51 OVERVIEW

INSTRUCTIONS FOR
THE MEASUREMENT
OF EACH VARIABLE

This chapter provides detailed instructions on the measurement of each field-based

and office-based variable. An individual instruction sheet is provided for each variable,

and is set out as follows:

VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
FIELD OR OFFICE

UNITS OF MEASUREMENT

INDICATES

METHODS

» Name of the variable
» Broad category in which the variable falls
» Whether the variable is control or response

I» Whether the variable is collected in the field
or in the office
» The unit of measurement for the variable

> What the variable indicates about physical
stream condition, or geomorphological
processes

» The method used to measure each physical
variable. Diagrams and pictures are
included where appropriate.

In the following pages, the control variables are listed first, followed by the response

variables.
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VARIABLE NAME Latitude

CATEGORY Position of the site in the catchment
CONTROL OR RESPONSE Control
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Degrees, minutes, seconds
INDICATES The relative position of sampling sites across the

landscape.

The latitude of a site should be recorded in the field to the nearest second, using a
GPS. When using a GPS, ensure that you record the datum as set on the GPS unit at

the time you record your position.
Alternatively, if a GPS is not available in the field, the grid reference of each site can be

derived from maps and converted to latitude using a GIS or GPS. Record the map

details such as name, number, scale, datum and adjoining map names and numbers.

48



VARIABLE NAME Longitude

CATEGORY Position of the site in the catchment
CONTROL OR RESPONSE Control
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Degrees, minutes, seconds
INDICATES The relative position of sampling sites across the

landscape.

The longitude of a site should be recorded in the field to the nearest second using a
GPS. When using a GPS, ensure that you record the datum as set on the GPS unit at

the time you record your position.
Alternatively, if a GPS is not available in the field, the grid reference of each site can be

derived from maps and converted to longitude using a GIS or GPS. Record the map

details such as name, number, scale, datum and adjoining map names and numbers.
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VARIABLE NAME Altitude

CATEGORY Position of the site in the catchment
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT metres above sea level (m asl)
INDICATES The position of a sampling site within the catchment

and physical stream processes that change along an

altitudinal gradient.

The altitude of each site should be read off 1:100 000 scale topographic maps.
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VARIABLE NAME Distance from source

CATEGORY Position of the site in the catchment
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT km
INDICATES The position of a sampling site within the catchment

and physical stream processes that change along

the river continuum.

Distance from source is the distance between the source of the stream and the
sampling site (Figure 5.1). Distance from source is measured off maps using a map

wheel or similar device.

Source
&

Site
&«

Figure 5.1 Example calculation of distance from source.
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VARIABLE NAME Link magnitude

CATEGORY Position of the site in the river system
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Stream size within a river system context.

Link magnitude is defined as the number of links upstream from the sampling site
(Figure 5.2), and is calculated using the method of Shreve (1967). Link magnitude is
preferable to the use of stream order, because it encompasses all contributing

discharges upstream of a sampling site.

Link magnitude should be derived from maps. However, derivation of link magnitude is
sensitive to changes in map scale and a consistent map scale should be used to

measure this variable. A 1:25 000 map scale is recommended for the measurement of
link magnitude, but where map coverage is limited, the lowest scale possible should be

used.

Sampling site
11

Figure 5.2 Example calculation of link magnitude. Link magnitude at the shown
sampling site is 11.
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VARIABLE NAME Alkalinity

CATEGORY Water chemistry
CONTROL OR RESPONSE Control
OFFICE OR FIELD Field
UNITS OF MEASUREMENT mg CaCOs I
INDICATES Buffering capacity of water, which in turn is related to

catchment geology.

Alkalinity should be determined in the field by acid titration. Alternatively, a water
sample may be taken and kept on ice in the field, before determination of alkalinity

immediately upon return to the laboratory.

Standard method (A.P.H.A., 1992)

Collect a water sample from one point in the centre of the stream. Place 100ml of river

water in a clean beaker with two drops of Methol Red indicator. While swirling the
water in the beaker, use a syringe to add Sulfuric Acid (H.SO,4, 0.02N), drop by drop,
until the colour of the water just turns and remains pink (Figure 5.3). Record the

amount of acid used in the titration. Alkalinity (as mg CaCOs I™) is calculated as:

A *N*50000
Water sample volume (ml)

where:
A=ml HzSO4
N = normality of acid (0.02N)

Figure 5.3 Field alkalinity titration. Before addition of acid, the water is green (left)
and upon titration endpoint, the water is pink (right).
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VARIABLE NAME Total stream length

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT km
INDICATES Travel time of water through the drainage network

and availability of sediment for transport.

Total stream length is calculated by measuring the length of all perennial streams
within the catchment area upstream of each sampling site. Total stream length is

measured off 1:100 000 topographic maps.

Total stream length is also used to calculate the drainage density and mean stream

slope variables.
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VARIABLE NAME Drainage density

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT km
INDICATES The balance between erosive forces and the

resistance of the ground surface. Drainage density

is also related to climate, geology, soils and

vegetation cover in the catchment.

Drainage density (Rp) is calculated within the catchment area upstream of each
sampling site by dividing the total stream length for the catchment (see total stream
length variable) by the catchment area (see catchment area upstream of the site

variable):

where:
>L = total stream length

A = catchment area upstream of the sampling site

Total stream length should be measured in km and catchment area upstream of the
sampling site in km?

The overall unit of measurement for drainage density is km.
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VARIABLE NAME Catchment area upstream of the site

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT km?
INDICATES Relative water yield and the number and size of

streams in the catchment.

The catchment area upstream of a site is defined as the total area of catchment that

drains into the sampling site (Figure 5.4).

Catchment area upstream of each sampling site is measured off 1: 100 000 scale
topographic maps using a planimeter. The boundaries of each catchment are identified

by examination of topographic contours.

Figure 5.4 Example calculation of catchment area upstream of the sampling site.
Catchment areas for successive sites within a catchment are additive. The catchment
area of the most upstream site, site A, is calculated first. Then, the catchment area
upstream of site B includes the area of site A and B, and the catchment area upstream
of site C includes the area of sites A and B and C.
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VARIABLE NAME Elongation ratio

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Catchment shape.

Elongation ratio (R.) is calculated for the catchment upstream of each sampling site by
dividing the diameter of a circle with the same area as the catchment, by the length of

the catchment:

where:

D. = the diameter of a circle with the same area as the catchment area upstream of the
sampling site’

L = the maximum length of the catchment along a line basically parallel to the main

stem

1.

The formula for calculation of the diameter of a circle with a certain area is:
V [(4 x area) / TT]

An example calculation for a catchment with an area of 740km? is:
V [(4 x 740) / 1§ = 30.7km

After Gordon et al. (1992)
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VARIABLE NAME Relief ratio

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES The intensity of erosion processes on slopes which

in turn, influences sediment supply and the ability of

the river to transport sediment.

