores from Dataset 1 were grouped into one of the five sub-indices (Table 

4). Indicators in each group were then combined to derive five sub-index scores 

(Equations 1 and 2) (Dixon et al. 2006). The method used to calculate each sub

index score is regarded as an interim method by Dixon et al. (2006). They 

acknowledge that further research is required to understand the importance of each 

indicator relative to the others. This will then help determine if some indicators 

should be given more weighting than others. In the interim method, 'Canopy cover' 

is considered the most important indicator of riparian condition because of the many 

functions it provides for the landscape (Table 1). For this reason, 'Canopy cover' 

receives a higher weighting in the PLANT COVER sub-index. 

An overall index of CONDITION was then calculated by averaging four of the sub

index scores (PLANT COVER, REGENERATION, WEEDS and EROSION) (Z;, Equation 

2). The PRESSURE sub-index was not included in the CONDITION index, but was 

calculated to help interpret the CONDITION scores. This dataset resulted in six index 

scores (from 0 to 100) for each of the 41 study sites. 
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8.5.2 

Equation 1 

Equation 2 

First calculation stage of sub-index scores (X;). Letters correspond 

to the indicators listed in Table 4. Continued in Equation 2. 

PLANT COVER (X; ) = a X (b + c + d + e + f + g) 

REGENERATION (X;) = h + i + j 
WEEDS (X;) = k + 1 + m + n + o 

EROSION (X; ) = p + q 

PRESSURE (X; ) = r + s + t + u + v 

Second calculation stage of sub-index scores ( Z; ). X; is the value 

for each sub-index derived in Equation 1; X min is the minimum 

possible value of X;; and X max is the maximum possible value of X; 

Z; == ( X; -:min ) X 100 
xmax xmin 

Univariate analyses: relationships between TRARC data and terrestrial 
and aquatic attributes 

The two TRARC datasets were analysed for correlations with each of the terrestrial 

and aquatic attributes listed in Table 5. To examine the effects that Land use, Soil 

type and Land clearing have at multiple scales of the landscape, these terrestrial 

attributes were analysed at two spatial-scales: catchment- and local-scale. 

Data used generally met the assumptions of Pearson's correlation (linear and 

normally distributed), and therefore, were not transformed (Quinn and Keough 

2002). Correlations that were significant but clearly as a result of outliers 

influencing the relationship were excluded from the Results section. For example, 

Figure 4 shows a significant correlation before and after outliers were removed. 

Correlation analyses were performed using data analysis software, Statistica Version 

6.1 (StatSoft 2002). 

33 



8.5.3 
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Example of a significant relationship that was excluded because of 
outliers influencing the correlation. The graph on the left shows three 
distinct outliers that are causing the significant relationship (r = 0.32, 
p < 0.05). The graph on the right shows that after removing these 
outliers, no significant relationship occurs (r = -0.19, p < 0.05). 

Multivariate analysis: using PCA to present multi-metric data 

Multivariate analyses were performed with PRIMER Version 6.1.2 (PRIMER-E Ltd., 

2005, www.primer-e.com) (Clarke and Warwick 2001). 

Principal components analysis (PCA) is an effective method for distinguishing 

patterns between multiple variables (Quinn and Keough 2002). PCA was used for 

each TRARC datasets to summarise the correlations between each of the TRARC 

variables. Datasets were not transformed as they met the assumptions of the PCA 

(linear and normally distributed) (Quinn and Keough 2002). Principal components 

of dissimilarities between TRARC variables were retained when eigenvalues were 

greater than 1.0 (Quinn and Keough 2002). The correlation dissimilarities of the 

study sites were plotted in ordination space with the first two components as axes. 

To help graphically present the overall CONDITION scores, three ranking values were 

assigned to bands of scores: A = 80-1 00; B = 70-80; and C = 60-70. No sites scored 

lower than 60. 

Bubble-plots of factors external to the PCA were overlaid on the ordination plots to 

help detect patterns between multiple variables. These bubbles represented the 

terrestrial and aquatic attributes listed in Table 5. Also, the five sub-index scores 
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from Dataset 2 were overlaid as bubbles on the PCA plot generated from Dataset I 

to examine patterns between indicator correlations and sub-index scores. 

To compare the similarities between the two PCA's derived from Dataset I and 

Dataset 2, resemblance matrices were produced for each dataset and tested for 

similarity using the RELATE function (PRIMER V 6.1.2). This is a non-parametric 

form of Mantel test, which is used to correlate two dissimilarity matrices that have 

objects separated into groups (Quinn and Keough 2002). 
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9 Results 

Due to the large amount of TRARC components and environmental variables in this 

study, some abbreviations are used to avoid repetition. Examples of these are: 

• 'Midstorey weeds' 

• PLANT COVER 

• CONDITION 

• TRARC variables 

• Landscape attributes 

The TRARC 'Midstorey weeds' indicator 

The TRARC PLANT COVER sub-index 

The TRARC overall CONDITION index 

The TRARC indicators, sub-indices or indices 

Land use types, Land Clearing, Soil types and 

in-stream water properties (see Table 5) 

Throughout the results section, correlation coefficients (r-values) are expressed as 

absolute values (i.e. without their sign) when presented as ranges only. For example, 

'r = -0.33-0.63' is presented as 'lrl = 0.33-0.63 '. 

To avoid confusion with correlations involving weeds or erosion, it should be noted 

that due to the nature of the TRARC scoring system, an increase in 'Grass weeds' 

(for example) means that the 'Grass weeds' score has increased. Because a higher 

score implies better condition, a high score for 'Grass weeds' means that there is a 

low proportion of grassy weeds. Therefore, a negative correlation between 'Grass 

weeds' and any landscape attribute means there is actually an increase in the 

proportion of grassy weeds in the riparian zone. 
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9.1 

9. 1.1 

9.1.2 

9.1.3 

9.1.4 

TRARC results 

Condition 

CONDITION scores ranged from 60.4 (Site 7) to 92.2 (Site 21) with an average of79.4 

(Figure 5). Generally, the sites had low PRESSURE scores; high REGENERATION, 

WEEDS and EROSION scores; and middle-range PLANT COVER scores. 

Plant Cover 

PLANT COVER scores ranged from 22.4 (Site 22) to 81.6 (Site 21) with an average of 

57.4 (Figure 5). Of the seven indicators that make up this sub-index, 'Canopy 

cover', 'Canopy continuity', 'Midstorey cover', 'Organic litter' and 'Logs' mostly 

received high scores (i.e. greater cover or abundance), whereas 'Understorey cover' 

and 'Grass cover' mostly received lower scores (i.e. less cover), (Figure 6). 

Regeneration 

REGENERATION scores ranged from 59.7 (Site 7) to 100 (Site 29) with an average of 

80.5 (Figure 5). Of the three indicators that make up this sub-index, 'Canopy health' 

always scored highly (i.e. healthier appearance of trees) and 'Large trees' and 

'Dominant tree regeneration' generally scored well (i.e. greater abundance), (Figure 

7). 

Weeds 

WEEDS scores ranged from 46.3 (Site 18) to 100 (Sites 15, 17, 41, 23, 25, 5, 28, 20 

and 21) with an average of 87.2 (Figure 5). Note that for the weeds indicators and 

sub-index, a high score implies better condition and thus fewer weeds. Of the five 

indicators that make up this sub-index, 'Canopy weeds' and 'Midstorey weeds' 

showed little variation and scored highly; 'Understorey weeds' and 'Grass weeds' 

scored highly at most sites, and 'High impact weeds' scores indicate that most sites 

have one or two high impact weed species present (Figure 8). High impact weed 

species that occurred most frequently within the study transects are listed in Table 7 
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9.1.5 

9. 1.6 

and were dominated by Pennisetum polystachion (mission grass) Stachytarpheta spp. 

(snakeweed) Hyptis suaveolens (hyptis) and Passiflorafoetida (wild passion fruit). 

Erosion 

EROSION scores ranged from 65.6 (Site 4) to 100 (Sites 37, 36, 5, 28, 29, 31, 34 and 

21) with an average of 92.5 (Figure 5), where a higher score implies better condition 

(i.e. relatively little erosion). The majority of sites scored well for both indicators 

that make up this sub-index. Sites generally had little 'Exposed soil' and good 'Bank 

stability' (Figure 9). 

Pressure 

PRESSURE scores ranged from 0 (Site 31) to 34.4 (Site 35) with an average of 14.7 

(Figure 5), where a high score implies greater pressures/disturbance. Of the six 

indicators that make up this index, 'Fire' and 'Tree clearing' had the highest scores, 

although most sites still had medium-ranged scores among the study sites; and 

'Grazing', 'Animals' and 'Flow regime' and 'Other' impacts were mostly minimal 

(Figure 1 0). 'Other' impacts that occurred most frequently in the study transects are 

listed in Table 8. 
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Table 7 Occurrence of 'High impact weeds' present within the study sites. 

I Percentage of transects with 
High Impact Weeds 'High Impact Weed' species 

present (n = 164) 

Pennisetum polystachion (mission grass) 54% 

Stachytarpheta spp. (snakeweed) 45% 

Hyptis suaveo/ens (hyptis) 44% 

Passiflora foetida (wild passion fruit) 44% 

Ca/opogonium mucunoides (calopo) 22% 

Andropogon gayanus (gamba grass) 15% 

Centrosema molle (centro) 7% 

Leucaena leucocephala (coffee bush) 3% 

Mimosa pigra (mimosa, giant sensitive plant) 3% 

Sphagnetico/a trilobata (singapore daisy) 2% 

Senna alata (candle bush) 1% 

Table 8 Occurrence of 'Other' anthropogenic activities and disturbances 
within the study sites. 

I Percentage of transects with 
'Other' anthropogenic impacts 'Other' impacts present 

(n = 164) 
Camping, campfire, wood removal, foot tracks, 

18% 
swimming hole, other recreation/cultural activities 

4WD tracks/crossings/bogs 9% 

Sealed roads, bridges, railway, power lines 7% 

Fence and fire breaks 3% 

Urban drainage lines/culverts/small dams 2% 
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9.2 Catchment-scale: Terrestrial attributes 

9.2.1 

9.2.2 

9.2.3 

Analysis of the relationship between the TRARC variables and catchment-scale 

terrestrial attributes found 25 significant correlations: seven with Urban land use (lrl 

= 0.33-0.63); three with Vegetation land use Clrl = 0.33-0.39); five with Land 

Clearing (lrl = 0.36--0.59); and 10 with Soil type (lrl = 0.31-0.49) (Table 9). No 

relationship was found between any TRARC variables and Pasture or Horticulture, 

possibly due to these land uses only occupying a very small proportion of the 

landscape, thus having only minor influence (Pasture average 3.7% of catchment 

area of each site, n=14; Horticulture average 0.5% of catchment area of each site, 

n= 18). Results of all correlation analyses are presented in Appendix 2. 

Catchment-scale: Urban land use 

Seven significant correlations were found between Urban land use and TRARC 

variables (Figure 11). 'Other' (r = 0.63) and PRESSURE (r = 0.33) increased with 

Urban land use. 'Other' anthropogenic disturbances in the riparian zone are listed in 

Table 8. 'High impact weeds' (r = -0.38), 'Grass weeds' (r = -0.36), WEEDS (r = -

0.34), 'Bank stability' (r = -0.34) and 'Grass cover' (r = -0.33) decreased with an 

increase in Urban land use within each catchment. See Table 7 for a list of 'High 

impact weeds' recorded within the study sites. 

