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Preface

Despite the considerable government and private
resources invested in the rehabilitation of damaged
environments, little is known about the success of
such projects. The Cooperative Research Centre
(CRC) for Catchment Hydrology conducted a project
(2000-2003) in collaboration with the CRC for
Freshwater Ecology and the Moreton Bay and
Catchments Healthy Waterways Partnership to assess
the impact of stream rehabilitation on a few key
elements of stream health. The project aimed to
quantify the affect of a commonly adopted stream
rehabilitation strategy on a small stream in southeast
Queensland. The stream rehabilitation strategy was to
exclude stock by fencing the stream, provide offstream stock watering and to revegetate the riparian
zone using endemic native species for a 1.5 km2
catchment (Echidna Creek) near Nambour in southeast
Queensland. Four key elements were monitored
through the life of the project:
1. Suspended sediment load;
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Stuart Bunn3

2. Channel morphology;
3. Water temperature;
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4. Aquatic macrophyte growth.
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The results of the suspended sediment response to
revegetation are presented in this report. The other
key research areas are presented in separate CRC for
Catchment Hydrology technical reports.
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Executive Summary

This report presents the results of suspended sediment
(SS) response to the revegetation of a small stream in
southeast Queensland.
Suspended sediment was measured indirectly by
converting half hourly turbidity values into suspended
solids concentrations using a suspended solidsturbidity relationship developed for the study site.
Suspended solids were logged from December 2000
until March 2004 in the treatment stream that was
subject to revegetation in early 2001, a control stream
that remained cleared of trees and a fully forested
reference stream. All streams had a catchment area of
approximately 1.5km2 and were located within 3 km of
each other. The discharge of each of three streams was
gauged for the duration of the study, hence we can
convert suspended sediment concentrations to
suspended sediment loads for the three streams.
The mean annual suspended sediment yield for the
catchments was 14.5-87.8 t/km2/a for the control
stream, 12.3-212.2 t/km2/a for the treatment stream
and 3.0-78.0 t/km2/a for the reference stream. These
loads are low by world standards. 85% of the total
suspended sediment load for the three streams was
delivered during storm events.
The treatment stream initially had a similar suspended
sediment yield to the control stream, however
following revegetation the SS yield in the treatment
stream increased by around 100% due to disturbance
of bank material and clearing of riparian weeds. The
suspended sediment yield at the treatment site was still
elevated at the completion of the three-year study,
however we would anticipate a gradual decline in
suspended sediment yield to the same or lower levels
than prior to revegetation. Stream managers need to
be mindful of the likely initial increase in suspended
sediment yield following rehabilitation work.
We compared the suspended sediment yield between
the three streams on an event-to-event basis, and
illustrated how the relative suspended sediment
yielded from forested and grassed catchments will
vary according to storm event size. For very large

ii

storm events (with overland flow), the forested site
yielded more sediment than the grassed catchment,
however for small storm events when most discharge
was within the stream banks, the grassed catchment
yielded more sediment.
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1. Introduction

A current trend in stream management is to control
sediment delivery to receiving waters, and to this end
extensive revegetation projects are under way across
Australia. With all riparian zones intact, the net
sediment delivery would be less than for cleared
channel banks. However to achieve this end point of
fully restored riparian zones we require an
intermediate period for vegetation to become reestablished.
During the re-establishment of
vegetation, the shading out and killing of invasive
pasture grass may result in the liberation of large
quantities of sediment to be delivered to receiving
waters. A key consideration for this study was to
determine if the sediment load of a small stream did
increase following revegetation, and over what period
was the sediment load elevated. The implications are
that stream rehabilitation work can be staged to reduce
the impacts of increased sediment supply from
multiple rehabilitation projects being undertaken
simultaneously.
The South East Queensland Water Quality Monitoring
Strategy's Moreton Bay Study found that the greatest
threat to Moreton Bay was sediment delivery to the
Bay (Dennison and Abal, 1999). Sediment not only
smothers sea-grass but the continual re-suspension of
fine particles by wave and tidal action increases
turbidity and limits seagrass depth range. Suspended
sediment (SS) can also increase nutrient delivery by
transferring adhered phosphorus to the Bay. There is
a worldwide emphasis on controlling nutrient
enrichment by controlling sediment input to streams.
Previous studies on the role of riparian vegetation in
restricting channel dimensions or controlling sediment
delivery are effectively "space-for-time" type
experiments where the differences in channel
characteristics or suspended sediment load are
assumed to be driven by the difference in the riparian
vegetation density. An example study was by Hossain
(2002) who showed a reduced SS load for the heavily
forested Bungawalbin Creek catchment of the
Richmond River compared to the upper Richmond
River and Wilson River. Neil et al., (2002) showed a
clear positive relationship between percent catchment
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cleared and median suspended sediment concentration
for the Tully River in North Queensland. Sutherland
(2002) showed that turbidity was higher in disturbed
streams compared to reference streams in North
Carolina (USA) during baseflow conditions, however
there was no clear relationship for turbidity during
storm flow.
To date there have been limited long term studies
where changes in sediment delivery due to land use
change have been measured. McKergow et al., (2001)
measured the suspended sediment response to a small
(5.9 km2) catchment near Albany in Western Australia
that was monitored for six years prior to revegetation
and four years after the commencement of stock
exclusion and revegetation. This study found a large
decrease in total SS following revegetation (94% drop
in event mean SS concentration). However there was
no control for climate before and after the
revegetation. Comparing the annual rainfall and
runoff from before and after the revegetation shows no
significant difference (t-test P>0.05), however SS
delivery to streams is largely during individual storm
events, hence it is important to consider sub-annual
rainfall and discharge data to illustrate the consistency
in climate both pre and post revegetation. It is
unlikely that any difference in storm activity pre and
post revegetation, could explain the huge 94% drop in
sediment delivery, yet still deliver the same annual
discharge. It is not clear whether the reduction in SS
yield is mostly related to the removal of stock,
whereby stock tracks can provide a preferred flow
path for sediment to the stream (Hairsine et al., 2001;
Trimble and Mendel, 1995), or the role of vegetation
in trapping sediment. However the restoration project
has clearly had a dramatic effect on sediment delivery,
although the precise impact is not clear without
comparing the individual storm events before and after
revegetation.
Saiakeu et al.,(2004) compared the SS concentration
at 57 sites on major rivers in central Japan over a
twenty year period. The patterns in SS were primarily
linked to changes in agricultural land, construction,
and point sources in populated areas. As you may
expect there was a negative relationship between mean
suspended sediment concentration and percent of
catchment under forest, although the same comparison
1
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is not presented for event based SS concentrations.
From the above two studies the low flow SS
concentration forms a strong relationship with percent
catchment cleared. This is important from a stream
habitat perspective where the dominant conditions in
the stream are low flow. However in terms of
sediment yield, most sediment is transported during
storm events. The available data sets comparing
forested and cleared sites during the peak sediment
delivery period (storm events) is limited.
1.1.

