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1.

PROJECT SUMMARY

In March 2006, The Murray-Darling Freshwater Research Centre (MDFRC) was
commissioned and funded by the North East Catchment Management Authority
(NECMA) to develop a literature review and a long-term monitoring program
detailing the effects of willow removal on freshwater aquatic systems and to monitor
these effects. The literature review was completed in June 2006 (Zukowski and
Gawne 2006). This review demonstrated that although anecdotal evidence suggests an
overall increase in ‘stream health’ in the long-term following willow removal, there is
a consistent lack of data describing the effects of willows and willow removal on
Australian aquatic environments. This made accurate predictions about short and
long-term effects of willow removal difficult and led to the next phase of the project
that identified key issues and recommended a monitoring program.
The monitoring and key issues report developed a protocol for identifying key issues
and a monitoring program associated with potential long-term effects of willow
removal on aquatic systems (Zukowski et al. 2007). These key issues were based on
the knowledge available and their importance to stream ecology.
The next phase of the project was the implementation of the monitoring program at
willow removal and control sites to ascertain the key long-term effects of willow
removal on aquatic systems. Willow removal was undertaken in sites along a 600 m
reach of Little Snowy Creek, Eskdale, Victoria, during April 2007. Monitoring was
undertaken before (March 2007), one week (May 2007) and six months (October
2007) after willow removal in control and willow removal sites along Little Snowy
Creek. A report outlining the first years monitoring results was produced in November
2007 (Zukowski et al. 2007).

1

Monitoring was continued and undertaken bi-annually: one year (May 2008) and one
and a half years (October 2008) after willow removal in control and willow removal
sites along Little Snowy Creek. In July 2009 consultation between MDFRC and
NECMA determined that four new sites would be added to the program. These sites
were placed upstream of the existing monitoring sites on Little Snowy Creek and
included a new willow removal site (pre-removal), a control site and two sites with a
native vegetation riparian zone.
This report summarises the literature review, key issue assessments and monitoring
outcomes for the spring and autumn seasons of 2009 and 2010, now three years postwillow removal at the first site near Eskdale.
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2.

EXECUTIVE SUMMARY

2.1

Willows in Australia

Willows, Salix spp. (Salicaceae), were introduced to the Murray River in Australia by
19th century European settlers (Cremer et al. 1995; Frankenberg 1995; Smith and Starr
1999), mainly to act as channel markers for river boats and as stabilising agents
protecting reclaimed riparian wetlands (Perkins 1903; Ladson et al. 1997). Since then,
more trees have been planted to stabilise riverbank levees and the margins of weir
pools constructed between 1922 and 1937 (Walker and Thoms 1993).
Today, more than 100 species, varieties, cultivars and hybrids of willows are present
in Australia (Cremer et al. 1995) with subsequent hybrids still arising (Ladson et al.
1997). One of the first species planted, the weeping willow (S. babylinica), now rivals
the native River Red Gum (Myrtaceae: Eucalyptus camaldulensis) as the dominant
riparian tree along some reaches of the Murray River (Walker et al. 1994).
In Australia, willows are generally seen as a serious weed and a threat to stream and
wetland environments due to their highly invasive and adaptive qualities
(Frankenberg 1995; Ladson et al. 1997; Schulze and Walker et al. 1994; Ladson et al.
1999). A widely accepted view has emerged that fundamental stream ecological
processes may be affected by willow spread, causing a broad range of detrimental
impacts to freshwater ecosystems (Smith and Starr 1999; Campbell 1993;
Frankenberg 1995; Ladson et al. 1997; Bobbi 1999).
Such concern has resulted in willows attracting national attention. In 1999, all but
three willow (Salix) species were included on the ‘Weeds of National Significance’
(WONS) list which declared Australia’s 20 worst weed species (ARMCANZ 2001).

3

Results from the 09/10 monitoring of water quality, nutrients, riparian vegetation,
macroinvertebrates and fish in Little Snowy Creek indicate that land use may be
confounding the effects imposed on the stream by changes to riparian vegetation.
Monitoring of fish and macroinvertebrates suggested that sites with a native
vegetation riparian zone were found to be in the best condition, while little difference
was observed between sites with a willow riparian zone and the willow removed
riparian zone site. Conversely, the removal of willows appeared to have a high impact
on stream temperature during the summer months, with maximums recorded at the
willow removal site far exceeding all other sites.
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2.2

Existing research

Willow studies have historically focused on allochthonous (leaf litter) inputs, leaf
breakdown

rates,

canopy

cover,

stream

shading

and

temperature

and

macroinvertebrate feeding preferences (i.e. Pidgeon 1978; Pidgeon and Cairns 1981;
Collier and Winterbourn 1986; Yeates 1994; Parkyn and Winterbourn 1997; Schulze
and Walker 1997). In Australia, previous studies on willow effects have included
comparisons of willow and native leaf pack decomposition, colonisation and field
surveys of aquatic biota and thermal changes at willow and native forest lined reaches
(Pidgeon and Cairns 1981; Hardwick et al. 1995; Besley 1992; Schulze and Walker
1997; Gawne et al. 2005).
Few studies have actually examined or quantified the impacts of willows on in-stream
fauna, despite reviews by various authors (Mitchell and Frankenberg 1993; Ladson et
al. 1997). A number of studies comparing biota under native and willow vegetation
have been inconclusive (Pidgeon 1978; Besley 1992; Hardwick et al. 1995; Schulze
and Walker 1997). In fact, to date, only three peer-reviewed journal papers have
investigated direct willow-stream interactions in Australia (Pidgeon and Cairns 1981;
Cremer et al. 1995; Schulze and Walker 1997). Our knowledge of the effects of
willows on stream ecology remains inconclusive with inconsistent or contradicting
results undermining our capacity to optimise management outcomes and warranting
further research.
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2.3

Key knowledge gaps

To provide a framework for management, key knowledge gaps can be grouped into
six strategic themes:
1. Extent of impact on fish community composition and abundance (habitat,
shade, temperature, feeding and predator avoidance).
2. Extent of impact on macroinvertebrate community composition and
abundance (feeding and habitat).
3. Extent of impact on food webs (timing, quantity and quality of input, shade,
temperature and algal production).
4. Extent of impact on water quality (nutrient input and runoff, pH, salinity and
dissolved oxygen levels).
5. Extent of impact on riparian habitats (bank soils and erosion, use of riparian
corridors by animals, impact of riparian zone fragmentation following dewillowing and riparian vegetation).
6. Extent and timing of impacts and recovery periods.
When examining these themes in research and management programs, the ecological
sensitivity of different systems (i.e. large rivers, small streams, wetlands, weir pool
sites) to willow removal and the magnitude of the intervention (i.e. whole section
willow removal vs. single willow removal) should be carefully considered.
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3.

AN OUTLINE OF THIS REPORT

Due to the possible deleterious effects of willows on Australian aquatic ecosystems,
wide scale willow removal projects are currently underway in Australia. Debate
between interested parties as to the merits of willow removal, willow management
and the potential effects of removing willows on aquatic systems continues unabated.
For this reason, further information is required on the effects of willows and willow
removal on Australian aquatic systems.
This report collates information from three previous reports which review the
literature on possible effects of willow removal, identify and rate key issues which
may arise following willow removal and an outline of a long-term monitoring
program based on the long-term key issues identified (Zukowski and Gawne 2006;
Zukowski et. al. 2007). This report provides the results of the monitoring undertaken
in willow removal and control sites in Little Snowy Creek, Eskdale, Victoria, before
willow removal, and in autumn and spring of 2009 and 2010. The monitoring program
is designed to be undertaken bi-annually in autumn and spring each year for at least
five years and is currently entering its third year.
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4.

WILLOW REMOVAL EFFECTS - ISSUE RANKING

A workshop with NECMA, DPI Fisheries and MDFRC staff was held to develop a
prioritised list of issues from the literature review (Zukowski et al. 2007). The
prioritised lists are presented in Tables 1 to 3.
Table 1: Ranking of ecological issues associated with the possible effects of willow
removal (based on the degree of current available knowledge and the general
importance of the issue).
Category 1 refers to the objective or goal intended to be attained or the perceived risk
associated with the issue; Category 2 refers to system type. Score: 1 = low research priority,
Score 20 = high research priority.
Issue
Fish Community
Invertebrates
Water Quality
Nutrient Runoff
Riparian Habitat

Category 1
Both
Both
Objective
Risk
Objective

Category 2
Aquatic
Aquatic
Aquatic WQ
Aquatic WQ
Terrestrial

Exotic Vegetation
Bank Soils
Sedimentation
Temperature
Instream Habitat
Tree Bugs
Primary
Production
Riparian
Understorey

Risk
Objective
Risk
Risk
Both
Objective

Terrestrial
Terrestrial
Aquatic WQ
Aquatic WQ
Aquatic
Terrestrial

Objective

Aquatic

Objective

Terrestrial

Stream Bank

Both

Aquatic

Bed Morphology
Hydraulic
Capacity
Litter-Fall

Both

Aquatic

Objective
Objective

Aquatic

Main Question
Extent
Extent
Extent
Extent
Extent
Change
Management
Extent
How to minimise
Impact on Fauna
Transition
Extent

Score
20
16
16
16
12

Extent
Change
Management
Change
Management
Change
Management
Change
Management
Impact of change

9

12
10
10
10
9
9

9
6
6
6
1
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Table 2: Ranking of short-term ecological issues associated with the possible effects
of willow removal (based on the degree of current available knowledge and the
strength of the short-term importance of the issue).
Category 1 refers to the objective or goal intended to be attained or the perceived risk
associated with the issue; Category 2 refers to system type. Score: 1 = low research priority,
Score 20 = high research priority.
Issue
Sedimentation
Fish Community
Primary Production
Temperature
Exotic Vegetation
Nutrient Runoff
Invertebrates
Litter-Fall
Bank Soils
Tree Bugs
Riparian Understorey
Instream Habitat
Stream Bank
Bed Morphology
Hydraulic Capacity
Amenity
Water Quality
Riparian Habitat

Main Question
How to minimise
Extent
Extent
Impact on Fauna
Change Management
Extent
Extent
Impact of change
Extent
Extent
Change Management
Transition
Change Management
Change Management
Change Management
Extent
Extent

Category 1
Risk
Both
Objective
Risk
Risk
Risk
Both
Objective
Objective
Objective
Objective
Both
Both
Both
Objective
Both
Objective
Objective