Catchment-scale: Vegetation land use 

Three significant, but weak, correlations occurred between Vegetation land use and 

TRARC variables (Figure 12). WEEDS (r = 0.39) and 'Understorey weeds' (r = 0.36) 

increased with Vegetation land use. 'Other' (r = -0.33) decreased with an increase in 

Vegetation land use within each catchment. 

Catchment-scale: Land Clearing 

Five significant correlations occurred between the TRARC variables and Land 

Clearing within each catchment (Figure 13). 'Other' (r = 0.59) and PRESSURE (r = 

0.38) increased with Land Clearing. WEEDS (r = -0.37), 'Grass weeds' (r = -0.36) 
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9.2.4 

and 'Grass cover' (r = -0.36) decreased with an increase in Land Clearing within 

each catchment. 

Catchment-scale: Soil type 

Ten TRARC variables were significantly correlated with two of the Soil types within 

each catchment (Figure 14). 'Grass cover' (r = -0.49), and 'Grass weeds' (r = -0.47), 

scores declined with an increase in Kandosols soil. 'Canopy cover' (r = 0.39), 

'Logs' (r = 0.34) and PLANT COVER (r = 0.31) increased with Kandosols soil. 'Grass 

Cover' (r = 0.38), 'Grass weeds' (r = 0.35), 'Logs' (r = 0.32), 'High impact weeds' (r 

= 0.32), and 'WEEDS' (r = 0.32) were positively correlated with Rudosols soil. 

It is unlikely that these soil types can directly cause these vegetation characteristics 

because the Soil type dataset is a measure of soils that occur within the entire 

catchment and not necessarily those within the riparian areas. However, soil type 

may indirectly influence riparian condition by facilitating specific land uses, which 

may it tum have an influence on riparian condition. To test this theory, another 

correlation analyses was performed between Soil type and Land use type within each 

catchment (see Appendix 3 for all results). Results of this show that Land Clearing 

(r = 0.40) increased with Kandosols soil, (Figure 15). As previously discussed, 

'Grass cover' (r = -0.36) and 'Grass weeds' (r = -0.36) were negatively correlated 

with Land Clearing (see above, 9.2.3). 
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lines of best fit (n = 41, p < 0.05). 
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9.3 Local-scale: Terrestrial attributes 

Forty-five correlations occurred between the TRARC variables and local-scale 

terrestrial attributes: 11 with Urban land use (lrl = 0.39-0.62); 14 with Vegetation 

land use (lrl = 0.31-0.65); 14 with Land Clearing (lrl = 0.35-0.75); and 6 with Soil 

type (lrl = 0.33-0.41). No relationship was found between any TRARC variables and 

Pasture or Horticulture, possibly due to the low occurrence and coverage of these 

land uses (Pasture average 5.1% of area at each site, n = 8; Horticulture average 

15.2% of area at each site, n = 16). In comparison to analyses with catchment-scale 

attributes, more significant correlations were evident with local-scale attributes and 

most had higher r-values (Table 9). Results of all correlation analyses are presented 

in Appendix 2. 

9. 3. 1 Local-scale: Urban land use 

9.3.2 

Eleven significant correlations occurred between the TRARC variables and Urban 

land use within a 1 km radius of each site (Figure 16). 'Tree clearing' (r = 0.62), 

'Other' (r = 0.57), PRESSURE (r = 0.43), 'Logs' (r = 0.39) and 'Canopy cover' (r = 

0.39) increased with Urban land use. 'Other' anthropogenic disturbances that 

occurred within the riparian zone are listed in Table 8. WEEDS (r = -0.62), 'Grass 

weeds' (r = -0.52) 'Grass cover' (r = -0.50), 'High impact weeds' (r = -0.50), 

'Midstorey weeds' (r = -0.44) and 'Understorey weeds' (r = -0.43) decreased with an 

increase in Urban land use within 1 km of each site. 

Local-scale: Vegetation land use 

Fourteen significant correlations occurred between the TRARC variables and 

Vegetation land use within a 1 km radius of each site (Figure 17). WEEDS (r = 0.60), 

'High impact weeds' (r = 0.57), 'Understorey weeds' (r = 0.45), 'Grass cover' (r = 

0.44), 'Fire' (r = 0.40), 'Logs' (r = 0.39), 'Grass weeds' (r = 0.35), 'Bank stability' (r 

= 0.32), 'Understorey cover' (r = 0.31) and CONDITION (r = 0.31) increased with 

Vegetation land use. 'Tree clearing' (r = -0.65), 'Other' (r = -0.44), PRESSURE (r =-

0.38) and 'Midstorey cover' (r = -0.35) decreased with an increase of Vegetation 

land use within 1 km of each site. 
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9.3.3 

9.3.4 

Local-scale: Land Clearing 

More correlations were found between the TRARC results and Land Clearing within 

1 km of each site than any other land use. There were 14 significant correlations 

between Land Clearing and TRARC variables (Figure 18). 'Tree clearing' (r = 

0.74), 'Other' (r = 0.59), 'Midstorey cover' (r = 0.41), and PRESSURE (r = 0.39) 

increased with Land Clearing. WEEDS (r = -0.75), 'High impact weeds' (r = -0.75), 

CONDITION (r = -0.53) 'Understorey weeds' (r = -0.52), 'Bank stability' (r = -0.49), 

'Grass weeds' (r = -0.47), EROSION (r = -0.44), 'Fire' (r = -0.44), 'Grass cover' (r =-

0.40) and 'Midstorey weeds' (r = -0.35) decreased with an increase of Land Clearing 

within 1 km of each site. 

Local-scale: Soil type 

Three of the four soil types were significantly correlated with TRARC variables, 

although sites with more than 60% of any one soil type rarely occurred (Figure 19). 

Where Rudosols soil were more common within a 1 km radius of each site, there was 

an increase in 'Fire' (r = 0.41) and 'Grass cover' (r = 0.37); and a decrease in 

'Canopy cover' (r = -0.38). Where Hydrosols soil were more common, there was a 

decrease in 'High impact weeds' (r = -0.34) and 'Fire' (r = -0.33). The Kandosols 

soil type was positively correlated with 'Canopy cover' (r = 0.37). 

As previously discussed (see 9.2.4), soil type may only indirectly influence riparian 

condition by facilitating particular land uses. To test this theory, another correlation 

analysis was performed between Soil type and Land use within a 1 km radius of each 

site. Three weak but significant correlations occurred (Figure 20). Where Rudosols 

soil were more common, there was an increase in Vegetation land use (r = 0.39) and 

a decrease in Land Clearing (r = -0.38). Where Hydrosols soils were more common, 

there was a decrease in Vegetation land use (r = -0.31). This can help explain the 

relationship between Rudosols and 'Fire' and 'Grass cover', because as previously 

discussed, these indicators were positively correlated with Vegetation land use (r = 

0.40 and 0.44 respectively-see 9.3.2) and negatively correlated with Land Clearing 

(r = -0.44 and -0.40 respectively-see 9.3.3). It also helps explain the relationship 

between Hydrosols and 'High impact weeds' and 'Fire', because these indicators are 
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positively correlated with Vegetation land use (r = 0.57 and 0.40 respectively-see 

9.3.2). 

Table 9 

PLANT COVER sub-index 
Canopy Cover 
Canopy continuity 
M idstorey cover 
Understorey cover 
Grass cover 
Organic litter 
Lo s 

Comparison table of significant correlations (n = 41, p < 0.05) 
between Catchment-scale (C) and Local-scale (L) landscape 
attributes and TRARC variables (indicators and indices). Note that 
due to the TRARC scoring system-where a higher score implies 
better condition-negative correlations for weed (*) and erosion (**) 
variables actually reflect an increase in weeds and erosion 
respectively. 

0.36 0.37 -0.38 

-0.35 0.41 
0.31 

-0.33 -0.50 0.44 -0.39 -0.40 -0.49 0.38 0.37 

REGENERATION sub-index 
Canopy Health 
Large trees 
Dominant re eneration 

WEEDS sub-index * -0.34 -0.62 0.39 0.59 -0.37 -0.75 0.32 
Canopy weeds * 
Midstorey weeds* -0.44 -0.35 
Understorey weeds * -0.43 0.36 0.45 -0.52 
Grass weeds * -0.36 -0.51 0.34 -0.36 -0.47 -0.47 0.35 
Hi h im act weeds * -0.37 -0.49 0.57 -0.75 -0.34 

r::J -0.44 
Exposed soil ** 
Bank stabili ** 0.32 ·0.49 
PRESSURE sub-index 0.32 0.43 -0.37 0.38 0.39 
Grazing 
Animals 
Other 0.63 0.57 -0.33 -0.44 0.59 0.59 
Fire 0.40 ·0.44 -0.33 0.41 
Flow regime 
Tree clearin 0.62 

jCONDITION index II - - I 
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Figure 16 Correlation scatterplots of Urban land use within a 1 km radius of each site versus 
TRARC variables: 95% confidence bands with lines of best fit (n = 41, p < 0.05). 

51 



5 

Correlation: r = -0.65 

• 
• 

0 10 20 30 40 50 60 70 80 90 1 DO 
Vegetation land use within 1km radius(%) 

Correlation: r = 0.45 

5 ..•• 
• 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius (%) 

.. 
1 •.• 

Correlation: r = 0.40 

• • ... 

• • 

• 

•• • .... i .• 

• 
• 

• 

• --·· • 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius (%) 

Correlation: r = -0.35 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius (%) 

60 

50 

Correlation: r = 0.59 

• 
• 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius (%) 

Correlation: r = -0.44 

• 

• 

0 10 20 30 40 50 60 70 80 90 1 00 

Vegetation land use within 1 km radius(%) 

Correlation: r = -0.38 

5 .:;_•----·- --~-- .. ~' • :. • • ··• 
~······- ..... : ---· . 

4 .. ·•··· -··; ~- . -~ ~~-::-7:~:-:~= . 
"' g'3 
-' 

<n4 
"C 

C1J 
C1J 

== 3 
"' "' "' (52 

. .. ~• • 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius(%) 

Correlation: r = 0.34 

• 

• 

• 
0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius(%) 

Correlation: r = 0.31 

5 ~ -~ Ff!:7-?~;~~--~ :t~~ 
~4- ., • 
:0 • 
~3 
-"" c:: 
~2 

0 10 20 30 40 50 60 70 80 90 1 00 

Vegetation land use within 1 km radius(%) 

Correlation: r = 0.57 

• • 

.. ·~ --· --···· 

• 

• ·If:. ~ ... 

