0

for river
management

RIVER AND RIPARIAN LANDS MANAGEMENT NEWSLETTER

There is growing emphasis on regional management

for rivers, with an expectation being placed on

catchment management authorities and other regional
groups to take on the responsibility of planning and

managing their natural resources for the long-term.

The shift to a regional model poses several challenges

for organisations like Land & Water Australia, as the

research we invest in, and the information we produce

must be relevant, accessible and meet the particular
needs of regional groups. This edition of RipRap
highlights some tools and techniques that have
recently been developed with these challenges

in mind.
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From the Editor

Land & Water Australia’s National Riparian Lands R&D Program,
National River Contaminants Program and National Rivers Consortium
are now entering their final year of investment, and this edition of RipRap
is starting the process of translating the research undertaken into practical
and useful tools and techniques for people working in river and riparian
management. This edition provides information about new Rapid
Appraisal of Riparian Condition tools; stream temperature guidelines; and
how to extend the use of tools such as SedNet so that they can assist catch-
ment communities decide where to invest limited resources. We also feature
some new web-based products that enable you to explore how rivers
function, as well as how to predict stream roughness coefficients for
Australian river conditions. In developing these tools and techniques we
have tried to be innovative and keep the needs of the user foremost in our
minds. We hope you find this edition useful, and encourage you to contact
us if you have any ideas about how we can further improve the communi-
cation and distribution of our research.

XWM

Land & Water Australia has moved offices. The postal address is unchanged
New telephone is 02 6263 6000 and new facsimile is 02 6263 6099.
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TO(LS AND TE(HNIQUES
for river management

By lan Prosser
and Siwan Lovett

Photo below and front cover:
(SIRO Sustainable Ecosystems.

For its natural resource management programs,
the Australian Government recognises more than
60 regional authorities as well as additional State
government authorities operating at the catch-
ment level. These organisations are charged with
setting and meeting ambitious targets of improved
river health, as well as a host of other land and
water management objectives. The move to a
regional level recognises that local action is not
enough to solve larger scale problems. We now
know that problems such as habitat degradation,
flow modification and water quality, require
larger-scale strategic investment, with explicit
account of the catchment and regional benefits of
work being done at the local river reach.

This shift in responsibility to the regional
level provides communities with potentially more
responsibility than they have ever had before
in managing their natural resources. However,
it also brings with it considerable challenges.
Asking a community to come together (largely
voluntarily) and develop a technically competent
catchment land and water management plan,
with detailed analyses of problems and priorities,
requires that the regions have good access to
scientific data and its interpretation, and to
people skilled, willing and able to participate.
However, in many parts of Australia this is not the
case. Different groups may have quite different
visions for the catchment, the process of collating
data and reaching agreement on priorities is often
ill-defined, and people with the requisite skills
hard to find. Many regional groups are newly
formed, and are dealing with unfamiliar govern-
ment programs and reduced State agency capac-
ities. These groups have limited resources and
capacity to manage the large problems they face.
It is also the case that even when research is avail-

able to assist decision making, it often requires
people with considerable skill to apply it to partic-
ular regional situations.

When thinking about these challenges, LLand
& Water Australia’s Rivers Arena committed
itself to continuing to produce research in ways
that make it relevant and accessible to regional
groups, but to also try and play a more active role
in supporting regional communities. Over the
next 12 months we will be taking our research
into the community by providing training to
intermediaries (e.g. local catchment manage-
ment authorities) so that they can use the tools
and techniques being produced and pass those
skills onto others in their region. Each of our
research projects is also tasked with making their
findings accessible and relevant in a regional
context, and this edition of RipRap builds on
earlier products such as the Rehabilitating
Australian Streams CD ROM and the Riparian
Management Technical Guidelines, that aim to
put the techniques into the hands of those doing
the work. In this edition we cover the basic
principles and key management strategies
required to optimise river restoration efforts
when considering stream temperature, stream
roughness coefficients and riparian condition.
We also highlight a new educational tool that
enables people to explore how river and riparian
environments function, by choosing the topics
that interest them and going at their own pace.
We hope that you find this edition of RipRap
useful, and if you are interested in being
involved in our regional workshops, or have ideas
about how we can better communicate with
regional groups, please contact Penny Cook
or Dianne Flett at LLand & Water Australia on
02 6263 6000.




DEVCLOP]/IENT
and application of a method for the

by Amy Jansen,
Alistar Robertson,
Leigh Thompson
& Andrea Wilson

Riparian habitats are where terrestrial and
aquatic ecosystems meet. They are vital sites in a
catchment, supporting high levels of biodiversity
and being critical in controlling flows of energy
and nutrients between terrestrial and aquatic
ecosystems. Being at the boundary of terrestrial
and aquatic ecosystems means that riparian areas
are powerful indicators of catchment quality.
Human settlement has always been focused on
rivers and is often a major determinant of
riparian structure and function. One of the
biggest impacts on riparian areas has been the
introduction of domestic stock, with grazing
being the major land use over 60% of Australia’s
land surface. Stock concentrate around water
sources, which means riparian and wetland
habitats, as well as those around artificial
watering points in pastoral regions, suffer greater
impacts from domestic and feral grazing herds
than dryland areas. These impacts have led to
extensive loss of ecological condition in riparian
areas in Australia.

Given the critical role of riparian areas within
catchments, and their extensive degradation in
Australia, there is a need for improved manage-
ment of these areas. A baseline for improved
management must be an understanding of
current condition, and the factors which deter-
mine this. Within this context a need was identi-
fied for a rapid method of measuring riparian
condition, both to enable assessment of a large
number of sites in a catchment and to investigate
relationships with current management practices.
This project focused on developing a rapid
method which could be used at a large number of
sites and was responsive to changes in grazing
management.

CONDITION

refers to the degree to which human-
altered ecosystems diverge from local
semi-natural ecosystems in their ability
fo support a community of organisms
and perform ecological functions.
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Rapid Appraisal of
Riparian Condition (RARC)

Assessment methods incorporating indicators
of geophysical and biological properties and
processes are likely to provide reliable estimates
of ecological condition in riverine ecosystems.
Ladson et al. (1999) described an index of
stream condition based on 18 indicators that
measure alterations to the hydrology, physical
form, streamside vegetation, water quality and
biota of streams. This project used a similar
approach, and chose indicators to reflect
functional aspects of the physical, community
and landscape features of the riparian zone,
as defined by Naiman & Decamps (1997) (see
Table 1 opposite). Some of the indicators chosen
reflect a variety of functions, e.g. different
aspects of vegetation cover can play a role in
reducing bank erosion, providing organic matter
and habitat for fauna, and providing connections
in the landscape. The Rapid Appraisal of
Riparian Condition (RARC) index is made up
of five sub-indices, each with a number of
indicator variables (see Table 2 overleaf). Each
sub-index is scored out of 10, with a total
possible score of 50 representing best condition.
Photos 1 and 2 show contrasting sites in excel-
lent and very poor condition.