Role of Vegetation in Controlling
Channel Morphology

The replanting of riparian vegetation is common
stream rehabilitation activity largely because of the
relatively low cost, limited expertise required and
large range of potential benefits. One of the potential
benefits of riparian vegetation is its ability to control
channel erosion (e.g. Beeson and Doyle, 1996;
Anderson, 1985; Gurnell, 1995; Henderson, 1986;
Shields et al., 1995; Stott, 1997). Riparian vegetation
is often claimed to have a dramatic effect on the
geomorphology of streams (Abernethy and
Rutherfurd, 2000); (Anderson, 1985); (Beeson and
Doyle, 1996); (Bradbury et al., 1995). Riparian
vegetation is usually associated with a reduced
channel cross-sectional area. Hydraulic geometry
relations used for predicting coarse channel geometry
(bankfull width and depth) usually predict a reduction
in channel width of around 20% for heavily vegetated
streams (e.g. Church, 1996; Hey and Heritage, 1988;
Huang and Warner, 1995; Huang and Nanson, 1997;
Millar and Quick, 1998). Based on this literature
alone, one would be keen to plant riparian vegetation
for the sole purpose of restricting channel erosion and
sediment delivery to receiving waters. However some
literature clearly illustrates an increase in channel
cross-section for streams with a dense riparian forest
(Beeson and Doyle, 1996; Davies-Colley, 1997;
Gregory, 1992; Gurnell, 1995).
If one considers a regional stream restoration objective
based on reduced sediment delivery, a change in
channel width of ± 10% can result in an enormous
quantity of either sediment delivered to receiving
waters or stored within the channel. For example,
consider the Brisbane River catchment with say 425 km
of stream length, assume an average width of 15 m and
2

depth of 2 m, a 10% reduction in channel width would
trap around 2 million tonnes of sediment. Conversely
a channel widening of 10% would deliver the same
amount to receiving waters. Whilst vegetation
provides many beneficial elements other than erosion
control it is important that we understand the role that
vegetation plays in controlling sediment delivery
before we construct conceptual models of the expected
channel response to the replacement of grass with
trees.
The key role that vegetation plays in reducing channel
erosion is through the reinforcement of channel banks
by tree roots [e.g. (Abernethy and Rutherfurd, 1998;
Montgomery, 1997)]. However in the absence of
riparian trees, the stream bank is not necessarily bare,
grasses can colonise the stream bank providing a high
level of strength. It is streams with dense, invasive
pasture grass that effectively restrict the channel size,
hence the debate about what is best on the banks is not
about comparing vegetation and no vegetation but
comparing grass with trees.
Davies-Colley (1997) found that small New Zealand
streams (<1 km2 catchment area) that had forested
riparian zones were double the width of the same
stream where the riparian zone consisted solely of
grazing pasture. This effect of pasture grass restricting
channel size reduced until a catchment area of around
30 km2. Catchments of 30 km2 had a similar width in
both forest and pastures. That is, streams up to around
10 m wide were reduced in size when passing through
pasture (compared to native forest).
A similar finding has been illustrated in Coon Creek
Wisconson, USA by Trimble (1997), where streams
flowing from pasture to forest increased in width (and
cross-sectional area). Trimble (1997) does not state
the catchment area, however the reach mean stream
widths are from 8.8-11.8 m, indicating that the
catchment areas were likely to be small (<50 km2). A
much earlier study by Zimmerman et al., (1967) found
that meadow streams in Vermont USA were narrower
than streams in forest.
These differences in channel width do not appear to be
the result of changes in catchment hydrology whereby
forested catchments produce a longer time-ofconcentration and reduced peak for any given storm
event than cleared catchments because the observed
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differences in channel width occurs in both forest-topasture and pasture-to-forest transitions (DaviesColley, 1997). The differences in channel dimensions
appear to be primarily a function of the bank
vegetation. Davies-Colley (1997) suggests that the
mechanism by which pasture streams become
narrower than forest streams is largely due to pastures'
ability to colonise freshly deposited sediment more
rapidly than trees, effectively narrowing the channel
through pasture grass invasion into the channel. This
mechanism explains the observed phenomenon in
small streams, but does not describe why the
phenomenon should only occur in small streams.
We think that the differentiation between grass and
trees being the most effective at restricting sediment
delivery to the stream is largely a function of channel
hydraulics. We hypothesise that where streams are
vegetated only by pasture grass and the erosive
potential of the stream is less than that required to
scour the pasture grasses, then the pasture grass
effectively controls the channel width and can also act
to decrease the channel width by trapping fine
sediment (Bunn et al., 1997). For streams where
pasture grasses can be scoured at bankfull flow, the
pasture grass does not control the lateral extent of the
channel. For these streams with a greater erosive
potential, the lateral extent of the channel is defined by
the effective cohesiveness of the underlying soil. For

Figure 1.
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the case of streams that that have dense riparian
vegetation there is usually limited pasture growth due
to shading, hence the control of the channel width
would be due to the effective cohesiveness of the
underlying soil. The roots of riparian vegetation
increase the effective cohesiveness (and hence shear
resistance) of the underlying soil (Abernethy and
Rutherfurd, 1998). Whilst dense riparian vegetation
effectively restricts the lateral expansion of the
channel, the bare soil under a dense tree canopy
provides limited structure to enhance sediment
deposition, hence one would not expect channel
narrowing in small streams with a dense riparian
forest. The underlying hypothesis therefore is that
pasture streams are narrower than densely forested
streams where the erosive potential of the stream is
low. However where the erosive potential of the
stream is high, densely forested streams are narrower
than those vegetated only by pasture (Figure 1). The
term erosive potential is used rather broadly here, and
is intended to encapsulate any method of measuring
the ability of a stream to modify its form. The concept
of defining the channel forming discharge or dominant
discharge (the discharge that would produce the same
channel form as the natural hydrograph) (Copeland et
al., 2000) or effective discharge (maximum sediment
delivery discharge) (Sichingabula, 1999) would meet
our criteria for quantifying the erosive potential.

Hypothesised Relationship between Riparian Vegetation Type and Channel Width.
3
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Southeast Queensland Channel
Geometry

We can test the hypothesis in Figure 1 using 42
alluvially controlled reaches in southeast Queensland.
These reaches were included in the Design and
Implementation of Baseline Monitoring Project
(Smith and Storey, 2001). For details of site selection
and reach description please refer to chapter 2 of the
DIBM3 report. To test the hypothesis illustrated in
Figure 1, reaches were classified as having riparian
zones dominated by grass (herbaceous vegetation) or
trees. To quantify the stream erosion potential (Figure
1) we combined a measure of the streams ability to
mobilise sediment (stream power per unit stream
length [Equation 1]) and an indicator of the likely
duration of stream mobilising events.