• • 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius (%) 

Correlation: r = 0.44 

• • . . - ·--·· • .•·• ,r 

<J) 3 ¥ • -·- - . -· • 
8 ~-· • r••• • ~ •" ,JJ---

~ --·. -· .... ------- · . 
C.92------ ----- • 

z 
0 

90 

E 80 
Cl 
z 
8 70 

.. ····i ..-- .... ... • 
0 1 0 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius(%) 

Correlation: r = -0.37 

0 10 20 30 40 50 60 70 80 90.100 

Vegetation land use within 1 km radius(%) 

Correlation: r = 0.31 

... : . 
- ... -

• 

. .. -
• • • • • 

• 
• 60 • 

5 

0 10 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius (%) 

Correlation: r = 0.31 

0 1 0 20 30 40 50 60 70 80 90 100 

Vegetation land use within 1 km radius(%) 

Figure 17 Correlation scatterplots of Vegetation land use within a 1 km radius of each site 
versus TRARC variables: 95% confidence bands with lines of best fit (n = 41, p < 
0.05). 
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Figure 18 Correlation scatterplots of Land Clearing within a 1 km radius of each site versus 
TRARC variables: 95% confidence bands with lines of best fit (n = 41, p < 0.05). 
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9.3.5 In-stream aquatic attributes 

Analysis of the relationship between the TRARC variables and instream water 

attributes found five significant correlations (lrl = 0.31-0.54), (Figure 21). No 

relationship was found between any TRARC scores and Total Kjeldahl Nitrogen, 

Phosphate, Chlorophyll-a, Ammonia, or Electrical Conductivity. Results of all 

correlation analyses are presented in Appendix 2. 

pH was negatively correlated with both WEEDS (r = -0.31) and 'Understorey weeds' 

(r = -0.46). Turbidity was negatively correlated with WEEDS (r = -0.39) and 

'Understorey weeds' (r = -0.54). Gilvin was negatively correlated with PRESSURE (r 

= -0.46). 

It is unlikely that these water attributes are directly related to these TRARC 

variables. It may be more plausible that adjacent land use and/or soil type influences 

both riparian condition and instream water condition, thus providing covariant 

correlations. To investigate this further, pH, Turbidity and Gilvin were tested for 

correlations against terrestrial attributes within the catchment and within a 1 km 

radius of each site. See Appendix 4 for all results of these correlation analyses. 

Significant correlations are shown in Figure 22. pH is positively correlated with 

Land Clearing (1 km radius, r = 0.36), which is negatively correlated with the WEEDS 

(r = -0.75) and 'Understorey weeds' (r = -0.52) (see 9.3.3). Positive relationships 

occur between pH and Hydrosols (catchment, r = 0.50; 1 km radius, r = 0.41), and a 

negative relationship occurs with Kandosols (1 km radius, r = -0.42). Turbidity was 

negatively correlated with Hydrosols (catchment, r = 0.34) and positively correlated 

with Kandosols (1 km radius, r = -0.42). However, these soil attributes were not 

related to WEEDS or 'Understorey weeds'. 
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best fit (n = 41, p < 0.05). 
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9.4 

9.4.1 

Multivariate analyses 

Principal components analysis with 'Dataset 1 - Indicators' 

Principal components analysis (PCA) done with all TRARC indicator scores 

(Dataset 1) had four components with eigenvalues greater than one (Table 10). 

These explained 72.1% of the total variation between sites; with 51.5% explained by 

the first two components (PC 1 and PC2). The 41 study sites plotted on the PCA 

graph (Figure 23) are symbolised by their CONDITION index categories (A= 80-100, 

B = 70-80, and C = 60-70). Sites positioned with high PC1 and PC2 values 

generally had high CONDITION scores ('A'). The variables (indicators) which are 

most responsible for these similarities are overlaid as vectors. For ease of 

readability, indicators which had low correlation to the PCA have not been shown. 

Nine influential indicators and their respective PC 1 and PC2 coefficients are as 

follows: 'High impact weeds' (0.41, 0.46) 'Large trees' (-0.11, 0.51) 'Grass cover' 

(0.41, -0.33), 'Tree clearing' (-0.41, -0.19), 'Canopy continuity' (-0.20, 0.36), 'Fire' 

(0.39, -0.09), 'Understorey weeds' (0.29, 0.23), 'Canopy cover' (-0.18, 0.28) and 

'Grass weeds' (0.28, 0.04). 

Of the TRARC indices, WEEDS shows the strongest pattern when overlaid as a 

bubble-plot on the PCA graph (Figure 24). Sites with high CoNDITION scores ('A') 

generally have smaller bubbles, which indicates fewer weeds. Of the remaining 

indices, a similar pattern occurs with EROSION-where sites with lower CONDITION 

scores ('B' and 'C') generally have greater amounts of erosion (Figure 25). Weaker 

patterns occur with PRESSURE-where sites with lower condition values generally 

have greater amounts of PRESSUREs (Figure 26); and also with PLANT COVER

where sites with higher CONDITION scores generally had higher amounts of plant 

cover (Figure 27). REGENERATION showed no distinct pattern (Figure 28). 

Of the landscape attributes at both local- and catchment-scale, only one showed a 

distinct pattern when overlaid as a bubble-plot on the PCA: Land Clearing within a 1 

km radius of each site (Figure 29). See Appendix 5 for all bubble-plot graphs. A 

similar pattern to the WEEDS bubble-plot exists, where sites with high CONDITION 

scores ('A') generally have smaller bubbles, which indicates less land clearing. This 
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indicates that of the landscape attributes, local-scale Land Clearing has the strongest 

relationship with the total TRARC indicators. 

Table 10 Correlations between TRARC indicators and components with 
eigenvalues greater than 1. 0 derived from PCA of 'Dataset 1 -
Indicators' 

Correlation with component 
Variable -------------- Total 

PC1 PC2 PC3 PC4 

High impact weeds 0.41 0.46 -0.05 -0.10 

Grass cover 0.41 -0.33 -0.01 0.44 
Tree clearing -0.41 -0.19 0.05 -0.12 
Fire 0.39 -0.09 0.60 -0.27 
Understorey weeds 0.29 0.23 0.00 -0.41 
Grass weeds 0.28 0.04 -0.31 0.29 
Large trees -0.11 0.51 0.18 0.17 
Canopy continuity -0.20 0.36 0.02 0.30 
Canopy Cover -0.18 0.28 0.23 0.19 
Understorey cover 0.03 0.00 0.44 0.28 
Flow regime -0.06 0.15 -0.34 -0.38 
Logs -0.17 0.13 0.25 -0.09 
Dominant regeneration -0.01 -0.02 -0.19 0.05 
Other -0.21 -0.11 0.11 -0.14 
Organic litter -0.04 0.19 -0.08 0.14 
Bank stability 0.09 0.11 -0.11 0.07 
Exposed soil -0.01 0.09 -0.11 0.10 
Midstorey weeds 0.06 0.05 -0.02 -0.09 
Midstorey cover -0.10 -0.04 -0.02 -0.01 
Grazing -0.03 -0.01 -0.01 0.10 
Canopy Health -0.01 0.05 -0.02 0.04 
Canopy weeds 0.01 0.00 0.00 0.01 
Animals 0.03 0.03 -0.01 0.02 

Eigenvalues 4.07 3.05 1.61 1.23 
%Variation 29.40 22.10 11.70 8.90 72.10 
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Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
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CONDITION index symbols. Vectors represent most influential TRARC 
indicators. Weeds vectors have been inversed to aid interpretation. 
Vector length and direction represent 'more' of something. For 
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components analysis derived from dissimilarities of TRARC indicator 
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scores overlaid as bubbles-larger bubbles imply more weeds. Sites 
are represented by their CONDITION index category: A= 80-100; 8 = 
70-80; C = 60-70. For site numbers, see Figure 23. 

60 



4 

2 

0 

~ 

-2 

-4 

-6 

-6 

Figure 25 

EROSION 
(sub-index) 

• 4 

16 

28 

B 
40 

-4 -2 0 2 4 
PC1 

Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
scores (Dataset 1 - Indicators) with inversed EROSION sub-index 
scores overlaid as bubbles-larger bubbles imply more erosion. 
Sites are represented by their CONDITION index category: A = 80-
100; B = 70-80; C = 60-70. For site numbers, see Figure 23. 
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Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
scores (Dataset 1 - Indicators) with PRESSURE index scores overlaid 
as bubbles-larger bubbles imply more PRESSURE. Sites are 
represented by their CoNDITION index category: A= 80-100; B = 70-
80; C = 60-70. For site numbers, see Figure 23. 
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Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
scores (Dataset 1 - Indicators) with PLANT COVER sub-index scores 
overlaid as bubbles-larger bubbles imply more plant cover. Sites 
are represented by their CONDITION index category: A= 80-100; B = 
70-80; C = 60-70. For site numbers, see Figure 23. 
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Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
scores (Dataset 1 - Indicators) with REGENERATION sub-index scores 
overlaid as bubbles-larger bubbles imply more native plant 
regeneration. Sites are represented by their CONDITION index 
category: A= 80-100; B = 70-80; C = 60-70. For site numbers, see 
Figure 23. 
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Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
scores (Dataset 1 - Indicators) with percentage of Land Clearing 
within a 1 km radius of each site overlaid as bubbles-larger bubbles 
imply more clearing. Sites are represented by their CONDITION index 
category: A= 80-100; B = 70-80; C = 60-70. For site numbers, see 
Figure 23. 
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9.4.2 Principal components analysis with 'Dataset 2- Sub-indices' 

Principal components analysis (PCA) done with all TRARC sub-index scores 

(Dataset 2) had five components with eigenvalues greater than one (Table 11). 

These explained 100% of the total variation between sites; with 75.4% explained by 

the first two components (PC1 and PC2). Comparison of the two PCA datasets 

(Dataset I and Dataset 2) shows that their correlation matrices are strongly related 

but are not identical, r = 0.75, p = 0.001 ( 

Table 12). 

The 41 study sites plotted on the PCA graph (Figure 30) are symbolised by their 

CONDITION index categories (A = 80-100, B = 70-80, and C = 60-70). Sites 

positioned with high PC 1 and PC2 values generally had high CONDITION scores 

('A'). The variables (sub-indices) which are most responsible for these similarities 

are overlaid as vectors. The most influential sub-indices (followed by their PC1 and 

PC2 coefficients in brackets) are WEEDS (-0.269, -0.837), PLANT COVER (-0.770, 

0.425) and REGENERATION (-0.511, -0.017); and to a lesser extent, EROSION (-0.242, 

-0.295) and PRESSURE (0.123, 0.177). 

Of the landscape attributes at both local- and catchment-scale, only one showed a 

distinct pattern when overlaid as a bubble-plot on the PCA: Land Clearing within a 1 

km radius of each site (Figure 31 ). See Appendix 6 for all bubble-plot graphs. Sites 

with high CoNDITION scores ('A') generally have smaller bubbles, which indicates 

less land clearing. This indicates that of the landscape attributes, local-scale Land 

Clearing has the strongest relationship with the total TRARC sub-indices. 
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Table 11 Correlations between TRARC sub-indices and components with 
eigenvalues greater than 1. 0 derived from PCA of 'Dataset 2- Sub
indices' 

Correlation with component 
Variable Total 

PC1 PC2 PC3 PC4 PCS 

PLANT COVER -0.77 0.43 0.36 0.06 0.31 
REGENERATION -0.51 -0.02 -0.45 -0.26 -0.68 
WEEDS -0.27 -0.84 0.43 -0.20 0.02 
EROSION -0.24 -0.30 -0.69 0.12 0.60 
PRESSURE 0.12 0.18 -0.03 -0.93 0.29 

Eigenvalues 267.00 209.00 64.00 49.70 41.90 
%Variation 42.30 33.10 10.10 7.90 6.60 100 

Table 12 Correlation between resemblance matrices of 'Dataset 1 - Indicators' 
and 'Dataset 2 - Sub-indices'. 