Applications of the RARC index

The RARC was initially developed as a tool to
determine the impacts of grazing management
practices on riparian condition, and to identify
those practices which resulted in minimal
impacts. We have now tested this approach in
three areas of south-eastern Australia: on the
Murrumbidgee River between Gundagai and
Hay in NSW; in West and South Gippsland,
Victoria; and in the Goulburn-Broken catchment
also in Victoria. In all three regions, we examined
the relationship between stocking rates and
riparian condition, with Figure 1 (overleaf)
showing our results. Clearly, riparian condition
declined with increased stocking rates, across all
regions and a large range of stocking rates. Given
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Rapid Appraisal of Riparian Condition

Table 1: Functions of the riparian zone at different levels of organisation, the components of the riparian ecosystem which perform those functions,

For further

and the indicators of the function used in this study. information
. . Amy Jansen
Functions Components Indicators Charls Sturt Universiy
Physical Tel: 02 6933 4092

Reduction of erosion of banks

Roots, ground cover

Vegetation cover* Email: ajansen@csu.edu.au

Sediment trapping

Roots, fallen logs, ground cover

Canopy cover, fallen logs, ground cover
vegetation, leaf itter cover

Controlling stream microclimate/
discharge/water temperatures

Riparian forest

Canopy cover

Filtering of nutrients from upslope

Vegetation, leaf litter

Ground cover vegetation, leaf litter cover

Community

Provision of organic matter
to aquatic food chains

Vegetation

Vegetation cover*, leaf litter cover

Retention of plant propagules

Fallen logs, leaf litter

Fallen logs, leaf litter cover

Maintenance of plant diversity

Regeneration of dominant species,
presence of important species,
dominance of natives vs exotics

Native canopy and shrub regeneration,
grazing damage to regeneration, reeds,
nafive vegetation cover*

Provision of habitat for aquatic
and terresirial fauna

Fallen logs, leaf litter, standing dead trees/
hollows, riparian forest, habitat complexity

Fallen logs, leaf litter cover, standing dead trees,
vegetation cover*, number of vegetation layers

Landscape

Provision of biological connections
in the landscape

Riparian forest (cover, width,
connectedness)

Vegetation cover*, width of riparian vegetation,
longitudinal confinuity of riparian vegetation,

Provision of refuge in droughts

Riparian forest

Vegetation cover*

* Vlegetation cover = canopy, understorey and ground cover

Photo 1: A sife in excellent condition on the Edward River (RARC score = 50;
note continuous canopy of native trees, standing dead trees and fallen logs,
native shrub understorey, reeds and regeneration of canopy trees).

Photo 2:  site in very poor condition on the Murrumbidgee River (RARC score
= 13.2; note discontinuous canopy, lack of shrubs, small amounts of leaf litfer,
lack of native ground cover and reeds, little regeneration of canopy trees).

IT’S A WRAP
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DEV&OPMENT and application of a method for the RARC

Table 2: Subindices and indicators used

in the Rapid Appraisal of Riparian Condition.

Sub-index Indicators

HABITAT ~ Width of riparian vegetation

(Habitat continuity and extent) ~  Longitudinal confinuity of riparian vegetation
COVER ~ (anopy (greater than 5 metres all)

(Vegetation cover,
structural complexity)

13

Understorey (15 mefres tall)
~ Ground (less than 1 metre tall)
~  Number of layers

DEBRIS
(Standing dead trees,
fallen logs, leaf litter)

Leaf litter

Standing dead trees (greater than 20 centimetres
diameter at breast height)

~ Fallen logs (greater than 10 cenfimetres diameter)

14

13

NATIVES
(Dominance of natives vs exotics)

~ (anopy (greater than 5 metres all)
~  Understorey (1-5 metres tall)

~ Ground (less than 1 metre tall)

~  Leaf litter

FEATURES
(Indicative features)

50
45
.
40 Boo®,

Condition score

~ Nafive canopy species regeneration

~  Damage to regenerafion

~ Native shrub/sub-canopy regeneration
~  Reeds

@ Murrumbidgee
[ ] ® Gippsland
4 Goulburn-Broken

40 60 80
DSE/ha/annum

Figure 1: Condition scores in relation fo stocking rates (DSE/ha/annum) for
three regions: Murrumbidgee River, West and South Gippsland, and upper and
mid-Goulburn-Broken catchment.
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the large number of sites in poor condition
in all catchments, this suggests that stocking
rates commonly used on private properties are
too high to maintain riparian zones in good
condition.

Why is the RARC a useful tool?

What does riparian condition tell us about the
biodiversity and functioning of riparian zones?
The RARC has been tested against more
detailed measures of the biodiversity and
functioning of riparian zones in the Murrum-
bidgee and Gippsland regions. There was a
significant positive relationship between litter
decomposition rates in the soil and the COVER
sub-index of the RARC score in both Summer
(r = 0.50, p <0.05) and Autumn (r = 0.78,
p <0.01), indicating that decomposition rates
were higher where there was more vegetation
cover in the riparian zone of the Murrumbidgee
River.

There were highly significant relationships
between bird communities and all sub-indices,
as well as the total RARC score (r = 0.68,
p <0.0001), indicating that riparian bird commu-
nities varied according to the condition of the
riparian zone of the Murrumbidgee River. Of
particular significance (r = 0.74, p <0.0001) was
the DEBRIS sub-index (scoring for leaf litter,
fallen logs and standing dead trees), indicating
that retention of leaf litter and woody debris
in riparian habitats is crucial to the survival of
riparian bird communities. Many of the species
most dependent on these features (e.g. Brown
Treecreepers) are threatened or declining
throughout the agricultural regions of southern
Australia. In Gippsland, there was also a signifi-
cant relationship (r = 0.59, p <0.0001) between
bird communities and the total RARC score,
indicating again that riparian bird communities
varied according to the condition of riparian
zones in Gippsland.

correlation coefficient (indicates
the strength of a relationship

ﬁ
1l

significance (where p < 0.05
indicates a significant relationship)

=
Il
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DEV&OPMENT and application of a method for the RARC

Given the importance of riparian zones in

supporting high levels of regional biodiversity, condUdmg Comment

and the links between riparian condition and bio- The RARC is a general tool for assessing riparian zone function and biodi-
diversity demonstrated here, the RARC is a useful ~ versity. It shows clear relationships with more detailed measures of biodi-
tool for assessing riparian condition and hence versity and function in catchments where this has been tested. It is also
biodiversity and functioning of riparian zones. simple to use, easily taught to new users, and shows good inter-observer
reliability. It is now freely available as the fourth in our River and Riparian
Management Technical Guideline series, contact CanPrint Communications

Im'er_observer reliubil"y on 1800 776 616 or download it from the website www.rivers.gov.au.
. f h R AR ( If you would like further information about the method, are are inter-
Ies"“g 0 t e ested in attending a training workshop, please contact:

Ten people participated in a RARC training
workshop in November 2003, including three
already trained in the method. As part of the Referen(es

training, 11 sites were each visited by three to Jansen, A. & Robertson, A.l. 2001a, Relationships between livestock management and the ecological condition of

four observers. Each observer independently riparian habitats along an Australian floodplain river, Journal of Applied Ecology, vol. 38, pp. 63-75.
scored riparian condition at each site, so that  Jansen, A. & Robertson, A.l. 2001b, Riparian bird communities in relation to land management practices in floodplain
pairs of scores for each site could be compared woodlands of south-eastern Australia, Biological Conservation, vol. 100, pp. 173—185.