Figure 2.

4

For channel change to occur, high stream power
conditions must persist for long enough to affect
morphological change. We do not have discharge
records for all of the reaches in Figure 2 to conduct a
frequency distribution of the duration of the erosive
events in each reach. We have instead used a coarse
surrogate of catchment size instead of flood duration.
Flood duration is a function of catchment size (and
shape and topography and land use and storm
characteristics) with small catchments generally
having shorter duration floods than large catchments
for the same storm event. The streams used here all
were located in southeast Queensland with generally
similar climatic conditions (e.g. similar storm
intensities and durations), hence catchment area was
assumed to be a suitable surrogate for event duration.

Comparison of the Cross-sectional Area of Treed and Grassed Streams
using Bankfull Stream Power and Catchment Area to Describe 'Erosion
Potential'.
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The measure of erosion potential used in Figure 2 is to
simply multiply the stream power and catchment size
together.

ϖ = ρgQS

(1)

where:

ρ

=

density of water (kg/m3)

g

=

gravity (9.8 m/s2)

S

=

water surface slops (channel slope used
as a surrogate)

Q

=

bankfull discharge (m3/s)

ϖ =

stream power (kgm/s3)

CATCHMENT HYDROLOGY

Based on the hypothesis of smaller streams in low
energy grassy channels compared to forested channels
in the same environment we would expect some
channel change in a small stream where grass is
replaced with trees. The stream which is the subject of
this stream restoration monitoring project (Echidna
Creek) has a small catchment (1.5 km2), hence we
would expect the channel response due to revegetation
to be one of widening and potential shallowing with a
net increase in channel cross-sectional area. We might
therefore expect an increased sediment delivery from
Echidna Creek (compared to control streams) in
response to the replacement of grass with trees.

Unfortunately we had a relatively limited data set with
which to test the vegetation effect on channel size, and
very few streams with a catchment area less than 50
km2. For each reach, five cross-sections were
measured (spaced at random intervals between 5 and
15 m). For each of these five cross-sections the
bankfull stream power was calculated and a reach
average combination of stream power times catchment
area were used to represent the erosive potential of the
streams. To calculate stream power, we calculated the
bankfull discharge using Manning's equation, whereby
channel surveys were used to determine channel
geometry variables (Cross-sectional area, hydraulic
radius and bed slope which was used to approximate
water surface slope), and Manning's 'n' was estimated
from tables and figures of representative streams
(Chow, 1959). Previous studies relating channel
geometry (width, depth or cross-sectional area) to
bankfull discharge or catchment area have tended to
find that power functions are robust for curve-fitting to
describe the data trends (Annable, 1996; Hey, 1978;
Hey, 1988; Huang and Nanson, 1998; Thorne et al.,
1988). In Figure 2 we have applied power functions
(fit based on least squares) to describe the relationship
between channel size and erosive potential.
Figure 2 is not conclusive in its support for smaller
cross-sectional area pasture streams (for low stream
energy) due to the spread of the data and limited
replication. However the grassed streams do appear to
have a slightly reduced cross-sectional area for small
streams than the treed streams. Figure 2 illustrates that
this hypothesis is worth pursuing with a larger data set
and more robust quantification of erosive potential.

5
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2. Conceptual Models of Sediment
Response to Revegetation

Before revegetation Echidna Creek was wider on
average in forested sections than in cleared sections.
We hypothesised that the narrower channel in pasture
was due to the lack of riparian forest vegetation, and
effective encroachment of pasture grass (Figure 3).
Our conceptual model for channel activity in Echidna
Creek following revegetation was that:
1. When canopy closure is achieved by the replanted
vegetation, the light levels in the riparian zone will
be too low for the continued vigorous growth of
pasture grass.
2. The pasture grass within the channel will die due to
shading.

CATCHMENT HYDROLOGY

4. The channel will widen in response to the effective
decrease in cohesive strength in the stream banks.
5. During the period of no grass and establishment of
vegetation there is effectively no buffering effect
due to streamside vegetation with hillslope and
floodplain generated sediment able to be delivered
directly to the stream without sediment settling due
to the roughness effect of ground cover. Hence the
suspended sediment load would increase as
vegetation becomes established and the channel
reaches a new wider morphology.
6. As vegetation becomes established the channel
margins will become stabilised and the suspended
sediment load will return to the pre-revegetation
level.
7. A wider channel will be established.

3. The lack of pasture grass will decrease the bank
strength.

Figure 3.

Conceptual Model of Changes in Gross Channel Morphology.
(Channel expected to widen as woody vegetation becomes established).

7
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3. Methods

3.1.

Experimental Design

The approach for testing the suspended solids
hypotheses was by way of a 'BACI' type experimental
design (Before, After, Control, Impact). The relevant
parameters were measured simultaneously at both a
high quality reference site and a poor quality (limited
vegetation) control site as well as the treatment site.
The relative difference between the treatment site and
the reference and control sites can be tracked through
time from before the revegetation commenced. This
comparison of the relative difference in suspended
sediment load between the control and treatment sites
reduces ambiguity due to seasonal differences in SS
from inter-annual variation in rainfall.
3.1.1 Turbidity Logger Installation
Turbidity is being used as an indirect measure of
suspended solids because it is an inexpensive way to
continuously monitor sediment concentration. There
are several turbidity loggers on the market, each with
specific benefits such as robustness, battery life, data
storage, or recalibration requirements. We chose
turbidity loggers manufactured by Greenspan
Technologies (TS 300 model) because they were
relatively inexpensive and had a lens cleaning jet
attached. The fouling of the optical lens by
filamentous algae has proven to be a major limitation
to the remote measurement of turbidity (Gippel 1989).
There are two basic designs to facilitate the removal of
algae from the optics, 1) abrasive removal such as by

Figure 4.
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using a small brush, and 2) jet removal such as
spraying the optics with a high velocity jet (Figure 4).
An electronic controller was used to control the
duration of each jet and the frequency of lens cleaning.
The pump (for the jet) was attached to a 12 volt gel
cell battery, hence the operation of the optics cleaning
jet was a compromise between the frequency and
duration of water jet for lense cleaning and the battery
life.
Greenspan turbidity loggers were installed at two
locations in December 2000 (Figure 5). The logger
located at Echidna Creek is at the downstream end of
the stream rehabilitation project (the treatment
logger). Dulong Creek (control site) has little riparian
vegetation and had continuous cattle access to the
stream for the duration of the experiment. In addition
to these two sites a third logger was installed in
Piccabeen Creek in March 2002. Piccabeen Creek is
a reference site located in nearby Mapleton State
Forest.
The intended analysis was to compare both reference
and control sites with the treatment site for a series of
storm events during the establishment of vegetation.
The SS load is likely to be heavily influenced by
antecedent conditions such as a recent flood peak
(Rieger and Olive, 1988), hence one must be careful in
presenting before and after comparisons for a single
site. By comparing across nearby sites the antecedent
conditions can be assumed to be very similar for any
given event hence the difference in SS would indicate
a real difference between the streams rather than an
anomaly of the pre-event conditions and storm
intensity.

