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EXECUTIVE SUMMARY
This report combines an innovative remote seng#frtique with an existing field survey technique
to characterise riparian conditions within the Bakid catchment. The purpose of this report is to
characterise the amount of change that has occurnélarian zones and floodplains of the Burdekin
catchment over the past 30 years. The analysiassd on a visual assessment of satellite imagery t
identify which subcatchments had undergone a ldeggee of change and which remained relatively
unchanged. The degree of change can be used bBuitekin Dry Tropics Natural Resource
Management (BDTNRM) to identify priority catchment®r protection and/or restoration.
Subcatchments identified through this process thiéih be subject to more detailed remote sensing
investigation to identify priority areas for on gral works.

For the purposes of this study the Burdekin catattrigebroken up into 52 subcatchments and
each subcatchment is characterised based on th@typoody vegetation in its headwaters and on the
different sorts of riparian zone it containse( floodplains, wetlands, multi-channel floodplains).
Satellite imagery (Landsat TM 7) from 2004 is congobwith Landsat MSS imagery from the 1970s
to assess how the condition of the riparian zomesach subcatchment has changed over that period of
time. This remote sensing assessment is then oachhwith riparian condition assessments made
using field survey techniques to provide an integtaassessment of riparian condition in each
subcatchment.

Based on the iTRARC analysis the following sukebatents would be of high priority for a
project aimed at protectingxisting riparian habitat diversity because theg eurrently in good
condition:

Keelbottom Creek
Star River

Upper Burdekin River
Running River
Broken River.

The following subcatchments would be of high ptiofor a project aimed at restorimgparian habitat
diversity because they've been subject to the gstalegree of change and have the potential to
provide a wide range of riparian habitats:

Barratta Creek
Carmichael River

Native Companion Creek
Cape River

Campaspe River.

The TRARC (field based) analysis indicates tharehare individual locations in many of these
subcatchments that are still in good or very gomaddion. The presence of good condition sites in
subcatchments that have been subject to a largeale§change (as assessed by iTRARC) means that
there is still potential for recovery in these satobments if more targeted on-ground works are
implemented.

The remote sensing technique used in this rémstthe potential to under/over-estimate the
change in condition because of decadal scale ¢tmmbhtnges. These decadal scale climatic changes
reduce the accuracy with which some indicators fiage soil, scalds and gullies) can be identified.
Whilst these climatic differences may lead to esiiorthe absolute degree of change experienced by a
subcatchment, the relative degree of change remaaiiseful tool for identifying which subcatchments
have experienced the greatest amounts of chantes iriparian zone. In future image-object based
analysis could be combined with an analysis of aterdata to provide a more detailed assessment of
the degree of change in riparian condition

The field surveys indicate a wide range of cowndgi within the Burdekin catchment, with
19% of sites being in very poor condition, 42% oopcondition, 29% in moderate condition, 6% in
good condition and less than 1% (1 site) in vergdyoondition. The average field survey scores are
relatively consistent with remote sensing assesgni@wever there are some marked differences,
reflecting the different input data used to calteitie two condition assessments.




The field survey and remote sensing assessmeatinigrated to provide a ‘score card’
describing the riparian condition in that subcatehtn The 52 subcatchments used in this component
are the same as components 2 (wetlands) and 3r(quaddity). This allows for direct comparison
between riparian and wetland condition and the mauality within these subcatchments.

1. AIM
The aim of this project was to provide a broad wwsv of how changes to the riparian zone have
impacted on the ecosystem services and erosiorectiedufunctions provided by riparian vegetation.
This broad overview is intended to assist in ptizing more detailed image analysis and on-ground
works. To achieve this aim a series of steps wedertaken:
Division of the Burdekin catchment into 52 subcatents;
Classification of these subcatchments based orclibeacteristics of their riparian
Zones;
Quantification of the riparian zone condition fach subcatchment in the 1970s and
2004 using a series of image-based indicatorsi(eetaelow).
Comparison of the image-based riparian conditiores@ment with field-based
condition assessments.

2. INTRODUCTION

This report combines two riparian assessment methodprovide an overall picture of riparian
condition at the sub-catchment scale. The two nusttawe the Tropical Rapid Appraisal of Riparian
Condition (TRARC) and the recently developed Imbgeed Tropical Rapid Assessment of Riparian
Condition (iTRARC). The two methods are complinaeptwith TRARC providing an on-ground
assessment of the amount of weeds, and recruitwitnh riparian zones at specific locations within
the sub-catchment. The iTRARC approach on the dthed, is specifically intended to enable multi-
date comparisons of imagery to determamndition (as distinct from the structure or function of
present day riparian vegetation). Both approaehesequired to fully characterise riparian corditi
because it is not economically or logistically fbbs to carry out fieldwork (TRARC) in every
riparian zone throughout the Burdekin catchmentth@armore iTRARC provides a historical
perspective that cannot be achieved through onagraurveys. Remote sensing (iTRARC) on the
other hand is unable to provide information abaut-sanopy processes. By applying the same
methodology to imagery acquired in the 1970’s aB@42it is possible to show a change in overall
condition that has resulted from land use practines a 30 year time frame. iTRARC also provides
additional information on ecosystem services arasien reduction functions provided by riparian
vegetation by analysing individual parameters #natused to calculate the iTRARC score.

Both the iTRARC and TRARC scores have been scalehtA+ to D grading system similar to that
used for grazing land management for easy intexpogt

2.1. Definitions

Riparian zone for the purposes of this report eeferll alluvial and floodplain soilsas identified by
the valley bottom flatness algorithm (MrVBF) . Shinclusive definition of riparian zone is used
because processes within this zone impact diremtlythe erosion/sediment transport processes.
Within this riparian zone vegetation is dividedamiparian vegetation (adjacent to the stream cbldnn
and floodplain vegetation (on the floodplain/alkivgoils but not adjacent to the stream channel).

One of the defining features of riparian vegetafjoarticularly in water limited environments)
is that the formation of a denser canopy (highaf é&ea, more trees per hectare) than the surnogndi
landscape. For instance if the surrounding lamsés dominated by the structural class woodland
then the riparian zone is likely to contain operef and possibly pockets of closed forest in apéas
higher water availability. If the surrounding lacdpe is dominated by open woodland then the
riparian zone is likely to contain woodland wittattered stands of open forest. So if we consiuer t
dominant structural class encountered in a catchtodrescthen the predominant riparian vegetation
is sc+ and the structural class encountered near permarstatbodies isc+2. This approach allows
the riparian zone in a desert upland subcatchnebetcompared with one in a wetter part of the
catchment.