Category 2
WQ
Aquatic
Aquatic
WQ
Terrestrial
WQ
Aquatic
Terrestrial
Terrestrial
Terrestrial
Aquatic
Aquatic
Aquatic
Hydrology
WQ
Terrestrial

Score
20
16
16
16
12
12
9
8
4
4
2
1
1
1
1
0
0
0
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Table 3: Ranking of long-term ecological issues associated with the possible effects
of willow removal (based on the degree of current available knowledge and the
strength of the long-term importance of the issue).
Category 1 refers to the objective or goal intended to be attained or the perceived risk
associated with the issue; Category 2 refers to system type. Score: 1 = low research priority,
Score 20 = high research priority.
Issue
Fish Community
Riparian Habitat
Bank Soils
Invertebrates
Instream Habitat
Tree Bugs
Primary Production
Riparian Understorey
Litter-Fall
Exotic Vegetation
Stream Bank
Bed Morphology
Water Quality
Hydraulic Capacity
Sedimentation
Temperature
Nutrient Runoff

Main Question
Extent
Extent
Extent
Extent
Transition
Extent
Extent
Change Management
Impact of change
Change Management
Change Management
Change Management
Extent
Change Management
How to minimise
Impact on Fauna
Extent

Category 1
Both
Objective
Objective
Both
Both
Objective
Objective
Objective
Objective
Risk
Both
Both
Objective
Objective
Risk
Risk
Risk

Category 2
Aquatic
Terrestrial
Terrestrial
Aquatic
Aquatic
Terrestrial
Aquatic
Terrestrial
Terrestrial
Aquatic
Aquatic
WQ
Hydrology
WQ
WQ
WQ

Score
16
12
12
12
9
9
9
9
9
9
6
4
4
4
4
4
1

The four highest ranked issues in Table 3 were used to underpin the development of
the long-term monitoring program. These include monitoring the extent of changes in
the fish community, terrestrial riparian habitat, bank soils and the aquatic
macroinvertebrate community. Water quality will also be measured through the
monitoring program.
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5.

LONG-TERM MONITORING PROGRAM OUTLINE

5.1

The need for a long-term monitoring plan

Predicting the potential long-term effects of willow removal on aquatic processes is a
difficult and complex task due to the number of interacting factors affected by willow
removal (Zukowski and Gawne 2006). Long-term environmental monitoring allows:


identification of physical and biological changes that take place



identification of threats and side-effects



implementation of proactive and adaptive management



provision of a foundation for engagement of stakeholders in transparent
decision making.

5.2

Objectives of the willow long-term monitoring plan

The willow long-term monitoring plan aims to:
Monitor long-term stream health with a focus on water quality, nutrients, light and
temperature changes, macroinvertebrate and fish communities, bank erosion, and
riparian vegetation in order to detect and assess potential changes in river health
resulting from willow removal.
5.3

Sites

Originally two sites were selected in Little Snowy Creek, Eskdale, Victoria. Little
Snowy Creek is a small gravel-bed creek (3m wide), flowing from mountainous
forest, through farmland. One site (with three sub-sites for photo points and erosion
pins) was selected in a 600m creek section where willow removal was undertaken by
the North East Catchment Management Authority and one site was selected (again
with three sub-sites) in a 600m creek section where willows were left in tact (control
site). The willow removal site was located 6 km downstream of the control site (Table
4, Figures 1 and 2). Physical parameters including vegetation community
composition, creek bed and bank structure and water depth were very similar between
willow removal and control sites. Vegetation communities were composed of
willows, blackberry bushes, sedges and pasture grasses (see section 7.3).
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In July 2009 four more sites were added to give a better overview of the effects of
willow removal and to help improve experimental design. These sites were Supheert’s
(willow removal site pre-removal), Thompson’s Bridge (control site), Gervasoni’s and
Concrete Bridge (native vegetation sites) (Table 4 and Figure 1).
5.4

Monitoring

The removal of willows and blackberry bushes was undertaken along the banks and
in-stream at site 1 near Eskdale in April 2007 (Figures 10 to 25). Monitoring of water
chemistry, bank erosion, riparian vegetation and macroinvertebrate and fish
communities was undertaken at control and willow removal sites prior to willow
removal (March 2007), one week after willow removal (May 2007), six months after
willow removal (October 2007), one year after willow removal (May 2008), one and
half years after willow removal (October 2008) and three years after willow removal
(2009-2010).

Table 4: Description of sites at Little Snowy Creek, Eskdale, Victoria.
Reference

Site
No.

GPS co-ordinates

Altitude
(m ASL)

Eskdale

1

Willow Removal

E147 14.52; N36 28.16

270

Smythes Rd

2

Control

E147 13.18; N36 30.26

300

Supheert’s

3

Willow Removal
(pre-removal)

E147 13.60; N36 29.27

285

Thompson’s Bridge

4

Control

E147 12.50; N36 31.15

350

Gervasoni’s

5

Native Vegetation

E147 12.06; N36 33.29

400

Concrete Bridge

6

Native Vegetation

E147 12.33; N36 35.42

500

Type
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Figure 1.
Location of control, willow removal and native vegetation sites on Little
Snowy Creek, Eskdale, Victoria.
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Figure 2.

Smythes Road (control site photo point 1), 27 March 2007. Upstream view.

Figure 3.

Smythes Road (control site photo point 1), 11 May 2007. Upstream view.

Figure 4.

Smythes Road (control site photo point 1), 19 May 2008. Upstream view.

Figure 5.

Smythes Road (control site photo point 1), 27 May 2010. Upstream view.
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Figure 6.

Supheert’s (new willow removal site, pre-willow removal), 27 May 2010.

Figure 7.

Thompson’s Bridge (new control site), 27 May 2010.

Figure 8.

Gervasoni’s (new native vegetation site), 27 May 2010.

Figure 9.

Concrete Bridge (new native vegetation site), 27 May 2010.
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Figure 10.
Eskdale (willow removal site, pre willow removal photo point 1),
27 March 2007. Upstream view.

Figure 11.
Eskdale (willow removal site, post-willow removal photo point 1),
11 May 2007. Upstream view.

Figure 12.
Eskdale (willow removal site, post-willow removal photo point 1),
19 May 2008. Upstream view.

Figure 13.
Eskdale (willow removal site, post-willow removal photo point 1),
27 May 2010. Upstream view.
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Figure 14.
Eskdale (willow removal site, pre-willow removal photo point 1),
27 March 2007. Side view.

Figure 15.
Eskdale (willow removal site, post-willow removal photo point 1),
11 May 2007. Side view.

Figure 16.
Eskdale (willow removal site, post-willow removal photo point 1),
19 May 2008. Side view.

Figure 17.
Eskdale (willow removal site, post-willow removal photo point 1),
27 May 2010. Side view.
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Figure 18.
Eskdale (willow removal site, pre-willow removal photo point 2),
27 March 2007. Upstream view.

Figure 19.
Eskdale (willow removal site, post-willow removal photo point 2),
11 May 2007. Upstream view.

Figure 20.
Eskdale (willow removal site, post -willow removal photo point 2),
19 May 2008. Upstream view.

Figure 21.
Eskdale (willow removal site, post-willow removal photo point 2),
27 May 2010. Upstream view.
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Figure 22.
Eskdale (willow removal site, pre-willow removal photo point 3),
27 March 2007. Downstream view.

Figure 23.
Eskdale (willow removal site, post-willow removal photo point 3),
11 May 2007. Downstream view.

Figure 24.
Eskdale (willow removal site, post willow removal photo point 3),
19 May 2008. Downstream view.

Figure 25.
Eskdale (willow removal site, post-willow removal photo point 3),
27 May 2010. Downstream view.
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6.

BACKGROUND TO PARAMETERS MONITORED

6.1

Water Chemistry

Water quality and the ecology of streams and rivers may be influenced by activities
that occur in the riparian zone. The water quality parameters which were monitored
throughout the willow monitoring program include: pH, dissolved oxygen (DO),
electrical conductivity (EC), turbidity, temperature and nutrients including Nitrogen
and Phosphorus. The amount of light in the water column was also measured.
6.2

Bank Erosion

Trees in the riparian zone stabilise the channel banks by providing resistance to
erosion and potentially trap fine sediments along banks and stream edges. Willows in
particular have extensive and dense root mats that may also extend into the stream
channel modifying the flow patterns and width and depth of the stream and
sometimes, trapping large debris. The accumulation of fine sediment around the
willow roots may influence the species composition of the benthic community
(Zukowski and Gawne 2006).
It follows that removal of willows may alter both stream sediments and bank soils.
The effect size will depend on root mass extent and distribution. It will also depend on
how quickly replacement vegetation becomes established along the banks. This
monitoring focussed on documenting bank erosion.
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6.3

Riparian Vegetation

Riparian vegetation grows at the boundary between terrestrial and aquatic ecosystems
(Figure 26). Riparian vegetation includes native and introduced species that ideally
form a broad band (the riparian zone) along the edge of a water body. Riparian
vegetation plays a critical role in shading streams and rivers, potentially affecting
water temperature and light. Riparian vegetation also protects the water body and its
associated flora and fauna from agricultural runoff and other human activities near the
stream and provides habitat and protection for bugs, crustaceans, fish, birds and
plants.

Low growing multi-trunked
plants with matted roots to bind
the edge of the bank and
provide bank stabilization

Large trees with
deep root systems
Emergent aquatic plants

The Lower Section which
includes the edge of the bank is
immediately to the general lowwater summer level. It may
become submerged during
winter flows

Figure 26.