Relief ratio (R)) is calculated for the catchment upstream of each sampling site by

dividing the difference in elevation between the highest point in the drainage divide and

the sampling site by the length of the catchment:

Rr=E
L

where:

h = the difference in elevation between the highest point on the drainage divide and the

sampling site
L = the maximum length of the catchment along a line approximately parallel to the

main stem

The units of h and L should be equal (ie. metres or kilometres) so as to make R,

dimensionless (Gordon et al., 1992).

58



VARIABLE NAME Form ratio

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Catchment shape.

Form ratio (Ry) is calculated for the catchment upstream of each site by dividing the

area of the catchment by the squared length of the catchment:

Rf=A

2
where:
A = catchment area upstream of the sampling site

L = maximum length of the catchment along a line approximately parallel to the main

stem

The units of A and L should be equal (ie. metres or kilometres) so as to make Ry

dimensionless (Gordon et al., 1992).
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VARIABLE NAME Mean catchment slope

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Surface run-off rates, and is also related to drainage

density and basin relief.

Mean catchment slope (Sy) is calculated for the catchment upstream of each sampling
site by dividing the difference in elevation between specific points in the catchment by

catchment length:

- (Elevation at 0.85L) - (Elevation at 0.10L)
0.75L

S

where:
L = the maximum length of the catchment along a line basically parallel to the main

stem
The components 0.85L, 0.10L and 0.75L correspond to points that are located at 85%,

10% and 75% of the catchment length respectively. The point of the stream source is

0% and the point of the sampling site is 100%.
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VARIABLE NAME Mean stream slope

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT m km™
INDICATES Stream slope is related to water velocity.

Mean stream slope (S.) is calculated within the catchment area upstream of a sampling
site by dividing the difference in elevation between the source and the sampling site by

the total stream length in the catchment:

_ (Elevation at source - elevation at sampling site)
Length of stream

Sc

Elevation should be measured in m and the length of stream in the catchment area

upstream of the sampling site in km (see the total stream length variable).
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VARIABLE NAME Catchment geology

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT % area of each geological type
INDICATES Catchment geology is an important factor that

controls many characteristics of a stream system
(Schumm, 1977; Knighton, 1984), including the type
of material available for weathering, transport and
erosion, the network pattern and the topography of

the catchment.

Catchment geology should be measured as the area (km?) that is covered by each
geology type within the catchment area upstream of a sampling site. To standardise
across different sized catchments, geological areas should be converted to a

percentage of the total catchment area upstream of a sampling site.

Geology types can be measured off geological maps using a planimeter. Alternatively,
digitised versions of these geology maps may be available and the percent area of
each geology type in a catchment can be calculated using a GIS. Information on the
availability of digitised geology data can be found at the Australian Geological Survey

Organisation's website (http://www.agso.gov.au).

In order to reflect regional conditions the geology types to be measured should be
determined by each State or Territory, and may involve seeking advice from a
geologist. As a minimum, the chosen geology types should reflect broad Statewide
lithological patterns, but geology can be measured in more detail if required. The map
scale used to measure catchment geology will reflect the level of detail required,
although the availability of geological data may also dictate the scale of the map used.
As a guide, the geological types used in the construction of the habitat predictive model
of Davies et al. (2000) were alluvium, volcanics, metasediments and limestone,
measured off a 1:100 000 scale map. If more detail is required, these geological types
can be expanded and measured as alluvium, mafic volcanics, felsic volcanics, mafic

intrusives, felsic intrusives, shale, siltstone & slate, conglomerates and limestone.
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VARIABLE NAME Rainfall

CATEGORY Catchment characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT mean or median annual rainfall (mm)
INDICATES Determines water availability for runoff and

discharge, and effects vegetation cover and the

potential for slope erosion.

A measure of mean or median annual rainfall should be obtained for each sampling

site. There are two options available for obtaining rainfall data for each sampling site:

1. An exact reading of annual average rainfall

Where available, modelled rainfall data can be used to obtain a reading of the long-
term mean or median annual rainfall for each sampling site. BIOCLIM (part of
ANUCLIM) is a modelled data package that is able to provide an annual average
rainfall figure for any location within Australia. More detail on this package can be
found at the Centre for Resource and Environmental Studies (CRES) website at

http://cres.anu.edu.au/software.html

2. Broad rainfall categories

At a lower level of detail that forgoes an actual measurement of rainfall for each
sampling site, it may be possible to place sites into categories of mean annual rainfall
to correspond with broad rainfall patterns across each State or Territory. For example,
in NSW it would be possible to distinguish low rainfall areas in the Western part of the
State from high rainfall coastal areas. The Bureau of Meteorology produces detailed
climate maps showing broad rainfall bands for each State. More information can be
found on the Bureau of Meteorology website at http://www.bom.gov.au/. Alternatively,
the CLIMATE SURFACES package produced by CRES may provide data that is useful
for determining broad annual rainfall categories. More information can be found on the

CRES website at http://cres.anu.edu.au/software.html
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

INDICATES

Valley shape

Valley characteristics

Control
Field

Choice of six categories

Valleys exert lateral and vertical control over the

stream channel (Church, 1992) and influence the

type of channel that will be present.

At each sampling site, visually assess the shape of the surrounding valley as one of

the following categories:

steep valley

shallow valley

broad valley

gorge

symmetrical floodplain

asymmetrical floodplain

Variable modified from the River Habitat Survey (Raven et al., 1998)
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VARIABLE NAME Channel slope

CATEGORY Valley characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT m km™
INDICATES Stream gradient, which in turn influences sediment

transport and discharge characteristics.

Channel slope is the difference in elevation at the upstream and downstream ends of a

stream segment, divided by the length of that segment:

Change in elevation from upstream to downstream end of segment (m)

Channelslope =
Segment length (km)

Channel slope can be measured off 1:100 000 scale topographic maps.

Calculation of segment length

The length of a segment is derived according to the bankfull width of the stream
channel (see bankfull channel width variable) at the sampling site (Table 5.1). A
stream segment is defined as 1000x the bankfull width of the channel. Streams wider

than 50m have a segment length that is limited to 50km.

Table 5.1 Example calculation of segment length for streams of different bankfull
width.
Bankfull stream width (m) | Length of stream segment (km)
5 5
10 10
20 20
50 50
100 50

(continued over)
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VARIABLE NAME (continued) Channel slope

Placement of stream segments relative to sampling sites

The sampling site forms the midpoint of the stream segment (Figure 5.5). In the
following example, the sampling site has a bankfull width of 15m. Thus, the
corresponding segment length of 15km extends for 7.5km upstream and downstream

of the sampling site.