Turbidity Meter (left) and Logger Installation (right).
9
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Figure 5.
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Field Site Locations.

3.2. Site Description

3.2.1 Treatment Site (Echidna Creek)
The target stream, Echidna Creek is small with a
bankfull width of around 1-5 m and a catchment area
of 1.5 km2. Echidna Creek is a tributary of the South
Maroochy River near Nambour in southeast
Queensland. The catchments near Echidna Creek
were previously used for intensive dairy farming,
although the present land use is largely hobby farming
and low intensity cattle grazing. The area has fertile
volcanic soils, and is about 250 m above sea level.
The climate in Echidna Creek is subtropical, with a
late summer dominated rainfall (Average annual
rainfall since 1952, 1732.6 mm/a). The catchment had
been mostly cleared. Echidna Creek has two large
farm dams in the upstream section (Figure 5). The
channel bed is cobbly with bedrock outcrops. The
riparian vegetation for this length of stream is patchy
and varies from dense over-storey to pasture grass.
10

Rehabilitation commenced in February 2001, with
most rehabilitation complete by May 2001. Stock
exclusion was achieved using a four-strand barbed
wire fence with solar powered off-stream stock
watering points. Points where stock or vehicles
traverse the stream were constructed into low level
concrete fords. The riparian revegetation consists of
species grown from locally collected riparian seed
stock. The revegetation process was firstly poisoning
the grass and weeds in the riparian zone using an
organophosphate pesticide, and secondly planting
tube-stock by digging a single hole for each tube
stock. The tube stock was watered-in and the whole
riparian zone (approximately 5 m) either side of the
stream was covered in a thick layer of mulch hay. A
small section of fencing and revegetation was
conducted in November 2001, and some secondary
planting to replace non-viable plants in FebruaryMarch 2002. Figure 6 compares the downstream
sampling site at the beginning and end of the project.
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Figure 6.

CATCHMENT HYDROLOGY

Echidna Creek, Downsteam Monitoring Site - April 2001 (left), March 2004 (right).

3.2.2 Control Site (Dulong Creek)

3.2.3 Reference Site (Piccabeen Creek)

Dulong Creek is located 2 km from Echidna Creek,
and has a catchment area of 1.53 km2. The land use is
improved pasture (mostly Kikuyu grass (Pennisetum
clandestinum)) for dairy and beef cattle grazing.
Dulong Creek has two similar sized tributaries that
join approximately 200 m upstream of the sampling
site. A large dam is located on one of these tributaries.

Piccabeen Creek is located approximately 2 km from
Echidna Creek and has a similar catchment area of
1.55 km2. Piccabeen Creek is located within the
Mapleton state forest area and has a fully forested
catchment. The catchment has been subject to past
logging, but regrowth within the catchment appears to
be mature trees older than 30 years, hence the
catchment has not been subject to disturbance in
recent years.

Figure 7.

Dulong Creek (Control Site) left, Piccabeen Creek (Reference Site) right.
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4. Results and Discussion

4.1.

Suspended Sediment - Turbidity
Relationship

The direct measurement of suspended solids is time
consuming and requires expensive sampling
equipment. To permit a high frequency of suspended
sediment (SS) sampling, a continuous turbidity
measurement was selected as a suitable surrogate
measure of SS. To convert the turbidity values to an
equivalent SS value, a calibration curve for the given
catchment must be developed. A risk of this type of
experiment is that most of the variability in the optical
properties measured by nephelometric turbidity units
is not explained by SS. Based on available literature,
an R2 value of 0.5-0.9 (SS versus turbidity - linear
model) would be expected. There is potential that the
optical properties of the stream are significantly
affected by variables other than SS such as colour, and
dense growth of filamentous algae that may preclude
the successful use of turbidity as a surrogate measure
of suspended sediment.

Figure 8.

CATCHMENT HYDROLOGY

For each SS-turbidity datum point three instantaneous
turbidity recordings were taken using a TPS brand
handheld turbidity meter, and three filtered suspended
samples were collected. The turbidity readings were
taken in the field to reduce the potential error
associated with delayed turbidity sampling as
described by Gippel (1989). Suspended sediment
filter samples were collected by first oven drying filter
papers at 105ºC for 45 minutes and pre-weighing. A
known volume of water was filtered through the 0.45
micron filter papers (120-400 ml depending on SS
concentration). The used filter papers were oven-dried
and re-weighed on a 5-point balance. The dry pre and
post filtration paperweights were used to calculate the
SS concentration.
The small catchments used in the study have a very
rapid response to storm events, and it was difficult to
be on site during a storm event to sample elevated
turbidity values. In an effort to collect high turbidity
data, artificially high turbidity conditions were
simulated by mechanically agitating the stream
sediment then collecting SS and turbidity data
downstream from this point over approximately a 45-

Turbidity-SS Relationship for Echidna Creek Area Showing Range of Data for Each Sample.
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minute period as the water settles to the ambient
turbidity value.
The 70 turbidity-SS datum points (Figure 8) gave a
reasonable correlation (R2=0.79) using a linear model
forced through zero. This correlation compares well
with the range normally reported in the literature (R2=
0.5-0.9). This relationship is adequate to compute SS
load from turbidity data at the selected streams. The
range bars on Figure 8 show the total range of values
collected for each sample (Three replicates for each
sample). The error range increased with increasing SS
concentration, illustrating the difficulty in sampling in
the high turbidity range where the SS concentration is
not uniformly mixed through the entire water column.
The SS-turbidity relationship in Figure 8 was used to
convert turbidity data to SS concentration. This SS
concentration was then converted to SS load by using
stream discharge. Stream discharge was calculated by
applying stage discharge curves to recoded stage level
in the three streams.
The collection of turbidity data was not as
straightforward as initially hoped. There was a large
degree of temporal variation in turbidity data, with
irregular spikes in turbidity values up to 20 times the
base levels. We think that these high values were due

14

Figure 9.

to submerged macrophytes, or dense algal mats
drifting past the turbidity detection probe. In addition
to the spiky turbidity data, a distinct diurnal
fluctuation of up to 10 NTU was detected for several
months on Dulong Creek (Figure 9). This fluctuation
appears to peak mid-morning and we think that it was
likely to be due to bioperturbation. The pool in which
the turbidity logger is located on Dulong Creek is
home to several turtles, one of which has been
observed scratching at the bank material above the
water surface next to the logger installation (Figure
10). The diurnal fluctuations in turbidity have little
bearing on the total sediment loads because most
sediment is delivered during short duration storm
events. However bioperturbation may be relevant for
water quality sampling programs that have infrequent
spot samples that take little account of daily variation.
Bioperturbation may also be an important control for
the instream habitat during the dominant baseflow
conditions, where suspended sediment levels may be
doubled by the action of bioperturbation, although the
absolute maximum potential increase in turbidity due
to bioperturbation would be limited by bed and bank
material composition (e.g. in a gravel bed stream the
potential maximum turbidity due to bioperturbation
would be less than for a silt lined channel).