3. IMAGE-BASED TROPICAL RAPID ASSESSMENT OF RIPARIAN
CONDITION (ITRARC)

3.1. iTRARC scoring system
The parameters used to calculate iTRARC are list¢de table below. The maximum iTRARC score

for each class of subcatchment is listed on tHevidhg page.
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3.2. Catchment Characterisation

These catchment types allow for simplified repartamd management guidelines. A subcatchment is
classified into its catchment class (1A, 3C etdngisthe earliest available satellite imagery and
changes in the structure of the riparian zone eweed against that reference point. For exampde if
catchment had forested headwaters and wetlaiisthe 1970s and that sub-catchment has
subsequently had its headwaters thinned to wooddamtdthe wetlands drained, then the catchment
will not be reclassified into a 3E catchment, ratie catchment will have dropped (at least) 6 {oin
in condition on account of head waters being ckbarfesc+2 (-2 points), cleared of sc (-2 points)l an
wetlands drained (-2 points).

The maximum score represents a proxy for the rafiggarian ecosystems encountered in
that subcatchment. A high maximum score indicatesvide range of terrestrial and aquatic
environments in the riparian zone of that subcataftmsuch as may be encountered in a catchment
with rainforest headwaters, floodplains and assediavetlands. A low maximum score on the other
hands indicates a smaller range of habitats irrigagian zone, for example a single incised channel
without floodplains and wetlands. Consequently dbering system will allow identification of high
biodiversity subcatchments as well as erosion luésfipased on the scores of the erosion indicators)

Please note that the scoring system makes no assuspbout the presence of ‘positive’
scoring attributes. For example if closed forest+@) is not present on the floodplain (and it may
never have been in the current climatic settingptthe catchment scores a 0 (rather than a nepative
for that parameter. In other words a catchmemtois‘penalised’ for the absence of any particular
feature.

The only assumption that has been made is that thas continuous riparian vegetation (no gaps) in
the ‘natural’ state. This assumption affects fRRARC score calculated for any given date, but is
valid in terms of comparing two dates. For examipléhe 1972 Landsat MSS data shows a
subcatchment with a wooded upper catchment (2D)hhs a fragmented riparian zone along the low
order streams (and everything else is pristinep tthee catchment will score 16/18, and if the
subcatchment hasn’'t changed since then, then ttohnoant will still score 16/18 (ho change in
condition). If land use practices elsewhere withia catchments have subsequently cleared the parts
of the upper catchment (-1) and lead to fragmeoriatf riparian zones on most of the main channel (-

" #
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! Wetlands here refers to any off channel wetlamdufe that can be identified from satellite imagery
(swamp, lagoon, waterhole, oxbow lake etc) with eélxeeption of small farm dams that support no
vegetation




2) then the catchment will drop 3 condition poititsscore 13/18.

one of the 52 subcatchments that make up the Biurdelgure J.
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The different classes of subcatchment are showfigare 2. Note that the two floodplain
sub-catchments are classified as such becausectimgin no headwaters within the subcatchment,
and the sub-catchment consists mainly of floodplain

3.3. Habitat Diversity

The theoretical maximum iTRARC scores that wouldabkieved with continuous riparian vegetation
and no erosion are shown Figure 3 These scores are used as a reference pointsagdiith to
compare both the 1970’s data and the 2004 dataibethe 1970s data does not represent a ‘pristine’
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condition due to presence of grazing in the catehirfar more than 100 yeard-igure 3shows that
there is are a range of habitat diversity withia snbcatchments. For example Camel Creek (light ta
to the left of Ingham) has a lower maximum scoreocount of it not having floodplains or wetlands,
whereas the adjacent Upper Burdekin catchment hégghamaximum score because it contains multi-
channel floodplains and a major wetland complethi ‘Valley of Lagoons’. It is worth noting that
in this reference state all subcatchments weresethas condition B or better. It is also worthimpt
that changes in iTRARC score are based on the dtabiversity or ‘maximum score for that
subcatchment’. In other words Camel Creek isrstiaged to be in bad condition in the reference state
(even though it has a more limited range of rigahabitats) it simply has a lower maximum possible
score. An example of how iTRARC was calculatedtfer 1970s and 2004 imagery is given on the
following page.
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The dark and light green subcatchmentBigure 3are those that contain the widest range of riparia
habitats. These subcatchments have either forestinforest in their headwaters, and have multi-
channel floodplains and wetlands. The wide randerigarian habitats encountered in these
subcatchments is likely to support high terrestaiadl aquatic biodiversity within the riparian zones
and floodplains . The multi-channel or anabranghigaches are considered separately to floodplains
because of the higher over-bank flow frequenciesentered in anabranching reaches . These higher
overbank frequencies make the terrestrial and axeabsystem and nutrient cycles in these areas
more closely coupled. Interestingly it is the proiivity of these floodplain systems that makesrthe
prone to land use impacts.
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Figure 3 Habitat Diversity (Maximum iTRARC score)
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3.4. Calculating iTRARC for the 1970s and 2004

i ure Ustrt Bay Catchments in 1977

Figure 5 Upstart Bay Catchments in 2004
Figure 4andFigure 5show Landsat MSS and Landsat TM data respectieglypstart Bay. All
imagery used for this project was from the AusamalGreenhouse Office Landsat mosaics. This is
false colour, or colour infra-red imagery, meanthgt vegetation appears as red. The Upstart Bay
catchments are classified as rainforest headwafiéinsfloodplains and wetlands (1B). The change in
condition has been due to clearing of floodplaigetation (black arrows) (-2), increased bare soil o
the floodplain (due to clearing and cropping) (bdwal) (-1) and increased scalds (-1). There usxs a
an increase in the percentage of gaps in the asipagetation (-1). In the 1970s the catchmemesco
11 (B condition), which dropped to 6 (C condition)2004 on account of the changes to floodplain
and riparian vegetation.

3.4.1. Accounting for seasonal and climatic differences

Multi-temporal comparisons need to done carefulgnsure that seasonal and climatic differences do
not generate misleading results. This is of paldicimportance in this study because the 1970g wer
a wetter decade than the years preceding 2004 Tfionme climatic and seasonal effects a ‘local
reference point’ or pseudo-invariant factor tecei was used. This technique uses a local feature,
such as a gully, scald or stand of trees, thatrésgmt in both images as a reference point. This
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technique is demonstrated in top to platefigfure 6 Because the analysis was performed visually
rather than radiometrically the local referencenpos based on a visual rather than radiometric
comparison.

The riparian vegetation shown at A is constantothlimages, however the surrounding hill slopes
have been cleared to grassland (grey) with areasaddling (white) (Note the fenceline contrasttte t
north-east of location A). Location C shows a dtahforest unchanged between the two scenes and
location B shows an area of bare soil that remagmstant in both scenes. High spatial resolution
imagery available on Google Earth ™ was used tarenthat the image interpretation was correct.
For example the area shown in the black box watgtifiexl as a gully/scald in the iTRARC scoring.
The high spatial resolution imagery confirms thas tclassification is correct. This approach was
undertaken wherever high spatial resolution dats ailable for validation, and was necessary due
to the desk-top nature of this study. The authecesmmend targeted fieldwork during future studies
to improve the accuracy with which we can determiparian condition.

