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Abstract

Aquatic macrophytes are the flowering plants and larger algae growing submerged in or
emerging from water. Macrophytes are an essential component of riverine ecosystems: they
produce oxygen, filter out sediments and pollutants and provide habitat and food sources for
invertebrates; fish and mammals. The Macquarie and South Esk Rivers in Tasmania are the
largest rivers of the northern central plain, and are unique in Tasmania in having long stretches

of relatively stable and abundant macrophytic vegetation along their mid- to lower reaches.

The macrophyte communities of the mid- to lower reaches of the two rivers are described by
classification into groups with similar species composition. Significant environmental
variation between groups is determined. Depth, substrate type and distance upstream are the
environmental factors most strongly associated with variation between the distribution of
individual species/species assemblages. Distance upstream, percentage shading, river form,
stream width, substrate type and bank height are the factors most strongly associated with

variation between groups of sites.

Bank vegetation type, distance upstream, percentage shading, level of stock damage and stream
width are found to be the environmental factors most strongly associated with differences in
richness and diversity. Percentage shading and bank vegetation type are the factors most
strongly associated with differences in cover. The two rivers are found to differ significantly
in percéntage cover and total species richness. The associated environmental factors that vary
significantly between the rivers are percentage shading, bank height, bank vegetation type,

level of stock démage and stream width.

The species rich and abundant macrophyte communities in the mid-reaches of the Macquarie
River and in some parts of the South Esk are found to have high conservation value. A
vulnerable marginal species, Persicaria decipiens, is also of high conservation value. Willow
infestation and changes to flow regimes or water quality are seen as being the greatest threats
to these communities. The importance of management of stock access to river edges and the

potential value of buffer zones are discussed.
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i Chaptelf 1
Introduction

1.1 Introduction

The maintenance or restoration of the health of river systems is an issue of world-wide
relevance and concern. Healthy rivers have been defined as those in which there remains a high
proportion of the natural biological diversity, and in which the essential ecological processes
have been maintained (see Bunn ef al. 1999). Healthy rivers pro{/ide clean water for the use of
humans and domestic animals, water for agriculture and industry, habitat for mammals, fish,
insects, invertebrates and aquatic plants, and filter excess nutrients, sediments and heavy metals

before these are released into the sea.

Many river systems around the world have been damaged by human activities. Land clearing,
damming and other forms of flow regulation, straightening and hardening of river courses,
aquatic plant removal, pollution from various sources and the introduction of exotic plants and

animals have all had an impact on the overall health of river ecosystems.

In Australia, relatively few rivers remain in an unimpacted or pristine state. Schofield and
Davies (1996:39) wrote that “most rivers are affected by a number of instream, riparian or
catchment modifications or practices. This often results in them being less biologically
functional and of lower ecological value than their original states”. Recent recognition of the
unsustainable nature of present river uses, and a deeper understanding of the values and benefits
provided by healthy river systems, has led to an increasing interest in improving the health of
river systems and managing human uses of rivers sustainably. Since river systems are
connected longitudinally from the headwaters to the oceans, the most effective management is

carried out at the catchment scale.

Once considered as nothing more than weeds that caused management problems such as flow

retardation and obstruction of access for fishing, aquatic macrophytes (the larger, visible aquatic



plants) are now recognised as an integral part of the ecology of rivers. Davies and Humphries

(1996:45) wrote that

“Macrophytes are plants that have an obligatory association with surface water. They
form an essential element of river habitat structure (providing complex surfaces and
shelter to algae and macroinvertebrates). They can be a dominant source of river
ecosystem productivity and can act as major sinks or sources of nutrients, organic

material and sediments, especially in lowland pool-dominated rivers”

Some of the indispensable benefits of macrophytic vegetation in rivers are: photosynthetic
production 6f oxygen; substratum for algae; habitat for invertebrates and fish eggs; nutrient
cycling to and from sediments; and stabilisation of river beds and banks (Fox 1996).
Macrophyte communities are functionally important for river systems as they provide critical
refuge habitats for fauna. Massive production of invertebrates occurs in macrophyte beds. Asa
result, any environmental impact that adversely affects the aquatic macrophyte communities
inevitably has an adverse effect on the whole river ecosystem. An understanding of the ecoldgy
of the aquatic vegetation is an essential component. in sustainable catchment management. It is
therefore important to describe the aquatic plant communities of rivers and their environmental
relationships. The present study describes the macrophytic aquatic vegetation and its
environmental relationships in two rivers in Tasmania, Australia. These two rivers are

otherwise well known biologically, hydrologically and physico-chemically.

This chapter provides background information on aquatic macrophytes, describes the riverine
aquatic macrophyte communities in Tasmania, then outlines the aims of this study and the
structure of the thesis.

1.2 Definitions of aquatic plants and macrophytes

Cook (1974) defined ‘aquatic plants’ as those whose photosynthetically active parts are

permanently or, at least, for several months each year submerged in, or floating on, fresh water.



This definition differentiates between truly aquatic species and those marginal species that only

tolerate occasional inundation during flood events.

‘Macrophytes’ are macroscopic aquatic plants, a category that includes the flowering plants,
bryophytes and larger algae (Butcher 1933, Fox 1996). With the exception of charophytes, this

study focuses only on the flowering plants and does not include bryophytes and algae.

1.3 Macrophyte ecology

1.3.1 Relationships between aquatic macrophytes and the physical and hydrological

characteristics of the river

Aquatic plant species differ in their adaptations to the lotic environment. For example, some
species have well-developed root systems which wind around stones in rocky substrates,
protecting the plant from being washed away by the force of the water. Others may not have a
strong root—syétem, but reproduce rapidly from vegetative fragments after a flood disturbance.
Some have developed ihin, strap-like leaves which reduce their resistance to the water flow.
These different adaptations mean that different species are suited to different flow velocities,
substrate types, nutrient levels and other environmental variables within a river system.
Dramatic chénges in plant species/community composition can occur over a very short distance
along a river, reflecting variability in the geomorphological, geological and hydrological

factors.

It has been noted that lotic communities usually do not exist in a climax state, and that
competition between species for available resources is rarely a determining factor in the
distribution of or abundance of individual plant species (e.g. Riis ez al. 2000). Rather, the
composition of aquatic 'planf communities reflects the flow velocity, substrate type and

- frequency of disturbances such as floods. “Plants in natural streams are in dynamic equilibrium
with the usual flow of the stream, both storm flows and normal ﬂoWs, and the plants usually
recover quickly from the peak and drought flows which may happen in the river” (Haslam

1978: 69).



Two of the most important factors governing the distribution of macrophytes in rivers are the
variations in the velocity of the river current, and the frequency and severity of flood
disturbances. As well as having a direct effect on the macrophytes themselves, these factors
determine the nature of the river bed, which is both the rooting subétratum of the macrophytes
and the source of a large part of their nutrients (Bufcher 1933, Haslam 1978). Current velocity
varies continuously along the length of a river. The slope of the land and underlying geology
create river forms known as runs, riffles and pools. The definitions of riffle, run and pool here
are based on depth, visible current velocity and degree of surface disturbance, after Davies and

Humphries (1996:24):

A riffle is a shallow section of river, exhibiting fast current and broken water; a run is a
relatively shallow and narrow section of river, exhibiting moderate to slow current with
smooth surface current velocity; a pool is a relatively deep and wide section of river, with

slow or no detectable current and smooth surface current velocity.

The current velocity is determined by the river profile and the volume of water flow. For a
given rate of flow, wide and-deep sites will have a lower velocity than narrow and shallow sites.
As a result, pools have the slowest current velocity, often negligible, resulting in habitat more
like that of a lake (Butcher, 1933). Runs, which are narrower than pools but may be deep,
mostly have a slow to moderate velocity. Riffles, both shallow and narrow, generally have a

fast current velocity.

The current velocity is the main determinant of the substrate type. Fast moving water scours
fine particles from the riverbed, then carries them in suspension to slower moving or still
stretches of the river, where they are deposited. As a result, riffles have mainly a rock or stone
substrate, whereas runs can have a gravel, sand or mud substrate and pools generally have a
mud substrate. Current velocity also has a direct effect on macrophyte growth, with species
with a thick, leafy growth habit or shallow root system being unable to tolerate the drag effects
of fast flowing water. Macrophyte growth also has an effect on both sediment deposition and

current velocity. Dense macrophyte patches trap fine particles, causing an increase in fine



substrata (Butcher 1933, Haslam 1978, Sand-Jensen 1998), and also cause resistance to flow,

resulting in deeper, slower moving water (Butcher 1933, Haslam 1978, Sand-Jensen etal 1989).

In a study of the macrophytic vegetation of British rivers, Haslam (1978) found that
watercourses with similar flows had similar vegetation, other factors being equal, so that plant
distribution was clearly correlated with flow. She found a similar relationship between
vegetation distribution and substrate type, which of course is closely related to flow velocity.
Obviously if the conditions are outside the range of tolerance for a particular species, that
species will not be present. However Haslam (1978) pointed out that although a species will be
best correlated with the flow and substrate type it actually prefers, individual plant species
showed a wide and nearly continuous range of variation along the flow velocity gradient.
Species were often frequently found in a particular habitat type because of the frequency of that

habitat type along the river, rather than because of the species’ preference for that habitat type.

The frequencies of high and low flows can be the determining factors of the survival of a
species or community at a site. While emergent species can often tolerate brief dry periods in
summer, submerged and floating plants usually die quickly if dried. Repeated dry periods have
the effect of removing submerged and floating plants from a stream (Haslam 1978). Similarly
some species cope better than others with flood events. Some species tend to break in the water
under the stress of high flows, and this sort of loss is quickly replaced. Others tend to be
uprooted and washed away. Large plants can shelter and protect smaller and less-securely
rooted plants (Haslam 1978). Of course, the type of flood damage experienced by plant
communities is dependent on the intensity of flood events and their duration. In the longterm
these factors will determine the type of vegetation growing at a site. For example, Hughes
(1987b; 1990) found that non-equilibrial or stochastic processesAwere important in regulating
assemblages of aquatic plants along two rivers in eastern Tasmania. Discharge fluctuations
occurred sufficiently frequently to maintain an individualistic community, where the species

were assembled through converging accidents of space, time and similar environmental needs.



1.3.2 The effects of water quality on aquatic macrophytes

The ionic characterisation, pH, electrical conductivity and levels of various nutrients in the
water column form the overall ‘quality’ of the water. The effects of changes to the water

quality on aquatic macrophytes depends to a large degree on the species of macrophyte. There '
is natural variation in the tolerance of aquatic plants to various aspects of the water chemistry,
which is one of the determining factors of variation in macrophyte species composition at a
regional scale (see Hughes 1987b). Macrophytes vary in their mechanisms of nutrient uptake,

in their tolerance of organic and inorganic pollution, and in their tolerance of changes in light
levels caused by patticles in the water column. For example, emergent species draw most of
their nutrients from the substrate, while at the other end of the spectrum floating macrophytes

obtain all of their nutrients from the water column.

There has been a lot of research into the effects of eutrophication-meaning nutrient enrichment,
usually referring to increases of nitrogen and phosphorus-on aquatic vegetation in various parts
of the world. Because of the variation in tolerance of increasing nutrient levels between species,
certain macrophyte species can be used as indicators of nutrient enrichment (Jeffries and Mills
1990). Plants in the United Kingdom have been assigned to oligotrophic through to eutrophic
categories, and preferred ranges of ion concentrations have been determined for some species
(see Haslam 1978). In New South Wales, Australia, the CSIRO (1999) have uhdertaken recent
experiments on the effects of nitrogen and phosphorus, both in the sediment and water, on
different aquatic growth forms. As yet there has been no study undertaken on the preferred
ranges of ion concentrations for aquatic species in Tasmania. However, the effects of severe
eutrophication on aquatic vegetation are common to water bodies evérywhere, and so affected
parts of Tasmanian rivers could be identified if the aquatic vegetation characteristic to the river

section were known.

Haslam (1990) described three effects of human-induced pollution on river vegetation: (1) a

reduction in species diversity, (2) an increase in pollution-favoured species and (3) a reduction



in biomass and cover. The effects of eutrophication on submerged aquatic macrophyte
communities has also been described by Jacobs (2000). With the initial input of nutrients there
is often an increase in vegetative growth. Introduced species frequently have a competitive
advantage, and increase at a proportionally higher rate under the new conditions. The extra
nutrients allow epiphytes to grow more vigorously on the leaves, an increase in growth which
does not seem to be correlated with a corresponding increase in the populations of grazers. The
increase in plant biomass slows the water so that more sediment settles out. The extra weight
causes the macrophyte leaves to sink lower, reducing the available light energy for
photosynthesis, and eventually the populations of submerged macrophytes crash, releasing most
of their accumulated nutrients into the water column. This can lead to an increase in the growth
of algae, extensive communities of floating plants or an increase in the growth of emergent

species if the water is shallow enough.

Pollution by heavy metals, suspended solids and biocides (pesticides and herbicides) also can
have a dramatic impact on aquatic vegetation in rivers. These pollutants tend to decrease the
speéies diversity, richness_ and abundance of aquatic vegetation. Again, some plant species are
more sensitive, and so disappear faster than others. Acidification and increasing salinity also
have a negative effect on the aquatic vegetation. The extenf of the damage depends on the
concentration of tﬁe pollutant and the length of time it is present (Haslam 1990). Jeffries and
Mills (1990) describe how a frequent change in acid waters is for a smothering growth of algae
to form a thick mat, often of just one species, on the substrate. These acid-tolerant algae are
often unsuitable food and are poorly assimilated By surviving grazers.

Interactive effects of changes in land use, physical changes to the riverine environment and
increasing concentrations of pollutants are described by Haslam (1990). Macrophytes react to
the impact on their total habitat, not just to pollutants. Total damage depends on: the damage
factors present, and the intensity of each; the species present; and the interactions between
these. For example, increased nutrient concentrations may cause rapid growth of a weed
species, which is exacerbated by the higher light levels caused by the removal of shade trees on
the banks. Or, the effects of heavy metal pollution may be less apparent if the metal-sensitive

species have already disappeared, perhaps because of increased turbidity caused by road-



building and forestry activities upstream. Thus the whole range of impacts on the river
environment need to be taken into account when attempting to determining the effects of

changes in water quality on aquatic plant communities.

1.4 Riverine macrophyte communities in Tasmania

1.4.1 Tasmanian Rivers

!

In a world-wide hydrological context, Australian streams' have been shown to have a high
variability in terms of annual flow volumes and large extreme flood events (McMahon 1982).
Tasmania is an island state with a mountainous terrain, and its position in the path of westerly
frontal systems creates a unique climate within the Australian continent. Hughes (1987a) used
hydrological characteristics to classify Tasmanian rivers into four groups. The south-east region
of the island exhibited hydrological regimes similar to those of the drier areas of mainland
Australia, whereas the wettest areas, in the south and west, had regimes with no analogue
elsewhere in Australia. The other two groups, which covered the northern and north-eastern

parts of Tasmania, had more temperate regimes.