Ladson, A.R., White, LJ., Doolan, J.A., Finlayson, B.L., Hart, B.T., Lake, S. & Tilleard, J.W. 1999, Development and
testing of an Index of Stream Condition for waterway management in Australia, Freshwater Biology, vol. 41,
pp. 453—468.

Naiman, R.J. & Decamps, H. 1997, The ecology of interfaces: Riparian zones, Annual Review of Ecology and

as shown in Figure 2. It can be seen that most
scores fell within two points of each other,
and the maximum difference between the scores

of diff?rent observers at the same site was Systematics, vol. 28, pp. 621-658.
five points, or 10% of the total possible score.  Thompson, L., Robertson, A., Jansen, A. & Davies, P. 2003, Identifying Best Management Practices for Riparian Habitats
This suggests very good inter-observer relia- in Gippsland Dairy Regions: Riparian condition and relationships with farm management, Johnstone Centre Report
bility, with even minimal training (half a day). no. 178, Wagga Wagga, NSW, Johnstone Centre, Charles Sturt University.
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Figure 2: Scores obtained for the RARC by pairs of observers at the same sites.
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TRI/BLING of the Tropical Rapid Appraisal
of Rip(ll‘i(ll:l CondirionAmnghod

By John Dowe, lan Dixon
and Michael Douglas

Background

Riparian zones are vital elements of the savanna
landscape. Their contribution to biodiversity,
cultural values and the economy is dispropor-
tionate to the small area they occupy. They are
important for maintaining water quality, stream
geomorphology and the biodiversity of the
stream and surrounding savanna. However,
savanna riparian zones are highly vulnerable to
the effects of disturbances such as weed invasion,
feral animals, fire and overgrazing. Threats to
riparian health are compounded by the fact that
riparian zones are the focus for much activity
related to the development of northern Australia
(such as grazing, agriculture and tourism) and
the concentration of use in these habitats is likely
to increase in the future. Consequently, there is
a growing need for practical techniques for
assessing and monitoring the condition or health
of savanna riparian zones.

Techniques to determine the ecological
integrity of waterways and associated riparian
zones have been developed to provide informa-
tion that assists in land management, ecological
restoration and rehabilitation (Karr 1999). Many
of these techniques are framed around scoring
systems, in which it is assumed that the natural,
fully integrated ‘healthy’ system will score high
marks and that less natural and less healthy
systems receive correspondingly low scores. In
Australia, there has been the recent development
of rapid appraisal techniques that enhance the
accumulation of data on the condition of the
riparian zones in many localities, and with an
emphasis being on ‘rapid’, i.e. for surveys to be
completed and results to be presented in a
shortened time-frame. The advantage of rapid
appraisals is that they can be completed by an
individual with limited scientific knowledge, and
can facilitate programs to provide immediate
assistance to land management, restoration and
rehabilitation. There can be both environmental
and economic advantages in implementing such
programs.

Rapid appraisal of riparian condition
methods have been developed for river systems in
southeast Australia and the moist areas of eastern

RAPT IN RIVERS

Queensland. However, for river systems in the
seasonally dry/monsoonal areas of tropical
Australia, these methods have proved not to be
totally suitable, and a more appropriate method
for such areas has been developed by the Tropical
Savannas Co-operative Research Centre (Charles
Darwin University, Australian Centre for Tropical
Freshwater Research, Townsville, and CSIRO -
Sustainable Ecosystems). This article introduces
the Tropical Rapid Appraisal of Riparian
Condition (TRARC) method, and presents the
results of a testing of the method at 34 sites within
the Burdekin River catchment. The TRARC is
designed to complement the RARC described on
page 4 of this edition of RipRap.

Tropical river systems

Are there fundamental differences between river
systems in southern Australia and northern
Australia that should be considered in the study
of riparian zones? The rapid assessment of
riparian condition (RARC) method proposed
by Jansen & Robertson (2001) was developed
for the multi-use impact sites of rivers in south-
east Australia, and has been used at sites on
the Murrumbidgee, Murray, Goulburn and
LaTrobe Rivers (Jansen et al. 2004). Jansen et al.
(2004) concluded that their method “is a good
indicator of the biodiversity and functioning of
riparian zones”. Werren & Arthington (2002)
proposed a method aimed at providing a
standard riparian assessment of Queensland
streams. This method was based on a strong
theoretical framework for the examination and
scoring of perennially flowing streams in the
moister areas of eastern Queensland (Werren
2002). Neither the Jansen et al. (2004), nor
the Werren & Arthington (2002) methods has
proven to be totally effective in dealing with the
rivers in the seasonally dry/monsoonal areas of
tropical Australia, primarily because they did not
account for some of the key characteristics that
distinguish these systems from those elsewhere.
Some of the factors that may distinguish river
systems in seasonally dry northern Australia

IT’S A WRAP INFORMATION




in the Burdekin River catchment, northeast Queensland

from those in southern Australia and eastern

Queensland include:

~ pronounced effects of seasonality on the
vegetation;

~ predictable and regularly recurrent fire
events;

~ unpredictable but recurrent high impact
flood events;

~ greater diversity in biotic influences;

~ lower diversity in land-use patterns, (gener-
ally dominated by cattle grazing); and

~ lower occurrence of exogenous impacts.

Notwithstanding that there should be a different

approach to riparian condition appraisals based

on the factors listed above, the basic indicators

to be measured and used in condition appraisals

remain similar to those used in the established

schemes (for example, see page 5 of this edition

of RipRap).

Tropical Rapid Appraisal of
Riparian Condition (TRARC)

The Tropical Rapid Appraisal of Riparian

Condition (TRARC) is used to score a number

of readily observable attributes of the vegetation

in the riparian zone, to provide an overall score

that is intended to comparatively grade the

‘ecological health’ of the site. Total scores are

calibrated at 0—100, with higher scores indicating

‘healthier’ sites. Additional geomorphologic and

topographic features are also recorded. The basic

scoring system is composed of the following

elements:

riparian width and linear continuity;

~ percent cover of canopy, understorey and
ground cover vegetation;

~ presence of woody debris and standing dead
vegetation;

~ indigenous species regeneration; and

~ presence of weed species.

