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Executive Summary
This report provides a ‘snapshot’ picture of river condition, incorporating aspects of riparian
condition, physical in-stream habitat and in-stream structures within the Inglis and
Flowerdale River catchments.  The approach adopted for this study is a derivation of the
original Index of River Condition (IRC) method utilised in previous ‘State of River’ reports
by the Department (eg: Nelson, 1999a) and was adapted for Tasmania from the Victorian
Index of River Condition (CEAH, 1997a). In addition, a new element has been added to
condition assessment in relation to in-stream structures and hydrological connectivity.

Field IRC assessments occurred at 40 representative sites within the Inglis/Flowerdale River
catchment.  Ten of these were located on the mainstream Inglis River, 19 on tributary
streams of the Inglis River, 7 on the mainstream Flowerdale River, and 4 on tributary
streams of the Flowerdale River.  Sixty-three in-stream structures were assessed separately at
locations throughout the catchment.

• The physical form sub-index ranged in condition from excellent to moderate for both the
mainstream and tributaries.  Lower values were recorded for sites that occur within areas
of agricultural and forestry activities, with lower scores being recorded as a result of
higher general site disturbance and a lack of Coarse Woody Debris (CWD) within the
stream channel.

• The stream-side zone sub-index ranged in condition from excellent to very poor within
the Inglis/Flowerdale catchment. Non-vegetated or poorly vegetated riparian zones, and
uncontrolled stock access to river banks accounted for lower ratings at some sites
(generally located in the lower catchment), and indicate that these are management
issues that need to be addressed.

• Surveys of in-stream structures focused primarily on the hydrological changes that are
associated with each artificial structure and how these changes alter the potential for fish
passage.  Thirteen artificial structures were identified that cause alteration of
hydrological (fish passage) conditions within the mainstream and/or major tributaries by
a moderate to significant degree.

• On average, farm dams were found to modify hydrological connectivity most and these
structures are most likely to affect fish movement patterns in the catchment. This is of
particular importance as all of the native fish species known to occur within the
catchment are migratory and require unobstructed passage between sea and river to
complete their life cycle.

From this study it is evident that riparian (stream-side) zone rehabilitation and management
is a significant issue for rivers and creeks in the Inglis/Flowerdale catchment. Within
agricultural areas of the catchment it was found that the riparian zone was highly altered and
that native species were in low proportions and in some cases completely absent.  These
zones were generally infested by weed species such as willow and blackberry.  Future
management should focus on improving management of these degraded areas, and strategic
plans should be considered to protect areas that are of high conservation value or in a
relatively undisturbed state.
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Glossary of Terms

Anadromous Fish that hatch in fresh water, then migrate to salt water to grow and mature,
and inturn migrate back into fresh water to spawn and reproduce.

Catadromous Fish that migrate from fresh water to salt water to spawn or reproduce.
Coarse Woody
Debris (CWD)

Dead or living tree (branch or root system) that has fallen into or is immersed
(totally or partially) in a stream.  Generally with diameter greater than 10cm
and length exceeding 1metre.

Diadromous Migration between fresh and saltwater (either direction) at a regular life-
history phase, but not necessarily to spawn.

Discharge A volume of water passing a given point in unit time.
Fish passage The directed movement of a fish past a given point in a stream.  Particularly

relates to the engineering and biological aspects of restoring free passage at
barriers.

Fish passage
device

Structure incorporated into a barrier to promote fish movement.

Fishways Structures that allow for fish to pass barriers.

Pools Deep, still water , usually within the main river channel.

Riffles Areas of fast moving, broken water.

Riparian vegetation Vegetation on the banks of streams and rivers.

Run Unbroken, moving water.
SIGNAL Stream Invertebrate Grade Number – Average Level.  Grading based on the

tolerance or intolerance of macroinvertebrates to various types of pollution
and or disturbance.

Snags In-stream woody debris.
Substrate The structural elements of the river bed; boulder, cobble etc.
WIMS database Water Information Management Systems database, designed for managing

water usage and demand data.
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1.  INTRODUCTION

This study has been conducted to provide an assessment of riverine habitat condition within
the Inglis/Flowerdale catchment.  The study has been carried out in association with other
studies undertaken by the DPIWE to form the basis of ‘State of Rivers’ reporting for the
catchment.

The Index of River Condition (IRC) has been adopted in Tasmania to provide a picture of
the ‘overall health’ of reaches within a catchment.  This was originally achieved through the
assessment of hydrology, water quality, aquatic ecology, physical form and stream-side zone
condition.  The Tasmanian IRC method provided for an index of change from a natural state
and is based on similar survey approaches carried out in Victoria (CEAH, 1995) and
Queensland (Anderson, 1993).  Assessments have been completed for several catchments
under the State of Rivers project in Tasmania (Montagu, Duck and North Esk catchments)
and the method has proven to be useful to assess river condition for Tasmanian rivers.  In
addition, IRC assessments undertaken on previous catchments have been used by community
groups to target rehabilitation activities.

The IRC methodology has changed since its inception to gather information on physical
form, stream-side zone and hydrological connectivity (influence of barriers) as State of River
reporting already provides comprehensive assessments of hydrology, water quality and
aquatic life (River Health).  Previously aquatic life ratings based on SIGNAL assessments
(Chessman, 1996) were incorporated into the IRC.  The aquatic health of sites in terms of
macroinvertebrate community composition is now reported in the Aquatic Ecology section
of the “State of Rivers” report using AusRivAS outputs using Tasmanian river health models
(Krasnicki et al., 2001).

The broad objectives of the Tasmanian Index of River condition are detailed below:

• To identify reaches that have been modified in relation to in-stream condition.
• To identify reaches where the riparian zone has undergone modification.
• To identify hydrological breaks that act as barriers to native fish migration.
• To make recommendations regarding target management areas for in-stream and riparian

rehabilitation.

The current methodology is designed to identify reaches within a catchment where habitat
modification has occurred.  Habitat modification in this case relates to changes to in-stream
and riparian vegetation parameters.  The approach has been focused to provide more detail
on physical river condition via detailed assessment of the riparian zone and in-stream habitat
conditions and should not be viewed simply as a truncated version of previous IRC
methodologies.  It is a tool that is useful for identifying areas of habitat modification and
determining the source of the disturbance.  From this assessment specific management issues
can be identified not only for individual reaches but the catchment as a whole.  The method
also provides the basis for long term monitoring of changes in habitat condition as ideally
Index of River condition assessments could be repeated to measure improvements related to
river rehabilitation activities.
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A detailed assessment of in-stream structures that have the potential to act as barriers has
been incorporated into the study.  All structures have been rated on their potential to impede
fish passage and their impact on the hydrological connectivity of the system.  Changes in
hydrological connectivity can be a result of natural features (such as waterfalls and rapids) or
artificial structures (such as dams, culverts and weirs).  This assessment is independent of
IRC ratings for physical form and streamside zone scores and therefore is discussed
separately.

Fish passage is the term used to describe the ability of fish to pass a point in a stream by
directed movement.  Eleven of Tasmania’s 25 native fish species are migratory and require
free passage in order to maintain population diversity.  Barriers can therefore have major
implications for fish populations with the potential to cause localised extinctions, reduce fish
abundance and lower genetic diversity (Thorncraft and Harris, 2000).  Fish passage has been
adopted as the measure of ecological integrity for this parameter.

Individual ratings for barriers can be applied to particular stream reaches and the cumulative
effect of barriers on sites determined.  These findings can be used as a basis for future
management of development within the catchment, through the determination of the
cumulative effect and location of barriers.  As fish records are limited for most of the reaches
in which artificial barriers occur, caution must be taken in attributing the current pattern of
fish distribution to the changes in hydrological connectivity associated with these barriers.
As such each individual structure has been assessed on the basis of its effect on hydrological
connectivity and it is from this assessment that the likely potential for fish passage has been
determined.

Assessment of river condition in this study provides a baseline of information that can be
used for comparative purposes to observe changes within the Inglis/Flowerdale catchment
over time.  Ideally this program could be re-run using the same sites to determine if the
overall condition of the catchment has improved or declined.  This would be particularly
useful for community groups in relation to monitoring the success of current and future
restoration projects.

2.  SITE SELECTION

A total of 40 sites were surveyed within the catchment (Table 1 and Figure 1).  Ten sites
were located on the mainstream of the Inglis River and 30 on major tributaries within the
catchment.  The Flowerdale River is the largest tributary system within the catchment and
seven sites were selected on the main channel.  A further four sites were selected on
tributaries entering the Flowerdale River.  Each site was selected as being representative of
the reach (length of river) where it occurs.  Site selection was based on examination of maps
and extensive “ground truthing” prior to the survey.  Selection of study sites overlapped with
the sites used in the assessment of water quality and aquatic ecology.  This allowed for the
incorporation of existing long term water information for the catchment into this 'snapshot'
assessment.
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Table 1.  Site Legend for Inglis/Flowerdale IRC sites represented in Figure 1.

Site No Site Name Northing Easting
INGL01 Inglis River off Stennings Road 5462700 389350
INGL02 Inglis River at Emerald Vale Road at railway bridge 5462800 387100
INGL03 Inglis River at Pages Road 5460100 384750
INGL04 Inglis River at end of road through gravel pits 5458200 384050
INGL05 Inglis River off Zig-Zag Road 5453000 383100
INGL06 Inglis River at picnic area Jefferson Road 5451200 382300
INGL07 Inglis River upstream of Jessie Road 5447200 382600
INGL08 Inglis River at Takone Road at Takone 5442100 385400
INGL09 Inglis River at Choveaux Road in plantation 5439700 385400
INGL10 Inglis River at Viney Road 5437300 384900
INGL11 Big Creek at Wynyard 5461600 391300
INGL12 Big Creek at Nursery Road 5459400 389800
INGL13 Big Creek at Tram Road near picnic area 5457000 389100
INGL14 Big Creek at Tram Road at start of pine plantation 5455800 389100
INGL15 Big Creek at Cleveland Road 5452300 391100
INGL16 Big Creek at Smarts Road 5449600 391900
INGL17 Mitchells Creek at Bass Hwy 5463300 389900
INGL18 Blackfish Creek at Stennings Road 5461900 389050
INGL19 Blackfish Ck at Blackfish Road 5459400 388300
INGL20 Blackfish Creek at end of Blackfish Road 5456900 387900
INGL21 Blackfish Creek at Lowries Road 5449700 388200
INGL22 Un-named tributary at end of Ballast Pit Road 5461800 387400
INGL23 Calder River upstream of confluence at Zig-Zag Road 5452400 383300
INGL24 Calder R at end of Bassets Road 5449600 384700
INGL25 Calder River at Takone Road 5443700 388200
INGL26 Jefferson Creek off Jefferson Road 5449400 381900
INGL27 Jessie River upstream of confluence 5447200 382200
INGL28 Rattler River at Takone 5442100 385300
INGL29 Rattler River-Takone Road 5440600 383450
FLOW01 Flowerdale River at Preolenna Road 5463400 387000
FLOW02 Flowerdale River at railway 1.2k south of Boat

Harbour
5465000 385200

FLOW03 Flowerdale River at old streamflow station at Moorleah 5464000 382700
FLOW04 Flowerdale River at Lapoinya Road 5460100 382050
FLOW05 Flowerdale River at flying fox off Ten Foot Track 5455400 380600
FLOW06 Flowerdale River at Meunna Road 5446700 375900
FLOW07 Flowerdale River at West Takone Plantation 5441200 377100
FLOW08 Coopers Creek at 10 Foot Track 5454300 381100
FLOW09 Coopers Creek at ford (off Preolenna Road) 5452050 381200
FLOW10 Hardmans Creek at Preolenna Road 5447850 376950
FLOW11 Hebe River at Myalla Road 5453900 372600
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Figure 1: Inglis/Flowerdale River Catchment. Index of River Condition (IRC) sites
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3.  METHODOLOGY DESCRIPTION

The IRC approach has been developed to provide an assessment of current habitat condition
within a catchment.  This was achieved through collection of physical and ecological data
from a range of reaches throughout a catchment and determining the degree of departure of
physical and riparian conditions of these reaches from a natural state.  The methodology is
based on two sub-indices (Physical form and Stream-side zone).  Each sub-index represents a
rating of one or more parameters or habitat attributes (Table 3).

Parameters for each sub index are rated on a 5 point rating scale where possible rather than
absolute values (Table 2).  The ratings are based on the degree of divergence of the current
state from a natural state.  The 5 point rating scale had been developed for the Victorian IRC
(CEAH, 1997b) after rigorous trial of the original Index for Victorian conditions and this has
subsequently proven to be an effective rating scale for Tasmanian catchments (Horner,
2002).  According to Victorian authorities a scale with a higher or lower rating would be
unrealistic given the current state of knowledge of the relationship between a change in the
indicator and environmental effects (CEAH, 1997b).

Table 2.  Habitat rating categories for individual sites.
Condition Very poor

Highly
modified

Poor
Major

modification

Moderate
Some

modification

Good
Near

natural

Excellent
Essentially

natural
Total score 0 - 1 2 - 3 4 - 5 6 - 7 8 - 10

Habitat rating 0 1 2 3 4

3.1  Sub-index parameters

At each site a number of indicators for each sub index are assessed or rated.  Descriptions of
indicators for each sub-index parameter are detailed in Table 3.

Table 3.  The sub-index parameters with associated indicator categories.
Sub-index Indicator

Physical form Bank condition
Bed condition

Density of coarse woody debris
Influence of artificial barriers

Overall site disturbance
Stream-side zone Width of stream-side zone

Structural intactness
Native vegetation cover

Native Vegetation regeneration
Longitudinal continuity
Overstorey regeneration

Stream-side cover
Hydrological connectivity Barrier effectiveness

Barrier location
Fish passage potential

Deviation of flow
Other in-stream structures

Bank stability
Overall disturbance
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3.1.1 Physical form

Bank condition

Bank condition or stability is an assessment of the amount of erosion occurring at set points
within the study site.  Potential indicators of current bank stability include:

• Lack of vegetative cover or exposed soil;
• Irregularities and sharp bends in the stream course;
• Undermining of the toe of the banks and exposed roots;
• Water discolouration along the toe of the bank, and evidence of recent soil slips.

Bed condition

Bed condition is a measure of overall aggradation and degradation of the stream bed at each
transect location.  Potential indicators of current bed instabilities include:

• Erosion heads;
• Bank instabilities on both sides of the bank (this indicates bed degradation);
• Any accumulations of sediment around obstructions (typically coarse woody debris) and
       the general width to depth ratio is low for degradation and high for aggradation.

Density and origin of coarse woody debris (CWD)

In-stream woody debris can represent an important habitat for aquatic animals.  It provides a
refuge for fish and invertebrates, food source for many macroinvertebrates, and is important
for spawning for some fish species (e.g. river blackfish, Gadopsis marmoratus).  The rating
scale is based on the proportion of available CWD in the reach assessed.  The rating assumes
that the greater the proportion of snags available, the more habitat there is for in-stream
fauna.

Influence of artificial barriers

The presence of artificial barriers indicates a clear change from natural conditions.  Barriers
include weirs, dams, culverts and bridges.  Barriers largely affect fish movement but also
impact available water downstream which can have an effect on other ecosystem processes.
The rating for artificial barriers is based on seasonal changes in water availability across the
structure and the frequency of structure inundation.

Overall site disturbance

For this parameter six disturbance categories were available (extreme, very high, high,
moderate, low and very low) for each site.  The categories are largely based on physical
aspects of stream-side vegetation such as the degree of weed infestation, cover provided by
native species and native species richness.
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3.1.2 Stream-side zone

Riparian vegetation plays an important role in the maintenance of stream condition.  For
example, Skills and Pen (1995) note that stream-side vegetation can provide the following:

• Increase bank roughness thereby reducing erosion potential;
• Riparian roots bind and reinforce soil (bank stabilisation);
• Roots loosen soil allowing greater infiltration of rainwater;
• Vegetation filters sediment and nutrients and promotes sediment deposition;
• Continuous vegetation provides ecological corridors and habitat availability for
       terrestrial animals and plants.