Medium sized plants with
good root systems and large
canopies which shade the
stream

The Middle Section starts at the
edge of the general water level,
it’s only likely to become
submerged during floods

The Upper Section is the area which
is submerged with rare high level
flows

The riparian environment (Source: Munks 1996).
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6.4

Invertebrates

Macroinvertebrates are important within a water body because of their ubiquity, their

role as links in aquatic food webs and because they are excellent indicators of stream
health. Willow removal could affect habitat, water temperature and organic matter
input to streams, all of which may affect the invertebrate community (Figures 27 and
28). These effects may be negligible, positive or negative depending on
circumstances. This monitoring program examined the effects of willow removal on
aquatic macroinvertebrate communities and stream health.
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INVERTEBRATE COMMUNITY

Willow Canopy Removal

↓ Organic
input

↓ Habitat

↓ Primary
productivity

↓ Nutrient
inputs

↓ Habitat

↓
Eutrophication

↑ Macrophytes

↓ Shade

↑ Light

↑ Temperature

↑ Primary
productivity

↑
Eutrophication

↑ Algal

↓ Algal
blooms

blooms
↓ Food

↑ Habitat

↓ Predator
avoidance

↑ Predator

↑ Invertebrate community

↑ Food

↓ Dissolved
oxygen levels

avoidance

↓ Invertebrate community

Figure 27.
Conceptualisation of the potential effects of willow canopy removal on an
aquatic invertebrate community (Zukowski and Gawne 2006).
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INVERTEBRATE COMMUNITY

Willow Root Mat Removal

↓ Habitat

↑ Sediment

↓ Organic
input

size

↑ Habitat

↓ Primary
production

↓ Predator
avoidance

↑ Predator

↓ Food

↑ Primary
productivity

avoidance

↓ Egg
survivorship

↑ Invertebrate community

↑ Egg

↑ Food

survivorship

↓ Invertebrate community

Figure 28.
Conceptualisation of the potential effects of willow root mat removal on an
aquatic invertebrate community (Zukowski and Gawne 2006).
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6.5

Fish

Fish are a regular and charismatic component of freshwater environments and can be
used as valuable indicators of stream ecological condition. Fish communities may
provide an integrated measure of stream conditions due to their long life, mobility and
place near the top of the food chain.
In Australian streams and rivers, the invasion of willows may have altered the
composition of many fish assemblages. The removal of willows may represent an
important step in restoration, but it could also result in long-term changes to fish
community characteristics through an alteration of fish habitat, changes to light
penetration, water temperature and food availability (Figures 29 and 30). These
include reducing potential fish habitat, creating new habitat, affecting fish mate
finding and predator evasion and impacting on egg, embryo and larval growth and
survivorship rates. These effects are likely to be more significant in small streams or
situations where willows represent the only source of shade or habitat (Zukowski and
Gawne 2006). This monitoring program monitored adult fish populations following
willow removal to provide an early diagnosis of any changes that may occur among
fish populations.
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FISH COMMUNITY

Willow Canopy Removal

↓ Habitat
(Fish under canopy)

↓ Organic
input

↓ Nutrient
inputs

↓ Habitat

↓
Eutrophication

↓ Primary
productivity

↑
Eutrophication

↑
Macrophytes

↓ Algal
blooms

↓ Shade

↑ Light

↑ Temperature

↑ Primary
productivity

↑ Algal

↓ Adult, egg,
embryo and
larvae
survivorship

blooms
↓
Food

↑ Habitat

↓ Predator
avoidance

↑ Predator

↑ Fish community

avoidance

↓ Dissolved
oxygen levels

↑ Food

↑ Egg, embryo
and larvae
survivorship

↓ Fish community

Figure 29.
Conceptualisation of the potential effects of willow canopy removal on a fish
community (Zukowski and Gawne 2006).
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FISH COMMUNITY

Willow Root Mat Removal

↓ Habitat

↓ Organic
input

size

↑ Habitat

↓ Primary
production

↓ Predator
avoidance

↑ Sediment

↑ Predator

↓ Food

avoidance

↓ Egg, embryo
and larvae
survivorship

↑ Fish community

↑ Egg, embryo

↑ Primary
productivity

↑ Food

and larvae
survivorship

↓ Fish community

Figure 30.
Conceptualisation of the potential effects of willow root mat removal on a
fish community (Zukowski and Gawne 2006).
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7.

METHODS

7.1

Water chemistry

7.1.1

pH, Dissolved oxygen, Electrical conductivity and Turbidity

Turbidity (NTU), pH, electrical conductivity (μS/cm) and dissolved oxygen
concentration (mg/L) were measured in situ with a Quanta sampler in accordance with
EPA publication 441 (EPA 2003) in March, May and October 2007, 2008, 2009 and
2010.
7.1.2

Temperature and Light

Three Hobo Pendant Temperature/Light Intensity Loggers were installed at each river
reach. Loggers were attached to star-pickets in the river channel at heavily shaded
locations within each reach (Figure 31).

Figure 31.

Hobo Pendant Temperature/Light Intensity Logger.
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7.1.3 Nutrients
All samples were taken in accordance with the AS/NZS 5667.1.1998 standard
(Standards Association of Australia 1998). Water samples were taken at willow
removal, control and native vegetation reaches at 50% of stream width on each
sampling occasion. 200 mL unfiltered sub-samples were taken for total nitrogen (TN)
and total phosphorus (TP) determinations. TN was determined colormetrically after its
reduction to nitrate using a cadmium column after pre-digestion in NaOH-K2S2O8 and
oxidation to nitrate and TP by predigestion in NaOH-K2S2O8 and oxidation to
orthophosphate.
One 10 mL aliquot of 0.2 μm-filtered water was taken for determination of nitrate and
nitrite expressed as oxides of nitrogen (NOx) and ‘soluble’ phosphorus as filterable
reactive phosphorus (FRP). NOx and FRP were determined colorimetrically using
standard methods (APHA 1995). All nutrient samples were analysed at the NATA
accredited MDFRC Chemistry Laboratory (Wodonga).
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7.2

Bank Erosion

Erosion was monitored using erosion pins (20 mm wooden stakes) and the slope of
the bank and the presence of any slumps and scarps were also noted.
Four vertical survey lines were selected, each 2 m apart. Erosion pins were driven
horizontally into the bank leaving about 10cm protruding from the surface (Figure
31). A total of two pins per vertical survey line were used, one at the top of the bank
and one at the side of the bank. The length of the exposed section of each of the pins
was measured on each sampling occasion. Any erosional features such as slides,
slumps or bank undercutting and the size and position of these features relative to the
network of erosion pins, was also noted.

2m
Top bank
pins

Side bank
pins

Figure 32.

10 cm
PIN A

PIN B

PIN C

PIN D

PIN A

PIN B

PIN C

PIN D

Location of pins in bank erosion measurements.
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7.3

Riparian Vegetation
(Methods adapted from the Murray Irrigation Monitoring Program)

To assess large changes in riparian vegetation over time, a combination of indicators
that reflect both the structural and functional aspects of riparian zone ecology, based
on the Murray Irrigation Monitoring Program (Gigney et al. 2007), were used. The
riparian width, canopy continuity, structural composition, proportion native
vegetation, regeneration, forest debris (leaf litter, standing and fallen dead trees) and
species composition were assessed using a combination of methods derived from the
Index of Stream Condition (White and Ladson 1999), AUSRIVAS (EPA Victoria
2003) and the Rapid Appraisal of Riparian Condition (Jansen et al. 2004).
7.3.1 Transects
One longitudinal and one lateral transect was established on each bank at each site
(Figure 32). The longitudinal transects ran parallel to the river channel for the length
of the study reach (200 m) and were located within 5 m of the high water mark. The
lateral transects ran perpendicular to the river channel and extended to the lesser
extent of the riparian zone or 50 m from the edge of the high water mark. The lateral
transects were positioned within an area representative of the riparian vegetation on
each river bank.

River channel edge
Lateral transect (50 m max)

Modified from Jansen et al. 2004
Diagram shows one river bank
Not to scale

30 m transect buffer
Longitudinal transect (200 m)

Figure 33.

Transect positioning on one river bank (Modified from Jansen et al. 2004).
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7.3.2

Riparian width and canopy continuity

The width of continuous tree/shrub canopy cover was measured along each lateral

transect, from the channel edge to an area of significant vegetation change (up to 50
m). The continuity of tree and shrub canopy was assessed along the longitudinal
transect while walking along the target bank and from observing the target bank’s
vegetation from the opposite side of the stream.
7.3.3

Structural composition and proportion of native vegetation

Structural composition in this monitoring program refers to the percent cover of
vegetation canopy and the number of canopy layers present (structural complexity) in
a given vegetation community. Percent cover refers to the proportion of surface area
occupied by a vegetation stratum (canopy layer). It has been related to ecosystem
functions such as primary production and erosion suppression and is an important
habitat consideration for many animals. The percent cover for each stratum was
measured along the lateral transect on each bank. The transect line is thought of as a
vertical plane perpendicular to the ground. The length of this plane intersected by
each stratum was measured, with a designation as native or introduced species (N or
I). The total decimal fraction of the line covered by each stratum was multiplied by
100 to give percentage cover and to determine the number of strata with > 30% cover.
7.3.4

Regeneration and forest debris

The amount of regeneration, the occurrence of standing and fallen large woody debris
of different sizes (> 20 cm and < 20 cm diameter at breast height – 1.3 m above
ground level) and evidence of grazing or regeneration in the transect buffer (30 m on
either side of the lateral transect line on each bank) was estimated using four
categories (N, S, C and A).


None (N): no regeneration, grazing of regeneration or large woody
debris observed



Some (S): occurrence within < 1/3 of the transect buffer area



Common (C): occurrence within 1/3 – 2/3 of the transect buffer area



Abundant (A): occurrence in > 2/3 of the transect buffer area
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7.3.5

Species composition

The composition of the vegetation community was determined from identification of
the dominant species (those comprising more than 20% of the canopy cover for a
given stratum, excluding grasses) observed within the vegetation area of interest.

7.3.6

Data analysis

Each of the parameters assessed (riparian width, canopy continuity, structural
composition, proportion native vegetation, regeneration, forest debris and species
composition) were compared across sites in the short-term and can be analysed by site
as time series in the longer term (> 5 years).
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7.4

Invertebrates

Macroinvertebrates were sampled within each site using the AUStralian RIVer
Assessment System (AUSRIVAS) rapid assessment methodology and the
standardised, qualitative sampling procedures as outlined in “Guideline for
Environmental Management – EPA Publication 604.1 – Rapid Bioassessment
Methodology for Rivers and Streams” (EPA Victoria 2003).
A physical habitat assessment was conducted at each site using physical habitat sheets
recommended by the Victorian EPA. Visual estimates were made of characteristics
such as flow, substrate composition, aquatic, riparian and adjacent vegetation,
instream organic material, area of aquatic habitats, canopy cover and channel pattern
type (EPA Victoria 2003). Determination of stream width was undertaken using a tape
measure.
Kick samples were used to dislodge benthic animals from the substrate in flowing
(riffle) sections and edge sweeps were used to sample the slow or non flowing edge
habitats. One 10 m kick sample and one 10 m sweep sample was collected from each
site using “D” frame nets with an opening of 300 x 300 mm, and net depths of 1000
and 500 mm respectively, each with a mesh size of 250 μm. Samples were live picked
in the field and preserved using 95% ethanol (EPA Victoria 2003).
All macroinvertebrates were identified to family level using Hawking et al. (2006).
All taxa identified have a reference specimen maintained in the MDFRC voucher
collection. All voucher specimens were confirmed by the Senior Taxonomist for
Quality Assurance purposes.
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7.5

Fish

The monitoring program assessed the fish community before and after willow
removal using backpack electrofishing. The sampling protocol was designed to
capture as many different species and individuals as possible. The methods have been
shown to be effective in characterising native fish communities (Pusey et al. 1998).