Data Set 1 - Indicators 

Data Set 2- Indices 

No. of 
~a~~l.e Significance Number of permuted 
5(~~s )•c level permutations statistics > 

o Rho 

0.75 0.1% 999 0 

67 



20 

0 

A 
7 

~ -20 

-40 

-60 

-40 

Figure 30 

A 
30 

A 
B 

L:e ;;8 v Ill 

~?,4 

32 
v 

v 
~~5 

v 1 (1 

v 

A 
14 

EROSION 

PRESSURE 

-20 

._,. 
Ill 

10 
v 
3 v 

33 

v~ 

0 
PC1 

12 
II!!! 

~ 

im;~.~j 
11!2'1 

20 

REGENERATION 

PLANT COVER 

20 

CONDITION 
INDEX 

11!1 A= 80-100 
'VB= 70-80 

Ac= 60-70 

40 

Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC sub
index scores (Dataset 2- Sub-indices). Site numbers are shown 
next to CONDITION index symbols. Vectors represent most influential 
TRARC sub-indices. Vector length and direction represent 'more' of 
something. For example, Site 4 has 'more' weeds than Site 37; and 
Site 29 has 'more' plant cover than Site 22. 

68 



20 

0 

~ -20 

-40 

-60 

-40 

Figure 31 

-20 0 
PC1 

20 

Land clearing 
within 1km 
radius(%) 

• 9 

36 

63 

90 

40 

Forty-one sites plotted against first two components of Principal 
components analysis derived from dissimilarities of TRARC indicator 
scores (Dataset 2- Sub-indices) with percentage of Land Clearing 
within a 1 km radius of each site overlaid as bubbles-larger bubbles 
imply more clearing. Sites are represented by their CONDITION index 
category: A= 80-100; B = 70-80; C = 60-70. For site numbers, see 
Figure 30. 

69 



1 0 Discussion 

10.1 Riparian condition 

10.2 

10.2.1 

Based on data collected using the TRARC methodology, the riparian zones in the 

Darwin-Litchfield-Bynoe region were generally in good condition. Pressures on the 

riparian zones were mostly low, and human-induced disturbances to the catchments 

were minimal comparison with many other parts of Australia (Dowe 2004, Jansen 

and Robertson 200lb, Moller 1996). The good condition of the region's riparian 

zones is most likely due to the relatively low population density and low level of 

intensive land use in most catchments. 

Other studies of aquatic indicators of ecosystem health in this region have drawn 

similar conclusions. Waugh and Padovan (2004) reviewed the history of 

investigations into pesticide contamination in the Darwin region and concluded that 

there were negligible pesticide loads entering Darwin Harbour via freshwater 

streams. In a survey of the ecological condition of 14 sites in the Darwin region, 

Destine (2002a) found few signs of in-stream degradation based on metal 

concentrations, pesticides and herbicides, nutrient concentrations and benthic 

macroinvertebrate communities. However, in a survey of 18 sites in the Darwin 

region, Townsend et al. (2005) found that macroinvertebrate taxa richness declined 

when clearing exceeded 50% of the catchment; although, they acknowledged that 

further research was required to consider clearing patterns within the catchment, and 

other ecological factors-such as dispersal and colonisation of macroinvertebrates, 

and predation by fish. 

Relationships between riparian condition and land use 

Land use types 

Many of the scores for TRARC variables (i.e. indicators and sub-indices) can be 

related to a gradient of land use intensity, although the correlations are generally 

weak. Land use in the region was mostly Vegetation, Urban or Land Clearing. Land 

Clearing is a measure of removal of native vegetation for any purpose; and because 
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there is minimal Pasture or Horticulture land use types in the region, this leaves 

Urban land use as the dominant cause of Land Clearing. Vegetation land use is land 

that retains native vegetation. Therefore, these three measures of land uses provide 

similar measurements of development intensity. The relationships between riparian 

condition and Land use generally reflected this. 

Although each of the Land uses shared similar relationships (absolute correlations) 

with the TRARC variables, it is important that all land use types be explored in 

future studies. For example, if one was to only investigate the influence of Land 

Clearing on stream health without considering the use of the land following clearing, 

then valuable information may be overlooked. For example, replacement of 

vegetation with impervious surfaces facilitates increased and faster surface water 

drainage (Hall 19 84); and results in increased sediment, nutrient and pollutant 

transport (drainage lines bypassing the riparian zone); bank and channel erosion; and 

higher water temperatures (Paul and Meyer 2001 ). Investigation of a variety of land 

use types will help managers better understand the relationships with riparian 

condition. 

Results from the present study suggest that urban land use has influenced the 

condition of riparian zones-as measured by TRARC. For example, 'Bank stability' 

decreased when Urban land use increased within the catchments. Urbanisation has 

been well documented as having negative impacts on stream condition. In the 

Etowah River catchment, Georgia, U.S.A., macroinvertebrate richness and other 

biotic indices were negatively correlated with urban land use cover within the 

catchment (Roy et al. 2003). This was attributed to urbanisation causing increased 

sediment transport, smaller sediment size, and increased solutes. In Ohio, U.S.A, the 

health of streams-as measured by the Index of Biotic Integrity (Karr et al. 1986)

declined when the amount of impervious cover (from urban use) reached greater than 

14% of the catchment area (Miltner et al. 2004). In a comparison of streams in the 

Melbourne region, macroinvertebrate community composition was severely 

degraded due to increased impervious surfaces and stormwater drainage intensities in 

urbanised catchments (Walsh et al. 2001). 

Modification of the landscape is also known to impact native plant biodiversity, often 

resulting in greater weed establishment (Fox and Fox 1986, Heywood 1989, Hobbs 

1991). Weeds are usually prolific seeders and are more resilient to disturbance than 
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native plant species (Groves et al. 1995, 1998). Weeds can be dispersed by several 

mechanisms: wind, water, animals, people and vehicles. Riparian zones are therefore 

vulnerable to weed invasion because they are surrounded by both land and water, and 

because disturbance is common due to seasonal floods (Planty-Tabacchi et al. 1996, 

Stohlgren et al. 1998). 

One notable disturbance m the riparian zone was due the presence of 'Other' 

anthropogenic activities. These anthropogenic disturbances were predominantly 

recreational, cultural and off-road vehicle use. Clearly, streams and their associated 

riparian zones in the region are popular places for cultural, social and recreational 

activities. A consequence of such use is an increase in weed dispersal mechanisms 

and creation of the disturbed environments that facilitate weed establishment. Thus, 

it is highly probably that land use has caused a decline in riparian condition via 

increased weed establishment. 

Weed invasion was generally moderate, but perhaps more importantly, the most 

common riparian weeds were "deleterious weeds" such as Pennisetum polystachion 

(mission grass), Stachytarpheta spp. (snakeweed), Hyptis suaveolens (hyptis), 

Passiflora foetida (wild passion fruit), Calopogonium mucunoides (calopo) and 

Andropogon gayanus (gamba grass). These species are all known to have the 

potential to severely degrade native ecosystems (Smith 2002). It is also worth noting 

that the relationship between Urban land use and 'Grass cover' was inversely 

correlated with 'Grass weeds'. That is, where a low coverage of grasses occurred 

(native and weed species), there was a higher proportion of grassy weeds. This 

suggests that grassy weeds are invading areas with a low cover of native grasses. 

There was a strong correlation between weed invasion and tree clearing which is a 

measure of proximity of land clearing to the riparian zone. When urbanisation and 

clearing were more intense at a local-scale, native vegetation was increasingly 

cleared within the recommended stream buffer zone (NRETA 2006). These 

recommended buffer widths vary with stream order and are: 25-50 m (1st and 2nd 

order); 100m (3rd and 4th order); and 250 m (5th and 6th order). When this buffer 

zone becomes compromised, it is likely that there is an increased risk of weeds 

invading the riparian zone. 
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10.2.2 

At several sites, clearing occurred closer to the stream than the recommended buffer 

zone width. However, the entire width of the riparian zone was rarely cleared. In 

most cases, at least one tree-width (5-15 m crown width) of vegetation was left 

standing. The retention of even this small amount of riparian vegetation could still 

perform some of the important functions of the riparian zone, such as shading, input 

of organic matter, and provision of food and habitat (Naiman eta!. 2005). However, 

these very narrow vegetated strips would be more vulnerable to greater flood, fire 

and animal disturbance. 

There was a negative correlation between 'Fire' and Land Clearing, and a positive 

correlation between 'Fire' and Vegetation land use. Land clearing reduces the 

amount of fuel (grass and leaf litter) and dissects and fragments the landscape, thus 

reducing the chance of fire in the riparian zone. Contrary to this, an increase in 

Vegetation land use provides substantial amounts of fuel typical to tropical savannas 

and allows fire to travel greater distances. In this respect, land clearing affords some 

reliefto the fire-sensitive vegetation of the riparian zone. However, due to numerous 

other impacts to stream condition attributed to land clearing (e.g. increased weeds, 

altered hydrology and loss of habitat), riparian zones with adjacent land clearing may 

be highly vulnerable to the impacts of fire because they are already stressed from 

other disturbances. 

Validation of TRARC indicators 

It is acknowledge by the developers of the TRARC methodology that the indicators 

of condition require further testing to validate their inclusion in the assessment 

protocol (Dixon et a!. 2006). This study is the first to investigate the relationships 

between the TRARC indicators and other landscape attributes. It is studies like this 

that contribute to the refinement and further development of the TRARC. 

Many of the TRARC indicators were responsive to the dominant land use types in 

the study area. This helps to validate the inclusion of these indicators in the TRARC 

methodology and highlights those that require further investigation, possibly in more 

disturbed catchments and with alternative land use types. For example, Pasture and 

Horticulture land uses were minimal in the study region; thus, it would be beneficial 

to the development and validation of the TRARC methodology to repeat this study in 
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catchments where those land uses are more prominent. Dowe (2004) and Dowe et 

al. (2004) provide the first insight into grazing impacts on the riparian zone when 

measured with the TRARC methodology. This study, conducted in the Burdekin 

catchment, Townsville, used cow pat densities as a surrogate for recent cattle activity 

in the riparian zone, and recorded a decline in the overall CONDITION index with an 

increase of cattle activity. 

10.3 Influence of spatial-scale 

This study examined the relationships between riparian condition and Land use at 

two different spatial-scales, and showed that the measures of riparian condition 

responded differently at multiple spatial-scales. There were more than twice as many 

significant correlations between riparian condition indicators and Land use at the 

local-scale than there were at the catchment-scale. Also, of the correlations at the 

catchment-scale, 80% had higher absolute r-values when correlated with the same 

land use type at a local-scale (Table 9). This suggests that Land use at a local-scale 

(1 km radius) is better at identifying potential effects on riparian condition. 

Many assessments of the ecological condition of streams compare environmental 

variables at multiple spatial-scales. Most commonly, such studies consider two 

scales: site-scale and catchment-scale. Site-scale factors typically include riparian 

cover, in-stream light availability, substratum type, habitat type/dimensions, channel 

characteristics/dimensions, and organic matter input. Catchment-scale factors 

typically include land use type, vegetation cover, nutrient supply, sediment delivery, 

hydrology, soil types, elevation, catchment/valley dimensions and slope (Allan et al. 