These factors directly and indirectly maintain the quality and ecological integrity of a
waterway.

Width of stream-side zone

The stream-side zone is the interface between the aquatic and terrestrial environment and
was assessed as the average distance of vegetation from waters edge at base flow to any
cleared or developed land.  This parameter is largely designed to determine how much
vegetation is present from the riverbank to where some form of disturbance, such as clearing
occurs.  The stream-side zone may be extensive therefore anything over forty metres should
be recorded as such.  The width of the stream-side zone is important to determine the
buffering effect that it is having from adjacent developed land and to indicate the continuous
presence of vegetation which is important for faunal corridors and habitat.

Structural intactness

Structural intactness is an indicator of disturbance relating to the original distribution of
stream-side vegetation. The ratings for structural intactness are based on a scale of
continuous, patchy and sparse cover.  The following definitions for the three structural layers
are based on the Victorian model.

• Overstorey – those woody plants greater than 5 m tall.
• Understorey - those woody plants less than 5 m tall.
• Ground cover - other plants without woody stems.

Proportion of native vegetation cover

This category refers to the proportion of native and introduced plant species in the reach
assessed.  The relative proportion of native species present provides a rating of how close to
natural the reach is.  The presence of exotic species may be undesirable depending on the
quantity and/or the particular exotic species.  Ratings are according to the percentage cover
that is present and is determined separately for each structural layer.

Presence of regeneration of native plant species

Regeneration of native vegetation is an important indicator of current condition.  Due to the
difficulty in assessing the regeneration of ground cover species, it has been applied to
overstorey and understorey species only.
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Longitudinal continuity

In essence longitudinal continuity is simply a measure of how continuous stream-side
vegetation is.  Any gap that exists in a vegetation corridor has the potential to act as a barrier
to terrestrial fauna movement or increase physical and ecological disturbance via erosion/
sedimentation runoff.  The parameter specifications adopted here are the result of expert
panel discussions in Victoria (CEAH, 1997c).  A significant discontinuity is defined as a gap
in the stream-side vegetation greater than ten metres long and that has a width of five metres
or less.  The two factors applied are:

• Proportion of bank length with vegetation greater than 5 m wide;
• The number of significant discontinuities per unit length.

Overstorey stream-side vegetation regeneration

The regeneration of indigenous species within the stream-side zone is an important rating of
its current condition.  A well-developed overstorey suggests long term stability of the area
from previous disturbance events such as clearing, logging and fire.

Vegetative regrowth categories

This rating is based on the assumption that natural succession in vegetation culminates in the
formation of a climactic community.  Such an end point community receives the highest
rating.  The nature of the climax communities varies and is determined by environmental
conditions within an area.  For example high rainfall areas of the State support temperate
rainforest as a climax community, whilst low rainfall areas may culminate in a sclerophyll
community.

Stream-side cover

The indicators for this section are categorised as follows:

• Canopy cover
• Vegetation overhang
• Root overhang
• Bank overhang
• Man-made overhang

The data collected for this section provides an assessment of available habitat in the form of
shelter and shading for aquatic life.  Overhanging trees may also provide a direct food source
in the form of leaf and insect fall into the stream.  Man-made overhangs relate to structures
(eg: jetties and pontoons) that result in shading and or sheltering of the streambed.
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3.1.3 Hydrological connectivity

Hydrological connectivity, or the ability of water to move between river reaches has been
identified as an important factor in assessing riverine condition.  This index has been
incorporated to highlight which indicators of hydrological connectivity have undergone
modification within the catchment.  As with the previously mentioned sub indices there are a
number of parameters that have been identified that allow the formation of a rating scale for
hydrological connectivity. A 5 point rating system has been developed for each parameter
and details are given under each parameter heading below.  The term "ideal" is used in
preference to the term "natural" used in stream side zone and physical form assessment.
Hydrological connectivity parameters are as follows:

Barrier effectiveness

This parameter determines the ability of an in-stream structure to influence the seasonal
availability of water within the downstream reach.  It takes into account the design of the
structure and the frequency at which the structure drowns out throughout the year.

Barrier location (subcatchment ratios)

It is important to consider both the effectiveness of the barrier to influence hydrological
connectivity and also its position within the catchment.  The degree of naturalness for this
parameter is related to the relative catchment areas upstream and downstream of the
structure.

Fish passage potential

This parameter assesses the potential for changes to in-stream condition to affect the rate of
fish passage across an in-stream structure.  The degree to which in-stream conditions departs
from a natural condition is influenced through structure design.  The presence of fish passage
devices that aid movement is important in evaluating this parameter.

Deviation of flow

Barriers alter the natural flow regime within the area they are located.  The degree to which
the flow is modified from natural conditions can be viewed in terms of upstream and
downstream alterations.  Typically upstream of a barrier water is impounded whilst
downstream flow is restricted.  This parameter provides an indication of the extent of
impoundment upstream and the availability of water downstream.  It also provides an
indication of the velocity of the downstream flow in addition to water quantity.

Other in-stream barriers

This parameter relates the ability of other in-stream structures to affect the barrier being
reviewed and highlights the impact of multiple developments for particular reaches.  An in-
stream structure would receive a lower score for this parameter if it were to occur within a
reach with multiple hydrological breaks rather than a reach with no other barriers.
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Bank stability

The stability of the surrounding stream banks is an important factor to determine in relation
to hydrological connectivity.  Stable conditions have been set as the standard for "ideal".
High rates of bank erosion are known to result in increased sediment loads within waterways
and reduced water quality.  These are important factors to consider as they have a negative
impact on native fish communities (Richardson and Jowett, 2002).

Overall disturbance

For this parameter five disturbance categories were selected being, extreme, major,
moderate, minor, and very low.  As riparian habitat plays an important role in maintaining
the quality and ecological integrity of a waterway the categories are largely based on
physical aspects of stream-side vegetation such as the degree of weed infestation, cover
provided by native species and native species richness. Details of the disturbance categories
utilised in determining this parameter are provided in Appendix 3.

Analysis of all parameters provides an overall rating of how an individual barrier effects
hydrological connectivity.  In order to determine the effects of multiple barriers upon the
system a decision tree was developed based on the above parameters.

3.2 Site assessment and survey methods

Site assessments were conducted during March 1999 at the 40 IRC sites (Figure 1).  During
August and December 2002 an additional survey of parameters related to hydrological
connectivity was undertaken.  This allowed for the direct assessment of 63 artificial in-
stream structures that have the potential to act as barriers to fish migration or movement (see
Appendix 1b).  Electrofishing surveys were carried out during November 2002.
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4.  RESULTS

IRC Summary results for entire Inglis/Flowerdale catchment

Results of the IRC assessment for the Inglis catchment (INGL sites) are presented for the
main channel, tributaries, and for the catchment as a whole in Table 4.

Table 4.  IRC sub-index values for the Inglis catchment.

Numerical value (Rating)
Category Mainstream Sites Tributaries

Sites
Average for
Catchment

Physical form 7.6 7.4 7.4 (Good)
Stream-side zone 4.4 3.6 3.9 (Poor)

Hydrological connectivity 7.8 6.8 7.1 (Good)

Results of the IRC assessment for the Flowerdale catchment (FLOW sites) are presented for
the main channel, tributaries, and for the catchment as a whole in Table 5.

Table 5.  IRC sub-index values for the Flowerdale catchment

Numerical value (Rating)
Category Mainstream Sites Tributaries

Sites
Average for
Catchment

Physical form 8.0 8.6 8.2 (Excellent)
Stream-side zone 4.6 5.9 5.1 (Moderate)

Hydrological connectivity 6.7 5.5 5.8 (Moderate)

Figure 2.  Median rating values for different barrier types assessed within the Inglis/Flowerdale
catchment.
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Figure 2 presents ratings for various types of structures in relation to hydrological
connectivity.  Essentially, fords and bridges result in partially modified conditions, culverts
and weirs result in moderately altered conditions and farm dams result in poor conditions for
fish passage.  Table 4 indicates that the Inglis mainstream and associated tributaries provide
"good" conditions for fish passage.  Table 5 indicates that the mainstream Flowerdale
provides "good" passage conditions and that the tributaries provide "moderate" conditions
for fish passage.  Figure 8 shows the distribution of structures and related fish passage values
of structures that were surveyed within the catchment.

4.1 IRC results for Inglis mainstream sites

A total of 10 sites were sampled on the mainstream (Figure 1) and Index of River condition
ratings for the Inglis River mainstream are provided in Figure 3.  Parameters that suggest
major or extreme modification from a natural or ideal condition are presented in Table 6
along with any data gaps.  Condition maps for the physical form and stream-side zone sub-
indices are provided in Figures 6 and 7 respectively. Management issues for each
mainstream site are identified in Table 11.

Overall, the physical condition of sites surveyed in the mainstream was of a near natural or
good condition.  For the mainstream the rating for physical condition ranged from excellent
to moderate condition with the values for individual sites being influenced by the degree of
development around the site (Figure 6).  Four of the mainstream sites rated as in excellent
condition, (Inglis River through gravel pits (INGL04), Inglis River off Zig-Zag Road
(INGL05), Inglis River at Jessie Road upstream Jessie River confluence (INGL07), and
Inglis River at Viney Road (INGL10)).  The physical form index for three reaches of the
Inglis mainstream rated as in good condition (Inglis River at Pages Road (INGL03), Inglis
River at Takone Road at Takone (INGL08), and Inglis River at Choveaux Road (INGL09)).
Moderate conditions for physical form occurred at three mainstream sites (Inglis River off
Stennings Road (INGL01), Inglis River at Emerald Valley Road (INGL02), and Inglis River
at Jefferson Road picnic area (INGL06)).

From Table 6 it is evident that the physical form parameters of overall site disturbance
(OSD) and to a lesser degree coarse woody debris (CWD) depart from natural condition
along the mainstream.  Major or extreme modification to the parameter of OSD was noted at
four sites (Inglis River off Stennings Road (INGL01), Inglis River at Emerald Valley Road
(INGL02), Inglis River at Jefferson Road picnic area (INGL06), and Inglis River at Jessie
Road upstream Jessie River confluence (INGL07)). For the Inglis River at Emerald Valley
Road (INGL02) the parameter of CWD also was assessed as having a major or extreme
modification from natural.  From Table 6 it is evident that the indicators for overall site
disturbance (OSD) and coarse woody debris (CWD) are most influenced by land usage
within the catchment.

The stream side zone index is clearly modified as illustrated in Figure 3.  Overall, the
average stream-side zone sub-index rating for the main stream is of moderate condition.  The
condition of stream-side vegetation in the mainstream varied between reaches and like
physical form ratings reflected adjacent land use practices.  One site (Inglis River off Zig-
Zag Road (INGL05)) rated as in excellent condition.  Two of the mainstream sites rated as in
good (near natural) condition, (Inglis River through gravel pits (INGL04), and Inglis River at
Jessie Road upstream of the Jessie River confluence (INGL07)).  Three sites rated as being
in moderate condition (Inglis River at Pages Road (INGL03), Inglis River at Takone Road at
Takone (INGL08), and Inglis River at Choveaux Road (INGL09)).  One site was found to
have been subject to major modification and was in poor condition (Inglis River at Viney
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Road (INGL10). The stream-side zone for three sites (Inglis River off Stennings Road
(INGL01), Inglis River at Emerald Valley Road (INGL02), and Inglis River at Jefferson
Road picnic area (INGL06)) rated as in very poor condition.

The condition of stream-side vegetation in the mainstream varied between reaches and like
physical form ratings reflected adjacent land use practices.  In agricultural areas there was a
trend for reduced ratings, indicating a higher degree of modification as illustrated in Figure 3
and Table 6.  From Table 6 it is evident that major or extreme modification to the parameters
of riparian width, longitudinal continuity, proportion of indigenous cover, and regeneration
of indigenous cover for this sub-index has occurred within agricultural reaches of the
mainstream.  These findings reflect the discontinuous nature of existing vegetation, the low
proportion of native species present, and the lack or regeneration by native species within
these reaches.



State of Rivers River Condition of the Inglis/Flowerdale Catchment

15

Figure 3.  IRC results for the Inglis River mainstream sites.

5.5

5.7

7.4

8.8

9.4

5.6

10.0

7.9

7.1

8.2

1.3

1.7

5.2

6.8

8.0

1.3

7.1

4.4

4.2

3.9

0 5 10 15 20

INGL01

INGL02

INGL03

INGL04

INGL05

INGL06

INGL07

INGL08

INGL09

INGL10

Si
te

Index of River Condition Score

physical form
streamside



State of Rivers River Condition of the Inglis/Flowerdale Catchment

16

Table 6: IRC Sub-index ratings and indicator values for the mainstream Inglis River catchment sites.
Physical form Stream-side zone

Site Morphology Physical
form rating

Bank Bed Barrier CWD OSD Stream-
side rating

Riparian
width

Struct.
intact.

%
indig
.

Regen. LC Overst
regen.

SC

INGL01 Inglis River off Stennings Rd. floodplain 5.5 1.3
INGL02 Inglis River at Emerald Vale Rd. floodplain 5.7 1.7
INGL03 Inglis River at Pages Rd. valley 7.4 5.2
INGL04 Inglis River through gravel pits valley 8.8 6.8
INGL05 Inglis River off Zig-Zag Rd. valley 9.4 8.0
INGL06 Inglis River at Jefferson Rd picnic
area

valley 5.6 1.3

INGL07 Inglis River at Jessie Rd upstream of
Jessie R confluence.

valley 10.0 7.1

INGL08 Inglis River at Takone Rd at Takone. floodplain 7.9 4.4
INGL09 Inglis River at Choveaux Rd. floodplain 7.1 4.2
INGL10 Inglis River at Viney Rd. valley 8.2 3.9

Indicator suggests major or extreme CWD = Coarse woody debris
difference from natural or ideal conditions OSD = Overall site disturbance.

LC = Longitudinal continuity
Inadequate data to evaluate sub-index. SC = Stream-side cover.

Regen = Regeneration of indigenous species.
Adequate data to evaluate indicator and ratings
suggest changes have not been extreme or major.
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4.2 IRC results for Inglis tributary sites

IRC ratings for the tributary streams of the Inglis River are provided in Figure 4.  A total of
19 sites were sampled on 8 tributaries (Figure 1).  Parameters that suggest major or extreme
modification from a natural condition for sites on tributaries of the Inglis River are
highlighted in Table 12 along with data gaps.  Maps for physical form and stream-side sub-
indices values are provided in Figures 6 and 7 respectively.

Overall, the physical condition of tributary sites surveyed was assessed as being in near
natural or good condition.  For the Inglis tributary sites the rating for physical condition
ranged from excellent to moderate condition with the values for individual sites being
influenced by the degree of development around the site (Figure 6).  Nine of the Inglis
tributary sites rated as in excellent condition, (Big Creek at Tram Road picnic area
(INGL13), Big Creek at Tram Road (INGL14), Big Creek at Cleveland Road (INGL15),
Blackfish Creek at end of Blackfish Road (INGL20), Calder River at Zig-Zag Road
(INGL23), Calder River at Bassets Road (INGL24), Jefferson Creek off Jefferson Road
(INGL26), Jessie River upstream of Inglis River confluence (INGL27), and Rattler River at
Takone Road (INGL29)).  The physical form index for seven Inglis tributary sites rated as in
good condition (Big Creek at Nursery Road (INGL12), Big Creek at Smarts Road (INGL16),
Blackfish Creek at Blackfish Road (INGL19), Blackfish Creek at Lowries Road (INGL21),
Un-named tributary at end of Ballast Pit Road (INGL22), Calder River at Takone Road
(INGL25), and Rattler River at Takone (INGL28)).  Moderate conditions for physical form
occurred at three Inglis tributary sites (Big Creek at Wynyard (INGL11), Mitchell’s Creek at
Bass Highway (INGL17), and Blackfish Creek at Stennings Road (INGL18)).