Bioperturbation in Dulong Creek (mid-morning peak about 7 NTU above baseline turbidity).
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hourly from December 2000 until March 2001, then
the recording was changed to quarter hourly. The
quarter hourly data is a single measure logged every
15 minutes, this sampling regime was altered further
in January 2002 to record the average of 15 turbidity
values every 15 minutes. The recording of 15 minute
averaged turbidity values produced far fewer
unexplained spikes in the turbidity values than the
instantaneous recordings.

Figure 10.

Bioperturbation Caused by Turtles on Dulong
Creek.

In order to remove the spikes in turbidity that were not
truly a reflection of changes in SS concentration (e.g.
bioperturbation, floating algal mats, electronic spikes
in the logger) a filtering algorithm was written. The
algorithm removed spikes in the turbidity data that
were more than two times the values either side, and
not part of a continuous rise or fall (minimum three
consecutive recordings) by applying a linear
interpolation between turbidity values either side of
the peak. Turbidity data was initially recorded half

Figure 11.

Water depth, used for calculating discharge was
recorded half hourly, hence turbidity data was
summarised from 15 minute recordings to correspond
to the half hourly recording of water depth by
averaging two adjacent recordings for each half hourly
time step.
In addition to this correction for spiky turbidity values,
the turbidity data also had to be corrected for drift due
to diatom growth on the sensing lens for some periods.
The turbidity probes were equipped with lens cleaning
pumps that were actuated to pump for 30 seconds
every two hours. The pumps were reasonably
successful in removing algal growth from the turbidity
probe lens (minor algal growth near lens edge).
However the growth of a more hardy film of diatoms
continued to develop on the lens. The lens was
cleaned with a toothbrush during the monthly logger

Example of Turbidity Data Corrected for Drift (Dulong Creek).
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download, and the turbidity measured using a hand
held turbidity meter. The hand held turbidity meter
values are used to correct for drift in the turbidity
values by assuming a linear relationship between the
turbidity effect due to diatom growth and time. Figure
11 shows a sample of turbidity data before and after
being corrected for drift.

Figure 12.

In order to convert the turbidity data to a mass load of
SS, the water depth data was converted to discharge
data. In order to achieve this, a stage discharge curve
was required for each site being monitored. The small
catchment areas, peak response to rainfall and
inaccessibility of Piccabeen Creek during wet weather
has necessitated the development of theoretical stagedischarge curves for the three streams. For Echidna
Creek the theoretical stage discharge curve was
constructed by installing temporary ninety-degree V-

depth (mm)
Figure 13.
16

900 V-Notch Weir Installed on Echidna Creek

4.2. Discharge Calculation

discharge (l/s)

The turbidity logger for the reference stream
(Piccabeen Creek) was not installed until March 2002.
The third logger was not installed because we first
wanted to test the suitability of the turbidity loggers,
and to determine if a suitable SS-turbidity relationship
could be developed for these three streams. We chose
to install the turbidity logger in the reference site last
because we assumed that this site was the most likely
to have a predictable SS response to storm events
because of the limited anthropogenic impact in the
catchment. Once installed, we constructed a stageturbidity relationship using 2791 turbidity readings
from 27/04/02-24/06/02.
The turbidity stage
relationship was reasonable (R2=0.59, linear least
squares fit). We then used this turbidity stage
relationship to back calculate the turbidity from stage
recorded from December 2000. Thus the turbidity
data for the reference site has a potential error of 41%
for December 2000 until March 2002.

Stage Discharge Relationship for Echidna Creek.
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Figure 14.

Sediment Load for Echidna
Creek (Dec 2000-Mar 2004).

Figure 15

CATCHMENT HYDROLOGY

Sediment Load for Dulong
Creek (Dec 2000-Mar 2004).
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Figure 16.
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Sediment Load for Piccabeen
Creek (Dec 2000-Mar 2004).
Figure 17

18

Seven Day Running Mean of
Suspended Sediment Load for
the Three Streams.
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notch weirs (Figure 12) and relating stage to discharge
through several storm events. Weirs could not be
installed in Piccabeen and Dulong Creeks due to
access and land use restrictions, hence the stage
discharge curve for these streams was a theoretical
discharge curve based on cross-sectional survey data
using a 1D flow routing model (US Army Corps of
Engineers HEC-RAS) to compute a theoretical stage
discharge curve. The validity of the stage discharge
curve for low flow was checked manually when the
loggers were downloaded.
Figure 13 illustrates the stage discharge curve for
Echidna Creek. The calculated suspended sediment
load for the three streams for the duration of the study
(December 2000 - March 2004) is presented in a
summarised form in Figures 14, 15, and 16. The
seven-day running mean suspended sediment load
(Figure 17) illustrates a similar shaped response from
each stream for each event, although the magnitude of
the response for each stream (relative to the other
streams) varies from event to event.
4.3.