1997, Eikaas et al. 2005, Johnson et al. 1997, McRae et al. 2004, Richards et al. 

1997, Taylor et al. 2004, Townsend et al. 2003). Although many studies consider 

multiple scales, only a few studies have compared the same factors at different 

spatial-scales (e.g. different distances from the investigative point). In a study of 

riparian health in Minnesota, U.S.A., Mensing et al. (1998) investigated the 

relationships between riparian biodiversity (abundance, richness and diversity) and 

land use (urban, cultivated, rangeland, forest, wetland and water) at multiple spatial

scales (site; 500, 1000, 2500 and 5000 m radii; and the entire catchment). 

Relationships between all these factors were highly variable. Wet-meadow 

vegetation, macroinvertebrates, amphibians and fish responded to site-scale 
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10.4 

10.4.1 

environmental conditions; shrub-carr vegetation, amphibians and birds responded to 

land use type within 500 and 1000 m radii; and fish responded to land use type 

within 2500 and 5000 m radii, and the entire catchment. Secondly, in Virginia, 

U.S.A., Sponseller et al. (200 1) investigated the influence of vegetation cover on in

stream physical, chemical and biotic features at five spatial-scales (the catchment, the 

entire riparian corridor upstream, and three riparian sub-corridors-200, 1000 and 

2000 m upstream). They found that water chemistry responded to vegetation cover 

within the entire catchment; stream temperature, substratum type and stream 

characteristics responded to vegetation cover of the entire riparian corridor upstream 

and to the three riparian sub-corridors; and macroinvertebrate assemblage structure 

responded to vegetation cover in the 200 m riparian sub-corridor. Both studies 

highlight the need for assessment and monitoring programs to investigate 

interactions between the stream and landscape features at multiple spatial-scales to 

assist ecologists and managers in understanding the complexities of stream ecology. 

Mensing et al. (1998) recommend that future assessments of riparian conservation 

should encompass multiple indicators (biotic groups), different land uses and 

disturbance types, and several spatial-scales. 

Rapport et a!. (1998) suggest that riparian zones have the potential to be good 

indicators of catchment condition. However, my results suggest that riparian zones 

(when assessed using TRARC) are better indicators of local-scale conditions (within 

1 km) when only one examination site is sampled within the catchment. To gain a 

better overview of catchment condition, multiple riparian sites would need to be 

assessed throughout the catchment. Further investigation would be required to 

determine the quantity and spatial layout of sites to obtain a representative overview 

of the catchment. As my results captured landscape conditions within a 1 km radius, 

spacing of riparian assessment sites at 2 km intervals along a stream could capture 

significant relationships between landscape features and riparian condition. 

Observations of covariance 

Soil type 

Covariance of terrestrial attributes was evident in the study region. Soil type was 

weakly positively correlated with Land Clearing, which is expected because land 
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development is more common on favourable soil types. Covariance is common with 

other studies of stream health and it creates problems for determining the true causal 

influences on condition (Allan 2004, Johnson et al. 1997, Karr and Chu 2000, 

Richards et al. 1997). Soil type may indeed contribute to the condition of the 

riparian zone because of the soil's physical structure. For example, different soil 

types may have contrasting infiltration rates-such as sand versus clay-and 

accommodate different vegetation types-such as Eucalyptus woodland versus 

Melaleuca forest-(Fogarty et al. 1984), both of which may influence hydrology, 

micro-habitats, and natural buffer widths (i.e. protection from fire and weeds). When 

these soil characteristics are combined with anthropogenic modifications to the 

landscape (e.g. Land Clearing) a cumulative influence could be the true causal effect 

of riparian condition. 

As well as soil type, several other environmental features have the potential to 

influence riparian condition, either alone or in combination. Elevation, slope, water 

table depth, flow rates, catchment size and channel shape may create unique riparian 

micro-habitats (Naiman et al. 2005); and patch density of land use (number of land 

use patches per unit area) can determine the extent of influence on the stream 

(Johnson et al. 1997). Vegetation type and topography may also provide a gradient 

of fuel loads and fire-refuges that may degrade or enhance riparian condition 

(Bowman 2000). More intensive research into these factors may help explain 

specific correlations between variables and terrestrial attributes. For example, 

correlations between PLANT CovER variables and Land use may be explained better 

by other environmental factors. 

The environmental features discussed above also highlight the knowledge gaps in my 

study. It may be premature to draw conclusions that an individual land use is the 

sole causal influence on riparian condition, or even on just one indicator of riparian 

condition. However, the strongest correlations between the TRARC variables and 

Land use can be reasonably explained by an increase in human-altered landscapes (as 

discussed earlier, 10.2.1). These included an increase in the proportion of weeds and 

other anthropogenic disturbances, and a decrease in bank stability and fire in the 

riparian zone. It is recommended that future monitoring programs include additional 

environmental factors to help determine causal relationships. This will better inform 
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land and water managers, and contribute to the further validation of the TRARC 

methodology. 

1 0.4.2 In-stream properties 

Caution should be given when interpreting relationships between riparian condition 

and in-stream water quality. Some of the water and riparian variables were similarly 

correlated with Land Clearing; thus the relationships between riparian condition and 

in-stream properties may be due to covariance. As the streams were all flowing at 

the time of sampling, water quality at the sites would be a cumulative result of 

upstream influences and it is most likely that catchment features influence water 

quality more than riparian vegetation does at an individual sampling site. 

Although riparian vegetation plays important roles in influencing instream water 

quality (Naiman and Decamps 1997), factors such as flow rate, channel width, water 

table depth and spatial connectivity of riparian patches upstream are also responsible 

in varying degrees for these influences (Naiman et al. 2005). For example, 

Rutherford eta!. (2004) found that the maximum daily water temperature changed by 

±4°C over distances 600-900 m downstream from 40-70% step changes in riparian 

shade. Consequently, sampling/assessment of water properties would need to take 

into consideration the riparian condition of the reaches upstream of the sampling 

point. 

10.5 Thresholds of riparian condition 

Non-linear relationships were not obvious between TRARC variables and landscape 

attributes. Thus, there was no evidence of threshold effects in relation to a gradient 

of landscape features/disturbances. This may be due to a combination ofreasons: (1) 

correlations were generally weak, making it difficult to identify non-linearities

however for the most highly correlated variables (e.g. weeds) relationships appeared 

linear; (2) landscape attributes often did not represent a large gradient-for example, 

Urban land use and Land Clearing mostly occupied less than 30% and never more 

than 75% of the catchment; (3) thresholds may be subtle and not easily detected 

when using broad bands of abundance or cover classes to measure riparian condition; 
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and ( 4) individual measures of landscape attributes may not act alone in influencing 

riparian condition. 

Many studies have identified in-stream biotic thresholds to a gradient of urban land 

use or impervious cover-see reviews by Allan (2004) and Paul and Meyer (2001). 

However, as discussed above (10.4), a single measure of landscape condition, such 

as total impervious area, may not be solely responsible for influencing stream 

condition and other factors may contribute to a cumulative effect-e.g. slope, 

catchment size and point-source pollution, thus integrative measures of landscape 

disturbance are required to identify true correlations with stream health (Karr and 

Chu 2000). Identification of thresholds for TRARC variables requires further 

research and should include catchments with a more even gradient of landscape 

attributes and consider additional environmental features to help identify causal 

factors. 

10.6 Legacy and lag effects 

10.7 

10. 7.1 

No information on past land use in the Darwin-Litchfield-Bynoe region was used in 

this study. Therefore, it was not possible to identify legacy effects on riparian 

condition. Due to the region being relatively undeveloped (90% of the area), it can 

be assumed that past land use impacts were small scale and have probably been 

replaced by more intensive development. However, the influence of the current land 

uses on riparian condition may involve a lag effect and may not be evident for 

several years. For example, influences from newly developed suburbs in Palmerston 

may take several years to be detected: increased bank erosion due to greater surface 

run off may take several wet seasons before it starts to affect the integrity of the 

stream and riparian zone. Data from my study will contribute to further 

investigations of this through future monitoring. 

Multivariate analyses of multi-metrics 

Indicators versus sub-indices 

Problems with combining multi-metric scores into a single value that represents 

condition have been voiced by several authors (Norris and Hawkins 2000, Suter 
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1993, Watzin and Mcintosh 1999). Common criticisms are that index scores may 

mask the value of one or more of its component variables. Andreasen et a/. (200 1) 

state that combining scores into one index can be "arbitrary at best and dangerously 

deceptive at worst". However, Andreasen et al. (2001) continue to express an 

understanding of the need for a single value because it is the decision maker who is 

the primary customer and not the ecologist. Thus, it is of highest importance for 

scientists to explore techniques to present multi-metric results in a simple but 

meaningful fashion. 

Many correlations occurred between TRARC variables and Land Use, and patterns 

can be identified that support/confirm the criticisms expressed in the literature. 

Firstly, of the indicators that contribute to the PLANT COVER sub-index, some were 

negatively correlated with Land use, whilst others were positively correlated with 

Land use (Table 9). For example Land Clearing at a local-scale had two correlations 

with plant cover indicators: 'Midstorey cover' (r = 0.41) and 'Grass cover' (r = -

0.40). In effect, these indicators with contrasting correlations cancel each other out 

when combined into a sub-index score because the contrasting relationships were of 

similar magnitude. As a result, the PLANT COVER index was not significantly 

correlated with Land use and information on the condition of 'Midstorey cover' and 

'Grass cover' was lost. 

Secondly, indicators that contribute to the PRESSURE sub-index also have contrasting 

correlations, but there is an imbalance between the quantity of positive versus 

negative r-values, and they are of varying strength (absolute r-values). For example, 

Land Clearing at a local-scale had three correlations with indicators of pressure: 

'Other' (r = 0.59), 'Fire' (r = -0.44) and 'Tree clearing' (r = 0.74) (Table 9). When 

these indicators were combined into a sub-index score, some cancellations occurred 

but not enough to relinquish the relationship between PRESSURE and Land Use

albeit weak. In this instance, information on these three indicators of pressure was 

not totally lost, but was largely diminished. 

Thirdly, indicators that contribute to the WEEDS sub-index have consistent positive or 

negative correlations with Land use. For example, Land Clearing at a local-scale had 

four correlations with indicators of weediness: 'Midstorey weeds' (r = -0.35), 

'Understorey weeds' (r = -0.52), 'Grass weeds' (r = -0.47), and 'High impact weeds' 

(r = -0.75) (Table 9). Because these correlations were all negative, there was no 
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cancelling effect when these scores were combined into a sub-index score. Not 

surprisingly, WEEDS had the strongest correlation (highest absolute r-value) with 

Land use in comparison to the other sub-indices. Therefore, information on these 

indicators was not lost. 

This demonstrates that by combining indicator scores into sub-indices, some 

information can be 'lost', 'masked' or 'eclipsed'. In respect to determining the 

relationship between TRARC variables and Land use, sub-indices are only truly 

representative of their collective when indicators with significant relationships are of 

equal sign (that is, all positive or all negative r-values). Strength of the relationship 

between sub-index scores and Land Use will increase when there are more indicators 

with higher r-values and with the same sign. Thus, an individual indicator may be 

'masked' within the sub-index if the other indicators are not significant or have 

contrasting r-values. It may be that this 'masked' indicator is of high importance to 

management. 

