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ABSTRACT
Mine dewatering is a critical part of the mmmg process to prevent flooding of
underground or open pits) to allow for the excavation of the available resources.
Groundwater is abstracted from underground pits to the surface through extraction
bores. The issue of where to discharge the excess water is a major concern. The use of
natural wetlands is one option for mine water discharge. Saline lakes in arid areas are
ideal receiving environments for discharge options, acting as evaporation facilities for
the storage and disposal of excess mine water.
Mine water discharge into ephemeral lake systems modifies the volume of water in the
lake on an annual basis; parts of the wetland are thus subjected to prolonged inundation.
An e>..'Periment was carried out to determine whether the biotic composition was altered
accordingly to the degree of seasonal inundation by mine dewatering, as well as whether
the salinity of the discharge water affects the composition and assemblage of biota
emerging from lake sediment. Sediments from two lakes: Lake Austin and Lake
Wownaminya 1 located within arid regions of Central Western Australia, were sampled
to determine which invertebrates responded to dewatering regimes and to investigate the
nature of biofilm.
Laboratory experiments were carried out to test the emergence of invertebrates from
sediments as they responded to mimicked dewatering regimes under controlled
laboratory conditions. Two hypotheses were tested. The first hypothesis tested states
that the biotic composition emerging from sediments will be the same irrespective of the
salinities of the mine water discharge. The second hypothesis states that there is no
difference in the biotic composition (biofilln and aquatic invertebrates) in accordance to
the whether or not the sediments have been previously exposed to prolonged inundation.
The responses of emerging invertebrates were monitored and recorded over a four week
period.
The results obtained indicated that changes do occur in the assemblages and
composition of the aquatic biota in accordance with the salinity of the mine water
discharge. Areas that are exposed to a longer period of inundation also showed altered
biotic compositions compared to areas with less frequent inundation due to mme

dewatering. Statical analysis (MANN - Whitney test and ANOVA) and the use of
configuration diagrams (Dendrograms and MDS plots) were used to detennine the
interaction between mine water discharge and species composition.
It was concluded that salinity is a major factor clearly influencing the occurrence of
species in the lakes. The timing and the period of inundation is a factor that has also
lead to altered compositions of species at Lake Wownaminya. Dewatering operations
alter the composition and species richness in the receiving wetland environments
causing some concern of the overall impacts on these lakes. Altered characteristics of
wetland hydrology can be detrimental to the endemism of crustacean or molluscan
forms that only occur within saline lake systems, and may lead to the extinction of local
forms.
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Introduction

CHAPTERl

INTRODUCTION
1.1

BACKGROUND

Mine dewatering of groundwater is a critical part of the mining process to prevent
flooding of underground or open pits and to allow for the excavation of the available
resources. To mine these deposits the water table must be lowered for the duration of
the mining project. In recognition to this, mining below the water table requires
commitments to licence conditions with corresponding government departments
(Environmental Protection Agency; EPA and Department ofEnvironmental Protection;
DEP). Mining below the water table involves the establishment of dewatering bores in
and around the pit and the abstraction of water from underlying aquifers. These
abstracted waters in most cases are not usable in mining processes (Edwards and
Howell, 2000), thus the issue of where to discharge the excess water, is a maJor
concern. The use ofnatural wetlands is one option for mine water discharge.
The term 'wetland' covers a great diversity ofdifferent ecosystems, in widely dispersed
geographical locations. Wetlands are subject to a range ofdifferent land tenures (Adam,
1998), and their management varies depending on their tenure and location. The
wetlands that are within or near mining tenements in arid areas are the ones most likely
to be exposed to discharge for mine dewatering. These wetlands consist of often
temporary or ephemeral water bodies occupying discrete basins containing fresh or
saline water and which dry out for some time each year, or are usually dry but contain
fresh or saline waters in some years (Williams, 1985). The temporary nature and the
seasonality of the wetlands as well as their location in areas of low rainfall where
precipitation (200 - 300 mm/yr) is greatly exceeded by evaporation (>2000mm/yr)
(John, 2001), make these lakes ideal receiving environments for discharge options,
acting as evaporation facilities for the storage and disposal ofexcess mine water.
Saline lakes present a range of habitats for study. These systems are far from being
barren oflife-forms. The diversity ofthese systems is higher than first envisaged and is
1
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linked to a large variety of avian birds, as mentioned by John (2001). This biological
diversity is a product of an extraordinary array of physical and chemical diversity that
exists within these basins (Bowler, 1981). Mine water discharge potentially can alter the
receiving environment and thus the diversity within. Mine water discharge into
ephemeral lake systems modifies the volume of water in the lake on an annual basis;
parts of the wetland are thus subjected to prolonged inundation. This can be a concern
for the biotic composition of the wetland. The assemblage compositions of aquatic biota
in wetlands are influenced by the regime of inundation, the duration, frequency, and the
point source of water (Boulton & Jenkins, 1998). To these species, especially Crustacea,
the period and timings of inundation are critical. Invertebrates with seasonal life cycles
rely on the seasonal drying process for their growth and development. Similarly, flora
with resting spores depend on the hydric cycle for germination. The alteration of the
hydrological frequency and volume of water in wetlands can affect the emergence of
invertebrates from resting eggs and floral spores in floodplain sediments, leading to
decline and lower biodiversity of biotic composition (Williams, 1980). Prolonged
periods of inundation in ephemeral wetlands can lead to local extinctions of
invertebrates that only occur in temporary waters (Boulton & Jenkins, 1998).

1.2

AQUATIC INVERTEBRATE FAUNA

Invertebrates are near the base of the food chain, and so provide an ecologically
meaningful way of assessing impacts (Skinner et al., 2001). The ideal environment for
the development of many crustaceans, including the orders of Notostracans and
Anostracans, are ephemeral wetlands (Geddes, 1981). The episodic wetting and drying
of these lakes is a characteristic of their habitat (Williams, 1980). A number of tolerance
mechanisms ensure that crustaceans can survive the conditions associated with periodic
drying of their habitats. These tolerances include a wide range of salinities, and
temperatures that are often interrelated with shallow waters of arid environments
(Dodson & Frey, 1991). Adaptations to these conditions by organisms are viewed as an
ecological phenomenon that involves adjustment of organisms to the intensity patterns
of environmental variables resulting in greater capacity of the organism to survive,
reproduce and compete (Williams, 1985). Invertebrates are affected by changing salinity
regimes; the saturation level of oxygen concentration is reduced exponentially by
salinity (Dodson & Frey, 1991) altering the conditions to which these organisms are
2

Introduction

hardened. The osmotic stress associated with changing salinity regimes is another factor
that can signi£cantly affect species' life cycle components. These variations in
conditions will lead to a number of different responses for these organisms in terms of
growth, development and reproduction. This environment will be altered when exposed
to a discharge point for mine dewatering.
Dewatering regimes alter the quantity and quality of the water within the wetland,
subjecting the wetland to greater periods of inundation. Williams (1980) explains that
the eggs of most crustacean orders must obligatorily undergo a period of desiccation in
order for further development to take place. This can hinder the life cycles of the
invertebrate biota of the lake as they have requirements for particular drying regimes of
more or less frequent inundation. This can be a concern for future invertebrate
assemblages as unfavourable conditions persist to carry out life cycle processes,
essential for growth and reproduction for some species (Davis & Christidis, 1997),
especially those that are endemic to the area.
The target faunal groups of taxa that were examined in this study include micro
crustaceans

(Copepods,

Ostracods

and

Cladocera)

and

macro-crustaceans

(Anostracans), as well as other invertebrates like Gastropoda, Insecta and Nematoda.
The majority of these tax.a are characteristic of ephemeral lakes and have desiccant
resistant resting stages that allow them to emerge when sediments are inundated, as
identified by Boulton and Brock (1999).

1.3

AQUATIC FLORA

Aquatic flora within saline systems consists of single celled organisms including
Bacillariophyta (diatoms), Chlorophyta (green algae), Cyanobacteria (blue-green algae),
as well as a plethora of other single celled colonies, through to vascular macropbytic
plants such as Ruppia species. The survival of plants throughout dry periods in arid
areas requires that the species have resistant spores/seeds or remain in a dormant
vegetative state. For many macrophytes, the production of seeds is the characteristic
way by which these plants survive the dry periods (Brock, 1981). During the drought
stages of wetlands the seed banks rest within dried sediments waiting for ideal
conditions to trigger germination. Variations and alterations of specific conditions can
3-
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hinder developments of certain species. Temporal pattern changes of saline gradients
are as important to these species as they are to invertebrates.
Biofilm or periphyton also known as attached algae, as sampled in this project, is
dominated by diatoms characteristic of brackish and saline water (John, 1998). Diatoms
are among the best groups of organisms widely used for biological assessment of lakes
and rivers, along with macroinvertebrates and fish (Chessman et al., 1991). Diatoms are
important in terms of productivity; they are the most impmiant single group of primary
producers in aquatic environments (John, 1983) and can occur in the most temperate of
salt lakes. Diatoms have a specified preference and tolerance to environmental
conditions, more so than other aquatic biota (John, 1993). Diatoms group in various
categories depending on the characteristic of the water, these groupings are based on the
preference and tolerance to environmental variables, including salinity, pH or nutrients
(John, 1993). The alterations of wetland characte1istics can largely shift the diatom
community in terms of dom.inance and frequency of species.
Saline waters are dominated by certain diatom species that tolerate ot even prefer higher
salinities. Similarly there are groups of species that prefer high nutrient concentrations
in eutrophic systems. Salinity is a major predictor of the distribution and community
structure in saline lakes. Blinn (1993) outlines that species diversity and the numbers of
diatom taxa show an inverse re1ationsh.ip with conductivity, thus selected taxa have
associations with specific ranges of salinity. Variations in salinity gradients from mine
discharge inputs into a lake system can modify the community structure of the primary
producers which in turn can influence the entire strncture of the food web (Brock and
Boulton, 1999). In ephemeral systems diatoms form resting spores as a response to
periods of drying or unfavourable conditions. These organisms remain in this stage until
conditions improve, thus the onset of germination (Halse and Syve1tsen, 1996); some
species may require a d01mancy of several weeks before gennination can occur. With
this in mind, the change from a seasonal wetland system to a modified lake with
prolonged inundation pe1iods and altered salinity regimes can lead to a changing
ecosystem over time.
Changes in salinity gradients to a fresher threshold can allow for potential weed
invasions to occur within these systems. When changes in water conductivity become
brackish or fresh, the conditions become unfavourable for the present communities in
4
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these systems. Invasive plant species can optimise from these alterations, thus the floral
community can transpire as a result ofmine water discharge.

1.4

HYDROLOGY

Naturally ephemeral lakes receive an influx of water on a seasonal basis, 75 - 90% of
the surface waters are received in one month ofrainfall. The majority ofthe time water
levels are low in pools. Salt ions on the lake surface are ordinarily very high in arid
areas (NGGO, 1997). When rainfall occurs in these areas, along with surface runoff, the
volume of the water in the lake system is increased substantially and the salt
concentration level is diluted. As the water begins to evaporate due to high temperature
regimes and little rainfall to maintain water levels, the water level is again 1owered and
the salinity increases. As a result, sha11ow ponds ofhypersaline water are characteristic
features ofthe system until it becomes entirely dry, completing the hydric cycle.
When discharged water is added to these systems the natural regime of filling and
d1ying is altered, a greater volume of water persists within the lake throughout all
seasons. Seasonal rainfall reduces the salinity concentration of the water exponentially
as the water volume increases. The reverse trend occurs when the lake begins to d!y
again, although the degree of drying will be limited. The salinity level will remain
relatively constant in wet1ands subject to dewatering discharge due to the nature of the
continuous discharge, thus the hydrological regime is aJtered considerably.
Dewate1ing processes into seasonal wetlands primarily inundates a portion of the
lakebed. The areas surrounding the point of discharge are exposed to greater jnundation
throughout the course of the discharge period. Salt lakes are distinctly flat basins with
limited slope (Bowler, 1981 ). The water body that exists within these systems are
subject to flow during periods ofmedium to high wind velocity. The movements of the
water body according to predominant wind patterns leaves various bands of dried
organic matter and propagules. The bands created from the shifts of the water body and
episodic d!ying are dynamic characteristics of salt lakes as they contain dormant
propagules of biota (personal observation). The biota remain donnant within the
sediment until ideal conditions arise. This spatial complexity is a phenomenon of salt
lakes and leads to a dynamic system.
5
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Constant mine water discharge will alter the hydrological regime of the wetlands. The
volume of water in the lake basins will be considerably greater at all times of the year,
thus subjecting proportions of the lake sediment to prolonged inundation. The cycle of
inundation and evaporation influences the salinity concentrations of lake systems.
Prolonged inundation may decrease the evapo-concentration rate of water. Th� salinities
of the lake will be altered, thus the habitat preferences of particular biota that have
requirements for the extremes of seasonal cycles of salinities. Drying of sediments is an
important aspect within ecosystems, the inten-uption of drying can change species
compositions.
Two wetland systems, Lake Austin and Lake Wownaminya, both ephemeral natural
saline wetlands within arid regions in Central Western Australia, are the focal locations
for this study. These lakes are discharge points of mine dewatering: Lake Austin is
subjected to hyper-saline discharge, whereas Lake Wownaminya receives freshwater
discharge.
Lake Austin is an ephemeral system, in its natmal state, due to the combination of
catchment area and climatic conditions. The surface area of the lake is approximately
444 km2 , by a number of topographic maps (BBGO Environmental Depa1tment, 2001).
The lake is endorheic, however there is very little input from drainage channels and
other-flows from run-off. Lake Austin receives a discharge of hypersaline water.
Within the Big Bell Mining Operations the Cuddingwa1Ta deposit intercepts the
groundwater table, thus this excess water needs to disposed of to the allow for
operations to continue. Thirteen production bores are situated around the mining pit to
withdraw the groundwater from the water table and converge the water to a penneant
lined settlement dam (also known as a transfer dam) (BBGO, 2001). The water held in
this dam is an accumulation of the water from all 13 bores, thus different areas of the
water table. The water is stored in this dam temporarily to allow for the settling of
particulate matter, a pumping station located at the dam then pumps the water to the
northern end of Lake Austin at a rate up to 70 litres per second. This is transported
within a 14.5 km, buried pipeline that extends 1 km from the shoreline out into the
lakebed. Big Bell Gold Operations is located 28 km west of the township of Cue and
640km north-north-east of Perth in the Murchison District of Western Australia.
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Golden Grove Operations discharge to Lake Wownaminya. They are located
approximately 375 km north-north-east of Perth Western Australia and 225 km east of
Geraldton. Lake Wownaminya in its natural state is an ephemeral system. The discharge
to Lake Wownaminya is relatively fresh. The main water body of the lake system has an
area of 20 krn2 and has become a permanent water body within an ephemeral system,
due to temporary and localised change in hydrological impacts (NGGO Environmental
Department, 1998).
The relatively fresh groundwater seeps from exploration drills holes and fissures in the
rock face and is diverged to collection swnps located underground. The water from the
sumps is pumped, via various underground pumping stations, to the surface and is
disposed of into two settling ponds (Spears, per. comm.). Water within the settling
ponds is used on site for dust suppression and mill processing (all processed waters are
deposited in tailings darn facilities). The remaining water is discharged to Lake
Wownaminya via a 30km pipeline at a rate of about 62 litres per second.
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1.5

SIGNIFICANCE AND OBJECTIVES OF THIS STUDY

This study will provide a significant baseline data of the aquatic flora and fauna of Lake
Austin and Lake Wownaminya hydrated sediments. The data provided will aid in
additional studies on the monitoring of the lakes' systems in relation to the impacts of
mine water discharge.