Figure 6 An example of the two validation technique used in this report, local reference point (A,Brad C
in top two plates) and high spatial resolution vatiation (inset, grey tones indicate senescent gragans
indicate bare soil/scalding).
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3.4.2. 1970s iTRARC scores

Figure 7 iTRARC scores calculated from the 1970s tallite imagery, score shown on left, normalized by
pristine scores on right.

This is referred to as 1970s scores rather thgeaific year because the archival Landsat MSS data
doesn’t provide complete coverage of the catchnmeeither 1972 or 1977. Consequently the earliest
available data was used for each subcatchmentthendesults are collectively referred to as 1970s
scores. There are a number of interesting featorésgure 7. The Dry River, Gray Creek, Camel
Creek, Hann Creek, Kirk River and Sellheim Rivez all in relatively poor (C) condition, and other
catchments along the Burdekin river and SellheimeRare in a C+ condition. The lower scores in
these catchments are due primarily to gullying scalding, with some gaps in the riparian corridors.
Each subcatchment is discussed in more detaildwiSubcatchment section of this report.

The normalized values compare the 1970’s obsemn&tiwith a theoretical pristine state, and the
values represent a proportion of the riparian fiomst still present. Values from 0.7-1 mean that¢h
has been little change to the riparian zone ancri@n 70% of the pristine riparian functions dilé s
present. Values from 0.1-0.3 on the other handesgmt areas where changes to the riparian zone
have reduced functions to 10 to30% of their presstate. Note that the Dry River and Kirk River had
relatively limited diversity (low scores) even imetpristine state, which is why they still maint8id
50% of their ‘pristine condition’ despite being@condition.
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3.4.3. 2004 iTRARC scores

Figure 8 iTRARC scores calculated from the 2004 seliite imagery, score shown on left, normalized by
pristine scores on right.

The results show that there has been a reductionmiparian condition in the majority of
subcatchments. In areas such as the Belyandardg®reduction has been significant and is largel
due to floodplain and riparian clearing. The raducalong the Burdekin river catchment is largely
due to an increase in gullying and scalding witmeareas of floodplain clearing and increasing gaps
in the riparian corridor. The areas that remainttie best condition are those that contain the
Townsville Field Training Area (TFTA), the Great $&dt Wall National Park and the Valley of
Lagoons. It is worth noting that these results rayinfluenced by climatic differences. The 1970s
were a wet decade and the years preceding the ig@fe were dry throughout the Burdekin Dry
Tropics region. As a consequence of this somenefiTRARC parameters which are sensitive to
climate (bare soil, gullies/scalds) may over-estarihe decrease in condition.

It's interesting to compare the 1970’s iTRARC s=with the 2004 scores because it shows
how much conditions have changed over the last &rsy It also provides a guide for setting
achievable restoration targets. with the sufficient targeted funding it may be gibfe to restore
areas of the catchment to a 1970’s condition. ditenge in iTRARC scores for each subcatchment,
and the riparian changes that have lead to thegehianscore are detailed in the Subcatchment sectio
of this report. At the individual subcatchmentledais also possible to assess whether the deeiiea
condition may be influenced by climatic differenceswhether it is due to non-climatic impacts.eTh
iTRARC scoring system allows us to analyse howdt@nges in the riparian zone have impacted on
ecosystem services and the potential for erosiatetsled in the following section.
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3.5. Function scores

The individual components of the iTRARC scoringteys can be used to calculate the amount of
change in different riparian functions. In thisti#nce riparian functions are grouped into two troa
categories: ecosystem services and erosion preveniihe term ‘ecosystem services’ here refers to
the following ecological functions provided by rifan and floodplain vegetation: stream shadind; lea
litter inputs; large woody debris generation; sbadk generation; and provision of terrestrial teibit
for reptilian, mammalian, and avian species. THRARC scores shown in the green boxFigure 9
can be used to estimate these functions. In avbase these scores are high, the riparian vegetatio
will be providing all of these ecosystem servicés.areas where these scores are low the capdcity o
riparian to provide these functions will be limiteat non-existent. For example an area with large
gaps in the riparian corridor will not be providistream shade, leaf litter inputs or large woody
debris.

The term ‘erosion prevention’ refers to the follog/ functions: the reduction in velocity of overthn
and overbank flows; the reduction in stream bardsien; and the reduction in gullying. In areas
where floodplain or riparian clearing has occurtkdse scores will drop, reflecting the increased
likelihood of erosion in these areas. It is impattto note that this approach does not predictrevhe
erosion was/is occurring, rather it identifies arednere riparian clearing/land use have increased t
potential for erosion. To identify where erosiom likely to be occurring requires additional
hydrological analysis using models such as E2 "w#filabe the subject of a future study.
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Figure 9 Sub-indicators on the iTRARC scoring syste.
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3.5.1. Ecosystem Services

Figure 10. The reduction in riparian ecosystem seices indicators.
There are some strong overall patterng-igure 10 most noticeable is the reduction in ecosystem
services in the western Belyando, Suttor, Barratas Burdekin Delta regions. This reduction in
ecosystem services has been primarily caused bgldlain clearing. Floodplain clearing for cropping
and grazing has removed the terrestrial and aqhabidats located on the floodplain and altered the
nutrient cycles of these regions. The Belyando &attor regions also contain large anabranching
channel networks. In many instances riparian \&et has been cleared from the banks of smaller
anabranches, thereby altering the shade and teafdiynamics of these areas. In contrast mucheof t
upper Burdekin region has undergone relativelfelithange. This is due in part to the absence of
extensive floodplains and anabranching river systemeaning that any clearing that has taken place
hasn’t directly impacted the riparian zone. ThHeae also been much less clearing overall in themupp
Burdekin region in comparison to the Belyando amdtd regions.It is worth noting that all of the
iTRARC indicators used to calculate the ecosysteersices areot sensitive to climatic influence
and are based on changes in woody vegetation ¢pvesence/absence) and wetland removal. In
future studies the changes detected in the ripaz@ares and floodplains could be coupled with
regional ecosystem (RE) mapping and the SLATs ¢@eer mapping to provide a more formal
assessment of riparian/floodplain change.

If restoring the terrestrial and aquatic biodivtgrof riparian zones within the Burdekin
catchment was of high priority, then the areasIdgked in red inFigure 10would be priority areas
for more detailed investigation and investment. t@other hand if reducing sediment export to the
Great Barrier Reef Marine Park was of high priotitg areas shown in redigure 11
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3.5.2. Erosion Reduction

Figure 11 Change in the potential for soil erosion
Based on the iTRARC results heavy grazing in tparran zone, floodplain clearing and increased
gullying have all impacted on the potential forl @bsion within the Burdekin catchment. Increases
in gullying/scalding are particularly noticeable some subcatchmenise. the Burdekin River
immediately above the dam, and below the dam, &eliEreek, Glenmore Creek and Bowen River. In
other subcatchments there is an increase in lowrdalislopes adjacent to the stream or areas i&f ba
soil on the floodplain. Bare soil on the floodplas particularly prevalent in the anabranching
subcatchments in the Belyando and Suttor regidiisof the erosion/bare soil indicators are sensiti
to climatic and seasonal influences, so particatéention to the local reference areas was used to
minimise any errors with this indicator, howevee tbhanges described Figure 11may over-
represent the anthropogenic (rather than climatécyease in condition. In other words the changes
shown inFigure 11may be due to climatic rather than anthrophogéagtors. Based on the
ecosystem functions and erosion reduction indisdatoe catchments that have undergone the greatest
degree of change (in both sets of indicators)le@eCarmichael Creek and Sandy Creek.