The consequence of combining scores is compounded when the sub-index scores are 

integrated into the single CONDITION index. For example, the relationship between 

overall riparian CONDITION and Land Clearing was moderate (r = -0.53), however the 

contribution of the most highly correlated sub-index (WEEDS, r = -0.75) was reduced 

by the other sub-indices. The same can also be said for the most highly correlated 

indicator ('High impact weeds', r = -0.75), which was masked by the lesser

correlated variables. Reliance of sub-indices for determining relationships between 

riparian condition and Land use results in a 'loss' of valuable information. 

10. 7. 2 Presenting multivariate analyses 

This study demonstrates how Principal component analyses (PCA) can be used to 

present large quantities of TRARC data in a simple graphical form, without the 

'losses' of data inherent in multi-metric analysis. Both PCA (with indicators or sub

indices), showed that sites with similar CONDITION index scores are not always 

grouped together in multi-dimensional space (Figure 23 and Figure 30). The use of 

PCA is helpful because it not only identifies these sites but clearly highlights the 

TRARC variables that have influenced their location in multi-dimensional space. It 

may be that these sites are of particular interest to managers. 
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The choice of performing PCA derived from either the TRARC sub-indices or 

individual indicators would be influenced by the objectives of the study. 

Nevertheless, both give the user the capacity to visually identify sites of management 

interest. However, the application of multivariate analyses is best suited for 

interpreting the results of a large number of assessments. It also requires statistical 

skills that may be beyond an individual property manager, but it is unlikely that such 

a person would make large-scale assessments of riparian condition without first 

consulting someone with a greater knowledge of data analysis. It is more probable 

that large-scale assessments will be conducted by Government agencies or research 

institutions. 

10. 7. 2. 1 Example 1: PCA with all indicators 

Reliance of CONDITION index scores to identify degraded sites due to weed invasion 

may result in exclusion of weed-infested sites that may be of interest to managers. 

For example, Site 13 is located in ordination space amongst sites of lower 

CONDITION ratings (Figure 23). By looking at the vectors overlaid on the PCA, we 

can identify which TRARC indicators were most influential to the positioning of Site 

13 (and its neighbours) away from the cluster of sites with 'A' CONDITION ratings. 

These are primarily 'High Impact Weeds' and 'Tree Clearing'; and to a lesser extent, 

'Understorey Weeds' and 'Grass Weeds'. Also, by overlaying bubble-plots of sub

index values onto the PCA, we can see that Site 13 had the highest WEEDS score 

compared to other sites with 'A' CONDITION ratings (Figure 24). We can also see 

that this site scored well in the remaining sub-indices (Figure 25 to 28), thus 

explaining its high CONDITION score. This example shows the benefits of PCA 

graphs in their ability to graphically present various levels of information about the 

TRARC scores. 

Overlaying bubble-plots onto PCA graphs can also help managers identify patterns 

between riparian condition and landscape attributes. Figure 29 provides a good 

example of this. Sites with higher PCl and PC2 coefficients generally have higher 

CONDITION index values ('A') and lower amounts of Land Clearing within a 1 km 

radius. Graphically presenting easily-interpretable patterns such as this contributes 

to the growing knowledge of casual effects of riparian condition. Further research is 
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recommended to investigate other environmental factors (as discussed above, 10.4) 

that may influence riparian condition. 

10.7.2.2 Example 2: PCA with all sub-indices 

Comparison of correlation matrices between indicator scores and sub-index scores 

show that the two similarity matrices derived from these datasets were highly 

correlated but were are not identical (r = 0.75). However, this does not make the use 

of multivariate analyses based on sub-index scores redundant because analysis of the 

sub-index data is useful to gain a broader overview of the condition and pressures at 

the study sites without being overwhelmed by too much detail. For example, the 

most influential sub-indices in determining similarities between sites were PLANT 

COVER so sites grouped close together on Figure 30 will have similar scores for each 

of these sub-indices. If management was aimed at targeting sites with both a high 

proportion and cover of weeds, then we can use the graph to identify these sites. 

Sites 2, 4, 8, 13 and 18 meet both criteria and we can deduce that these sites have a 

high cover of vegetation, with a high proportion of this cover being comprised of 

weeds (note: the WEEDS variables are mostly measures of proportion of weeds versus 

native plants, and not cover of weeds). 

Overlaying bubble-plots of Land Clearing (Figure 31) shows a similar pattern to the 

PCA with all indicators (Figure 29). That is, sites with higher PC1 and PC2 

coefficients generally have higher CONDITION index values ('A') and lower amounts 

of Land Clearing within a 1 km radius. As this was the only landscape attribute to 

show such a distinct pattern when overlaid on the PCA graphs, it suggests that Land 

Clearing within a 1 km radius of the sites was the most influential factor of riparian 

condition. However, further research is recommended to investigate other 

environmental factors (as discussed above, 10.4) that may influence riparian 

condition. 
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11 Conclusion 

This study has demonstrated that the TRARC rapid assessment methodology is 

capable of detecting relationships between the condition of riparian zones in the 

Darwin-Litchfield-Bynoe region and landscape attributes. By identifying these 

relationships, this study has helped to understand how and why impacts occur in 

riparian habitats. This study confirmed that most of the potential influences on 

riparian condition were stronger when measured at the local- rather than catchment

scale. Therefore, future riparian monitoring programs should ensure that the 

variation in local conditions is adequately sampled. Land clearing was most 

frequently and strongly correlated with several measures of riparian condition, but 

because it also covaried with soil type, further research is needed to identify causal 

relationships. 

This study provides the first assessment of riparian condition in the region and 

provides a baseline for future monitoring. This study showed that the negative 

effects of anthropogenic influences on riparian habitats in the region are currently 

relatively minor. However, we must be vigilant in monitoring change in riparian 

condition to avoid the potentially irreversible degradation that has occurred in other 

regions. 
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13 Appendices 

13.1 Appendix 1 (over page) 

Score sheets of the Tropical Rapid Appraisal of Riparian Condition - Version 
August 2005. Sheets modified from Dixon et a!. (2006). In this study, the 'Bank 
stability' indicator is comprised of exposed tree roots, slumping, gullying and 
undercutting as shown on score sheets. Also, the 'Dominant regeneration' indicator 
is comprised of tree size classes and dominant tree regeneration. 
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Tropical Rapid Appraisal of Riparian Condition {TRARC). Version 1: August 2006 

http://savanna.cdu.edu.au 
Note: Read the User guide before using these score sheets. 
Circle most appropriate score. 

<5% 

5-25% 2 

25-50% 3 

50-75% 4 

75-100% 5 

Canopy very sparse/non-existent; shrubs and/or 
grasses common due to lack of canopy; dead 
trees may occur 

Tree canopy sparse; individuals exhibit crown 
2 

dieback; dead trees common 

Canopy +/- sparse or lacking vigour; dead trees 
3 

may be evident; minor crown dieback 

Canopy slightly irregular and/or with some gaps; 
4 

no/few dead trees 

Tree canopy appears intact; no/few standing 
5 

dead trees 

Score sheets - page 1 of 6 

2 2 

3 3 

4 4 

5 5 

2 2 

3 3 

4 4 

5 5 

Australian Government 

Land & Water Australia 

www.rivers.gov.au 
Note: This number refers to the numbered items in the User guide 

Variation in trunk width/height ofdominant 
native trees >3 m tall. Look around area 
(approx. 20m up and down the transect). 
Do not include weeds. Size groups: <10 em, 
1 Q-20 em, 20-'-30 em, 30-40cm, >40 em 

No canopy, few trees or all same size group 

2 distinct size groups 3 3 3 

3+ distinct size groups 5 5 5 

Choose a maximum of three species as co-dominants OR in tall 
closed forest with diverse species assess entire tree community 

Number of juveniles 0.3-3 m tall of dominant 
tree species: Must be same species as measured 
in 'Tree size classes'. (Look within approx. Sm 
radius) 

0 

1-3 

4+ 

0 

1-3 

4+ 

3 3 3 

5 5 5 

3 3 3 

5 5 5 

Date 

Stream name 

Site number 

Transect number 

Left I Right bank 
(when facing downstream) 

Left Right 

Assessors name/s 

GPS (start of transect) 

GPS (end of transect) 

Average channel width (m) 
near points A, B, C A B c Ave 

Average riparian width (m) 
or width of distinct veg. type A B c Ave 

Photo numbers 

Riparian Savanna or Type 1 Type 2 Type 3 Savanna or 
zone floodplain t i t floodplain 
t 

One transect in narrow or One transect centred in each distinct 
uniform riparian zones. vegetation type on benched banks. 

A transect is 5-20 m wide. Each transect is 5-20 m wide. 



% cover of shrubs and small trees What is the(proportion of weeds o/o cover of grassof any height What is the proportion of weeds 
1.5-5 m in height (natives and (same 5 x 5 m square) (natives and weeds}(5 x 5 m (same 5 x 5 m square) 
weeds) (5 x 5 m square) square} 

<5% 75-100% weed plants <5% 75-100% weed plants 

5-30% 3 3 3 50-75% weed plants 2 2 2 5-30% 2 2 2 50-75% weed plants 2 2 2 

30-100% 5 5 5 25-50% weed plants 3 3 3 30-60% 3 3 3 25-50% weed plants 3 3 3 

NOTE: If no midstorey present, give WEEDS a score 5-25% weed plants 4 4 4 60-80% 4 4 4 5-25% weed plants 4 4 4 

of 5. <5% weed plants 5 5 5 80-100% 5 5 5 <5% weed plants 5 5 5 

List most dominant weed species NOTE: If no grass present, give WEEDS a score of 5. List most dominant weed species 

% cover of shrubs, sedges, herbs What is the proportion of weeds o/o cover of leaves and fallen What is the proportion of weeds 
and groundcovers<1.5 min height (same 5 x 5 m square) branches <10 em diameter, do not (i.e., litter from weed plants) 
(natives and weeds}. Do not include ash (5 x 5 m square) (same 5 x 5 m square) 
include grass (5 x 5 m square) 

<5% 75-100% weed plants <5% 75-100% weed litter 

5-30% 3 3 3 50-75% weed plants 2 2 2 5-30% 2 2 2 50-75% weed litter 2 2 2 

30-60% 5 5 5 25-50% weed plants 3 3 3 30-60% 3 3 3 25-50% weed litter 3 3 3 

NOTE: If no understorey present, give WEEDS a 5-25% weed plants 4 4 4 60-80% 4 4 4 5-25% weed litter 4 4 4 

score of 5. <5% weed plants 5 5 5 80-100% 5 5 5 <5% weed litter 5 5 5 

list most dominant weed species NOTE: If no organic litter present, give WEEDS a List most dominant weed species (litter) 

score of 5. 