This report additionally will present an alternative way of

sampling, as the monitoring of wetlands in arid environments is particularly difficult as
it is usually based on seasonal or opportunistic sampling. The type of sampling
performed in th.is study is ideal as it is accessible during dry periods and would be
useful for monitoring the aquatic organisms as indicators of J1ealth. This sampling
technique is not seasonally restricted, and can be conducted in wetlands that have been
dry for many years.
This study is relevant to the mining industry; it will highlight the significance of mine
discharge and the potential impacts on the receiving environments. The project will also
provide valuable information regarding the dewatering processes at Big Bell's
CuddingwatTa and Golden Grove mine sites, as this is essential information in the
context of reporting on operations that have been given licences to discharge mine water
to the receiving environment.
My overall aim is to test the emergence of invertebrates from sediments as they respond
to mimicked dewatering regimes under controlled laboratory conditions. This aim will
be tested using two hypotheses.
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CHAPTER2

METHODS
2.1

EXPERIMENTAL DESIGN

This experiment has been designed to answer the following questions and associated
hypotheses.
a) Does the composition and assemblage of biota emerging from sediment change
according to the salinity of the mine water discharge?
The hypothesis tested states that the biotic composition emergmg from
sediments will be the same irrespective of the salinities of the mine water
discharge.
To test this hypothesis I sampled sediments from two lakes: Lake Austin and Lake
Wownaminya. These lakes were specifically chosen, as they are both naturally saline
wetlands, within similar parts of the arid region of Western Australia. Lake Austin is the
discharge point for hyper-saline water and Lake Wownaminya is the discharge point for
freshwater. I elected to sample the sediments of the lakes to determine which
invertebrates respond to different dewatering regimes and to investigate the nature of
biofilm. At each of the lakes, ten sites were selected and the sediment sampled. The
samples were rehydrated with their associated discharge water (hyper-saline water into
Lake Austin, or freshwater into Lake Wownaminya) or a saline solution in aquaria
under controlled conditions. The responses of emerging invertebrates were monitored
and recorded. The results obtained will indicate if changes in the assemblages and
composition of the invertebrates do so in accordance with the salinity of the mine water
discharge.
b) Is the biotic composition altered according to the degree of seasonal inundation?
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The hypothesis states that there is no difference in the biotic composition
(biofilm and aquatic invertebrates) in accordance to whether or not the
sediments have been previously exposed to prolonged inundation due to
dewatering.
To test this hypothesis the biotic responses were compared from two different localities
in each of the lakes. These localities were distinguished by whether they have been
directly affected or less affected by mine water discharge. Five sediment samples were
collected from each location at the lakes. The soil samples were rehydrated with the
discharge water or a saline solution. The analysis of the results will determine whether
the areas that are exposed to a longer period of inundation have altered the biotic
composition compared to areas with less frequent inundation.
In order to answer both these questions the following experimental design was used.

Experiment design. The design is a typical ANOVA design, testing the

Table 2.1:

two hypotheses. The rehydration water treated to each of the lake sediment is
hypothesis A. The sites affected directly or indirectly by dewatering operations are
hypothesis B.
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2.2

FIELD METHODS

Two lakes systems, Lake Austin and Lake Wownaminya, are the locations where the
field component for this study took place. These lakes were chosen based on their close
regional proximity to one another, in the arid zone of Westem Australia, as seen m

-r--------,---

2a·
uke Wawnamlnya

.�

311"

The. Johnston�
L_ .
.

'"""

�·

L•

HOll9

3-4•
110 km
50 mha

11'1

Figure 2.21:

°

..___I ----

"
11'

r

·r

J

.. _____J______J___ _____.___

The study area in Western Australia's arid zone. The map indicates the

location of Lake Austin and Lake Wownaminya in relation to other lake systems in
Western Australia. Amended from Geddes et al., (1981).
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At each of the two lakes ten sample sites were chosen. These sites were selected based
on their position in comparison to the discharge point. Five sites were located in areas
of the lake that were directly influenced by the dewatering of mine water discharge. The
other five sites were in areas of the lake that were less affected by the mine discharge
water. These areas were determined by the distance from the point of discharge. The
less affected sites were not chosen on the absolute furthermost points away from the
discharge pipe, as this had the potential of being a part of a different hydrological
system. Each site was chosen based on the combination of the following four factors:
a) Whether the site was potentially impacted by the mine water discharge or less
affected directly by the discharge. It was important to select five sites that were less
affected and five that were directly affected by the discharge regimes to ensure that the
experimental stages of the project could be carried out, to test the hyp othesis of whether
the faunal composition altered accordingly to the degree of seasonal inundation.
b) The distance from the discharge point was another factor that was considered.
The distance of the sample site from the point of discharge indicated whether it was
'classified' as affected or less affected by mine dewatering. The sites located within a
1km radius of the discharge point were termed affected, whereas those sites exceeding a
5km radius at Lake Austin, and a 1km radius at lake Wownaminya, were designated as
less affected.
c) The proximity to habitat. For instance the distance from the edge of the
shoreline, whether near vegetation communities, or in the middle of the lake bed was
taken into consideration. This was essential in order to ensure comparisons were based
on similar habitats. This allowed for a more comprehensive set of results as the
variability across the sites were limited.
d) The final factor deemed necessary was whether there was evidence of
previous bands of drying - to indicate different successions of drying episodes. Again it
was important, similar to factor c), that a representation could be sampled from the
region of discharge affected sediment and less affected. The results could then be
compared more accurately in relation to one another limiting the variation across the
sites, thus within the results.
Figures 2.22 and Figure 2.23 are aerial photographs of Lake Austin and Lake
Wownaminya respectively. On each photograph the discharge pipe is mapped and the
locations of the ten sites plotted in relation to it.
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Figure 2.22:

An aerial photograph of Lake Austin with the discharge pipe highlighted

in relation· to the locations of the ten sample sites. Photographed in 1998. Photograph
supplied by Big Bell Gold Operations.
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Figure 2.23:

An aerial photograph of Lake Wownaminya with the discharge pipe

highlighted in relation to the locations of the ten sample sites. Photograph taken by
QUASCO March 2001.
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Site descriptions were made at each of the ten sites. An overall observation of the
location of the site in relation to the discharge point was made. Annotations of the
location of the site, whether it was in the middle of the lake bed or on the shoreline and
the presence or absence of vegetation communities were recorded.
At each of the sites a 3 x 3 metre quadrat was marked out (Figure 2.24). This size
quadrat was selected as this was deemed large enough to gain an adequate
representative sample of the site, and allowed for 3.5% of the quadrat to be sampled
using five 25 x 25cm quadrats within. Quadrat positions were chosen to ensure that
varying sediment types and obvious banding were sampled. In other respects quadrats
were randomly placed.

Figure 2.24:

One of the marked out 3 x 3 metre quadrats at Lake Wownaminya. Note

the successional drying bands across the photograph. The sample site was positioned to
ensure an adequate sampling representation of the bands. Photograph taken by Charelle
Harkins.

Figure 2.25:

The stratified random sampling method was used to sample the

representative bands of the quadrat. Photograph taken by Charelle Harkins at Lake
Austin.
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Five small quadrats were strategically but randomly placed in over the larger 3 x 3
metre site to gain an adequate representation of the area, as seen in Figure 2.25.
Following the positioning of the quadrats, using a sterilised trowel, a trench
(approximately 10cm deep and 10 cm wide) was dug around the outside perimeter of
the square. The soil was discarded to the side of the trench; extra care was taken to
prevent any sediment from going into other marked out quadrats, as seen in Figure 2.26.

Figure 2.26:

The digging of a 'trench' around the perimeter of the 25 x 25 cm quadrat

to allow for the collection of the top sediment. Photograph taken by Charelle Harkins.
A square 30 x 30 cm sheet of galvanised steel was used to slide under the top centimetre
of surface sediment to collect the sample. Each sediment sample was placed separately
into a labelled snap-lock bag.

Figure 2.27:

The collection of the top surface of sediment by sliding a 30 x 30 cm

sheet of steel under the top Yi cm of the soil profile. Photograph taken by Pierre
Horwitz, at Lake Austin.
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Prior to leaving each of the sample sites, the discarded sediment was returned, thus
minimising impacts and for aesthetic value. Using a spray bottle, the equipment was
saturated with a 2% bleach solution, and wiped down with a clean cloth, to prevent the
transportation of any propagules from one site to the next.
The samples were transported very carefully from the field back to the environmental
departments at each of the mine sites. Careful handling of the samples was considered
essential to prevent any "crushing" of the propagules in the sediment. Samples were left
at room temperature (approximately 21 °C) for 48 hours. Samples were folded with air
in the bags, again to minimise any crushing of the propagules, then packed into large
plastic white containers with bubble wrap for cushioning and protection throughout
transportation. All the samples collected from sites 1 - 5 (the affected sites) were
placed into one box, whilst the samples from 6- 10 (the less-affected sites) were packed
together to prevent any cross contamination between the affected and less affected sites.
Transportation of the sediment samples to Perth was by airfreight. Sediment was then
stored at a constant temperature of 21 °C until they were ready to be used for the
rehydration experiment.
Mine discharge water was collected from the discharge pipes at both mine sites for the
use in the rehydration processes. Three 20-litre plastic water containers were rinsed
thoroughly with discharge water prior to collection. Water was filtered in laboratory
conditions, using filter towers and filter paper (Whatman Brand, 47 mm diameter Glass
Microfibre Filters), to ensure any living organisms and sediments were removed before
use in rehydration. Containers were refrigerated until they were required, to prevent any
growth of bacteria or pathogens.
For the saline solution used throughout the rehydation experiment 125 grams of
scientific grade salt was combined with 5 litres of deionised water, to give a salinity of
the solution of twenty-five parts per thousand (ppt). This solution was created to mimic
the natural salinity of the receiving environments through runoff and groundwater. It
was determined that the natural salinity of the water was not likely to be hypersaline due
to the nature of the surface runoff. The water is likely to be on the fresher side of the
salinity of seawater (33ppt), due to rainwater and surface runoff. These are additional
components that influence and contribute to the water in the lake, as well as in the
17
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hydration process following seasonal drying. Combined with the natural salts from the
sediment the water salinity of the Lake Wownaminya saline solution was between 25
and 30 ppt, whilst the saline solution of the Lake Austin samples had a measurement
between 70 and 80 ppt.
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2.3

LABORATORY METHODS

2.3.1

INITIAL AQUARIA SET UP

After the field sampling, the aquarium facility was prepared for the experimental stages
of the project.

Prior to the addition of any samples into the laboratory, all the

equipment and materials were cleaned and sterilised. The size of the aquaria used was
35cm long, 20 wide and 23 cm in height. These were cleansed with a biodegradable
dish washing liquid and scrubbing to remove all soil and material clinging to the glass,
followed by a thorough rinse with hot water. The aquarium facility consisted of metal
framed shelves, set up with twenty aquaria along the top shelf and twenty on the second
shelf. As part of this project, aeration tubing and lighting was arranged to supply each
individual aquarium with equal amounts of light and constant aeration. The facility set
up can be seen in Figure 2.31.

Figure 2.31:

Set up of the aquaria facility in the laboratory prior to the addition of

field samples.
Samples collected from Lake Austin and Lake Wownaminya were kept separate
throughout the entire experimentation process. Likewise all the samples collected from
the areas influenced directly by mine discharge water were separated from those
samples less affected by mine discharge water. This procedure was performed to
prevent any cross contamination between the lake sediments and the affected and less
affected areas.
For each site there were five samples taken. The individual samples were split equally
by weight. Half of the sample went into one aquarium, the other half went into another.
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This procedure was carried out for each of the five samples collected from the sites.
Five separate samples from the sites were therefore bulked in two aquaria. It was opted
to weigh and divide each individual sample, rather than bulking all the samples together
then spitting them, as it allowed for a more accurate division of the organic matter and
probably the propagules in the soil. A representation of the site in both the aquaria was
achieved, as each sample was split equally in regards to sediment type and organic
matter to prevent any bias of results.
So, of the ten sites from both the lakes, twenty aquaria contained lake sediment from
Lake Austin, and twenty aquaria contained Lake Wownaminya sediment. The samples
were covered for twenty-four hours before the addition five litres of water to each of the
aquaria. Ten aquaria from each lake had five litres of discharge water added to the
sediment. The remaining ten aquaria had the saline solution added to the sediment
samples.
Following the addition of the water to each of the aquaria, the sediment was mixed
gently, but thoroughly, with a glass stirring rod. With each subsequent mixing the rod
was cleansed by a powerful spray of hot water to prevent the transfer of any propagules
from one aquarium to another. Aeration tubes were then placed into the water of each
aquaria allowing for oxygen to penetrate throughout the water column. The aeration was
regulated to deliver the same amount of air to each of the aquaria by means of
adjustable modular valves. Air flow to the tanks was constant twenty four hours a day
throughout the duration of the experimentation stage. All aquaria were covered with
clear plastic, fixed firmly with sticky tape to the exterior walls of the aquaria.
Prevention of external diseases and organisms, as well as any possible diffusion of
propagules between the aquaria was thus limited by the plastic covers. Clear plastic was
preferred, rather than black, as it allowed for the infiltration of light into the aquaria.
The lighting was provided by fluorescent 30 watt SYLVANIA

GRO-LUX®

(F30W/GRO), the length of the tubes was 0.895m, with a diameter of 26mm. It was
opted to use this particular style of light as it mimics natural daylight as well as
promotes the process of photosynthesis in plants. The lights were suspended above the
aquaria, one florescent globe provided lighting for four aquaria. The lights were set on a
twelve-hour on/off rotation cycle controlled by electronic timers. Alternating the degree
of lighting over the twenty-four hour period throughout the experimental duration was
opted to represent the natural cycle of daylight and darkness, thus the opportunity for
20
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any germinating vegetation to engage in photosynthesis. The temperature of the facility
was regulated electronically by setting the digitalised air conditioning control panel on
2 I -c, this was located within the room. The complete set up of the aquaria can is
shown in Figure 2.32.

Figure 2.32:

The complete set up of the aquaria facility after the addition of water to

the sediment.
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2.4

PHYSICO-CHEMICAL READINGS

Prior to the sampling of each aquarium, the physico-chemical parameter readings were
taken of the water column. Temperature (°C), pH values, dissolved oxygen readings in
percent saturation and milligrams per litre (mg/L) and the conductivity (ms/cm) of the
water was measured using calibrated field meters. Readings were taken within each
aquaria; between each measurement the probes of the meters were rinsed with deionised
water to prevent any transfer of propagulcs between aquaria, as well as to ensure the
accuracy of the readings from uncontaminated meters. The pbysico-chemical values
were measured and recorded on a weekly basis prior to the sampling of the aquaria. The
values were obtained to analyse the contents within the water column as well as to give
a greater overview of the sampled habitats in each individual aquaria.

2.5

IN VERTEBRATES

2.5.1

SAMPLING

Macro-invertebrates and micro-crnstaceans were sampled with a 50\im mesh net. The
net was designed to be the same width of the aquaria (20cm). The sampling procedure
involved taking three sweeps along the entire length of the aquaria within each
aquarium. The first sweep, primarily sampled the water column, without disturbing the
underlying sediment. Prior to the subsequent sweeps the sediment was thoroughly
mixed with a sterile glass stirring rod. The remaining two sweeps sampled both the
sediment and water column for any emerged propagules. Figure 2.51 is a schematic
diagram showing the direction of the sweeps.