Physico-chemical parameters were measured, particularly conductivity
and settings were adjusted accordingly.



Site, gear, set up and shot position information was recorded.



Sampling was undertaken using a total of 8 x 150 second shots.



Stunned fish were caught as they rose to the surface by a landing net and
transferred to a bucket.

7.5.1



The catch was processed from each shot once the shot was completed.



This process was repeated until 8 shots had been completed.

Catch processing


Fish were identified according to McDowall (1996).



Up to 100 fish were measured from each species (25 per run) using
standard length (snout to hypural crease, McDowall 1996) as well as total
length (as appropriate for each species) to the nearest millimetre.



If more than 100 individuals of a species, then the remainder of catch for
that species was counted.



Fish were assessed for abnormalities.
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8.

RESULTS/DISCUSSION

8.1

Water Chemistry

8.1.1 pH
The pH remained relatively stable across all sites, ranging between 6.8 and 7.1 during
the sample period. All sites remained within the Australian and New Zealand
Environment and Conservation Council (ANZECC ARMCANZ 2000) water quality
guidelines optimal pH for Victorian upland rivers of 6.6-7.5 and the State
Environment Protection Policy objectives for the protection of Victorian aquatic
habitats for the Forest A (B2) bioregion pH of 6.4-7.7 (EPA Victoria 2003).
7.3
7.2

pH

7.1
7
6.9
6.8
6.7
6.6
willow removal

control

native vegetation

Sites

Figure 34.
pH at willow removal, control and native vegetation sites on two sampling
occasions (October 2009 and May 2010) (Mean ± SE of 2 replicates).
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8.1.2

Dissolved oxygen

Dissolved oxygen (DO) was relatively similar across all sites. Slightly higher readings
were recorded at the native vegetation sites which can perhaps be attributed to the
generally cooler water temperature at these sites. ANZECC (2000) and EPA Victoria
(2003) guidelines recommend that DO concentrations remain above 6 mgL-1 (90110% saturation) in Victorian streams. DO concentrations were well above these
levels at all sites on both sampling occasions (Figure 34). Due to the design of the
monitoring program (spring/autumn sampling) it was not possible to monitor the DO
on those days in summer which pushed water temperatures above 30 oC. It is during
these extreme events that DO is likely to reach its lowest levels, and is perhaps worth
considering for future monitoring.
12
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Figure 35.
Dissolved oxygen (mgL-1) at willow removal, control and native vegetation
sites on two sampling occasions (October 2009 and May 2010) (Mean ± SE of 2
replicates).
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8.1.3

Electrical conductivity

Very low EC levels (< 40 µScm-1) were recorded at all sites during the sampling
period (Figure 35). EC levels followed a pattern of slightly increased levels with
distance down the reach, which is to be expected. Salt inputs from agricultural runoff,
wind blown top soil, pesticides and groundwater will generally increase with distance
down the catchment. Despite this contribution, EC did not exceed 60 µScm-1 at any
sites and thereby was well below ANZECC (2000) and EPA Victoria (2003)
thresholds of 100 µScm-1 and 160 µScm-1 respectively, for the protection of Victorian
freshwater ecosystems.
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Figure 36.
Electrical conductivity (µScm-1) at willow removal, control and native
vegetation sites on two sampling occasions (October 2009 and May 2010) (Mean ± SE
of 2 replicates).
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8.1.4 Turbidity
Turbidity arises from the presence of suspended and colloidal matter such as clay, silt,
finely divided organic and inorganic matter and plankton and other microscopic
organisms. Turbidity remained above ANZECC (2000) and SEPP (2003) thresholds
of 4 and 5 NTU respectively, in Victorian freshwater streams at the willow removal
and control sites, while at the native vegetation site turbidity was below thresholds on
both occasions (Figure 36). Both willow removal and control sites are surrounded by
farming land occupied mostly by dairy cattle, while the native vegetation site is
surrounded by state forest.
14
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Figure 37.
Turbidity (NTU) at willow removal, control and native vegetation sites on
two sampling occasions (October 2009 and May 2010) (Mean ± SE of 2 replicates).
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8.1.5

Temperature

In-stream loggers recorded temperature from October 2009 to May 2010. The water
temperature in the control, willow removal sites and native vegetation sites ranged
from a minimum of 7.28 oC at Concrete Bridge (native vegetation site) on 9 October
2009 to a maximum of 34.48 oC at Eskdale (willow removal site) on 11 January 2010
(Table 5).
Table 5: Maximum, minimum and average temperature across all sites for 20092010.
Site

Maximum

Minimum
o

Average
o

temperature ( C)

temperature ( C)

temperature (oC)

Willow Removal

34.48

10.06

19.84 + 4.98

Control

24.61

7.98

17.46 + 3.21

Native Vegetation

22.62

7.28

14.96 + 3.11

Maximum temperature during the summer months was often 5-9 oC warmer at the
willow removal site than at the control or native vegetation sites (Figure 38). On 11
January 2010, water temperature at the willow removal site was 9.84 oC higher than
the control site and 12.05 oC higher than at the native vegetation site (Concrete
Bridge) (Figure 39).
Shallow water (< 20 cm) is poorly buffered from ambient air temperature fluctuations
and coupled with the lack of shade in the willow removal site, is likely to have led to
the variation in water temperature between the sites during hot weather. However, the
willow removal site is also the furthermost site from the source and would be
expected to exhibit the warmest water temperature. It is difficult to isolate exactly
how much effect the lack of shading at the willow removal site is having without also
having a control site downstream of the willow removal site.
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Interestingly on 14 April 2010, the water temperature at the willow removal site
exceeded both the minimum and maximum temperature recorded at the control site
(Figure 40). These results suggest that whilst shading by trees may help to buffer
upper temperatures, they may also help to mediate extreme cold conditions by
providing a frost/dew barrier.
High water temperature in upland streams will likely affect both macroinvertebrate
and fish life stages. As temperature increases, available dissolved oxygen (DO) levels
decrease and at 25 oC, water carries approximately half the DO that is found at 10 oC.
This effect, coupled with the direct temperature increase, can have lethal effects on
adult fish. Adult freshwater blackfish and brown trout have an upper temperature
tolerance of around 25-26 oC (Elliot 1981; Safer 2002). In-stream water temperature
exceeded this level on a number of occasions at the willow removal site during the
2009-2010 sample period. Some Macroinvertebrates, such as Odonata (dragon flies),
can be encouraged by warmer water to grow too rapidly and emerge as smaller adults
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with lower breeding potential (NRE 2001).
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Figure 38.
Temperature (oC) in willow removal, control and native vegetation sites from
October 2009 to May 2010.
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Figure 39.
Temperature (oC) in willow removal, control and native vegetation sites for
24 hour period on 11 January 2010.
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Figure 40.
Temperature (oC) in willow removal, control and native vegetation sites for
24 hour period on 14 April 2010.
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8.1.6 Light
Figure 41 demonstrates that light intensity (lux) was higher in the willow removal site
than at the control and native vegetation sites for the majority of the sampling period.
This was particularly evident on the 7 February 2010 when a maximum light intensity
of 10677.8 (lux) was reached at the willow removal site, while 269.1 (lux) and 21.5
(lux) were recorded at control and native vegetation sites respectively.
During the sample period, light intensity at the willow removal site was generally
higher and these results are comparative to the five fold increase in light intensity
found in the Ovens River following willow removal (Gawne et al. 2005). An increase
in light intensity can affect macroinvertebrate food resources by altering the dynamics
of algae and bacteria. Light increases can also affect predator and prey interactions for
fish.
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Figure 41.
Light intensity (lux) at willow removal, control and native vegetation sites
from October 2009 to May 2010.
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8.1.7 Nutrients
Total Nitrogen (TN) levels remained above 500 μg NL-1 on both sampling occasions
from October 2009 to May 2010 in willow removal and control sites, while levels at
native vegetation sites were consistently low (< 200 μg NL-1) (Figure 42). Highest TN
levels were observed in October 2009 at the control site (825 μg NL-1). The TN
concentration at willow removal and control sites was well above the ANZECC
(2000) and SEPP (2003) guideline recommendations of 350 μg NL-1, whilst levels at
the two upstream native vegetation sites were well within these recommendations.
These results suggest that surrounding land use (dairy farming) is having a greater
effect on TN levels than riparian vegetation removal.
Total Phosphorus (TP) levels remained above 45 μg PL-1 on both sampling occasions
in the willow removal and control sites but did not exceed 35 μg PL-1 at native
vegetation sites (Figure 45). All values remained above the ANZECC (2000) and
SEPP (2003) guidelines recommendations of 19 μg PL-1 and 25 μg PL-1 respectively.
As with Nitrogen, there was a trend for higher levels of Phosphorus with distance
down the reach.
Highest NOx levels were recorded at willow removal (305 μg NL-1) and control (275
μg NL-1) sites, while levels at native vegetation sites were again low (10 μg NL-1),
following the same trend as TN (Figures 43). Filterable Reactive Phosphorus (FRP)
followed the same trend, with highest levels recorded at willow removal and control
sites (6-7 μg PL-1), while native vegetation sites were again low (<5 μg PL-1) (Figure
46).
Alkalinity levels followed a similar trend to the nutrients with highest levels recorded
at willow removal (12 mgCaCO3/L) and control sites (9.3 mgCaCO3/L), with lowest
levels recorded at native vegetation sites (8.5 mgCaCO3/L) (Figure 47).
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Figure 42.
Total Nitrogen TN (μg NL-1) in willow removal, control and native
vegetation sites over two sampling dates in 2009 and 2010. (TN mean ± SE of 2
replicate sites).
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Figure 43.
Oxides of Nitrogen NOx (μg NL-1) in willow removal, control and native
vegetation sites over two sampling dates in 2009 and 2010. (NOx mean ± SE of 2
replicate sites).
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Figure 44.
Ammonia Nitrogen (μg NL-1) in willow removal, control and native
vegetation sites over two sampling dates in 2009 and 2010. (NOx mean ± SE of 2
replicate sites).
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Figure 45.
Total Phosphorus TP (μg PL-1) in willow removal, control and native
vegetation sites over two sampling dates in 2009 and 2010. (TP mean ± SE of 2
replicate sites).
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Figure 46.
Filterable Reactive Phosphorus (μg PL-1) in willow removal, control and
native vegetation sites over two sampling dates in 2009 and 2010. (FRP mean ± SE of 2
replicate sites).
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Figure 47.
Alkalinity (mg CaCO3/L) in willow removal, control and native vegetation
sites over two sampling dates in 2009 and 2010. (Alkalinity mean ± SE of 2 replicate
sites).
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8.2