As with the mainstream, physical form condition deteriorated for the tributary sites within
developed areas.  This is clearly reflected in the low ratings of Big Creek at Wynyard
(INGL11), and Mitchell’s Creek at Bass Highway (INGL17), when compared with tributary
sites that occur in less developed zones, such as Blackfish Creek at the end of Blackfish
Road (INGL20), and Calder River at Bassets Road (INGL24).  From Table 12 it is evident
that the indicators of Overall Site Disturbance and Coarse Woody Debris are prone to
disturbance and have been highly modified for reaches within agricultural areas.

The stream-side zone sub-index of two Inglis tributary sites, (Blackfish Creek at end of
Blackfish Road (INGL20), and Jefferson Creek off Jefferson Road (INGL26)), rated as in
good (near natural) condition.  Seven Inglis tributary sites rated as in moderate condition
(Big Creek at Tram Road picnic area (INGL13), Big Creek at Cleveland Road (INGL15),
Blackfish Creek at Blackfish Road (INGL19), Un-named tributary at end of Ballast Pit Road
(INGL22), Calder River at Zig-Zag Road (INGL23), Calder River at Bassets Road
(INGL24), and Jessie River upstream of the Inglis River confluence (INGL27)). Big Creek at
Nursery Road (INGL12), Big Creek at Tram Road (INGL14), and Rattler River at Takone
Road (INGL29) rated as poor condition for the stream-side zone subindex.  The stream-side
zone sub-index for seven of the Inglis tributary sites rated as in very poor condition (Big
Creek at Wynyard (INGL11), Big Creek at Smarts Road (INGL16), Mitchell’s Creek at Bass
Highway (INGL17), Blackfish Creek at Stennings Road (INGL18), Blackfish Creek at
Lowries Road (INGL21), Calder River at Takone Road (INGL25), and Rattler River at
Takone (INGL28)).
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As with the physical form sub-index general trends were observed that related site condition
to surrounding land usage.  From Table 6 it is evident that the very poor ratings (values of
0.4) for Big Creek at Smarts Road (INGL16), and Calder River at Takone Road (INGL25)
are in response to major or extreme modification to all of the indicators of the Stream-side
zone sub-index.  For the Inglis tributary sites, as is the case with the mainstream, it is evident
that major or extreme modification to the parameters of riparian width, longitudinal
continuity, proportion of indigenous cover, and regeneration of indigenous cover for this
sub-index has occurred within agricultural reaches.

Index ratings clearly illustrate a trend between the condition of stream reaches and adjacent
land use with those sites rated with the greater degree of departure from a natural state
occurring within agricultural areas (Figure 4).  Ratings were generally found to improve in
sections of the tributaries where development is low.
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Figure 4.  IRC results for the Inglis River tributaries.
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Table 7: IRC Sub-index ratings and indicator values for the Inglis River catchment tributary sites.
Physical form Stream-side zone

Site Morphology Physical
form rating

Bank Bed Barrier CWD OSD Stream-side
rating

Riparian
width

Struct.
intact.

%
indig.

Regen. LC Overst
regen.

SC

INGL11 Big Creek at Wynyard. floodplain 5.2 0.8
INGL12 Big Creek at Nursery Rd. valley 7.1 3.3
INGL13 Big Creek at Tram Rd. picnic area. valley 8.8 4.6
INGL14 Big Creek at Tram Rd. valley 8.2 3.5
INGL15 Big Creek at Cleveland Rd. valley 8.8 4.6
INGL16 Big Creek at Smarts Rd. valley 7.1 0.4
INGL17 Mitchells Creek at Bass Hwy. floodplain 5.2 1.0
INGL18 Blackfish Creek at Stennings Rd. floodplain 5.5 1.7
INGL19 Blackfish Creek at Blackfish Rd. valley 6.2 5.4
INGL20 Blackfish Creek at end of Blackfish Rd. valley 9.4 7.0
INGL21 Blackfish Creek at Lowries Rd. valley 6.5 1.7
INGL22 Un-named tributary at end of Ballast Pit
Rd.

floodplain 6.4 5.9

INGL23 Calder River at Zig-Zag Rd. valley 8.2 5.2
INGL24 Calder River at Bassets Rd. valley 8.8 5.5
INGL25 Calder River at Takone Rd. valley 6.2 0.4
INGL26 Jefferson Creek off Jefferson Rd. valley 10.0 6.7
INGL27 Jessie River u/s Inglis River confluence. valley 8.2 5.8
INGL28 Rattler River at Takone. floodplain 6.2 1.4
INGL29 Rattler River at Takone Rd. valley 8.2 3.1

Indicator suggests major or extreme CWD = Coarse woody debris
difference from natural or ideal conditions OSD = Overall site disturbance.

LC = Longitudinal continuity
Inadequate data to evaluate sub-index. SC = Stream-side cover.

Regen = Regeneration of indigenous species.
Adequate data to evaluate indicator and ratings
suggest changes have not been extreme or major.
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4.2 IRC results for Flowerdale River sites

IRC ratings for the Flowerdale River and its tributary streams are provided in Figure 5.  A
total of 11 sites were sampled, 7 sites on the Flowerdale River itself and a further 4 sites on
three of the associated tributaries (Figure 1).  Parameters that suggest major or extreme
modification from a natural condition are highlighted in Table 8 along with data gaps.
Descriptive maps for Physical form and Stream-side sub-indices values are provided in
Figures 6 and 7 respectively.

Overall, the physical condition of sites surveyed for the Flowerdale catchment was of an
excellent or essentially natural condition.  The mainstream sites on average rated as in
excellent (essentially natural condition - value of 8.0), with individual sites being either
excellent or good condition.  Similarly tributary sites of the Flowerdale rated on average as
in excellent condition (value of 8.6) and individual site ratings varied from excellent to good
condition.  For the Flowerdale mainstream three sites rated as in excellent condition for
physical form (Flowerdale River at stream gauging station at Moorleah (FLOW03),
Flowerdale River off Ten Foot Track (FLOW05), and Flowerdale River at Meunna Road
(FLOW06)).  The remaining four sites for the Flowerdale mainstream (Flowerdale River at
Preolenna Road (FLOW01), Flowerdale River at railway south of Boat Harbour (FLOW02),
Flowerdale River at Lapoinya Road (FLOW04), and Flowerdale River at West Takone
Plantation (FLOW07) rated as in near natural (good) condition.  Overall, the physical form
sub-index of the Flowerdale tributary sites rated as in excellent condition.  Three tributary
sites rated as in excellent (essentially natural) condition (Coopers Creek at Ten Foot Track
(FLOW08), Hardmans Creek at Preolenna Road (FLOW10), and Hebe River at Myalla Road
(FLOW11)). Coopers Creek at ford crossing off Preolenna Road (FLOW09) with a value of
6.5 rated as in near natural (good) condition.  As with the Flowerdale mainstream sites the
parameter of OSD has been subject to major or extreme modification (Table 8) for this site.
Coopers Creek at ford crossing off Preolenna Road (FLOW09) is the only Flowerdale site to
display major or extreme modification in relation to the parameter of CWD.

The stream-side zone sub-index clearly stood out as the most modified as illustrated in
Figure 5. Overall, the average stream-side zone sub-index rating for the Flowerdale
catchment is of moderate condition.  The Flowerdale mainstream sites had an average value
of 4.6 and rated as in moderate condition.  The stream-side zone subindex of two Flowerdale
mainstream sites (Flowerdale River off Ten Foot Track (FLOW05), and Flowerdale River at
Meunna Road (FLOW06)) rated as in essentially natural (excellent) condition.  No sites
within the Flowerdale catchment rated as in near natural (good) condition for the stream-side
zone sub-index.  Two sites on the Flowerdale mainstream (Flowerdale River at stream
gauging station at Moorleah (FLOW03), and Flowerdale River at West Takone Plantation
(FLOW07)) rated as in moderate condition.  No Flowerdale mainstream sites were found to
be in poor condition (subject to major modification).  However, three sites (Flowerdale River
at Preolenna Road (FLOW01), Flowerdale River at railway south of Boat Harbour
(FLOW02), and Flowerdale River at Lapoinya Road (FLOW04)) were found to be highly
modified and in very poor condition for this sub-index.

As with the Inglis catchment, it is evident that major or extreme modification to the
parameters of riparian width, longitudinal continuity, proportion of indigenous cover, and
regeneration of indigenous cover for this sub-index has occurred within agricultural reaches
of the Flowerdale catchment.  These findings reflect the discontinuous nature of existing
vegetation, the low proportion of native species present, and the lack or regeneration by
native species within these reaches.
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Figure 5.  IRC results for the Flowerdale River and tributaries.
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Table 8: IRC Sub-index ratings and indicator values for the Flowerdale River catchment sites.
Physical form Stream-side zone

Site Morphology Physical form
rating

Bank Bed Barrier CWD OSD Stream-side
rating

Riparian
width

Struct.
intact.

% indig. Regen. LC Overst
regen.

SC

FLOW01 Flowerdale River at Preolenna Rd. floodplain 6.0 1.0
FLOW02 Flowerdale River at railway south of
Boat Harbour.

valley 6.8 1.7

FLOW03 Flowerdale River at SG station at
Moorleah.

valley 8.2 4.9

FLOW04 Flowerdale River at Lapoinya Rd. valley 7.4 1.8
FLOW05 Flowerdale River off Ten Foot Track. valley 10.0 8.2
FLOW06 Flowerdale River at Meunna Rd. valley 10.0 8.9
FLOW07 Flowerdale River at West Takone
Plantation.

valley 7.6 5.6

FLOW08 Coopers Creek at Ten Foot Track. valley 9.7 8.7
FLOW09 Coopers Creek at ford crossing off
Preolenna Rd.

valley 6.5 2.0

FLOW10 Hardmans Creek at Preolenna Rd. valley 8.2 4.0
FLOW11 Hebe River at Myalla Rd. valley 10.0 8.9

Indicator suggests major or extreme CWD = Coarse woody debris
difference from natural or ideal conditions OSD = Overall site disturbance.

LC = Longitudinal continuity
Inadequate data to evaluate sub-index. SC = Stream-side cover.

Regen = Regeneration of indigenous species.
Adequate data to evaluate indicator and ratings
suggest changes have not been extreme or major.
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Figure 6: Inglis/Flowerdale River catchment. Physical form sub-index ratings.
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4.3 Hydrological Connectivity

Table 9.  Median rating values for barrier types assessed within the Inglis/Flowerdale
catchment.

Structure type Number assessed Hydrological rating
(median)

Hydrological
condition

Bridge 40 7.8 Near ideal
Ford 6 7.7 Near ideal
Culvert 5 7.1 Near ideal
Weir 3 3.9 Poor
Farm dam 9 2.9 Poor

Table 9 presents ratings for various types of structures in relation to hydrological
connectivity.  For the Inglis/Flowerdale catchment, bridges (n=40), culverts (n=5) and fords
(n=6) result in partially modified conditions, whilst farm dams (n=9) and weirs (n=3) result
in poor conditions for fish passage.  Figure 8 shows the distribution of structures and related
fish passage values of structures that were surveyed within the catchment.

Records of fish locations have been reviewed for the Inglis/Flowerdale catchment.  Table 10
provides a summary of which native and introduced species are known from the catchment
from the RFA database, the fishes movement habit and the number of verified records, whilst
Figure 9 provides details of species distribution within the catchment.

Of the 65 records below 65% relate to native fish whilst 35% relate to the introduced brown
trout (Salmo trutta) and Goldfish (Carassius auratus).

Table 10.  Inventory of fish species for the Inglis/Flowerdale catchment (IFS database).
Scientific Name Common Name Movement Number of records
Native Fish
Geotria australis Pouched lamprey Anadromous 1
Mordacia mordax Short-headed

lamprey
3

Anguilla australis Short-finned eel Catadromous 14
Galaxias maculatus Jollytail Diadromous 13
Galaxias truttaceus Spotted galaxias Diadromous 1
Prototroctes maraena Australian grayling 2
Pseudaphritis urvillii Sandy flathead Diadromous 8
Introduced Fish
Carassius auratus Goldfish 2
Salmo trutta Brown Trout Non-migratory/

Amphidromous
21

In addition to the species listed in Table 10, the introduced freshwater fish rainbow trout
(Oncorhynchus mykiss) is highly likely to occur within the Inglis/Flowerdale catchment
based on known distribution records and habitat requirements.  Further information on this
species is provided in the Aquatic ecology report.
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As part of the IRC assessment of the Inglis/Flowerdale catchment various types of barriers
were assessed for their effect on hydrological connectivity.  Surveys of in-stream structures
focused primarily on the hydrological changes that are associated with each artificial
structure type and how these changes alter the potential for fish passage.  For the North Esk
catchment these were found to cause varying degrees of departure from naturalness as a
result of structure design (Horner, 2002).  The same trends were shown for structures of
similar design within the Inglis/Flowerdale catchment, with bridges and culverts resulting in
partial modification to condition, and weirs and farm dams resulting in a major modification
to condition.  One would expect that structures of similar design would have similar effects
on hydrological connectivity in other catchments throughout the state.

Existing and proposed dam sites for the Inglis/Flowerdale system were identified from the
WIMS (Water Information Management System) database and are outlined in Appendices 2a
and 2b and their positions within the catchment are provided in Appendix 2c.  Appendix 2c
clearly illustrates that the majority of dams (existing and proposed) occur on tributaries
within the catchment.  The small sub-catchment areas upstream of these structures represents
a small proportion of the overall habitat available within the catchment and as such are likely
to have little effect on fish passage in relation to the catchment as a whole.  This means dams
will exert the greatest effect on tributaries rather than the mainstream.
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Figure 9: Inglis/Flowerdale River catchment. Fish distribution records.
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5.  DISCUSSION

Physical River Condition and Stream Side Zones

The IRC ratings for both stream-side zones and the physical condition of reaches surveyed
reflects the influence of land use in the Inglis/Flowerdale River catchment on stream
integrity.  The comparatively undisturbed condition of the stream-side zone and physical
condition of reaches within non-agricultural areas of the catchment strongly contrasts with
the reduced ratings for these indices within agricultural areas.  Specific management issues
have been identified in relation to poor ratings for physical form and stream-side zone (refer
to Figure 8) for the Inglis mainstream, Inglis tributary and Flowerdale catchment sites and
are provided in Tables 9 10, and 11 respectively.

The most predominant factors influencing site condition throughout the catchment were
reduced riparian width, poor cover by indigenous plants, and high levels of overall site
disturbance.  In addition, introduced species such as blackberries (Rubus fruticosus), gorse
(Ulex europaeus), Californian thistle (Cirsium arvense), and Crack Willow (Salix fragilis),
were found to be present in varying proportions throughout the Inglis/Flowerdale catchment,
with the degree of cover being greater within agricultural areas.  Many exotic species
commonly found along riverbanks in Tasmania are early colonising species with high
reproductive rates and rapid dispersal capabilities (Read, 1999).  Such species are well
adapted to colonising areas where riparian disturbance has occurred.  The prolific growth of
weed species can be inhibitory to the growth of native species within the riparian zone
(CEAH, 1997c).  For example, intense shading by willow tree canopies can inhibit the light
environment suitable for the growth of seedlings of many native species (Read, 1999).  In
addition, the presence of pasture grass and other weeds does not provide the deep soil-root
matrix required to support the river embankment, particularly from the effects of erosion
(Abernethy and Rutherford, 2000).  It was also noted at many sites that stock has unrestricted
access to stream banks.  This frequently creates excessive bank erosion and may lead to
increased sediment load into a watercourse.