-

First Sween
Mixecl

I
I

Second and
Third Sweeps
Figure 2.51: A schematic diagram highlighting the direction of the sweeps, when
sampling invertebrates.
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Following the sampling of the aquarium the contents of the net were emptied into a
glass petri dish. Using a wash bottle with deionised water, the net was cleaned,
removing any remaining contents from the sample net into the petri-dish. The contents
of the petri-dish were identified and examined under low power of a binocular
microscope. Voucher specimens were taken and preserved from each sampling session,
the remainder of the sample was returned to their representative aquaria. This allowed
for further regeneration and development of the mesocosm community within the tanks.
Each petri-dish was cleaned with hot, cold and deionised water, before the addition of
another sample. Prior to each consecutive sample the net was given a thorough wash
with a powerful spray of hot water, followed by cold water, to ensure any propagules
did not exist within the net. The net was then again rinsed with deionised water to
inhibit the addition of ions and cations into the water of the aquaria. It was important
that the net was relatively sterile to prevent any transfer of propagules from one site to
another. Four sample nets were used, two for each lake. One net was used to sample
only the areas affected by the discharge water and another net to sample those areas less
affected by the discharge water at each of the lakes. Cross contamination between lakes
and between regions of sites was therefore prevented.
2.5.2 PRESERVATION
The voucher specimens identified and preserved from each subsequent sampling period
were placed into 5ml glass vials in 70% histo-ethanol solution. Labels incorporating the
date, sample round, location and species were placed into the vials. This sample
collection will be valuable for further referencing and will aid in the identification of
invertebrates for additional studies.
2.5.3 IDENTIFICATION
Samples were identified by placing specimens m a petri-dish under a dissecting
microscope on high power magnification. Using a number of reference texts and
taxonomic keys; Williams (1980), De Deckker (1995), Davis and Christidis (1997) and
an unpublished report by Sommer (1998) the organisms were identified.
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2.6

BIOFILM

2.6.1

SAMPLING

Phyto-plankton, the biofilm, was sampled by scraping a clean razor blade along the
interior of the aquaria. In each tank the sample was strategically collected from the right
side of the aquarium glass just below the water line. This standardised the samples
collected. The specimens collected on the razor blade were then scraped into a 5ml glass
vial and were preserved in a 5% buffered formalin solution in saline water. This allows
for the chlorophyll component within the sample to be retained as well as being
preserved.
The sampling took place on one occasion only; this was after the four week invertebrate
sample pe1iod. It was assumed that the one sample was an accumulative representation
of the phytoplankton component within each aquariutn.
2.6.2

IDENTIFICATION

The vial was shaken and the contents homogenised. Using a 1 ml pipette a sample of the
solution was placed onto a slide and covered with a glass cover shp. Scanning the slide
using a compound microscope with 400x magnification resolution identified the sample.
Three slides were scanned from eacb sample site for fifteen minutes each. All taxa
observed were recorded. To aid in the identification of plankton two key texts were
used. Entwisle, Sonneman and Lewis (1997) provided detailed descriptions for the algal
component, whereas John (1983) and John (1998) were used to identify the diatoms
found within the samples.
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ANALYSIS

2. 7

The lakes have been analysed independently from one another and were not compared
directly in this thesis.
2.7.1

LAKE AUSTIN

To test the hyp othesis that states;
a) The biotic composition emerging from sediments will be the same irrespective
of the salinities of mine water discharge.
b) There is no difference in the biotic composition according to whether or not the
sediments have been previously exposed to prolonged inundation due to
dewatering.
In order to determine the significance of the outcome a t-test was used. The results
(Chapter 3) indicated that there were no invertebrate species that. emerged from the
rehydrated sediments with the discharge water - thus with no data obtained, a statistical
test for the first hyp othesis is not undertaken.
To test for the second hyp othesis a Mann-Whitney u-test, (which is equivalent to a t
test), tests whether the two independent samples come from populations having the
same distribution. This test is ideal for working with small sample sizes.
With the assistance of SPSS Version 10.0 Statistical computer package, the data were
entered into the program identifying: the sample sites (thus the areas directly or
indirectly affected by mine water discharge), the species richness of invertebrates, of
periphyton and the combined species richness were also entered into their respective
columns. No data were entered with regards to the water treatments used in the
rehydration process, as there were no results obtained for the emergence of species from
the discharge water. Following the prompts on page 203 of the SPSS Manual (Coakes
and Steed, 1999) the non-parametric test was performed. The results are given in
Chapter 3.
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Species sampled and the presence/absence of species were placed into a database in
PRIMER software to perform cluster analysis and MDS plots. This analysis allowed
groupings of similar sites together. Similarity clusters preformed in the dendrogram plot
were established by analysis of the similarities between the data, looking at the
transformation between the presence/absence of species within sites using the Bray
Curtis similarity measure. By default the PRIMER package preforms a cluster when
selecting the cluster option, which with the cluster mode groups averages (Clarke and
Gorley, 2001). Dendrograms group samples with the highest mutual similarities, then
gradually lower the similarity levels at which the groups are formed (Clarke and
Warwick, 1994), the process ends in a single cluster containing all samples. Multi
dimensional scaling (MDS) calculates relative similarities of samples (using the Bray
Curtis co-efficient). Interpretations of the plots are indicated by the closeness of the
points to one another. Points that are close represent samples that are very similar in
species composition; points that are far apart represent different communities (Clarke
and Gorley, 2001). This analysis was deemed ideal to show adequate representations of
the sample sites in relation to each other.
2.7.2

LAKE WOWNAMINYA

For the analysis of the data obtained from the emergence of species from the collected
sediment samples at Lake Wownaminya an Analysis of Variance (ANOVA) was used
in the first instance. ANOVA allows comparisons to be made between any number of
sample means in a single test. When the influence of two variables upon a sample mean
need to be analysed, a two-way ANOVA is used. A two-way ANOVA allows an
estimation of the effects of two independent variables (Fowler, Cohen and Jarvis, 1999),
in this case rehydration water and site location, with species richness as the dependent
variable. Homogeneity and normality were tested with the Levene's test prior to
conducting the ANOVA.
Using a two-way ANOVA two questions relating to the stated hyp otheses can be
answered;
a) Is there a significant difference between the mean number of species emerging
from sediments according to the salinity of the rehydration water?
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b) Is there a significant difference between the mean number of species emerging
from sediments according to whether the sediments have been previously
exposed to prolonged inundation due to dewatering?
Three separate ANOVAs were conducted to determine the interaction of the hydration
water; saline solution or discharge water, in relation to the sample sites; affected directly
or indirectly by the mine water discharge, and
1. The total number of invertebrate species that emerged over the entire
sampling period.
2. The species richness of periphyton sampled.
3. The combined species richness of invertebrates and periphyton.
Each ANOVA produced has a series of graphs and plots to highlight the significance of
the results. The results obtained from the two-way ANOVA calculation were carried out
by the procedure outlined in Coakes and Steed (1999). Prior to the conducting the
analysis the assumption of homogeneity of variance had to be met to allow for accuracy
in the results. This was achieved by using Levene's Test of Equality of Error Variances,
as described in Coakes and Steed (1999).
The analysis conducted for the MDS plots and Dendrogram clusters were performed as
for those analytical methods outlined for Lake Austin (Section 2.7.1).
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2.8

SUPPLEMENTARY EXPERIMENTS

2.8.1

REPLICATE EXPERIMENT

An additional experiment was carried out to ensure that the initial results found in the
experimental stages of the project were true representations of the sediment samples
collected. As a control experiment, replicate samples were collected from two sites at
each of the two lakes. At Lake Austin the replicate sites were at sites 5 and 10, a site
affected by discharge water and a site less affected by discharge water respectively. The
replicate sites at Lake Wownaminya were at sites 5 and 10; an affected and less affected
site. Figure 2.8 l shows the collection of the sediment in the field. The replicate samples
were collected from within the same 3 x 3 metre quadrat, and a second 25 x 25 cm
quadrat was positioned next to the original 25 x 25cm quadrat, with a space of
approximately 5cm between the two quadrats to allow for digging around the plots. It
was imperative to ensure that both plots were in the same banding region of the entire
quadrat, and the representation and ratios of the organic matter was as comparable as
possible to eliminate any bias of results. All methods of collection were the same as
mentioned previously in section 2.1, although they were placed into bags marked
"replicate", along with their site name and other details. Sampling for invertebrates was
only conducted, this was carried out identically to the methods described in 2.5. The
results obtained were compared to the initial sediment rehydration trials. The results arc
given in the following chapter.

Figure 2.81:

The replicate samples being marked out for collection at Lake

Wownaminya. Note that there are ten samples, one sample from the five paired quadrats
was marked as a replicate. Photograph taken by Charelle Harkins.
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CHAPTER3

RESULTS
3.1

SITE DESCRIPTIONS

3.1.1

LAKE AUSTIN

Site 1
This site is classified as being effected by mine water discharge. There are five distinct
drying bands, evident from various drying regimes and water levels over time. The
bands proceed from a lighter brown colour, a band of dried algae mats, a darker band of
dried algae, followed by white sediment covered with a layer of salt, with the final band
being a layer of salt covering a white sediment, with algae deposits throughout. The
location of this site fringes on vegetation, the dominant vegetation species being
Halosarcia species. The sediment type sampled consists of a brown soil, which can be
described as coarse silty/clayey sand.
Site 2
This site is within the vicinity of the discharge pipe outlet. A high percentage of salt
crystals are present. The bands throughout this site reflect the varying degrees of
evaporation and drying of the discharge water. The bands range from a colouration of
pure white salt crystals, to a lighter brown, through to a white with a tinge of green and
brown within. The intensity of the salt concentration becomes less as the transparency
of the crystals allows a brown hue of the sediment to be identified. The sediment type is
predominately brown clay. _
Site 3
This site is located directly to the west of the discharge point, in the middle of the
lakebed. The sample site has thirty percent coverage of algae matting within the
quadrat, no distinctive banding was observed. The sediment has a high clay content and
is terracotta in colour. An even layer of salt covers the entire quadrat, however this is
substantially less concentrated than at site two.
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Site 4
This site is also affected by mine water discharge and 1s situated within the lake bed.
The site is approximately 500m away from the shoreline and 500m away from the
discharge point. The sediment at this site consists of a fine clay component, brown in
colour. The sediment immediately under the initial surface layer is high in organic
matter, which is indicative of the black colouration and anoxic odour. The quadrat
sampled bad fifty percent coverage of a salt encrusted layer, with the presence of algal
mats dispersed sparsely throughout.
Site 5
This site was the final site that was sampled as being classified as affected by discharge
within Lake Austin. Site 5 was located only 10 metres away from the ripaiian
vegetation, dominated by Halosarcia species along the lake shore. The quadrat sampled
showed a distinctive pattern of banding from a series of different periods of inundation
and drying regimes. Mats of algae were present, with various patches of salt layers
encrusted over the sediment. The sediment lai·gely was brown clay with sand. Under the
surface layer the sediment was black and anoxic.
Site 6
This site was positioned a great distance away from the discharge point, thus is deemed
to be one of the sites less affected by mine water discharge. The position of this sample
quadrat was to the south of the discharge point, on the northern side of Horse Island.
The edge of the quadrat encroached the shoreline of a Haloscaria community.
Throughout the site there was evidence of decayed algae, as well as the regeneration of

Haloscaria species. Bands of salt and algal mats are characteristic within the 3 x 3
metre quadrat. The sediment consisted of a thin layer of salt, with a green algae layer
underneath. This was then followed by black anoxic sediment on top of a clay and light
brown fine sand.
Site 7
Situated approxjmately 300 metres away from the lake shore, this site was again classed
as less affected by mine water discharge. Positioned on the northern side of Horse
Island, and still to the south of the discharge point, the sainple quadrat displayed a fine,
even layer of salt covering the sediment of the lake bed. The sediment was high in clay
content and was quite sticky due to a lot of moisture within the soil.
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Site 8
Less affected by mine water discharge this site is located 10 metres away from the edge
of vegetation corrummjties of Halosarcia species. Again this site is within the southern
section of the lake away from the discharge point. The bands present represent previous
prevailing winds and drying conditions. The site has a layer of salt over the sediment
with dried algal mats banded throughout. The sediment colour is terracotta, orange to
brown, which is predominately clay. Over the clay layer an anoxic layer with algae
exists.
Site 9
This site was located within the lake bed, with the main water body approximately 100
metres to the north-northwest of the site. The quadrat has an entire coverage of salt over
the surface, although some areas bad a greater percentage of salt than others. Some
banding of periodic drying is evident in one comer of the quadrat. Algae can be seen
sparsely dispersed over the quadrat. The sediment has a high moisture component, an
anoxic layer was found on the subsurface under the salt layer, this was followed by a
layer of clay with coarse grains of sand on top of another anoxic layer, it then became
clayey sand below.
Site 10
Site 10 was located to the west of the pipeline, on the opposing side of an inlet channel.
The quadrat was sampled on the shoreline, twenty metres away from another
Halosarcia species community. Bands were present throughout the quadrat. Ranging
from light brown soil, to a salt covered layer with algae deposits, followed by a light
brown tan colour to an area of sediment with a higher salt concentration. The sediment
itself was predominately clay based with fine sand, terracotta/orange in colour. Some
anoxic sediment existed.

31

Results

Table 3.11:

A summary of the site descriptions at Lake Austin. The distance from the

point of discharge is recorded as well as the characteristics of banding, vegetation and
sediment.
SITE

OISTANCE
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POIHT
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SEO"'ENT
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3.1.2

LAKE WOWNAMINYA

Site 1
Classified as affected by discharge water, this site is at the entry of the inlet channel to
the lake body. The inlet channel primarily is the focal inlet where the discharge water
intercepts the main body of the lake. The quad.rat is about two metres away from the
waters edge, with bands of seagrass in successional drying stages, The sediment
consists of clayey/sand, grey brown in colour that overlay an organic layer.
Site2
This affected site is positioned to the north west side of the discharge inlet channel. The
quadrat is again two metres away from the water. The bands present within this quadrat
are alternate bands of dried salt and algal mats. The sediment is very sticky, dry clay
and brown in colour. Organic matter exists throughout the soil profile.
Site3
Located to the northeast of the discharge inlet channel, this site was also affected by the
discharge water. The bands throughout this quadrat are characterised by the varying
degree of dried algae mats and fine layer of salt encrusting the surface. The sediment
was a muddy, sandy clay, light brown in colour. Black anoxic layers where evident in
the sediment samples taken closer to the water body, this being only two metres away.
Site 4
The sediment at this site was clay with a sand component. The colour was brown/tan,
which became anoxic throughout the soil profile. The quad.rat, located approximately
two metres from the water's edge, had a display of dried seagrass and algae banding that
became less dense and drier as the quadrat encroached Halosarcia communities. The
position of this sample site was at the neck of the lake, the east of the discharge point.

Site 5
Situated on the opposite of the lake and to the northeast of the discharge channel, this
site has seagrass and algal mats embedded throughout. Salt encrusts the majority of the
mats, however it becomes less charncte1istic the closer it gets towards the water. The
edge of the quadrat encroaches sparse Halosarcia species, many plants were actually
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coated in dried ruppia and algae. The sediment was sand with high clay percentages,
grey to brown in colour, transferring to terracotta/orange with organic matter within.
Site 6
A site less affected by mine water discharge, located to the n01ihem region of the lake
away from the discharge point. Quadrat has moist brown ruppia seagrass edging into
lighter brown bands, followed by darker brown mat, leading into a fine salt covered
layer. The entire quadrat is situated 5m away from Halosarcia species communities on
the lake shore. Sediment consists of sandy sediment with a grey layer underneath a layer
of seagrcass mats, a brown/yellow sand layer proceeds under this.
Site 7
Located on the n01them side of the lake, on the opposing bank to the discharge point,
this site is classed as less affected by mine dewatering. Five metres away from the edge
of a vegetation community, the quadrat displays bands of thin layering of salt and algae
mats, with moist patches of sediment integrating between. The sediment is comprised of
grey coarse sand, with anoxic organic matter throughout.
Site 8
This quad.rat is located within the northern side of an inlet area. The quadrat was only
one metre from the waters edge, banding consisted of various stages of dried algae mats
encroaching sparse Halosarcia species communities along the shore line. The sediment
had high clay content within grey, coarse sand.
Site 9
Site 9 is predominately sand with a clay content, light brown/tan in colour, with some
organic matter throughout. The quadrat is located within Halosarcia species and is five
metres from the waters edge, with algae mats proceeding up the beach line.

Site 10
Brown clay with a sand content, over an organic layer and lighter brown clay was the
type of soil that was present at this site. The actual quadrat was situated two metres
from the waters edge with a light distribution of seagrass mats. The soil contained high
moisture content nearest the water's edge, becoming quite dry as it proceeded away
towards the vegetation community.
34

Results

A summary of the site descriptions at Lake Wownaminya. The distance

Table 3.12:

from the point of discharge is recorded as well as the characteristics of banding,
vegetation and sediment.
.