The South Esk River was classified into the groups of rivers with a temperate flow regime.
Hughes’ classification only included rivers with a natural flow, and altered rivers with available
flow data for a substantial time period before impoundments or reservoirs were constructed.
Thus the Macquarie River, which has had impoundments at the headwaters since the late 1800s,
“was not included in the classification. However the low rainfall in the Macquarie catchment

would probably put the river into the dry south-east group, if it had a natural flow.

The Macquarie and South Esk are the two major rivers in the Midlands region of Tasmania.
The Midlands region is important for agriculture and forestry, both of which involve land
management practices that impact upon the river systems. These practices include damming,
channel alteration, clearing of adjacent land and the input of nutrients from stock and fertilisers
(Askey-Doran 1993). Askey-Doran (1993:3) explained that



“clearance of land up to the river edge and access by stock has reduced bank stability, causing
erosion and ultimately changes in channel morphology. The deliberate planting of species such
as willow and gorse has resulted in the infestation of riparian zones by these species at the
expense of native species. Willow chokes river courses, forming dams, which further

encourages erosion”.

1.4.2 Macrophvtes in Tasmanian Rivers

Hughes (1987b) surveyed distributions of aquatic macrophytes in 31 rivers at the regional scale
in Tasmania, with the aim of determining which environmental parameters were the most

. important in influencing the presence or absence of species. She found that water chemistry and
substrate were the most important influences determining the distributions of macrophyte
communities in Tasmanian rivers. The acidic west coast rivers tended to support communities
with a low species richness, whereas rivers in the.east coast region had species rich
communities along their midreaches- 18 species were found in two samples along the
midreaches of one east coast river. Species-rich communities were also found in the north and

north-west of the state where there were suitable substrates and chemical environments.

Sections of the South Esk and Macquarie rivers have extensive areas of stable, diverse and
highly productive macrophyte beds, which are relatively rare in Tasmania. Davies and
Humphries (1996:15) wrote that the “Macquarie and South Esk rivers are biologically highly
significant. They represent the largest low gradient river systems of the northern coastal plain
and as such contain several unique features. Most notable among these is the sequence of deep
pools known locally as ‘broadwaters’ which frequently have features more akin to lakes:
stratification, high plankton densities, relatively stable water levels and permanent fringing
macrophyte communities with a high floristic and faunal diversity. These macrophyte
communities, or ‘riparién wetlands’ have a high conservation value and are in need of some

measure of formal protection.”



In their Environmental Flow Study of the Rivers of the South Esk Basin, Davies and Humphries
(1996:82) found that “most permanent ‘riparian wetland’ sites were floristically diverse, with

between 13 and >22 species recorded. Plant species were recorded over a wide range of depths
and velocities, within the constraints of being predominantly marginal to the main channel when
in pools, and there was a lack of consistent preferences for depth or velocity for all species

examined”.

1.5 This Study

1.5.1 Context

There have been several recent studies on the biota of the Macquarie River. These have focused
on macroinvertebrate (Humphries et al. 1996) and fish communities (Humphries 1995) or
macroinvertebrate-macrophyte associations (Humphries 1996) rather than on maérophyte
ecology per se. Askey-Doran (1993) described the riparian Vegetation of the Tasmanian
Midlands in general, which included the macrophyte communities at several points on the mid-
to upper Macquarie. There has been no detailed study of the aquatic macrophyte communities
along the lower section of the Macquarie or the South Esk rivers. The only major studies of .
macrophyte communities in Tasmanian rivers are those of Hughes (1987b, 1990), who studied
the effect of disturbance on the riverine vegetation of two rivers on Tasmania’s east coast, and
also established a general classification of macrophyte communities in 31 rivers across the state.
This separated the macrophyte communities in Tasmanian rivers into seven groups, illustrating

the differences in water quality and substrate between different regions of the state.
The Macquarie and South Esk rivers have particularly well develbped and stable macrophyte
communities along much of their lower reaches, which are unusual in Tasmania and have a high

conservation value (Davies and Humphries 1996).

This study addresses the need for a more thorough investigation of the species diversity and

macrophyte community structures in the two rivers, with a view to providing baseline data for
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future studies. It also provides a discussion of the conservation values and management

requirements of the macrophytic vegétation.
1.5.2 Aims

The aims of this thesis are:

1. To collect baseline data on the distribution and composition of aquatic macrophyte
communities along the mid- to lower reaches of the South Esk and Macquarie Rivers.

2. To compare the spatial distribution of the species richness, diversity and cover of aquatic
macrophyte communities in the Macquarie and South Esk rivers, and relate this distribution
to environmental characteristics of the two rivers.

3. To determine the environmental correlates of variation in aquatic macrophyte species
composition, both within and between sites. |

4. To identify conservation values and discuss some of the management issues relevant to the

conservation of the aquatic macrophyte communities.

1.5.3 Scope and Limitations

The fieldwork for this study was carried out over the summer of 1998-1999. The intention was
to undertake a ‘snapshot’ survey of the macrophyte communities along the two rivers, rather
than to investigate any changes in communities over time. Time constraints meant that each site
could only be visited once. As a result some of the sites were surveyed in early December
while others were not visited until late March. Since the percentage cover and species richness
of macrophyte communities can change over time, particularly during the summer growing
season (Hughes 1990), there is possibly some inconsistency in the results between sites,
especially in the abundance measurements. However this inconsistency would be ameliorated
by the relative stability of the macrophyte communities on the two rivers, especially those found

on the edges of pools (Davies and Humphries 1996).
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Depth and current velocity measurements were dependent on the river flow, which varies from
day to day depending on rainfall, abstraction of water for irrigation, and, on the Macquarie, the
rate of release of water from impoundments. Water levels during summer are close to baseline
flow levels, and there were no major flood events during the period of the fieldwork.
Nonetheless there may well have been changes in water level during the period of the fieldwork,
which would have slightly affected the between sites comparisons of depth and current velocity.
A large volume of water was being released into the Macquarie via the Poatina power station
and Brumby’s Creek throughout the summer fieldwork season. This made the surveying of
macrophyte communities on the lower part of the Macquarie difficult. It was possible to collect
information to a depth of about 2 metres, below which there appeared to be very little
vegetation, but it is possible that some plants that would be visible at times of lower flow were

missed in this study.

1.5.4 Report Structure

Chapter 2 describes the climate, land use, hydrological and physical characteristics of the two
rivers, then gives an overview of the changes in water quality along the rivers from the
headwaters to the lower reaches. The classification of the macrophytic vegetation and the
analysis of environmental variation between the classification groups are described in Chapter
3. Chapter 4 analyses the relationships of environmental variation, species richness, cover and
diversity in the two rivers. In Chapter 5 the conservation values and health of the macrophyte
communities are discussed, including an overview of management issues. Finally, there is a

discussion of the overall findings and their relevance in terms of current literature in Chapter 6.
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Plate 1

Mixed native and exotic bank vegetation on the South Esk River

Riffle on the South Esk River, with mixed native/exotic bank vegetation
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Plate 2

Exotic bank vegetation on the Macquarie and South Esk Rivers

Eleocharis sphacelata in the South Esk River, with gorse on the banks
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Chapter 2
The Rivers

The South Esk Basin in north-eastern Tasmania is the largest water catchment in the staté, with
a catchment area of about 8 900 km? (DPIF 1996). There are three major sub-catchments in the
basin, all draining into the South Esk River, which joins the Tamar Estuary at Launceston: the
South Esk catchment is the eastern-most catchment, after which the basin is named; the
Macquarie catchment is in the south, draining north; and the Meander catchment in the west,
draining east (figure 2.1). Only the South Esk and Macquarie Rivers, both the major rivers in

their respective catchments, were studied.

This chapter provides an overview of the hydrology, geophysical variation, climate and land
use along the two rivers, then gives a brief comparison of the water quality in the two

catchments.

Figure 2.1 The South Esk Basin, with the Macquarie, South Esk and
Meander Rivers marked. Adapted from the DPIF (1996).
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2.1 The South Esk River

2.1.1 Headwaters and Tributaries

The South Esk River rises in north-east Tasmania at an altitude of 800 m and drains an area of
3300 km?, above its confluence with the Macquarie River (Davies and Humphries 1996). The
South Esk has three major tributaries upstream of the confluences with the Macquarie and
Meander rivers: the Break O’Day, St Pauls and Nile Rivers. Many smaller streams also flow
into the South Esk, mainly from the north east highlands around Ben Lomond, e.g. Storys
Creek and Buffalo Brook (figure 2.2).

Figure 2.2 The South Esk River and Tributaries. Adapted from the DPIF 1996.
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2.1.2 Flow

There is a high variability in average flow from year to year in the South Esk. The average

annual flow at Perth ranged from 10 to 60 cumecs during the thirty-eight year period from 1957
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to 1995 (DPIF 1996). There are no major storages in the catchment so that, apart from during
the summer irrigation period, the flows monitored in the South Esk River catchment are
essentially natural flows (DPIF 1996). At Perth, on the lower South Esk, the maximum daily
extraction of water for irrigation is about one-sixth of the median daily discharge over the same
months (Davies and Humphries 1996). Low flows in the upper South Esk are supplied from a
single ground-water storage. See the DPIF State of Rivers Report (1996) for a more detailed

analysis of long-term flow patterns.

The South Esk River, which has a high rainfall in the upper catchment, is well-known for flash-
flooding in the upper reaches, and is a major source of floods affecting low lying agricultural

areas and towns in the lower parts of the catchment (DPIF 1996).

2.1.3 River Form

The South Esk has a steep upper section until it reaches Mathinna, then follows a relatively low
gradient for the 220 km to Trevallyn Dam near Launceston, descending only 330 m in that
distance (figure 2.3). It has many riffle and pool sequences, with a relatively high frequency of

large broadwater pools between Avoca and Perth (Davies and Humphries 1996).

Figure 2.3 Profile of the South Esk River.

Adapted from Davies and Humpbhries (1996)
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2.1.4 Geology

High in the catchxhent the South Esk flows through gentle slopes and rolling hills formed by
Silurian mudstones and quartzwackes ( Mathinna bed sequence). The River then crosses
through a narrow belt of Jurassic dolerite and Carboniferous granite, which form the steeper
slopes leading up to Ben Lomond and the North Eastern Highlands, before reaching the broadly
undulating valleys of the Launceston Tertiary Basin (DPIF 1996).

2.1.5 Climate

Rainfall in the South Esk catchment is strongly influenced by topography, with the lowland
areas to the west being driest (average 557 mm per year at Avoca) and the North East highlands
being wettest (1238 mm at Gray). Rainfall is mainly due to westerly frontal systems and is
highest in winter throughout much of the catchment. The exception is the area around St Marys
and Gray where peak monthly falls can occur in autumn, due to low pressure systems off

Tasmania’s East Coast (DPIF 1996).

2.1.6 Landuse

Land use in the South Esk catchment is primarily agriculture and forestry, with limited mining
for coal and metals in the upper catchment. Forestry activity occurs mainly in the upper
reaches. Agricultural land is extensive in the lower areas, which creates a high demand for

irrigation in the summer months (see figure 2.4).
Willow and gorse infestation is a problem in the lower South Esk, and the loss of native

riparian vegetation is considered a significant cause of stream bank and gully erosion (Askey-

Doran 1993).
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Figure 2.4 Land Use in the Macquarie and South Esk Catchments
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2.2 The Macquarie River

2.2.1 Headwaters and Tributaries

The Macquarie River rises SW of Lake Leake at an elevation of 575 m, and has a total length
of 155 km. Together with its tributaries it drains an area of 3765 km® (Davies and Humphries
1996). The Macquarie has four major tributaries: The Lake River, the Elizabeth River, Tooms
.River- and the Blackman River. Brumbys Creek (with water from the Poatina power station) is
also a major source of water during the summer months. The Macquarie River joins the South

Esk at Longford (figure 2.5).

Figure 2.5 The Macquarie River and tributaries. Adapted from the DPIF (1996)
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2.2.2 Flow

There is a high variability in average flows in the Macquarie from year to year. The Macquarie
has a discharge range from a daily average of about 1.5 to 200 cumecs, with most of this flow
occurring between June and October. Flows in the Upper Macquarie, the Elizabeth and Lake
Rivers are regulated through releases of water from impoundments in the headwaters (DPIF
1996). This flow regulation has the greatest impact during the summer irrigation period.
Irrigation demand is high, with the maximum daily take exceeding the median daily discharge |
over the same months (Davies and Humphries 1996). In the winter, flows in the Macquarie are

essentially natural, and large floods are unaltered (Davies and Humphries 1996).

The upper Macquarie flows through one of the driest areas of Tasmania, with the township of
Ross receiving a longterm average rainfall of only 510 mm per year (DPIF 1996). Streams in
the area were historically ephemeral, often drying up completely during summer. The artificial
storages of Lake Leake (in 1884) and Tooms Lake were constructed to provide irrigation water
for the farming communities downstream. The Macquarie was further regulated by HEC
activity over the last 40 years: Arthurs Lake (1962) was dammed at the head of the Lake River,
then later the Lake River was dammed to form Woods Lake (1965). In 1966 Arthurs Lake was
diverted into Great Lake, and water is no longer released into the Lake River from the Arthurs
Lake dam unless absolutely necessary (DPIF 1996). Woods Lake provides a regulated flow in
the Lake and lower Macquarie Rivers to provide riparian, stock and domestic requirements to

prescriptive right holders (DPIF 1996).

A large volume of water from Great Lake is released into the lower Macquarie during summer,
via Brumbys Creek, through the Poatina power station. As a result the section of the river
between Brumbys Creek and the confluence with the South Esk is distinctly different to the
river upstream. The water is colder and clearer, with a greater flow and reversed high flow

season, and more active active streambank erosion (see Clerk 1994).

2.2.3 River Form

The Macquarie River drops 350 m between its confluences with Tooms River and the South

Esk River. The greatest loss of altitude is over the first 50 km, with a drop of 150 m, after
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which the gradient lessens and the river becomes a low gradient, sinuous channel, with the
faster flowing runs and riffles interspersed with large deep pools (figure 2.6). The margins of

the runs and pools of this lower 125 km section are extensively colonised by aquatic

macrophytes.
Figure 2.6 Profile of the Macquarie River.
Adapted from Davies and Humphries (1996).
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2.2.4 Geology

The underlying bedrock in the Uppér Macquarie is Jurassic dolerite, which forms the cap of
both the Central Plateau and the Eastern Tiers where the Macquarie rises. The lowland area,
below about 250 m, is dominated by the weaker rocks of the Launceston Tertiary basin, mostly
alluvial gravel, sands and till, with outcrops of older volcanic and igneous rocks. This geology
has formed low relief hills with relict terraces and floodplains. The area is prone to streambank

erosion and flooding (DPIF 1996).