Generally sites located within agricultural areas usually lacked riparian vegetation.  The
stream-side zone is the interface between the aquatic and terrestrial environment and acts as
an important buffer to any activities that may occur in the adjacent land zone.  Riparian
vegetation of appropriate buffer widths and complexity can provide significant protection for
streams via the mechanisms below:

• Protection from sediment runoff from forestry, farming or road activities (Collier et al.,
1995);

• It may act as a filter to chemical spray from intensive agriculture or forestry (Davies et
al., 1994);

• It provides bankside stability and inhibits erosion (Abernethy and Rutherford, 1999);
• It forms an important relationship with aquatic systems by providing in-stream and

bankside habitat for fauna.  It is the source of nutrient inputs through snags and leaf fall
(Stevens and Cummins, 1999);

• It reduces water temperature through shading effects (Collier et al., 1995);
• Continuous vegetation is important as faunal corridors and in maintaining suitable

habitat (Stevens and Cummins, 1999).
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Hydrological Connectivity

The location of a barrier within a catchment can influence its impact on fish populations.
Where the catchment area upstream of a barrier is small, the proportion of upstream habitat
in relation to the whole catchment is low.  In such instances even a complete barrier may
isolate only a small proportion of a catchment and prevent fish populations from travelling
past it.  As a result, the impacts in relation to the whole catchment are comparatively small.
In contrast, barriers to fish migration in the lower reaches of a system have the potential to
cause the greatest effect on fish recruitment and distribution upstream.  The cumulative
effect of barriers along a river may result in populations becoming reduced, even when
individual barriers have a low effect on movement.

Dissimilarities often occur in relation to fish community composition on either side of a
physical structure and the degree of dissimilarity is largely a function of how effective a
barrier is to preventing passage.  Recent assessment of in-stream structures within the North
Esk catchment found that on average farm dams resulted in an extensive modification of
condition, weirs and culverts a moderate modification and bridges a partial modification of
condition (Horner, 2002).  Similarly for the Inglis/Flowerdale catchment farm dams resulted
in an extensive modification of condition whilst bridges and culverts resulted in a moderate
change in condition.  Barrier effectiveness is also partly determined by each fish species
ability to migrate past it.  For example, species such as the short-finned eel (Anquilla
australis) which can move across land and the Climbing galaxias (Galaxias brevipinnis)
which can climb steep gradients are able to negotiate barriers more easily than those species
that rely purely on swimming, such as the Jollytail (Galaxias maculatus).

Of the 25 species of native freshwater fish in Tasmania, 11 are known to have migratory
components to their lifecycles (Fulton, 1990).  However, all fish species require access to
preferred habitat that requires movement and colonisation over varying distances depending
on territoriality and this varies between species.  Seven native fish species have been
recorded from the Inglis/Flowerdale catchment that require unimpeded passage between the
lower reaches and headwaters.  Fish are frequently denied access to areas upstream of
physical barriers (Walker, 1999) and in many instances habitat present in these upstream
reaches (eg; spawning sites on gravel beds) are essential for the completion of the fishes life
history.  If passage across a barrier is not favourable for different species, there is the
potential for genetically distinct populations to arise.  This has ramifications for genetic
diversity with the potential to lower the populations ability to adapt to changes in
environmental conditions (Walker, 1999).

There is a limited number of in-stream structures within Inglis/Flowerdale catchment.
Bridges associated with road crossings have been identified as the most common structure
type that has the potential to alter hydrological connectivity.  As indicated by Table 9, this
type of structure has only a partial impact on hydrological connectivity.  Existing in-stream
dams are located on minor tributaries and as a result little of the overall catchment area
occurs upstream of these structures.  Fish distribution records (Figure 9) infer that for the
Inglis/Flowerdale catchment fish movement is governed by factors other than the presence of
artificial in-stream barriers.

In addition to artificial structures such as weirs, farm dams, and culverts that have the
potential to act as physical barriers, less tangible physical and behavioural barriers are also
likely to affect fish movement within the system.  Behavioural barriers to fish passage can
result from changes to the aquatic environment that affect fish physiology (Thorncraft and
Harris, 2000).
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Various water quality parameters are important in this context, especially Dissolved Oxygen
(DO), pH, faecal coliform levels and turbidity.  Poor values for individual parameters or a
combination of parameters can disrupt the environmental cues that are responsible for
triggering fish movement (Thorncraft and Harris, 2000).

Water quality data suggests that periodic 'stress' caused by extreme climactic events such as
very warm weather and prolonged low flows may result in an oxygen 'imbalance' in some
areas of the catchment.  The Inglis River at Emerald Vale Road (INGL02), Blackfish Creek
at Stennings Road (INGL18), Calder River at Takone Road (INGL25), and Flowerdale River
at Preolenna Road (FLOW01) were found to show signs of oxygen 'imbalance' (refer to
Water Quality chapter of SOR report).  Of these sites Blackfish Creek at Stennings Road
(INGL18) and Calder River at Takone Road (INGL25) are the most impacted in regard to
oxygen levels.  These findings indicate that fish passage may be disrupted by unfavourable
environmental conditions that affect physiology within several reaches of the catchment.

Recent investigations of the effects of sediment on fish communities have shown that fish
abundance and diversity in New Zealand streams, reduced as sediment load within a stream
increased and also that in-stream habitat availability declined as sediment load increased
(Richardson and Jowett, 2002).  It has been suggested that turbidity may interfere with the
obligatory journeys between the sea and freshwater for diadromous fish species (Richardson
and Jowett, 2002).  Upstream migration rates have been found to vary for individual species
in response to turbidity.  Galaxias brevipinnis and Galaxias maculatus have been found in
field experiments to display 50% avoidance response to turbidities of 69 and 419
Nephelometric Turbidity Units (NTU), respectively.  Big Creek at Wynyard (INGL11) with
a turbidity of 70.0 NTU was the only site within this range at the time of assessment.

The water quality data for the 'State of Rivers' study in the Inglis/Flowerdale catchment
indicates that turbidity levels are generally low for the catchment, and that turbidity in excess
of 70 NTU is infrequent.  Geology, rainfall, and topography are the main controls on
sediment export, however land use can exert an important influence (Quinn and Stroud,
2002).  High turbidity levels within the catchment tend to be in response to runoff from
unsealed roads and gravel pits following high rainfall events (refer to Water Quality report).
During such events, runoff is virtually instantaneous and delivers 'dirty' water directly to
rivers and streams.  This is likely to have implications for fish passage for streams within and
directly downstream of the Inglis Plantation, particularly the lower section of Calder River
and the mainstream of the Inglis River.  Elevated turbidity levels within Camp and Blackfish
Creeks appear to be influenced by stock access and poor riparian zone management rather
than runoff from unsealed roads and nearby gravel pits.

In addition to suspended sediment, deposited sediment also has a biological effect.
Deposition of sediment can reduce the availability of physical habitat for bottom dwelling
species through the filling of interstitial spaces with fine sediment, which results in a
decrease in hydraulic roughness.  Water velocity has also been shown to increase with
increasing deposition of fine sediment (Thorncraft and Harris, 2000).  The consequence of
this to fish is that there is less habitat available for use as shelter and that which is available
is more important for avoiding flows.

Fish distribution data reveals (Table 14) that the migratory species are limited to the lower
reaches of the catchment and this impart is likely to be due to unfavourable environmental
condition as well as the influence of in-stream barriers.

Hydrological connectivity of the mainstream and individual tributaries is dealt with in the
following sections.
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Mainstream Inglis River

The IRC assessment indicates that the sites on the mainstream Inglis River display varying
degrees of departure from a natural condition.  It is evident that some impacts are related to
adjacent agricultural land use practices.  In-stream conditions at sites within agricultural
areas are primarily influenced by low habitat diversity, dominance of fine substrate, lack of
CWD, and high levels of overall disturbance.  Stream-side zone conditions at each site are
primarily influenced by the reduced presence of native vegetation and the low proportion of
riparian cover.

Specific management issues identified for the mainstream Inglis River sites are provided in
Table 11.  Management issues that may be considered as a whole include the presence of
understorey weed species, limited riparian zone integrity, limited regeneration of native
vegetation and lack of vegetation providing bank stability.  In summary, most of the critical
problems for the mainstream occur in response to the removal of riparian vegetation and
subsequent bank instability.

There has been limited development of in-stream structures for the mainstream Inglis River.
Five road crossings have been identified that have the potential to alter hydrological
connectivity.  In a recent assessment of hydrological connectivity within the North Esk
catchment, bridges were found to have a partial effect on fish passage potential (Horner,
2002).  No existing in-stream dams were identified from the WIMS database for the main
channel.

Table 11.  Management issues identified for the main stream Inglis River sites.

Reach Management issues
Inglis River off Stennings Rd. Weeds – Blackberries (Rubus fruticosus), gorse (Ulex

europaeus), bracken fern (Pteridium esculentum) and hawthorn
(Crataegus monogyna).  Highly altered riparian zone. Limited
CWD cover.  Unrestricted stock access to river banks and some
minor erosion.

Inglis River at Emerald Vale Rd. Weeds – Extensive cover by willows (Salix spp), and moderate
cover by blackberries, thistles (Cirsium arvense), and bracken
fern.  Evidence of uncontrolled stock access and bank erosion at
access points.  Limited cover by CWD.  Poor riparian zone
integrity.

Inglis River at Pages Rd. Weeds - Minor cover of thistles and blackberries.  Subject to
erosion from bank downcutting.  Partial loss of riparian zone
integrity adjacent to pasture.  No evidence of current stock
access.

Inglis River through gravel pits Weeds - Moderate cover of bracken fern on left bank (facing
upstream) associated with pasture development.

Inglis River off Zig-Zag Rd. Weeds - None identified. Evidence of silt deposition within
channel. Extensive filamentous algae cover. Riparian integrity
reduced upstream of study reach.

Inglis River at Jefferson Rd
picnic area.

Weeds - Willow, blackberries, poplar trees (Populus spp) and
ragwort (Senecio jacobaea). Limited riparian cover and limited
indigenous plant regeneration.  Limited native CWD cover.
Management issues may relate to forestry practices.
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Table 11. Continued.

Inglis River at Jessie Rd upstream
of Jessie R confluence.

Weeds - Nil.  Management issues may relate to adjacent forestry
practices.

Inglis River at Takone Rd at
Takone.

Weeds - Minor cover of willows and blackberry.  Evidence of
fine sediment deposition within channel.  Evidence of stock
access to right bank (facing upstream).

Inglis River at Choveaux Rd. Weeds - Minor cover of willow, blackberry and bracken fern
and moderate cover of gorse.  Narrow native Riparian zone (5 to
10 metres) bordered pine plantation.  Limited indigenous plant
regeneration.  Limited native CWD cover.  Forestry operations
adjacent to site.

Inglis River at Viney Rd. Weeds - Minor cover of bracken fern.  Riparian zone integrity
low due to clearing of native vegetation for development of pine
plantations.  Management issues may relate to adjacent forestry
activities.

Tributaries of the Inglis River.

As with the mainstream, sites on tributaries that occur within agricultural areas displayed
reduced ratings for physical form and stream-side zone condition.  The predominant impacts
identified for the tributary sites are as follows:

• stream bank erosion due to the lack of stream-side vegetation;
• uncontrolled stock access to stream banks in agricultural zones;
• limited indigenous plant regeneration;
• agricultural practices that limit riparian zones;
• forestry practices; and
• Urban development.

The most common disturbances to the riparian zones on tributaries were related to extensive
clearing of native vegetation that has resulted in limited to no riparian vegetation.  Stock
access to stream banks was also identified as a potential impact for sites within agricultural
areas.  Specific management issues for each tributary study reach are provided in Table 12.

Hydrological connectivity for the tributaries of the Inglis River is more influenced by the
presence of in-stream structures than is the mainstream (Figure 9).  Farm dam development
within the catchment has to date been limited to the tributaries, with the majority being
within the upper reaches (Appendix 2c). As a result hydrological connectivity for the lower
tributaries has been less influenced by farm dam development.

Given the particular nature of disturbance to physical river condition at each tributary site,
details on site condition in relation to ratings for physical in-stream condition, stream-side
zone and hydrological connectivity ratings are discussed below.
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Big Creek (INGL11, INGL12, INGL13, INGL14, INGL15, and INGL16)

Six sites were surveyed along the length of this tributary and these sites were assessed as
having varying degrees of departure from natural condition for both sub-indices.  As with the
Inglis River mainstream the greatest departure from natural condition was for the streamside
zone sub-index in response to surrounding land usage.  This tributary is subject not only to
agriculture but also forestry and urbanisation.

Physical form condition deteriorated at sites within developed areas.  Three sites rate as in
excellent (near natural) condition (Big Creek at Tram Road picnic area (INGL13), Big Creek
at Tram Road (INGL14) and Big Creek at Cleveland Road (INGL15)).  Big Creek at Nursery
Road (INGL12) and Big Creek at Smarts Road (INGL16) rate as in good (near natural)
condition in respect to the physical form sub-index.  Moderate condition was assessed for
Big Creek at Wynyard (INGL11) which occurs within an urbanised reach.  At Big Creek at
Wynyard (INGL11) the indicators of CWD and OSD indicate major or extreme change to
condition.  Big Creek at Smarts Road (INGL16) though in good condition displayed major
changes to the indicators of CWD and OSD.  This site is within an agricultural zone which
has been subject extensive clearing of the riparian zone.  Removal of woody elements from
the riparian zone limits the source of CWD available for in-stream habitat.

The streamside zone sub-index for sites on this tributary range from moderate (some
modification) condition to very poor (highly modified) condition.  Two sites rate as in
moderate condition (Big Creek at Tram Road picnic area (INGL13) and Big Creek at
Cleveland Road (INGL15)).  Big Creek at Nursery Road (INGL12) and Big Creek at Tram
Road (INGL14) rate as in poor condition (major modification).  Very poor (highly modified)
conditions were noted for Big Creek at Wynyard (INGL11) and Big Creek at Smarts Road
(INGL16).  With the exception of Big Creek at Nursery Road (INGL12) all sites on this
tributary displayed major or extreme disturbance to the sub-indicator of longitudinal
continuity.

Hydrological connectivity has been directly assessed at five locations for this tributary
(Figure 8) and conditions were found to be 'near ideal' at each location.  All structures
assessed were bridges and these provided for essentially natural in-stream conditions.
WIMS data indicates that farm dam development on this tributary has been limited to the
headwaters and minor tributaries flowing into Big Creek (Appendix 2c).  Fish distribution
records (Figure 10) indicate that migratory fish species occur within the lower reaches of this
tributary but are absent from the upper reaches.  Within this tributary fish passage may be
influenced by potential sediment run off from roads rather than the presence of in-stream
structures.
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Mitchells Creek at Bass Highway (INGL17)

Mitchells Creek at Bass Highway (INGL17) was the only site assessed for this tributary and
rates as in moderate condition in respect to physical form and in very poor condition in
relation to the streamside zone.  From Table 7 it is evident that the indicators of CWD and
OSD have been subject to major or extreme modification.  This site occurs in an area that has
been extensively developed for agriculture.  It is not surprising that in an area of extreme
overall site disturbance that CWD is limited.  Under conditions where riparian vegetation is
limited or absent the potential source of CWD is greatly reduced as riparian vegetation
provides a natural source of CWD.  Unlimited cattle access to the watercourse has been
identified as a source of in-stream disturbance.

The very poor condition noted for the streamside zone subindex is in response to the extent
of vegetation clearing that has occurred within the riparian zone.  Of the indicators for this
sub-index all but the indicator of Overstorey regeneration suggest major or extreme
departure form natural conditions for the site.  The indicator of overstorey regeneration has
departed from natural conditions but only to a moderate degree.  This is because what little
vegetation that is present in the overstorey is predominantly native.  Willow is present at the
site as well as blackberries.

The Bass Highway crossing for this tributary was assessed and found to provide 'near
natural' conditions for fish passage (Figure 8).  Farm dam development has been extensive
for this tributary with 13 dams being present on Mitchell’s Creek itself, and a further 7 on
associated minor tributaries (Appendix 2c).  The high density of in-stream dam development
on Mitchell's Creek and associated minor tributaries will lead to significant fragmentation of
hydrological connectivity.

Blackfish Creek (INGL18, INGl19, INGL20, and INGL21)

Four sites were assessed along the length of this tributary and they were found to display
varying degrees of departure from natural condition for both sub-indices.  As with the Big
Creek and the Inglis River mainstream the greatest departure from natural condition was
noted for the streamside zone subindex.