DISTANCE
SITE
FROM
DISCHARGE

I

BANDING

VEGETATION

SEDIMENT

1

150m

The quadrat ls about two metres
away from the waters edge, with
bands al seagrass In successional
drying stages.

The location of this site
fringes on vegetation, the
dominant vegetation species
being Halosarcia species.

The sediment consists of
clayey/sand, grey brown in
colour that overlays
an organic layer.

2

200m

fM-quadrat is again two metres
away from Iha water. The bands
present within this quadrat are
alternate bands al dried salt and
seagrass mats.

The location al this site
fringes on vegetation, the
dominant vegetation species
being Halosarcia species.

The sediment is very sticky,
dry clay and brcwn in colour.
Organic matter exists
lhroughout the soil proMe.

3

300m

The bands throughout this quadrat
are characlerised by the varying
degree of dried seagrass mats and
fine layer al salt encrusting the
sulface.

The edge al the quadrat
encroached the shoreline o/ a
Haloscaria community.

Black anmdc layers ware
evident In Iha sediment
samples taken closer lo Iha
water bod)r, this being only
two metres away.

4

400m

The quadrat, located approximately
two metres from the wate(s edge,
had a display al dried seagrass
banding that became less dense
and drier !CINards Iha edge o/ the
quadrat.
.,.

The quadrat encroached
Halosarcia communities, this
being withln a metre of the
edge al the quadrat.

The sediment al this site
was clay with a sand
component. The colour was
brownitan, which became
anoxic throughout Iha soil
profile.

5

550m

This site has seagrass mats
embedded throughout. Salt encrusls
the majortty of the mats, hcwevar It
becomes less charcleristic: the
closer it gets towards the water.

The edga of the quadrat
encroaches sparse
Halosarcia species, many
plants were actually coaled In
dried ruppia and algae.

The sedimoot was sand
r,vith high clay percentages,
grey to brcwn in colour,
�ransferring to terracotta/
orange with O(ganic matter
dispersed within.

6

2.25km

Quadrat has moist brown ruppia
seagrass edging into lighter brown
bands, followed by darl<er brown mat,
leading into a line salt covered layer.

The entire quadral is situated
Sm away from Halosarcia
species oommunities on Iha
lake shore.

Sediment consists al sandy/
clay sedimonl with a grey
layer underneath a layer al
seagrass mats. a brCINn/
r,ieUCIN sand layer proceads
under lhis.

7

2.5km

The quadrat displays bands ol thin
layering o/ salt and ruppia mats, wilh
mois1 patches ol sediment
integrating between.

Five metres away lrom the
edge ol vegetation, another
Halosarcia community.

The sediment is comprised
of grey coarse sand, with
anoxic organic: matter
throughout.

B

2.3km

The quadral was only one metre
from the waters edge, banding
consisted al various s1ages ol dried
saagrass mats and salt.

Quadrat encroaches sparse

The sediment had high clay
content wtthin grey, coarse
sand.

9

10

2km

1.5km

Ruppia mats proceeding up the
beach line. The degree of salt
t:9veraga ranges from darl< brown to
white.

The bands were of mois1ura
content at this site. It had a high
content neares1 the water's edge,
becoming qutta dry as tt proceeded
away towards the vegetation
community.Dried algae mats ware
seen throughout.

Halosarcia species

communities along the shore
line.

The quadrat is located within

Predominately sand with a

Halosarcia species and Is five met, clay content, light brcwnl1an

metres from the waters edge.

in cclour, with some organic
matter throughout.

The edge al the quadrat
encroached the shoreline of a
Ha/oscaria community.

Brown clay with a sand
content, over an organic
layer and lighter brown clay
was the type o/ soil that was
present at this site.
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3.2

PHYSICO-CHEMJSTRY

The physico-chemical measurements were taken from within each aquarium prior to
each sample sweep occasion. The results shown in this section are a mean average of all
the aquaria containing discharge water, and the saline solution, for each week of
sampling. The average values have been plotted onto the bar graphs over the
consecutive weeks
3.2.1

LAKE AUSTIN

3.2.1.1 CONDUCTIVITY
Conductivity was measured in milli-siemen's per centimetre (ms/cm). Readings
obtained from saline waters started at an average of 73 ms/cm, this steadily increased to
77 ms/cm, 86 ms/cm and 90 ms/cm in each subsequent sample round. Values recorded
from the discharge water sites were greater. Data obtained ranged from 130 ms/cm in
the first round to 136 ms/cm, 152 ms/cm and 159 ms/cm respectively over the four
week period. This trend is illustrated in Figure 3.2 l .1, reflecting evapo-concentration of
the waters in the aquarium.
Lake Austin - Conductivity

131 Saline

m Discharge
08.06.01 15.06.01 22.06.01

29.06.01

Time

Figure 3.21.1: Mean (- SE) conductivity (ms/cm) values recorded over the four week
sample period, from sediment samples collected from Lake Austin.
3.2.1.2 pH
Generally the pH values over the four week sample period were quite constant within
each of the aquaria. The average pH ranged from 7.9 recorded in the first sample round
from within the discharge water, through to 8.3, obtained from samples within the saline
solution in the fourth round. The pH stabilized aBer one week. Figure 3.21.2 portrays
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the general trend of pH values for both the saline solution and the discharge waters over
time. For exact measurements and values recorded refer to the appendix.

Lake Austin - pH
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Figure 3.21.2: Mean (- SE) pH values recorded over the four week sample period,
from rehydrated sediment samples collected from Lake Austin.
3.2.1.3 TEMPERATURE
The temperature regimes measured within each aquarium were very consistent, as
observed in Figure 3.21.3. Little variability exists between and within the aquaria, all
readings lie between 19 .... C and 22 .... C, usually around 20 .... C, reflecting the
temperature control of the aquarium facility.

Lake Austin - Temperature
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�--II Saline
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Time

Figure 3.21.3: Mean (-SE) temperature (-C) values recorded over the four week
sample period, from sediment samples collected from Lake Austin.
3.2.1.4 DISSOLVED OXYGEN
The dissolved oxygen in milligrams per litre(mg/L) and percentage saturation(% SAT)
are highlighted in Figures 3.21.4 and 3.21.5.

37

Results
Lake Austin - DO mg/L
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Figure 3.21.4: Mean(-SE) dissolved oxygen concentrations(mg/L) recorded over the
four week sample period, from sediment samples collected from Lake Austin.

Mean DO % Saturatior

Lake Austin - DO % Saturation
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Figure 3.21.5: Mean(-SE) dissolved oxygen concentrations(% SAT) values recorded
over the four week sample period, from sediment samples collected from Lake Austin.
Within each round of sampling the dissolved oxygen readings were slightly less from
the saline areas in comparison to tbe values recorded from the discharge water.
Dissolved oxygen, mg/L, ranged from 3.9 mg/L in round 1 to 4.9 mg/L in round 2
within the saline solution samples. Each sampling period had an average between 4.3
mg/L and 4.6 mg/L. Whilst the readings obtained from the discharge areas varied from
3.5 mg/I to 5 .5 mg/L. the average readings recorded over the rounds were 4.45 mg/L,
4.8 mg/L, 4.7 mg/L and 4.7 mg/L respectively, each reading slightly higher than the
values measured within the saline solution. The percentage of dissolved oxygen in
saturation(% SAT) throughout each of the water columns illustrates a similar trend to
DO rng/L. The values received from the aquaria with the saline solution have a less
saturation percentage than those within the discharge aquaria. Average percentage
values in the saline water were 71.6% in round 1, 76% in round 2, 74% in round 3 and
69% in round 4. Mean values in the discharge water were calculated to be 74.5%,
79.5%, 78.7% and 78.2%, respectively. The percentage saturation vales recorded began
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to taper off in the final rounds of the four week sampling period. These results are
unusual; as the aquaria were aerated the results should be at or near 100% saturation.
The accumulation of salt ions in the air tubes inhibited the flow of air into the aquaria,
thus limiting the amount of total airflow. The aeration tubes were cleaned on a twice
daily basis, however this limitation still occurred. This may have been responsible for
inadequate distribution of oxygen throughout the water column.
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3.2.2

LAKE WOWNAMINYA

3.2.2.1 CONDUCTIVITY
The general trend shows that the conductivity is greater at all sites that were rehydrated
with the saline solution in comparison to those rehydrated with the discharge water.
Saline solution readings range from 33 ms/cm to 50 ms/cm. Average readings for the
aquaria with the saline solution for each of the rounds were 38.14 ms/cm, 39.23 ms/cm,
42.96 ms/cm and 44.69 ms/cm. The conductivity measurements increased over the
sample period. The discharge water readings had averages of 15.36 ms/cm, 17.43
ms/cm, 19.64 ms/cm and 21.69 ms/cm, increasing over the four week sampling regime.
The overall conductivity range for the discharge water was l 0.00 ms/cm in round one to
37.9 ms/cm in round four.
Lake Wownaminya - Conductivity
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Figure 3.22. l: Mean (-SE) Conductivity (ms/cm) values recorded over the four week
sample period, from sediment samples collected from Lake Wownaminya.
3.2.2.2 .e!!
The mean pH values ranged from 7.7 in areas affected directly by the discharge water in
round I of the experimental sampling, to 8.4 obtained also from areas affected by
discharge in round 4. The general trend of data indicates an overall acceleration in the
pH values over time. Like pH values for Lake Austin, pH tended to stabilize after the
first week of sampling, as observed in Figure 3.22.2. The standard error bars shown on
the graph determine that there is little vaiiation within sites.
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Lake Wownaminya - pH
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Figure 3.22.2: Mean (•SE) pH values recorded over the four week sample period, from
sediment samples collected from Lake Wownaminya.
3.2.2.3 TEMPERATURE
The temperature regimes measured within each aquanum were very consistent, as
observed in Figure 3.22.3. Little va1iability exists between and within the aquaria, all
readings lie between 19.2-C and 21.4�C. The temperature readings recorded are very
similar to the temperature regime at Lake Austin, Figure 3.21.3, again reflecting the
temperature regulation in the aquarium facility.
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Figure 3.22.3: Mean (•SE) temperature (-C) values recorded over the four week
sample period, from sediment samples collected from Lake Wownaminya.
3.2.2.4 DISSOLVED OXYGEN
Dissolved oxygen measurements were recorded in mg/L and percent saturation. The
results obtained were quite consistent between and within all sites and the treatments,
discharge water and saline solution. Average readings within the saline solution were
5.49 mg/L in round one, 5.43 mg/L in round two, 5.96 mg/L and 5.88 mg/L in rounds
three and four respectively. At the discharge sites the measurements recorded were 5.21
41

Results

mg/L, 5.66 mg/L 5.25 mg/L and 5.6 mg/L in consecutive order throughout the four
rounds. The general trend can be observed in Figure 3.22.4.
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Figure 3.22.4: Mean (±SE) Dissolved Oxygen (DO mg/L) values recorded over the four
week sample period, from sediment samples collected from Lake Wownaminya.
The percentage saturation of dissolved oxygen values recorded showed a very similar
trend to the values in mg/L. Mean values for saline solution were 90.4%, 90.4%, 93.7%
and 96.1% over the four rounds. The minimum overall reading was 82.5%, whilst the
maximum was 104.1 %. The average values recorded over time from the aquaria
rehydrated with discharge waters, as shown in red in Figure 3.22.5, are 86.8%, 94.2%,
94.5% and 91.7%. The maximum value recorded was 105.1%; the minimum was 58.6%
taken from site eight in the first round of sampling. Figure 3.22.5, identifies the average
trends, with standard error.
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Figure 3.22.5: Mean (±SE) Dissolved Oxygen, measured in Percentage Saturation

(DO%), recorded over the four week sample period, from sediment samples collected
from Lake Wownaminya.
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3.3

INVERTEBRATES

3.3.1

LAKE AUSTIN

The richness of invertebrate species emergmg from sediments collected from Lake
Austin is limited, with only three different species identified from all the aquaria. For
the ten aquaria that had the addition of discharge water to rehydrate the sediment, no
species at all emerged. Of the aquaria hydrated with the saline solution, the five aquaria
containing sediment directly affected by the discharge, sites 1 to 5, saw two species
emerge (Table 3.31)
Site 1 had only one species found throughout. Ostracoda Cyprinotus edwardi, was the
sole species sampled in this aquarium, the abundance was rare, and it was only sampled
within the fourth round of sampling.
Site 2, the site closest to the discharge point, had no species of invertebrates emerge
during the study period.
The sediment collected from the third site at Lake Austin allowed for the emergence of
two species within the saline solution. Both species were Ostracoda; species 1,
(unidentified) was seen in the first three rounds of sampling, being most abundant in
round two. The second species, Cyprinotus edwardi, was quite abundant in rounds three
and four.
The same two species of Ostracoda were the only emerging species from the sediment
at site 4. The saline solution contained species 1 (unidentified) in the first round in low
abundances, in round two the number of individuals sampled was greater, absent from
the sample in round three, it was again sampled in relative abundance in the final round.
The other species collected from this site was Ostracoda Cyprinotus edwardi. This
species was collected in high abundances from the aquaria containing saline solution in
rounds three and four.
At site 5 Ostracoda species 1 (unidentified), was only found on one occasion, in round
two. Cyprinotus edwardi was sampled twice in the later stages of the experiment in
rounds three and four.
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Site 6, the first of the sites less affected by mine dewatering at Lake Austin, had one
species sampled from within the aquarium containing the saline solution, (Cyprinotus
edwardi). It was sampled in the later rounds, three and four, of the sample period. The
abundances observed were relatively low.
Sampled in site 7, were again, the two species of Ostracoda from the saline solution.
Low numbers of unidentified species 1 were observed in all rounds except the first.
Higher abundances of Cyprinotus edwardi were sampled in the third and fourth weeks.
Two species were sampled at site 8 from the aquarium containing the saline solution. In
increasing abundance ostracoda species 1 was sampled in rounds two, three and four.
Ostracoda Cyprinotus edwardi was observed in rare abundances in round three,
becoming quite abundant in the fourth round.
The only other species identified from Lake Austin was identified from this site, site 9.
Parartemia species 1, was collected in rare abundances in round one, then becoming
greater in abundance with the consecutive sweeps in the second, third and fourth sample
periods. Ostracoda species 1 was also sampled in the aquarium representing this site in
rounds three and four, whilst Cyprinotus edwardi was collected in high abundances
from round four only.
No invertebrates species were sampled from site 10 throughout the duration of this
study.
As a general summary there were only three species sampled from the aquana
containing the saline solution from Lake Austin sediment samples. Two aquana
contained no species, one of these sites, site 2, was a site directly affected by mine
dewatering, the other, site 10, was less affected by the discharge water. The distance
from the discharge point was a factor that did not seem to influence these results, as site
2 was located directly at the point of discharge and site ten was many kilometres away
(Table 3.11). The location of site 10 in relation to vegetation communities is close,
whilst for site 2, the sample site was within the lake bed, thus the surrounding
vegetation communities were did not play a direct role in the results found. The
differences in the site characteristics suggest that it was not the presence or absence of
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vegetation, nor the distance of the site from the discharge point that contributed to these
results.
Of the eight remaining sites, two sites; 1 and 6, had only one species of Ostracoda
( Cyprinotus edwardi). These two sites were located on fringes of Halosarcia vegetation
and had distinct bands of algal mats drying over the salty surface; these features may
have determined the type of species that emerged. The distance from the discharge point
did not appear to play a role in the species composition of these sites. Additionally the
conductivity measurements extrapolated from both of these sites was about 101 ms/cm
in the final stages of sampling. The only other reading greater than this was obtained
from site 10, this being 112.6 ms/cm, where no species emerged. Site 9 saw three
species respond when the saline treatment was added to the sediment, both species of
Ostracoda and Parartemia species emerged. This site was the only one that was located
in a less affected area close to the water body. This particular sole characteristic may
determine why this additional third species was only sampled at this site. The remaining
five sites contained both species of Ostracoda. Sites 3, 4 and 7 were situated in the
middle of the lake bed with no direct association with vegetation communities, whilst
sites 5, 6 and 8 were on the shoreline, adjacent to Halosarcia communities. Thus this
factor is not assumed to have played a role in determining species composition, nor did
the distance from the discharge point. All sites had evidence of algal deposits
throughout as well as being emerged from sediments containing high contents of clay.
Conductivity values varied within each of the aquaria, thus this not being a direct
controlling factor of the species compositions.