2.2.5 Climate

The Macquarie catchment covers one of the driest areas of Tasmania, being in the rainshadow

of both the Great Western Tiers and the Eastern Highlands. Large areas of the catchment have
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a longterm average rainfall of less than 600 mm per year. Most of the rainfall is due to

westerly frontal systems in the winter months (DPIF 1996).

Figure 2.7 Mean annual rainfall of Tasmania (mm). Reproduced from the Tasmanian Year

Book (1985).

800

2.2.6 Landuse

The major agricultural activities in the Macquarie catchment are sheep and beef cattle farming.
A growing number of farms are now also becoming involved in irrigation, especially of high .
yield crops such as potatoes (DPIF 1996). The Cressy-Longford area in the lower reaches of
the catchment has its own irrigation scheme using water from Poatina Power Station, which has

enabled intensive cultivation of vegetable crops. The DPIF (1996:5) noted that this area was
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“now showing effects of salinity, mostly due to localised areas of poor drainage™. Forestry
activities are centred in the Lake Leake area in the upper catchment, and along the southern
parts of the Great Western Tiers. Agficultural land is extensive in the lower parts of the
catchment (see figure 2.4) and tree decline due to ‘dieback’ is of major concern to the
community (DPIF 1996).

Willow and gorse infestation are serious problems in some areas, and the loss of native riparian |
vegetation is considered a significant cause of streambank and gully erosion (Askey-Doran

1993).
2.3 Water Chemistry
The Department of Primary Industries and Fisheries (DPIF) conducted water chemistry tests on

the Macquarie and South Esk Rivers between May 1992 and October 1995, for their South Esk

Basin State of Rivers Report (1996). Several sites on the Macquarie and South Esk were

visited monthly during the study period. They also carried out longitudinal sampling along the
length of the rivers in stable summer (March) and winter (August) flows in 1995 to give a
snapshot view of the relative river conditions at these times, and to highlight any changes in
water quality due to tributaries or point source inputs to the river and reveal any trends in water.
quality down the length of the river.

The results of these tests are used in tJhe present sfudy to illustrate basic differences in water
chemistry between the two rivers and different reaches of each river. See Table 2.1 for a
summary of these differences. No independent water chemistry tests were carried out in the

present study.

2.3.1 Nutrients

The DPIF (1996:133) defined ‘nutrients’ as “the forms of nitrogen and phosphorus most
commonly associated with plant growth and productivity”. The relevant forms of nitrogen are
ammonia-N, nitrite-N, nitrate-N, and Total Kjeldahl-N (TKN). Discussion in the DPIF (1996)
report was limited to nitrate-N, which made up the largest portion of dissolved nitrogen, and

Total Nitrogen (TN) which was derived by calculation (as TKN + nitrate-N + nitrite-N).
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Total phosphorus (TP) is a measure of all phosphorus both bound to particulate matter and
dissolved in the water. The dissolved phosphorus, measured as dissolved reactive phosphorus
(DRP), is largely free and available to aquatic plants and algae (DPIF 1996). Since in natural
waters DRP generally makes up only a very small fraction of TP, the DPIF (1996) discussion
focussed on TP only, unless higher levels of DRP were detected.

2.3.1.1 The South Esk

The DPIF (1996) study of nutrient levels in the South Esk showed a distinct decrease in nitrate-
N concentration with increasing distance from the headwaters of the river. Median nitrate-N
concentrations were between 0.005 and 0.15 mgl™ (Table 2.1), with the higher levels being at
the top of the river. There was also a seasonal change in nitrate-N concentration at all sites,
with higher concentrations generally occurring during the higher baseflow periods in winter.
This is cohsistent with the theory that the groundWater discharge in the catchment has higher
nitrate-N concentrations than surface waters (DPIF 1996). Total N concentrations were found
to be reasonably uniform across all sites. This was because the TKN concentration (mainly
composed of organic nitrogen) was higher in the lower parts of the catchment where nitrate-N
levels were low. Median TN concentrations were between 0.17 and 0.33 mgl™ (DP]F
1996:136). These levels fall in the lower end of the ANZECC (1992) guideline range (0.1 to .

0.75 mgl™) for the protection of aquatic ecosystems in Australia, see Table 2.1.

Total phosphorus (TP) can be considered low for the entire catchment when compared to the
ANZECC (1992) guidelines, which set a range of 0.01-0.1 mgl™ for the protection of aquatic
ecosystems. The highest median level in the catchment measured by the DPIF (1996) was
0.021 mgl™ in the Break O’Day River. In general, the DPIF (1996) found that lower
concentrations occurred in the upper parts of the catchment. The longitudinal transects showed
that during summer TP concentrations above the junction with Storys Creek were fairly
uniform, with a marked dilution occurring below this point. During winter baseflows there was

- a more gradual increase in TP concentrations towards the bottom of the catchment.
During flood events nutrient levels generally increase dramatically. The DPIF (1996:142-143)
found that “nutrient concentrations during high flows can be an order of magnitude higher due

to surface runoff...during flooding in rivers of the South Esk basin nutrient concentrations
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increased by up to 15 times. This was especially so for parameters such as TP and TN which

are linked to the resuspension of sediments and overland runoff”.
2.3.1.2 The Macquarie

The DPIF (1996) found that most sites on the Macquarie had very low total phosphorus (TP)
concentrations, i.e. below 0.02 mgl’l, see Table 2.1, and there was no increase in:TP levels
towards the bottom of the catchment. However there was a much higher level of TP on the
Elizabeth River below the sewage treatment plant at Campbell Town which may have locally
influenced TP levels at a site on the Macquarie downstream of the Elizabeth junction- the DPIF
study showed relatively high proportions of dissolved P at this site, accompanied by a prolific
growth of attached algae. Higher than average levels of TP were also recorded just upstream of
the entrance of the Blackman River, and at a site immediately downstream of the Ross sewage
treatment plant. Catchment activities are suggested as the causes of the higher levels of
phosphorus at these sites (DPIF 1996). During higher winter flows after significant rain, there
was an increase in TP at all sites on the Macquarie, with a maximum concentration in the two

upper sites.

The nitrate-N concentrations in the Macquarie were lower than in the South Esk at all sites, see
Table 2.1, with median concentrations of below 0.04 mgl™. However the total N (TN)
concentrations ranged between 0.3 and 0.6 mgl™, due to high levels of organic nitrogen. This
was higher than in the South Esk, but within the the ANZECC (1992) guidelines for the -
protection of freshwaters in Australia (0.1-0.75 mgl™"). The longitudinal transects showed that
Total N concentrations were moderately uniform along the entire length of the river upstream
of Brumbys Creek, with the exception of higher levels in the upper reaches during flood events
(DPIF 1996). The TN concentration in the Macquarie decreased due to dilution downstream of
the Lake River and Brumbys Creek, particularly during summer, when this lower section of the
river is almost totally dominated by water from the Central Highlands (DPIF 1996). It is worth
noting that measured loads of DIN (dissolved inorganic nitrogen) increased downstream (DPIF

1996:203).

The exception to the lower levels of nitrogen in the Macquarie was during flood events, when
nutrient concentrations in the Macquarie catchment were up to 40 times their normal

concentrations at some sites. The most notable increase was for nitrate-N which was normally
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very low in the Macquarie. It appeared that rain events were mobilising nitrate-N which could

not normally enter rivers due to lack of groundwater flows (DPIF 1996).

The DPIF Report (1996) suggests that given the high levels of total nitrogen, it appears that
phosphorus is a limiting factor on algal growth in the Macquarie catchment. They did note that
during prolonged low flows in the Macquarie during the summer 0f1994-95, there was

considerable growth of filamentous algae at many sites.

2.3.2 Point Sources of Nutrients

2.3.2.1 The South Esk

There are SlX sewage treatment plants on the South Esk and tributaries, all of which discharge
treated wastewater directly into the rivers. During limited sampling of the treatment plants, the
DPIF (1996) measured concentration and flow to give estimates of nutrient loads. They found
that even the minimum concentrations of nutrients in effluent were greater than concentrations
measured during floods in the South Esk, when ambient nutrient concentration in rivers is
highest. The DPIF (1996:144) write that “while during higher river flows the impact of this
concentration of effluent may be minimal due to dilution, during low flows there may be
localized nutrient enrichment of the receiving waters, fesulting in nﬁisance algal blooms and

prolific growth of aquatic weeds”. -
2.3.2.2 The Macquarie

The major point source inputs of nutrients on the Macquarie are the sewage treatment plants at
Ross and Campbelltown. Both discharge treated wastewater directly to rivers; at Ross to the
Macquarie River and at Campbelltown to the Elizabeth River. The DPIF (1996) undertook
limited sampling of the treatment plants, measuring concentration and flow to give estimates of
nutrient flows. They comment (DPIF 1996:197) that “the most notable figures... are those for
nitrogen discharge. In a system where nitrate-N is low, a large percentage of the nitrogen
discharged by both treatment plants is in the dissolved form”. That is, in the form readily
accessible to plants, which contributes to algal grdwth, at least in localised areas downstream

from the sewage outfalls.
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2.3.3 Temperature

2.3.3.1 The South Esk

The DPIF (1996:120) found that “temperature at all monitoring sites in the South Esk showed a
distinctly seasonal pattern with temperatures ranging from a low in mid-winter of about
5°C...to 'a high in mid-summer of around 23 °C”, see table 2.1. Diurhal fluctuations in winter
were minimal, but in summer were as large as 10 °C. Apart from the uppermost site (which is
above the stretch of river covered by the present study) being coolest, water temperature

showed little gradation from the top of the catchment to the bottom.

2.3.3.2 The Macquarie
Similar temperaturés ranges to the South Esk were found in the lower Macquarie River, while
at sites higher in the river and in the main tributaries the temperature range was typically 4.5°C

to18°C. The Lake River and Brumbys Creek, with water flowing from the highlands, were
generally always colder than other sites in the catchment (DPIF 1996:181).

2.3.4 Electrical Conductivity (EC)

2.3.4.1 The South Esk

In the DPIF study (1996), EC throughout the South Esk catchment was found to be low, with
medians ranging from 44 uScm* in the upper catchment at Mathinna to about 97 uScm at
Perth. A distinct seasonal pattern was shown at most sites on the South Esk, with EC rising
during prolonged periods of stable flow. Rapid dilution occurred during high flow events.
EC in the Break O’Day and St i’aul’s rivers upstream of their confluences with the South Esk
were higher than in the South Esk (mean EC of 180 pScm™ and 128 uScm* respectively), but
still well within the normal ranges for freshwaters. The DPIF suggest that evaporation made be
the cause of the greater concentration of ions in these two tributaries, as both can havevvery low

summer flows.
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The effects of these tributaries on the EC in the South Esk was shown clearly by the
longitudinal transects, with an abrupt increase in EC appearing downstream of the confluences

of the tributaries with the South Esk (DPIF 1996).
' 2.3.4.2 The Macquarie

EC in the Macquarie was higher than in the South Esk, see Table 2.1. There was a distinct
increase in EC from sites high in the headwaters to sites low in the river. Tooms Lake had a
median EC of 74 pScm whereas Coburg (low on the Macquarie but above Brumbys Creek)
had a median of 216 uScm. The longitudinal transect of the river in summer showed three
marked decreases in EC due to tributary inflows. These occurred downstream of the Elizabeth
and Lake Rivers and downstream of Brumbys Creek, where very dilute water was being
discharged from Poatina power station. In the winter transect the power station was not
operating, and dilution was only evident from the Lake River inflow. Higher EC values tended

to occur at most sites during winter (DPIF 1996).

2.3.5 Reaction (pH)

2.3.5.1 The South Esk
The DPIF (1996) found that the pH of the South Esk catchment water was typical of poorly
buffered water with field pH ranging between 5 and 8.4. Median conditions at most sites was
close t0 6.5, see Table 2.1. The more acidic water of Storys Creek (due to mine effluents)
appeared to have very little influence on pH levels in the South Esk downstream.

2.3.5.2 The Macquarie

The pH measurements in the Macquarie were of similar magnitudes to those in the South Esk.
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2.3.6 Turbidity

2.3.6.1 The South Esk

The South Esk river has very low baseline turbidity, meaning that it is very clear for much of
the time, as are most rivers in the catchment (DPIF 1996). In the 1992-1995 measuring period
for the DPIF study, mean turbidities in NTU between Fingal and Perth ranged from 2.9 to 5.0

NTU, see table 2.1. The median turbidity in all cases was lower than the mean.

A twenty-year time series of data collected by the DPIF for the State of Rivers Report (1996;

116-117) showed a strong seasonal component to the turbidity readings, with highest turbidity
occurring during the winter-spring period. Turbidity was affected by rainfall, with lower peak
turbidity levels in years of below average rainfall. The seasonal variability of the readings
made it difficult to assess real changes in turbidity in the longer term. Flood events caused a
huge increase in turbidity, with recordings of up to 340 NTU measured at sites on the South

Esk during flooding in 1995 (DPIF 1996).

Longitudinal transect data collected during stable winter flows clearly showed an increase in
turbidity down the length of the South Esk. However in summer, during low baseflows, higher
turbidity occurred further up in the catchment, where river velocities and associated erosional

power is greater (DPIF 1996).
2.3.6.2 The Macquarie

The DPIF (1996) found that ’turbidity in the Macquarie was generally less than 5 NTU. Both
the Elizabeth and Lake Rivers were more turbid due to very fine suspended clay particles. As a
result the site on the Macquarie below the inflow of the Elizabeth River had high turbidity.
The winter longitudinal transect of the Macquarie was taken after two days of rain, and showed
the significant effect rain had on turbidity levels in the catchment, with a 5-10 fold increase in
turbidity at sites in the lower part of the Macquarie, and a high peak of 80-100 NTU at two
sites higher in the catchment (DPIF 1996).
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2.3.7 Dissolved Oxygen

2.3.7.1 The South Esk

The DPIF (1996:129) found that “generally, dissolved oxygen throughout the South Esk
catchment is typical of natural rivers, with levels at all stations showing a strong seasonal
variation. The median dissolved oxygen concentration at most sites was within the range 9-

10.5 mgl-1...which is indicative of a healthy environment”, see table 2.1.
2.3.7.2 The Macquérie

Generally DO concentrations in the Macquarie were similar to those in the South Esk, with a
similar broad seasonal variation. At two sites concentrations of below 6.5mg1-1 were recorded
(Ross and Coburg), indicating that slight oxygen depletion was occurring in some areas during
summer, but these concentrations are still above the ANZECC (1992) threshold of 6 mgl-1 for
the protection of aquatic organisms (DPIF 1996).

2.3.8 Heavy metals

2.3.8.1 The South Esk

A significant stretch of the South Esk has been adversely affected by mining activity on Storys
Creek and Aberfoyle Creek. These two small tributary streams converge before they enter the

South Esk between Fingal and Avoca.