Score sheets - page 3 of 6 



% cover of exposed soil and ash. Exclude large natural rock formations, 
boulders, leaf litter and roots (5 x 5 m square) 

80-100% 

60-80% 2 

30-60% 3 

5-30% 4 

<5% 5 

Tick box if mostly bedrock D 

Bahk sediment size 
(near the three points A, B, C) 

Clay or silt (<0.064 mm grain size) 5 5 5 5 

Sand (0.064-2 mm grain size) 4 4 4 4 

Gravel (2-12 mm grain size) 3 3 3 3 

Pebbles (12-64 mm grain size) 2 2 2 2 

Cobbles, boulders or bedrock (>64 mm grain size) 

Approximate bank slope Number of large trees (native 
(near the three points A, B, C) and alive) with >30 em trunk 

diameter when measured 

>70° slope 1.3 m from base of trunk, 
70° 

do not include dead or t:_ (or undercut) 5 5 5 
fallen trees. (1 00 m transect) 

45-70° slope 3 3 3 
oo 0 

<45° slope 
1-4 

5-6 

7-8 

9+ 

TALLY 
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2 2 

3 3 

4 4 

5 5 

D D 

5 5 

4 4 

3 3 

2 2 

2 

3 

4 

5 

Number of logs* and large logs** Description of weed distribution within 100 m 
(100m transect) transect {up to 20 m wide) 

Absent Continuous dense distribution in a wet/dry zone 

1-2 large logs OR <Slogs 2 Continuous dense distribution 

3-4 large logs OR 5-9 logs 3 Continuous distribution with some spaces 

5-6 large logs OR 10-141ogs 4 Continuous distribution of well spaced plants 

7 + large logs OR 15+ logs 5 Several well spaced patches 

TALLY A few patches plus several scattered individuals 

* LOGS (> 1 Ocm diameter A few patches 
and 1-3 m in length) 

A single patch plus several scattered individuals 

Several scattered individuals 3 

** LARGE LOGS(> 10cm diameter A single patch plus a few scattered individuals .'i: 
and >3 m in length) 

A single patch 1:~ 

A few scattered individuals 4 

Rare 

No high impact weeds in transect 5 

High impact weed species (for Top End, NT and Burdekin, Qld) 

D Andropogon gayanus D Panicum maximum (guinea grass) 
(gamba grass) D Parkinsonia aculeata (parkinsonia) 

4 of listed species present 
D Ca/opogonium mucunoides D Parthenium hysterophorus 

(calopo) (parthenium) 
3 of listed species present 2 D Centrosema molle (centro) D Passiflora foetida 

D Cryptostegia grandiflora (wild passion fruit) 
2 of listed species present 3 

(rubber vine) D Pennisetum sp. (mission grass) 
1 of listed species present 4 D Hymenachne amplexicaulis D Ricinus communis 

(olive hymenachne) (castor oil plant) 0 of listed species present 5 
D Hyptis suaveo/ens (hyptis) D Senna a/ata (candle bush) 
D Ipomoea quamoclit D Stachytarpheta spp. (snakeweed) 

(morning glory) D Uroch/oa (Brachiaria) mutica 
D Lantana camara (lantana) (para grass) 
D Leucaena leucocephala D Xanthium strumarium (noogoora 

(coffee bush) burr) 
D Mimosa pigra (mimosa, D Ziziphus mauritiana 

giant sensitive plant) (chinee apple) 



Proportion of canopy plants (>5 m tall) that are weeds, 
including vines in the canopy (100m transect) 

75-100% weed plants 

50-75% weed plants 

25-50% weed plants 

5-25% weed plants 

<5% weed plants 

List most dominant weed species 

NOTE: If no canopy present, give WEEDS a score of 5. 

Proportion of transect length that has a canopy. Gaps 
between canopies must be >5 m and span the width 
of the transect (max 20 m). (1 00 m transect) 

<50% 

50-90% 

90-100% 

Tick box if bedrock mostly causing gaps 
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2 

3 

4 

5 

3 

5 

0 

Proportion of trees or tall shrubs with 
exposed tree roots (thicker than 20 mm) 
due to erosion. Do not include species 
with natural aerial roots (e.g: Pandanus 
and Figs). (100 m transect) 

20-100% of plants 

5-20% of plants 

5% of plants 

20-100 m combined width 

10-20 m combined width 

5-1 0 m combined width 

<5 m combined width 

Slumps absent 

Average amount 
of plant's 
circumference 
with exposed 
roots (thicker 
than 20 mm) 

>1/3 

<1/3 

>213 

1/3-213 

<1/3 

>1/3 

<1/3 

Combined width of active, unstable gullies passing through 
1 00 m transect 

20-100 m combined width 

10-20 m combined width 

5-1 0 m combined width 

<5 m combined width 

Gullies absent or all with stabilised* walls and head 

*Stabilised by vegetation, rocks or other. 

2 

2 

3 

4 

4 

5 

2 

3 

4 

5 

2 

3 

4 

5 

20-100 m combined width 

10-20 m combined width 

5-10 m combined width 

< 5 m combined width 

Undercutting absent 

Extent of damage (tree ringbarking; vegetation trampling; 
grazing; wallowing; soil compaction; track formation; 
instream substrate disturbance) caused by managed animals 
(e.g. cattle). Do not include unmanaged animals here. 
(100m transect) 

20-100% of ground or vegetation damaged 

5-20% of ground or vegetation damaged 

0-5% of ground or vegetation damaged 

Tick box if fences are present and effective 0; 
present but ineffective 0; not present 0 

Extent of damage (tree ringbarking; vegetation trampling; 
grazing; wallowing; soil compaction; track formation; 
instream substrate disturbance) caused by unmanaged 
animals (e.g. pigs, wild cattle, horses, donkeys, buffalo). 
Do not score managed animals (e.g. cattle) here. 
( 1 00 m transect) 

20-100% of ground or vegetation damaged 

5-20% of ground or vegetation damaged 

G-5% of ground or vegetation damaged 

0 pig 0 wild cattle/horse/donkey/buffalo 
0 other _______________ _ 

2 

3 

4 

5 

5 

3 

5 

3 



Average buffer width Large.dam upstream and vegetation response to 

Major impact: canopy burnt and/or 
(m)* for 100m environmental flows (within 100 m transect) 

burnt up to channel edge 
5 transect (measured 

Large dam upstream and environmental flows ineffective 
away froruwaterway) at triggering recruitment events for plants high up bank: 5 Burnt in currenV Moderate impact: trunks charred but 

>RW 5 tree regeneration rare on high banks most recent fire canopy mostly unburnt and not burnt 4 
Drainage <15 

season up to channel edge 
lines and 

<RW 4 Large dam upstream and environmental flows moderately 

Minor impact: some impact to riparian intermittent >RW 3 
effective at triggering recruitment events for plants high 3 

boundary or spot fire only 
3 

streams (1st, 15-25 up bank: some tree regeneration on high banks 
<RW 2 

Major impact: canopy burnt and/or 2nd order) Large dam upstream and environmental flows effective 

burnt up to channel edge 
4 > 25 or uncleared any at triggering recruitment events for plants high up bank: 

tree regeneration common on high banks 
Moderate impact: trunks charred but >RW 5 

Burnt in previous <25 No large dam upstream 
fire season 

canopy mostly unburnt and not burnt 3 <RW 4 
up to channel edge 

>RW 4 
Minor impact: some impact to riparian 25-50 

boundary or spot fire only 
2 <RW 3 

Creeks (3rd, 
>RW 3 

Long unburnt 
2 

4th order) 50-75 
(old fire scars) 

-> 
<RW 2 

Little evidence >RW 2 4+ instream structures 5 

of fire 
-> 75-100 

<RW 3 instream structures 4 

> 1 00 or uncleared any 2 instream structures 3 

>RW 5 1 instream structures 2 
Notes for TREE CLEARING 21 <25 No instream structures 
* Buffer width is the uncleared vegetation measured from the top <RW 4 

of the outermost bank to the nearest cleared land away from the >RW 4 
waterway, OR if no bank exists (drainage lines and wetlands), from 25-75 
the outer edge of seepage line or maximum flood level. Rivers 

<RW 3 

** Clearing width refers to areas that have had mass tree removal (5th order >RW 3 

(e.g. for grazing, horticulture, car parks, roads, picnic grounds, or greater) 75-150 
<RW 2 

camping and urban uses). 
>RW 2 

*** Riparian width is measured from the edge of the channel (low 150-250 
flow) to where there is a distinct change in vegetation and <RW 50-100% 5 
landform. > 250 or uncleared any 25-50% 4 

10-25% 3 

5-10% 2 

<5% 

Describe impact 
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Catchment~scale 

terrestrial attributes (%) 

Urban 
Vegetation 
Horticulture 
Pasture 

Land Clearing 
Hydrosols 
Kandosols 
Rudosols 
Tenosols 
Vertosols 

Local-scale terrestrial 
attributes (within 1km 
radius of each site) (%) 

Urban_1km 
Vegetation_1km 
Horticulture_1km 
Pasture_1km 
Land Cleartng_1 km 
Hydrosols_1km 
Kandosols _1 km 
Rudosols_1km 
Tenosols_1km 
Vertosols_1km 

In-stream attributes 

pH (units) 
E.G. (~S/cm) 
Hach Turbidity (NTU) 
TKN (mg/L) 
Gilvin (<0.45~m) 
Chlorophyll-a (mg/L) 
P04_P (mg/L) 
NH3_N (mg/L) 

5 
~ 
0 
1: .. 
(,) 

'-

~ 
" c .. 
e' 
0 

0.09 0.14 0.30 0.03 -0.33 -0.02 0.10 0.05 -0.08 
-0.02 0.04 -0.07 -0.03 0.03 0.00 -0.08 -0.02 0.13 
-0.13 -0.03 0.02 0.12 0.27 -0.08 -0.26 -0.09 -0.14 
0.14 0.03 0.10 0.12 -0.09 -0.08 -0.06 0.10 0.03 
0.17 0.19 0.30 0.06 -0.39 0.10 0.18 0.13 0.04 

-0.12 0.05 0.16 -0.03 -0.09 0.13 0.13 -0.08 -0.02 
0.39 0.25 -0.01 0.14 -0.49 0.18 0.34 0.31 0.20 

1: 

" 01 
2! 
'l: .. 
c 
'E 
0 

0 

z 
0 

~ 
w z w 
m 
0:: 

"' 0 
w 
w 
;:: 

z 
0 
iii 
lil w 

., 
;;; 
E c 
<( 

" .<: 
i5 

2! 
u:: 

" E 
-~ 

~ 
u:: 

01 
1: 
·c 
:g 
"ij 

~ ..... 

w 
0:: 
::I 

~ « 
"' 

z 

~ 
0 
z 
0 
0 

0.02 -0.22 -0.09 0.07 -0.10 -0.18 -0.36 -0.37 -0.34 -0.05 -0.34 -0.26 -0.11 -0.06 0.63 -0.14 0.17 0.24 0.32 -0.22 
0.05 0.11 0.11 0.02 0.32 0.36 0.25 0.25 0.39 0.06 0.07 0.08 -0.06 0.08 -0.33 0.00 0.19 -0.24 -0.18 0.21 
0.04 -0.24 -0.08 0.12 0.03 0.09 -0.13 -0.11 -0.08 -0.11 -0.25 -0.22 -0.09 0.08 0.18 0.26 -0.22 0.13 0.23 -0.17 
0.14 -0.21 0.05 0.11 0.13 0.05 -0.34 -0.19 -0.17 -0.19 -0.42 -0.38 -0.08 -0.23 0.10 0.00 -0.17 0.15 -0.01 -0.12 
0.09 -0.09 0.04 -0.12 -0.25 -0.22 -0.36 -0.29 -0.37 0.05 -0.24 -0.13 -0.14 0.07 0.59 -0.13 0.18 0.31 0.38 -0.12 