<4— Flow
Downstream Y <4— Upstream
segment segment
boundary < ! > boundary

7.5km ! 7.5km

Figure 5.5 Placement of stream segments relative to the sampling site.
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VARIABLE NAME Valley width

CATEGORY Valley characteristics
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT m
INDICATES Relative degree of channel constriction.

Valley width is the distance between the first topographic contours on either side of the

channel, and should be measured off 1:100 000 scale topographic maps.

Measurements of valley width should be taken along a segment of stream, the length
of which is equivalent to 1000x the bankfull channel width of the sampling site (see
channel slope variable for further details on stream segments and bankfull channel
width variable for further details on bankfull width). Replicate measurements of valley
width should be made every 500m along the segment, and an average valley width

derived from these replicate measurements.
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VARIABLE NAME Sinuosity

CATEGORY Planform channel features
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Planform channel pattern, which in turn relates to

flow dynamics and sediment transport

characteristics.

Sinuosity (Sl) is an assessment of the degree of irregularity in the path of a channel
across the landscape (Figure 5.6) and is measured as the difference between channel

length and valley length:

_ Channeldistance (km)
Downvalley distance (km)

The sinuosity of each sampling site should be measured off small scale topographic
maps, along a segment of stream with a length equivalent to 1000x the bankfull
channel width (see channel slope variable for further details on stream segments and

bankfull channel width variable for further details on bankfull width).

/Valley boundary

Channel distance

Downvalley distance

Stream segment (1000x bankfull width)

Figure 5.6 Example measurement of sinuosity. Channel distance is the 'exact'
distance along the stream channel. Downvalley distance is the 'straight-line' distance
along the channel, running approximately parallel to the valley boundaries.
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VARIABLE NAME Catchment landuse

CATEGORY Landuse
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT % area of each landuse type
INDICATES Potential disturbance to whole catchment channel,

floodplain and slope morphology over time.

Catchment landuse should be measured as the area (km?) that is covered by each
landuse type within the catchment area upstream of a sampling site. To standardise
across different sized catchments, landuse areas should be converted to a percentage

of the total catchment area upstream of a sampling site.

Landuse should be measured using a GIS. Resolution of different landuse and land
cover types will depend on the sensitivity of the initial classification image but as a
guide, landuse types should include native forest cover, pine forest cover, native
grassland cover, grazing pasture cover, crop cover and urban and other hard surfaces
cover. Relevant landuse types will need to be reviewed by each State or Territory and

adjusted to represent regional conditions and the availability of data.
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

Local landuse
Landuse
Control

Field

Choice of eleven categories

INDICATES Potential disturbances to local channel, floodplain

and slope morphology over time.

Local landuse is considered to be the landuse within 500m of the channel banks, along

the area adjacent to the sampling site. Local landuse/land cover is visually assessed

at each sampling site for the left and right banks as one of the following categories:

Landuse category

Examples

Native forest

Native forest within a national park, nature
reserve or similar

Native grassland (not grazed)

Native grasslands or shrub lands within a
national park, nature reserve or similar

Grazing (native or non-native pasture)

Grazing activity on native or non-native
pasture in farmland adjacent to the site

Exotic grassland (no grazing)

Non grazed exotic grasses such as
manicured lawns, recreation areas or
similar

Forestry Recent native or pine forestry activity
adjacent to the sampling site
Cropped Row cropping activities such as sugar

cane, wheat, horticulture etc. Also
indicate whether cropping is irrigated or
rainfed

Urban residential

Residential areas of cities and towns

Commercial

Shops, offices or similar

Industrial or intensive agricultural

Factories, tanneries, piggeries, feedlots or
similar

Recreation Picnic areas, playgrounds, campgrounds,
municipal parks or similar
Other Indicate the type of landuse present

Variable derived from AUSRIVAS
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HYDROLOGY VARIABLES

Discharge regime has a significant influence on the morphology and dynamics of a
river system (see Figure 1.1). The overall discharge regime of a river influences many
'response level' stream characteristics such as channel slope, width, depth, bedform
geometry, meander wavelength, sinuosity and sediment transport (Knighton, 1994).
Thus, it is important to include key measures of discharge regime as control variables

in the physical assessment protocol.

Many hydrological variables are available that describe different aspects of discharge
regime. Ladson and White (1999) reviewed a set of hydrology variables suitable for
potential use within the Victorian Index of Stream Condition (ISC). These authors
concluded that most hydrological variables reported in the literature were too detailed
for the requirements of the ISC. Thus, the Hydrology Index of the ISC consists of three
indicators that measure change in flow from 'natural’ conditions: amended annual
proportional flow deviation, daily flow variation due to change of catchment permeability
and daily flow variation due to peaking hydroelectricity generation (Ladson and White,
1999).

More recently, the Ecosystem Health theme of the National Land and Water Resources
Audit (NLWRA) has devised a set of four indices that indicate change in flow from
'natural’ conditions. These are:

* index of mean annual flow;

* index of flow duration curve difference;

* index of flow duration variability; and,
* index of seasonal differences.

These indices provide a measure of the deviation in flow volume, duration and
seasonal pattern. The physical assessment protocol will use these four NLWRA
hydrology indices, because data is relatively easy to obtain for both reference and test
sites, and the four indices encompass major aspects of stream discharge regime.

Further details of each index are provided in the following pages.

The NLWRA database is currently under construction. However, it is expected that on
completion of the modelling phase of the project, data on each of the indices will be
available for most areas of Australia. Thus, hydrology variables for the physical
assessment protocol will be collected directly from this database, for both reference
and test sites. More information on the National Land and Water Resources Audit can

be found at http://www.nlwra.gov.au/

71



VARIABLE NAME Index of mean annual flow

CATEGORY Hydrology
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Provides a measure of the difference in flow volume

between current and natural conditions.

For each sampling site, obtain the National Land and Water Resources Audit index of
mean annual flow. The index of mean annual flow (A) returns a value of between 0
and 1, where 0 is the most modified mean annual flow condition and 1 is no change in
mean annual flow from natural condition. The algorithm for the calculation of the index
is:

if(3C>(3n then A == glse A = =¢

where:
Q. = mean annual flow under current conditions

Qn = mean annual flow under natural conditions

Variable derived from the National Land and Water Resources Audit
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VARIABLE NAME Index of flow duration curve difference

CATEGORY Hydrology
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Provides a measure of the overall difference

between current and natural flow duration curves.