A report by Locher (1993) for the Department of Environment and Land Management
investigated pollution from this area. The effects of heavy metal pollution on the riverine biota
of the South Esk were also studied several times during the 1970s (see Tyler and Buckley
1973; Norris et al 1980; 1981;1982). These studies found that heavy metal pollution from the
Storys Creek and Aberfoyle mines affected biotic communities as far downstream as Evandale,
some 80 km from the source of the metals. Norris e al (1981) found that concentrations of
cadmium, zinc, copper and lead in the sediment and solution were all well above the natural

background levels up to 130 km below the source of contamination. It has also been suggested

31



that Buffalo Brook may be contaminated by metals from mining, which may contribute to the

contamination of the South Esk (see DPIF 1996: 154).

There have been no studies into the effects of mining activity on the aquatic vegetation of the
South Esk, however the DPIF (1996) pointed out that as well as the problems caused by heavy
metal contamination, the instability of the substrate downstream from the confluence with
Storys Creek (due to increased sedimeritation) caused the elimination of algal and macrophytic

growth.

2.3.8.2 The Macquarie -
The DPIF (1996) sampled sites on the Macquarie for heavy metal analysis during March 1995.
No significant levels were detected. This result was expected as no significant mining activity

or chemical related processing occurs in the catchment.

2.3.9 Health Rating Using Macroinvertebrates

In the DPIF study (1996:156), analyses of the macroinvertebrate assemblages were used to
assess the health of the river sites on the South Esk. All four sites that fall within the area of
this present study were found to be degraded by human activities. The first, just upstream from
the confluence with Storys Creek, was clearly stressed, with a great reduction in
macroinvertebrate taxa sampled compared to sites further upstream. The DPIF (1996) suggest
that extensive land clearing upstream, cleared land with pasture or introduced species such as
willows or gorse growing right to the waters edge, and extensive erosion of river banks may be
possible causes. There was a further degradation of the macroinvertebrate community at
Avoca, downstream froin Storys Creek. This was as expected, as the influence of heavy metal
pollution from mining effluent flowing into Storys Creek has been well documented. Slightly
higher numbers of taxa were sampled at Evandale and Perth, however both sites still had

degraded macroinvertebrate communities.

The Macquarie was not rated using invertebrates in the DPIF (1996) study.
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Table 2.1 Water Quality Parameters in selected upStream and downstream sites on the

Macquarie and South Esk Rivers- adapted from the DPIF (1996)

Macquarie South Esk Standard

Median level Median level Median level Median level Australian
upstream® downstream” upstream® downstream* Water Quality
(min-max) (min-max) (min-max) (min-max) Guidelines®

Nitrate-N 0.012 0.016 0.13 0.02 *

mgl'l (0.001-0.05) (0.005-0.043) (0.022-0.25) (0.002-0.13)

Total N * 0.412 0.345 0.23 0.1-0.75

mgl'l (0.156-0.801) (0.077-0.563) (0.057-0.465)

Dissolved 0.003 < 0.005 < 0.005 _ < 0.005 *

Reactive P (0.001-0.009) (< 0.005-0.022) (< 0.005-0.012) (< 0.005-0.062)

mgl'1 ’

Total P 0.013 0.015 0.01 0.011 0.01-1.

mgl'll (0.009-0.021) (0.005-0.031) (0.002-0.7) (0.003-0.14)

pH (field 6.9 6.6 6.4 6.4 6.5-9.0

measurement) (5.6-7.9) 6.2-7.3) (5.6-7.8) (5.6-73)

Dissolved Oxygen * 9.5 10.05 10 >6

mgl'l (6.4-11.8) (6.8-11.8) (7.34-12.2)

Conductivity @ 130 233 66 93 < 1500

25°C uScm™ (71-225) (155-280) (41-125) (50-138)

Turbidity <5 <5 4.98™ 445™ *

NTU * *. (1.5-32.5) (0.84-13.30)

Temperature 10.6 11.2 10.2 12.2 *

Celsius (4.2-19.1) (6-22.5) (5.1-22.5) (4.3-24.2)

*Mt Morriston
*Coburg
‘Fingal

Perth

“Australian Water Quality Guidelines for Ecosystem Health (ANZECC 1992)

"™ Mean values rather than medians were given for turbidity. The medians were lower than the means (DPIF 1996)

*Not given in DPIF Site Monitoring Data (DPIF 1996: Appendix 1) or ANZECC Guidelines (1992)
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Chapter 3

Characteristics and Environmental Relationships of the Vegetation
3.1 Introduction

Studies on the distribution of aquatic macrophyte communities (and the associated marginal and
bank communities) along rivers in many parts of the world have become increasingly common
during the last twenty years (see Holmes et al. 1998). Classification systems relating aquatic
plants to physical variables such as substrate and water velocity were first developed in Britain
during the 1920s (Butcher 1933). Later surveys confirmed many of these early species/habitat
associations, and extended the range of physical and environmental factors under consideration
~ (e.g. Haslam 1978; Holmes et al. 1998). Many authors have focussed on the distribution of
species within a single river or river catchment, often describing the effects of human-induced
changes in water quality between high and low parts of the catchment (e.g. Wiegleb 1984;
Penuelas a;nd Sabater 1987; Ferreira 1994). Others have described the environmental correlates
of variation in macrophyte communities across a wider area, developing systems for assessing
water quality and riverine health using macrophyte communities (e.g. Haslam 1987; Holmes et
al. 1998; Small ef al. 1996). The later developments have been largely due to progress in
computer technology and statistical packages that can process large datasets, distinguishing
groups of sites on the basis of similarity in their characteristics (Holmes et al. 1998). For
example, TWINSPAN (Two-way Indicator Species Analysis: Hill, 1979) has been used to
classify sites on the basis of similarity in their species characteristics in many studies of this

type in the recent literature.

In Australia, classification éystems relating aquatic macrophytes to environmental variables are
still in the developmental stages (see Schofield and Davies 1996; CSIRO 1999; Jacobs 2000).
While the well-known relationships between aquatic macrophytes and physical variables such
as current velocity and substrate type seem to be applicable in almost every case, other
associations are more specific to a particular plant species, for example thé effects of the
addition of nutrients into the water column on plant growth (see the CSIRO 1999). A high
degree of environmental variation across Australia means that the development of classification

systems at a regional level would be necessary to draw meaningful conclusions on the
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relationships between environmental variables and aquatic plant species composition in any

given river catchment.

In Tasmania there has been only one study (Hughes 1987b) that classifies aquatic macrophyte
communities in rivers in relation to environmental variables. Hughes (1987b) classified the
rivers in Tasmania on the basis of their macrophyte communities, and found that water
chemistry (filterable residue, pH and salinity) and substrate were the most significant determing
factors of species presence or absence at the regional (state-wide) scale. Obviously the scale of
the classification is significant. As Westlake (1973) pointed out, on a world-wide scale
temperature and dispersal ability are the two primary factors governing the distribution of
riverine plant species. At a regional scale, the factors that determine the macrophyte
community distribution (in this case water chemistry and substrate) will differ from those that
determine the distribution of communities within a region (e.g. diffuse nutrient inputs, river
slope and geology), a catchment (e.g. altitude, land-use, slope, hydrology and geology) or a
reach (e.g. river form, bank slope, point source pollutants). At the finest scale, the distribution
of individual plants within a plot will be determined by the distribution of different substrate
types, local variations in water velocity, available light for photosynthesis, and in some cases
the extent of competition between species for space and resources. This detailed distribution is
often an unstable mosaic, but a regular pattern in time often develops from the interactions of

the plants and flow (Westlake 1973).

In the presenf study, the macrophyte communties and associated marginal communities in the
mid and lower reaches of the Macquarie and South Esk Rivers are classified in four ways:
firstly, the individual species or assemblages of species at the plot level are classified into
‘dominant species groups’, and some of the environmental variables that are related to the
distribution of these groups are determined. This provides information on the fine-level
differences in the environmental preferences of species and species assemblages. Secondly, the
presences or absences of both aquatic macrophyte and marginal species at each site are used to
classify the sites into groups with similar species compositions. Again, some of the
environmental relationships are determined at the site level. This provides information on the
variation in aquatic and marginal communities between different sections of the rivers, in

particular between upstream and downstream sections and between run, riffle and pool sections.

35



Finally, to avoid the potentially confusing effects of the marginal species on the aquatic
macrophyte classification, the sites are classified into groups with similar compositions of
aquatic species, and then into groups with similar compositions of marginal species, and
environmental relationships are again determined for each of these classifications. Abundance

data are used in these final two classifications.

This chapter describes the methods of site selection and data collection, and then classifies the
vegetation in the four alternative ways described above. Significant differences between the
groups in environmental variables and vegetation cover, species richness and diversity are then
determined for all classifications. The data are ordinated, and the positions of the groups of
sites/ species assemblages in the ordination space are related to the environmental variation

between groups of sites or species assemblages.

Finally, all four classification groupings are integrated to describe the geographical variation in
environmental factors and the related variation in aquatic and marginal vegetation along the two
rivers. These results present baseline data on the distribution and composition of plant
communities along the two rivers, and provide information on the environmental correlates of
variation in aquatic macrophyte species composition, thus satisfying aims one and three from

chapter 1.

3.2 Definitions

3.2.1 Plant Growth Form

It is useful to classify macrophytes into groups with different growth forms, as growth form is
often more useful than floristic composition when describing macrophyte communities in an
ecological context (Sculthorpe 1967). A simple four- group system was adapted from that
described by Sculthorpe (1967). Growth form 1- submerged plants were those with all of their
vegetative tissue below the water surface; growth form 2- floating-leaved plants weré those with
leaves floating on the water surface; growth form 3- emergent plants were plants with most of

their leaves and stem above the water surface; growth form 4, marginal plants, was added to this
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list to describe non-woody species that were growing in the marginal zone between emergent
aquatic species and terrestrial species. These species grew on the banks of the rivers, either
underwater, on damp river margins or on the dry higher banks, depending on water levels at the
time. Many marginal species were pasture species that had colonized the riverbanks from

adjacent agricultural land.

Any attempt to apply rigid definitions when classifying aquatic macrophytes oversimplifies_
their plasticity of organism and diversity of habit (Sculthorpe 1967). As there were very few
species in this study that fitted strictly into one growth form and never occurred in another,
species with the first three growth forms were often grouped together and referred to as the
‘aquatic vegetation’, while plants with growth form 4 were referred to as the ‘marginal
vegetation’. This division of river plants into aquatic and marginal groups was similar to that

described by Holmes et al.(1998) and Ferreira and Moreira (1999).

Bank vegetation was defined as terrestrial vegetation growing beyond the marginal vegetation
on the riverbanks. The start of the bank vegetation was often marked by obviously terrestrial
species such as Poa species. Woody species such as willows and Leptospermum species were
included in the bank vegetation growth form rather than the emergent or marginal growth
forms. These species grew substantially taller than the other marginal species, forming a
separate canopy above the aquatic and marginal vegetation, and tended to overshadow the

aquatic and marginal vegetation rather than competing with it for space.

3.2.2 Dominant species type

A dominant species type was defined as a distinct species assemblage that covered a total of
more than five square metres in a site. These assemblages consisted of one or more species.

| They varied in size from 5 square metres upward.
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3.3 Methods
3.3.1 Site Selection

Random sampling was used to select the site locations. Fifty-four sites were randomly selected
on the Macquarie, and forty-eight on the South Esk. The sites were all situated between the
confluence of the two rivers and the highest point of each river supporting substantial
communities of macrophytes (the confluence with Tooms River on the Macquarie and the

township of Fingal on the South Esk).

3.3.2 Data Collection

3.3.2.1 Vegetation cover and species richness

At each site a representative 25 m long section of the river was chosen. The percentage cover of
each aquatic and marginal plant species, or éssemblage of species if this was consistent in

. species composition, was measured. This was done by estimating the area (in square metres)
covered by each species or species assemblage, calculating the site area (25 m by average
stream width), then dividing the species/species assemblage area by the site area to give a
percentage of the site covered by that species/species assemblage. The percentage cover of each
species in each dominant species type was also estimated visually in the field. The dominant

species in a dominant species type was defined as the species with the highest percentage cover.

Species/species assemblage and depth transects were conducted across the river at a point
representative of that site. Transects started and ended one metre beyond the bank vegetation/
marginal vegetation boundaries. Depth was measured using water level as the zero point.
Depths greater than 2 m did not generally support macrophyte growth and were simply recorded

as >2 m.

Total species richness was defined as the total number of aquatic and marginal species found at

the site. Exotic species richness was the total number of exotic species, aquatic species richness
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the total number of aquatic species and marginal species richness the total number of marginal

species found at the site.

Diversity was calculated using the Shannon-Weiner index, which combines species richness
with relative abundance and is thus a measure of the evenness of cover (Kent and Coker 1992).
Plants were identified to species level where possible. However, specieé in several genera could
not be separated because of the absence of flowering parts at the time of the survey. For
example, Triglochin species other than T. procerum, Hydrocotyle species and most Isolepis
species. Myriophyllum simulans could not be distinguished from M. variifolium, and so both
are recorded as M. simulans/variifolium. Similarly, Isolepis fluitans could not be distinguished
from Schoenus fluitans. Both are recorded as Isolepis fluitans, which is the more common

(Curtis and Morris 1994). Nomenclature follows Buchanan (1999).
3.3.2.2 Environmental data

The dominant substrate, minimum depth and maximum depth were recorded for each dominant
species type. Four classes were used to record dominant substrate, based on the most common’
substrate combinations found in the field. These were mud, mud/rock, gfavel (or, occasionally,
sand) and rock. The definitions of mud, sand, gravel and rock were those of Riis et al. (2000),
where mud referred to particles less than 0.1 mm in diameter, sand 0.1-3 mm, gravel 3-30 mm
and rock > 30 mm in diameter. Depths of up to 2 m were measured using a pole marked at 20
cm intervals. The depths of the occasional dominant species types growing deeper than 2 m

were estimated to the nearest metre. ‘Above water’ height was recorded as negative depth.

The single depth value used as a sample variable for each site was the deepest depth class found
along the transect line, with depth in three classes: 1 =0-1 m; 2 = 1-2 m; 3 = >2 m. Width was
recorded as the distance along the transect line from the bank community/marginal community
boundary on one side of the river to the bank community/marginal community boundary on the
other side. The dominant substrate type was recorded as the substrate type that covered the
greatest percentage of the site. The four classes used to record dominant substrate were the
same as those described above. Sand was the dominant substrate type at only one site, and so

was merged with the ‘gravel’ class. Organic matter was common and was included in the
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‘mud’ class. The most common substrate type was mud/rock, with mud or organic matter
dominating the macrophyte-lined banks and rock in the middle of the stream. In some parts of
the analysis, ‘rockiness of substrate’ was used as an ordered variable, using the four classes of
substrate in the order given above. Percentage shading was measured as the percentage of the
site area shaded from directly abové by overhanging bank vegetation. Bank height was defined
as the vertical distance between water level and the first (usually obvious) substantial flattening
of the bank. Where this differed between locations within the site, the maximum value was |

taken.