Suspended Sediment Yield Results and
Discussion

The closest long-term rainfall gauge to the treatment
site is located in Nambour (approximately 5 km from
the site). The long term rainfall for the Nambour
gauge is 1736 mm/year (since 1952) The first two
years of the study were quite dry 1180 mm in 2001,
and 1055 mm in 2002 compared to a slightly above
average rainfall for 2003 of 1974 mm. As a
consequence, the suspended sediment yield was much
higher in 2003 than the first two years of the study for
all three streams (Figure 18). The SS yield for the
reference stream was consistently lower than the
control stream. The treatment stream produced a
similar SS load to the control stream for 2001 and
2002 but had more than double the SS yield of the
control stream in 2003. To calculate the suspended
sediment yield we have only considered suspended
sediment yield per unit of potential source catchment
area. To calculate the potential source area we have to
remove the effect of sediment trapping by farm dams
in the Echidna Creek and Dulong Creek catchments.
There are several ways to consider trap efficiency
based on pond volume, pond surface area or period of
retention (see [Haan et al., 1994] for a review). The
dam volumes for both streams is larger than the
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measured mean annual discharge for both streams (for
the three complete years of this study), according to
(Brune, 1953), the trap efficiency is likely to be
between 90-100% where the reservoir volume exceeds
the annual inflow. We have assumed 100% trap
efficiency for the farm dams in Echidna and Dulong
creeks. The contributing area is therefore only the
catchment area downstream of the dams. The
effective contributing catchment areas are 82.5 ha for
Echidna Creek, 101 ha for Dulong Creek and 155 ha
for Piccabeen Creek (no dams in Piccabeen Creek).
The cumulative suspended sediment yield per
catchment area for the study period shows the delivery
of sediment from the treatment site to be similar to the
control site until large storm events in March 2003
(Figure 19).
The annual suspended sediment yields are within the
range reported for Australian streams which are low
by world standards (Table 1).
4.3.1 Variation in Control Streams
To overcome the complication of inter-annual
variations in rainfall affecting our ability to interpret
the response of the treatment stream to revegetation
we have considered the suspended sediment yield
from the treatment stream relative to the control
streams. We compared the relative deviation of the
treatment stream from the control stream and
reference stream through time. The hypothesised
response (Figure 3) was that the suspended sediment
load at the treatment site (Echidna Creek) should
initially be similar to that of the negative control site
(Dulong Creek), go through some transition phase
following revegetation and eventually have a
suspended sediment regime resembling the reference
site (Piccabeen Creek).
Most sediment transport (85.4% of total load)
occurred during storm events, to compare the variation
in SS load through time we defined a storm event in
terms of discharge. When the discharge in any creek
exceeded a threshold that was approximately double
the baseflow discharge (threshold flows for Echidna
and Piccabeen Creeks were 10 l/s and 15 l/s for
Dulong Creek). The event was assumed to start when
the threshold was exceeded by one stream and finish
when the flow passed back below the threshold of the
last stream. A storm event had to occur in at least two
streams to be considered and the period between storm
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Selected Sediment Yield Results.

Site

Catchment
Area (km2)

t/km2/a

Source

Australia
Echidna Creek

1.5

12.3-212.2

(This study)

Dulong Creek

1.5

14.5-87.8

(This study)

Piccabeen Creek

1.5

3.0-78.0

(This study)

Modelled North Queensland
(Natural catchments)

6410-202610

1000- 5800

(Neil et al., 2002)

Modelled North Queensland
(Disturbed catchments)

6410-202610

1900-76000

Tully River, Queensland

44-585

8-45

(Rieger and Olive, 1988)

Babinda, Queensland

15

480

(Rieger and Olive, 1988)

Macleay River, NSW

7.5-20

138-179
0.33-12.52

Loughran (1969) and Field
(1985) in (Rieger and Olive,
1988)

Southern Tablelands (NSW, ACT)
Native forest and pasture

<10 km2

2-24

(Wasson et al., 1998)

Southern Tablelands (NSW, ACT)
Cropped

<10 km2

42-72

(Wasson et al., 1998)

Southern Tablelands (NSW, ACT),
Pine plantation

<10 km2

42-126

(Wasson et al., 1998)

68-1770

(Lu and Higgitt, 1999)

0.16-633

(Horowitz et al., 2001)

China
Upper Yangzi

363-974881
USA

Major USA Basins

29500-2979000

Continental Scale

20

Europe

35-43

(Rieger and Olive, 1988)

Asia

600-166

(Rieger and Olive, 1988)

Africa

27-37

(Rieger and Olive, 1988)

North and Central America

96-73

(Rieger and Olive, 1988)

South America

63-93

(Rieger and Olive, 1988)

Australia

45-32

(Rieger and Olive, 1988)
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Figure 19.

Cummulative rainfall (mm)

Annual Summaries of Total Suspended Sediment Yield.

cummulative Sediment yield (kg/ha)

Figure 18.
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Cumulative SS Yield Per Effective Catchment Area (area below dams).
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Figure 20.

23/04/2004

04/03/2004

14/01/2004

25/11/2003

06/10/2003

17/08/2003

28/06/2003

09/05/2003

20/03/2003

29/01/2003

10/12/2002

21/10/2002

01/09/2002

Suspended Sediment Yield for 28 Identified Storm Events (lines connecting events shown for clarity).

events had to exceed 24 hours, otherwise they were
considered a single storm event.
Using these criteria we identified 28 independent
storm events during the three-year data-sampling
period December 2000 until March 2004. Figure 20
illustrates each event-mean sediment concentration
per unit discharge (average of all instantaneous SS
concentrations for the event).
To test our hypothesis that the SS yield in the
treatment stream would increase following
revegetation we need to be able to compare the
relative sediment yield for each event between sites.
To compare between sites requires that we further
standardise the SS yield data to remove the effect of
time variant parameters (e.g. localised differences in
rainfall) that can vary between the sites. One way to
investigate the effect of time variant parameters is to
compare our control and treatment sites over the
period of the study, if there are no time variant
parameters, the relative SS yield for each event should
be similar between sites.
Figure 21 shows that the relative SS yield between
Dulong (control) and Piccabeen (reference) is highly
variable through time with a range of up to six orders
of magnitude for a single storm event. This range in
response appears to be largely due to the large
difference in discharge for the same event between the
reference and control streams. As one would expect,
SS yield is strongly related to event size (Figure 22),
such that larger discharge events, deliver more
sediment. It is not valid to use the curve functions in
22