For each sampling site, obtain the National Land and Water Resources Audit index of
flow duration curve difference. The index of flow duration curve difference (M) returns
a value of between 0 and 1, where 0 is the most altered flow difference and 1 is

unaltered from natural conditions. The algorithm for the calculation of the index is:

1Pn
_z_

_12c _
Ifn>cthen M==5Y — elseM =
i=n pi=ic

where:

M = the difference from 1 of the proportional flow deviation, averaged over p daily flow
percentile points

n = the natural flow value for percentile point i

¢ = the current flow value for percentile point i

The statistic M gives equal weighting to each percentile flow, from the lowest flow to

the highest flow.

Variable derived from the National Land and Water Resources Audit
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

INDICATES

Index of flow duration variability
Hydrology

Control

Office

Dimensionless

Provides a measure of flow regime variability at a

daily/monthly time scale.

For each sampling site, obtain the National Land and Water Resources Audit index of

flow duration variability. The index of flow duration variability (D,) returns a value of

between 0 and 1, where 0 is the most altered flow duration variability and 1 is no

change in flow duration variability from natural conditions. The algorithm for the

calculation of the index is:

where:
Qg0 = the 90™ percentile flow
Q1o = the 10™ percentile flow

Qso = median flow

DV_

_ Qoo ~Q1o

QSO

Then, to provide a measure of the difference between current and natural condition, the

following equation is used:

If Dyc > Dyp, then

where:
¢ = current conditions

n = natural conditions

Dvn

=N else

vC

Dve

vn

Variable derived from the National Land and Water Resources Audit
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VARIABLE NAME Index of seasonal differences

CATEGORY Hydrology
CONTROL OR RESPONSE Control
OFFICE OR FIELD Office
UNITS OF MEASUREMENT Dimensionless
INDICATES Seasonal changes can occur as changes in

amplitude (the difference between the highest and
lowest monthly flows) or period (the months in which

the flow is conveyed).

For each sampling site, obtain the National Land and Water Resources Audit index of
seasonal differences. This index contains two components: amplitude and change in
period. Both components return a value of between 0 and 1, where 0 is the most
altered seasonal difference and 1 is no change in seasonal difference from natural

conditions. The algorithm for the calculation of seasonal amplitude (SA) is:

Eh/ + |/ O

S = VA A 1
2

where:

h = the highest mean monthly flow

| = the lowest mean monthly flow

¢ = current conditions

n = natural conditions

The algorithm for the calculation of seasonal period (SP) is:
SP =1- % (if|Hc ~ Hal< 6then|H . = H ,|,lookuptable +if|L; — L,| < 6then|.; - |_n|,lookuptable)

The statistic SP is defined as the difference from 1 of the sum of the differences
between the numerical values of the months with the highest mean monthly flow (H)
and the numerical values of the months with the lowest mean monthly flow (L) for

current and natural conditions (subscript ¢ and n respectively).

Variable derived from the National Land and Water Resources Audit
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VARIABLE NAME USEPA Habitat Assessment
High Gradient Streams

CATEGORY Physical condition indicators and habitat assessment
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field

UNITS OF MEASUREMENT Score (0-20) for each habitat assessment parameter

Score (out of 200) for the overall habitat assessment

INDICATES Overall condition assessment incorporating a range
of parameters that emphasise biologically significant

aspects of the stream habitat (Barbour et al., 1999)

The USEPA habitat assessment for high gradient streams should be used in streams
located in moderate to high gradient landscapes, with substrates composed
predominantly of coarse sediment particles (ie. gravel or larger) or frequent coarse
particulate aggregations (Barbour et al., 1999). These types of streams will be found

predominantly in low energy unconfined and high energy confined zones (see Part 2).

The high gradient habitat assessment contains 10 parameters (Table 5.2), each of
which is considered a separate variable for the purposes of the physical assessment
protocol. Each habitat assessment parameter is visually assessed at each high
gradient sampling site, and scored according to a continuum of conditions ranging from
poor through to excellent. These poor, marginal, sub-optimal and optimal categories
are used as a guide to assign each parameter a score between 1-20. Low scores are
indicative of poor or degraded habitat conditions. A total habitat assessment score is

also calculated as the sum of the scores for each parameter.

Details of the observable states that comprise each condition category for each
parameter are provided on the data sheets. More information, including explanatory
photographs, can be obtained from Barbour et al. (1999) or from the USEPA website at

http://www.epa.gov/owow/monitoring/rbp/

(continued over)
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VARIABLE NAME (continued)

USEPA Habitat Assessment
High Gradient Streams

Table 5.2

Parameters measured in the USEPA habitat assessment for high

gradient streams. Compiled from Barbour et al. (1999)

Parameter

Broad description and ecological relevance

Epifaunal substrate /
available cover

Includes the relative quantity and variety of natural structures in the
stream such as cobble (riffles), large rocks, fallen trees, logs and
branches that are available as refugia, feeding or spawning/nursery
sites for aquatic macrofauna. A wide variety or abundance of
submerged structures in the stream provides macroinvertebrates and
fish with a large number of niches, thus increasing habitat diversity.

Embeddedness

Refers to the extent to which rocks (gravel, cobble and boulders) and
snags are covered by, or sunken into, the silt, sand or mud of the
stream bottom. Generally, as rocks become embedded, the surface
area available to macroinvertebrates and fish (spawning, shelter and
egg incubation) is decreased.

Velocity / depth
regime

The occurrence of slow-deep, slow-shallow, fast-deep and fast-
shallow velocity patterns relates to habitat diversity and the ability of
the stream to provide and maintain a stable aguatic habitat.

Sediment deposition

Measures the amount of sediment that has accumulated in pools and
the changes that have occurred to the stream bottom as a result of
deposition. High levels of sediment deposition are symptoms of an
unstable and continually changing environment that becomes
unsuitable for many organisms.

Channel flow status

Measures the degree to which the channel is filled with water. The
flow status will change as the channel enlarges (e.g. aggrading
streambeds with actively widening channels) or as flow decreases
because of dams, diversions or drought. When water does not cover
much of the streambed, the amount of suitable habitat for aquatic
organisms is reduced.

Channel alteration

Is a measure of large scale changes in the shape of the stream
channel. Straightened or altered channels have fewer natural habitats
for aquatic organisms than do naturally meandering streams.

Frequency of riffles (or
bends)

Measures the sequence of riffles or bends. Riffles are a source of
high quality habitat and diverse fauna and therefore, an increased
frequency of occurrence greatly enhances the diversity of the stream
community. For high gradient streams where distinct riffles are
uncommon, a run/bend ratio can be used as a measure of habitat
availability.

Bank stability

Measures whether the stream banks are eroded, or have the potential
for erosion. Steep banks are more likely to collapse and suffer from
erosion than gently sloping banks.

Bank vegetative
protection

Measures the amount of vegetative protection afforded to the stream
bank and the near-stream portion of the riparian zone. The root
systems of plants growing on stream banks help hold soil in place,
thereby reducing the amount of erosion that is likely to occur.