The bank vegetation was recorded in six classes: (1) willow; (2) pasture, or willow and pasture;
(3) other exotic vegetation, or a mixture of willows and other exotics; (4) a mixture of natives
and exotics, but more exotic than native; (5) more native than exotic; and (6) native. The extent
of stock damage at each site was recorded in three classes: (1) no damage; (2) moderate damage
and (3) severe damage. Sites with moderate damage had visible signs of trampling by stock
(hoof prints, stock pathways, bank erosion, soil compaction, animal faeces and/or sediment in
the water), but less than 10 percent of the vegetation along the river edges had been completely
removed. Sites with severe stock damage were defined as those sites in which there were
obvious signs of stock d.amage, and in which more than 10 percent of the river edges had been
denuded of vegetation. The level of erosion was also recorded in three classes: (1) no active
erosion; (2) moderate active erosion and (3) severe active erosion. In the first category the
banks were well supported by vegetation and there were no visible signs of erosion; in the
second category, there was some evidence of erosion, such as undercutting of the banks, on up
to 20 percent of the river banks; and in the third category active erosion had affected more than

20 percent of the riverbanks.

Each site was defined as a riffle, run or pool, depending on depth, visible current velocity and
degree of surface disturbance, after Davies and Humphries (1996:24, see page 4). For parts of
the analysis‘in which it was useful to have current velocity as an ordered variable, the form of
river site was ordered to provide three classes of ‘slowness of current velocity’: riffle = fast
velocity; run = slow to moderate velocity; and pool = no discernible velocity. No separate

current velocity measurements were recorded.
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3.3.3 Data Analysis

3.3.3.1 The dominant species types

The dominant species types were distinct species or species assemblages covering an area
greater than 5 m?in any one site. They were made up of various combinations of species, but
were identified by their dominant species. Overall there were 28 different dominant species
across all 295 dominant species types. Thus the dominant species types were aggregated into
28 groups by dominant species only. This grouping was independent of the sites in which the
dominant species types were found. The intention of analysing the data on dominant species
groups was to identify environmental correlates of variation in macrophyte species and species
assemblages at the fine-scale ‘plot” level, that is, taking into account environmental variation
within sites as well as between sites. This detailed analysis of the environmental preferences of
individual species/species assemblages was seen as necessary to fully satisfy aim three in

chapter 1.

The percentage frequency of all taxa were calculated for each group (table 3.1). These data
were ordinated using multidimensional scaling (MDS), following the default options in
DECODA (Minchin 1990). The pattern of stress reduction suggested a four-dimensional

solution to be the most useful.

Spearmans Rank Correlations and Kruskal-Wallis tests were used to determine the relationships
between the position of dominant species types on the four axes from the multidimensional
scaling and the environmental variables, vegetation cover and richness. Environmental,
richness and cover vectors were fitted to the four dimensional MDS solution using the vector
fitting option in DECODA (Minchin 1990). Correlations were tested using 1000 random
permutations of the ordination axes (Minchin 1990). These were used to test the relationship

between independent variables and the variation in species composition and abundance.

Statistical tests were used to test the strength of the relationships between the dominant species

. groups and the environmental variables. The environmental variables were not normally
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distributed. All the environmental variables were measured on either continuous or ordinal
scales, however some of the latter had as few as three ordered classes. Despite the low number
of classes, Kruskal-Wallis tests were used in preference to chi-squared tests as the small number

of samples in the groups created uncertainty about the validity of chi-squared tests.

3.3.3.2 The sites

TWINSPAN (Two-way Indicator Species Analysis, Hill 1979) was used to identify groups of
sites with similar species composition. The sites were firstly grouped using presence/absence

data for species of all four growth forms. They were then grouped using aquatic species only
(growth forms 1,2 and 3), and then using marginal species only (growth form 4). Abundance

data were used for the latter two analyses.

Since the cover, richness and environmental variables were either continuous (e.g. width) or
ordered (e.g. depth), but were not normally distributed, Kruskal-Wallis tests were considered
most appropriate to test the strength of the relationships between the TWINSPAN groups and
the cover, richness and environmental variables. As mentioned above, some of the ordered data
had as few as three ordered classes. However, despite the low number of classés, Kruskal-
Wallis tests were used in preference to chi-squared tests as the small number of samples in the

groups created uncertainty about the validity of chi-squared tests.

The species abundance data from the 102 sites were ordinated using multidimensional scaling
(MDS), following the default options in DECODA (Minchin 1990). Species of all four growth
forms were used for the initial ordination. The pattern of stress reduction suggested a three-
dimensional solution to be the most useful. Species richness and cover vectors and vectors of
the environmental variables were fitted to the three-dimensional MDS solution. Correlations
were tested using 1000 random permutations of the ordination axes (Minchin 1990). This
illustrated the strength and directionality of relationships between the cover, richness and
environmental variables and the variation in vegetation. The above analysis was repeated twice,
firstly grouping the sites using aquatic species only (growth forms 1, 2 and 3), and then using

marginal species only (growth form 4).
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This analysis was intended to provide baseline information on the distribution and composition
of aquatic macrophyte communities along the two rivers, and to determine the environmental -
 correlates of variation in aquatic macrophyte species composition (in conjunction with section

3.3.3.1) thus satisfying aims one and three from chapter 1.
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3.4 Results

3.4.1 Results of the analysis of the dominant species types

3.4.1.1 Species composition and environmental characteristics of the dominant species

groups

There were 295 dominant species types across the 102 sites. There were 28 dominant species

groups. Table 3.1 shows the percentage frequency of species in each dominant species group.

Table 3.1 Pefcentage frequency of species in dominant species groups
(a) Groups 1-15

Species GI G2 G3 G4 G5 G6 G7 G8 G9 G0 Gl1 Gl2 Gi3 Gl4 G15
Acaena novae-zelandiae - - - - - - - - - - 333 - - - -
Agrostis aemula - - - - - - - - - - - - - - 12,5
Agrostis avenacea - - - - - - - - - 10 - - - - -
Agrostis stolonifera - - 5.26 - - - - - - 40 - - - 11.11 -
Alisma plantago-aquatica - - 7.89 - - 4.76 - 488 - - - - - - -
Alopecurus geniculatus - - - - - - - - - 40 - - - 1111 25
Azolla filiculoides - - - - - - - - - - - - - - .
Batrachium tricophyllum 100 - - - - - - - - - 333 - - - R
Baumea arthrophylla - 100 - - - - - 244 - - - - - 1111 -
Baumea articulata - 9.09 - - - - - - - - - - - - .
Callitriche stagnalis - - 2.63 - - 9.52 - - - - - - - - -
Carex appressa - - 2.63 - - 4.76 - - - 40 - - - - 125
Carex fascicularis - - 2.63 - - - - - - - - - - - .
Carex gaudichaudiana - - 100 - - 476 - 244 - - 333 556 50 1111 625
Charophytes - - 2.63 - - - - - - - . - - - -
Centella cordifolia - 9.09 - 100 - 4.76 - - 16.67 - - 556 - - -
Crassula helmsii - - 2.63 - - - - - - - - - - - -
Cyperus gunnii - - 2632 - 100 - - - - 10 - - - - 12.5
Eleocharis acuta - 9.09 3947 - 100 100 66.67 122 - 40 - - - 4444 625
Eleocharis pusilla - - - - - 4.76 100 - - . - - - . -
Eleocharis sphacelata - 4545 7.89 - - 1905 - 100 - 30- - - - 25 2222 -
Elodea canadensis - - 2.63 - - - - 9.76 100 - - - - 1111 -
Festuca spp. - - 2.63 - - - - - - - - - - - 125
Galium palustrium - - 2.63 - - - - 244 - 40 - - - - -
Geranium spp. - - - - - 4.76 - - - - - - - - -
Gratiola spp. - - - - - - - - - 10 - - - - -
Haloragis heterophylla - - 2.63 - - - - - - - - - . - R
Hemarthria uncinata - - 2.63 - - 9.52 - - - - - - - - -
Hordeum marinum - - - - - - - - - 30 - - - - -
Hydrocotyle pterocarpa - - 2.63 - - - - - - - - - - - -
Hydrocotyle spp. - 9.09 4474 - 100 4286 66.67 488 - 100 - - - 2222 25
Hypericum spp. - - 2.63 - - - - - - - - - R - -
Isolepis fluitans - - 2.63 - - 4.76 - 488 1667 20 - 100 - 1111 -
Isolepis inundata - - - - - - - - - 10 333 - - - -
Isolepis spp. - - - - - - - - - - 100 - 25 - -
Juncus articulatus - - 21.05 - - 9.52 - - - 50 333 - 100 2222 25
Juncus astreptus - - 2.63 - - - - - - - - - - 44.44 -
Juncus australis - - 526 - - - - - - - - - - - -
Juncus holoschoenus - - - - - - - - - - - - - 1111 -
Juncus procerus - - 7.89 - - - - - - - - - - 3333 -




Juncus spp. - 36.84 - 9.52 - - - 50 333 - 100 100 25
Leontodon taraxacoides - 28.95 100 - - - - 30 - - 25 1111 125
Leptinella reptans - 13.16 - 4.76 - - - 10 - - - - 25
Lilaeopsis brownii - 5.26 - 4.76 - - - 10 333 - - - -
Lolium perenne - 2.63 - 4.76 - - - 50 - - - - 12.5
Lotus pedunculatus - 2.63 - - - - - - - - - - -
Lotus spp. - 13.16 - - - - - 10 333 - 25 1111 125
Lotus tenuis - 2.63 - - - - - - - - - - -
Lysimachia nummularia 9.09 47.37 100 2381 - - - 50 - - 25 2222 100
Mentha pelugium - - - - - - - 40 - - - - -
Myosotis caespitosa 9.09 526 - - - - - 20 333 - - - 25
Myriophyllum amphibian - 2.63 - - 66.67 - - - 333 - - - -
Myriophyllum 18.18 - - 9.52 - 732 - - - 111 - - -
salsugineum .
Myriophyllum simulans/ 18.18 2.63 - 4.76 - 171 16.67 10 - - - - -
variifolium
Neopaxia australasica - 2.63 - - - - - - - - - - -
Nymphoides spp. - 2.63 - - - - - - - - - - -
Oxalis perennans - - - - - - - - - - - - -
Persicaria decipiens - 2.63 - - - - - 10 - - - - -
Persicaria hydropiper - 5.26 - - - - - 10 - - - - 125
Persicaria spp. 9.09 36.84 - 19.05 - 976 - 50 333 - - 1111 375
Phragmites australis - 10.53 100 4.76 - 244 - - - - - - 12.5
Plantago coronopus - 2,63 - - - - - - - - - - -
Poaceae spp. - 5.26 100 9.52 - 732 - 10 - - - 11.11 125
Potamogeton - 2.63 - - - - - - - 111 - - -
australiensis -
Potamogeton ochreatus - - - - - 732 3333 - 333 - - - 125
Potamogeton tricarinatus 9.09 - - - - - - - - - - - -
Potentilla anglica - - - - - - . - - . - - 12.5
Pratia pedunculata - 5.26 - 19.05 - 732 - 50 - - - 1111 -
Prunella vulgaris - - - - - - - - 333 - - - -
Pseudognaphalium - - - - - - - 10 - - - - -
luteo-album
Ranunculus - - - - - - - 10 - - - - .
amphitrichous
Ranunculus repens - 2.63 - - - - - - - - - 11.11 125
Ranunculus rivularis - 2.63 - - - - - - - - - - -
Rumex crispus - 2.63 - - - - - - - - - - 125
Rumex spp. - 526 100 - - - - 30 - - - 1111 25
Schoenoplectus validus - - - - - - - - - - - - -
Triglochin procerum 3636 526 - 9.52 - 219 - - - - - - 125
Triglochin spp. 4545 526 - 3333 - 293 1667 20 - - - 11.11 125
Typha spp. - - - - - - - - - 556 - 1111 -
Vallisneria americana - - - 4.76 - 171 - - - - - - -
Villarsia reniformis 2727 5.26 - 4.76 - 732 - 10 - - - - -
(b) Groups 16-28
SPECIES Gl6 G17 G18 G19 G20 G21 G22 G23 G24 G25 G26 G27 G28
Acaena novae-zelandiae - - - - - - - - - - - - -
Agrostis aemula - - - - - - - - . - - R .
Agrostis avenacea - - - - - - - - - - - - -
Agrostis stolonifera - - - - - - 100 - - - - - 375
Alisma plantago-aquatica - - - - - - - - - - R - .
Alopecurus geniculatus - - - - - - - - - - - - 12.5
Azolla filiculoides - - - - - - - 25 - - - - .
Batrachium tricophyllum - - - - - - - - - - - - -
Baumea arthrophylla - 6.25 6.25 - - - - - - - - - -
Baumea articulata - - - - - - - - - - . - .
Callitriche stagnalis - - - - - - - - . - - . .
Carex appressa - - - - - - 100 . - - - - 12.5
Carex fascicularis - - - - - - - - - - - . .
Carex gaudichaudiana - - - - 18.75 - - - - - - - 125
charophytes - - - - - - - - - - - - .
Centella cordifolia 1429 6.25 - - - - - - 6.67 - - - .
Crassula helmsii - - - - - - - - - - - - -
Cyperus gunnii - - - - - - 100 - - - - - 37.5
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Eleocharis acuta
Eleocharis pusilla
Eleocharis sphacelata
Elodea canadensis
Festuca spp.
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The following table summarises the distinguishing features of the 28 dominant spécies groups.

distance upstream, site cover and species richness.

'The group means differed significantly in substrate type, minimum and maximum depth,

Table 3.2 Mean values for vegetation cover, species richness and environmental variables

by dominant species group

Substr, substrate; Sitecover, percentage of site covered by dominant species type; Mindepth, minimum depth of
dominant species type (m); Maxdepth, maximum depth of dominant species type (m); Kmsup, distance upstream
from junction of the two rivers (kms); Stockd, stock damage at site; Rich, total number of species in dominant
species type; Bankvg, nativeness of bank vegetation; Probability values from Kruskal-Wallis Tests are shown: ***,
P <0.001; **, P<0.01; * P <0.05; ns., P>0.05. n = number of dominant species types in group.