Physical form condition deteriorated for this tributary at sites within developed reaches.
Blackfish Creek at end of Blackfish Road (INGL20) rates as in excellent (near natural)
condition for this subindex.  Two sites rate as in good (near natural) condition (Blackfish
Creek at Blackfish Road (INGL19) and Blackfish Creek at Lowries Road (INGL21)).
Blackfish Creek at Stennings Road (INGL18) displayed the greatest departure from a natural
condition and rates as in moderate condition for physical form.  From Table 8 it is evident
that major or extreme disturbance to the indicators of CWD and OSD occurs within the
lower section of this tributary.  CWD is limited at Blackfish Creek at Stennings Road
(INGL18) and some of what is present is derived from Willow trees.  For Blackfish Creek at
Blackfish Road (INGL19) the CWD present is derived predominantly of introduced pine
(Pinus radiata) from surrounding pine plantations.  As with other sites within agricultural
areas extreme disturbance to the indicator of OSD for Blackfish Creek at Stennings Road
(INGL18) is associated with reduced riparian cover, lack of native vegetation and the
prevalence of willows and blackberries.
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For Blackfish Creek at Blackfish Road (INGL19) extreme disturbance to the indicator of
OSD is associated with the clearing of native vegetation and encroachment of introduced
species.  Extensive clearance of riparian vegetation is obvious at this site, which is adjacent
to pine plantations.  Though there is evidence of regeneration by native species this has been
offset by the encroachment of willows and bracken fern (Pteridium esculentum).  The
deposition of fine sediment (siltation) has also been identified as a potential problem for this
site.  Blackfish Creek at Lowries Road (INGL21) like Blackfish Creek at Stennings Road
(INGL18) is adjacent to agricultural development.  However unlike Blackfish Creek at
Stennings Road (INGL18), a strip of riparian vegetation has been retained at Blackfish Creek
at Lowries Road (INGL21).  The vegetation is up to 30 metres wide on the left bank and
limited to 5 metres on the right and overall this would appear to provide a moderate cover of
coarse woody debris at the site.  This site is a good example of the benefits of retaining
native riparian vegetation within an agricultural landscape to retain in-stream habitat.  The
site on Blackfish Creek at end of Blackfish Road (INGL20) lies within native vegetation and
this is reflected by no departure in condition for the indicators of physical form.

The stream side zone varied in condition from near natural (good) condition for Blackfish
Creek at end of Blackfish Road (INGL20), to moderate condition for Blackfish Creek at
Blackfish Road (INGL19), and to very poor (highly modified) condition for Blackfish Creek
at Lowries Road (INGL21) and Blackfish Creek at Stennings Road (INGL18).  These
findings demonstrate the influence of varying land use practices on riparian zone integrity.
From Table 8 it is evident that indicators for this subindex display a higher degree of
modification for sites within agricultural areas than forestry sites or non-developed sites.
Blackfish Creek at Stennings Road (INGL18) displays the greatest modification to condition
with 5 of the 7 indicators being subject to major or extreme modification. Blackfish Creek at
Lowries Road (INGL21) was also found to be in very poor condition and major or extreme
modification to 4 of the 7 indicators for the Stream side zone were observed.  Though both
received a value of 1.7 for this subindex, the retention of native vegetation at Blackfish
Creek at Lowries Road (INGL21) accounts for the differences assessed between the sites.

From Table 8 it is evident that major or extreme differences from a natural state occur for the
indicators of stream-side cover and proportion of indigenous cover for Blackfish Creek at
Blackfish Road (INGL19). This is attributable to the fact that native vegetation has been
reduced to a narrow strip along the stream banks adjacent to the extensive development of
pine plantations.

Blackfish Creek at end of Blackfish Road (INGL20) received a rating value of 7.0 (good
condition) in this assessment and displayed major or extreme disturbance to the indicators of
structural intactness and stream-side cover.  Stream-side vegetation was found to be
dominated by non woody plants such as sedges, grasses, and ferns which provide for limited
stream-cover.  Though the riparian zone exceeds 40 metres in width, overstorey and
understorey vegetation tends to be patchy to sparse in cover and the ground cover
continuous.  It is this pattern of cover that has resulted in the disturbance to the indicator of
structural intactness in this instance rather than an absence of vegetation.  It should be noted
that the vegetation present appeared to be in a natural (undisturbed) condition at the time of
assessment.
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Four bridge crossings were assessed for this tributary and these were found to be of an open
design, which has little influence on passage conditions.  Of the barriers assessed those
within the lower reaches of the tributary rated in near natural (good) condition whilst the
bridge at Lowries Road rated as in Essentially natural (excellent) condition.  This highlights
the influence of barrier location on the overall affect on connectivity within a system.
WIMS data (Appendix 2c) reveals that dam development for this tributary has been
extensive for the minor tributaries but limited for Blackfish Creek itself.  Two existing on-
stream dams have been identified for Blackfish Creek with both being within the headwaters
(near Johnsons Road).

Fish distribution data indicates that three migratory fish species, Pseudaphritis urvillii,
Galaxias maculatus, and Anguilla australis are present within the lower reaches of Blackfish
Creek but are absent from the headwaters.

Un-named tributary at end of Ballast Pit Road (INGL22)

The un-named tributary at end of Ballast Pit Road (INGL22) rates as in good (near natural)
condition in relation to physical form and in moderate condition in respect to the stream side
zone.  From Table 8 it is evident that no indicators of physical form have been disturbed to a
major or extreme degree.

The stream side zone was assessed as being in moderate condition with an index value of 5.9
(this value borders on good (near natural) condition).  As with physical form no indicators of
this sub-index display major or extreme modification to condition.  Data suggest that the
indicators of riparian width, structural intactness, and stream-side cover have been subject to
moderate disturbance.  Gorse, blackberries, and bracken have been identified as exotic
species that require future management for this site.

Assessment of the road crossing at Ballast Pit Road revealed that the culvert present
provided near natural (Good) conditions for fish passage.

Calder River (INGL23, INGL24, and INGL25)

Three sites were assessed along the length of this tributary and they were found to display
varying degrees of departure from natural condition for both sub-indices.  The greatest
departure from natural condition was noted for the streamside zone subindex and occurred in
response to surrounding land usage.

Calder River at ZigZag Road (INGL23) and Calder River at Bassets Road (INGL24) rate as
in excellent (essentially natural) condition for physical form.  Calder River at Takone Road
(INGL25) rated as in good (near natural) condition for physical form, but a subindex value
of 6.2 indicates that conditions are bordering on moderate (some modification).  From Table
8 it is evident that for Calder River at Takone Road (INGL25) the indicators of OSD and
CWD have departed from natural condition by a major or extreme degree.  This site occurs
within an agricultural zone, and like previous agricultural sites the riparian zone has been
extensively cleared.  The lack of riparian vegetation is likely to account for the absence of
CWD at this site.  This site has also been subject to channelisation, which reduces in-stream
integrity.
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The streamside zone subindex varied from moderate condition for Calder River at ZigZag
Road (INGL23) and Calder River at Bassets Road (INGL24) to very poor (highly modified)
condition for Calder River at Takone Road (INGL25).  From Table 8 it is evident the
indicator of indigenous cover has been subject to major or extreme modification for Calder
River at ZigZag Road (INGL23).  Native vegetation along the right bank has been cleared to
within 20 metres of the water course adjacent to pine plantations.  The indicators of
longitudinal continuity and stream-side cover have been subject to major or extreme
disturbance for Calder River at Bassets Road (INGL24).  The disturbance noted for these
indicators is in response to the patchy to sparse nature of the overstorey, which has been
subject to partial clearing.  Calder River at Takone Road (INGL25) which rates as in very
poor condition (rating value of 0.4) displays major or extreme modification to all 7 indicators
of this subindex.

Five bridges were assessed for Calder River and these were found to influence hydrological
connectivity to varying degrees.  The 3 bridges along Bassetts Road and the bridge at
Murchison Highway were found to provide for good (near natural) passage conditions.
Assessment of the Bridge at Takone Road reveals that passage conditions at this point are
essentially natural (excellent).  WIMS data reveals that this tributary has been subject to
limited dam development and that the only dam on the main channel is upstream of the
Murchison Highway. Overall Hydrological connectivity for this tributary is little influenced
by the presence of in-stream structures.  No in-stream structures have been identified on the
Inglis River that impede fish passage to the confluence of Calder River (Figure 8). However,
passage rates are likely to be influenced by water quality within the Inglis River in the
vicinity of the confluence for this tributary.

Jefferson Creek off Jefferson Road (INGL26)

Jefferson Creek off Jefferson Road (INGL26) rates as in excellent (essentially natural)
condition in relation to physical form and in good (near natural) condition in respect to the
stream side zone.   Downstream of the site Jefferson Creek flows through pine plantation to
the Inglis River.  Upstream of Jefferson Creek off Jefferson Road (INGL26) has been subject
to little disturbance.  Jefferson Creek off Jefferson Road (INGL26) received the highest
rating value for physical form of all the Inglis tributary sites (Table 8).

Jefferson Creek off Jefferson Road (INGL26) received a rating value of 6.7 (good condition)
in this assessment and the indicator of longitudinal continuity displayed major or extreme
modification.  The riparian zone within the lower section of the site reach has been partially
modified by development of the access track and this track accounts entirely for the loss of
rating in terms of longitudinal continuity as it resulted in a discontinuity of approximately 20
metres in length for the overstorey on the left bank (facing upstream).  The streamside zone
for the remainder of the study reach is continuous, comprised entirely of native species and
exceeds 40 metres in width. Had the assessment location commenced upstream of the area of
disturbance associated with the access track, the stream side zone subindex would have rated
as in excellent (essentially natural) condition and the indicator of longitudinal continuity
would have displayed no variation form natural conditions.  This would have given a more
accurate indication of the condition of the stream side zone for this site.  No obvious
management problems were identified for this site.
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A single structure was assessed in relation to hydrological connectivity for this tributary, (the
Coal Mine Road bridge crossing Garners Creek).  The bridge is an open structure and
provided for excellent (essentially natural) conditions for fish passage.  WIMS data indicates
the upper reaches of Garners Creek (a minor tributary of the Jefferson system) has been
subject to in-stream dam development and that no on stream dams are present on Jefferson
Creek itself (Appendix 2c).  This indicates that passage conditions as a whole have been
little influenced for the Jeffersons Creek tributary by the development of in-stream
structures.  The Inglis River up to the confluence of Jefferson Creek is also little affected by
the presence of in-stream barriers and this provides for good (near natural) passage
conditions for this tributary.

Jessie River upstream of Inglis River confluence (INGL27)

Jessie River upstream of Inglis River confluence (INGL27) was the only site assessed for
this tributary and rates as in excellent (essentially natural) condition in respect to physical
form and in moderate condition in relation to the streamside zone.  From Table 8 it is evident
that in-stream conditions actually border on near natural (good) condition.  Data suggests
that the indicators of OSD and CWD have been subject to moderate modification (indicator
values of 2.0) at this site.  Bed condition and bank condition at this site has not been
influenced by riparian practices.

As may be expected the greatest departure of condition was noted for the stream side zone
subindex.  Though no individual indicators display major or extreme difference in condition
from a natural state, those of riparian width, structural intactness, proportion of indigenous
species, and stream-side cover indicate moderate modification of condition.  Site data
indicates that the disturbances noted for the streamside zone are associated with pine
plantation development along the left bank (facing upstream), in which native vegetation has
been cleared, leaving a buffer of up to 15 metres.  The stream side zone of the right bank
(facing upstream) is dominated by native forest which exceeds 40 metres in width and
appears to be in natural condition.

The ford crossing at Jessie Road was assessed in relation to hydrological connectivity for
this tributary and was found to provide good (near natural) passage conditions.  The stream
bed at this point has been subject to very little modification and as a result in-stream integrity
has been maintained.  The rating for this barrier has been influenced more by the location
and the degree of disturbance surrounding it rather than hydrological changes across it.
WIMS data indicates that no farm dams are present upon this tributary.  Land usage has also
been limited for this tributary as much of its course is through deeply incised valleys.  No
fish records have been verified for this tributary.  Salmo trutta and juvenile Astacopsis
gouldii were noted during site assessment and are likely to be present throughout the
tributary.  Fish records from the Inglis River suggest that Galaxias maculatus, Gadopsis
marmoratus, and Anguilla australis are present near the confluence of Jessie River.  Fish
passage within Jessie River is not impeded by the presence of artificial in-stream structures.
Though, as with the Calder River and Jefferson Creek fish passage into Jessie River may be
influenced by perturbations to water quality.

Rattler River (INGL28, and INGL29)

Two sites were assessed for this tributary and they were found to display varying degrees of
departure from natural condition for both sub-indices.  The greatest departure from natural
condition was noted for the streamside zone subindex and occurred in response to clearing of
the riparian zone.
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Excellent (near natural) conditions for physical form were found to occur at Rattler River at
Takone Road (INGL29), whilst good (near natural) conditions occur for Rattler River at
Takone (INGL28).  From Table 8 it is evident that the indicators of OSD and CWD have
been subject to major or extreme modification and that overall conditions border on
moderate for Rattler River at Takone (INGL28).  This pattern of disturbance is typical of
sites that occur within agricultural reaches of the catchment.  For Rattler River at Takone
Road (INGL29) the indicators of OSD and CWD have undergone a high degree of
disturbance (values of 2.0 and 2.5, respectively).

The stream side zone subindex for Rattler River at Takone Road (INGL29) rates as in poor
condition and as in very poor condition for Rattler River at Takone (INGL28). From Table 8
it is evident that 6 of the 7 indicators for this sub-index have been subject to major or
extreme modification.  The indicator of overstorey regeneration with an indicator value of
2.0 borders on the category of major disturbance.  The riparian zone of Rattler River at
Takone (INGL28) has been highly modified as a result of extensive clearing for pasture
development.  Native woody species are rare and have been restricted to within 2 metres of
the watercourse.  Blackberries and thistles are common weed species at this site.  The poor
riparian integrity of Rattler River at Takone Road (INGL29) is in response to major or
extreme modification to the indicators of riparian width and longitudinal continuity, and
moderate disturbance to all other indicators.  The majority of the disturbance noted at this
site is associated with clearing of riparian vegetation along the right bank adjacent to
Eucalypt plantation development.  Blackberries, thistles and ragwort are common weed
species at Rattler River at Takone Road (INGL29).

The most common problems encountered for the tributary sites were the absence of riparian
cover, lack of vegetation that aids bank stability and limited indigenous vegetation
regeneration.  Management issues identified for individual sites are provided in Table 12.

Hydrological connectivity was assessed at 4 bridges on the Rattler River, and at 2 bridges on
Rattler Creek (Figure 8).  All six bridges were found to provide for excellent (essentially
natural) conditions for fish passage.  WIMS data indicates that no on-stream dams are
present on Rattler River or associated tributaries.  Overall this suggests that hydrological
connectivity within the tributary has not been impaired by in-stream development.  Fish
distribution records for the catchment infer that native migratory fish species do not occur
within the upper reaches of the Inglis River and therefore low fish diversity would be
expected for Rattler River.  Agricultural development along Takone Road has resulted in a
decrease in in-stream integrity which has the potential to influence the passage rates of non-
migratory fish species into and within the lower reaches of this tributary.

Table 12.  Management issues identified for the Inglis River tributary sites.

Reach Management issues
Big Creek at Wynyard. Weeds - Willow and blackberries are main riparian species.

Riparian width highly reduced.  Minor cover by ragwort and exotic
pines (Pinus radiata).  Indigenous woody riparian plants are rare.
Evidence of unchecked erosion. Limited cover by CWD.

Big Creek at Nursery Rd. Weeds- Blackberries, pines, bracken fern and ragwort. Low cover
by CWD. Management issues at this site are associated with poor
riparian condition.

Big Creek at Tram Rd. picnic area. Weeds- Moderate cover by blackberries. Minor cover by bracken
fern and thistles.  Riparian zone highly reduced on right bank facing
upstream.  Blackberry control has been identified as a key
management issue for this site.

Big Creek at Tram Rd. Weeds - Blackberry, ragwort, exotic pines. Reduced riparian
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integrity on right bank facing upstream. Management issues relate
to adjacent forestry practices.