In addition, supplementary data records the

following:

~ slumping, gullying and sheet erosion;

~ location of fences and water points;

~ number of cow pats (as an indicator of
stocking rates);

l

~ water permanency;

~ dominant tree population structure; and

~ dominant weed population structure.

The supplementary data sheets do not directly
contribute to the TRARC score system, as most
of the data collected are either descriptive or
qualitative. These data are most appropriately
used for the characterisation of sites, based on
single characters (e.g. dominant tree species) or
small suites of characters.

Methods used in the preliminary study

The base criteria for scoring the TRARC
method were developed during the Tropical
Savannas CRC Riparian Health Workshop
conducted in October 2003 at James Cook
University, Townsville. The method was then
applied to riparian vegetation adjacent to
34 permanent waterholes in the Burdekin River
catchment. At each waterhole site, a single
100 metre transect was laid out parallel to the
stream flow, with the midpoint positioned
adjacent to the centre of the water body. In cases
where the water body exceeded 100 metres in
length, a representative section of bank was
chosen. Transects were placed most commonly
at 5 metres from the stream flow edge but
where access was restricted or the riparian zone
was relatively wide, transects were laid up to
20 metres from the stream edge. The transect
was traversed on foot and indicators appropri-
ately scored on the data sheets. The time taken
to complete each survey varied between 50 and
90 minutes per site, depending on the topog-
raphy, complexity of the site, and density of
vegetation. Cow pat frequencies were used to
estimate stocking rates.

Results

The allocation of scores and ratings for the
34 sites is provided in Table 1. The greatest
number of sites, 13 (38.2% of total), was in the
‘average’ category, but the results were signifi-
cantly biased toward the ‘very poor’ and ‘poor’
categories in which 7 (20.6%) and 11 (32.4%)

RAPT IN RIVERS IT’S A WRAP INFORMATION



rmpluim; of the TRARC

Rating Score Number and percentage of
sites with rating (n=34)

very poor <50 7 (20.6%)

poor 50-59 1 (32.4%)

average 6069 13 (38.2%)

good 70-79 3 (8.8%)

excellent ~ 80-100 0

Table 1: The allocation of ratings and scores fo the 34 sites used in the
preliminary TRARC study in the Burdekin catchment area.

sites were respectively allocated. Only three
(8.8%) of the sites were in the ‘good’ category
and there were no sites in the ‘excellent’ category.
The site with the highest score was an anabranch

Figure 1: A survey site on an anabranch of the Cape River was the highest scoring site in the preliminary study, with a
score of 77 and allocated fo the ‘good” category. The dominant free species was Melaleuca fluviatilis, and the dominant
weed species was Cryptostegia grandiflora (rubber vine). Photo was taken 29 November 2003, prior to the commencement

of the Cape River (Figure 1). The site with the
lowest score was a water hole on the upper Basalt

River (Figure 2).

A range of data was collected, with detailed
analyses undertaken of tree species, weed species
and the impact of stock. The impact of stock
was measured by the relationship between the
number of cowpats at each site and the corre-
sponding TRARC scores for those sites
(Figure 3). The results indicate that with an
increase in the number of cowpats there is a
corresponding decrease in the TRARC score.

Discussion

Rapid appraisal methods, by their very nature,
can provide only a ‘snap shot’ of the condition of
vegetation in the riparian zone. There are restric-
tions on time, on the amount of data that can
be collected, and are confined to examination of
a site on a single day of a year. Survey sites can
be strongly influenced by seasonal changes,
fluctuations in stocking rates, and the ‘natural’
flow of plant dispersal, establishment, growth
and senescence, and indeed may not be repre-
sentative of the site over an extended time frame.
However, if the key components of riparian
health can be documented in a comparative and
consistent manner, then an appropriate and
useful appraisal of the site is possible.

This trial of the TRARC method has
attempted to recognise weaknesses and strengths
in the method. Based on the results of 34 sites,
the scores for the sites are strongly biased on the

of the wet season.

Figure 2: A survey site on the upper Basalt River was the lowest scoring site in the preliminary study, with a score of 39
and placed in the “very poor” category. The dominant tree species was Eucalyptus camaldulensis and the dominant weed

species was Brachiaria mutica. Photo was faken 22 January 2004 following the commencement of the wet season.

‘negative’ side of the average of 59 [out of 100],
and overall indicate that the riparian zones within
the Burdekin River catchment are in relatively
poor ecological health. However, with a change
in the weighting of some indicators, the scoring
average may be readily shifted to the positive side
of the scale, and another conclusion may be
drawn. The qualitative indicators recorded on
the supplementary data sheet, indicate that the
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health of the surveyed sites is not as poor
as indicated by the quantitative indicators. If
single indicators such as: the presence of weeds;
the regeneration and population structure of
dominant trees; and degree of geomorphologic
degradation as indicated by slumping and
gullying, were incorporated into the scoring
system, the average site score may increase
considerably. It may be that the TRARC scoring
system needs to be refined to incorporate these
other measures.

The site data gathered by the TRARC
method may also be used for other purposes. For
example, site ‘characterisation’ as determined by
a small number of ‘spot’ indicators is possible.
Sites can be characterised by the dominant tree
species, the dominant deleterious weed species,
and stocking rates, among other characters. Site
characterisation may assist with determining
degrees of vulnerability within discreet areas
such as single rivers or catchments. The results
of the 34 sites indicate that the presence of
certain dominant tree species may predispose the
site to weed infestation or the damage caused by
cattle. Conversely, it may be that certain weed
species tend to infest certain ecological settings.
For example, the rubber vine, Cryprostegia
grandiflora, has a propensity in the surveyed sites
to become established in sites where the popula-
tion structure of the dominant tree species is
deemed ‘healthy’. The TRARC data may be
useful for identifying other such correlations and
associations.

Improvements to the TRARC method

Further development of the TRARC will
consider the potential variation between different
seasons, users and sites. Ideally, sites should
be surveyed a number of times per year to

determine an ‘average’ condition based on a
variety of seasonal influences — for example,
some of the deleterious weeds species can be
transitory across the landscape, reflecting
seasonal changes and long-term climate pertur-
bations. Inter-operator variability will be exten-
sively tested and the TRARC methods refined
accordingly to ensure consistency of data collec-
tion. The TRARC, like other rapid appraisals,
aims to provide a balance between scientific
accuracy, time, cost and ease of use. On comple-
tion of these trials, a collaborative Land & Water
Australia and Tropical Savannas CRC — River
and Riparian Management Technical Guideline
(like the Rapid Appraisal of Riparian Condition
Technical Update 4) will be produced to commu-
nicate the method.