Group p  Dominant species Substr® Mindc:pthd Maxdepth  Sitecover Rich Bankvg® Stockd® Kmsu
1 1 Batrachium tricophyllum 1 0.2 03 1.21 1 3 2 60
2 11  Baumea arthrophylla 1 0.16 0.65 6.39 364 245 2.64 99.73
3 38 Carex gaudichaudiana 1 -0.32 0.18 7.24 579 242 1.97 64.53
4 8  Charophytes 2.5 0.63 1.08 4.67 1 2.75 1.88 72.45
5 1 Cyperus gunnii 1 -0.6 0.1 13.33 8 2 3 29
6 21 Eleocharis acuta 1.24 -0.14 0.23 7.39 390 238 2.19 65
7 3 Eleocharis pusilla 1 -0.1 0.15 1.01 3 3 1.67 88.67
8 41  Eleocharis sphacelata 1.10 0.29 1.17 7.59 278 241 2.17 68.45
9 6  Elodea canadensis 117 0.57 1.56 20.18 2 2.33 2.17 5548
10 10, Hydrocotyle spp. 1.2 -0.18 0.41 17.27 9.6 22 25 63.63
11 3 Isolepis spp. 1.67 -0.03 0.38 4.83 567 3 2.33 113.6".
12 18  Isolepis fluitans 2.33 0.27 0.67 10.04 139 311 1.56 87.78
13 4 Juncus articulatus 1 -0.16 0.2 3.76 3715 25 1.25 91.75
14 9  Juncus spp. 1 -0.01 02 4.23 5 2.56 2.11 90.44
15 8  Lysimachia nummularia 1 -0.31 0.23 11.05 6.38 2.5 2.25 74.5
16 7  Neopaxia australasica 2.14 0.3 0.74 18.66 371 2.57 2.14 101.1¢
17 16  Myriophyllum salsugineum 2.19 0.21 0.8 10.47 181 281 213 85.88
18 16  Myriophyllum simulans/ 1.88 0.24 0.87 21.38 3.06 244 2.13 64.48
variifolium '
19 1 Persicaria spp. 1 0.35 0.9 1.9 5 2 2 9.8
20 16  Phragmites australis 1 -0.13 0.51 4.74 1.69 3.25 1.44 81.17
21 2 Potamogeton ochreatus 1 2.5 3 5.78 1 25 2 73.5
22 1 Ranunculus repens 1 -0.4 0.35 7.7 8 2 2 9.8
23 4 Schoenoplectus validus 1 0.13 0.71 27.14 315 2 2 55
24 15 Triglochin spp. 1.53 0.60 0.97 3.17 207 28 22 89.89
25 25 Vallisneria americana 1.16 1.06 242 17.59 1.6 22 2.28 58.88
26 1  Villarsia reniformis 1 0 0.1 1.94 1 2 2 61
27 1 Typha spp. 1 0 0.5 9.23 4 2. 2 108
28 8  Poaceae spp. 1 -0.21 0.28 15.85 675 238 2.25 41.98
P * k% * % % %k % * % k% n.s. n.s. ¥k

3Substrate, 1 = mud, 2 = mud/rock, 3 = gravel, 4 = rock
*Nativeness of bank vegetation, on a scale of 1-6 from least native to most native
“Stock damage, 1-3 from none to severe

‘negative depth readings indicate height above water level
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3.4.1.2 Relationships between environmental variables and cover and richness of

dominant species types.

Table 3.3 shows the correlations between the percentage cover and species richness of the
dominant species types and environmental variables. The environmental variables that were
most strongly related to the richness and % site cover of the dominant species types were
‘rockiness of substrate’, distance upstream, maximum and minimum depth, river form and
‘nativeness of bank vegetation’. Percentage cover was significantly related to form and species
richness was significantly related to bank vegetation type. These variables were all inter-

related, see Chapter 4, and varied from reach to reach along the two rivers.

A Kruskal-Wallis test (P = 0.00) showed that dominant species types found on mud were richer
in species than those found on rocky substrates. Gravel dominant species types were particularly
species poor. Note that the majority of dominant species types were found on mud,-although
more of the aquatic dominant species groups were found on gravel or rock than marginal

dominant species groups.

Table 3.3 Correlations between the richness and cover of the dominant species types, and
environmental variables. Spearmans rank correlation coefficients (P < 0.05) are used for

continuous variables and Kruskal-Wallis probabilities for ordinal variables.

Substr, substrate; Sitecover, percentage of site covered by dominant species type; Mindepth, minimum depth of
dominant species type; Maxdepth, maximum depth of dominant species type; Kmsup, distance upstream from
junction of the two rivers; Stockd, stock damage at site; Rich, total number of species in dominant species type;
Bankvg, nativeness of bank vegetation; Form, form of river site. Kruskal-Wallis Test Probabilities: ***, P < 0.001;
** P<0.01; *,P<0.05; -,P>005.

mindepth maxdepth sitecover rich bankvg” stockd® kmsup  form®

substr® *kx - _ P % %k * [Py
mindepth 0.80 - -0.47 - - - **
maxdepth 0.16 -0.35 - - 0.21 *xx
sitecover 0.32 . - 0.18 ¥k
richness o - -0.15 -
bankvg %% - *
stockd *hk *kE

*Substrate type, 1 = mud, 2 = mud/rock, 3 = gravel, 4 = rock

®Nativeness of bank vegetation, on a scale of 1-6 from least native to most native
“Stock damage, 1-3 from none to severe

4 Form of river site; run, riffle or pool.
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3.4.1.3 Multi-dimensional scaling of dominant species groups

The 28 dominant species groups formed distinct clusters (figure 3.1), and separated well allong
the minimum depth and maximum depth vectors (which were almost parallel). The positioning
of the dominant species groups shows that species assemblages dominated by Elodea
canadensis, Vallisneria americana, and Neopaxia australasica were found deepest,»and those
dominated by Juncus species, Poaceae species, Carex gaudichaudiana and Lysimachia
nummularia were found in the shallowest water. Species assemblages dominated by Carex
gaudichaudiana, Lysimachia nummularia and Poaceae species appeared in the top right of the
first chart, which placed them high on the 'species richness' vector. Species assemblages
dominated by Elodea canadensis, Baumea arthrophylla, Neopaxia australasica and Triglochin
species appear in the bottom left corner, low on the richness vector. Neopaxia australasica and

Triglochin dominated assemblages clustered highest on the 'rockiness of substrate' vector. -

Table 3.4 shows the correlations between the dominant species group scores on the ordination
axes and the environmental variables, species richness and cover. The maximum correlation
coefficients (R) from the vector fitting are shown for continuous variables. Minimum and
maximum depth were the environmental variables that correlated most strongly with the
ordination space. Distance upstream was also significantly correlated. Species richness showed

a stronger correlation than vegetation cover.
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( Figure 3.1a Dominant species groups

]
F
1
i
1
l " X
| % X -
1 * o
A 0% o e Nx § ] w Rl
A A : ) (o] - m N .
A 2 ., '. + A X
\‘ +0 ®x . a X X
- ¢
o~ + oo © - X
o ] + T o to X ° Oo
x L 3 “o i o
© *. + s
+ ® =n
_ %
| richness X
X
maxdepth
Aﬁ T fl T T
mindepth %sitecoVer
bankveg
substrate - kms upstream
axis 1
@ Baumea arthrophylla M Carex gaudichaudiana A Charophytes X Eleocharis acuta X Eleocharis pusilla
® Eleocharis sphacelata + Elodea canadensis = Hydrocotyle Isolepis » Isolepis fluitans
W Juncus articulatus A Juncus O Lysimachia nummularia X Neopaxia australasica Myriophyllum salsugineum
+ Myriophyllum simulans/variifolium O Phragmites australis - Potamogeton ochreatus @ Schoenoplectus validus W Triglochin
A Vallisneria americana X Poaceae spp.

50



Figure 3.1b Dominant species groups
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Figure 3.1c Dominant species groups
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Table 3.4 Correlations between the dominant species type scores on the ordination axes
and environmental variables. Spearmans rank correlation coefficients (P < 0.05) were used

for continuous variables and Kruskal-Wallis test probabilities were used for categoric variables.
Substr, substrate; Mindepth, minimum depth of dominant species type; Maxdepth, maximum depth of dominant
species type; Sitecover, percentage of site covered by dominant species type; Richness, total number of species in
dominant species type; Stockd, stock damage at site; Bankvg, nativeness of bank vegetation; Kmsup, distance
upstream from junction of the two rivers; Kruskal-Wallis Test Probabilities: ***, P < 0.001; **, P<0.01; *, P <
0.05; -, P> 0.05.

Variable Axis 1 Axis 2 Axis 3 Axis 4 R!
SubStl’a * % % %k % %k %k % - -
Mindepth 0.73 -0.26 - - 0.71
Maxdepth -0.67 0.18 - - 0.71
Sitecover - - 0.17 - 0.21
Richness 0.28 0.25 0.13 0.18 0.46
Stockd® *x - - - -

. Bankvgb - - - - -
Kmsudp - -0.16 - 0.12 0.20
Form * ¥ * % * %k - -

“Class of substrate, 1 = mud, 2 = mud/rock, 3 = gravel, 4 = rock

®Nativeness of bank vegetation, on a scale of 1-6 from least native to most native
‘Stock damage, 1-3 from none to severe

“Form of river site; run, riffle or pool )

'Maximum R correlation value from vector fitting in DECODA (Minchin 1990)

3.4.1.4 Geographical distribution of the dominant species groups‘

In the following description the terms ‘upper reach’, ‘middle reach’ and ‘lower reach’ refer to
the position of these reaches on the sections of river included in this study. They do not refer to
the river as a whole. Figures 3.2 (a)-(d) illustrate the geographical distribution of dominant

species groups.

The most common vegetation assemblages on the upper reach of the Macquarie (between
Tooms River and the Blackman River) were those dominated by Myriophyllum salsugineum,
Baumea arthrophylla, Juncus species and Triglochin species.

The middle reach of the Macquarie (between the Blackman River and Brumbys Creek)

consisted of dominant species groups Myriophyllum salsugineum, Myriophyllum
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simulans/variifolium, Lysimachia nummularia, Neopaxia australasica, Elodea canadensis,
Hydrocotyle species, Baumea arthrophylla, Carex gaudichaudiana, Eleocharis acuta,
Eleécharis sphacelata, Triglochin species and Vallisneria americana.

The most common dominant species groups on the lower reach of the Macquarie (from
Brumbys Creek to the junction with the South Esk) were those dominated by Hydrocotyle

species, Carex gaudichaudiana, Poaceae species and charophytes.

The upper reacﬁ of the South Esk (between Fingal and Storys Creek) was dominated by
Triglochin species, Isolepis fluitans, Carex gaudichaudiana, Eleocharis sphacelata and
charophytes.

The middle reach of the South Esk (between Storys Creek and Buffalo Brook) was dominated
by Phragmites australis, Isolepis fluitans and occa.sionally Juncus species, Eleocharis acuta and
Eleocharis sphacelata. .

The most common dominant species types along the lower reach of the South Esk (between
Buffalo Brook and the junction with the South Esk) were Phragmites australis, Myriophyllum
salsugineum/variifolium,Isolepis fluitans, Carex gaudichaudiana, Eleocharis sphacelata,

Eleocharis acuta, Vallisneria americana and Poaceae species.
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Figure 3.2(a) Geographical distribution of dominant species groups
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Figure 3.2(b) Geographical distribution of dominant species groups
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‘Figure 3.2(c) Geographical distribution of dominant species groups
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Figure 3.2(d) Geographical distribution of dominant species groups
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3.4.2 Results of the analysis of the site vegetation using all species

3.4.2.1 The species composition and geographical distribution of all-species groups

Eight groups were selected from the sorted table produced by TWINSPAN. Table 3.5 shows
the percentage frequency of species in each group, figure 3.3 illustrates the geographical
distribution of groups along the two rivers and figure 3.4 shows the indicator species for each

TWINSPAN division:

1. Group 1 sites had very féw species. All group 1 sites contained the submerged aquatic
. species Isolepis fluitans, more than three-quarters contained the marginal species Carex
gaudichaudiana and two-thirds the emergent aquatic Phragmites australis. This group of
nine sites was mostly found along a section of the upper half of the South Esk, starting just

downstream of the confluence with Storys Creek.

2. The thirty group 2 sites all had Juncus species present, and most also had Isolepis fluitans,
Triglochin speciés, Eleocharis sphacelata, E. acuta and Carex gaudichaudiana. Many had
other aquatic and marginal species as well. That is, group 2 sites were species ﬁch with a
mixture of species of different growth forms. Group 2 was found along almost the entirety
of the South Esk, but in only three points on the Macquarie - two upstream of Ross and one

downstream of Brumbys Creek.

3. Group 3 sites were dominated by aquatic species, with very few marginal species. Almost
all sites contained Triglochin species, most commonly associated with Eleocharis
sphacelata, Myriophyllum salsugineum, Isolepis fluitans and/or Juncus species. The
eighteen group 3 sites were found predominantly in the upper half of the Macquarie, higher

than any major tributaries or sewage treatment plants.

4. Group 4 sites also almost all contained Triglochin species, Eleocharis sphacelara and
Eleocharis acuta, along with a range of other species such as Myriophyllum species and/or

Vallisneria americana, and/or the marginal species Carex gaudichaudiana, Hydrocotyle
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species, Lysimachia nummularia and Persicaria species. More than a third of the sites
contained Elodea canadensis. The twenty-five group 4 sites only occurred in the mid and
lower reaches of the Macquarie, between the sewage treatment ponds at Ross and the

confluence with Brumbys Creek.

The most common species in group S sites were Juncus species and Eleocharis acuta.
These sites were conspicubusly low in submerged or floating-leaved species, with only
Triglochin species and Isolepis fluitans occurring frequently. The marginal species
Persicaria species, Lotus species, Leontodon taraxacoides, Myosotis caespitosa and Carex
gaudichaudiana were also frequent. The nine sites in group 5 occurred only in the very high
reaches of the South Esk (upstream of Storys Creek) and the very low reaches of the

Macquarie (downstream of Brumbys Creek).

Group 6 sites contained a mixture of marginal and aquatic species. Triglochin species,
Eleocharis sphacelata, and Potamogeton ochreatus were found in each of these sites, as
were the marginal species Juncus species, Hydrocotyle species, Persicaria species,
Lysimachia nummularia, Pratia species and Carex appressa. There were only 5 sites in
group 6, clustered together about a third of the way up the Macquarie, downstream of both

the Ross and Campbelltown sewage outflows.

The three sites in group 7 were distinct in that they had almost no submerged or floating-
leaved vegetation, apart from occasional Potamogeton ochreatus plants, but shared common
emergent and marginal species such as Juncus species and Eleocharis acuta, Lysimachia
nummularia, Lotus species, Agrostis species, Alopecurus geniculatus and Lolium species.
These 3 sites all appeared just downstream of the confluence of Brumbys Creek with fhe

Macquarie.

The banks of group 8 sites were so thickly infested with willows that there was no marginal

or aquatic vegetation. All 3 of these sites were in the lower third of the South Esk.
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Table 3.5 Percentage frequency of marginal and aquatic species in each TWINSPAN group.
Group 8 was not included as these sites had no aquatic or marginal vegetation.
n= number of sites, “signifies exotic species.