Big Creek at Cleveland Rd. Weeds - Extensive cover by blackberries.  Fine sediment deposition
in low flow areas.

Big Creek at Smarts Rd. Weeds- Extensive cover by blackberries.  Indigenous woody plants
essentially absent from riparian zone. No cover by CWD.  Subject
to silt deposition.  Management issues relate to the absence of
indigenous riparian plants and blackberry control.

Mitchells Creek at Bass Hwy. Weeds- Blackberries are widespread and willows present.  Limited
meso-habitat diversity.  Limited cover of CWD. Uncontrolled stock
access to both banks.

Blackfish Creek at Stennings Rd. Weeds - Abundant cover by willows and minor cover by blackberry
and thistles.  Riparian width highly reduced. In-stream conditions
degraded by extensive root mat development by willows.  Low
cover by CWD (predominantly willow in origin).  Evidence of
uncontrolled cattle access to right bank facing upstream.

Blackfish Creek at Blackfish Rd. Weeds - Minor cover by willows, blackberries, and bracken fern.
Site subject to Silt deposition.  Low cover by CWD (predominantly
exotic pine in origin).  Management issues may relate to forestry
practices.

Blackfish Creek at end of Blackfish
Rd.

No management issues identified.

Blackfish Creek at Lowries Rd. Weeds - Extensive cover by blackberries and ragwort.  Evidence of
uncontrolled stock access to river banks.  Limited cover of native
CWD.

Un-named tributary at end of Ballast
Pit Rd.

Weeds - extensive cover by gorse and minor cover by blackberry
and bracken fern.  Potential water quality issues associated with
sediment laden surface runoff.

Calder River at Zig-Zag Rd. Weeds- Minor cover by blackberries, ragwort, bracken fern and
thistles.  Site subject to road runoff.  Limited cover by CWD.
Management issues may relate to adjacent forestry practices.

Calder River at Bassets Rd. Weeds - Limited cover by blackberry and thistles.  No obvious
management issues identified.

Calder River at Takone Rd. Weeds - Extensive macrophyte cover.  Evidence of unrestricted
stock access to river banks.  Poor riparian integrity.  Absence of
CWD cover.  Management issues relate to agricultural practices.

Jefferson Creek off Jefferson Rd. No management issues identified.
Jessie River u/s Inglis River
confluence.

Retention of existing native vegetation along left bank.
Management issues may relate to adjacent forestry practices.

Rattler River at Takone. Weeds - Minor cover by blackberries and ragwort.  Evidence of
uncontrolled cattle access to left bank facing upstream.

Rattler River at Takone Rd. Weeds - Moderate cover by blackberries, bracken fern and ragwort.
Management issues may relate to adjacent forestry practices
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Mainstream Flowerdale River and associated tributaries

As with sites within the Inglis River catchment, the Flowerdale River sites are subject to
impacts resulting from adjacent land use practices such as farming and to a lesser extent
forestry.  The Flowerdale mainstream and associated tributaries have been found to be
influenced by riparian practices.  General issues and impacts for tributaries overall include
the following:

• lack of riparian vegetation;
• limited indigenous plant regeneration;
• presence of exotic plant species;
• erosion due to destruction of stream-side zones;
• agricultural land use practices.

Comparisons of physical form and stream side zone ratings indicate that the greatest loss of
condition for Flowerdale River catchment sites occurs as a result of disturbance from
surrounding land usage practices.

Flowerdale River (FLOW01 to FLOW07)
Seven sites were assessed for the mainstream Flowerdale River and these were found to vary
in condition for both the physical form and stream side zone subindices.  Overall, physical
form condition for the mainstream Flowerdale River rates as in excellent (essentially natural)
condition, although with a rating value of 8.0, conditions border on good (near natural)
overall.  Three sites rated as in excellent (essentially natural) condition for physical form
(Flowerdale River at stream gauging station at Moorleah (FLOW03), Flowerdale River off
Ten Foot Track (FLOW05), and Flowerdale River at Meunna Road (FLOW06)). The
remaining four sites (Flowerdale River at Preolenna Road (FLOW01), Flowerdale River at
railway south of Boat Harbour (FLOW02), Flowerdale River at Lapoinya Road (FLOW04),
and Flowerdale River at West Takone Plantation (FLOW07) rated as in near natural (good)
condition.  From Table 8 it is evident that indicator of OSD has been subject to major or
extreme modification for each of theses sites.

As with the Inglis River the condition of the stream side zone subindex for the Flowerdale
River displayed the greatest variation.  Overall, streamside zone condition for the
mainstream Flowerdale River rates as in moderate condition, whilst individual sites range in
condition form excellent to very poor. The stream-side zone subindex of two Flowerdale
mainstream sites (Flowerdale River off Ten Foot Track (FLOW05), and Flowerdale River at
Meunna Road (FLOW06)) rated as in essentially natural (excellent) condition.  No sites
within the Flowerdale catchment rated as in near natural (good) condition for the stream-side
zone sub-index.  Two sites on the Flowerdale mainstream (Flowerdale River at stream
gauging station at Moorleah (FLOW03), and Flowerdale River at West Takone Plantation
(FLOW07)) rated as in moderate condition.  No Flowerdale mainstream sites were found to
be in poor condition (subject to major modification).  However, three sites (Flowerdale River
at Preolenna Road (FLOW01), Flowerdale River at railway south of Boat Harbour
(FLOW02), and Flowerdale River at Lapoinya Road (FLOW04)) were found to be highly
modified and in very poor condition for this sub-index.  It is evident that as the extent of
riparian clearing increases, integrity of the stream-side zone decreases, in response to
reduced riparian width, limited cover and regeneration by native species, and poor
longitudinal continuity.
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Unlike the Inglis River hydrological connectivity within the Flowerdale River has been
influenced by the presence of an in-stream structure within the lower section of the river.
Hydrological connectivity is influenced to a moderate degree by the weir at the stream
gauging station.  From Figure 9 it is evident that four migratory fish species are present near
the confluence of the river but are absent upstream of the weir.  This is likely to be a result of
poor passage conditions at the weir and also a response to water quality perturbations from
surrounding land usage.  Three bridges were assessed for the mainstream, 2 of which provide
good (near natural) passage conditions and one for excellent (essentially) passage conditions
(Figure 8).  The difference in rating of these structures was in response to the location of the
structure rather than differences in barrier effectiveness.  All three bridges were of an open
structure allowing for essentially natural in-stream conditions.

Coopers Creek (FLOW08, and FLOW09)
Two sites were assessed for this tributary and they were found to vary in condition in
response to surrounding land use practises.  The physical form subindex for Coopers Creek
at Ten Foot Track (FLOW08) rates as in excellent (essentially natural) condition and for
Coopers Creek off Preolenna Road (FLOW09) rates as in good (near natural condition).
From Table 8 it is evident that major or extreme differences to the indicators of CWD and
OSD have occurred at Coopers Creek off Preolenna Road (FLOW09).  CWD was not within
the reach at the time of survey.  The lack of CWD is likely to be in response to the absence
of riparian vegetation, which usually provides a natural source of CWD.  As with physical
form the condition of the stream side zone varies between the two sites on this tributary.
Coopers Creek at Ten Foot Track (FLOW08) rates as in excellent (essentially natural)
condition for the stream side zone, whilst Coopers Creek off Preolenna Road (FLOW09)
rates as in poor (highly modified) condition. Coopers Creek at Ten Foot Track (FLOW08)
occurs within a reach surrounded by native forest whilst Coopers Creek off Preolenna Road
(FLOW09) occurs within an agricultural zone.  A value rating of 2.0 (see Table 8) indicates
that conditions within streamside zone border on very poor (extremely modified) for
Coopers Creek off Preolenna Road (FLOW09).  Table 8 also show that 6 of the 7 indicators
for the streamside zone subindex for this site have been subject to major or extreme
modification.  Modification to the indicators noted is in response to the extensive clearing of
the riparian vegetation.  Overall, riparian width has been reduced to less than 5 metres for
each bank, blackberries and bracken fern have become established weed species, and few
native species remain to promote regeneration.

A single bridge was assessed for this tributary in relation to hydrological connectivity and
was found to provide excellent (essentially natural) conditions for fish passage (Figure 8).
WIMS data indicates that four dams are present on this tributary and that these are located
within the headwaters (Appendix 2c).  Due to their upstream location the dams will have a
limited influence on hydrological connectivity for this tributary.  Overall, hydrological
connectivity for this tributary has been little influenced by the presence of artificial in-stream
structures.
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Hardmans Creek at Preolenna Rd (FLOW10)

Hardmans Creek at Preolenna Road (FLOW10) rates as in excellent (essentially natural)
condition in relation to physical form and in moderate condition in respect to the stream side
zone.  From Table 8 it is evident that the indicators of riparian width and longitudinal
continuity display a major or extreme difference from ideal conditions.  With a rating value
of 4.0, the condition of the stream side zone borders on being very poor (highly modified).
The riparian zone of this site has been subject to considerable disturbance.  Riparian integrity
for the right bank (when facing upstream) has been diminished by extensive clearing.  The
condition of the riparian zone of the left bank has been reduced by the extensive
encroachment of blackberries throughout the understorey.

Hydrological connectivity for this tributary has been little altered to date by the presence of
artificial in-stream structures.  The bridge at Preolenna Road from this assessment was found
to provide excellent (essentially natural) conditions for fish passage.  WIMS data indicates
that dam development has been limited to the upper reaches of the tributary.  As the dams are
located within the upper reaches only a small proportion of the tributary has the potential to
be hydrologically disconnected.  Overall, hydrological connectivity for this tributary has
been subject to limited modification by artificial in-stream structures.

Hebe River at Myalla Rd (FLOW11)

Hebe River at Myalla Road (FLOW11) is indicative of a site that has been subject to
minimal disturbance.  The site rates as in excellent condition in relation to both physical
form and the stream-side zone.  In general, riparian vegetation health for the tributary is
excellent, with vigorous indigenous plant regeneration and riparian zones in excess of 40
metres in width. No management issues were identified for this tributary site in relation to in-
stream and streamside condition.

One structure was assessed for this tributary in relation to hydrological connectivity, being
the bridge crossing of Myalla Road.  The bridge was found to provide for excellent
(essentially natural) hydrological connectivity.  The bridge allows for essentially natural in-
stream conditions and fish passage potential.  WIMS data indicates that no dams are present
on the Hebe River or associated tributaries (appendix 2c).  Topographic maps of the area
however reveal that in-stream dams are present on the tributary of the Hebe River that runs
through the property 'Barakee' off Myalla Road but not on the Hebe River itself.  As the
potential for fish passage across this type of structure is poor and due to the fact that the
dams are within the lower reaches, the majority of the tributary is likely to be hydrologically
disconnected from the Hebe River.

Table 13. Management issues identified for the mainstream Flowerdale River and tributaries.

Flowerdale River at Preolenna Rd. Weeds - Willow, blackberries and hawthorn are main riparain
species. Limited indigenous plant cover and regeneration. CWD
cover dominated by willow.  Lack of instream habitat diversity.
Extensive willow growth instream.  Potential for erosion due to low
bank stability.

Flowerdale River at railway line
south of Boat Harbour.

Weeds - Willow, blackberries and hawthorn are main riparain
species.  Limited cover and regeneration by indigenous plant
species. Livestock access to riverbanks. CWD cover dominated by
willow.  Lack of instream habitat diversity.  Extensive willow
growth instream.  Potential for erosion due to low bank stability

Flowerdale River at old stream
gauge station at Moorleah.

Weeds - Moderate cover of willow, blackberries and bracken fern.
No further management issues identified.
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Flowerdale River at Lapoinya Rd. Weeds - Extensive cover by willow. Minor cover of blackberries
and thistles. Potential stock access to right bank (facing upstream).
Low diversity of instream habitat. Potential site for willow removal.

Flowerdale River off Ten Foot
Track.

No management issues identified.

Flowerdale River at Meunna Rd. No management issues identified.
Flowerdale River at West Takone
Plantation.

Reduced riparian width due to plantation development. Limited
cover by thistles. No further management issues identified.

Coopers Creek at Ten Foot Track. No management issues identified.
Coopers Creek at ford crossing off
Preolenna Rd.

Weeds - Moderate cover of blackberries and bracken fern.  Riparian
zone of limited width.

Hardmans Creek at Preolenna Rd. Weeds - Moderate cover of blackberries and bracken fern. Limited
cover of CWD.

Hebe River at Myalla Rd. No management issues identified.

6.  CONCLUSION
The Index of River Condition has proven to be a viable tool to assess the deviation of a reach
away from a natural condition both in terms of physical form and the condition of the
stream-side zone.  The technique also identifies potential degradation issues for each reach
within the Inglis/Flowerdale River catchment, which are currently, or have the potential to
reduce riverine quality.  Using the ratings generated from this study it is possible for river
managers and community groups to target areas for river rehabilitation activities with
management options aimed at improving the overall condition of impacted areas.  These may
include:

• Better stream-side zone management to allow the re-establishment of an appropriate
buffer strip of native species.

• Reduction of sediment input.
• Stream bank protection by limiting stock access and control of stream bank erosion.
• Weed reduction and long term control programs.

The hydrological connectivity component of the study has effectively demonstrated that it
has the potential to identify the ability of in-stream structures to act as barriers to fish
migration.  It has proven to be a robust means of indicating the potential for free movement
from headwaters to the lower reaches.  The interpretation of ratings has identified areas in
the catchment that may restrict fish passage at present and should provide a basis for the
planning of future in-stream storage development for the catchment.  Future operations
should aim to maintain and or preferably improve hydrological connectivity within the
system and ideally protect tributaries that have unrestricted fish passage.

The IRC has provided a baseline of information that can be used for comparative purposes to
observe changes within the catchment over time.  With a management plan in place for the
catchment, it would be possible to repeat the IRC survey in 5 years using the same sites to
determine if the overall condition of the catchment has improved or declined.
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8.  APPENDICES

APPENDIX 1a:  Inglis/Flowerdale River site list with grid references for each study
location.

Site No Site Name Northing Easting Altitude(m) Area (Km2)
INGL01 Inglis River off Stennings Rd. 5462700 389350 10 396.4
INGL02 Inglis at Emerald Vale Rd at railway bridge 5462800 387100 0 175.3
INGL03 Inglis at Pages Road 5460100 384750 30 162.3
INGL04 Inglis at end of road through gravel pits 5458200 384050 30 157.2
INGL05 Inglis R off Zig-Zag Rd 5453000 383100 60 139.8
INGL06 Inglis at picnic area Jefferson Rd 5451200 382300 70 100.8
INGL07 Inglis at Jessie Rd u/s Jessie R 5447200 382600 100 52.7
INGL08 Inglis at Takone Road at Takone 5442100 385400 290 14.5
INGL09 Inglis at Choveaux Rd in plantation 5439700 385400 300 14.7
INGL10 Inglis R at Viney Rd 5437300 384900 430 9.9
INGL11 Big Creek at Wynyard 5461600 391300 10 51
INGL12 Big Creek at Nursery Rd 5459400 389800 30 43.6
INGL13 Big Ck at Tram Rd near picnic area 5457000 389100 40 39.6
INGL14 Big Ck at Tram Rd @ start of Pine Plantation 5455800 389100 50 36.7
INGL15 Big Ck at Cleveland Rd 5452300 391100 90 10.3
INGL16 Big Ck at Smarts Rd 5449600 391900 160 4.1
INGL17 Mitchells Creek at Bass Hwy 5463300 389900 0 4.2
INGL18 Blackfish Creek at Stennings Road 5461900 389050 10 43
INGL19 Blackfish Ck at Blackfish Rd 5459400 388300 30 36.7
INGL20 Blackfish Creek at end of Blackfish Road 5456900 387900 50 28.2
INGL21 Blackfish Creek at Lowries Road 5449700 388200 200 7.6
INGL22 Un-named tributary at end of Ballast Pit Rd 5461800 387400 30 2.8
INGL23 Calder River upstream of confluence at Zig-

Zag Road
5452400 383300 60 39.4

INGL24 Calder R at end of Bassets Rd 5449600 384700 90 31
INGL25 Calder River at Takone Road 5443700 388200 0 14.5
INGL26 Jefferson Ck off Jefferson Rd 5449400 381900 80 13.7
INGL27 Jessie R upstream of confluence 5447200 382200 100 23.4
INGL28 Rattler River at Takone 5442100 385300 290 13.6
INGL29 Rattler River-Takone Rd 5440600 383450 340 7.2
FLOW01 Flowerdale at Preolenna Road 5463400 387000 0 160.6
FLOW02 Flowerdale at railway 1.2k south of Boat

Harbour
5465000 385200 0 146.7

FLOW03 Flowerdale at old stream gauging station at
Moorleah

5464000 382700 30 140.5

FLOW04 Flowerdale at Lapoinya Road 5460100 382050 70 124.6
FLOW05 Flowerdale at flying fox off Ten Foot Track 5455400 380600 90 107.9
FLOW06 Flowerdale at Meunna Road 5446700 375900 230 25.4
FLOW07 Flowerdale at West Takone Plantation 5441200 377100 450 5
FLOW08 Coopers Creek at 10 Foot Track 5454300 381100 130 5.3
FLOW09 Coopers Creek at ford (off Preolenna Rd) 5452050 381200 0 1.8
FLOW10 Hardmans Creek at Preolenna Road 5447850 376950 300 4.4
FLOW11 Hebe River at Myalla Road 5453900 372600 220 3.2
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APPENDIX 1b: Inglis/Flowerdale River in-stream structure locations with barrier type and
hydrological connectivity ratings. Artificial barriers.