Bank Erosion

The current method used for measuring bank erosion needs to be reconsidered for
further monitoring. During the 2009-2010 no reliable erosion data could be collected.
At the willow removal site, erosion pins had in some cases been physically removed
either purposefully or by accident (possibly trod on by fisherman or stock) and in
other cases, the pins were completely grown over by blackberries and were unable to
be recovered.
At the control site, 50% of the pins had been trod on by cattle, giving improbable
readings (in one set of pins both 5 cm of sedimentation and 10 cm of erosion). There
was no way of telling which of the remaining pins were which, making comparisons
to previous data impossible.
At native vegetation sites much of the bank area is made up of large cobbles and or
bedrock, making it impossible to drive pins in. Further literature review and
discussion will be required to determine a new method, possibly using solid bench
marks to measure changes in bank zone from erosion.
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8.3

Riparian Vegetation

8.3.1

Riparian width and canopy continuity

Prior to willow removal, the width of continuous tree/shrub canopy cover along the
lateral transect, from the channel edge to an area of significant vegetation change, was
10 m on the near bank in the control and removal sites and 30 m and 5 m on the far
bank in the control and removal sites, respectively. There was no change at the control
site over time.
Following willow removal, the width of continuous tree/shrub canopy cover along the
lateral transect in the willow removal site was reduced to 2 m on the far bank. This
was composed of blackberry bushes (Figure 51). Some small trees and shrubs that
have been planted after the willow removal were recorded within 15 m of the water’s
edge on the near bank at the willow removal site (Acacia and Eucalyptus spp.) (Figure
53). In spring 2009, there was evidence that some of the riparian zone had been
mown, perhaps to aid in the growth of plantings (Figure 53). Some native emergent
macrophytes (Paspalum and Persecaria spp.) have colonised the waters edge at the
willow removal site (Figure 52), though they are competing heavily with the
blackberries. Emergent macrophytes are actually more prominent at the willow
removal site than at the control, but this probably has more to do with the absence of
stock. There was considerable die back on many blackberries, suggesting that they
have been sprayed in the last 12 months.
The vegetation continuity (continuity of tree and shrub canopy along the longitudinal
transect) was regular on the near and far bank in both the control and willow removal
sites prior to willow removal. There was no change in the control site over time.
Vegetation continuity was reduced to none on the near bank and scattered on the far
bank following willow removal in the willow removal site.
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At the native riparian vegetation sites, the vegetation was continuous with an over
story dominated by Narrow Leaf Peppermint (Eucalyptus radiata), Swamp Gum
(Eucalyptus ovata) and Blackwood (Acacia melanoxylon). The shrub layer was
dominated by Leptospermum and Pomaderris spp with an understorey dominated by
Fishbone ferns (Blechnum nudum), blackberries (Rubus fruticosus) and Cyperacea
spp.
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Figure 48.
Vegetation continuity (continuity of tree and shrub canopy along the
longitudinal transect).

8.3.2

Structural composition and proportion native vegetation

The structural composition (percent cover of vegetation canopy and the number of
canopy layers present (structural complexity) in a given vegetation community) was
similar in the control and willow removal sites prior to willow removal. Willows were
the only tall trees (woody plants over 10 m tall, usually with a single stem) present at
both sites. Shrubs (woody plants less than 3 m tall, frequently with many stems
arising at or near the base) consisted of blackberry bushes, understorey and
groundcover (non-woody plants less than 1.5 m tall) was composed of sedges and
pasture grasses and litter > 2 cm deep mainly comprised of willow leaves and
branches. The control site remained unchanged during the sampling period. The
structural composition was greatly reduced in the willow removal site following
willow removal (Figures 49 and 50). Willows and blackberry bushes both had > 30%
total cover in the control and willow removals sites prior to willow removal. This
remained unchanged for the control site during the sampling period, but was reduced
to 0% in the willow removal site in the first six months after willow removal. Three
years after willow removal, blackberry bushes have > 30% cover (Figure 51).
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8.3.3

Regeneration and forest debris

Some tree and shrub regeneration was observed within 30 m of the lateral transect in
the control site during the sampling period. Some (occurrence within < 1/3 of the
transect buffer area) willow regeneration was recorded within 30 m of the lateral
transect in the willow removal site six months following willow removal. Willow
seedlings emerged on banks and in the stream where willow branches had not fully
been cleared. These were removed in November 2007. In October 2009, some
willows branches that had washed down from upstream willow removal and taken
root, but were not observed in May 2010. Some small to medium sized blackwoods
(Acacia melanoxylon) were observed taking root at the stream edge in May 2010,
which looked to have grown from seed rather than being planted. Planted native
saplings were recorded from the October 2008 sampling period onwards and have
grown considerably in the past six months. No standing dead trees were recorded at
either site. Fallen logs of more than 5 cm were common (occurrence within 1/3 – 2/3
of the transect buffer area) on the bank and in the stream of both the control and
willow removal sites.
8.3.4

Species composition

The composition of the vegetation community was similar in the control and willow
removal sites prior to willow removal. The dominant species (those comprising more
than 20% of the canopy cover for a given stratum) found at both sites were weeping
willows (Salix babylonica), blackberry (Rubus fruticosus) and sedge grass (Cyperus
sp.) (Table 6). The vegetation community composition did not change in the control
site during the sampling period. Six months following willow removal, the vegetation
consisted of pasture grasses and blackberry bushes. One and a half years after willow
removal, the vegetation consisted of native saplings, pasture grasses, Blackberry,
Scotch Thistle (Onopordum acanthium) and Water Couch (Paspalum distichum)
(Table 6). A list of species recorded at the native vegetation sites is displayed in
Table 7.
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Table 6: Riparian vegetation community in willow removal and control sites.
Type
Shrub

Scientific Name
Rubus fruticosus

Common name
European blackberry

Origin
exotic

Shrub

Zygochloa paradoxa

Cane grass

native

Groundcover

Persicaria spp

Smartweed

native

Groundcover

Onopordum acanthium

Scotch Thistle

exotic

Aquatic

Paspalum distichum

Water Couch

native

Shrub

Cyperus sp.

Sedge

native

Tall tree

Salix babylonica

Weeping willow

exotic

Tall tree

Salix fragilis/rubens/alba

Crack/basket willow

exotic

Table 7: Riparian vegetation community at native vegetation sites.
Type

Scientific Name

Common name

Origin

Shrub

Rubus fruticosus

European blackberry

exotic

Tall Tree

Eucalyptus radiata

Narrow leaf Peppermint

native

Tall Tree

Eucalyptus ovata

Swamp Gum

native

Tall Tree

Acacia melanoxylon

Blackwood

native

Small Tree

Pomaderris aspera

Hazel Pomaderris

native

Small Tree

Leptospermum spp.

Tea tree

native

Ground cover

Persecaria spp.

Smartweed

native

Aquatic

Paspalum spp.

Water Couch

native

Shrub

Cyperus spp.

Sedge

native

Shrub

Blechnum nudum

Fishbone Fern

native

Shrub

Phragmites australis

Common reed

native
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Figure 49.

Willow removal site, 11 May 2007.

Figure 50.

Willow removal site, 27 May 2010.
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Figure 51.
May 2010.

Weeds (Blackberry bushes) along the bank of the willow removal site, 27

Figure 52.
Weeds (Scotch thistle and Blackberries) along with native species (Paspalum
spp and Persecaria spp.) on the bank of the willow removal site, 27 May 2010.
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Figure 53.
Evidence of mowing along the bank of the willow removal site, with small
planted tree in foreground, October 2009.
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8.4

Invertebrates

8.4.1 AUSRIVAS
The Victorian AUSRIVAS models were used to assess the level of biological
impairment against a reference condition. The Victoria Forests A (Bioregion 2)
combined season edge and riffle models were used to determine the bands that sites
fell into.
The combined season samples from the edge of control site 4 and the riffle of both
native vegetation sites 5 and 6 were placed in band ‘A – reference condition’. Both
habitats at all other sites fell into band ‘B – significant impairment’, with the
exception of the edge habitat of the willow removal site 1 at Eskdale, which fell into
band ‘C – severe impairment’ (Table 8).
Overall bandings for each site (edge and riffle combined) are allocated according to
the precautionary principle (EPA Victoria 2003). This states that where the riffle and
edge habitats fall into different bands, the lower of the two is allocated to the site.
Following this principle, the willow removal site 1 is designated band C, and all other
sites are designated band B.
Table 8: AusRivAS modelling outputs by site and habitat, with seasons combined.
HABITAT

OE50

Band per
habitat

1 – willow
removal

EDGE
RIFFLE

0.5
0.65

C
B

C

Severely
impacted

2 - control

EDGE
RIFFLE

0.82
0.65

B
B

B

Significantly
impacted

3 - preremoval

EDGE
RIFFLE

0.78
0.74

B
B

B

Significantly
impacted

4 – control

EDGE
RIFFLE

0.92
0.65

A
B

B

Significantly
impacted

5 – native
vegetation

EDGE
RIFFLE

0.78
0.83

B
A

B

Significantly
impacted

6 – native
vegetation

EDGE
RIFFLE

0.78
0.91

B
A

B

Significantly
impacted

SITE

Final band
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Following this analysis, the data were run through the AusRivAS modelling again,
this time by season (Tables 9 and 10). When habitats are combined, every site is
designated band B. There is, however, an apparent improvement in individual habitats
at some sites from band B to band A. This may reflect the high flows experienced in
spring, resulting in an actual drop in diversity and/or increased sampling difficulty.