SPECIES Groupl Group?2 Group3 Group4 Group5 Groupb Group7
(n=9) (n=30) (n=18) (n=25) (n=9) (n=5) (n=3)

Acaena novae-zelandiae - - - - 11,11 - -
Agrostis aemula - - 5.56 - - - -
Agrostis avenacea - - - - 11,11 - -
*Agrostis stolonifera - 3.33 - - 33.33" 80.00 100.00
*Alisma plantago-agquatica - 13.33 - 4.00 - - -
‘Alopecurus geniculatus - - 5.56 4.00 - 80.00 ©100..00
Azolla filiculoides - - - 4.00 ' - - -
Batrachium tricophyllum - 3.33 5.56 - - - -
Baumea arthrophylla 11.11 6.67 33.33 28.00 - 40.00 -
Baumea articulata - - 11.11 - - - -
Byophytes - - - - 22.22 - -
callitriche stagnalis - 10.00 - - - - -
Carex appressa - - 11.11 4.00 11.11 100.00 66.67
Carex fascicularis - - 5.56 - - - -
Carex gaudichaudiana 77.78 70.00 38.89 68.00 55.56 40.00 -
Charophytes - - - 4.00 - - -
Centella cordifolia - 13.33 22,22 8.00 33.33 20.00 -
Crassula helmsii - 3.33 - - - - -
Cyperus gunnii - 16.67 - 44.00 33.33 - -
Cyperus lucidus - 3.33 5.56 - 11.11 - -
Eleocharis acuta 22.22 63.33 33.33 88.00 77.78 60.00 100.00
Eleocharis pusilla - 6.67 5.56 - - - -
Eleocharis sphacelata - 63.33 50.00 80.00 44.44 100.00 -
‘Elodea canadensis . 10.00 5.56 40.00 11.11 60.00 -
"Festuca spp. - 3.33 11.11 - 11.11 - -
“Galium palustrium - 10.00 - - 33.33 60.00 : -
Geranium spp. - - - 4.00 - - -
Gratiola spp. - - - - 11.11 - -
Haloragis heterophylla - - 5.56 - - - -
Hemarthria uncinata - 10.00 - - - - -
*Hordeum marinum

ssp.gussoneanum - - - - - 60.00 -
Hydrocotyle hirta - - 5.56 16.00 - 20.00 -
Hydrocotyle pterocarpa - - 5.56 - - . - -
Hydrocotyle spp. 11.11 50.00 11.11 44,00 44.44 100.00 -
Hypericum spp. - - - - 11.11 - -
Isolepis fluitans 100.00 63.33 38.89 32.00 66.67 20.00 -
Isolepis inundata - - 5.56 - 22.22 - -
Isolepis spp. 100.00 65.67 40.02 34.00 70.44 - -
*Juncus articulatus - 36.67 16.67 4.00 88.89 100.00 100.00
Juncus astreptus - 26.67 5.56 - 33.33 20.00 100.00
Juncus australis - 6.67 - - - - 66.67
Juncus holoschoenus - - 5.56 4.00 11.11 - -
Juncus procerus - 53.33 11.11 - 33.33 20.00 -
Juncus spp. i - 93.33 44,44 12.00 77.78 100.00 100.00
"Leontodon taraxacoides 11,11 10.00 - 20.00 55.56 80.00 100.00
Leptinella reptans - - - 28.00 11.11 20.00 -
Lilaeopsis brownii - 3.33 11.11 12.00 11.11 - -
‘Lolium perenne ' - - - 12.00 22.22 80.00 100.00
*Lotus pedunculatus - - 5.56 - - - -
“Lotus spp. - - 5.56 8.00 66.67 - 100.00
‘Lotus tenuis - - 5.56 - - - -
‘Lysimachia nummularia - 20.00 33.33 . 80.00 44.44 100.00 100.00
*Mentha pelugium - - - ' - - 80.00 -
Neopaxia australasica - 6.67 16.67 24.00 22.22 - -

61



"Myosotis caespitosa 11.11 6.67 5.56
Myriophyllum amphibian - 23.33 5.56
Myriophyllum pedunculatum
ssp. pedunculatum - - 5.56
Myriophyllum salsugineum 11.11 10.00 61.11
Myriophyllum simulans/
variifolium - 40.00 5.56

Nymphoides spp. - - -
Oxalis perennans - -
Persicaria decipiens - 3.33 -
bPersicaria hydropiper - 3.33 -
Persicaria prostrata - - -

Persicaria spp. - 13.33 -
Phragmites australis 66.67 53.33 -
*Plantago coronopus - - -
Potamogeton australiensis - 20.00 16.67
Potamogeton ochreatus - 16.67 16.67
Potamogeton perfoliatus - - -
Potamogeton tricarinatus - 3.33 16.67
“Potentilla anglica - - -
Pratia pedunculata 11.11 6.67 -

*Prunella vulgaris - - -
.Pseudognaphalium luteo-album - - -
Ranunculus amphitrichous - ~ -
*Ranunculus repens - - -
Ranunculus rivularis - - .-
‘Rumex crispus - - -
*Rumex spp. - 3.33 -
Schoenoplectus validus - - -
"Trifolium spp. N -
Triglochin procerum - 33.33 77.78

Triglochin spp. 44.44 60.00 88.89
Triglochin striatum 11.11 6.67 -
*Typha spp. - - 16.67
Vallisneria americana - 33.33 5.56
Villarsia reniformis - - 5.56
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Figure 3.3 Geographical Distribution of TWINSPAN groups of sites using all species
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Figure 3.4 Dendrogram showing the preferential species for each TWINSPAN cluster,
using presence/absence data for aquatic and marginal species in all sites on the
Macquarie and South Esk Rivers. Groups with species names in brackets are defined by the
absence rather than the presence of these species. Group numbers are given in bold.

n = number of sites.

(Juncus spp.
___Eleocaris sphacelata)
Juncus spp. (@=9)
- Phragmites australis
(n=39) Eleocharis sphacelata
Juncus procera
Triglochin procerum (n=30)
’ ‘ Juncus spp.
n=82) i : Charophvtes
Myriophyllum salsugineum.
Lysimachia nummularia (n=18)
Eleocharis acuta
(n=43) Persicaria spp.
Myosotis caespitosa (n=25)
Isolepis spp.
Agrostis stolonifera =9 '
Eleocharis sphacelata
@ N 17) » Hydrocotyle spp.
Potamogeton ochreatus (n=5)
Alopecurus geniculatus
Ranunculus repens
) (n=8) Lotus spp.
@=3)

3.4.2.2 Variation in site cover, species richness and diversity between the TWINSPAN

groups

There was a significant difference between the TWINSPAN groups in all richness, cover and
diversity variables, see table 3.6. Group 6 had a significantly higher percentage cover of aquatic

and marginal vegetation than groups 1, 3, 7 and 8. Group 6 also had a higher total species
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richness than all other groups, a higher exotic species richness than groups 1, 3 and 8, and a
higher aquatic species richness than groups 1, 7 and 8. Group 6 had a higher species diversity

than groups 1 and 2.

Groups 5, 6 and 7 had a significantly higher exotic species richness and proportion of exotic
species than all other groups. Groups 5 and 7 also had a lower proportion of aquatic species

- than the other groups. Group 1 had a lower total species richness and a lower exotic species
richness than all groups except group 8. Group 1 also had a lower diversity than groups 4, 5, 6
and 7.

It is important to note that as there was only one exotic aquatic species found in this study
(Elodea canadensis), a high exotic species richness implies a large number of exotic marginal
species, that is, pasture species. This explains the low proportion of aquatic species in sites with

a high proportion of exotic species.

Table 3.6 Mean values of species richness and cover for the TWINSPAN groups.

%cover, percentage of site covered by aquatic and marginal vegetation; Totrich, total number of species; Exrich,
number of exotic species; Exr/totr, proportion of exotic species; Aqrich, number of aquatic species; Aqr/tr,
proportion of aquatic species; Diversity, Shannon diversity. Probability values from Kruskal-Wallis tests are

' shown: ***, P < 0.001; n = number of sites.

Groupl Group2  Group3 Group4  Group5  Group6 Group7  Group8 P
n=9 n=30 n=18 n=25 = n=9 n=5 n=3 n=3
%cover 12.14% 25.00%° 14.25* 44.83® 23.06°° 79.28° 4.74*° 0° s
Totrich 411°  106*  839°  12.16* 16.44° 238¢ 1533 ¢° *okk
Exrich 022° 1.17®  094° 1.96®  511° 9° 9.33% 0° ok
Ext/totr | 0.03°  0.11° 0.11° 0.16*®  032* . 038* 061° - *k
Agrich 2.78%  5.7%° 5.78%¢ 72% "5 ggb 267  0F° s
Aqr/tr 0.71*  0.52%  071* 061*  032° 037 0.17°¢ - wokk
Diversity | 0.37°  0.67™  0.69™ 0.75*°  0.87*°  1.02° 0.94% - *
R any letter is the same then figures are not significantly different- from Dunn’s Method of Pairwise
comparisons ' '
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3.4.2.3 Environmental variation between TWINSPAN groups using all species

There were significant differences between the TWINSPAN groups in many of the
environmental variables, see table 3.7. Although the groups were found to vary significantly in
velocity, substrate, bank height, depth and stock damage, significant pairwise differences
between groups at £<0.05 could not be determined using Dunn’s method of pairwise
comparisons.

Group 1 sites had the lowest mean values for ‘slowness of current velocity’ and depth, and the
highest mean value for ‘rockiness of substrate’. This indicates that group 1 sites were rockier,
faster flowing and shallower, suggesting that they occurred on a higher proportion of riffles than

the other groups. Group 1 sites were also significantly narrower than groups 2 and 6.

Groups 1, 5 and 8 were significantly different to group 6 in the percentage of shading from the
bank vegetation. Groups 1,5 and 8 had a high percentage of shading whereas group 6 had a low
. percentage of shading. Groups 1 and 8 had a significantly lower level of stock damage than

group 6.
Group 8 had much higher banks than the other groups. Groups 2 and 4 also appeared to have

relatively high banks. The mean bank height for group 6 sites was lowest.

Group 3 was found further upstream than groups 4, 7 and 8.
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Table 3.7 Mean values of environmental variables by TWINSPAN group. Vel, slowness of
current velocity; %shade, percentage of site overshadowed by bank vegetation; Substr, dominant substrate;
Bankht, height of bank on highest side; Width, maximum width at site; Depth, maximum depth at site; Bankvg,
nativeness of bank vegetation; Kmsup, distance upstream from junction of the two rivers; Erosion, visible erosion
of banks; Stockd, obvious trampling by stock; Probability values from Kruskal-Wallis tests are shown: ***, P <
0.001; **, P <0.01; *, P<0.05; ns., P>0.05. n=number of sites.

Groupl Group2 Group3 Group4 Group5S Group6 Group7 Group8 P
n=9 n=30 n=18 n=25 n=9 n=5 n=3 n=3
Vel 167" 237 2.78 2 1.89 2.6 2.33 267 @ *
%shade | 37.03° 825®°  8.15® 500® 19.73* 0O° 12.87°  46.67°  ***
~ Subst?* [3.117 227 2.17 1.72 2.67 1 1.33 1 **
 Bankht |1.84°  2.89 1.08 2.53 1.67 0.98 137 - 55 **
Width [ 152 37.1°  22.17®  18.98* 27.44% 364 4567 56.67 ***
Depth® | 167"  2.37 2.06 2.2 1.89 3 3 2.33 *
Bankvg® | 333 29%®  35° 26® 267" 2 2® 1° *
Kmsup |97.19% 76.16* 112.02° 65.08% 97.81° 656%™ 17.33° 33.33% #x«
Erosion® | 1.56 1.63 1.72 1.88 1.89 2 1.67 233 ns.
Stockd® |1.22"  1.67 1.78 2.16 1.89 2.6 2 1 *

'Slowness of current velocity, 1=fast (riffle) 2=slow (run) 3=no discernible current velocity (pool)
2 ‘Rockiness’ of substrate, 1=mud, 2=mud/rock, 3=gravel, 4=rock
“Depth,1 =<1m,2=12m,3=>2m :
“Nativeness of bank vegetation, on a scale of 1 to 6 from least native to most native
*Erosion, 1-3 from none to severe
>Stock damage, 1-3 from none to severe
abeyp any letters are the same the figures are not significantly different, from Dunn’s Method of Pairwise
fomparisons. : -
Although a Kruskal-Wallis test found that the groups were significantly different at P<0.05, the pairwise test was
not able to determine which pairs differed.

3.4.2.4 Multidimensional scaling (MDS) of sites using all species

A three-dimensional solution to the ordination was found to be most useful.

The eight TWINSPAN groups were plotted onto two scattercharts using the MDS ordination
axes (figure3.5). Groups 1, 3, 4, 6 and 7 clustered together separately to the other groups on at
least one of the charts. Groups 2 and 5 were not easily distinguishable. Group 8 did not appear
at all because group 8 sites had no aquatic or marginal vegetation. The scattercharts illustrate
the correlations between the environmental variable vectors and the TWINSPAN groups. They
also illustrate relationships between the environmental and vegetation cover/richness variables
themselves, for example, on both charts percentage cover and aquatic species richness are
almost parallel, showing the correlation between aquatic richness and percentage vegetation

cover.
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axis 2

jﬁgure 3.5a TWINSPAN groups of sites using all species
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axis 3

\Figure 3.5b TWINSPAN groups of sites using all species
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Table 3.8 shows that percentage cover and aquatic species richness were the variables most
highly correlated with the positioning of sites along the first axis. Stream width, depth and
current velocity were the (inter-related) variables most strongly correlated with the second axis,
whereas proportion of aquatic species and margihal species richness were most strongly
correlated with the third axis. Correlation coefficients (maximum R values) from the vector
fitting are also shown in table 3.8. Percentage shading, stream width, distance upstream,
percentage vegetation cover, aquatic and marginal species richness and diversity were all

significantly correlated with the ordination values from MDS.
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Table 3.8 Correlations between the site scores on the MDS axes and the maximum R
values from vector fitting, and environmental variables, species richness and cover.
Spearmans rank correlation coefficients (P < 0.05) are shown for continuous vanables and

Kruskal-Wallis probabilities are shown for categoric variables.

Velocity, slowness of current velocity; %shade, percentage of site overshadowed by bank vegetation; Substr,
dominant substrate; Bankht, height of bank on highest side; Width, maximum width at site; Depth, maximum
depth at site; Bankvg, nativeness of bank vegetation; Kmsup, distance upstream from junction of the two rivers;
Erosion, visible erosion of banks; Stockd, obvious trampling by stock; %cover, percentage of site covered by
aquatic and marginal vegetation; Diversity species diversity using ?Shannon index; Totrich, total number of
species; Exrich, number of exotic species; Exr/totr, proportion of exotic species; Agrich, number of aquatic
species; Aqr/tr, proportion of aquatic species. Probability values from Kruskal-Wallis Tests are shown: ***, P <
0.001; **, P <0.01; *, P <0.05; -,P>0.05. :

Axis1 Axis2 Axis3 MaxR!