Site Northing Easting Type Hydrological rating
Inglis at Choveaux Rd (INGL09) 5439700 385400 Bridge 4
Inglis River at Jessie Road 5449880 382400 Ford 4
Inglis River at Jessie Road (u/s Thunder Flats) 5447500 381940 Ford 4
Inglis River at Jessie Road (MRHI site) 5448600 382450 Ford 3
Inglis / Jessie Road 5449470 382250 Bridge 3
Inglis / Jessie Road (lower) 5448650 382600 Ford 3
Inglis River at Zig Zag Road (INGL05) 5453000 383100 Bridge 3
Inglis River / Ingleford Road (INGL04) 5458200 384050 Bridge 4
Inglis River at Emerald vale Road (INGL02) 5462800 387100 Bridge 3
Inglis River at Pages Road (INGL03) 5460100 384750 Bridge 3
Inglis River at Takone Road (INGL08) 5442100 385400 Bridge 4
Inglis River at Viney Road (INGL10) 5437300 384900 Bridge 3
Inglis at Bass Highway 5463050 390250 Bridge 3
Rattler Creek at Choveaux Road 5438680 383500 Bridge 4
Rattler River at Takone Road (INGL29) 5440600 383450 Bridge 4
Rattler Creek / Takone Road 5441400 384700 Bridge 4
Rattler  River / End Takone Road 5439600 381000 Bridge 4
Jefferson Ck off Jefferson Road (INGL26) 5449400 381900 Ford 4
Jessie River at Jessie River Road 5447300 382270 Ford 3
Calder R at Bassetts Road (upper) 5450700 384200 Bridge 3
Calder R at Bassetts Road (middle) 5451400 384350 Bridge 3
Rattler River at Takone (INGL28) 5440410 382750 Bridge 4
Calder River at Bassetts Road (lower) 5451700 383700 Bridge 3
Un-named trib (off Calder Road- besser co) 5455200 384700 Dam 2
Un-named trib (off Calder Road- besser co) 5455210 384700 culvert 3
Blackfish Creek at Calder Road 5461300 389100 Bridge 3
Un-named trib at end of Ballast Pit Road (INGL22) 5461800 387400 culvert 3
Big Creek at Smarts Road 5449600 391900 Bridge 3
Calder River at Takone (INGL25) 5443700 388200 Bridge 4
Big Creek at Wynyard (INGL11) 5461600 391300 Bridge 3
Blackfish Creek at Lowries Road (INGL21) 5449700 388200 Bridge 4
Camp Creek at Wilsons Hatchery (1) 5459100 392500 Bridge 3
Camp Creek at Wilsons Hatchery (2) 5459090 392450 Bridge 3
Camp Creek at Terra Nova 5459300 392470 Bridge 3
Seabrook Creek u/s Bass Highway 5458650 396300 weir 2
Big Creek at Tram Road (picnic area) (INGL13) 5457000 389100 Bridge 3
Big Creek at Tram Road 5455800 389050 Bridge 3
Dowlings Ck / Tram Road 5454500 389600 Bridge 3
Big Creek / Tram Road 5454350 390100 Bridge 3
Camp Creek at Deep Creek Road 5449600 392370 culvert 2
Dowlings Creek u/s Johnsons Road (Dam 1) 5446350 390600 Dam 1
Dowlings Creek u/s Johnsons Road (Dam 2) 5446280 390620 Dam 1
Dowlings Creek at Johnsons Road 5446600 390350 Bridge 3
Calder River at Murchison Highway 5442400 389250 Bridge 3
Un-named tributary at Viney Road 5437380 384480 weir 2
Blackfish Creek at Stennings Road  (INGL18) 5461940 389050 Bridge 3
Blackfish Creek at Stennings Rd (railway crossing) 5461970 389050 Bridge 3
Mitchells Creek at Bass Highway (INGL17) 5463300 389900 culvert 3
Lapoinya Road near Pages Road Junction (Dam1) 5460400 382950 Dam 1
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Lapoinya Road (Dam2 d/s Dam1) 5460420 382949 Dam 1

APPENDIX 1b: continued
Camerons Road - Moorleah (Dam1) 5462600 383480 Dam 1
Camerons Road - Moorleah (Dam2) 5462595 383700 Dam 1
Camerons Road - Moorleah (Dam3) 5462600 383400 Dam 1
Preolenna Road - Dam 1 5463250 386200 Dam 1
Coopers Creek at Ten Foot Track (FLOW08) 5454300 381100 Bridge 4
Garners Creek at Coal Mine Road 5450200 379400 Bridge 4
Hardmans Creek at Preolenna Road (FLOW10) 5447850 376950 Bridge 4
Hebe River at Myalla Road (FLOW11) 5453900 372600 Bridge 4
Borradale Creek at Lapoinya Road 5457209 378200 culvert 3
Flowerdale River at Lapoinya Road (FLOW04) 5460100 382050 Bridge 3
Flowerdale River at Preolenna Road (FLOW01) 5463400 387000 Bridge 3
Flowerdale River at stream gauging station 5464000 382700 weir 2
Flowerdale River at Meunna Road (FLOW06) 5446700 375900 Bridge 4
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Appendix 2a: Existing dam location details for the Inglis/Flowerdale Catchment.

DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

1710 5464300 391800 IRRIGATION ON-STREAM 4245 5459500 383400 IRRIGATION ON-STREAM

1697 5462500 386000 IRRIGATION ON-STREAM 4444 5461200 383400 IRRIGATION ON-STREAM

1716 5462300 384500 STOCK ON-STREAM 4445 5460800 383900 IRRIGATION ON-STREAM

1704 5465000 388900 IRRIGATION ON-STREAM 4446 5460800 383700 IRRIGATION ON-STREAM

1703 5465300 389100 IRRIGATION ON-STREAM 4447 5460700 383800 IRRIGATION ON-STREAM

1702 5465400 388900 IRRIGATION ON-STREAM 4448 5461800 383800 IRRIGATION ON-STREAM

1715 5462400 384600 STOCK ON-STREAM 4586 5460100 384300 STOCK ON-STREAM

1698 5464500 392200 IRRIGATION ON-STREAM 5735 5455100 384800 INDUSTRIAL ON-STREAM

4585 5460200 384400 STOCK ON-STREAM 6348 5439200 386700 FIRE FIGHTING ON-STREAM

1695 5462500 386000 IRRIGATION ON-STREAM 6349 5439100 386600 FIRE FIGHTING ON-STREAM

1696 5462500 386000 IRRIGATION ON-STREAM 4443 5461100 383300 IRRIGATION ON-STREAM

1699 5464200 392000 IRRIGATION ON-STREAM 4244 5459100 383400 IRRIGATION ON-STREAM

1701 5464500 392100 IRRIGATION ON-STREAM 1817 5439800 387600 STOCK & DOMESTIC ON-STREAM

1705 5465200 389100 IRRIGATION ON-STREAM 1700 5463800 391800 IRRIGATION ON-STREAM

1706 5465600 388600 IRRIGATION ON-STREAM 1752 5464900 390800 IRRIGATION ON-STREAM

1707 5465500 388300 IRRIGATION ON-STREAM 3008 5464800 390700 IRRIGATION ON-STREAM

1708 5462400 384400 STOCK ON-STREAM 4637 5452800 384700 STOCK ON-STREAM

1709 5462900 392300 STOCK ON-STREAM 4638 5452800 384800 STOCK ON-STREAM

1818 5439600 387200 STOCK & DOMESTIC ON-STREAM 1711 5464600 392200 IRRIGATION ON-STREAM

1819 5439300 387500 STOCK & DOMESTIC ON-STREAM 1712 5464700 392700 IRRIGATION ON-STREAM

1822 5439600 386200 FIRE FIGHTING ON-STREAM 1727 5457300 390700 IRRIGATION ON-STREAM

1823 5439600 386300 FIRE FIGHTING ON-STREAM 1725 5459500 390500 IRRIGATION ON-STREAM

1824 5439400 386500 FIRE FIGHTING ON-STREAM 5880 5456600 390600 IRRIGATION ON-STREAM
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DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

5878 5456500 390600 IRRIGATION ON-STREAM 1723 5459800 390500 AESTHETIC ON-STREAM

5882 5456500 390700 IRRIGATION ON-STREAM 1729 5457200 390700 IRRIGATION ON-STREAM

1730 5457600 390900 IRRIGATION ON-STREAM 4243 5459200 383500 IRRIGATION ON-STREAM

3083 5446800 392400 IRRIGATION ON-STREAM 1755 5464300 390700 IRRIGATION ON-STREAM

1720 5447600 392400 IRRIGATION ON-STREAM 1760 5464300 390700 IRRIGATION ON-STREAM

1719 5447100 392400 IRRIGATION ON-STREAM 1754 5464300 391000 IRRIGATION ON-STREAM

1718 5444200 390800 STOCK ON-STREAM 1756 5464400 391200 IRRIGATION ON-STREAM

1724 5446000 392000 IRRIGATION ON-STREAM 1757 5464100 390700 IRRIGATION OFF-STREAM

5918 5450600 390900 IRRIGATION ON-STREAM 1753 5465200 391300 IRRIGATION ON-STREAM

5990 5457700 390000 STOCK ON-STREAM 1767 5447100 388400 STOCK ON-STREAM

5492 5455400 390500 IRRIGATION ON-STREAM 1768 5447400 389500 STOCK ON-STREAM

1721 5447600 392000 IRRIGATION ON-STREAM 1769 5447300 389200 STOCK ON-STREAM

3084 5446700 391200 IRRIGATION ON-STREAM 4122 5452000 386600 IRRIGATION OFF-STREAM

1731 5448300 391200 IRRIGATION ON-STREAM 1776 5445100 388600 IRRIGATION ON-STREAM

1722 5447300 391600 IRRIGATION ON-STREAM 5607 5446800 388400 IRRIGATION ON-STREAM

1732 5448500 391000 IRRIGATION ON-STREAM 5781 5457400 387100 IRRIGATION ON-STREAM

1733 5448500 391300 IRRIGATION ON-STREAM 1765 5447700 387400 IRRIGATION ON-STREAM

1759 5464600 390700 IRRIGATION ON-STREAM 1773 5448900 387700 IRRIGATION ON-STREAM

1750 5465300 390600 IRRIGATION ON-STREAM 4429 5451800 387600 IRRIGATION ON-STREAM

1747 5464800 390700 IRRIGATION ON-STREAM 4636 5451600 387400 IRRIGATION ON-STREAM

1748 5465000 390700 IRRIGATION ON-STREAM 6199 5451800 387650 STOCK ON-STREAM

1749 5465200 390600 IRRIGATION ON-STREAM 6200 5451800 387200 IRRIGATION ON-STREAM

1761 5465300 391400 IRRIGATION ON-STREAM 1766 5449400 386800 STOCK ON-STREAM

1762 5465600 390500 IRRIGATION ON-STREAM 1771 5452300 385500 STOCK ON-STREAM

1763 5465500 390500 IRRIGATION ON-STREAM 1772 5452300 385500 STOCK ON-STREAM
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DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

4237 5464100 390600 IRRIGATION ON-STREAM 4119 5451800 385800 IRRIGATION ON-STREAM

4121 5452000 385900 IRRIGATION ON-STREAM 4120 5451800 385800 IRRIGATION ON-STREAM

4668 5450400 386700 STOCK ON-STREAM 5989 5449000 385600 STOCK ON-STREAM

4671 5449900 387400 STOCK ON-STREAM 6318 5449800 385200 STOCK & DOMESTIC ON-STREAM

4672 5450300 386700 STOCK ON-STREAM 1777 5443000 387300 IRRIGATION ON-STREAM

5648 5448300 387000 OTHER ON-STREAM 1779 5440500 388500 IRRIGATION ON-STREAM

5783 5456500 386700 FIRE FIGHTING ON-STREAM 1780 5440500 388500 IRRIGATION ON-STREAM

4669 5450500 386700 STOCK ON-STREAM 1781 5440500 388500 IRRIGATION ON-STREAM

4670 5450100 386500 STOCK ON-STREAM 1782 5440500 388500 IRRIGATION ON-STREAM

1774 5449600 388600 IRRIGATION ON-STREAM 1783 5440500 388500 IRRIGATION ON-STREAM

4668 5450400 386700 STOCK ON-STREAM 1784 5440500 388500 IRRIGATION ON-STREAM

4671 5449900 387400 STOCK ON-STREAM 4572 5447000 384100 IRRIGATION ON-STREAM

4672 5450300 386700 STOCK ON-STREAM 5057 5445600 385300 STOCK ON-STREAM

4669 5450500 386700 STOCK ON-STREAM 5633 5444100 386900 IRRIGATION ON-STREAM

4670 5450100 386500 STOCK ON-STREAM 5634 5444100 386600 IRRIGATION ON-STREAM

5782 5457100 386500 IRRIGATION ON-STREAM 5704 5449600 386000 IRRIGATION ON-STREAM

1827 5441600 387700 IRRIGATION ON-STREAM 5706 5449600 385800 IRRIGATION ON-STREAM

1828 5441800 387900 IRRIGATION ON-STREAM 5963 5441800 389500 IRRIGATION ON-STREAM

4571 5448400 383600 IRRIGATION ON-STREAM 5965 5443000 391100 IRRIGATION ON-STREAM

4978 5442300 388200 IRRIGATION ON-STREAM 5966 5443100 390900 IRRIGATION ON-STREAM

4977 5442400 387900 IRRIGATION ON-STREAM 1785 5443200 390700 STOCK ON-STREAM

5598 5443400 390700 IRRIGATION ON-STREAM 1786 5443000 390500 STOCK ON-STREAM

5599 5443300 390600 IRRIGATION ON-STREAM 5705 5449600 385900 IRRIGATION ON-STREAM

5597 5443300 391000 IRRIGATION ON-STREAM 1779 5440500 388500 IRRIGATION ON-STREAM

5635 5443900 386600 IRRIGATION ON-STREAM 1780 5440500 388500 IRRIGATION ON-STREAM
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DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