13/07/2002

24/05/2002

04/04/2002

13/02/2002

25/12/2001

05/11/2001
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16/09/2001

28/07/2001

08/06/2001

19/04/2001

28/02/2001

09/01/2001

20/11/2000

01/10/2000

Event mean SS concentration/ha (g/m3/ha)
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Figure 22 to predict SS yield because instantaneous
discharge features in the calculation of yield (Y axis)
and total event discharge (X axis), however it is useful
to consider the shapes of the curves in Figure 22
because a different shape would indicate a different SS
yield response mechanism. The power function curve
for the treatment and reference streams have a very
similar slope (on the log-log plot), but with a higher Y
intercept for the treatment stream, indicating similar
SS delivery mechanisms, but a consistently higher SS
yield from the treatment stream. By comparison, the
control stream has a larger Y intercept and flatter slope
than the treatment and reference streams indicating
that the SS delivery mechanisms are different in this
catchment. The different slope for the control
catchment indicates a higher SS yield for small storm
events, however for large storm events the SS Yield/m3
was less than the reference and treatment streams.
The lower SS yield/m3 from the fully grassed
catchment for large storm events might be expected
based on the research into buffer strips in north
Queensland, where remnant forest buffer strips
trapped less sediment (and were sometimes a source of
sediment) compared to grass buffer strips (McKergow
et al., 2004). Considering the potential sediment
sources as either in channel (channel bed and banks)
or out of channel (hillslope, floodplain). The forest
floor in the reference site is covered in leaf litter, but
lacks dense ground cover. For large storm events,
once overland flow occurs in the forest, there is an
enormous potential to generate sediment runoff. The
potential to generate overland flow is lower in the
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forested stream than pasture stream because of the
greater infiltration rates in forests (Bonell and
Gilmour, 1978; Talsma and Hallam, 1980). In the
forested catchment, once overland flow commences,
the relatively smooth forest floor does little to enhance
resettlement of suspended material, and the bare soil
allows preferential flow paths to develop. Any
sediment that is deposited on the forest floor can be
easily remobilised in subsequent events, compared to
a grassed area where deposited sediment is rapidly
vegetated (McKergow et al., 2004). Once overland
flow has commenced in the control catchment, the
continuous carpet of pasture grass provides no
preferential flow paths for gullying to commence, and
it also provides a hydraulically rough surface (relative
to water depth and Froude number of overland flow),
to allow deposition of sediment. The net SS yield is
lower in the forested stream because these large storm
events are relatively rare; in this study 6 of the 28
events were large enough for SS yield/m3 to be greater
in the forested site than the pasture site.
The variation in event size between streams is around
one order of magnitude for most events (Figure 23),
although the discharge of some events vary by up to
three orders of magnitude. From Figure 22, one order
of magnitude difference in discharge produces around
one order of magnitude difference in SS yield.
Combining Figures 22 and 23 we would then expect
around one order of magnitude difference in SS yield
for each of the 28 storm events due to the difference in
discharge alone. To explore the land use impacts on
SS yield at an event-by-event time scale we need to
remove the effect of discharge on SS yield.
A common approach for removing the effect of total
event discharge is to consider the event-mean SS
concentration rather than total yield. We can compute
the event-mean SS concentration in two ways;
1) the SS concentration that when multiplied with total
discharge gives the total SS load (Figure 24), and;
2) the mean of many instantaneous measurements of
SS concentration throughout the event (Figure 20).
The first method of determining event-mean SS
concentrations is effectively the second method where
each instantaneous SS concentration is weighted by
discharge. The second method is sensitive to SS
concentration because it is not weighted by flow. We
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used the first method (Figure 24) to calculate event
mean SS concentration, and further divided this by the
source catchment area to produce the event-mean SS
yield which can be compared across-catchments
because it has been standardised by catchment area.
The range of event-mean SS concentration is quite
similar between the three streams, with many points of
overlap in Figure 24 indicating an inconsistent
response of each stream relative to the other streams.
Variation in inter-event SS yield has been observed
elsewhere; a study of suspended sediment loads in the
Northern Territory found that an effective way to
determine total sediment load was to develop a
relationship between SS load and discharge for each
event, indicating a different sediment load response
depending on the nature of the storm event (Moliere et
al., 2004). This varying SS load response to different
storm events is well recognised and is often described
in terms of hysteresis curves, that compare SS
concentration to instantaneous discharge throughout a
single storm event (Rieger and Olive, 1988). The
often poor relationships between discharge and SS
concentrations are illustrated in several SS load
studies (Rieger and Olive, 1988; Walling, 1974;
Walling, 1977a; Walling, 1977b; Walling and Webb,
1981); (Brasington and Richards, 2000). The poor
relationships between SS and discharge are because
there are several key variables other than
instantaneous discharge that control SS load (Walling,
1974).
Whilst the absolute event to event SS yield values vary
for each stream there are some general trends that can
be observed by smoothing the data using a running
mean of three consecutive events (Figure 24). Based
on the running mean of Figure 24, the reference site
had a consistent suspended sediment yield/m3 of
around 1x10-3 kg/ha/m3 for the full study period. The
control site initially had a higher running mean of
around 4x10-6kg/ha/m3 which dropped below that of
the reference site in early 2003 to 1x10-4 kg/ha/m3, and
has remained below or similar to the reference site.
This reduction in suspended sediment yield at the
control site has occurred during a period of larger,
more intense storm events (late 2002 and 2003)
whereby a greater proportion of the event discharge
has come directly from overland flow. The completely
23
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To test the apparent change in SS yield at the control
and reference sites due to changes in the SS response
mechanisms because of an increased rainfall rate we
used a nonparametric test (Wilcoxon signed-rank test
in the SPSS package) to compare the control and
reference sites before October 2002 (14 events) and
after October 2002 (14 events). The Wilcoxon signedrank test computes the difference between the two
sites for each event and classifies them as either

Ratio of SS yield per ha control/reference
(Dulong/Piccabeen)

grassed catchment of the control site has yielded less
suspended sediment for these large events that are
likely to have had overland flows than the other sites
which have more bare soil. We suspect that the
different event responses between the grassed and
treed streams are due to differences in the erosion
processes due to the different ground covers. The
dense, and continuous ground cover of the control site
may preclude flow concentration and gully formation.

Comparison of the Relative SS Yield per ha Between the
Reference and Control Streams.

SS yield kg/ha

Figure 21.

Figure 22.
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The SS Yield for Each of the Streams is Closely Related to the Event Size.
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Figure 24.
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Figure 23. Event Size for the Three Streams (usually a range of around 1 order of magnitude).

Event-mean Suspended Sediment Yield Per Hectare of Contributing Catchment (Y axis = event
total SS load divided by total event discharge divided by contributing catchment area).

positive, negative or tied, whereby sites for with a
similar distribution of events the number of positive
and negative differences will be similar and the
differences not considered as significant. The control
and reference streams for the first 14 events (dry
period), were close to being significantly different
(P=0.064), with the control stream having a higher
yield/m3. For the 14 events in the wetter period (after
October 2002) the control and reference sites were
significantly different (p=0.009), with the reference
stream having a higher yield/m3.

We have shown that the change in relative SS yield/m3
for the control and reference sites is likely to be due to
the differing SS delivery mechanisms in wet vs. dry
periods. It would be useful to develop models to
quantify the relative importance of rainfall event
characteristics that discriminate between the
alternative SS delivery processes. Key characteristics
that are likely to influence the SS load response to
storm events are related to catchment characteristics
and to storm event characteristics (Table 2).
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Table 2.
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Key Variables Considered in Developing Multiple Linear Regression Models of Event Mean SS Yield.