The remote sensing approach iTRARC provides inébion about sub-catchment scale
changes, however one of the limitations of remetgsig is that it is unable to provide information
about sub-canopy processes such as weeds and na&gene Information about these processes can
only be collected via a field survey technique saslthat described in the following section.
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4. TROPICAL RAPID APPRAISAL OF RIPARIAN CONDITION (TRA RC)

In Australia, a number of methods for estimatingarian condition have been developed, primarily to
assist with management, weed control and mainigieaological intregrity and biodiversity. The aim
of these methods is to establish a standard mamitsystem that can provide comparable assessments
across areas. The method that has been developgdgdiral Australia, known as the Tropical Rapid
Appraisal of Riparian Condition [TRARC] (Dixoet al. 2006) has been used in the Burdekin River
catchment (Dowet al. 2004; Dowe 2004).

The TRARC method is used to score a number of simgfjetation attributes in the riparian zone, and
thus provide an overall score that is intended dokrthe ‘ecological condition’ of the site.
Management issues can be derived from such assatssiibe scoring system is composed of five
components: vegetation cover; woody debris; weeadinaative regeneration; and disturbance. In
addition, supplementary data (that are not givesres) record the following: types and levels of
erosion; geomorphological attributes; stream apdridan zone dimensions; position and influence of
fences and water points; water permanency; andlaiopu structures of the dominant native species
and weeds. Sites were chosen to provide a broge @ecological types in which riparian vegetation
occurs, including perennial or seasonal streamsngeent, semi-permanent or ephemeral waterholes
associated with streams or anabranches; permapengs associated with streams or away from
streams; and lakes and lagoons.

The TRARC method is intended as a rapid appraesdinique, and therefore focuses on what are
considered to be the most important elements frdnctwecological condition can be estimated. All
trees and/or shrubs occurring in the riparian asaee identified to species, whilst understory pant
including grasses, were identified as functionatrednts with reference to cover and regeneratioa. Th
presence/absence and regeneration status of dwlstereeds were recorded at each site.

The condition, characterisation and distributiorriparian vegetation have been assessed at over 200
sites throughout the Burdekin River and HaughtoreRBarratta Creek catchments using the TRARC
method (Dowe 2004). The TRARC method provides aestmat estimates the ecological status and
condition of riparian vegetation at a site basedamet of scoreable indicators - the greater tha to
score, the greater the ‘ecological health’. Scarescalibrated between 0 and 100. Forty sites had a
score of less than 50; 88 sites a score of 50-53jtés a score of 60-69; 12 sites a score of 7T&1®

one site with a score above 80. The mean TRARG:doorall sites was 57.7.

TRARC scores can be adapted to the A to D ratinthoae as used in Grazing Land Management, as
indicated here:

Table 1TRARC scores adapted to Land Condition ratigs
$%&% & '
/
* 1 +

*

A ,

4.1. Vegetation characterization of the Burdekin River riparian zores as recorded

by the TRARC method
Sixty-five species of functionally dominant treesdashrubs were recorded at the sites during the
TRARC surveys. Two sites had no trees or shrubsepteand one site had eight species present. Sites
with four species present accounted for the siggdatest number of sites - 57 sites, 28% of tha tot
number of sitesEucalyptus camaldulensisas the most widely distributed species occurahd15
sites (averaging 12% cover at all sites), althoggbatest overall cover was that bfelaleuca
fluviatilis, with average of 15% cover, from 72 sites. Otlparcges with significant distribution and/or
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cover includedCasuarina cunninghamianés5 sites, 5% coverMelaleuca trichostachy#63 sites,
5% cover), andMelaleuca leucadendré30 sites, 5% cover).

Among the most effective indicators used in théARE method are the regeneration levels of
the dominant native trees and the degree of wesslirzs determined by the number of weed species
present and their cover within the riparian zone.

Levels of regeneration of trees and shrubs wetena®ed at all sites based on the
presence/absence of three size classes of thartdeshrub species that were present. The class size
were subadults, saplings and seedlings. Twentgits had no evidence of regeneration; 96 sités ha
low levels; 62 sites had moderate levels; 18 s$itgssignificant levels; and four sites had higtelsy
To provide a score that was indicative of the ol@eological integrity of the site, scores wer&eth
on the A to D method used elsewhere in land candiissessments.

Table 2 Regeneration scores adapted from TRARC sces
) ot
. )

* The three class sizes include subadults, saplngsseedlings.

4.2. Scoring weediness

The distribution and abundance of seven deletemmexds and one potentially deleterious weed were
recorded during the TRARC surveys. The seven daete weeds included para graggchiaria
muticg, rubbervine Cryptostegia grandiflorg lantana llantana camarg parkinsonia Rarkinsonia
aculeatg, parthenium Rarthenium hysterophoriscastor oil plant Ricinus communjsand chinee
apple Ziziphus mauritiang and the potential weed was yellow oleandéreetia peruviana There
were 87 sites where no weed species were recoidedjtes with one weed species; 32 with two
species; five with three species, and four with tfeximum four weed species. Rubbervine was the
most widely distributed weed, recorded in 57 sitél 2% of the total cover for all sites; lantanasv

at 30 sites with 2.2% cover; parthenium at 25 sitiés 1.8% cover; para grass at 24 sites with 5.6%
cover; castor oil plant at 22 sites with 0.4% cowhinee apple at 13 sites with 0.4% cover; and
parkinsonia at 10 sites with 0.2% cover. Yellowanlder was recorded at four sites with 0.6% cover.
The central Burdekin River subcatchment [upstredmLake Dalrymple to the Douglas River
junction] and the Bowen River/Broken River subcateht recorded the greatest degree of weediness.
The ‘weediness’ scores that were obtained fromMRARC surveys were adapted to the A to D
system of Grazing Land Management. A matrix to mieitee the overall score is here provided.