Concluding comments

As Jansen et al. (2004) concluded that their
RARC method, as used in river systems of south-
east Australia, was “a good indicator of the
biodiversity and functioning of riparian zones”,
the same can be said of the TRARC method in
the seasonally dry/monsoonal areas of tropical
Australia. This trial of the method in the Burdekin
River catchment provides a basis on which to
improve the TRARC method, and expand its use
to other systems in tropical Australia. Savanna
land managers in northern Australia will soon
have a standard method for rapidly appraising the
condition of their riparian vegetation.

For further information

lan Dixon

Tropical Savannas (RC

Tel: 08 8946 6761

Email: ian.dixon@cdu.edu.au
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Figure 3: Graph with trend fines
indicating the relationship between
the TRARC scores for all 34 sifes and
the number of cowpafs at each sife
in the Burdekin River catchment
preliminary study. TRARC scores are
represented by the dark green blocks
(each site); numbers of cow pats are
represented by the light green blocks.
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CATCHME}[T assessment techniques
to help determine priorities in river

by Scott Wilkinson

Introduction

There is growing interest in rehabilitating
streams to improve their physical and ecological
condition. Common stream problems include
poor water quality, sedimentation of aquatic
habitat
Unfortunately, the magnitude of work required
to repair past degradation far exceeds the
resources available. Stream rehabilitation must

and degraded riparian zones.

therefore be targetted to those high-priority areas
that will produce greatest environmental benefit
from the resources available. It is also wise to
tackle high-priority sites as early as possible,
since physical and ecological response times to
rehabilitation actions can be long. Environmental
degradation of stressed systems can occur in
response to cumulative flood or drought events,
and the longer a system is degraded prior to
rehabilitation, the greater the risk that the natural
resilience of the system will be exceeded.

Planning and funding decisions for river
management are increasingly being made at the
regional scale. There is also a growing require-
ment for a technical basis to underpin decisions
about river management. There are well estab-
lished frameworks for setting rehabilitation prior-
ities (for example, the Rehabilitating Australian
Streams, CD ROM and Manual, Rutherfurd et
al.) and these are being implemented by many
catchment managers using databases that also
consider the social and economic goals for the
catchment. However, there is often a lack of
quantitative information on catchment condition
to enter into these databases. This project aims
to provide regional scale techniques for assessing
suspended sediment, sedimentation of habitat
and riparian condition, which can be used to
identify priorities for the location and type of
rehabilitation activities to achieve maximum
environmental benefit.

Approach

The approach we have taken to developing
catchment assessment techniques is to represent
environmental processes in a GIS framework.

RAPT IN RIVERS

We are using spatial datasets as inputs to assess
condition across large-scale river networks.
The process basis to the assessments allows
condition to be assessed, as well as identifying
the causes of poor condition (and the necessary
requirements for good condition). This enables
priorities for action to not only be identified, but
to be simulated so that the impact of different
rehabilitation actions can be compared.

The two assessment techniques being devel-
oped are:
~ SedNet sediment budgets for river networks

(Prosser et al. 2001a, 2001b)
~ Rapid Appraisal of Riparian Condition

(RARC) — an assessment of the biodiver-

sity and function of riparian zones (Jansen &

Robertson 2001, Jansen et al. 2004, see

page 4).

Both of these techniques existed prior to this
project, however, neither technique was suited,
nor tested, as a technical basis for regional catch-
ment assessment and prioritisation. SedNet was
developed as a continental scale technique for
the National Land and Water Resources
Assessment, and the RARC was designed as a
site based assessment technique.

The project has three focus catchments
where we are adapting, further developing, and
testing the techniques for setting priorities at
a regional scale. The catchments are the
Murrumbidgee upstream of Wagga Wagga
in New South Wales, the Goulburn-Broken in
Victoria and the Mt Lofty Ranges in South
Australia. These catchments were chosen
because they are of suitable regional scale
(6000-30,000 km?); erosion and riparian condi-
tion are important issues; and they have manage-
ment agencies actively planning stream rehabili-
tation at the regional scale. Importantly, all
three catchments have a sufficient amount of
data to enable the assessment techniques to be
applied. The project is testing the assessment
techniques in collaboration with the catchment
management agencies, to determine in practice
how useful they are in informing the process
of setting rehabilitation priorities to achieve a
specified catchment vision.

IT’S A WRAP INFORMATION




restoration
SedNet

SedNet constructs sediment budgets (mass
balances) for each reach or link in a river network
(see Figure 1). Conceptual representations of
erosion, transport and deposition processes are
parameterised using regional datasets of canopy
cover, landuse, a digital elevation model and
stream flow.

Tailoring SedNet for catchment-scale assess-
ment has involved developing methods for using
high-resolution datasets, improving the process
representations to reduce uncertainty in the
predictions, and testing against observations.
These changes have meant that SedNet can now
predict the location of bedload accumulation
(e.g. ‘sand slugs’), and the consequent impact
on river habitat (see Figure 2), with an accuracy
of up to 80%. This information can be used to
identify where habitat enhancement structures
may be used to provide passage through reaches
affected by bedload The
technique also allows us to predict the future
trajectories of these sand slugs given planned
reductions in sediment supply.

In the stream rehabilitation strategies for all
three focus catchments, reducing the supply of
suspended sediment is an important element in
achieving the desired catchment vision. Since we
predict the sediment supply from each erosion
process, SedNet can be used to identify the
dominant erosion process as the greatest priority
for control measures. For example, channel
erosion (river bank and gully) can be reduced by
riparian revegetation, while hillslope erosion can
be reduced by landuse and practise manage-
ment.

SedNet can also be used to target erosion
control measures in the areas that supply the
highest rates of sediment (t/ha/y) to the stream
network. Sometimes the goal is to reduce
suspended sediment export to the coast or
downstream river systems, and in this case the
efficiency of transport to the catchment outlet is
also considered to determine the rate of ‘contri-
bution’ to export. Figure 3 shows the rate of
contribution to suspended sediment export from
the Murrumbidgee focus catchment in t/ha/y.

accumulation.

¢ Sub-catchment

Delivery ratio gully erosion (t/y)

.

Tributary
supply (t/y)

N\
7

Floodplain and reservoir deposition

Riverbank
erosion (f/y)

Bedload transport and deposition (/y)

Downstream
yield (t/y)

Figure 1: Frosion, transport and deposition terms included in the SedNet mass balance of sediment for a river link

The data shows that erosion downstream of the
reservoirs contributes the most to export, while
erosion above the reservoirs settles out in the
reservoirs. Targeting erosion control to the areas
with the highest rates of erosion can produce a
much greater reduction in suspended sediment
loads than the spatially random erosion control
measures that are commonly used. In the
Murrumbidgee catchment, channel erosion is
the dominant sediment source. We found that
targetting 600 kilometres of riparian revegetation
to the purple ‘hotspot’ areas in Figure 3, could
give twice the reduction in suspended sediment
export than would be provided by 600 kilo-
metres of revegetation done at random. Figure 4
shows this response.