Key Characteristic

Representative Measures

Sediment depletion, exhaustion of sediment
sources due to successive runoff events or
(Moliere et al., 2004)

Number of days since last event (days)

Sediment depletiondue to multi-peaked events
(Moliere et al., 2004)

Number of event peaks (days)

Antecedant conditions, soil moisture at the
time of the event

Number of days since last event

Intensity of rainfall event (Chikita, 1996)

Maximum rate of rainfall for the event (mm/h)

Magnitude of the storm event (Sichingabula, 1999)

Total discharge for the event transformed by
dividing by the mean annual discharge (unitless).
Total rainfall for the event (mm)

Seasonality (Walling, 1974)

Described by the month in which the event
occurs (commencing with the month 1 = September
- the minimum mean monthly flow for
the experimental period)

Topography

Comparing between events with the same
catchment therefore this parameter is constant
through time

Geology

Comparing between events with the same
catchment therefore this parameter is constant
through time

Land use

Comparing between events with the same
catchment therefore this parameter is constant
through time

We have included these characteristics in a multiple
linear regression model to determine the key controls
on event mean SS Yield/m3. Where possible, the
variables have been standardised to make the units
independent of discharge magnitude to allow
subsequent comparison between catchments of
varying discharge. Using the SPSS multiple linear
regression model (backward inclusive method) we
were unable to construct significant models (at the
0.05 level) to predict event mean SS Yield/m3 for any
of the three streams. This result implies that the
inconsistent overlapping of event-mean SS yield in
Figure 24 is due to stochastic processes and cannot be
described using linear models based on the storm
event variables that we have considered.

yield/m3 based on storm event variables (other than
total discharge). There are three potential reasons for
this result:

We have been unable to quantify the SS yield/m3
response to revegetation at the treatment site because
we have been unable to explain the variance in the SS
26

1. Sites are too similar: the SS yield/m3 for the three
streams considered have an event-to-event
variation in SS yield/m3 larger than the difference
between sites, hence further investigation of the
effect of rehabilitation on an even-by-event basis
will not be informative.
2. Reduced time series resolution required: The
event-based development of predictive models
cannot be achieved because the temporal resolution
of SS yield response may operate at finer
timescales (hours or less). To build successful
models would require the prediction of
instantaneous SS concentration based on
instantaneous (or slightly lagged) predictor
variables of the storm event, such as rainfall
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intensity. Walling (1974) was able to construct
successful multiple linear regression models to
predict instantaneous SS concentration based on a
range of storm event variables. However the
models were poor when several events were
considered, implying a different SS concentration
response model for each event. Walling's failure to
develop multivariate models of SS concentration
that applied across different storm events implies
that there were still parameters that had not been
included in the model that distinguish between
events, hence the models were not particularly
useful in predicting future SS yield, but rather at
explaining the key variables controlling SS yield
from each of the observed events. Further
expansion of this modelling technique should
incorporate ways to capture spatial elements of
each storm event, such as where and how intensely
the rain falls within the catchment.
3. Inappropriate event lumping: we have combined
events of all sizes in order to develop the
multivariate models. However the SS yield
processes for small within-channel events is likely
to be different to those for large floods with a high
proportion of overland flow (as illustrated above).
To further categorise the 28 floods into a series of
flood ranges would reduce the predictive power of
any models produced (increasing the probability of
a type 1 error). A preliminary review of the 28
storms indicates that significant predictive models
(adjusted R2~0.4) are possible if only the largest
events are considered (we considered events with
greater than 100 mm of rainfall, reducing the
number of storm events to 11). To construct robust
predictive models based on event based criteria
would require continued monitoring of the three
sites to increase the number of events to
approximately 20 times the number of predictors
(or 5 as an absolute minimum) (Tabachnick, 1989).
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5. Conclusions

Our conceptual model of suspended sediment (SS)
response to revegetation (Figure 3) proposes an initial
increase in SS yield following revegetation, followed
by a gradual decrease in SS yield to eventually be
similar to that of the fully forested stream. We have
shown that for a stream revegetation project, the SS
yield did increase relative to nearby streams following
revegetation, although we could not explicitly say that
this increase was entirely due to revegetation or some
inter-annual climatic difference, whereby the sediment
delivery mechanisms had changed due to climate
rather than in response to revegetation activity. We
will further test the conceptual model of channel
response to revegetation by comparing a detailed
channel survey completed before replanting, to one
conducted after the channel has had time to respond
(3-10 years depending on rainfall).
By comparing forested and grassed (reference and
control) streams we have shown that if the SS yield for
the revegetated site does become similar to a forested
stream then we could expect the SS yield to fall to
around two thirds that of a similar, grass lined stream.
Whilst unable to fully test the conceptual model of
Figure 3 we can refine the model (Figure 25) to

Figure 25.
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illustrate the stochastic nature of SS yield, where the
running mean of event mean SS yield effectively
represents the initial conceptual model.
The
magnitude of inter-event variation in SS yield overlaps
with the long-term running mean of SS yield, making
discrimination between sites on the basis of individual
events difficult without a long record to develop
multivariate models that account for a significant
proportion of the inter-event variation.
We think that the increase in SS yield at the treatment
site was due to disturbance during the restoration
works (although it may be due to climatic differences
between the early and late states of the monitoring).
Any disturbance due to the restoration activities is
likely to be short lived (1-2 years), and enlarging of
the channel due to the removal of in-channel grasses is
likely to take tens of years depending on the
hydrologic regime and sediment characteristics. We
surveyed the treatment stream in detail before
restoration work, and will again survey the stream
once the channel has had an opportunity to respond to
the altered riparian vegetation (4-10 years from
rehabilitation depending on climate). The comparison
of survey data before revegetation, and after the
channel has a chance to change form will indicate the
role that vegetation plays in controlling the channel
form in these small subtropical streams.

Updated Conceptual Model of SS Response to Revegetation.
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The results of this study have provided four main
advances;
1. We have shown that automatic turbidity loggers can
be successfully used for long-term continuous
monitoring of suspended sediment. We have also
highlighted some of the difficulties encountered in
measuring turbidity and how these can be
overcome.
2. We have quantified the total SS yield from three
small subtropical streams of different vegetative
cover, yet with little variation in other landscape
variables that are known to influence SS yield. The
results of this study can be used to test existing
models of catchment sediment yield such as
SedNet (Wilkinson et al., 2004).
3. We have shown that the SS yield from a forested
subtropical stream is around 30% less than from an
adjacent fully cleared (but grassed) catchment, and
4. We have shown that following the channel
disturbance activities associated with revegetation,
the SS yield can increase by around 100%.
The rehabilitation work monitored in this study was
mostly out of channel and required no heavy
machinery in and around the channel. If soft
restoration activities such as presented here can double
the SS yield, then one would expect a much greater
effect from more invasive work such as willow
removal or physical habitat creation. The primary
conclusion to be drawn from this study is that stream
rehabilitation work is likely to at least temporarily
cause an increase in SS yield, although ultimately we
would expect a lower SS yield than pre-rehabilitation,
hence rehabilitation planning must be mindful of the
temporary increase in SS yield and any effect that may
have on instream biota. Where stream ecosystems are
already under stress due to a highly degraded stream,
stream managers must consider the likely impact of
dramatic but short lived increases in SS yield from
large scale works compared to lower magnitude but
longer duration of impacts from staged rehabilitation
work.
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