1778 5442800 387200 IRRIGATION ON-STREAM 1781 5440500 388500 IRRIGATION ON-STREAM

4573 5448500 383800 IRRIGATION ON-STREAM 1782 5440500 388500 IRRIGATION ON-STREAM

1783 5440500 388500 IRRIGATION ON-STREAM 1792 5444300 391400 IRRIGATION ON-STREAM

1784 5440500 388500 IRRIGATION ON-STREAM 5605 5446800 389500 IRRIGATION ON-STREAM

1775 5442500 389300 IRRIGATION ON-STREAM 5606 5446500 389300 IRRIGATION ON-STREAM

4619 5451600 389100 IRRIGATION ON-STREAM 1726 5446200 389100 IRRIGATION ON-STREAM

3505 5451400 388900 STOCK ON-STREAM 4168 5452500 388100 IRRIGATION ON-STREAM

4169 5452350 387400 IRRIGATION ON-STREAM 1797 5464400 389900 IRRIGATION CATCHMENT

1768 5447400 389500 STOCK ON-STREAM 1806 5465700 389700 IRRIGATION ON-STREAM

2184 5443800 390400 STOCK ON-STREAM 1809 5465000 389300 IRRIGATION ON-STREAM

1787 5445600 390800 IRRIGATION ON-STREAM 1801 5464600 389300 IRRIGATION ON-STREAM

5023 5448200 390300 IRRIGATION ON-STREAM 4740 5466100 389600 IRRIGATION ON-STREAM

1717 5446200 390600 IRRIGATION ON-STREAM 1794 5466400 389400 IRRIGATION ON-STREAM

1791 5450400 390200 IRRIGATION ON-STREAM 1751 5465100 389600 IRRIGATION ON-STREAM

7075 5445260 390830 DOMESTIC ON-STREAM 1798 5464200 389300 IRRIGATION ON-STREAM

1767 5447100 388400 STOCK ON-STREAM 1803 5466400 389600 IRRIGATION ON-STREAM

1768 5447400 389500 STOCK ON-STREAM 1805 5465700 389700 IRRIGATION ON-STREAM

1769 5447300 389200 STOCK ON-STREAM 1808 5465500 389600 IRRIGATION ON-STREAM

6697 5445700 389800 IRRIGATION ON-STREAM 4746 5466400 389900 IRRIGATION ON-STREAM

6698 5445500 389700 IRRIGATION ON-STREAM 1795 5464400 389300 IRRIGATION ON-STREAM

1769 5447300 389200 STOCK ON-STREAM 1804 5465800 389600 IRRIGATION ON-STREAM

2019 5451900 388800 IRRIGATION ON-STREAM 1807 5465600 389700 IRRIGATION ON-STREAM

2020 5451900 389300 IRRIGATION ON-STREAM 1704 5465000 388900 IRRIGATION ON-STREAM

1789 5450800 389500 STOCK ON-STREAM 1703 5465300 389100 IRRIGATION ON-STREAM

1790 5450800 389500 STOCK ON-STREAM 1702 5465400 388900 IRRIGATION ON-STREAM
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DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

1793 5444300 391300 IRRIGATION ON-STREAM 1705 5465200 389100 IRRIGATION ON-STREAM

1788 5445300 390700 IRRIGATION ON-STREAM 1706 5465600 388600 IRRIGATION ON-STREAM

5002 5450700 388900 IRRIGATION ON-STREAM 1707 5465500 388300 IRRIGATION ON-STREAM

1796 5464300 389500 IRRIGATION ON-STREAM 1866 5465300 388100 STOCK ON-STREAM

1799 5464400 389200 IRRIGATION ON-STREAM 2189 5459100 380100 IRRIGATION ON-STREAM

1800 5464500 389200 IRRIGATION ON-STREAM 3501 5459400 380000 STOCK ON-STREAM

1813 5449600 379200 IRRIGATION ON-STREAM 1880 5465800 385500 IRRIGATION ON-STREAM

1815 5448500 378400 IRRIGATION ON-STREAM 5940 5465600 385200 IRRIGATION ON-STREAM

5395 5449800 379200 IRRIGATION ON-STREAM 1878 5465000 387900 IRRIGATION ON-STREAM

1814 5449300 379200 IRRIGATION ON-STREAM 1838 5458400 378900 IRRIGATION ON-STREAM

1816 5448300 378500 IRRIGATION ON-STREAM 1839 5458400 378900 IRRIGATION ON-STREAM

1810 5449600 379400 IRRIGATION ON-STREAM 1850 5465600 382300 IRRIGATION ON-STREAM

1811 5449800 379800 IRRIGATION ON-STREAM 1857 5448400 373700 OTHER ON-STREAM

1812 5449700 379800 IRRIGATION ON-STREAM 1868 5465300 386500 IRRIGATION ON-STREAM

5392 5449400 378200 IRRIGATION ON-STREAM 1829 5464000 382800 STOCK ON-STREAM

5393 5449500 378800 IRRIGATION ON-STREAM 2190 5459200 380000 IRRIGATION ON-STREAM

5394 5450100 378700 IRRIGATION ON-STREAM 1840 5458000 378800 IRRIGATION ON-STREAM

5396 5450400 378700 STOCK ON-STREAM 4008 5462900 381100 IRRIGATION ON-STREAM

5397 5450400 378700 STOCK ON-STREAM 4053 5461200 381600 STOCK ON-STREAM

1820 5440500 387100 FIRE FIGHTING ON-STREAM 3114 5460100 379400 IRRIGATION ON-STREAM

6350 5440600 387500 FIRE FIGHTING ON-STREAM 4071 5457700 380400 STOCK ON-STREAM

1821 5440000 387100 FIRE FIGHTING ON-STREAM 1841 5458000 379600 IRRIGATION ON-STREAM

1825 5440700 387600 IRRIGATION ON-STREAM 1882 5465500 387100 IRRIGATION ON-STREAM

1826 5440800 387900 IRRIGATION ON-STREAM 4163 5451200 378900 IRRIGATION ON-STREAM

1842 5462500 383500 IRRIGATION CATCHMENT 1869 5465300 386700 IRRIGATION ON-STREAM
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DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

1848 5464400 382000 IRRIGATION ON-STREAM 4232 5458300 380600 STOCK ON-STREAM

1872 5465100 382100 IRRIGATION ON-STREAM 3858 5460300 379800 IRRIGATION ON-STREAM

1830 5464000 388400 IRRIGATION ON-STREAM 4664 5463200 382800 IRRIGATION ON-STREAM

1881 5465400 385700 IRRIGATION ON-STREAM 1861 5448300 373300 OTHER ON-STREAM

5088 5463300 381800 IRRIGATION ON-STREAM 1876 5463500 384300 IRRIGATION ON-STREAM

5796 5460600 380200 STOCK ON-STREAM 1877 5463400 384200 IRRIGATION ON-STREAM

5992 5458800 381100 STOCK ON-STREAM 1879 5464600 388300 IRRIGATION ON-STREAM

6192 5461850 382400 IRRIGATION ON-STREAM 2185 5458500 380500 IRRIGATION ON-STREAM

6155 5460600 382700 STOCK & DOMESTIC ON-STREAM 2186 5458600 380100 IRRIGATION ON-STREAM

7015 5465551 386752 IRRIGATION ON-STREAM 2187 5458700 380100 IRRIGATION ON-STREAM

1831 5465600 386800 IRRIGATION ON-STREAM 2188 5458800 380100 IRRIGATION ON-STREAM

1832 5465600 386900 IRRIGATION ON-STREAM 3502 5461200 380100 STOCK ON-STREAM

1837 5463300 384600 IRRIGATION ON-STREAM 3503 5462000 381400 STOCK ON-STREAM

1843 5465700 385900 IRRIGATION ON-STREAM 4024 5447000 375700 IRRIGATION ON-STREAM

1844 5464300 383000 IRRIGATION ON-STREAM 4054 5461000 382000 STOCK ON-STREAM

1845 5464300 383200 IRRIGATION ON-STREAM 4231 5458700 380800 STOCK ON-STREAM

1849 5463200 386100 STOCK ON-STREAM 4466 5460500 381600 STOCK ON-STREAM

1851 5462700 381200 IRRIGATION ON-STREAM 4505 5464400 381500 IRRIGATION ON-STREAM

1852 5462700 381000 IRRIGATION ON-STREAM 4506 5464400 381400 IRRIGATION ON-STREAM

1853 5462800 381200 IRRIGATION ON-STREAM 4507 5464400 381200 IRRIGATION ON-STREAM

1854 5462000 380500 IRRIGATION ON-STREAM 4508 5464200 381900 IRRIGATION ON-STREAM

1855 5462200 380800 IRRIGATION ON-STREAM 4509 5464500 382000 IRRIGATION ON-STREAM

1856 5462200 381000 IRRIGATION ON-STREAM 5230 5458900 382400 STOCK ON-STREAM

1858 5448400 374200 OTHER ON-STREAM 5991 5458900 381500 STOCK ON-STREAM

1859 5448900 373300 OTHER ON-STREAM 6516 5451000 378100 IRRIGATION ON-STREAM
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DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

1865 5448900 372900 OTHER ON-STREAM 6561 5465500 382300 IRRIGATION ON-STREAM

1870 5465300 382300 IRRIGATION ON-STREAM 4023 5447200 375600 IRRIGATION ON-STREAM

1873 5465400 382400 IRRIGATION ON-STREAM 1846 5464600 382900 IRRIGATION ON-STREAM

1874 5464600 381600 IRRIGATION ON-STREAM 1847 5464400 383200 IRRIGATION ON-STREAM

1875 5464100 381900 IRRIGATION ON-STREAM 1871 5465200 382400 IRRIGATION ON-STREAM

5230 5458900 382400 STOCK ON-STREAM 1910 5450500 379900 IRRIGATION ON-STREAM

1862 5449400 372600 OTHER ON-STREAM 1907 5450800 380600 STOCK ON-STREAM

1864 5449400 372900 OTHER ON-STREAM 1908 5451300 380500 STOCK ON-STREAM

1863 5449500 372900 OTHER ON-STREAM 1909 5450700 380400 STOCK ON-STREAM

5045 5454800 374500 IRRIGATION ON-STREAM 1911 5450100 381100 IRRIGATION ON-STREAM

1860 5449500 372800 OTHER ON-STREAM

5212 5446700 377500 FIRE FIGHTING ON-STREAM

3934 5466700 383100 IRRIGATION ON-STREAM

3930 5466000 383500 IRRIGATION ON-STREAM

6353 5466700 382650 IRRIGATION OFF-STREAM

6559 5466100 383700 IRRIGATION ON-STREAM

6560 5466000 383500 IRRIGATION ON-STREAM

1898 5466700 383700 IRRIGATION ON-STREAM

3931 5465700 383300 IRRIGATION ON-STREAM

3932 5465700 383400 IRRIGATION ON-STREAM

3933 5465400 383200 IRRIGATION ON-STREAM

6555 5465700 383300 IRRIGATION ON-STREAM

6556 5465700 383400 IRRIGATION ON-STREAM

6557 5465400 383200 IRRIGATION ON-STREAM
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Appendix 2b: Proposed in-stream dam location details for the Inglis/Flowerdale Catchment.

DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

5879 5456900 390600 IRRIGATION ON-STREAM 6700 5446000 390600 IRRIGATION ON-STREAM

7113 5457325 390835 IRRIGATION ON-STREAM 6747 5445500 390000 STOCK & DOMESTIC ON-STREAM

7114 5457515 390885 IRRIGATION ON-STREAM 1802 5463900 389400 IRRIGATION ON-STREAM

6273 5449800 391600 STOCK & DOMESTIC ON-STREAM 6007 5447800 377600 STOCK ON-STREAM

5877 5456100 390100 IRRIGATION ON-STREAM 6008 5449400 378000 STOCK ON-STREAM

3085 5446600 391200 IRRIGATION ON-STREAM 5026 5458000 378200 STOCK ON-STREAM

5594 5447700 391150 IRRIGATION ON-STREAM 5226 5459200 381800 STOCK ON-STREAM

1758 5464200 390800 IRRIGATION ON-STREAM 5227 5458400 382100 STOCK ON-STREAM

4334 5451200 386300 IRRIGATION ON-STREAM 5228 5458700 382200 STOCK ON-STREAM

4333 5451200 386400 IRRIGATION ON-STREAM 5433 5465800 385100 IRRIGATION ON-STREAM

6571 5451400 387800 IRRIGATION ON-STREAM 5678 5463100 385900 STOCK ON-STREAM

6666 5451000 388200 IRRIGATION ON-STREAM 5229 5458900 382300 STOCK ON-STREAM

6667 5450900 388000 IRRIGATION ON-STREAM 5231 5458600 382400 STOCK ON-STREAM

6984 5447938 386927 IRRIGATION ON-STREAM 5232 5458400 383000 STOCK ON-STREAM

6911 5474400 364800 IRRIGATION ON-STREAM 5233 5458400 382200 STOCK ON-STREAM

4828 5455600 385800 IRRIGATION ON-STREAM 5914 5463200 385800 STOCK ON-STREAM

4829 5455600 385700 IRRIGATION ON-STREAM 5914 5463200 385800 STOCK ON-STREAM

4830 5455600 385900 IRRIGATION ON-STREAM 6436 5449650 393500 STOCK & DOMESTIC ON-STREAM

5498 5458400 386200 STOCK ON-STREAM 6517 5451100 378200 IRRIGATION ON-STREAM

6082 5447600 390300 IRRIGATION ON-STREAM 6870 5462709 383196 IRRIGATION ON-STREAM

5035 5450400 390000 AESTHETIC ON-STREAM 7138 5459620 379645 IRRIGATION ON-STREAM

5119 5446500 390200 STOCK ON-STREAM 5226 5459200 381800 STOCK ON-STREAM

4167 5452500 388200 IRRIGATION ON-STREAM 5227 5458400 382100 STOCK ON-STREAM
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Appendix 2b continued
DAM_ID NORTHING EASTING PURPOSE DAM_TYPE DAM_ID NORTHING EASTING PURPOSE DAM_TYPE

5229 5458900 382300 STOCK ON-STREAM 5228 5458700 382200 STOCK ON-STREAM

5231 5458600 382400 STOCK ON-STREAM 5213 5445800 377800 FIRE FIGHTING ON-STREAM

5232 5458400 383000 STOCK ON-STREAM 6558 5466700 383100 IRRIGATION ON-STREAM

5233 5458400 382200 STOCK ON-STREAM 6562 5466800 382800 IRRIGATION ON-STREAM

5211 5446800 377400 FIRE FIGHTING ON-STREAM 5210 5446700 377200 FIRE FIGHTING ON-STREAM

5214 5446400 377100 FIRE FIGHTING ON-STREAM
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Appendix 2c: Inglis/Flowerdale River catchment. Existing and proposed dam locations.

InglisFlowerdale_dams by DAM_STATUS

EXISTING   (330)
PROPOSED   (57)
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APPENDIX 3: Overall site disturbance indicator categories for the Hydrological
Connectivity sub-index

1. EXTREME DISTURBANCE
Riparian vegetation Absent or severely reduced. Vegetation present is severely disturbed - i.e.
dominated by exotic species. Native species are rare or absent.
Surrounding vegetation Agriculture and/or cleared BOTH sides. Plants present are virtually all exotic
species (pines, willows, etc.)

2. MAJOR DISTURBANCE
Riparian vegetation Some native vegetation present, but  it is severely modified BOTH sides by
grazing or the intrusion of introduced species. Native species severely reduced in numbers
(species richness) and cover.
Surrounding vegetation Agriculture and/or cleared BOTH sides. Plants present are virtually all exotic
species (pines, willows, etc.).

3. MODERATE DISTURBANCE
Riparian vegetation Moderately disturbed by stock or through the intrusion of introduced species,
though native species remain in reasonable numbers and abundance.
Surrounding vegetation Agricultural land and/or cleared on ONE side; native vegetation on the other
clearly disturbed or with a high percentage of introduced species.

4. MINOR DISTURBANCE
Riparian vegetation Native vegetation on BOTH sides of the river in generally good condition with few
introduced species present. Any disturbance is minor.
Surrounding vegetation Native vegetation present on BOTH sides of the river with a virtually intact
canopy. Minor disturbance present through introduced species. 
5. VERY LOW DISTURBANCE
Riparian vegetation Native vegetation on both sides of the river  in an undisturbed state. Introduced
species are rare or insignificant. Representative of pristine condition.
Surrounding vegetation Native vegetation on both sides of the river  with an intact canopy. Introduced
species are rare or insignificant. Representative of pristine condition.