RAPT IN RIVERS IT’S A WRAP

t/y = tonnes/year
t/ha/y = tonnes/hectare /year
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Figure 3: Rates of specific suspended sediment contribution (t/ha/y) to Wagga Wagga in the Murrumbigee catchment.
Figure 4: Comparing the effect of targetted vs random channel erosion control on suspended sediment levels at Wagga
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The benefits of targeting rehabilitation
efforts to high priority areas will take a number
of years to be realised, as vegetation takes time to
establish and stabilise gullies and river banks.
The value of using SedNet is that it focuses
activity and resources in areas that will return the
greatest benefit, preventing scarce resources
from being diluted by randomly choosing sites
for rehabilitation.

RAPT IN RIVERS

Extending the Rapid Appraisal
of Riparian Condition

For catchment-scale assessment, we needed a
method of assessing riparian condition that
does not require on-ground visits, since many
catchments are large and field time is expensive.
The aim of this part of the project was to deter-
mine whether existing vegetation cover mapping,
derived from satellite imagery, could be used to
assess riparian condition. Firstly, we investigated
the relationship between the total RARC score
for a site and those scores that potentially could
be measured from remotely sensed data. These
scores included canopy cover, riparian vegeta-
tion width and longitudinal continuity of riparian
vegetation. Canopy cover explained 67% of the
variance in the total RARC score for 46 sites
in the Goulburn-Broken catchment in Victoria,
while adding riparian vegetation width and
longitudinal continuity of riparian vegetation
increased this to about 75%. These three
variables can be readily measured from remotely
sensed vegetation cover layers.

To compare the results from on-ground
surveys with those from satellite imagery, we
then derived canopy cover, riparian vegetation
width and longitudinal continuity of riparian
vegetation from satellite imagery, at the 46 sites
where on-ground measurements were made.
The imagery we used was derived from SPOT
pan-chromatic imagery, using 10m pixels, called
TREEDEN25, which is available for all of
Victoria. Figure 5 shows the relationship between
the on-ground total RARC score, and the score
for the 3 components derived from the satellite
imagery at the same sites. Measurement of these
3 components explained 66% of the variance in
the on-ground RARC scores. In fact, measure-
ment of the canopy cover score alone from the
satellite imagery explained a similar amount of
variance in the on-ground RARC scores.

Given the good relationship between canopy
cover measured from the satellite imagery, and
on-ground RARC scores, there is now potential
to assess riparian condition from existing
vegetation cover data. We did this for the
Goulburn-Broken catchment by assessing
canopy cover in riparian zones four times the
width of stream channels, using the TREEDEN
25 vegetation layer as an indicator of riparian
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Figure 5: Measurement of the three components (canopy cover, riparian
vegetation width and longitudinal continuity of riparian vegetation) derived
from satellite imagery in relation o tofal on-ground RARC scores at 46 sites
in the Goulburn-Broken catchment, Victoria.

condition. Figure 6 shows that of a total length
of 4620 kilometres of streams assessed, a very
high percentage (67%) has <20% tree cover in
the riparian zone, indicating very poor riparian
zone condition. Less than 15% of the total length
had >80% canopy cover in the riparian zone,
indicating good condition.

These results suggest that riparian condition
can be assessed using satellite imagery, albeit
with some loss of detailed information. The
information lost is clearly related to the condition
of understorey and ground cover layers, which
although often highly correlated with tree cover,
may vary depending on the land management
practices of individual property owners. Whilst
this detailed information is important, combining
the RARC assessment approach with satellite
imagery allows broader catchment wide assess-
ments to be made about riparian condition,
with this approach useful for setting priorities
for rehabilitation. For example, this technique
will enable groups to target and protect small
remnants of vegetation in upstream reaches that
are in good condition, or to target revegetation
efforts so that they build outwards from areas
already in good condition.

Application

An important final stage of the project will be to
develop protocols for how SedNet and the
RARC could be used more widely by catchment
groups and others, to simulate scenarios and
make informed choices in planning rehabilitation

Proportion of total length

0.2

<20 20-39.9  40-59.9  60-79.9 80+
Percentage of riparian zone with canopy cover

Figure 6: Proportion of total stream length with riparian zone canopy cover
as indicated, for streams in the Goulburn-Broken catchment, Victoria.

activities. SedNet software is being developed in  For further

the Catchment Modelling Toolkit, and this will — information
provide one avenue for adoption. We will also  Seott Wilkinson
evaluate the benefits of using the techniques in  (SIRO Land and Water
achieving river rehabilitation goals. This infor-  Tel: 02 6246 5774
mation, along with the focus catchment demon-  Email:

strations, will hopefully result in the techniques scottwilkinson@csiro.au

being broadly adopted as the basis for planning
activities designed to improve the condition of
our streams. The project is due for completion in
June 2006, and we will have full details of where
you can access the final product in RipRap and
on the www.rivers.gov.au website.
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RIP/[RIAN REST(JRATION

by Peter Davies, Terry
Walshe and Barbara Cook

Left: Sampling in the upper reaches
of the Coal River, south-east
Tasmania on a mid-winfer’s morning.
Centre: WhiteKanga — infact and
fences riparian vegetation, south-east
Tasmania.

Right: Kauriup — a tibutary of the
Johnstone River, Far North
Queensland.

reduces in-stream thermal stress —

Riparian vegetation has considerable benefits for
many different aspects of river structure, biotic
composition and ecological function. Despite
these multiple benefits, it has remained difficult
to be prescriptive about the actual amount of
vegetation required to achieve various ecological
goals. This is unfortunate, as riparian zones
are highly productive areas of agricultural
landscapes and farmers are often understandably
reticent to set-aside significant riparian regions
for vaguely-defined benefits.

Riparian vegetation shades channels and
consequently reduces in-stream water tempera-
tures. Temperature controls many ecological
processes and can directly affect biodiversity by
exceeding upper lethal limits of resident aquatic
fauna, or indirectly by both increasing oxygen
demand and decreasing oxygen saturation; the
combined effects of both can lead to anoxia
(Bunn & Davies 2002).

While river managers need to consider the
broad range of benefits of riparian vegetation,
one advantage of focussing restoration effort on
achieving temperature targets is that the results of
on-ground action may be more easily predicted,
measured and demonstrated, compared to other
stressors such as nutrients or sedimentation.
Consequently, a recently completed project
funded by Land & Water Australia characterised

RAPT IN RIVER

bioregional temperature regimes throughout
Australia and provided prescriptions for riparian
restoration needed to satisfy predetermined
temperature thresholds.

Elevated in-stream temperature is a highly
variable environmental stressor in both space
and time. The differences between Australian
bioregions and catchments are largely a function
of the seasonal effects of air temperature and
rainfall. Summer stress will be relatively more
exaggerated where high air temperatures
co-occur with periods of low river flow, as is the
case in bioregions with a Mediterranean climate.
In contrast, in the tropics, where high flows
typically occur in summer, in-stream tempera-
tures will exhibit considerably less diurnal
variation.