Riparian vegetative
zone width

Measures the width of natural vegetation from the edge of the stream
bank out through the riparian zone. The vegetative zone serves as a
buffer to pollutants entering a stream from runoff, controls erosion and
provides habitat and nutrient input to the stream.

Total habitat score

Overall assessment of habitat condition. Calculated as the sum of the
scores for each of the 10 habitat assessment parameters.
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VARIABLE NAME USEPA Habitat Assessment

Low Gradient Streams

CATEGORY Physical condition indicators and habitat assessment
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field

UNITS OF MEASUREMENT Score (0-20) for each habitat assessment parameter

Score (out of 200) for the overall habitat assessment

INDICATES Overall condition assessment incorporating a range
of parameters that emphasise biologically significant

aspects of the stream habitat (Barbour et al., 1999)

The USEPA habitat assessment for low gradient streams should be used in streams
located in low to moderate gradient landscapes, with substrates composed
predominantly of fine sediment or infrequent aggregations of coarse (gravel or larger)
sediment particles (Barbour et al., 1999). These types of streams will be found

predominantly in transition and lower zones (see Part 2).

The low gradient habitat assessment contains 10 parameters (Table 5.3), each of
which is considered a separate variable for the purposes of the physical assessment
protocol. Each habitat assessment parameter is visually assessed at each low
gradient sampling site, and scored according to a continuum of conditions ranging from
poor through to excellent. These poor, marginal, sub-optimal and optimal categories
are used as a guide to assign each parameter a score between 1-20. Low scores are
indicative of poor or degraded habitat conditions. A total habitat assessment score is

also calculated as the sum of the scores for each parameter.

Details of the observable states that comprise each condition category for each
parameter are provided on the data sheets. More information, including explanatory
photographs, can be obtained from Barbour et al. (1999) or from the USEPA website at

http://www.epa.gov/owow/monitoring/rbp/

(continued over)
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VARIABLE NAME (continued) USEPA Habitat Assessment

Low Gradient Streams

Table 5.3 Parameters measured in the USEPA habitat assessment for low
gradient streams. Compiled from Barbour et al. (1999).

Parameter

Broad description and ecological relevance

Epifaunal substrate /
available cover

Includes the relative quantity and variety of natural structures in the
stream such as cobble (riffles), large rocks, fallen trees, logs and
branches that are available as refugia, feeding or spawning/nursery
sites for aquatic macrofauna. A wide variety or abundance of
submerged structures in the stream provides macroinvertebrates and
fish with a large number of niches, thus increasing habitat diversity.

Pool substrate
characterisation

Evaluates the type and condition of bottom substrates found in pools.
Firmer sediment types (gravel, sand) and rooted aquatic plants support
a wider variety of organisms than a pool substrate dominated by mud or
bedrock and no aquatic plants.

Pool variability

Rates the overall mixture of pool types found in streams, according to
size and depth. A stream with many pool types will support a wide
variety of aquatic species.

Sediment deposition

Measures the amount of sediment that has accumulated in pools and
the changes that have occurred to the stream bottom as a result of
deposition. High levels of sediment deposition are symptoms of an
unstable and continually changing environment that becomes unsuitable
for many organisms.

Channel flow status

Measures the degree to which the channel is filled with water. The flow
status will change as the channel enlarges (e.g. aggrading streambeds
with actively widening channels) or as flow decreases because of dams,
diversions or drought. When water does not cover much of the
streambed, the amount of suitable habitat for aquatic organisms is
reduced.

Channel alteration

Is a measure of large scale changes in the shape of the stream channel.
Straightened or altered channels have fewer natural habitats for aquatic
organisms than do naturally meandering streams.

Channel sinuosity

Evaluates the meandering or sinuosity of the stream. A high degree of
sinuosity provides for diverse habitat and fauna, and the stream is better
able to handle surges when the stream fluctuates as a result of storms.

Bank stability

Measures whether the stream banks are eroded, or have the potential
for erosion. Steep banks are more likely to collapse and suffer from
erosion than gently sloping banks.

Bank vegetative
protection

Measures the amount of vegetative protection afforded to the stream
bank and the near-stream portion of the riparian zone. The root
systems of plants growing on stream banks help hold soil in place,
thereby reducing the amount of erosion that is likely to occur.

Riparian vegetative
zone width

Measures the width of natural vegetation from the edge of the stream
bank out through the riparian zone. The vegetative zone serves as a
buffer to pollutants entering a stream from runoff, controls erosion and
provides habitat and nutrient input to the stream.

Total habitat score

Overall assessment of habitat condition. Calculated as the sum of the
scores for each of the 10 habitat assessment parameters.
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VARIABLE NAME Channel modifications

CATEGORY Physical condition indicators and habitat assessment
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of twelve categories
INDICATES Human induced changes to the channel

At each sampling site, indicate the presence of channel modifications corresponding to

one or more of the following categories:

Natural Reinforced
\/ No modifications U‘
Desnagged Revegetated
&
5 U
Dams and diversions Infilled
%
. __ Resectioned Berms' or embankments
New
, Straightened Recently channelised
Signs of work
o~ still visible
. Realigned Channelised in the past
N ; Works old and
- vegetated

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).

1.
A berm is a natural or artificial levee, dike, shelf, ledge, groyne or bench along a streambank
that may extent laterally along the channel or parallel to the flow to contain the flow within the

streambank (Armantrout, 1998).
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VARIABLE NAME Artificial features

CATEGORY Physical condition indicators and habitat assessment
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of six categories
INDICATES Presence of artificial features in the stream

At each sampling site, indicate the presence of one or more of the following artificial

features within the channel:

Category Examples’

major weir Concrete, stone or rubble weir across the entire
width of channel that substantially modifies
stream flow.

minor weir Concrete, stone or rubble weir that only partially
modifies stream flow.

culvert Arched pipeline or channel for carrying water
beneath and road or railway.

bridge Small or large bridge within the area of the
sampling site

ford Road or stock crossing passing through the
stream. May be constructed of concrete or
streambed materials.

other State other structures present in the stream
channel (e.g. aboriginal fish traps, jetties, boat
ramps etc.)

Additionally, record a description of the types of structures present within the length of
the sampling site. For example, a minor weir present at a sampling site may be a set
of concrete stepping-stones across a stream in an urban area, or a ford may be a fire

trail crossing through a stream in a National Park.
Include only local features in this variable. Do not include major impoundments, unless
the sampling site is immediately upstream or downstream of a major impoundment

structure.

Variable modified from the River Habitat Survey (Raven et al., 1998)

1.
Examples are not exhaustive
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

Physical barriers to local fish passage
Physical condition and habitat assessment
Response

Field

Choice of six categories

INDICATES Potential of the sampling site to allow native fish

migration under low flow, base flow and high flow

conditions.