Table 9: AusRivAS modelling outputs by site and habitat, for the spring sampling.
HABITAT

OE50

Band per
habitat

1 – willow
removal

EDGE
RIFFLE

0.67
0.63

B
B

2 - control

EDGE
RIFFLE

0.65
0.69

B
B

B

Significantly
impacted

3 - preremoval

EDGE
RIFFLE

0.58
0.75

B
B

B

Significantly
impacted

4 – control

EDGE
RIFFLE

0.72
0.57

B
B

B

Significantly
impacted

5 – native
vegetation

EDGE
RIFFLE

0.79
0.74

B
B

B

Significantly
impacted

6 – native
vegetation

EDGE
RIFFLE

0.72
0.97

B
A

B

Significantly
impacted

SITE

Final band
B

Significantly
impacted

Table 10: AusRivAS modelling outputs by site and habitat, for the aAutumn
sampling.
HABITAT

OE50

Band per
habitat

1 – willow
removal

EDGE
RIFFLE

0.53
0.6

B
B

2 - control

EDGE
RIFFLE

0.79
0.72

B
B

B

Significantly
impacted

3 - preremoval

EDGE
RIFFLE

0.81
0.77

A
B

B

Significantly
impacted

4 – control

EDGE
RIFFLE

0.92
0.7

A
B

B

Significantly
impacted

5 – native
vegetation

EDGE
RIFFLE

0.74
0.87

B
A

B

Significantly
impacted

6 – native
vegetation

EDGE
RIFFLE

0.66
0.87

B
A

B

Significantly
impacted

SITE

Final band
B

Significantly
impacted
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Table 11 shows the bandings designated to each habitat at each site from autumn 2007
through to autumn 2010. A steady decline can be seen at willow removal site 1 from
the pre-willow removal survey (band A) to the most recent surveys (band C). There is
also a decline in the control site from band A to band B.
Table 11: AusRivAS modelling outputs by site and habitat, for the autumn sampling.
SITE

HABITAT

1 – willow
removal

EDGE
RIFFLE

2 - control

EDGE
RIFFLE

3 - preremoval

Autumn 2007
(pre-removal)
A
(A)
A
A
A

Combined
2007
A
(B)
B

(B)

EDGE
RIFFLE

B
B

(B)

4 – control

EDGE
RIFFLE

A
B

(B)

5 – native
vegetation

EDGE
RIFFLE

B
A

(B)

6 – native
vegetation

EDGE
RIFFLE

B

(B)

A
B

Combined
2009/2010
C
(C)
B
B
B

(A)

A
B

Combined
2008
B
(B)
B
(B)

A

(B)
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8.4.2 SIGNAL
SIGNAL (Stream Invertebrate Grade Number – Average Level) is an index of water
quality based on the tolerance or sensitivity of aquatic biota to pollution (Chessman
2001). Using data from numerous reports of pollutants in south-eastern Australian
streams, the majority of families of aquatic invertebrates have been assigned a grade
according to their tolerance to pollution or disturbance (Chessman 2001). A grade of
10 represents a high sensitivity to pollution and a grade of 1 represents a high
tolerance to pollution. The signal score for a site is calculated by averaging the signal
scores for all taxa present. The SIGNAL score can then be interpreted in terms of
water quality at each site (Table 12). SEPP guidelines (which are legislated) use
SIGNAL 1, thus SIGNAL scores were based on SIGNAL 1 scores obtained from
EPA Victoria (2003).

Table 12: Site SIGNAL scores and their corresponding water quality status (EPA
Victoria, 2003).
SIGNAL 1 score
>7
6.7
6.0
5.7
5.6
4.5
<4

Water Quality
Excellent
Clean water
SEPP objective (riffle)
SPEE objective (edge)
Mild pollution
Moderate pollution
Severe pollution

SIGNAL scores met the SEPP guidelines in 6 out of 24 samples (Table 13), including
all four riffle samples taken from the native vegetation sites and the autumn samples
taken from the edge habitat at sites 6 (native vegetation) and 4 (control). No samples
were indicative of ‘excellent’ water quality, but the riffle sample from native
vegetation site 5 indicated ‘clean water’. All other samples indicated some level of
pollution. Only one sample was indicative of ‘severe pollution’. This was the edge
habitat at the willow removal site, which deteriorated from ‘moderate pollution’
(SIGNAL = 4.53) in spring 2009 to ‘severe pollution’ (SIGNAL = 3.85) in autumn
2010.
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Table 13: SIGNAL scores for each sample collected in spring 2009 and autumn
2010. Red numbers indicate failure to meet the SEPP (EPA, 2004) guidelines.

HABITAT

SPRING
2009

AUTUMN 2010

1 – willow removal

EDGE
RIFFLE

4.53
5.5

3.85
5.69

2 - control

EDGE
RIFFLE

4.33
5.39

4.5
5.71

3 - pre- removal

EDGE
RIFFLE

5
5.82

4.65
5.71

4 – control

EDGE
RIFFLE

4.35
5.44

4.5
6.09

5 – native vegetation

EDGE
RIFFLE

5.18
6.95

5.22
6.48

6 – native vegetation

EDGE
RIFFLE

5.17
6

5.7
6.33

SITE

On average, only the riffle samples from the native vegetation sites met the SEPP
guidelines. The native vegetation sites had higher SIGNAL scores than the willows
removal sites and the control sites. There was no temporal trend detected between
seasons (Figures 54 and 55).
SIGNAL scores for edge and riffle were averaged for sites 1 (removal) and 2 (control)
and plotted over time from the first sampling event in March 2007 (Figure 56). The
trend indicates an overall gradual decline in health for both sites.
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SIGNAL ‐ edge
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SEPP
Objective

5
4

SPRING

3

AUTUMN

2
1
0
Willow removal

Control

Native vegetation

Figure 54.
SIGNAL scores for spring 2009 and autumn 2010 edge samples, averaged
across sites (±SE).

SIGNAL ‐ riffle
8
7
SEPP
Objective

6
5
4
3

SPRING

2

AUTUMN

1
0
Willow removal

Control

Native vegetation

Figure 55.
SIGNAL scores for spring 2009 and autumn 2010 riffle samples, averaged
across sites (±SE).
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SIGNAL ‐ both habitats
7
6
5
4
3
2
1

Removal
Control

0

Figure 56.
averaged.

SIGNAL scores from March 2007 to the present, with edge and riffle samples
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8.4.3

Number of families

The highest number of families in any sample was 30, found in the autumn riffle
sample at ‘Concrete Bridge’, native vegetation site 6. The lowest number of families
found was 11, recorded from the spring edge sample at the pre-willow removal site.
The SEPP objectives for number of families are 22 (edge) and 21 (riffle). When the
number of families is averaged across sites, habitats and seasons within each of the
treatments, only the riffle samples from the native vegetation (26 ± 2.4) achieve the
SEPP guidelines (Figures 57 and 58). When analysed by season with riffle and edge
samples combined, the number of families at the willows removal site declines, while
the control and native vegetation sites show a recovery from the high flows in spring
2009, with the number of families increasing in autumn 2010 (Figure 59).

Number of families ‐ Edge
Number of Families

25

SEPP objective

20
15
10
5
0
willow removal

control

native vegetation

Sites

Figure 57.
Number of families from the edge samples taken from willow removal,
control and native sites. Numbers averaged across sites and seasons, error bars represent
standard error.
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Number of families ‐ Riffle
Number of Families

30
25
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SEPP objective

15
10
5
0
willow removal

control

native vegetation

Sites

Figure 58.
Number of families from the riffle samples taken from willow removal,
control and native sites. Numbers averaged across sites and seasons, error bars represent
standard error.

Number of families

SPRING 2009
AUTUMN 2010

30

Number of Families

25

SEPP objectives

20
15
10
5
0
Willow removal

Control

Native vegetation

Figure 59.
Average number of families found at willow removal, control and native
vegetation sites during each season. Edge and riffle are combined, error bars represent
standard error.
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8.4.4

EPT index

An EPT index is a count of the number of families belonging to the orders
Ephemeroptera, Plecoptera and Trichoptera (EPT) (mayflies, stoneflies and caddis
flies). The EPT index gives a good indication of stream health in cooler streams in the
mountains and foothills, due to their natural abundance in these environments and
their sensitivity to disturbance (EPA Victoria 2003). The EPA biological objectives
for EPT families in edge and riffle habitats are 7 and 9 respectively.
The highest EPT score for any sample was 15 and occurred in the autumn riffle
sample from native vegetation site 5 and in both seasons’ riffle samples from site 6.
The lowest number of EPT taxa collected was 3, from the autumn edge sample from
the willow removal site (site 1, Eskdale). These were Baetidae and Leptophlebiidae
(both Ephemeroptera) and Leptoceridae (Trichoptera), which were the three most
commonly occurring EPT taxa, being found in 83%, 100% and 92% of all samples
respectively.
The general trend in EPT numbers in the edge sample was an increase from the
willow removal site (4 ± 1.00) through the control and pre-removal sites (5.5 ± 0.22)
to the native vegetation sites (7.75 ± 0.85) (Figure 59). This trend was again seen in
the riffle samples, but with higher numbers overall (5.5 ± 1.5, 7.75 ± 0.61 and 13.75 ±
1.25 respectively) (Figure 60).
The SEPP (EPA 2004) objectives were met in 75% of samples from the native
vegetation sites, compared with 33% in the control sites and 25% of samples in the
willow removal site.
EPT index was plotted from March 2007 for sites 1 (removal) and 2 (control) for both
edge (Figure 62) and riffle (Figure 63). The general trend at the willow removal site is
of an overall steady decline, with a peak in spring 2007. EPT at the control site is
more constant over time. Trends were similar for both habitats.
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EPT ‐ Edge
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EPT families
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Figure 60.
EPT index from the edge samples taken from willow removal, control and
native sites. Numbers averaged across sites and seasons, error bars represent standard error.
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Figure 61.
EPT index from the riffle samples taken from willow removal, control and
native sites. Numbers averaged across sites and seasons, error bars represent standard error.
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Figure 62.
EPT index from the edge samples taken from site 1 (willow removal) and site
2 (control) from March 2007.
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Figure 63.
EPT index from the riffle samples taken from site 1 (willow removal) and site
2 (control) from March 2007.
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8.4.5

Key families

Key families are those which are indicative of good water quality. These families are
typically found in the streams of the region and are representative of a particular
habitat type and are commonly collected (EPA 2004). Data from edge and riffle
habitats are combined when looking at key families as an indicator. The EPA
objectives for bioregion 2 stipulate 22 key families or more.
The highest number of key families found during the sampling period was 31, in the
autumn sample at ‘Concrete Bridge’ (native Vegetation, site 6). Comparatively, the
lowest number of key families found (17) was recorded from the spring sample from
the control site 3 (Table 10). There was a general trend of an increase in key families
from the willow removal site at Eskdale to the native vegetation sites upstream, with
the control sites and the pre-removal site intermediate (Figure 64).
30

Key Families

25

SEPP objective

20
15
10
5
0
willow removal

control

native vegetation

Sites

Figure 64.
Number of key families found in samples from both habitats at willow
removal, control and native sites. Numbers averaged across sites and seasons, error bars
represent standard error.
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A one way analysis of similarity between sites based on macroinvertebrate family
presence/absence indicated a significant difference (R=0.195) between control sites
and native vegetation sites. These results are displayed graphically in Figures 65 and
66 where willow removal and control sites are grouped together and native vegetation
sites are spatially distant. A list of macroinvertebrate families contributing greater
than 4% to dissimilarity between sites are displayed in Tables 14 and 15.