-0.01 0.03 0.00 -0.34 -0.13 -0.29 0.05 -0.28 -0.23 0.19 -0.15 0.00 0.24 0.06 0.23 -0.29 0.30 0.09 0.12 -0.14 
0.29 -0.04 0.27 -0.13 -0.07 -0.09 -0.47 -0.26 -0.27 0.13 -0.15 -0.04 -0.07 0.12 0.23 ·0.18 0.02 0.28 0.16 0.11 

-0.24 -0.15 0.08 -0.04 0.38 ·0.17 -0.32 -0.17 -0.09 -0.19 0.02 -0.17 0.20 0.08 0.21 
0.06 -0.01 
0.01 -0.12 

0.35 0.32 
0.15 0.08 
0.16 0.06 

0.32 -0.12 0.09 0.00 0.02 0.00 -0.17 0.23 0.00 -0.23 -0.05 0.00 
0.06 -0.13 0.20 0.06 -0.07 -0.22 -0.24 0.10 -0.21 -0.14 -0.25 -0.08 
0.02 -0.13 0.12 0.02 -0.06 -0.18 -0.16 0.09 -0.18 -0.03 -0.14 O.Q1 

-0.15 -0.19 -0.20 -0.15 0.21 -0.09 -0.11 -0.16 -0.16 -0.15 0.02 -0.15 0.10 
0.01 0.01 -0.10 0.00 0.10 -0.04 0.04 0.03 -0.26 0.01 -0.08 -0.06 0.08 

0.36 0.20 0.25 0.04 -0.50 -0.09 0.39 0.27 -0.11 ·0.18 -0.09 -0.21 -0.32 -0.44 -0.43 -0.51 -0.49 -0.62 -0.16 -0.24 -0.24 -0.12 -0.09 0.57 -0.13 -0.10 0.62 0.43 -0.30 
-0.07 -0.04 -0.35 0.31 0.44 0.02 -0.38 0.00 0.11 0.02 -0.21 -0.05 0.18 0.28 0.45 0.34 0.57 0.59 0.07 0.32 0.25 -0.22 0.11 -0.44 0.40 -0.17 -0.65 -0.37 0.31 
0.30 -0.01 0.23 0.39 0.12 0.08 0.41 0.41 0.33 0.29 0.40 0.41 -0.24 -0.38 0.26 -0.39 -0.34 -0.07 -0.42 -0.37 0.62 0.13 -0.11 -0.27 -0.12 0.20 0.13 0.16 
0.58 0.58 0.55 0.56 0.22 0.14 0.25 0.71 0.21 0.19 -0.16 0.14 0.25 0.18 -0.36 0.41 -0.24 -0.20 -0.01 -0.72 -0.41 0.48 -0.46 -0.27 -0.33 -0.55 -0.63 0.15 
0.03 -0.01 0.41 -0.24 -0.40 -0.22 0.25 -0.06 -0.20 -0.21 0.06 -0.19 -0.16 -0.35 -0.52 -0.47 -0.75 -0.75 -0.22 -0.49 -0.44 0.08 -0.11 0.59 -0.44 0.07 0. 74 0.39 -0.53 
0.02 -0.02 0.28 0.08 -0.06 
0.37 0.08 -0.02 0.08 -0.21 

-0.38 -0.07 -0.27 -0.13 0.37 
1.00 -1.00 1.00 1.00 -1.00 

-1.00 ·1.00 1.00 1.00 1.00 

-0.15 
-0.15 
-0.06 
-0.14 

0.01 
-0.15 
0.07 
0.11 

0.12 
-0.04 
0.24 
0.16 

-0.06 0.03 0.15 
-0.20 0.01 0.28 
0.20 0.20 -0.02 

-0.11 -0.01 0.11 

-0.22 
0.01 
0.10 

-0.17 
0.21 

-0.20 
0.12 
0.20 

-0.10 
-0.20 
0.26 
0.08 
0.45 

-0.15 
0.11 
0.22 

-0.06 
0.05 
0.04 
1.00 

-0.11 
-0.23 
-0.14 
0.29 

0.10 0.05 
0.09 0.30 

-0.26 -0.32 
1.00 1.00 
1.00 1.00 

0.06 
0.06 

·0.18 
-0.10 

-0.16 
-0.19 
0,01 

-0.09 
0.11 -0.30 0.05 
0.20 -0.01 -0.19 
0.16 -0.10 0.22 
0.12 -0.06 -0.01 

0.11 0.09 -0.04 0.08 0.11 -0.09 -0.26 0.02 -0.34 -0.27 -0.12 -0.20 -0.19 0.35 -0.07 0.21 -0.33 0.04 0.03 -0.06 -0.12 
0.07 0.10 0.10 0.14 0.09 0.02 0.24 -0.23 0.28 0.18 0.06 0.11 0.11 -0.17 0.15 -0.23 0.07 -0.24 0.03 -0.12 0.29 

-0.42 -0.21 -0.25 -0.35 -0.05 0.14 0.14 0.30 0.14 0.20 0.03 0.07 0.06 -0.19 -0.05 -0.01 0.41 -0.04 -0.08 0.16 -0.16 
1.00 -1.00 1.00 -1.00 1.00 1.00 1.00 1.00 -1.00 1.00 -1.00 -1.00 1.00 

-1.00 -1.00 -1.00 -1.00 -1.00 1.00 -1.00 1.00 1.00 1.00 -1.00 

-0.01 
-0.15 
0.09 
0.22 

-0.18 
-0.08 
-0.26 
-0.07 

0.08 -0.22 
0.06 -0.31 
0.24 0.18 
0.03 -0.02 

0.10 
-0.20 
0.16 
0.16 
0.05 
0.29 
0.00 
0.01 

-0.12 -0.15 -0.24 -0.46 0.19 -0.32 -0.31 -0.01 0,01 0.00 
-0.18 -0.20 -0.22 -0.28 -0.02 -0.32 -0.29 -0.10 -0.23 -0.21 
-0.15 0.06 -0.23 -0.54 0.23 -0.38 -0.38 -0.03 -0.15 -0.11 
0.03 0.07 0.14 0.06 0.22 0.08 0.14 0.27 -0.03 0.12 

0.23 0.06 
0.19 -0.13 
0.25 -0.18 
0.14 -0.10 

0.15 -0.48 0.28 0.21 0.03 
0.36 -0.16 0.32 0.10 0.22 
0.12 -0.34 -0.25 0.21 -0.15 
0.01 -0.27 0.27 -0.10 -0.12 

-0.25 
-0.33 
-0.24 
0.06 

-0.16 0.24 -0.02 -0.18 0.19 -0.04 -0.07 
-0.15 -0.28 -0.22 -0.27 0.05 -0.11 -0.18 
0.19 0.10 0.12 -0.03 -0.09 0.13 0.00 

-0.01 0.17 0.01 -0.27 -0.02 -0.25 -0.23 

0.09 -0.06 0.01 0.08 -0.10 -0.21 -0.14 -0.50 -0.12 -0.46 -0.06 
0.24 0.00 0.12 0.03 -0.13 0.21 -0.31 0.42 0.02 0.04 -0.18 
0.13 0.03 0.09 -0.07 0.10 -0.11 -0.09 -0.22 -0.02 -0.20 0.19 
0.12 -0.35 -0.17 0.20 0.07 O.ot -0.22 -0.23 -0.04 -0.22 -0.16 

0 
0 ....... 



13.3 Appendix 3 

Correlations between Hydrosols, Kandosols and Rudosols soil type and terrestrial 
attributes at two scales, n = 41, p < 0.05. Top box at catchment-scale. Bottom box at 
local-scale. 

Soil type within each catchment (%) 
Catchment-scale 
terrestrial attributes (%) Hydrosols Kandosols Rudosols 

Urban 0.27 0.24 -0.18 
Vegetation 0.16 -0.02 0.30 
Horticulture -0.10 -0.06 0.25 
Pasture -0.31 0.37 -0.27 
Land Clearing 0.25 0.40 -0.27 

Local-scale terrestrial I Soil type within 1 km radius of each site (%) 
attributes (within 1 km 
radius of each site)(%) Hydrosols Kandosols Rudosols 

Urban_1 km -0.06 0.25 -0.11 
Vegetation_1 km -0.31 0.06 0.39 
Horticulture 1 km 0.30 -0.30 0.04 
Pasture_1 km 0.32 -0.17 -0.13 
Land Clearin 1km 0.29 0.01 -0.38 
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13.4 Appendix 4 

Correlations between pH, turbidity and gilvin and terrestrial attributes at two scales, 
n = 41, p < 0.05. Top box at catchment-scale. Bottom box at local-scale. 

Urban 
Vegetation 
Horticulture 
Pasture 
Land Clearing 
Hydrosols 
Kandosols 
Rudosols 
Tenosols 
Vertosols 

Local-scale terrestrial 
attributes (within 1 km 
radius of each site) (%) 

Urban_1 km 
Vegetation_1 km 
Horticulture_1 km 
Pasture _1 km 
Land Clearing_1 km 
Hydrosols_1 km 

Kandosols 1 km 
Rudosols_1 km 
Tenosols_1km 
Vertosols 1 km 

0.19 
-0.02 
-0.36 
-0.28 
0.16 
0.50 
0.01 

-0.10 
-0.18 
-0.10 

pH 
(units) 

0.18 
-0.27 
0.49 
0.58 
0.36 
0.41 

-0.42 
-0.22 
-1.00 
-1.00 

0.09 -0.03 
-0.02 -0.03 
-0.07 0.11 
-0.13 0.15 
0.08 -0.08 
0.34 -0.08 

-0.14 -0.18 
0.11 0.19 

-0.18 0.03 
-0.06 0.03 

In-stream attributes 

Hach I 
Turbidity Gilvin 

(NTU) 1 (<0.451Jm) 

0.07 -0.13 
-0.07 0.25 
0.33 -0.02 
0.61 0.40 
0.18 -0.19 
0.20 0.11 

-0.42 -0.05 
0.00 -0.01 

-1.00 -1.00 
1.00 
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13.5 Appendix 5 

Forty-one sites plotted against first two components of Principal components analysis derived from 
dissimilarities of TRARC indicator scores (Dataset 1 - Indicators). Larger bubbles imply greater 
proportion or higher value. Sites are represented by their CONDITION index category: A== 80-100; B = 
70-80; C = 60-70. For site numbers, see Figure 23. 

Tenosols (%) 

High impact weeds 

PC1 
PC1 
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PC1 

Urban(%) 

fj .. 
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• 
PC1 PC1 

103 



c 

PC1 
PC1 

PC1 

PC1 

NH3 •• N {mg/L) 

4E-3 

A 
A 

~ 

a: 
B 

c 

c 
High impact weeds c 

• 
PC1 

PC1 

104 



• 
PC1 PC1 

c 

PC1 

PC1 

105 



13.6 Appendix 6 

Forty-one sites plotted against first two components of Principal components analysis derived from 
dissimilarities of TRARC sub-index scores (Dataset 1 - Sub-indices). Larger bubbles imply greater 
proportion or higher value. Sites are represented by their CONDITION index category: A = 80-100; B = 
70-80; C = 60-70. For site numbers, see Figure 23. 
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