Table 3. Weediness score matrix, based on the numbof deleterious species present and the total
ground-cover of weeds at particular survey site

- . 0 12 3120 2142 43100
/
0
+
5
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5. RESULTS AND DISCUSSION FOR EACH SUBCATCHMENT
Abbot Bay Catchments
iTRARC scores
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Overview of riparian condition
The iTRARC analysis indicates that the catchmentiton has decreased since the 1970s primarily
due to floodplain clearing and an increase in gdjscalding within the catchment.
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Allingham Creek
iTRARC scores
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Overview of riparian condition
Allingham Creek is one of the few sub-catchmentstadave undergone any change in condition

23



Barratta Creek
iITRARC scores
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Overview of riparian condition

Based on the iTRARC analysis this catchment hangecfrom excellent condition (A+) in the 1970s
to relatively good condition (B) in 2004. The deelin condition is the result of floodplain clezgi
including forest, an increase of bare soil on lbedplain and an increase in scalding. Despite the
changes that have occurred within the catchmenorntinues to provide a wide range of riparian
habitats (hence the B iTRARC score), and the feiley results are consistent with this assessment.
The level of regeneration is high, indicating gagehrian condition into the future. However the
weed species, particularly the high cover encoedtet East Barratta Creek are of concern.
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Basalt River
iTRARC scores
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Overview of riparian condition

This catchment has a limited range of riparian ta&biand has experienced a slight decrease in
condition since the 1970s. The absence of foredt dosed forest from riparian zones in this
catchment contribute to its low 1970s and 2004 esorThe naturally low canopy cover within this
catchment may contribute to the low field survegres. Regeneration is present and weeds appear
relatively limited, indicating moderate riparianndition in the future.
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Belyando Floodplain
iTRARC scores
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Overview of riparian condition
The iTRARC results indicate that clearing and hegrgzing on the Belyando floodplain has remove
floodplain woodland and forest and lead to an iaseein the amount of bare soil. This in turn reguc

the capacity of the floodplain to trap sedimennfbeiransported from higher in the catchment. This

also results in significant terrestrial and aquh#bitat loss.

The TRARC field survey results indicate that regatien is present, indicating that the current
riparian vegetation is likely to be maintained itie future. The absence of weeds in 4 out ofes si
is interesting, particularly for a floodplain catetnt that would receive propagules from higherrup i
the catchment. The lack of weeds may be a resghttie grazing or a function of the time of yeaatt
the surveys were collected.
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Bogie River
iTRARC scores
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Overview of riparian condition

The riparian zones of this catchment have undergoltege decrease in condition from relatively
good in the 1970s (B+) to poor (C) at present, pritm as a result of floodplain clearing, and an
increase in the potential for erosion.
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Bowen River
iTRARC scores
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Overview of riparian condition

The remote sensing analysis indicates a decreasenuition from relatively good (B) to poor (C)
condition. The reduction in condition is primariijye to floodplain clearing and an increase in the
number of erosional features visible within the g@aey. The field surveys indicate that the sites
visited are in poor to relatively good condition-(B, with high levels of regeneration, and relaive
high levels of weediness. High levels of regenenaénd high levels of weediness may indicate lower
grazing pressures at the sites at which theseysiwere conducted.
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Broken River
iTRARC scores
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Overview of riparian condition

The iTRARC analysis shows relatively little charigween the 1970s and present in this catchment,
the only difference being an increase in the nundfdow cover hill slopes adjacent to the stream
network. Interestingly the field surveys indicéitat many of riparian zones surveyed are in a very
poor (1 site) poor (7 sites) or relatively goods(&s) condition. This demonstrates that sub-canop
processes (cattle grazing in uncleared areas)tidbhase a impact on riparian condition even thoug
there may be little change in the vegetation caremwer within a catchment.
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Burdekin Delta
iTRARC scores
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Overview of riparian condition

Based on the image interpretation this catchmesiuhdergone a large decrease in the conditiors of it
riparian zones. It has changed from good (B+)dorC) condition as a result of floodplain and
riparian clearing. The field surveys for this ¢atent also report poor condition as well, with some
limited regeneration and a high amount of weediness
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Burdekin River (Blue Range)
iTRARC scores

0 # :
23))4 5 /167
15 6+ 7
.5 /16 7
1) 2

8 # 5) #4

( 9

$# # #

8 % #

(## #

TRARC (field survey) scores

.6 %
+ = @?A .67 6+7 "9* 6,7
+ @? A * 1647 6+7 9 6+7
+ = @?"A * 647 6+7 9 67
( #-= 167 "67 9 6+7
* |* 6 7

Overview of riparian condition

The remote sensing analysis indicates that thicatobment has undergone a minor decrease in
condition from B+ to C+ as a result of floodplaiearing and an increase in the number of low cover
hill slopes. The area of floodplain in this sulstament is fairly small, and therefore a small aniain
clearing resulted in a relatively large drop inreco The TRARC surveys indicate moderate to high
levels of regeneration at all sites, however weegse also present at all sites visited.
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Burdekin River (Dam)
iTRARC scores
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Overview of riparian condition

Based on the iTRARC results this subcatchment bas from relatively poor (C+) to very poor (D)
condition in the last 30 years. This change hanlike result of clearing along headwater streams,
floodplain clearing and an increased amount of yijd¥scalding. The field based surveys also
indicate that this subcatchment is in poor conditithe presence of regeneration at all sites peavid
hope for the future, however the presence of waedt sites is problematic.
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Burdekin River (below dam)
iTRARC scores
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Overview of riparian condition

Based on the image analysis this catchment hasfgomerelatively poor (C+) condition to very poor
(D) condition. This is largely due to an increas¢éhe amount of gullies/scalds in the subcatchrasnt
well as floodplain and upper catchment clearing.
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Camel Creek
iTRARC scores
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Overview of riparian condition

This catchment was in poor condition in the 1970 wxtensive gullying and scalding along the
main channel. This has increased in the last 3sykeading to a further decline in catchment
condition. The field survey site showed high antewt regeneration and no weeds at that particular
site, however additional sites are required toyfutharacterize riparian conditions within this
subcatchment. High spatial resolution satellitagery for this catchment on Google Earth ™ shows
extensive and deep gully networks and bank eragiong both the major and minor channels in this

catchment.
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Campaspe River
iTRARC scores
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Overview of riparian condition

The catchment has gone from very good to relatigelgd condition. The extensive field survey
results show a wide range of conditions on-growvith weediness a pervasive problem and a lack of
regeneration at some sites.
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Cape River
iTRARC scores
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Overview of riparian condition

This catchment has undergone a reduction in camdftom excellent (A+) to relatively good (B) in
the last 30 years. This reduction is largely du#dodplain clearing and heavy grazing adjacerih®o
channels. The field based surveys show a wideerafigcores from excellent through to poor, with
variable levels of regeneration and weediness. Wile range of field survey scores demonstrate the
variability that can occur within a subcatchment,many cases as a response to local management

actions.
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Carmichael River
iITRARC scores
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Overview of riparian condition

The ITRARC analysis identifies this subcatchmenbis that has undergone a dramatic decrease in
riparian condition from good (B+) to very poor () the last 30 years.
riparian system has been impacted from the headsvHiough to the floodplain. The limited field
survey data show the riparian zones to be in poadition too, although the absence of weeds is a
good sign. High spatial resolution satellite imggavailable on Google Earth ™ gully networks
forming in areas that have been recently clearEdere are also fenceline contrasts that enable the

observer to see what conditions were like pre-oigar

Every component of the
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Clarke River
iTRARC scores
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Overview of riparian condition