At each sampling site, visually assess the potential for the migratory passage of fish

along the length of the sampling site under low flow, base flow and high flow

conditions. Physical barriers that may inhibit fish passage through the reach include

weirs, fords and culverts, sediment slugs (e.g. sand slugs), log jams and waterfalls. Do

not include the effects of major impoundments in this variable.

No passage
No connectivity between
pools

Very restricted passage
Low connectivity between
pools

Moderately restricted
passage

Moderate connectivity
between pools

Partly restricted passage
Localised obstructions
present but overall passage
through reach possible

Good passage
Most of the channel area
unobstructed

Unrestricted passage
All of the channel area
unobstructed

At each sampling site, make a separate
assessment of the potential for the
passage of fish through the length of the
sampling site under:

a. Base flow conditions®

b. Low flow conditions®

c. High flow conditions*

In otherwords, how 'easy' would it be for a
fish to travel through the length of the
sampling site under base flow, low flow
and high flow conditions?

Choose one category only for each
sampling site and each flow condition. In
the diagrams opposite, the white patches
represent water and the textured patches
represent obstructions.

Also record the type of physical barriers
that are present within a sampling site
(e.g. sand slug, culvert etc.)

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).

1. Base flow level is identified by the limit of terrestrial grasses, eroded area or the boundary of
bank sediment types. Low flow level is equivalent to the reduction in flow that would occur
during the dry season or during a drought. High flow level is equivalent to the bankfull capacity

of the channel.

82



VARIABLE NAME

CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD
UNITS OF MEASUREMENT

INDICATES

Planform channel pattern

Planform channel features

Response

Office

Choice of ten categories

The type of channel present, which in turn is related

to flow dynamics and sediment relations.

Assign the type of channel present along the segment (see channel slope variable)

within which the sampling site sits, into one of the following categories. It is important

to interpret this variable with the aid of maps and aerial photos, because planform

pattern is difficult to decipher locally in the field. However, braided, anastomosing,

swampy and overland channel patterns should be verified in the field when visiting the

sampling site.

Straight
———— | Very little curvature

Mildly sinuous
————" | Mild curvature

Irregular

Irregular sinuous channel that displays irregular turns and bends
without repetition of similar features

Regular meanders

A clear repeated meander pattern formed in a simple channel
that is well-defined by cutting outside of a bend

Irregular meanders

Meander pattern is repeated irregularly

Tortuous

A repeated pattern characterised by angles greater than 90°

(continued over)
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VARIABLE NAME (continued)

Planform channel pattern

(continued from previous page)

=

Braided

Multiple channels that divide into a network of branching and
reuniting channels. Channels are separated from each other
by mobile bars or islands. Channel sediment is generally
coarse (sand and gravel). Bankfull level is not well defined.

I~

Floodplain boundary

Anastomosing

Multiple channels (main and anabranch) that divide into a
network of branching and reuniting channels. Channels are
separated from each other by stable islands, that are
relatively wide in comparison to the channel and which are
usually vegetated. Channel sediment is generally fine (sand,
silt and clay). Bankfull level of each channel is well defined, but
the whole system sits within a wide floodplain.

—<_

Swampy

Swampy areas of the river system characterised by low gradient
but permanent sub-surface or surface water flow

Channelised

A channel that has been artificially straightened

—

Overland

Overland flow not contained within a well defined channel

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

INDICATES

Extent of bedform features
Planform channel features
Response

Field

% area of each feature

Form process associations, which in turn reflect
sediment availability and flow energy conditions

acting at different positions along a river course.

At each sampling site record the percentage area of the channel covered by each of

the following bedform types, and where possible, also estimate the dimensions of each

type. The sum of percentages for all bedform types should total 100%. Where the

bedform type is not present at the sampling site, enter 0%.

Waterfall
Height > 1m Gradient > 60°

Cascade

Step height < 1m Gradient 5-60°
Strong currents

Rapid

Gradient 3-5°
Strong currents Rocks break surface

Riffle

Gradient 1-3°
Moderate currents Surface unbroken but unsmooth

Glide

Gradient 1-3°
Small currents Surface unbroken and smooth

Run

Gradient 1-3°
Small but distinct & uniform current Surface unbroken

Pool

Area where stream widens or deepens and current
declines

Backwater

A reasonable sized (>20% of channel width) cut-off
section away from the channel

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME Floodplain width

CATEGORY Floodplain characteristics
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT m
INDICATES The size of the floodplain

At each sampling site with a distinct floodplain, visually estimate the average width of
the floodplain on both sides of the channel (Figure 5.7). Where visibility is poor,
examine the left and right banks separately. The longitudinal length of floodplain
considered should be equal to the length of the sampling site. For confined channels

with no floodplain, record floodplain width as zero.

Floodplain boundary

éamne

——,

/\\/\/\/

Length of sampling site

Figure 5.7 Example calculation of floodplain width. The overall average floodplain
width for this example is 22.5m.
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

INDICATES

Floodplain features
Floodplain characteristics
Response

Field

Choice of three categories

Features of the floodplain are an indication of the

relationship between the channel and the floodplain

At each sampling site with a distinct floodplain, record the presence of one or more of

the following floodplain features. If not visible locally from the sampling site, the

presence of floodplain features should be recorded from maps or aerial photos, within a

20km radius of the sampling site. Flood channels and remnant channels can often be

identified in the field, although identification of remnant channels may also require

interpretation of maps or aerial photographs.

Feature

Description

Oxbows / billabongs

Body of water occupying a former meander of a river
isolated by a shift in the stream channel (Figure 5.8)

Remnant channels

Remnant channels of rivers formed during a different or
previous hydrological regime. May be infilled with
sediment. Remnant channels are historical and thus,
currently inactive (i.e. no longer connected to the river)
(Figure 5.8)

Prominent flood channels

A channel that distributes water onto or through the
floodplain and which returns water to the main channel
as the flood recedes. Flood channels are currently
active and connected to the river (Figure 5.8)

Scroll systems

One of a series of short, crescentic, slightly sinuous
strips or patches of coarser alluvium formed along the
inner bank of a stream meander and representing the
beginnings of a floodplain (Figure 5.8)

Splays

A small alluvial fan or other outspread deposit formed
where an overloaded stream breaks through a levee
and deposits its material on the floodplain (Figure 5.8)

Floodplain scours

A floodplain feature that has been formed by the
concentrated clearing and digging action of flowing
water. Scour features may take many forms, including
linear, crescentic or erratic scour holes

(continued over)

Variable modified from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME (continued) Floodplain features

Figure 5.8 Examples of floodplain features, identified from aerial photographs and
in the field.
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VARIABLE NAME Bank shape

CATEGORY Bank characteristics
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of five categories
INDICATES The shape of the bank is related to the conveyance

of water along the channel.