45

Species richness of invertebrate taxa from sediment samples at Lake Austin. The abundance categories are 1 = rare (lor 2 individuals), 2

Table3.31:

= low (between 2 and 10 individuals), 3 = medium (between 11 and 100 individuals) and 4 = high (in excess of 100 individuals).
Note: 'd' = discharge water was used for the rehydration, 's' = saline water was used for the rehydration.
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3.3.2

LAKE WOWNAMINYA

The invertebrate assemblages found within the sites sampled at Lake Wownaminya
covered a greater richness of faunal species. Within the discharge sites, sites 1- 5, there
were ten different species of invertebrates identified from the rehydration trials using
both the discharge water and the saline solution (Table 3.32).
From site 1 there were nine species identified. Only one species, Isopoda species, was
sampled in this aquarium but not found at any other sites classified as affected by
dewatering discharge (this species was collectively sampled only from the sediment that
was rehydrated with the discharge water and was sampled on one occasion, in the
second round of the sample period). In total there were eight species observed from the
aquaria rehydrated with discharge water, and four species from the saline solution at site
1. The eight species consisted of Nematoda, Copepoda, Isopoda species, four species of
Ostracoda and Diptera Tabanidae. The saline solution allowed Cladocera, Copepoda,
Nematoda and Diptera Tabanidae to emerge from the sediments. Cladocera Daphniidae
species was the single species that was sampled from the saline water throughout the
sediment samples from this site.

The sediment samples collected from site 2 lead to eight species being identified. From
the samples rehydrated with discharge water six species were observed. Those species
included Copepoda, four species of Ostracoda, and Nematoda. The species that were
only sampled from the saline solution were Cladocera, sampled in rounds one and three,
and the member of the Insecta group; Tabanidae, which were rare in abundance in
rounds two and four. Other species sampled in the saline solution included Copepoda,
two species of Ostracoda, and Nematoda (only in round one).

Seven species were sampled from the aquaria containing sediment samples from site 3
at Lake Wownaminya. No Cladocera were sampled from this site. In the aquarium
containing the discharge water, Copepoda and four species of Ostracoda were
identified. One species of Ostracoda, new Genus '540 ', was only sampled in the fourth
round of sampling. In the saline solution Copepoda and three species of Ostracoda;
Species 1 (unidentified), Cyprinotus edwardi and Mytiliocypris tasmania chapmani, the
second and third species only appearing in the final round of sampling, Nematoda and
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Tabanidae were also sampled. Nematoda were only sampled in round one sweeps,
whereas the Diptera were sampled in low abundances in rounds two and three.
The assemblage of species sampled from site 4 consisted of eight species in total. Seven
species were sampled within the aquarium with the discharge water. These species
included Cladocera; which were only sampled from the discharge waters in rounds one,
three and four, Copepoda; sampled in rounds two, three and four, three species of
Ostracoda, Nematoda and Tabanidae. Copepoda were only sampled once in the saline
solution, this was in the second round of sampling and in low abundances. Four species
of Ostracoda were sampled, one species; Diacypris whitei, was only sampled in the
saline water and in the final round of sampling. Tabanidae was the other species
identified, again this was in low abundances and on one occasion throughout the third
sample round.
The final site that was directly affected by discharge water at Lake Wownaminya was
site 5. This site had nine different species identified. Cladocera species were sampled on
two occurrences, in the saline solution during round one sampling and within the
discharge water in round three. Rare Copepoda abundances were observed from within
the aquarium with discharge water in rounds one and two, and then gradually this
abundance became slightly greater, and more were observed in round four. Copepoda
were recorded once (rare) from within the saline solution during round two. Four
species of Ostracoda were identified in all four rounds in both the saline water and the
discharge water aquaria, a fifth species, new Genus '540 ', was also sampled from within
the discharge water, however only during round four. Nematoda were sampled from the
saline solution in round one, as well as from the discharge water in both rounds one and
two. The ninth species identified from the sediment collected at site five was Tabanidae,
this was sampled from the saline solution in sample sweeps in rounds one and three, and
once in round three from the discharge water.
The results show that from the sites affected by mine water discharge there was a sole
species that was sampled on only one occasion (Isopoda). Ostracoda, new Genus '540 ',
was a species that was only sampled within the aquaria containing discharge water. This
species was sampled in relatively low abundances and only in the fourth round.
Cladocera were sampled from four of the five sites, on three circumstances the
emergence of this species occurred from the saline water, the one other time it was
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sampled from within the discharge water at site 4, there was no record of this species
sampled from the aquarium with the saline solution at this particular site. The
conductivity measures varied between each of these sites, indicating that the salinity
concentration was not a prominent factor alone in determining the species compositions.
All sites had the presence of Halosarcia communities nearby, as well as having
significant banding of dried algal mats throughout. Therefore 'habitat' may not explain
the differences found between the sites, but could explain the significant similarities.
Site 6, the first of the sites not directly affected by the mine water discharge, had seven
species emerge over the four week period. Six species were found to emerge from the
sediment rehydrated with discharge water. Certain species were only sampled from the
sediment rehydrated with discharge water including Copepoda, Cladocera and
Ostracoda ( Cyprintous edwardi). The saline solution resulted in the emergence of four
of the seven species. These were Gastropoda in rounds one and two only, Ostracoda
unidentified sp. 1 in rounds three and four, Nematoda from sweeps in the first two
sample periods, with decreasing abundances from high to low over this time. The one
taxon that was sampled only from the saline solution was Tabanidae in low abundances
in the second sample sweep.
From the species sampled at site 7 there were eight different species observed. Six of
the species occurred in the water hydrated with the mine discharge water. These species
were the Gastropoda, Cladocera and Copepoda, both crustacean taxa only occurred
within the discharge water rehydrations, Ostracoda unidentified sp.l and Cyprintous
edwardi, and Nematoda were also seen. The remaining two species examined from the
sediment at this site only emerged from the rehydration with saline solution, Diacypris
whitei and Tabanidae. Four other species were also observed from the saline aquaria
(Gastropoda, Ostracoda unidentified sp.l and Cyprintous edwardi, and Nematoda).
The species richness of invertebrates sampled and observed from site 8 was low, only
four species. Two of the species were found in low abundances in both the discharge
and the saline solutions. Gastropoda was sampled in rounds one and two only from
within both the aquaria, Ostracoda unidentified sp. 1 was also found in low abundances
in both aquaria. A third species, Ostracoda Cyprinotus edwardi was sampled in rounds
three and four from the discharge waters only. Tabanidae were collected on one
occasion from the saline solution in round two.
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Site 9, also less affected by the mine water discharge, had eight species emerge in total.
Five species were found from both types of rehydration water. Gastropoda, in round one
only; Cladocera, once from the saline water in low abundances in round two compared
to a greater abundance from within the discharge water; Ostracoda unidentified sp. 1
was sampled consistently throughout all rounds of sampling in both water treatments, as
too was Cyprinotus edwardi in rounds two and three and Nematoda. Of the three other
species, two occurred only in the saline waters in low abundances in round four only,
these being Mytiliocypris tasmania chapmani and New Genus '540 '. Isopoda was the
only other different species sampled, this being in rounds one and four in the discharge
water.
The most diverse site that was less affected by mine water discharge was site 10. Five
species were sampled from both treatments of rehydration water. These species were
Ostracoda unidentified sp. 1, Cyprinotus edwardi Mytiliocypris tasmania chapmani,
Diacypris whitei and Nematoda. Gastropoda were the individual species only sampled
from the saline water, whereas the remaining three species were only collected from the
aquaria containing discharge water. Cladocera were sampled in all four rounds,
ostracoda New Genus '540' was collected only in low abundance in round four. Isopoda
was collected in rare numbers in the same round.
A general observation from the species collected from the sites less affected by the
discharge indicates that Cladocera are predominately only sampled from the aquaria
hydrated with the fresh discharge water. Cladocera prefer to be more distant from the
point of discharge in sediments where algae are abundant. The addition of discharge
water demonstrates Cladocera to be more responsive than when saline water is used in
the hydration experiment.
Copepoda are found in rare abundances from the discharge water, responding more
favourably to the saline treatments. Copepoda are more abundant in sites closer to the
discharge point, however only emerging from sediment hydrated with the saline water
and not responding to the discharge treatment. Copepoda are potentially at risk of
becoming lost with the continuation of the discharge water into the system.

50

Results

Isopoda had a fresh response to the discharge water. This species was only sampled
from within aquaria containing sediments hydrated with the fresh discharge treatment.
Two of the three sites Isopoda were sampled from were located in close proximity to the
point of discharge.
Diptera occurred in both the areas affected and less affected by the discharge,
additionally it was also sampled from each of the rehydration treatments. Tabanidae
larvae were sampled in low abundances from eight of the sites sampled. From all the
sites affected directly by the discharge water it emerged, and in three sites where
discharge had not directly affected the sediment. All of these sites had algae deposits
within, suggesting that this is where they were sampled from, as conductivity and
location from the point of discharge is variable in all sites.
Gastropoda only occur within the aquaria containing sediment that was less affected by
the discharge activities, thus the distance from the discharge point is a significant factor
in determining their abundance. This taxon has a more saline response to the water
treatments.
Ostracoda, unidentified sp. ],and Cyprinotus edwardi, occurred at most sites. At four of
the sites, however, Cyprinotus edwardi was found in great abundance and unidentified
sp. 1 was either absent of in very low abundance; two of these sites being close to the
discharge pipe, and the others distant. Diacypris whitei was sampled from two sites
where discharge water affected the sediment, whilst it was sampled four times from
non-affected areas. The distance from the point of discharge may have a significant
contribution to this. Of the two larger ostracods, Mytiliocypris tasmania chapmani and
New Genus 540, they co-occurred in small abundances only, at four sites; 3, 5, 9 and 10.
The similarity between sites was the presence of algal deposits within the quadrats,
along with having vegetation communities nearby. The distance from the discharge
point appeared not to be a significant aspect in determining the composition of species
at these sites, likewise the treatment type applied and conductivity were varied, thus
proving not to be an influence. New Genus 540 was only detected after four weeks,
taking longer to respond to the hydration of sediment.
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3.4

BENTHIC VEGETATION AND PHYTOPLANKTON

3.4.1

LAKE AUSTIN

Summary findings of the flora; benthic plants and biofilm, sampled within aquana
containing sediment from Lake Austin are referred to in Table 3.41.
Seagrass, Potamogetonaceae Ruppia sp, was sampled from within the aquaria
containing sediment affected and less affected by discharge waters, however only in the
aquaria that were hydrated with the saline solution. Six of the ten sites had this species
sampled withi� sites one and ten were the only two of these sites that were located on
the lake shore, whereas the other four sites, 3, 4, 7 and 9 were within the lake bed. Each
site had evidence of dried algae within, although it appears that the distance from the
discharge point has not determined this association.
Eleven species of diatoms, the order Bacillariophyta, were sampled at Lake Austin from
sediments rehydrated with saline waters. Caloneis bacillum was found only within
discharge affected sites. Tabularia tabulata was sampled from three sites, two 111
discharge areas, of these sites one was located within the lake bed, and one on the
shoreline. The third site, in the less affected area, was also sampled on the shoreline,
and all sample quadrats had algal mats within. Thalassiosira weissflogii occurred in all
aquaria, Gomphonema sp. 1, Mastogola sp. 1, M balticum, M smithii , Synedi-a acus, S.
minuscula, Tabularia tabulata and Thalassiosira weissflogii all occurred in aquaria with
the saline solution hydrating the sediment less affected by the discharge water. M
balticum and M smithii were sampled from site 9 only, this site was the only site
located close to the main water body, as referred to in Table 3.11.
Green algae, Chlorophyta, a species of Oedogonium were identified from the saline
solution in rehydrated non-discharge affected sites from both areas near vegetation and
in the lake bed, although its absence from affected areas suggests that the distance from
the point of discharge cou1d be a factor in this distribution. Oocystis sp. was sampled
once at a less affected site on the shoreline with a high conductivity reading of l 01.6
ms/cm. Ankistrodesmus sp. was at one site in the affected areas in the middle of the lake
bed. A species of cyanobacterium was also found in the same sites (Spirulina sp.). This
was collected twice from sites in less affected areas only, near vegetation communities,
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the salinity concentrations were 65.7 ms/cm and 77.7 ms/cm, the lowest readings from
the aquaria.
Table 3.41:

Summary findings of the flora; benthic plants and biofilm, sampled

within aquaria containing sediment from Lake Austin.
Saline Water

LAKE AUSTIN

1

2

3

4

X

X

X

X

5

6

7

8

9 10

Benthic Algae
Potamogetonaceae Ruppia sp.1
Bacillariophyta

Diatoms

X

Caloneis baci/lum

X

X

X

Gomphonema sp. 1

X

Mastogloia sp. 1
Mastogloia balticum
Mastog/oia smithii

X

Chlorophyta

X

X
X
X
X

Pleurosigma salinarum
Synedra acus
Synedra minuscu/a

Green Algae

X

X

Tabularia tabulata

X

Thalassiosira weissflogii

X

X
X

Ankistrodesmus

X

X

X
X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

C/osterium sp. 1
Oedogonium sp.1
Oocystis sp.1
Blue/green Algae Cyanobacteria

X

Microcystis
Phormidium
Spirulina

X

Total 4

3.4.2

2

5

3

1

7

X

4

3

9

4

LAKE WOWNAMINYA

Table 3.42 outlines the summary findings of the flora; benthic plants and biofilm,
sampled within aquaria containing sediment from Lake Wownaminya.
The germinating seagrass, Potamogetonaceae Ruppia sp. 1, was observed in all aquaria
hydrated with saline water (except those with sediment from site 3). The conductivity of
this site being was higher than most others recorded (50.3 ms/cm).
Of the Diatoms, Pleurosigma salinarum was only sampled within sediments from
discharge sites rehydrated with saline solution, indicating that the distance from the
discharge maybe a factor in its presence. Synedra minuscula occurred from sediment
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affected by discharge and rehydrated with discharge water. It was also in unaffected
areas, emerging from sediment hydrated with saline water. All sites contained algal
deposits, suggesting that this species maybe related to the presence of algae. Another
species of diatom identified was Thalassiosira weissjlogii, sampled from all sediments
rehydrated with saline waters. It was also sampled from aquaria 4, 5,6 and 9 rehydrated
with discharge water. All aquaria had varying salinity and all sediment samples
contained algal deposits when collected. Caloneis bacillum was found within three
discharge affected sites, 1, 2 and 5. Each of these sites had seagrass and algae present at
the time the sediment was collected. Addition of discharge water allowed it to be
sampled from the aquarium containing site 1 sediment, while it was sampled from
aquaria of all sites with the saline treatment. Mastogola balticum and M smithii were
evident in all aquaria rehydrated with saline water, and Mastogola balticum was in
seven of the discharge sites. M smithii occurred in all sites except one aquaria
containing site 7 sediment. The presence of these species at these sites maybe related to
the closeness of the sample quadrat to the water's edge, thus the high moisture content,
similar to site 9 at Lake Austin.
Green algae, Chlorophyta, were also present within the aquana. Four species were
identified. Ankistrodesmus was sampled from three sediment samples, two of them less
affected by the discharge and rehydrated with both saline and discharge water. The
same species was also identified from one aquaria containing discharge affected
sediment and the fresher discharge water treatment. Closterium was in aquaria with
sediments from sites 1, 3 and 5; discharge affected sites, and all unaffected sediment
with saline water treatments as well as from site 7 with the discharge treatment added.
Thus proving that the distance from the discharge point maybe a factor influencing the
majority of the composition of the species, as six of the nine samples were in areas less
affected by the discharge water. Oedogonium sp. 1 was sampled from aquaria
containing the saline solution combined with sediment from less affected sites,
determining that the distance from the discharge is a factor here. Oocystis sp. 1 only
occurred in the aquaria with the discharge waters, this being from sediments affected
directly and indirectly by the mine water discharge. The fresher treatment being applied
here has possibly determined this species occurrence. The location from the discharge
pipe is not a manipulating factor.
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Three species of blue-green algae, Cyanobacteria, were sampled from the sites affected
by discharge from those sediments rehydrated with saline and discharge waters. The
species Microcystis, Phormidium and Spirulina were identified in aquaria containing
sediment affected by discharge. Microcystis was again observed in the non-affected
sediment, however it was only sampled in aquaria containing discharge water. The
distribution of cyanobacterium in this case appears to be largely dependent on the
distance from the discharge point within Lake Wownaminya.
Table 3.42:

Summary findings of the flora; benthic plants and biofilm, sampled

within aquaria containing sediment from Lake Wownaminya.
LAKE WOWNAMINYA

Saline Water

Discharoe Water

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

�ngiosperm

Potamogetonaceae Ruppia sp.1

X X

Diatoms

Bacillariophyta

X X

Caloneis bacil/um
Gomphonema sp. 1

X X X X X X
X

X

X

X X X X X X X X X
X

X

X

Mastogloia sp. 1
Mastogloia balticum
Mastogloia smithii
Pleurosigma sa/inarum
Synedra acus

X X X X X X X X X

X

X X X X X

X

X

X X X X X X X X X

X

X X X X X X

X X

X

X X

Synedra minuscula
Tha/assiosira weissflogii
Green Algae

Chlorophyta

Blue/green Algae Cyanobacteria

X X X X X X X X X

Ankistrodesmus
C/osterium sp. 1
Oedogonium sp. 1
Oocystis sp. 1

X

Soirulina

X

X X X X

I

X

X

X

X X X
X

X

X

X

X

X

X X X
X X X X X

X X

Microcystis
Phormidium

X X X

X X

Tabularia tabulata

X
X

X

X X X X
X X
X X

Total 7 6 5 7 7 8 7 7 5

X X

X

X
X

5 5 7 7 7 8 5 4 4 5 5
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3.5

ANALYSIS

3.5.1

LAKE AUSTIN

Of the sites affected by dewatering, thus prolonged inundation, seven different species
of biota were identified; two invertebrates and five flora species. From the sites less
affected by the mine dewatering regimes three invertebrates species were sampled and
eleven flora species consisting of biofilm species were identified, overall there were
fourteen species sampled. The overall number of species sampled was twenty-one. The
results of this data when put through a Mann-Whitney u-test ( equivalent to the t-test)
are shown below. Each test was applied three times, a) sample site in relation to the
number of invertebrate species, b) sample site in relation to the number of flora species
and c) sample site in relation to the number of combined species.
As seen in the following table, Table 3.51, the results identify that in a) sample site in
relation to the number of invertebrate species, the value of the two-tailed test; p-value, is
greater than 0.05, thus it can be concluded that there is no significant difference between
the invertebrate species richness and sample site, thus the period of inundation. The
invertebrate composition is not altered accordingly to the degree of seasonal inundation.
The results observed from part b) sample site in relation to the number of
phytoplankton/periphyton species, are similar to those analysed in part a). The value of
p-value is greater than 0.05, thus again there is no significant difference between sample
site and the phytoplankton species richness in relation to the period of inundation. Part
c) sample site in relation to the number of combined species again has a p-value that is
greater than 0.05. Therefore the null hyp othesis is accepted yet again. There is no
significant difference between the samples sites, be it affected directly or indirectly by
mine dewatering, and the total combined species richness.
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Table 3.51:

Results of Mann-Whitney Test a) the sample sites; five sites affected

versus five sites less affected, in relation to the number of invertebrate species, b) the
number of flora species and c) the number of combined species.
sample site in relation to the number of invertebrate species.

a)

Test Statistics'

Mann-Whitney U
Wilcoxon W

z

Asymp. Sig. (2-tailed}
Exact Sig. [2*(1-tailed
Sig.)]

invertebrate
species
richness
11.000
26.000
-.337
.736
.841

a

a. Not corrected for ties.
b. Grouping Variable: sample site

sample site in relation to the number of phytoplankton species.

b)

Test Statistics'

Mann-Whitney U
Wilcoxon W

z

Asymp. Sig. (2-tailed}
Exact Sig. [2*(1-tailed
Sig.)]

phytoplankton
species
richness
5.500
20.500
-1.485
.138
.151

a

a. Not corrected for ties.
b. Grouping Variable: sample site

sample site in relation to the number of combined species.

c)

Test Statistics'

Mann-Whitney U
Wilcoxon W

z

Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed
Sig.)]

combined
species
richness
6.000
21.000
-1.375
.169
.222

a

a. Not corrected for ties.
b. Grouping Variable: sample site

57

Results

The results shown from the cluster analysis show four distinct groupings of the data
from aquaria containing Lake Austin sediment (Figure 3.51). Group I consisted of one
site only, this being Site 2. This site is not closely related to any other group. Only two
species emerged from the sediment, these both being diatoms, Caloneis bacillum and
Thalassiosira weissflogii. Site 2 was located at the discharge point and was distinctly

different from other sites in the respective groups. This site contained the greatest
quantity of salt on the surface layer, had no banding of dried algae, was located in the
middle of the lake bed away from any fringing vegetation and had uniform clay
sediment.
Group II also had no invertebrates, and consisted of one site, Site 10. This site had four
species: Ruppia sp., Synedra minuscula, Thalassiosira weissflogii and Oedogonium.
This site also had characteristic differences from Group I. The quadrat was sampled
within the shoreline of the lake, approximately twenty metres from the Halosarcia
community. Less salt covered the surface and algae deposits were sampled throughout.
Anoxic sediment existed under the clay based soil. This site was located away from the
discharge point.
Group III can be divided into two subgroups, Group III-a, and Group III-b. Together all
six sites have a relationship as they all had the presence of one species of Ostracoda
Cyprinotus edwardi and each site had the diatom species, Thalassiosira weissflogii, in

common. Group III-a, contisting of sites 4, 1 and 3, was subdivided from group III-b as
this group had an additional two species in common, Ruppia sp. and Caloneis bacillum
as well as the one species of Ostracoda and the diatom species. All of these species were
located within the close proximity of the discharge point. Group III-b, comprised of
sites 7, 5 and 8, was differentiated slightly as the sites within this division had both
species of Ostracoda, Unidentified sp. 1 and Cyprinotus edwardi. All together these six
sites can be grouped together as the thin encrusted salt layers all had a presence of algae
dispersed throughout, and clay was the dominant sediment type. The location of the
sample quadrats in relation to the discharge pipe outlet or vegetation communities does
not appear to have contributed to the species emergences that each of these sites had in
common.
Group IV was again distinguished by the richness of the species found throughout the
sites. Sites 6 and 9 were both less affected by the discharge water. These sites were
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grouped closely as they both comprised of Ostracoda Cyprinotus edwardi, diatoms
Mastogloia sp.1, Synedra acus, Thalassiosira weissflogii and the cyanobacterium,
Spirulina. The presence of the ostracod species and Thalassiosira weissflogii, relates
Group IV to Group III, however the additional species that Group IV sites share make
this group distinct. These two sites that complete this group have similar site
characteristics in that they had alternating bands of dried salt and algae over the surface
layer. One of these sites was sampled near vegetation communities, and one in the
middle of the lake bed, with the main water body 100 metres away. Both sites had an
anoxic layer of sediment underneath the surface that was covered by a thin layer of salt.
These factors combined with the distance away from the discharge point groups these
sites together along with the species composition from the sediment samples.

Lake Austin
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Dendrogram Plot of 10 aquaria using group average clustering from

Bray-Curtis similarities on the presence and absence of species at Lake Austin. Sites 1
5 are affected by mine dewatering, sites 6 - 10 are less affected by mine dewatering.
These results are only from the saline treatments.
Group relationships can be observed in the diagrammatic MDS plot in Figure 3.52. The
plot shows a strong affiliation between the two groups of sites. Sites 1, 2, 3, 4 and 5 are
all located to the left hand side of the figure, all these sites being directly affected by the
mine water discharge. A subsection of this group held sites 4, 1 and 3, as they were
similar to each other as highlighted from the dendrogram plot. The sites 6, 7, 8, 9 and 10
are characteristically placed to the right hand side of the plot of Figure 3.52. Each of
these sites were less affected by the mine water discharge. The greater spatial spread
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shown between the sites shows that there is a secondary relationship amongst the sites,
not like that seen on the left hand side of the graph. The defined downward gradient
from sites 10, 7, 8 and 6, shows a trend of increasing species richness down the grapll,
site IO being the least diverse with four species, whilst site 6 had eight species. Site 9 is
the most diverse site having 12 species, thus being the outlier. The stress level indicated
on the graph is 0.11, this is a low level, showing that the groups are strong and there is a
strong relationship between the g oups. This level of stress indicates that a good
ordination exists with no real prospect of misleading interpretation, and higher
dimensional solutions will not add any additional i11fo1mation about the overall structure
of this plot (Clarke and Warwick, 1994).

Lake Austin
0

Stress: 0.11

1

Figure 3.52:

MDS ordination of the 10 aquaria based on the presence and absence of

species composition and Bray- Curtis similarities (stress 0.11) at Lake Austin, showing
superimposed groupings. Sites 1 - 5 are affected by mine dcwatering, sites 6 - 10 are
less affected by mine dewatering. These results are only from the saline treatments.
From the results shown in the MDS configuration it can be seen diagrammatically,
although it was not determined statistically, that a difference occurs in the species
composition accordingly to the degree of seasonal inundation. The sites exposed to
prolonged inundation are grouped to the left of the diagram whilst the sites with less
exposure are grouped to the right.
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The hypothesis that tests the species composition emerging from the sediments will be
the same irrespective of the salinities of the mine water discharge, has been rejected.
Results only occurring from within saline water treatments, suggest that the discharge
water is too saline, thus the composition of invertebrates and flora is altered accordingly
to salinity regimes.
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3.5.2

LAKE WOWNAMINYA

For the analysis of the data obtained from the emergence of species from the collected
sediment samples at lake Wownaminya an Analysis of Variance (ANOVA) was used.
Three separate ANOVAs were conducted to determine the interaction of the hydration
water; saline solution or discharge water, in relation to the sample sites; affected directly
or indirectly by the mine water discharge, and
a) The number of invertebrate species emerged.
b) The species richness of flora sampled.
c) The combined species richness of invertebrates and flora.
Prior to obtaining results from the two-way ANOVA's, the Levene's test of equality of
error variances was conducted to ensure the homogeneity of variance could be assumed
in all tests. These results are shown in Table 3.52.1.
Table 3.52.1: Results of the Levene's test of equality of error variances, a) the number
of invertebrate species emerged, b) the species richness of flora sampled and c) the
combined species richness of invertebrates and flora.
a)

The number of invertebrate species emerged.

Levene's Test of Equality of Error Variances
Dependent Variable: invertebrate species richness
F
df1
df2
Sig.
.096
3
16
.961
Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
a Design: lntercept+SITE+WATER+SITE * WATER

b)

The species richness of flora sampled.

Levene's Test of Equality of Error Variances
Dependent Variable: flora species richness
F
df1
df2
Sig.
3
1.485
16
.256
Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
a Design: lntercept+SITE+WATER+SITE * WATER

c)

The combined species richness of invertebrates and flora.

Levene's Test of Equality of Error Variances
Dependent Variable: combined species richness
F
df1
df2
Sig.
3
.428
16
.735
Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
a Design: lntercept+SITE+WATER+SITE * WATER
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The Levene's test determines that for all three dependent variables, invertebrates, flora
and combined richness, the f-max score is less than the value of three in all three cases,
thus homogeneity of variance was assumed. This is further confirmed as the
significance value is greater than 0.05 on all three occasions, therefore the null
hypothesis is assumed, this being that the error of variance of the dependent variable is
equal across groups.
The results from the two-way ANOVA indicate that a) the number of invertebrate
species emerging from the sediments at Lake Wownaminya showed no significance in
accordance to the salinity of the mine water discharge. Likewise, no significant
difference occurred between the mean number of species emerging from sediments in
accordance to the sediments previously exposed to prolonged inundation due to
dewatering. The significant values obtained are greater than 0.05 (Table 3.52.2), thus
the null hypotheses' are accepted in these instances.
Table 3.52.2: ANOVA Results for Invertebrate species richness.
Tests of Between-Subjects Effects
Dependent Variable: invertebrate species richness
Mean
Source Type Ill Sum
df
of Squares
Square
6.600
3
2.200
Corrected

Model

696.200
696.200
Intercept
SITE
3.200
3.200
3.200
WATER
3.200
1
SITE*
.200
.200
WATER
43.200
16
2.700
Error
746.000
20
Total
Corrected
49.800
19
Total
I a R Squared = .133 {Adjusted R Squared = -.030)

F

Sig.

.815

.504

257.852
1.185
1.185
.074

.000
.292
.292

.789

Additionally to the results observed in the previous table, diagrammatically it can be
seen that there is no distinct interaction among the sample sites, dewatering affected or
less affected by mine dewatering, and the hydration treatments in relation to the number
of invertebrates species sampled. Figure 3.52.1 shows that the invertebrate species
richness transition from dewatered sites to less dewatered sites in the discharge water is
proportionally greater than the species richness of invertebrates in the saline solution.
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Figure 3.52.1: Profile Plots of the ANOVA test showing the interaction between water
type and sample site in relation to the invertebrate species.

The results from the two-way ANOVA in part b) The species richness of flora including
benthic plants and biofilm, sampled at Lake Wownarninya in relation to the hydration
waters, discharge and saline, showed no significant difference between the mean
number of flora species and the salinity of the mine water discharge. There was no
difference observed, as the significant value obtained from the ANOVA test was greater
than 0.05, thus accepting the null hypothesis. There was significance between the
number of flora species sampled from sediments in accordance to the sediments
previously exposed to prolonged inundation due to dewatering. The difference in
sample site, directly or less affected by mine water discharge, obtained a significance

value less than 0.05, therefore rejecting the null hypothesis. The relationship shown by

the ANOVA results determine that the interaction between sample site, hydration water
treatment and the total species richness of flora indicated that there was a significant
difference in the results. This is confirmed as the significant value obtained is less than
0.05 (Table 3.52.3).
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Table 3.52.3: ANOVA Results for Flora species richness.
Tests of Between-Subjects Effects
Dependent Variable: flora species richness
Source

Type Ill
Sumo
Squares
14.550

df

Mean
Square

F

Sig.

Corrected
3
4.850
Model
Intercept
732.050
1
732.050
SITE
6.050
1
6.050
WATER
2.450
1
2.450
SITE ..
6.050
1
6.050
WATER
Error
16.400
16
1.025
Total
763.000
20
Corrected
30.950
19
Total
ja R Squared= .470 (Adjusted R Squared= .371)

4.732

.015

714.195
5.902
2.390

.000
.027
.142

5.902

.027

The ANOVA results can also be seen m Figure 3.52.2, an interaction occurs.
Proportionally a lesser change of flora within the saline solution can be seen from the
dewatered sample sites to the less affected sites by mine dewatering. Whereas the
change in flora diversity in the discharge water is negative. Greater species richness is
seen in tbe sites affected by mine dewatering, it is less rich at the sites less affected by
dewatering.
Estimated Marginal Means of flora species richness
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Figure 3.52.2: Profile Plots of the ANOVA test showing the interaction between water
type and sample site in relation to the flora species.
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Similar to the results observed in Table 3.52.3 the combined total number of species
shows a significant difference with the relationship of the sample site, dewatering
affected or less affected. The results from the ANOVA test give a significance value
less than 0.05, thus rejecting the null hyp othesis; there is a difference between species
richness and periods of prolonged inundation due to dewatering. When the statistical
analysis was performed between the combined species diversity and hydration water
and as well as the association among the species diversity, water and sample sites the
analysis proved to be not significant (Table 3.52.4). This value was again greater than
0.05 therefore accepting the null hyp otheses', no difference between the salinity of the
mine water discharge and the species richness, likewise no difference between the
species richness and the timing of inundation.
Table 3.524: ANOVA Results for Combined species richness.
Tests of Between-Subjects Effects
Dependent Variable: combined species richness
Source
Type Ill
df
Mean
Sum of
Square
Squares
Corrected
3
26.550
8.850
Model
Intercept 2856.050
2856.050
18.050
SITE
18.050
WATER 5.000E-02
1 5.000E-02
1
SITE*
8.450
8.450
WATER
16
Error
48.400
3.025
Total 2931.000
20
19
Corrected
74.950
Total
ja R Squared = .354 (Adjusted R Squared = .233)

F

Sig.