This catchment hasn’t undergone much change itathe&0 years, based on the iTRARC analysis. In
the 1970’s it was already in relatively poor coimitin comparison with Maximum iTRARC, and the
field survey data indicate that the riparian zoaesstill in poor condition. The combination ofrye
low amounts of regeneration (zero in three out sitds) and low weediness may be indicative of high
grazing pressure.
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Diamond Creek
iITRARC scores
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Overview of riparian condition

Based on the image interpretation this catchmestumalergone a large decrease in condition from
relatively good (B+) to poor (C). This reductiangondition is due to tree clearing along headwater
streams and on the floodplains. The field sunesults also indicate very poor condition, however
additional sites would be required to capture tileringe of conditions that may be encountered in
this subcatchment.
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Don River
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis this catchment hagngothe a large decrease in condition from good
(A) to relatively poor (C+). This change is dueatvincreased number of gaps in the riparian ocorrid
along all stream sizes and floodplain clearing. eréhhas also been an increase in the amount of
gullying/scalding within the catchment.
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Douglas River
iTRARC scores
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Overview of riparian condition

This catchment has undergone relatively little deaim the last 30 years and is still in relativgbod
condition. The field survey site shows a poor ecavith some regeneration and no weeds, however
additional sites would be required to charactettigerange of riparian conditions encountered is thi
catchment.
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Dry River
iTRARC scores
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Overview of riparian condition

This catchment was in poor (C) condition in the @97however the clearing of floodplain and
riparian vegetation and installation of pivot ammgation on the floodplain have lead to a decréase
condition to very poor (D). The field surveys shawange of 2 very poor (D), 7 poor (C) and 2 good
(B) sites reflecting the overall poor condition thfis subcatchment. The absence of weeds is

promising however the coincidence of zero regeimraind zero weeds may be indicative of heavy
grazing pressure.
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Fanning River
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis this catchment hasngome little change since the 1970s and
remains in relatively good condition.
listed as poor or very poor. The combination oddjoegeneration and poor weediness may indicate
low grazing pressure, in which case it may be teediness that is leading to the low TRARC scores.

The fieldngys tell a slightly different story with all sie
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Fox Creek
iTRARC scores
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Overview of riparian condition

This catchment was in relatively good conditiontie 1970s (B) and has undergone a dramatic
reduction in riparian condition to very poor comaitin 2004 (D). This reduction has been caused by
extensive clearing of the floodplains and ripaanes that form a large part of this subcatchment.
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Glenmore Creek
iITRARC scores
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Overview of riparian condition

Based on the iTRARC analysis Glenmore Creek walatively poor (C+) condition in the 1970s

and the condition has worsened to very poor (¥464. This is due to an increase in the amount of
gullying and scalding (validated using Google EdMhand an increase in the number of gaps in the
riparian zone. The field survey scores suppos #issessment with two very poor sites, one podr, an

one good.
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Gray Creek
iTRARC scores
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Overview of riparian condition

The riparian zones of the Gray Creek subcatchmeng \m poor condition in the 1970s, and have not
changed much since, with an increase in the numbgaps the only change. The field survey site
supports this assessment showing very poor conditiowever additional sites would be required to
capture the variability of riparian conditions timady persist within the catchement.
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Hann River
iTRARC scores
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Overview of riparian condition

This catchment was already in poor condition in1B&0s based on the satellite imagery analysis, its
condition has worsened to very poor (D) on accafnteadwater clearing and an increase in low
cover hillslopes, scalds and gullies.
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Haughton River
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis this catchment hag §flam good (A) condition in the 1970s to poor
(C) condition in 2004. This change is largely dodloodplain clearing and an increased number of
gaps in the headwater streams. The field surdegsiadicate poor condition with 3 very poor sités,
poor sites and 6 good sites. The pervasivenessgeetls in this subcatchment is also cause for
concern.
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Keelbottom Creek
iITRARC scores
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Overview of riparian condition

The ITRARC analysis indicates that this subcatchinmemains in excellent condition. However the
field surveys suggest poor condition, particulaile to weediness (which the iTRARC analysis does
not detect).
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Kirk River
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Overview of riparian condition

This catchment was in poor condition in the 19#0gdly due to gullying and gaps in the riparian
corridor. This condition has worsened with gultyipecoming more extensive and increasing gaps in
the riparian corridor. The field survey site ailsdicates poor condition, however more sites wdadd
required to capture the diversity of riparian coiadis in this catchment.
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Landers Creek
iITRARC scores
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Overview of riparian condition
This catchment has undergone a decrease in camélition relatively good (B) to relatively poor (C+),
this change is the result of increased gullyind8ng within the catchment.
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Little Bowen River
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis this catchment ha® gam very good (A) condition to relatively
good (B) condition as the result of increased gaphe riparian zone and an increase in floodplain
bare soil and gullying. The field survey indicape®r condition, however additional field survetesi
are needed to fully characterise riparian conddtionthis catchment.
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Logan Creek
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis, this catchment weathfrelatively good (B) condition to poor (C)
condition in the last 30 years, primarily due toofiiplain and riparian clearing and subsequent
floodplain grazing. The field survey TRARC resudispport this assessment with all survey sites
showing poor results with varying degrees of regatien and low levels of weediness.
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Lolworth Creek
iTRARC scores
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Overview of riparian condition

Based on the remote sensing analysis there haslibéechange in the riparian condition since the
1970’s, with the riparian areas remaining in rekd§i good condition. The field based TRARC data
however indicates that many of the riparian zomedrapoor (8 sites) or very poor (3 sites) cormdifi
this is due to limited regeneration and pervasieediness (two aspects of riparian condition that
remote sensing cannot detect).
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Lower Cape River
iTRARC scores
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Overview of riparian condition

The remote sensing analysis indicates that thishoant has decreased from very good to relatively
good condition in the last 30 years. This chareglieen as a result of increasing gaps in thdaipar
corridor of small headwater and anabranching stseaifhe TRARC field survey scores support this
assessment with the average score showing goodtioond
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Lower Suttor River
iITRARC scores
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Overview of riparian condition
Based on the iTRARC analysis this riparian condgidvave shifted from very good in the 1970s to

relatively good in 2004. The changes are due tgetation clearing and an increase in
gullying/scalding. The field surveys show the ripa conditions to be poor at three of the fouessit
visited. However those sites did show reasonavel$ of recruitment and limited weediness.
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Mistake Creek
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis the catchment hasrgode a dramatic reduction in riparian
condition in the last 30 years. The catchment d@se from very good (A) condition to poor (C)
condition, this is primarily a result of vegetatiahearing in the riparian zones and floodplains
throughout the subcatchment. The TRARC field daiaport this assessment with 7 out of 8 sites in
poor or very poor condition and only one in goodidiion. The absence of weeds is potentially a
good sign, but may also indicate heavy grazinggomes
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Natal Creek
iTRARC scores
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Overview of riparian condition

The iTRARC remote sensing analysis indicates thdrian condition in this subcatchment has
decreased from good (B+) to poor (C) over the3@syears. This is due to an increase in the number
of gaps in the riparian corridor, and an increaséhé amount of gullying/scalding. The TRARC field
data supports this assessment with results at dgit@tshowing very poor condition.