Choose one category that represents the predominant shape of the left and right banks

along the length of the sampling site.

concave

convex

stepped

wide lower bench

undercut

inidaG

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME Bank slope

CATEGORY Bank characteristics
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of five categories
INDICATES The slope of the bank is related to the conveyance of

water along the channel, and to the susceptibility of

the bank to erosion

Choose one category that represents the predominant slope of the left and right banks

along the length of the sampling site.

vertical

Slope 80-90°

steep

Slope 60-80°

moderate

Slope 30-60°

low

Slope 10-30°

flat

llddz=

Slope <10°

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

Bank material

Bank characteristics
Response

Field

% composition of seven sediment sizes

INDICATES Banks composed of certain sediment types may be

more susceptible to erosion

At each cross section, visually assess the percent composition of the bank sediments

within the area lying 5m either side the cross-section. Left and right banks are

assessed separately. Where the channel has a distinct upper and lower bank (i.e.

benches), assess the lower bank only. The total composition of each of the following

seven sediment size categories should equal 100%.

Sediment category Size
Bedrock

Boulder > 256mm
Cobble 64 — 256mm
Pebble 16 — 64mm
Gravel 2 —16mm
Sand 0.06 — 2mm
Fines (silt and clay) < 0.06mm

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME Bedrock outcrops

CATEGORY Bank characteristics
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT % cover of bedrock along banks
INDICATES Presence of bedrock may protect banks from erosion

At each sampling site, visually assess the percentage of the left and right banks that

contain bedrock outcrops (Figure 5.9 and 5.10).

Bank
50m 30m 40m /
| — L N ] /Channel
Flow Bedrock
ey . i _— outcro
2 NG M W P
30m 100m 20m

Sampling site length = 500m

Figure 5.9 Example calculation of the percentage of bedrock outcrops along the
banks of a sampling site that is 500m in length. On the left bank, the percent bank
cover by bedrock outcrops is 24% (total 120m of bedrock outcrop along 500m of bank)
and on the right bank, the percent cover is 30% (total 150m of bedrock outcrop along
500m of bank). The diagram is not to scale.

Figure 5.10 Example of
a bedrock outcrop located
along a bank. Note that the
left bank contains bedrock
outcrops but the right bank
does not.
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VARIABLE NAME
CATEGORY

Artificial bank protection measures

CONTROL OR RESPONSE

OFFICE OR FIELD

UNITS OF MEASUREMENT

INDICATES

Bank characteristics
Response
Field

Choice of ten categories

Presence of structures that have been built to protect

the bank from erosion.

At each sampling site, indicate the presence of one or more of the following bank

protection features:

rock wall or layer

fence structures

fenced stock watering points

fenced human access

logs strapped to bank

concrete channel lining

rip rap

levee banks

vegetation plantings

other

Variable modified from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME
CATEGORY

CONTROL OR RESPONSE
OFFICE OR FIELD

UNITS OF MEASUREMENT

INDICATES

Factors affecting bank stability

Bank characteristics

Response
Field

Choice of eleven categories

Factors that may contribute to bank erosion and

instability

At each sampling site, indicate the presence of one or more of the following factors

that may negatively influence the stability of either the left or right banks:

Category

Example!

Flow and waves

Bow waves from boats, or waves from
turbulent flows

Seepage

From a landfill, water storage etc.

Runoff

Increased runoff from adjacent land that is
unvegetated

Stock access

Cattle, sheep or horse access to the
channel

Human access

Recreation point such as a picnic area or
boat ramp

Feral animals

Goat, buffalo or horse access to the
channel

Ford, culvert or bridge

Presence of bridges, culverts or fords that
change channel dynamics

Clearing of vegetation

Forestry activity, land clearance to create
grazing areas, riparian vegetation removal
etc.

Reservoir release or irrigation
offtake regime

Rapid release or draw down of instream
flows that may increase the potential for
bank slumping

Mining Including gravel or sand extraction,
existing or recent mining operations etc.

Drain pipes Stormwater or waste-water pipes that may
increase local discharge or turbulence

None Banks are in excellent condition and are

not impacted by any of the above factors

Variable modified from the River Habitat Audit Procedure (Anderson, 1993a).

1

Examples are not exhaustive
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VARIABLE NAME Large woody debris

CATEGORY Instream vegetation and organic matter
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT % cover of sampling site
INDICATES Large woody debris is an important ecological

component of lowland and upland streams, and can

alter flow and other channel characteristics

Visually estimate the percent cover of large woody debris within the bankfull channel

area, along a length of stream that is equal to the length of the sampling site.

Large woody debris is defined as logs and branches that are greater than 10cm in

diameter and greater than 1m in length (Gippel, 1995).
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VARIABLE NAME Macrophyte cover

CATEGORY Instream vegetation and organic matter
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT % cover of different macrophyte types
INDICATES Macrophytes are an important ecological component

of streams and can alter flow and other channel

characteristics.

At each sampling site, visually estimate the percentage of the stream area covered by
submerged, floating and emergent macrophyte types of any species (Figure 5.11).
Stream area is equivalent to the length of the sampling site and the width of the wetted

channel (under baseflow conditions).

Figure 5.11 Examples of macrophyte types: submerged (left), emergent (top right)
and floating (bottom right).

Variable derived from the River Habitat Audit Procedure (Anderson, 1993a).
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VARIABLE NAME Macrophyte species composition

CATEGORY Instream vegetation and organic matter
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT % cover of different macrophyte species
INDICATES Macrophytes are an important ecological component

of streams, and can alter flow and other channel

characteristics.

Record the presence of the common macrophyte species’ at the sampling site and
indicate which of these are exotic species. The field guide titled "A Field Guide to
Waterplants in Australia" (Sainty and Jacobs, 1994) will assist in macrophyte
identification. If any species present at a site is unknown, collect a sample for

identification at a later time.

Then, for each of the species present, both native and exotic, visually estimate the
percent cover of this species within the stream area. Stream area is equivalent to the
length of the sampling site and the width of the wetted channel (under baseflow

conditions).

Variable derived from AUSRIVAS

1.
The macrophyte taxa initially included on the data sheets are a guide only and may need to be
adjusted to suit regional conditions.
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VARIABLE NAME Shading of channel

CATEGORY Riparian vegetation
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of five % shading categories
INDICATES The amount of light reaching the channel is

important for instream ecological processes and is
an indirect relative measure of riparian vegetation

density

At each sampling site, visually estimate the percentage of the stream area that would
be shaded by riparian vegetation when the sun is directly overhead (Figure 5.12). The
stream area is equivalent to the length of the sampling site and the width of the wetted

channel (under baseflow conditions).