Kick Samples
Transform: Presence/absence
Resemblance: S17 Bray Curtis similarity
2D Stress: 0.12

Treatment
Willow Removal
Willow
Native Vegetation

Figure 65.
NMDS plot based on presence/absence of macroinvertebrate families in kick
samples at three different riparian vegetation types.
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Hand net Samples
Transform: Presence/absence
Resemblance: S17 Bray Curtis similarity
2D Stress: 0.17

Treatment
Willow Removal
Willow
Native Vegetation

Figure 66.
NMDS plot based on presence/absence of macroinvertebrate families in hand
net samples at three different riparian vegetation types.

Table 14: Families contributing > 4% to dissimilarity between site type for kick
samples (SIMPER Analysis).
willow removal/control
Conoesucidae
Corydalidae
Ecnomidae
Gripopterygidae
Leptoceridae
Physidae
Telephlebiidae
Tipulidae
Veliidae
Philorheithridae
Synthemistidae
Tanypodinae

willow removal/native
vegetation
Eustheniidae
Helicopsychidae
Glossosmatidae
Ptilodactylidae
Philopotamidae

control/native vegetation
Eustheniidae
Helicopsychidae
Corydalidae
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Table 15: Families contributing > 4% to dissimilarity between site type for hand net
samples (SIMPER Analysis).
willow removal/control
Veliidae
Coenagrionidae
Hydrobiosidae
Tanypodinae
Mesoveliidae

willow removal/native
vegetation
Acarina
Coenagrionidae
Physidae
Veliidae
Philorheithridae

control/native vegetation
Physidae
Philorheithridae
Acarina

71

8.4.6

Summary

The macroinvertebrate indices, in general, indicate comparatively poor and declining
health where the willows have been removed. AusRivAS modelling for the combined
seasons indicated a ‘severely impaired’ status and none of the four other SEPP
objectives were met in either habitat or season (Table 16). At control sites, the
objectives were met 26% of the time, compared to native vegetation sites, which met
the objectives 67% of the time.
The poor quality of samples in spring 2009 was most likely due to the high flows
experienced during sampling, with approximately 30 mm of precipitation falling in
the three days prior to sampling. There was a marked improvement seen between
spring 2009 and autumn 2010 for all sites except the willow removal site 1, which
continued to decline for most measures of stream health.
In comparison, the control sites were in seemingly better health, however, they failed
to meet most of the SEPP objectives and with the exception of the number of families
index, attained scores closer to those of the willow removal sites than the native
vegetation sites. This would suggest that while the removal of willows may still have
a negative impact on stream health, there are most likely other issues such as land use
which are playing a more significant role in shaping the macroinvertebrate
communities in Little Snowy Creek.
This concept is supported by the multivariate analysis which indicated that based on
macroinvertebrate family presence/absence there is a significant difference between
the native vegetation sites and control sites, yet no significant difference between
control and willow removal sites.
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Table 16: Summary of scores attained for each macroinvertebrate community
assessment index for the spring 2009 and autumn 2010 sampling periods. Red
numbers indicate that the SEPP objective was not achieved.

Season
Site

Spring 2009

Autumn 2010

1

2

3

4

5

6

1

2

3

4

5

6

AusRivAS
E/O

EDGE
RIFFLE

0.67
0.63

0.65
0.69

0.58
0.75

0.72
0.57

0.79
0.74

0.72
0.97

0.53
0.6

0.79
0.72

0.81
0.77

0.92
0.7

0.74
0.87

0.66
0.87

SIGNAL

EDGE
RIFFLE

4.53
5.5

4.33
5.39

5
5.82

4.35
5.44

5.18
6.95

5.17
6

3.85
5.69

4.5
5.71

4.65
5.71

4.5
6.09

5.22
6.48

5.7
6.33

Families

EDGE
RIFFLE

17
16

15
18

11
17

17
16

17
19

12
28

13
16

22
24

23
24

24
23

18
27

30
30

COMBINED

19

20

15

18

23

24

18

24

26

22

27

31

EDGE
RIFFLE

5
7

5
6

5
7

6
6

8
10

6
15

3
4

6
9

6
9

5
9

7
15

10
15

Key
families
EPT
families
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8.5

Fish

The following results provide a method for comparison of native and introduced fish
abundance between the established control (Eskdale) and willow removal sites
(Smythes Road) as well as the four new sites (Supheert’s, Thompson’s Bridge,
Gervasoni’s and Concrete Bridge) and provide a basis for regional site comparisons
through the catch-per-unit-effort (CPUE) data.
8.5.1 Total fish abundance
A total of 319 fish of eight species (two native and six exotic) were captured through
backpack electrofishing in Little Snowy Creek over the two sampling dates between
October 2009 and May 2010 (Table 17). Native fish captured were two-spined
blackfish (Gadopsis bispinosus) and mountain galaxias (Galaxias olidus). Exotic
species captured were rainbow trout (Oncorhynchus mykiss), brown trout (Salmo
trutta), Gambusia (Gambusia holbrooki), European carp (Cyprinus carpio), Goldfish
(Carassius auratus) and redfin perch (Perca fluviatilis). The most abundant native
fish caught were two-spined blackfish (37) while the mountain galaxias was recorded
in increased numbers (21) during this sample period. Brown trout were the most
abundant introduced species (135), followed by redfin (90), rainbow trout (21)
gambusia (9), carp (5) and goldfish (1) (Table 17, Figure 67).
Of the 319 total fish caught, 58 were found at the control site and 61 were caught at
the willow removal site (Tables 18 and 19). The remaining 200 fish were recorded at
the four new sites (Table 17).
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Table 17: Total fish abundance for two sampling occasions (October 2009 to April
2010).
Species

S1

S2

S3

S4

Blackfish

1

3

1

Mountain galaxid

2

9

8

S5
1

S6

TOTAL

25

6

37

1

1

21
58

TOTAL Native sp.
Brown Trout
Rainbow Trout
Gambusia
Redfin
Carp

3
1
9
39
5

Goldfish

29
1

22
1

56

16

29

6

12
5

13
13

135
21
9
90
5

1

1

TOTAL Intro.sp.

261

Grand Total

319

Where:

S1 = Eskdale (original willow removal site)
S2 = Smythes Road (original control site)
S3 = Supheert’s (new willow removal site, pre-removal)
S4 = Thompson’s Bridge (new control site)
S5 = Gervasoni’s (native vegetation riparian zone)
S6 = Concrete Bridge (native vegetation riparian zone)

Table 18: Total fish abundance at control site (Smythes Road) on seven sampling
occasions from 2007 to 2010.

Species
Two spined
Blackfish
Mountain Galaxid
TOTAL Native sp.
Brown Trout
Rainbow Trout
Gambusia
Redfin
Carp
Goldfish
Weatherloach
TOTAL Intro. sp.
Grand Total

Mar07

May07

Oct07

8

5

7

6

2
8

14

15

Control site
MayOct08
08

TOTAL
Oct09

8

1

3
9

32

8

29
1

32
9
41
77
14

16

16

58

107
148

5

12

May10

40

9

0
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Table 19: Total fish abundance at willow removal site (Eskdale) on seven sampling
occasions from 2007 to 2010.

Species
Two spined
blackfish
Mountain galaxid
TOTAL Native sp.
Brown Trout
Rainbow Trout
Gambusia
Redfin
Carp
Goldfish
Weatherloach
TOTAL Intro. sp.
Grand Total

Mar07

May07

2
1

3

Willow removal site
OctMayOct07
08
08
2

2

TOTAL
Oct09

5

May10
1

2

8
11
2
1

1
16
2

5

12
4

3
1
5
39
5
1

2
14

14

23

7

17

6

55

15
3
18
29
28
13
40
5
1
2
118
136
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8.5.2

Native vs. introduced fish numbers

Introduced fish species out numbered native fish at all sites except Gervasoni’s
(native riparian zone site) during the sample period (Figure 67). The willow removal
site was dominated by redfin perch (P. fluviatilis) and was also the only site where the
three introduced pest species (C. carpio, C. auratus and G. holbrooki) were recorded.
The three sites with a willow riparian zone were dominated by the popular introduced
angling species brown trout (S. trutta). The two native riparian zone sites were
characterised by a much greater ratio of native to introduced fish species (Figure 67).
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Figure 67.
Native and introduced fish abundance in control and willow removals sites on
two sampling occasions (October 2009 to May 2010).
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Figure 68.
Total fish abundance in control and willow removal sites on seven sampling
occasions (March 2007 to May 2010).
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Figure 69.
Total fish abundance in control and willow removal sites with grouped data
from seven sampling occasions (March 2007 to May 2010).