However

additional sites would be required to adequatebratterize riparian conditions in that catchment.
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Native Companion Creek
iTRARC scores
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Overview of riparian condition

The remote sensing iTRARC assessment indicateshibeg has been a very large reduction in the
riparian condition of this catchment. Conditiorshdecreased from good (B+) in the 1970s to very
poor (D) in 2004. This is primarily due to exteresiclearing of riparian zones and floodplains
throughout this subcatchment. The field survey R&Adata also indicate that riparian zones are in
poor condition with 6 out of 8 sites surveyed fajliinto the poor category. The low degree of
weediness is good, but may indicate high graziegsure.
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Pelican Creek
iITRARC scores
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Overview of riparian condition

Based on image interpretation this catchment hdgngone a large decrease in riparian condition in
the last 30 years. In the 1970s it was in good) @ndition but had dropped to poor condition (§) b
2004 due to floodplain clearing and an increasénamount of gullying/scalding. The field survey
TRARC data also indicated very poor condition athbsites visited, however additional sites would
provide a more comprehensive picture of on-grouparian condition.
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Rollston River
iTRARC scores
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Overview of riparian condition

This catchment has undergone relatively little ggasince the 1970s and is still in good condition.
However the field survey TRARC sites show one gand one poor site, and additional field surveys
may pick up on the diversity of conditions bendaih canopy.e. the areas that remote sensing cannot
detect.
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Rosella Creek
iITRARC scores
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Overview of riparian condition

Based on the remote sensing ITRARC analysis thishoegent has undergone a large decline in
condition over the last 30 years. In the 1970scdtehment was in relatively good (B) conditiont bu

by 2004 had dropped to very poor (D) condition. isTdrop in condition was primarily due to

extensive clearing of the floodplain, including dtfplain forests. The field survey results for this
catchment also indicate very poor riparian zoneditmms. However additional sites would be
required to provide a better overview of on-grogodditions.
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Rosetta Creek
iITRARC scores
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Overview of riparian condition

Based on the remote sensing analysis this catchwasnin good condition in the 1970s but decreased
to poor condition in 2004. This was primarily dweriparian clearing, an increase in number of low
cover hill slopes adjacent to the stream netwonkl, @n increase in the amount of gullying/scalding.
The field based TRARC data supports this assessofiehe catchment being in poor condition. It is
interesting to note the first four D condition TRBRsites all have no regeneration and no weeds, a
pattern which is consistent with over-grazing, whia turn is consistent with an increase in the
number of low cover hillslopes over the last 30rgea
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Running River
iTRARC scores
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Overview of riparian condition
This catchment was in very good condition in 19Z0&l remains in very good condition in 2004. The
only change was an increase in the proportionwfdover hill slopes adjacent to the stream network.
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Sandy Creek
iTRARC scores
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Overview of riparian condition

Based on the iTRARC analysis this catchment hagngathe a very large decline in condition since
This leen due to clearing in the floodplains and
riparian zones throughout this catchment. Thisdmétiscided with an increase in the erosional fesgur
in the landscape, leading to a decline in condititomany riparian zones in this area. The TRARC
field survey supports this assessment with an dwarare of C (poor condition) and only 1 of theifo

the 1970s from good (B) to very poor (D).

sites in good condition.
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Sellheim River
iTRARC scores
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Overview of riparian condition

Based on the remote sensing iTRARC analysis ththoznt was in poor condition (C) in the 1970s
and has subsequently declined further to very g@jrcondition. This decline is the result of
floodplain clearing (this catchment has very lidifdoodplains, but those have been cleared). There

has also been an increase in low cover hill sl@ves gullying/scalding. The field survey TRARC
data also indicate poor condition at 3 of the dss#urveyed.
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Star River
iTRARC scores
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Overview of riparian condition

Located largely with the Townsville Field Trainidgea, this catchment was in excellent condition in
the 1970s and remained so in 2004. The TRARC iddieate poor condition but it is interesting to
note that all sites show good to very good regeimerahowever weeds are a problem, and are
reducing the overall TRARC scores at these sites.
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Stones Creek
iITRARC scores

0 # -
23))4 5 6+7
1 5 67
5 "67
') 12
8 # 2
( 9
) # ) ()
( #
8 ( )% # (##
# < (C# =
8 HH #

TRARC (field survey) scores

.6 %

5 = .| *6,7 6+7 9* 67

Overview of riparian condition

Based on the image based iTRARC results the catdhwes in relatively poor condition (C+) in the
1970s and has declined to poor (C) condition inrd200his catchment has relatively simple riparian
zones (no floodplains, no anabranches, no wetlamdgh is why this catchment had a low Maximum
iTRARC score too. However clearing of forest frtme main channel and an increase in the number
of low cover hill slopes has lead to a further @exiin condition. The one field survey collected i
this catchment indicates very poor condition, hosvewadditional sites would be required to
characterise the diversity of on-ground conditiensountered in this catchment.
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Townsville Catchments
iITRARC scores
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Overview of riparian condition

Based on the iTRARC analysis the Townsville catamisi@ave dropped from being in very good (A)
condition to relatively poor (C+)condition in 2004 his is the result of clearing of vegetation gon
the main channel of the streams that drain thes@mments combined with floodplain clearing.
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Upper Belyando River
iTRARC scores
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Overview of riparian condition

The iTRARC analysis indicates that this catchmea$ lgone from being in relatively good (B)
condition to very poor (D) condition in the last $8ars. This is due primarily to floodplain clewyi
and an increase of bare soil on the floodplainyal as an increase in gullying/scalding. Thediel
survey results also indicate that this catchmeim igsoor condition, however the moderate levels of
recruitment and absence of weeds indicate that#ihment may be resilient if the right management

actions were applied.
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Upper Burdekin River
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Overview of riparian condition

Based on the iTRARC analysis this catchment wasxgellent condition in the 1970s and remains in
a very good condition in 2004, with a small amouohtfloodplain clearing the only change. The
TRARC field survey results indicate poor ripariaondition in 10 of the 16 sites visited, with the
remainder in good condition. The TRARC resultsvide valuable insight into the amount of
regeneration and weeds that remote sensing castettd
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Upper Suttor River
iTRARC scores