2.926

.066

944.149
5.967
.017
2.793

.000
.027
.899
.114

The profile plot graph, Figure 2.52.3, highlights the negative interaction that occurs.
The transition from the dewatered sites to the less affected sites results is a
proportionally lesser change for the total combined species richness in the saline waters
than for the species richness in the discharge waters.
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Figure 3,52.3: Profile Plots of the ANOYA test showing the interaction between water
type and sample site in relation to the combined species.
The cluster analysis, dendrogram plot, Figure 3.52.4, for Lake Wownaminya
differentiates five distinct groupings. Group [ consists of one site only, Site 8. This is an
independent site from the rest of the groups as it contains only three invertebrate
species, Gastropoda and Ostracoda unidentified sp. l, Cyprinotus edwardi. Group U,
again, represents one site, this being Site 7. This single site is set aside separately as it is
the only site sampled that contained no diatom species. These two groups are defined
separately from the others by the distinct grey coarse sediment. They arc individually
grouped however, as tbe distance fom the vegetation communities varies, site 8 is
encroaching vegetation and site 7 is approximately 5 metres away leading to slightly
different characteristics, thus species groupings. These sites arc also less affected areas,
treated with discharge water.
Group Ill is a grouping of two smaller sub groups, these being Group III-A and m-B.
All sites within this major group show similarities in that they all displayed Gastropoda,
one ostracod species, unidentified sp. I, R uppia and three diatom species, Mastogioia
balticum, Mastogloia smithii and Thalassiosira weissjlogii. Group III-A contained the
sites 18, I 6 and I 7. All of these sites were unaffected by the mine water discharge and
had the same treatment applied (saline treatment). The sites were clustered together as
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they showed similarities in species composition; all sites had Gastropoda, one ostracod
species, unidentified sp. 1, Tabanidae, Ruppia, three diatom species, Mastogloia
balticum, Mastogloia smithii and Thalassiosira weissflogii and the green algae
Oedogonium. Group III-B amalgamated four sites with simliar compositions: sites 6, 9,
19 and 20 all had Gastropoda, two species of ostracod, unidentified sp. 1 and Cyprinotus
edwardi, as well as Nematoda, Ruppia and three diatom species, Mastogloia balticum,
Mastogloia smithii and Thalassiosira weissflogii. All sites in group III were grouped
together as they were less affected by the mine water discharge, thus the distance from
the point of discharge played as a factor in the species composition that distinguished
these sites. Other characteristics that lead to their grouping included, the close proximity
of the sample quadrats to Halosarcia communities, as well as displaying bands of dried
algae and seagrass over salt encrusted sediment.
Group IV consists of four sites treated with the discharge water, Sites 2, 3, 5 and 10.
However the location from the discharge point was not a factor (Table 3.12) influencing
the composition of species sampled within the quadrats. All sites did have banding and
encroached Halosarcia vegetation. The sediment types were all slightly different, thus
the main factor grouping these sites was based on species. The explanation for the
groupings is likely to have been the treatments rather than anything to do with the
habitat. These sites each have in common seven species, these being four Ostracoda
species (unidentified sp. 1, Cyprinotus edwardi, Diacypris whitei and New Genus
"540 "), Ruppia and two diatoms species, Mastogloia balticum and Mastogloia smithii.
The final group, Group V, groups seven sites together. This group can be subdivided
into three secondary groups. Group V-A has one site, Site 1, and this is slightly
differentiated from the other groups as it contains only one species of diatom
(Mastogloia smithii). Group V-B has Sites 11 and 12, both share similar compositions
with Cladocera, Copepoda Nematoda, Tabanidae, Ruppia and four diatom species,
Caloneis bacillum, Mastogloia balticum, Mastogloia smithii and Thalassiosira
weissflogii. The third sub-group, Group V-C is represented by four sites, Sites 14, 15, 4
and 3, all having Copepoda, three ostracod species (unidentified sp. 1, Cyprinotus
edwardi and Mytiliocypris tasmania chapmani), as well as Tabanidae, and three species
of diatoms, Mastogloia balticum, Mastogloia smithii and Thalassiosira weissflogii.
Group V defines the sites that contain the common species Tabanidae and Mastogloia
smithii. All group V sites were located within the 1km radius of the discharge point.
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Again all sites had bands of seagrass and algae present over moist clay sediment.
Sample quadrats all fringed vegetation communities. Thus the main distinguishing
feature of these sites is the location from the discharge point, linking the similarities of
the species composition.
The diagrammatic MDS plot, Figure 3.52.5, highlights the distinct differentiation
between the various groupings within the sediment types and treatments at Lake
Wownaminya. Sites less affected by the mine water discharge, these sites being Sites 6
- 9, and 16 - 20, primarily dominate the left side of the diagram. The right side of the
diagram is occupied by the sites affected by the mine water discharge, Sites 1 - 5 and
11 - 15. The figure is subdivided again horizontally. The top section partitions the
sediment treated with the discharge water, sites 1 - 10, whereas the lower half houses
the sites with the sediment treated with the saline solution, Sites 11 - 20. These major
divisions have subdivisions within; these were discussed in reference to the cluster
analysis dendrogram plot, Figure 3.52.4.
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Figure 3.52.4: Dendrogram Plot showing the analysis of the presence and absence of
species between sites at Lake Wownaminya. Sites 1 - 5 and 11 - 15 are affected by
mine dewatering, sites 6 - 10 and 16 - 20 are less affected by mine dewatering. The
results from the discharge water treatment are sites 1 - 10, whilst results from the saline
treatments are sites 11 - 20.
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Lake Wownaminya Data
Stress: 0.18

20
17

Figure 3.52.5: MOS Plot using Bray- Curtis similarity, showing sites the similarity
between sites at Lake Wownaminya. Sites l - 5 and 11 - 15 are affected by mine
dewatcring, sites 6 - l O and 16 - 20 are less affected by mine dewatering. The results
from the discharge water treatment are sites 1 - 10, whilst results from the saline
treatments are sites 11 - 20.
Statistically, the results dete1mine that there is difference between the combined species
sampled and the site; dewatering affected or less affected, thus the degree of inundation.
The MOS diagram further supports these results. It can be observed that the dewatered
sites arc clustered to the left and the less affected sites are grouped to the right of figure
3.52.5.
The outcome of the two-way ANOVA analysis states that the salinity of the mine
discharge water does not affect the species composition emerging from sediment.
Arguably, the MOS ordination shows that groupings of the sites treated with the
discharge water are similar to another, and the bottom section of the plot groups the
sites treated with the saline solution, suggesting that some significance exists between
the salinity of the mine water discharge and species abundance and composition.
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3.6

SUPPLEMENTARY EXPERIMENTS

3.6.1

REPLICATES EXPERIMENT

A replicate study was conducted to ensure that the number of species sampled in the full
study was a reproducible representation of the species in the quadrats. Replicates were
conducted for four sites, two from each lake. One site was from dewatered areas, whilst
the other from the less affected areas. Each site samples were bulked then halved as
before, then treated with discharge or saline water. Results were compared to those
obtained from the full study for those sites.

A general summary of the results from the replicate study found that the physico
chemical characteristics showed similar trends in the data as observed in the initial
experimental stages (refer to appendices for precise data). The species sampled in the
initial experimental stages were characteristic of those sampled in the replicate study.
As can be observed in Table 3.61, both Lake samples prove to have a lower diversity of
species in the replicate experimentation compared to the initial cumulative species
numbers obtained over the four week period.

3.6.1.1 LAKE AUSTIN
Firstly, no new species were encountered in any replicates for Lake Austin, Secondly
only on species was recorded from four of the aquaria, compared to two species of
invertebrates recorded from the same quadrats and treatments in the full experiment.

Of the samples collected in the replicate experiment from the sediments at Lake Austin,
there were no specimens collected from the replicate aquaria containing either the saline
water or discharge water from the discharge affected areas. In comparison to the initial
aquaria sampling two species of Ostracoda, unidentified sp 1. and Cyprintous edwardi,
were sampled from the aquarium containing the saline solution. The sediment sample
collected from sites that are less affected had no species retrieved from the aquarium in
the initial round of sampling, however in the duplication of the experiment one species
of Ostracoda, Cyprintous edwardi, was sampled.
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3.6.1.2 LAKE WOWNAMINYA
The replicate experiment results demonstrated that the initial experimental sampling had
a greater diversity in both the saline water and the discharge water at both the sites
affected by and less affected by the mine water discharge. No new species were
sampled from either aquarium. The discharge water added to the discharge affected
sediment showed that only four species of invertebrates emerged compared to seven in
the initial experimental stages. This result was the same for the sediment hydrated with
the saline water. In reference to the sites less affected by mine dewatering there were
three species that emerged from sediment hydrated with the discharge water in the
replicate experiment, this in contrast to the initial sampling shows a lower diversity as
there were eight different species sampled previously. In the saline solution there was
only one species sampled from the duplicate experiments, this being Ostracoda
Mytiliocypris tasmania chapmani. Four different species were sampled in the initial
stages of the project.
With these results in mind the purpose of the replicate sampling was to ensure that the
size of the quadrat deemed to be large enough to gain an adequate representative sample
of the site, and allowing for 3.5% of the quadrat to be sampled. The results determine
that there were no new species sampled from within the replicate experiment in relation
to the initial samples, indicating that the size was sufficient for this particular project.
The timing of the replicate experimentation showed that time in sediment storage may
have reduced capacity of species to emerge from sediments.
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Table 3.61

Summary of the invertebrate results from the replicate study compared to

the initial experimental sampling.
Lake Austin

Site
5
Round Replicate Initial
Water d s
d s

Order/Species
Ostracoda

Orange - tiny (unidentified}
Cyprinotus edwardi

X
X

Total
Lake Wownaminya
Order/Species
Gastropoda

Crustacea

Cladocera
Copepoda
Ostracoda

0

0

Site
5
Round Replicate
Water d
s

2

X

0

1

10
Initial Replicate
s
d s d

0

0

Initial
d s

X

Daphniidae sp. 1.

X

X

X

Cyclopoida sp. 1.

X

Orange - tiny
(unidentified}
Cyprinotus edwardi
Myti/iocypris tasmania
chapmani
Diacypris whitei
New Genus "540"
S.Halse

X

X

X

X

X

X

X

X
X

X
X

X

X

X
X

X

X

X

X

lsopoda
Diptera

0

Pomatopsidae Coxiella
gi/esi

X

Nematoda
lnsecta

10
Replicate Initial
d
s d s

X

X

X

4

4

X

X

X

X

7

X
X
X

Tabanidae
Total

X

7

3

1

X

X

8

4
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CHAPTER4

DISCUSSION
4.1

PHYSICO-CHEMISTRY FINDINGS

4.1.1 LAKE AUSTIN
The conductivity was greater at the discharge sites, the measurement on average at 159
ms/cm, in comparison to the saline solution, 90 ms/cm. Seawater in relation to this has
a conductivity of about 55 ms/cm, in association the readings obtained from Lake
Austin indicate that the conditions are hypersaline. Over the sample period the
conductivity steadily increased, reflecting the evapo-concentration of waters in the
aquaria. A study conducted by Geddes et al. (1981) recorded salinities at Lake Austin in
the late seventies of112.0 ppt and 80.6 ppt, (approximately 164ms/cm), likewise similar
values were recorded from Horwitz et al. (1999), these being around 160ms/cm, from
remnant pools located within the vicinity of the current discharge point (Figure 2.23).
This present study has therefore used ranges ofsalinity similar to that found in previous
studies conducted prior to discharge activities.
4.1.2

LAKE WOWNAMINYA

The conductivity measurements within the aquana containing saline water were
approximately 43 ms/cm. The water being discharged into Lake Wownaminya was
recorded at 5593 µs/cm from the discharge pipe, although the values obtained when
combined with the various sediment examples was between 10 ms/cm and 30 ms/cm.
Similar to Lake Austin the salinity levels increased over the period of sampling, thus
reflecting the evapo-concentration ofthe water from each aquarium. Filling and drying
duration after rainfall, or in this case after the application of treatment water, is crucial
to the water quality and biodiversity oflakes (John, 2001). During the filling period the
salinity may be low. As the drying starts the salinity increases, reaching the highest
salinity when the cycle is complete. The conductivity level ofthe water when combined
with the lake sediment in the aquaria is a definitely higher than the concentration ofthe
discharge water. This demonstrates the importance ofthe initial wetting ofthe sediment,
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as it dissolves the salt ions and allows for a biota to emerge when their ideal conditions
arise. The conductivity varies over the course of the experimentation period. These
variations provide altered conditions which proved to be favourable to a number of
species, especially Ostraocoda (Diacypris whitei, New Genus '540 ') which emerged in
the latter half of the experimentation stages when conductivity values were slightly
greater.

4.2

INVERTEBRATE ABUNDANCES

4.2.1

LAKE AUSTIN

Overall, there were three invertebrate species, all Crustacea, sampled from within the
aquaria containing Lake Austin sediment. These three species were only found within
sites rehydrated with the saline solution, the discharge water being too saline for any life
to inhabit. The sites affected directly by the discharge water demonstrated that there
were eggs or cysts of the fauna present within the sediment; this became evident when
two species of Ostracod emerged with the addition of the saline solution.
Salinity appears to be the greatest influence affecting the emergence of invertebrate
fauna. No invertebrate species emerged from the site that was located directly at the end
of the discharge point. This region was highly concentrated with salt ions. The salt layer
over the sediment was a centimetre thick within the site quadrat. One ostracod species,
Cyprinotus edwardi, emerged from the final sample sweeps at site 1. This sole species
recorded may represent the high salinity of the water from which it was sampled, thus
being too saline for a number of other species to emerge. The conductivity recorded
within this mesocosm was 102.7 ms/cm in the final stages of sampling. This reading
was the second highest measured out of all the aquaria. The additional three aquaria
containing sediment from the affected areas of the Lake Austin saw two species of
Ostracoda emerge. The salinities proved to be tolerable for the species to emerge. These
sites, 3, 4 and 5, appeared to be situated far enough away from the discharge point to
allow for the species to overcome dormancy. Excessive salt ions, as per site 2, may lead
to dormant faunal cysts becoming submerged under the thick salt crust, this constraint
conceivably hindering the chance for emergence from the sediment.
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Site 10 had the highest conductivity reading recorded from the saline solution, this
being 112 ms/cm, and no species emerged from this aquarium. Although this site had
the largest value recorded it was situated away from the discharge point. The location of
this site was the closest of the five unaffected sites to the west of the discharge point.
Strong easterly winds may have a tendency to shift the main water body towards this
site, along with airborne ions contributing to the increase in salinity of the soil, however
there are no data to test this assumption. The second highest conductivity reading was
recorded from within the aquaria with sediment collected from site 6. Similarly to site
one, the conductivity reading was about 102 ms/cm in the final stages of sampling. This
result saw only one species of ostracod, Cyprinotus edwardi, emerge from the sediment.
All other sites, 7, 8 and 9, had lower salinities, allowing both species of ostracod to be
sampled. Site nine, the most diverse site within the Lake Austin samples, also had one
of the lower conductivity values. The crustacean Anostraca, Parartemia sp., was
sampled within. The presence of this species at this site may be attributed to the lower
salinity level, however it possibly can be due to the close proximity of the main water
body near the site. The recent drying of this area may permit the eggs of the species to
be more responsive to hydration as they have not been in the dormant stages as long as
other propagules sampled from sediments located further away from the main water
body. The absence of Parartemia sp emerging from sediments in the discharge affected
areas can be a result of increased salt ions on the surface which seals the cysts
preventing the species to overcome dormancy (John, pers. comm.).