Prior to European settlement and associated
broad-scale land clearing, it was likely that in
warmer times of the year and during times of
low flow, most bioregions and catchments in
Australia experienced patches of temperature
stress that probably exceeded lethal or sub-lethal
levels for resident biota. At larger spatial scales,
in times of elevated thermal stress, higher-order
streams would effectively act as seasonal refugia
for sensitive components of the biota. At a more
local scale, deeper pools in smaller streams would
also provide some refugia function.
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— Upcoming guidelines for managers

Under natural conditions, the interplay of
climate and flow would sometimes result in the
transient loss of habitat and the imposition of
thermal barriers to effective dispersal and
migration. With the widespread removal or
degradation of riparian vegetation, the problem
today is that what was once a localised and
transient loss of habitat, has become a common
and possibly dominant feature throughout many
Australian streams and rivers.

Adapting STREAMLINE for

Australian environments

‘STREAMLINE’ is a predictive model for
stream temperature developed by New Zealand’s
National Institute of Water and Atmospheric
Research (Rutherford et al. 1997, Rutherford et
al. 1999). The model allows broad description of
contrasts in stream temperature regimes between
biogeographic regions. Simulation modelling
undertaken in this project sought to identify
shade targets needed to relieve heat stress to an
ecologically tolerable level.

What might be a tolerable level of heat stress
for Australian systems? In this project, the use of
LT (lethal temperature) tests conducted over
96 hours indicated thresholds of about 21°C

and 29°C for mayflies, the most sensitive macro-
invertebrates occurring in “cool” and ‘“hot”
climates, respectively. Of the 14 locations around
Australia modelled in the project, we defined ‘hot
climates’ as any region having a latitude less than
18°S of the equator. ‘Cool climate’ locations
assigned temperature thresholds (based on LT,
testing) of 21°C were those with latitudes greater
than —35°. ‘Intermediate’ locations were assigned
a temperature threshold calculated conserva-
tively as a linear interpolation between 21°C and
29°C based on latitude. For example, thresholds
for Melbourne and Broome were calculated
as 21°C and 29°C, respectively. Townsville’s
assigned threshold was 28.4°C.

In reporting lethal effects, LT, tests
comprise two components — absolute tempera-
ture and the time duration of exposure to that
specific temperature. The 21°C and 29°C thresh-
olds for cool and hot climates refer to exposure
times of 96 hours. Sub-lethal effects would
be observed at lower temperatures or lesser
exposures. To account for sub-lethal effects, it
was desirable to include a safety buffer in either
the temperature threshold or the exposure time.
The approach adopted in the project was to
define eight hours as the daily “window” of time
beyond which temperatures, in excess of the
threshold, were regarded as intolerable.
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Stream shade created by
downcutting (topographical
shading), Western Australian
wheatbelt.

This approach acknowledges that, even
where riparian vegetation is intact, the physi-
ology of temperature sensitive biota will be
occasionally compromised under summer or low
flow conditions. In defining a time window of
eight hours, it is implicitly assumed that this level
of exposure represents a low level of risk for the
longer term integrity of a stream’s structure,
function and composition. By necessity, this is a
working assumption and more detailed ecolog-
ical and physiological studies are needed to
substantiate its validity.

Although a range of factors affect in-stream
temperature, the predisposition of a stream reach
to thermal stress is essentially related to the
surface area: volume ratio of the water it carries.
Smaller streams cool and heat quicker than larger
streams because a greater proportion of their
water volume is exposed to weather conditions
and any conduction effects of the stream bed
substrate. We simulated first-order streams, and
assumed that if these shade targets were satisfied,
the thresholds for downstream receiving rivers
would also be suitable for fauna.

The input variables for the STREAMLINE
model relate to weather conditions, flow and
channel morphology (form and function). The
output of a single simulation run is the diurnal
trend in in-stream temperature over 24 hours.
Twelve simulations for each of the 14 Australian
locations were run under conditions of zero shade,
with each of the 12 simulations representing
average monthly flow and weather conditions. The
maximum temperatures for each month reported
by these simulations for Broome, Townsville and
Melbourne are shown in Figure 1.

Maximum temperatures are a coarse
descriptor of thermal stress. Greater insight is
offered by considering the amount of time (both
monthly and daily) a site experiences in-stream
temperatures in excess of specified thresholds.
Figure 2 illustrates the average effects of season-
ality on diurnal in-stream temperatures for
three locations as a three-dimensional surface
chart. For example, thermal stress in first-order
streams is likely to occur throughout the year at
Broome and Townsville, while in Melbourne it is
restricted to the warmer months.

The simulated data used to produce the
three-dimensional surface charts in Figure 2 are
summarised in Table 1, where the average daily
time window in which temperature thresholds
are exceeded are provided for each location and
month. Although Broome and Townsville all
experience in-stream temperatures beyond their
associated threshold throughout the 12 months
of the year, the exposure time during cooler
months is ecological tolerable, being less than
eight hours.

The simulation output shown in the figures
and table are for lower order streams having no
shade. For each location, simulations were re-run
with varying shade levels to ascertain the shade
required to reduce the average daily exposure
time to eight hours or less within each month.
For Broome, Townsville and Melbourne shade
targets of 60, 50 and 55% were identified respec-
tively. Of the 14 locations modelled, the most
extreme shade targets were for Sydney (75%)
and Hobart (5%).

Simulation results suggested no simple
pattern in the shade requirements for different
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Figure 1: Average maximum daily in-stream temperatures at three locations
for a hypothetical firstorder stream having zero shade.
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Figure 2: Three-dimensional surface charts showing monthly and diurnal trends in average in-stream temperature for o hypothetical first order stream, with zero
shade, at three of the 14 locations modelled. The three axes represent time of day, (x-axis) with 0 and 24 hours = midnight, 8 hours = 8 am and 16 hours = 4 pm;
month of year (y-axis) with 4 = April, 8 = August and 12 = December; and in-stream temperature (z-axis) ranging from —5°C to 40°C. Shaded areas are times
where in-stream temperature exceeds the threshold associated with the location.

Broome Townsville Melbourne biogeographic regions of Australia. The location-

(threshold = 29°C)  (threshold = 28.4°C) ~ (threshold = 21°C) specific interactive effects of seasonal variation

January 105 10.0 1.0 in meteorological variables and flow mean that

the targets need to be used with caution when

February 975 9.5 10.25 applied to locations other than those modelled in

March 10.25 9.0 8.5 the project.

April 995 795 475 Shade can be provided in three ways — bank

shade, vegetative shade from riparian vegetation,

May 15 5.5 0 and macro-topographic shade from surrounding

June 575 3.95 0 hills and landforms. Although the shade targets

derived from simulation do not discriminate

July 60 25 0 between these three components, the project also

August 7.0 4.0 0 reports a method to estimate the relative shade

September 8.75 6.5 0.5 provided by macro-topography and field obser-

vations needed to estimate the individual and

October 9.75 8.0 6.5 cumulative effect of bank and vegetative shade.