0 #
23))4 5 .6 7
1 5 .6+ 7
5 .67
1) I
8 # 5) ##
( 9
) # <
( % ()
#
5% #H# # # #
8 ) % # (
# #
TRARC (field survey) scores
.6 %
+# $# = * 6,7 6,7 67
5 E4 0 (# "g7 67 7
, 67 67 67
5 E+# =#f 0 (# .67 6,7 6 7
5 =@?A 1.67 6+7 9 6+7
5 =@?A 1167 6+7 "9 6,7
+# = 1/67 6+7 67
-# # = * 167 6,7 67
+# ), * 67 6+ 67
5 @? A * 6+7 67 67
5 @? A 6+7 6+7 9 6+7
5 1= /| 67 "6 7 67
**67

Overview of riparian condition

This catchment has had a decline in riparian camdirom good (B+) to poor (C) over the last 30
years. This is primarily due to clearing of flodalp vegetation for cropping. There has also been
clearing along small headwater and anabranchiegusis too. The TRARC survey data supports this
assessment with poor (C) overall condition. linieresting to note that there is a wide rangerof o
ground conditions from poor through to very good.
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Upstart Bay Catchments
iTRARC scores
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Overview of riparian condition

The riparian zones adjacent to the streams indhiggatchment have declined from very good (A)
condition to poor (C) condition in the last 30 y&afhis is primarily due to floodplain clearing and
clearing along small headwater streams.
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6. THEORETICAL BASIS FOR ITRARC

Upper catchment vegetation

These two parameters capture a portion of the owohthat whilst not strictly part of the ‘riparian
zone’ have a strong influence on the hydrology aader quality. Areas with uncleared upper
catchments are likely to have better water qualitgd less ‘flashy’ hydrographs. Consequently the
%Continuous tree covgrarameter scores +2 if the upper catchment iseanetl across more than
50% of the upper catchment (Catchment type 2xmil&ily, some areas have rainforest headwaters,
and this also affects the water quality and hydapbrof that subcatchment. These areas score a +2 0
the %Continuous tree cover scHZarameter (Catchment type 1x). Please note #aduse there are
catchments within the Burdekin that have not héwdfosest headwaters in recent history (ie since the
last period of climate change) the score systens a¢me ‘penalise’ areas that don’t have rainforest
headwaters, rather catchments without forestedviegads have a lower maximum iTRARC score (24
rather than 26). Similarly for catchments locaitedhe desert uplands that have only scattered tree
(and had that structural class in their upper cawsits in the earliest available satellite imagény)
their upper catchment the maximum iTRARC score beéll22 (Catchment type 3x).

1% and 2™ order streams

The parameters describe two important qualitiesméll streams, the canopy continuity, and the
presence of dense stands of trees. Canopy camtiswlescribed in terms of its reciprocal, gapthim
riparian corridor. If you imagine the riparian ddor as a ‘green ribbon’ then these gaps represent
breaks in that ribbon (rather than small inter-tce@opy gaps). These gaps represent areas where
woody vegetation is not present on the bank, amdefbre not providing any of the functions
associated with woody vegetation (stream shadé,liteer input, bank reinforcement, large woody
debris generation etc). There is much researshdgest that canopy continuity has a strong inflaen
of in-stream ecological condition . There is asstrong link between the absence of woody stream
bank vegetation and bank erosion (Abernethy antidfutrd 1998). Consequently a catchment which
has no gaps in the riparian corridor along fsafid 2° order streams is given a +2 score, and if more
than 10 gaps are present the catchment receiv@seore. Because it is both the number and % of
canopy gaps that influence conditiore(there may only be 1 or 2 gaps but they may mak&0dp of

the riparian corridor for lower order streams) ¥hgapsparameter is also used to calculate the overall
score. TheNo. of sc+ and%sc+ parameters are included because stands of traearéhdenser (have

a higher projected foliage cover) than the adjacgdrian vegetation are important because they:
provide dry season refugia for the terrestrial gstesn; provide local ‘hotspots’ of leaf litter alatge
woody debris input into the stream channel; provid®e shade to adjacent waterbodies; and provide
a greater degree of bank stability. The higherelegf bank stability not only reduces bank eragsiton
also provides stable stream bank habitat for agraf@quatic and semi-aquatic species. These dense
stands of trees also provide more water solublbarainto the soil profile, so that if conditions
become suitable for denitrification, then wateusde carbon will be available to denitrifying batde

Main Channel

The parameters used for the main channel are the sa those for the low order streams, and are
based on the same rationale. They are scoredaselyabecause they represent distinct parts of the
riparian landscape.

Multichannel floodplain channels

Anabranching or anastomosing channel networks farmnique part of the riparian landscape.
Research shows that they encounter different bahkrequencies than other parts of the channel
network. This, in combination with the low slopessociated with these areas enables them to act as
effective sediment traps. The increased bankffatjuency also has important implications for the
leaf litter/plant material generated on these fldaths and its capacity to act as allochthonoust&p
into downstream waterbodies. Based on image aratyappears that these floodplain channels are
cleared of vegetation, whilst the riparian vegetatiemains intact.
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Floodplain

Floodplains play a crucial role in the ripariandanape, providing a source and sink of nutrients an
sediments depending on location and management.mdny locations floodplain clearing has
reduced/removed the capacity of floodplains to qrenf their natural terrestrial/aquatic habitat and
biogeochemical functions. THécover of woody vegarameter aims to capture the extent to which
floodplain clearing has impacted on floodplain fumes. The%cover of sc+and sc+2 parameters
characterise the diversity of floodplain vegetatiahich in turn reflects the diversity of habitétsd
aquatic habitat inputs) that are likely to be emdeted on the floodplain.

Wetlands

Wetlands play a widely recognised series of rolékimthe riparian landscape, including terrestrial
(particularly avian), aquatic ecosystem servicasl@angeochemical functions. The characterisation o
wetlands is not the focus of this approach. Ferghrposes of this approach (quantifying riparian
change in riparian condition over time) we’re camegl with the number of wetlands present in any
given subcatchment, and particularly whether thaler of wetlands has changed over time. Nbe

of wetlandgparameter is designed to capture this dynamic.

Erosion

The three erosion indicators used represent diffexmsion processes that are distributed in differ
subcatchmentsFloodplain bare soil% identifies areas where land clearing and heavyiiggahave
resulted in areas of bare soil on the floodplaifihese areas are potentially sources of sediment,
particularly if land use practices have lead tonges in the particle size distribution of the flptain
soils, thereby making them more transportabl@ully erosion%describes the proportion of the
drainage network that contains evidence of gulhsiem. Hillslope erosion/scalds%uantifies (into
three broad classes) the presence of bare hilslapd scalds immediately adjacent to the channel
network. The historical Landsat MSS data is toarse spatially to describe the gully network or
hillslope erosion/scalds, consequently subcatchsnibyat have high densities of these erosion festure
(as determined using the SPOT data) will be sedemmbel historical airphotos used to assess the ehang
in extent of the gully network over time. Streaank erosion is not quantified directly, but is abtg
accounted for via th&gapsparameters for the stream channels (combiningdi@er, main channel,
and anastomosing/multichannel).
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