Velocity® -~ *** - -
%shade  0.38 0.22 - 0.42
Substr® oKk - - -
Bankht - - - -
Width - -0.49 0.31 0.51
Depth® - okok - -
Bankvg * - K -
Kmsup 0.33 - -0.29 0.37
Erosion® - - - -
Stockd! ook - - -
%cover  -0.86 0.37 - 0.86
Diversity - -0.23 - 0.35
Totrich -0.45 - - 0.52
Exrich -0.21 - 0.27 0.30
Exr/totr - - 0.24 -
Agrich -0.63 - - 0.65
Mrich -0.25 - 0.36 0.40
Aq/tr - . 042 -

“Slowness of current velocity, 1=fast 2=slow 3=no discernable current velocity

® ‘Rockiness’ of substrate, 1=mud, 2=mud/rock, 3=gravel, 4—rock

cDepthl <1m,2=1-2m,3=>2m .
*Nativeness of bank vegetation, on a scale of 1-6 from least native to most native
°Erosion, 1-3 from none to severe

'Stock damage, 1-3 from none to severe

'Maximum R-value from Vector Fitting in DECODA (Minchin 1990)
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3.4.3 Results of the analysis of the site vegetation using aquatic species only

3.4.3.1 The species composition and environmental characteristics of the Aquatic

- Groups

Nine groups were apparent from the TWINSPAN sorted table. Table 3.9 shows the percentage
frequency of species in each aquatic group, figure 3.6 illustrates the geographical distribution of

aquatic groups, and figure 3.7 shows the indicator species for each TWINSPAN division:

1. Agquatic group 1 consisted of four sites containing Eleocharis acuta and very little else.
Three of the sites contained Potamogeton ochreatus and two Phragmites australis. Three
of these sites were grouped together on the Macquarie just below the junction with Brumbys

Creek, and one was on the South Esk just upstream of Avoca.

2. The fifteen aquatic group 2 sites all contained Eleocharis sphacelata, most also contained
Eleocharis acuta,and more thaﬁ half contained Vallisneria americand, Phragmites australis
and/or Triglochin species. Potamogeton ochreatus, Myriophyllum simulans and Isolepis
fluitans were also common. These sites were fairly evenly spaced along the South Esk, with

only one occurring on the Macquarie.

3. The eighteen aquatic group 3 sites all contained 7 riglochiri species (mostly Triglochin
procefum), Eleocharis sphacelata, and Vallisneria americana (in all but one). Several other
species were common, including Eleocharis acuta (in all but 3) Potamogeton ochreatus,
Myriophyllum simulans, Myriophyllum salsugineum, Villdrsia reniformis and Elodea
canadensis. Most of this group were found on the Macquarie between Ross and the
confluences with the Lake River and Brumbys Creek. Two were on the South Esk between
Buffalo Brook and the confluence with the Nile River.

4. Aquatic group 4 sites all contained Triglochin procerum. Myriophyllum salsugineum,

FEleocharis sphacelata and Baumea arthrophylla each occurred in about half of the 14 sites,
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Eleocharis acuta in a third and several other species only in one or two sites. Ten of these
sites were found in the top section of the Macquarie, above any towns or major tributaries.
Three were found lower in the Macquarie, below the confluence with the Elizabeth River,

and one was in the South Esk at Fingal.

Aquatic group 5 sites almost all contained Isolepis fluitans, Triglochin species band
Myriophyllum salsugineum or Myriophyllum simulans. Eleocharis sphacelata and
Eleocharis acuta were also very common, and Neopaxia australis and Elodea canadensis
each occurred in about a third of the 24 sites in this group. These sites were found scattered
along much of the Macquarie upstream of Brumbys Creek, with a particularly dense cluster

around Ross. They were also found in the lower half of the South Esk.

The twelve aquatic group 6 sites were characterised by the presence of Triglochin species,
Isolepis fluitans, charophytes and/or Eleocharis acuta. Each of these species was found in
at least seven of the twelve sites. Other species were not common in this group. The lowest
three sites on the Macquarie and the bottom South Esk site were in aquatic group 6. The

other sites in this group were mostly found in the upper half of the South Esk.

The eight aquatic group 7 sites were species poor. All contained Phragmites australis and
Isolepis fluitans. Four also contained Eleocharis acuta and three contained Triglochin
species. These sites were all on the South Esk. Six were found between Storys Creek and
Buffalo Brook, with only one found upstream of Storys Creek and one in the lower third of

the river.

The four aquatic group 8 sites all contained Isolepis fluitans and almost nothing else. They
all were found on the South Esk, three in the river section just downstream of Avoca (and so

downstream of Storys Creek), and one upstream of Storys Creek.

. The bank vegetation at the three aquatic group 9 sites was so willow choked that there was
no aquatic vegetation. These sites were all on the lower section of the South Esk, two on

pools at Perth and one on a run upstream of the confluence with the Nile River.
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Table 3.9 Percentage frequency of species in Aquatic Groups

SPECIES GRP1 GRP2 GRP3 . GRP4 GRP5 GRP6 GRP7 GRP8
(n=4) (n=15) (n=18) (n=14) (n=24) (n=12) (n=8) (n=4)
Alisma plantago-aquatica - 13.33 5.56 - 8.33 - - -
Azolla filiculoides - - - - 4.17 - - -
Batrachium tricophyllum - 6.67 - - 4,17 - - -
Baumea arthrophylla - - 33.33 57.14 8.33 8.33 12.50 -
Baumea articulata - - - 14.29 - - - ~
Callitriche stagnalis - - 5.56 - 8.33 - - -
Charophytes - 6.67 11.11 14.29 8.33 58.33 - -
Eleocharis acuta 100.00 86.67 83.33 35.71 58.33 58.33 50.00 -
Eleocharis pusilla - 13.33 - 7.14 - - - -
Eleocharis sphacelata - 100.00 100.00 42.86 58.33 16.67 25.00 -
Elodea canadensis - 13.33 38.89 - 29.17 16.67 - -
Isolepis/Shoenus fluitans - 33.33 16.67 14.29 83.33 66.67 100.00 100.00
Isolepis inundata - - - - - 16.67 - 25.00
Isolepis spp. - 40.33 16.67 14.29 83.33 72.00 100.00 100.00
Lilaeopsis brownii - 20.00 - - 12.50 8.33 - -
Neopaxia australasica - 6.67 - - 37.50 25.00 - -
Myriophyllum amphibian - 33.33 5.56 - 12.50 8.33 - -
Myriophyllum pedunculatum
ssp. pedunculatum - - - 7.14 - - - -
Myriophyllum salsugineum - 6.67 44.44 50.00 54.17 8.33 - -
Myriophyllum simulans/ ) :
variifolium - 46.67 50.00 - 41.67 16.67 - -
Phragmites australis 50.00 53.33 27.78 14.29 25.00 16.67 100.00 -
Potamogeton australiensis - 6.67 - 21.43 20.83 8.33 ) - -
Potamogeton ochreatus 75.00 40.00 50.00 7.14 - 8.33 - -
Potamogeton perfoliatus - . 11.11 - - - - -
Potamogeton tricarinatus - - - 14.29 4.17 25.00 - -
Triglochin procerum - 33.33 77.78 100.00 54.17 8.33 - -
Triglochin spp. - 53.33 100.00 100.00 79.17 83.33 37.50 25.00
Triglochin striatum - 6.67 - - - 25.00 12.50 25.00
Typha spp. - - 5.56 14.29 4.17 - - -
Vallisneria americana - 66.67 94.44 - 4.17 - - -
Villarsia reniformis - - 38.89 14.29 12.50 - - -
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Figure 3.6 Geographical distribution of TWINSPAN groups of sites using aquatic species only
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Figure 3.7 Dendrogram showing the preferential species for each TWINSPAN cluster,
using abundance data for aquatic species in all sites on the Macquarie and South Esk
Rivers. Groups with species in brackets are defined by the absence of these speciess rather
than the presence. Group numbers are given in bold type. n = number of sites.
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Eleocharis sphacelata (n=37)
Potamogeton ochreatus
Triglochin spp.
(n=51) Vallisneria americana
(n=18)
Triglochin procerum
Baumea arthrophylla
(n=14)
Isolepis fluitans
Myriophyllum salsugineum * Myriophyllum salsugineum
Triglochin procerum
Neobnaxia australasica (n=24)
Charophytes
(n=36) Triglochin striata
=12
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3.4.3.2 Variation in percentage cover and species richness between the TWINSPAN Aquatic

Groups

Table 3.10 shows the variation in percentage cover and species richness between the
TWINSPAN Aquatic Groups. Aquatic group 3 was significantly richer in species than
équatic groups 7, 8 and 9. Aquatic group 3 also had the greatest percentage site cover,
significantly more than aquatic groups 1,4, 6, 8 and 9. Aquatic group 5 had a ‘significantly

higher site cover than aquatic groups 1 and 9.

Table 3.10 Mean values for cover and richness by aquatic group
Agrich, number of aquatic species; Agcover, percentage site cover of aquatic species. Probability values from

Kruskal-Wallis tests are shown: *** P <0.001; ** P <0.01; *, P <0.05; ns., P> 005. n=number of
sites.

Groupl Group2 Group3 Group4 GroupS Group6 Group7  Group8  Group9 P

n =4 n=15 n=18 n=14 n=24 n=12 n=8 n =4 n=3
Agrich  2.25*  6.6* 8" 543*®  642® 508* 3.38° 225 0* ok
Agqcover 0.33° 16.44% 43.02° 7.35*  37.00® 6.52* 10.49% 2.92* 0° okok

=2 If any letter is the same then the figures are not significantly different
3.4.3.3 Differences in environmental variables between aquatic groups

Table 3.11 shows the environmental variation between aquatic groups. Aquatic group 3 had a
significantly higher level of stock damage than aquatic groups 7 and 9. Aquatic group 3
occupied sites with significantly less shade than aquatic groups 7, 8 and 9.

Aquatic group 2 was found in sites with a significantly faster current velocity than aquatic
groups 5 and 6. Although the groups were found to vary significantly in substrate, depth and
bank vegetation, significant pairwise differences between groups at P < 0.05 could not be
determined using Dunn’s method of pairwise comparisons.

The largest difference in mean values of substrate ‘rockiness’ between the aquatic groups was
between group 8 and groups 3 aﬁd 9. Gfoup 8 was higher on this scale than groups 3 and 9.
Aquatic groups 1 and 3 had the highest ‘mean depth’ values, substantially higher than group
8. Aquatic group 4 had the highest mean score on the ‘nativeness of bank vegetation’ scale,

substantially higher than groups 3 and 9.
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Table 3.11 Mean Values for Environmental Variables by Aquatic Group

Vel, slowness of current velocity; %shade, percentage of site overshadowed by bank vegetation; Substr,
dominant substrate; Bankht, height of bank on highest side; Width, maximum width at site; Depth, maximum
depth at site; Bankvg, nativeness of bank vegetation; Kmsup, distance upstream from junction of the two rivers;
Erosion, visible erosion of banks; Stockd, obvious trampling by stock; Probability values from Kruskal-Wallis

tests are shown: ***, P < 0.001; **, P <0.01; *, P <0.05; ns., P >0.05. n=number of sites.

Groupl  Group2 Group3 Group4 Group5 Group6 Group7 Group8 Group9 P

n=4 n =15 n =18 n=14 n =24 n=12 n=8 n=4 n =3
vell  225® 2.67° 2.44% 25%® 1.71% 1.83*  1.88% 2%® 267% *xx
%shade 1021  7.44% 1.93° 3.57% 12.02® 99 27.93° 50.21% 46.67° *
Subst?  1.75° 22 1.67 2.21 2.17 2.67 2.88 3 1 **
Bankht  1.53 3.93 2.01 2.12 1.37 204 164 2.13 5.5 n.s.
Width 4175 46 34.61° 24% 13.60®  27.08*  19.25% 16.5% 56.67° %
Depth® 275" 2.67 2.72 229 1.79 1.92 1.75 1.75 2.33 **
Bankvg* 2.25° 2.6 2.11 4 2.88 2.83 3.63 2.75 1 o
Kmsup  39.5° 70.09®  6432°  117.07° 7830%®  79.12® = 101.65®  103.88%  33.33*  **
Erosion® 1.5 1.67 2 15 1.71 2.08 1.38 2 2.33 n.s.
Stockd® 2% 1.67% 2.56° 157 1.88% 1.83%® 1.13° 1.5% 1° xx

ibe any letter is the same, the figures are not significantly different.
Although a Kruskal-Wallis test found that the groups were significantly different at P<0.05, the pairwise test

was not able to determine which pairs differed.
"Slowness’ of current velocity, 1=fast 2=slow 3=no discernable current velocity

2‘Rockiness’ of substrate, 1=mud, 2=mud/rock, 3=gravel, 4=rock
*Depth,1=<1m,2=1-2m,3=>2m

4Erosion, 1-3 from none to severe

>Stock damage, 1-3 from none to severe

SNativeness of bank vegetation, on a scale of 1-6 from least native to most native

3.4.3.4 Multidimensional Scaling (MDS) of sites using Aquatic Species only

A three-dimensional solution to the ordination was found to be most useful. When the nine
aquatic groups were plotted on two 2-dimensional scattercharts using the MDS axes (figure
3.8), each aquatic group did form a distinct cluster on both graphs, although there was a high
degree of overlap in some cases. Group 9 did not appear at all because group 9 sites had no

aquatic vegetation.

The ‘distance upstream’ and ‘nativeness of bank vegetation’ vectors were almost parallel on
both charts (implying closely related variables) and ‘rockiness of substrate’ was parallel to but
in the opposite direction to the ‘level of stock damage’ vector, implying an inverse

relationship between these two variables.
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axis 2

:LfFigure 3.8a TWINSPAN groups of sites using aquatic species only
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axis 3

Figure 3.8b TWINSPAN groups of sites using aquatic species only
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Aquatic vegetation cover, aquatic species richness, rockiness of substrate and percentage

shading were the variables most highly correlated with axis1 (table 3.12). Aquatic vegetation

cover, stream width and current velocity were highly correlated with axis 2, and distance

upstream and stream width were correlated with axis 3. Significant R-values from the vector

fitting show the correlations between the environmental and cover/richness vectors and the
ordination space. Width and depth were the independent (environmental) variables with the

strongest correlation, followed by percentage shading and distance upstream. Aquatic

vegetation cover and aquatic species richness were the dependent variables with the strongest

correlations.

Table 3.12 Correlations between the site scores on the (aquatic) MDS axes and
environmental variables. Spearmans rank correlation coefficients (P < 0.05) were used for

continuous variables, and Kruskal-Wallis test probabilities were used for categoric variables.

R-values are the significant (P<0.05) correlation coefficients from vector fitting.
Velocity, slowness of current velocity; %shade, percentage of site overshadowed by bank vegetation; Substr,
dominant substrate; Bankht, height of bank on highest side; Width, maximum width at site; Depth, maximum

depth at site; Bankvg, nativeness of bank vegetation; Kmsup, distance upstream from junction of the two rivers;

Erosion, visible erosion of banks; Stockd, obvious trampling by stock; Aqcover, % of site covered by aquatic
species; Aqrich, number of aquatic species; Probability values from Kruskal-Wallis Tests are shown: ***, P <

0.001; **, P <0.01; *, P<0.05;-,P>0.05.

Variable Axisl Axis2 Axis3 R’
Velocity* * ok - -
%shade 0.38 - - 04