November 10.25 9.0 9.0 The project also included photographs showing
December 105 975 10.95 the % shade of different types of vegetation.

Land & Water Australia will make the
project’s findings more readily available to river
managers through an upcoming River and
Riparian Management Technical Update. See
next RipRap for details, or www.rivers.gov.au.
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Table 1: Average daily hours of threshold exceedence by month and location,
under conditions of zero shade. Shaded cells represent months and locations
where average conditions under zero shade result in intolerable exposure fo
high in-stream temperatures.
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For further
information

Terry Walshe / Peter Davies
Centre of Excellence in NRM
University of WA

Tel: 08 9842 0809

Email:
terryw@cyllene.uwa.edv.au
pdavies@cyllene.uwa.edu.au
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UNDERSTA}IDING our River Landscapes
A new way of learning about our rivers

by Siwan Lovett

A new interactive educational tool has been
developed to help people learn about the way
river and riparian areas function, as well as
investigating the different values rivers hold
for the communities that live along them.
‘Understanding our River Lanscapes’ brings
together scientific and social information to
enable you to explore different river types and
river values across Australia. In the past, we
have tended to conduct research by invest-
igating individual aspects of river and riparian
functioning, this is because it is the most
effective way of finding out how these processes
work. However, we need to be able to draw this
information together so that we can start to
understand the different interactions and
processes that occur to make our rivers and
riparian areas such special places to be.
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Getting started. ..

To get started — jump on to the website
www.rivers.gov.au and click on ‘Understanding
River Landscapes’. Once there you have a choice
of two entry points to start your exploration —
they are river values and river types. In river
values you can see the range of ways people
value their rivers. These then lead you to riparian
management aims that are aimed at protecting
one or more of these values. By taking this
approach you are also linked to the processes,
such as shading, erosion control and buffering,
that are being affected by management actions.

If you start from river types, you begin with
the processes that are most significant in each
type of river (lowland floodplain, forested
headwater stream etc.). From there you can
explore the various riparian management aims
(benefits) that each process provides. This
approach keeps management activities and
riparian processes at the centre of the material,
before linking you to the values that people place
upon these parts of the landscape.

Interactive catchment diagrams provide you
with a fun way of moving through this material,
in your own time. We also have a resources
section that has all the diagrams and photos
available for you to use in PowerPoint and other
presentations.

We hope you enjoy this new way of exploring
of rivers. We intend to link as much of our
research into Understanding River Landscapes
so that it is continuously updated with the most
recent findings from our programes.
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AN AUStRAI.IAN Handbook
of Stream Roughness Coefficients

By Tony Ladson

Over the last three years, a group of researchers
at Monash University and The University of
Melbourne has been funded by Land & Water
Australia to develop an Australian Handbook of
Stream Roughness Coefficients. Although still being
expanded, this handbook is now ready to be
shared with technically minded readers of RipRap
and others working to protect and manage rivers.

Stream roughness

If you have ever tried to work out discharge, flow
depth or channel dimensions to carry a partic-
ular flow, you have probably needed to estimate
a roughness coefficient, the most common being
Manning’s n. Using Manning’s # is a simple and
widely adopted approach to characterising
energy losses as water flows down a stream.
Manning’s n is used in the Manning equation.
2 1
0= AlfsE

Where, Q is discharge, A cross-sectional area,
S is slope, R is hydraulic radius (area divided by
wetted perimeter) and » is Manning’s 7.

Although there has been criticism of this
formula and other methods have been suggested,
the use of Manning’s »n for simple hydraulic
calculations remains the preferred approach of
Australian engineers and other practitioners
working in the field of ‘open channel’ flow.
Manning’s 7 is a key parameter in a range of
activities associated with hydrology and water
resources including floodplain management,
stream restoration, and the design of hydraulic
structures.

Manning’s n typically ranges from 0.01 in
smooth concrete channels with no obstructions
to 0.10 in streams with large amounts of large
woody debris and vegetation that impedes flow.
Rarely, values as high as 0.2 have been used.

Existing guides to estimating
stream roughness

Generally it is necessary to estimate Manning’s
n value for a particular situation and this is
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usually based on handbooks or experience.
In other countries such as New Zealand,
Switzerland, Canada and the United States,
roughness coefficients have been collected for
some streams and pictorial guides or empirical
equations, provide a firm basis for estimating
values in new situations. Unfortunately, there
has been little specific guidance for Australian
streams. That is where the Australian Handbook
for Stream Roughness Coefficients comes in.
We have gathered information on roughness
characteristics of Australian streams and
converted this work into a web-based system
that is easy to interrogate and update.

We recognise that international guides will
often be useful to assist roughness estimation in
Australia and the handbook web site provides
links to the key stream roughness databases that
have been developed by others such as the
United States Geological Survey and the US
Army Corps of Engineers. We have also refer-
enced all the guides we could find, even if they
are not available on the Internet. We hope that
this collection of sources for roughness estima-
tion will be valuable for people working to
rehabilitate streams.

A guide for Australian streams

There will also be many Australian streams that
are quite different from their international
counterparts. To provide specific information on
Australian stream roughness, we approached
key individuals, consultants, government depart-
ments and reviewed the literature including
reports, conference papers and journal articles.
From these sources, data on roughness coeffi-
cients was collected on 25 Australian streams
with sites in Victoria, New South Wales,
Queensland and the ACT. We are now seeking
copyright approval to include as much informa-
tion as possible about each of these streams.
Web pages associated with each stream will be
released as soon as we have clearance. Check the
site regularly for updates.

WWW.rivers.gov.au
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AN AUStRAI.IAN Handbook of Stream Roughness Coefficents

Information provided in the database

For each stream a standard report is provided
that includes:

l

location;

~ nearest stream gauge;

catchment area; and

~ mean daily flow

We also aim to include links to a reach map,
photographs, cross section plots and, if possible,
a scanned copy of the document that provides
the source of the information. If, for copyright
reasons, we can’t reproduce the document, a
reference will be provided. Any other informa-
tion such as bed material size, and details on
measurements are also included.

l

An example: Acheron River at Taggerty

As an example, consider the Acheron River at
Taggerty, in North EastVictoria (Figure 1). Basic
information about this river and the measurement
site is provided on the web site as in Table 1.
For this site, roughness has been estimated for
12 discharges and all the measurements are
included. An extract is shown in Table 2. The
relationship between discharge and Manning’s 7
value is also graphed (e.g. Figure 2). Where cross
sections are available, these are provided along
with the water surface elevations for the highest
and lowest discharge.

Searching the database

The key problem in applying Manning’s
equation is to estimate 7 values for a particular
site where there are probably no existing
measurements. When using the Handbook, the
cha