Figure 5.12 Examples of channel shading: <5% shading (left) and >76% shading
(right).

Variable derived from AUSRIVAS
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VARIABLE NAME Extent of bank trailing vegetation

CATEGORY Riparian vegetation
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of four categories
INDICATES Vegetation that trails from the bank into the water

provides an important habitat for aguatic biota

Visually estimate the occurrence and density of trailing bank vegetation along the

length of the sampling site as one of the following categories:

nil

slight
moderate
extensive

Trailing bank vegetation is the component of the terrestrial riparian vegetation that has
direct contact with the water (under baseflow conditions) and which provides habitat
and shelter for macroinvertebrates and fish (Figure 5.13). Trailing bank vegetation is
generally found along the banks of slow flowing areas such pools and backwaters,

although it is often present on the banks of riffles and runs.

Figure 5.13 Examples of trailing bank vegetation: extensive (left) and nil (right).

Variable derived from AUSRIVAS
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VARIABLE NAME Riparian zone composition

CATEGORY Riparian vegetation
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT % cover of different riparian components
INDICATES Riparian vegetation is important for lateral stability of

the channel and has a direct relationship to many

aspects of channel character.

The riparian zone is defined as the area from the water's edge (under baseflow
conditions) to a distance from the bank where the stream still interacts with and

influences the type and density of the bank-side vegetation (Nichols et al., 2000).

At each sampling site, identify the riparian zone and visually estimate the percentage

area of the riparian zone that is covered by each of the following components:

trees >10m in height

trees <10m in height
shrubs

grasses, ferns and sedges

The percent cover of each of these four vegetation components within the riparian zone
is estimated in planview for the left and right banks together, along the entire length of
the sampling site. Schematic drawings to assist in determining the relative percent
cover of vegetation are provided in Figure 5.14. Because of the 'layering' effect found
within the riparian zone (ie. shrubs can grow under trees, grasses can grow under trees
etc.), the sum total percent cover of all four vegetation components may be greater

than 100%, but must follow two rules:

* the total percent cover of the trees >10m and the trees <10m components must
not exceed 100%

* percent cover of the shrubs and grasses/ferns/sedges components are treated
separately and may each total 100%

Both native and exotic species should be included in the assessment of riparian
composition. Where known, include a description of the main species present or the
main vegetation types present (e.g. native grasses, rainforest, willows, river red gum,

tea tree, casuarina, blackberries, paragrass etc.) in each vegetation component.

Variable derived from AUSRIVAS
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VARIABLE NAME (continued) Riparian zone composition

1% COVER

Figure 5.14 Schematic diagrams of 1%, 5%, 10%, 20%, 40%, 60% and 80%
vegetative cover within the riparian zone. These schematic diagrams are used in
conjunction with the riparian zone composition and native and exotic riparian
vegetation variables. Drawings are modified from schematic diagrams presented in
White and Ladson (1999), and are reproduced with kind permission of the Department
of Natural Resources and Environment, Victoria.

(continued over)
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VARIABLE NAME (continued)

Riparian zone composition

5% COVER

4

10% COVER

Figure 5.14 (cont.)
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VARIABLE NAME (continued) Riparian zone composition

20% COVER

[

40% COVER

”
.‘Q“
: &
o @

Figure 5.14 (cont.)
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VARIABLE NAME (continued) Riparian zone composition

60% COVER

e

80% COVER

Figure 5.14 (cont.)
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VARIABLE NAME Native and exotic riparian vegetation

CATEGORY Riparian vegetation
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT % cover of native and exotic vegetation
INDICATES The relationship between channel character and

riparian vegetation changes with a shift from native

to exotic vegetation.

At each sampling site, visually estimate the percent cover of native and exatic riparian
vegetation for the left and right banks together, along the entire length of the sampling
site. Schematic drawings to assist in determining the relative percent cover of
vegetation are provided in Figure 5.14. Percent native vegetation and percent riparian
vegetation must total 100%, regardless of the density of the riparian vegetation at the
sampling site.

Variable derived from AUSRIVAS
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VARIABLE NAME Regeneration of native woody vegetation

CATEGORY Riparian vegetation
CONTROL OR RESPONSE Response
OFFICE OR FIELD Field
UNITS OF MEASUREMENT Choice of three categories
INDICATES Regeneration of woody vegetation is related to the

recovery of the riparian zone from previous

disturbance

Along the length of each sampling site, visually assess the regeneration of native
woody vegetation on the left and right banks together. Do not assess vegetation on
instream islands, but include vegetation on bars joined to the banks. Native woody

vegetation is defined as immature woody plants under 1m in height.

To measure this variable, first assess whether the sampling site is located in an
undisturbed forest" that has no evidence of clearing, weeds, stock access at any time
or other disturbances to the banks such as campgrounds or picnic areas. lItis

assumed that these sites would have natural rates of regeneration.

If the site is not located in an undisturbed forest, assess the regeneration of native
woody vegetation as one of the following categories. Photos are provided in Figure

5.15 to aid in the interpretation of this variable.

Category Description

Abundant (>5% cover) Greater than 5% cover of healthy native regeneration. At
and healthy least a few taxa of native woody vegetation present, with
a range of plant heights and no obvious signs of stress or
extensive predation from stock, rabbits, insects etc.
Present Between 1% and 5% cover of native regeneration, or
greater than 1% of unhealthy regeneration. Few taxa of
woody vegetation present, most regeneration around the
same height and obvious signs of stress or extensive
predation from stock, rabbits, insects etc. (as evidenced
by many eaten or browned leaves)

Very limited (<1% cover) | Less than 1% cover of native regeneration

Variable derived from the Index of Stream Condition (White and Ladson, 1999 and Department
of Natural Resources and Environment, Victoria)

1.

At sites located in areas that would not naturally contain woody vegetation in the riparian zone
(eg. frost hollows, native grasslands), substitute woody vegetation with an equivalent type of
vegetation. Make a note on the data sheet that this substitution has been made.
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VARIABLE NAME (continued) Regeneration of native woody vegetation

a. Abundant and healthy

Extensive regeneration in
healthy condition along the
face of the bank. A few

species present.

Greater than 5% cover on
bar of regeneration in

healthy condition.

Extensive healthy
regeneration along the face
of the bank.

Two rows of healthy swamp
paperbark planted along a
bank.

Figure 5.15. Examples of regeneration of indigenous woody vegetation for three
categories: a) abundant and healthy, b) present and c) very limited. Dots show the
regeneration of native woody vegetation. Examples are taken from Ladson and White
(1999) and are reproduced with kind permission of the Department of Natural
Resources and Environment, Victoria.
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