8.5.3

Trout abundance and length

The total abundance of trout (brown and rainbow) over the entire three year sample
period at the control site (91) is considerably higher than at the willow removal site
(58) (Figure 70). During the autumn 2010 sampling, 29 brown trout were recorded at
the control site while only three were captured at the willow removal site. A
histogram comparing grouped brown and rainbow trout total lengths between control
and willow removal sites revealed a higher frequency of larger trout (≥ 125 mm)
found at the control site than at the removal site (Figure 71). This was particularly
evident in the size range of 175 mm, where the frequency of trout found at the control
site was 32, while at the willow removal site is was only five. In the smaller sized
classes (< 125 mm), the frequency of trout was higher at the willow removal site.
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Figure 70.
Grouped rainbow and brown trout total abundance in control and willow
removal sites grouped from seven sampling occasions (March 2007 to May 2010).
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Figure 71.
Grouped rainbow and brown trout total length in control and willow removal
sites grouped from seven sampling occasions (March 2007 to May 2010).
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8.5.4 Fish summary
Fish communities at both the control and willow removed sites remained similar
immediately after the disturbance of willow removal. Over time, the abundance and
diversity of fish at both control and willow removed sites has varied widely (Figure
68) between sampling occasions, perhaps suggesting that the fish population is
governed largely by factors other than the removal of willows.
In the first six months and one and a half years after willow removal, introduced fish
seemed to be favoured in the willow removal site. However, one year after willow
removal, significantly higher numbers of introduced fish were recorded in the control
site. Higher numbers of native fish were found in the control sites compared to the
willow removal sites in the first year of sampling but one and a half years after willow
removal, this was reversed with more native fish found in willow removal sites.
Interestingly, the willow removal site at Eskdale is the only site where the three
introduced pest species (C. carpio, C. auratus and G. holbrooki) were recorded during
the 2009/2010 sampling period. This may mean that modification of the habitat at this
site by willow removal has favoured these three species and disadvantaged species
that may prefer habitats with larger amounts of woody debris and shading e.g. the
two-spined blackfish (Gadopsis bispinosus) (Maddock et al. 2004).
A maximum of 34.48 oC was observed at the willow removed site along with
generally more extreme temperature variations over the sample period which may
assist colonisation of opportunistic pest species, like the ones listed above. The effects
of more extreme changes in temperature and light may also affect sensitive fish in the
willow removal site, especially fish eggs, larvae and juveniles (Pusey and Arthington
2003). Adult freshwater blackfish and brown trout have an upper temperature
tolerance of around 25-26 oC (Elliot 1981; Safer 2002), which may help to explain
their low numbers at the willow removal site and their replacement with some pest
species. Unfortunately this site is also the furthermost downstream in the reach and as
such, is both closer to the Mitta Mitta River (possible source of pest species
migration) and due to its greater distance from the source and lower altitude, is likely
to have higher water temperatures regardless of riparian vegetation type.
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Thus, due to the design of the experiment, it is difficult to isolate the variables that
confound the results.
During the latest sampling event (autumn 2010), very high numbers of redfin perch
(P. fluviatilis) of similar size (80-120 mm) were recorded at the willow removal site
(39), the pre-removal willow site at Supheert’s (29) and to a lesser degree, at the
control site (Smythes Road) (16) and the new control site at Thompson’s Bridge (1). It
is likely that this has more to do with dispersal from the Mitta Mitta, rather than any
willow effects, however, since the abundance of redfin decreased with distance up the
reach, and did not appear correlated with variations in water quality or temperature.
There appears to be less difference in the fish community between the willow
removed and control sites than what there is between both willow removed/control
sites combined and sites with a native vegetation riparian zone. Native vegetation
riparian zone sites are characterised by a higher abundance of native fish species
relative to introduced species than the sites with willows or that have had willows
removed.
The native vegetation site at Gervasoni’s property was the only site to have a higher
abundance of native fish than introduced, made up primarily of the two-spined
blackfish (25). Although present in the stream, coarse woody debris was not measured
as part of this project, it seems likely that it may explain the high numbers of this
species at this site, since much of the site was made up with fallen logs and branches.
These both provide habitat themselves and create slackwaters and pools that can be
used as refuge during high flows by two-spined blackfish (Maddock et al 2004).
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9.
SUMMARY OF SHORT-TERM WILLOW REMOVAL
EFFECTS
Monitoring to date suggests that when willows are removed and the root mass is left
undisturbed, short-term effects of willow removal (< 3 years) on stream water quality
are generally minimal. No significant differences were noted in water quality (pH,
DO, EC and Turbidity) or nutrient levels (TN, TP, NOx, Alkalinity and Ammonia)
between control and willow removal sites before and after willow removal.
There was, however, generally lower nutrient levels recorded at the upstream native
vegetation sites, suggesting that land use is an important driver of stream nutrient
levels. Whilst the addition of nutrients from willow leaves at the willow removal site
has ceased, no discernable difference in nutrient levels could be determined, since
nutrient levels at both control and willow removal sites are already relatively high.
The likely cause of this scenario is the heavy stocking of dairy cattle downstream of
the native vegetation sites.
The most significant difference between willow removal, control and native
vegetation sites was light and temperature, especially during warmer months. During
extreme hot weather, water temperature at the willow removal site exceeded 34 oC
and although this is the most downstream of all sites and would be expected to be
warmer, it was almost 10 oC warmer than the control site on the same day. It is likely
that these extreme temperature peaks would be unfavorable for temperature sensitive
species (Two-spined Blackfish, Brown and Rainbow Trout) and advantageous to
invasive pest species (European carp, Goldfish and Mosquito fish) and this was
reflected in the results.
Two-spined blackfish abundance was particularly low at the willow removal site and
highest at the native vegetation sites which may also be attributed to habitat
availability.Maddock et al. (2004) suggest that this species are reliant on habitat that
can provide refugia (undercut banks, logs and slackwaters created by logs and rocks)
during flow spates.
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No specific habitat mapping was conducted as part of this project, but the willow
removal site was generally defined by a series of deep open pools connected by fast
flowing riffles with no logs or cobbles of note (Figure 25).
In contrast, Gervasoni’s (the site with the highest blackfish abundance) is
characterised by a maze of fallen limbs, creating a myriad of small pools and eddies.
The control site could perhaps fit somewhere between these two in respect to instream
habitat.
High numbers of exotic redfin perch were also observed at the willow removal site,
but their abundance decreased with distance up the reach (next highest abundance was
at control site), perhaps suggesting dispersal from the Mitta Mitta River may have
more to do with their community structure than willow removal.
AUSRIVAS macroinvertebrate analysis suggests that although the control sites were
in seemingly better health than the willow removed site, they failed to meet most of
the SEPP objectives and with the exception of the number of families index, attained
scores closer to those of the willow removal sites than the native vegetation sites.
Multivariate analysis of presence/absence of macroinvertebrate families indicated a
significant difference between native vegetation and control sites. This would suggest
that while the removal of willows may still have a negative impact on stream health,
there are most likely other issues such as land use which are playing a larger role in
shaping the macroinvertebrate communities in Little Snowy Creek.
Differences in riparian vegetation were significant between the willow removal site
and control site. The absence of small emergent macrophytes at the control site due to
cattle was particularly evident, as was their gradual colonisation at the willow removal
site. The absence of cattle at the willow removal site is both an advantage and a
disadvantage. On one hand cattle stop the colonisation of native plants, trample and
erode banks and enrich the stream with nutrients; on the other hand their absence at
the willow removal site allows a huge array of pest plant species to establish and
compete with revegetation. Their presence at the control site and absence at the
willow removal site confounds comparisons of riparian vegetation among sites.
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During the May 2010 sampling trip, it was noted that many of the new trees planted as
part of the revegetation program at the willow removal site were growing with vigor
and becoming more established. Measurement of the rate of revegetation succession
of the riparian zone and the effect on instream processes in years to come will form an
important part of future monitoring programs. The presence of willow seedlings at the
willow removal site after known upstream willow removal suggests that willow
removal should be conducted from the top of the reach downstream to help limit the
spread of propagules. It is acknowledged that this is often not possible due to a lack of
landholder co-operation, but where possible, it would be preferable.

84

10.

POTENTIAL LONG-TERM WILLOW REMOVAL EFFECTS

This monitoring program was designed to capture the long-term effects of willow
removal on aquatic ecosystem dynamics over a minimum period of five years.
Prediction of the potential long-term effects of willow removal is difficult. The
relationship between riparian vegetation and the aquatic system is complex, with
many factors influencing processes. In a simple system, the long-term effects of
willow removal on aquatic processes could be summarised as shown in Table 18.
Table 20: Potential long-term effects of willow removal on aquatic processes.
PROCESS

POTENTIAL EFFECT

CHANNEL MORPHOLOGY

? CHANGE

BANK EROSION

? INCREASE

LIGHT LEVELS

? INCREASE

TEMPERATURE

? INCREASE

NUTRIENT INPUT

? DECREASE

ORGANIC INPUT

? DECREASE

UNDERSTOREY VEGETATION

? INCREASE

The effect of these process changes on macroinvertebrates and fish are far more
complex. The direct long-term impacts of willow removal on invertebrate and fish
assemblages in Australian streams and rivers are unknown. Literature investigating
the role that willows play in macroinvertebrate and fish communities through habitat,
shade, temperature and feeding effects, predict that the removal of trees may have
long-term impacts under certain environmental conditions. Effects are likely to be
more significant in small streams or situations where willows represent the only
source of shade or habitat. Such risks could potentially be managed through well
designed revegetation programs.
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11.

MANAGEMENT IMPLICATIONS

The decision to remove, leave or otherwise manage willows in Australian streams,
rivers and wetlands is a much debated topic between natural resource managers,
academics and the broader community. The debate is complicated due to large
knowledge gaps and inconclusive and conflicting findings on the effects of willows
on aquatic biota and a lack of literature on the effects of removing willows from
aquatic ecosystems.
The ongoing extent of willow invasion and the large scale movement of asexual
propagules downstream from existing stands means catchment and regional planning
strategies will be critical to ensuring successful outcomes. Priority setting requires
quantitative knowledge of impacts, costs and benefits from willow invasion and
willow removal at both reach and catchment scales (Wilson 2001). In addition,
catchment managers require access to knowledge that will enable willow removal to
be undertaken in a manner that minimises detrimental short-term impacts and
accelerates recovery of the system.
The results of the current monitoring program indicate that the strategy of removing
willow trunks, branches and leaves and leaving the stump and root mat is successful
in minimising potential detrimental impacts. While equivocal, there is some evidence
(nutrient concentrations and erosion) that the complementary grazing management
undertaken also helps minimise potential negative outcomes.
The long-term effects of willow removal will now be the focus of the monitoring to
determine whether willow removal achieves the desired outcome. The observed
increase in light and temperature in willow removal sites does not seem to have had
detrimental effect on other aquatic processes, at least in the short-term (three years).
However, any management action that can be undertaken to promote riparian
regeneration will accelerate lowering of light and temperature levels. The effects of
changes in instream habitat have yet to become manifest. Ongoing monitoring of the
sites as the root masses decompose may reveal additional measures that managers
may undertake to accelerate stream rehabilitation.
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