Salt lakes generally have a lower diversity compared to freshwater ecosystems, and in
most saline lakes extremely few species occur (Williams, 1981). The inverse correlation
between salinity and species diversity is supported through the results shown in this
study between Lake Austin and Lake Wownaminya.
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4.2.2 LAKE WOWNAMINYA
Lake Wownaminya is a smaller lake system than Lake Austin, thus the distribution of
discharge water potentially has a greater influence on the entire system. Combined with
a slightly different pattern of rainfall, this being more frequent as the lake is located to
the south and the west of Lake Austin, the lake system at the time of sampling was quite
full. For this reason, all the sample sites were located near the water's edge on the lake
shore, as a result the sample areas usually encroached upon vegetation communities
dominated by Halosarcia species.
This association with sampling on the water's edge near vegetation communities in a
system receiving relatively freshwater discharge (5593 µs/cm or salinity of 3.65ppt), has
lead to a different suite of species with a greater diversity, sampled from within the
sediments.
Eleven invertebrate species were sampled from Lake Wownaminya sediment. This
included: one mollusc species Coxiella gilesi (Gastropoda Pomatopsidae), eight
Crustacea species (one Cladocera, one Copepoda, and five Ostracoda; Species 1
(unidentified), Cyprinotus edwardi and Mytiliocypris tasmania chapmani, Diacypris
whitei, New Genus '540' and one Isopoda species). Nematoda and Diptera larvae were
also identified.
Gastropoda were sampled from only within the sites less affected by the mine water
discharge. Discharge water may be too fresh for their occurrence within. The presence
of this species throughout the aquaria containing less affected sediment only suggests
that the species cannot tolerate the characteristics of the discharge water. Remains of
Gastropoda shells were observed in the sediment samples collected from the areas
directly affected by the discharge, however as observed the species were not active,
indicating that the conditions were no longer favourable for this species at these sites.
Gastropoda appeared to have a more saline response in Lake W ownaminya, and with
increasing freshness of the wetland this species can potentially be at risk of disappearing
as the saline conditions in which they are adhered are altered.
Cladocera species were sampled with the addition of all treatments at both of the
different regions of the lake, although they were more abundant in the unaffected sites,
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than in sites 1 - 5. Copepods responded to all treatments except when discharge water
was added to aquaria containing sediment from the discharge affected sites. Copepoda
are potentially at risk with the continuation of discharge water into the system, as this
was the only treatment it did not respond to. These results determine that the two
different species of Crustacea have different conditions that they find favourable for
development.
The rare examples of the larger ostracods (Mytiliocypris tasmania chapmani and New
Genus '540 '), co-occurring throughout this study reflects the results found in earlier

studies indicating that small species of ostracods are capable of co-occurring in large
abundances with one another, however this event in reference to the larger species is
quite rare (Geddes, De Deckker, et al., 1981). The emergence of these larger species in
the latter stages of the experiment suggests that they prefer slightly more saline
conditions, or the period of dormancy for these species is a greater period of time.
Nematoda, Isopoda and Diptera larvae are all species that are more abundant and have a
preference towards less saline conditions. Isopoda in particular had a fresh response to
the discharge water, only emerging from sediments when this treatment was added.
These findings may indicate why these species were sampled at Lake Wownaminya and
absent from aquaria providing the saltier conditions from Lake Austin.
The more diverse number of species, and greater abundances, sampled within Lake
Wownaminya suggests that salinity is a factor influencing the composition of species.
The higher the salinity reflects a lower diversity in species richness. Figure 4.22 further
supports this statement, along with a series of publications (Halse et al., 2000, Williams,
Taaffe and Boulton, 1991 and Hart et al., 1991). When the conductivity values are high
(as for Lake Austin) the conditions of the water are too saline for any species to inhabit.
As observed in the diagram when the conductivity values decrease in concentration
there is greater increases in the number of species. In summary salinity appears to be the
greatest influence affecting the emergence of invertebrate fauna.
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Total Species Richness in relation to Salinity
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Salinity concentration in relation to total species richness, with data from

both Lake Austin and Lake Wownaminya. Diagram depicts results performed in a
Scatter graph analysis, SPPS Package for Windows.
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4.3

SYNTHESIS

4.3.1

GENERAL

Invertebrates emerging from sediments support the hyp othesis that the composition and
assemblage changes in accordance to the salinity of the mine water discharge in both
lakes. There were no species that emerged from the sediment samples hydrated with the
discharge water (122.1 - 181.9 ms/cm) at Lake Austin, however when the same
sediment became hydrated with a saline solution, (61.3 -112.6 ms/cm) species emerged
from the sediment. This indicates that the salinity of the mine water discharge can
determine the composition and assemblage of the emerging species from the hydrated
sediment. Species association at Lake Wownaminya proved to have no significance
statistically, in relation to the salinity of the mine water discharge and the richness of
the species. However, diagrammatically as seen in Figure 3.52.5, there is a defined
clustering that suggests the grouping of sites hydrated by the discharge water are at least
qualitatively distinct from those sites hydrated with the saline treatment. The more
saline of the two wetlands, yielded relatively few taxa, suggesting that salinity does
affect the composition of the emergent biota, and similar observations were recorded by
Skinner, Sheldon and Walker (2001).
The salinity of the discharge water is an element that can alter the suite of invertebrates
emerging in ephemeral inland salt lakes. When pulses of hyp ersaline water are
discharged into less saline systems, as is the case for Lake Austin, the multi-cellular
organisms are quite sensitive to the sudden increase in salinity changes (Hart et al.,
1991). These increases in salinity concentrations lead to a decreasing number of tolerant
organisms. Many Crustacea species have a tolerance to high salinities (Williams, 1985),
however a period of acclimation would be required: the longer an organism is subject to
a particular salinity regime the more tolerant it becomes (Hart et al., 1991). Thus
constant discharge of hyp ersaline water can hinder many species from developing this
survival tolerance.
The salinity regime of discharge water can also modify the assemblage of communities
where a fresher concentration is released into a system that is naturally more saline. A
severe shift in decreasing salinity can alter a crustacean dominated system to one that is
dominated by insects (Bunn and Davis, 1992) and vice versa. A salinity level of 3000
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mg/L is often regarded as the lower limit for saline water, however the Australian Water
Resources Council has implemented a figure of 5000 mg/L (AWRAC, 1987). The
salinity of the discharge water entering Lake Wownaminya has a measurement of 3650
mg/L, this is regarded as hyp osaline, well below the concentration of sea water (Timms,
1997). The freshness of the water received in Lake Wownaminya has lead to a greater
diversity of species. The occurrence of Diptera and to some extent Isopoda species
throughout the lake may indicate that the entire lake is approaching a fresher threshold,
beyond which the overall species diversity of the lake may be altered. This trend may
result in salt tolerant species disappearing from Lake Wownaminya. Evidence of this is
already occurring in this lake as Gastropoda are only active in the areas less affected by
the discharge activities. Salt tolerant invertebrates are capable of surviving in these
fresher conditions (Halse, et al., 2000) however over time the entire species
composition will be altered significantly. As seen in this study, the shift from
salinisation to fresher conditions can lead to reduced endemism and may lead to the
extinction of endemic species, as explained by Timms (1997). Of the limited data
available, the presence of salt characteristic species such as Anostraca were sampled
previously in Lake Wownaminya (NGGO, 1998) and were not identified in this study.
The absence of this species is a clear indication that the water features related to the
discharge activities are changing the composition of species emerging from rehydrated
sediments within this system. Particular species (especially Copepoda) within the
fresher areas of the lake are at risk of vanishing due to the continuation of discharge
treatments. However, other species (lsopoda) are occurring as a result of the fresher
conditions.
The effects of water regimes appear to be a principal aspect in maintaining distinct
communities in saline habitats (Neckles et al., 1990). Invertebrate and biofilm responses
to water regimes in this study supported the hyp othesis that composition of biota in
sediment will depend upon the degree to which the sediment has been exposed to
dewatering. Regular flooding and drying is essential in maintaining high densities of
fauna in seasonal wetlands. The statistical results obtained from Lake Austin suggest
that there was no significance in the timing of inundation in relation to the species
assemblages. However, in the MDS configuration plot, Figure 3.51, the sites exposed to
prolonged inundation are grouped independently from those sites less affected by the
discharge water regimes, indicating that characteristically there are signs of altered
communities. Lake Wownaminya also supports this hyp othesis in the sense that there
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was a significant variation in the biofilm and combined species richness (invertebrates
and biofilm), between the sites affected by dewatering and the sites less affected.
The relationship between the duration of inundation and the species diversity must be
standardised in respect that artificially prolonged inundation of a wetland from
temporary to permanent usually impacts on invertebrates adapted to variable flooding
regimes (Boulton and Jenkins, 1998). Semipermanent flooding may alter these systems
as many environmental stimuli required necessary for reproduction of the dominant
taxa, might be eliminated (Neckles et al., 1990). Reproductive success in many
invertebrate species, especially those in the order of Crustacea, rely on mechanisms to
survive the dry phases, and rapid development during the flood phases where large
numbers of offspring can be produced. This ability for Crustacea to be dormant during
the dry seasons and typically avoid desiccation as a resistant stage is a characteristic
determining high proportions of species endemic in Western Australia (Bayly, 1997).
Alterations to the regime of wetting and drying in a wetland system, like prolonged
inundation, has the potential to decrease the high species richness that is seen in
seasonal water bodies (Pinder, et al., 2000), not only in invertebrate species, but
waterfowl species as well.
Erratic filling and drying of wetlands are very important to waterbirds for feeding and
breeding (Kingsford and Porter, 1994). The advantage of breeding in temporary waters
allows the birds to feed on a more abundant organic food source created regularly upon
flooding of dead vegetation (Swanson, et al., 1974). The ceasing of this regime may be
detrimental to migrating birds. In a wetland survey of water birds there was a greater
abundance of birds sampled in brackish and saline waters than freshwater (Halse et al.,
1993), altering salinity regimes and inundation can decrease the significance ofwetland.
However, on a positive note the discharge into wetland systems can provide a refuge for
waterbirds when neighbouring wetlands in the region are dry in the summer months or
through periods oflow rainfall, as suggested by Timms (1997).

82

Discussion

4.3.2

SIGNIFICANCE FOR INVERTEBRATES

Information on the salt tolerances of aquatic invertebrates is sparse.
Biodiversity generally decreases with increased salinity (John, 2001), both invertebrates
and diatoms showed an inverse relationship between salinity and species richness. The
sites affected directly by high salinity rehydration treatments, as per those receiving
discharge water from Lake Austin dewatering processes, showed no invertebrate
response. The same result was evident at the dewatering sites at Lake Lefroy, another
lake subject to hypersaline discharge in arid Western Australia (John, 2001).
Biota collected is predominately from the Crustacea order, as this group are
undoubtedly the most salt tolerant of the macroinvertebrates (Hart et al., 1991), with
ostracods being the most abundant group. Six genera of ostracods are endemic to
Australia: Diacypris and Mytiliocypris are two genera found throughout this study.
Their distribution is controlled largely by salinity, and they have no ancestors within
marine environments (De Deckker, 1983). Thus it is of extreme importance to ensure
that they do not become extinct within inland water bodies. The eggs of ostracods are
adapted to withstand long periods of desiccation, so can be found in harsh environments
(Bayly, 1976). Although species are able to withstand these harsh conditions they
require particular salinity levels to initiate hatching of the eggs. This constraint may
determine why only two species were sampled from Lake Austin. Of the larger
Ostracoda species (Mytiliocypris tasmania chapmani, Diacypris whitei and New Genus
540), it was rare to see these species throughout the sample sweeps in the earlier stages

of the experimentation period, this may have been a result of the ostracods not hatching
directly after rehydration. Rarely ostracods hatch rapidly after rainfall filled the lakes
when salt ions were initially being dissolved (De Deckker, 1983). Many other ostracod
species have eggs that must remain viable for some time under a variety of water
salinities and it is principally water salinity that controls hatching. This was a constraint
in this project as the salinities were not varied over the course of the experimentation
period. Another aspect that largely influences the different species observed in lakes is
the relationship between the timing of sampling for invertebrates and the salinity of the
lake. Depending on the season, thus the salinity, different species have been seen in the
same lake at varying times of the year (Timms, pers. com.).
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It appears that Copepoda species are more abundant in saline lakes in the east of
Australia than in the west (Halse, 1981), thus only few species are sampled from
Western Australian lakes. Copepods enter dormancy at juvenile stages and can survive
dessication. Some species have been reported to produce resting eggs that can persist for
decades (De Stasio, 1990). It has been known that copepods can remain dormant for up
to three years, however little is known about survival of dormant copepods in sediment
(Wyngaard et al., 1991). Variability in times of production and hatching of diapausing
eggs protect the population from local extinction in years of unusual environmental
conditions (Hairston and De Stasio, 1988). Most copepod species are restricted to
freshwater and field collected data suggests that they are restricted to salinities below
400mg/L (Timms, 1981). Laboratory studies have been conducted and indicate that a
number of species can survive in salinities from less than 100 to 10 000 mg/L. Many
Australian species find salinities greater than 1000 mg/L deleterious (Hart et al., 1991),
thus indicating the absence of this species from Lake Austin sediment samples.
Copepoda like slightly turbid waters (Timms, 1997) and as a result it can be determined
that their presence was highly dominated in the discharge affected areas, as this was
predominately where waterbirds were feeding, thus mixing the sediment, making this
area more turbid than other sections of Lake Wownaminya. This also may have
influenced the distribution of Cladocera, which prefer clearer water, and sampled
largely from unaffected areas.
There is limited information on Cladocera in relation to their salinity tolerances (Hart, et
al., 1991). However it is known that the distribution of species is in waters that have
low salinity or fresh conditions (Timms, 1997 and Halse, 1981), as a result this species
was sampled within Lake Wownaminya and was not observed at all from rehydrated
sediments from Lake Austin.
The frequency of inundation has been suggested to influence the survival of resting eggs
in sediments (Boulton and Jenkins, 1998). Additional factors also influencing plankton
species include physical factors such as water temperature, pH and oxygen distribution
(Neckles et al., 1990). No test was conducted involving the fluctuations in
environmental conditions in this experiment. There is a lot of evidence to suggest that
there are additional mechanisms other than the salinity of the water that control
invertebrate abundance and species richness.
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The Anostracan Parartemia species is an organism that is capable of inhabiting the
lakes of higher salinities; accordingly it was sampled from within Lake Austin.
Parartemia species can occupy a range of salinities in the field; the highest recorded
being 353 parts per thousand (Geddes, 1981). The absence of this species from the areas
affected by mine dewatering is largely due to the sealing of cysts with excessive salt
ions, hindering the overcoming of dormancy.
Molluscs are another species found within the salt lakes, Coxiella species the most
abundant in Australian lakes. The adaptation that allows this species to survive as an
adult is its impermeable shell that can be closed by a tight fitting operculum. Within
these closed shells both adults and juveniles can withstand many months of desiccation,
as well as aerobic conditions, high temperatures and extreme salinities (Williams,
1985). These species are adapted to desiccation, however excessive periods may limit
them to particular areas (De Deckker, 1983), this may be a result of why they were not
sampled in resting stages at Lake Austin.
Nematoda are a group of invertebrates that cannot withstand high salinities (Geddes et
al., 1981). However in some instances certain species can withstand extreme
temperatures and desiccation for many years. When it is in a dehydrated state it appears
that metabolism has stopped, this is known as cryptobiosis, when the environment
becomes suitable again rehydration is rapid and the larvae quickly reassume active life.
This phenomenon was first discovered in the chironomid species, however has been
observed in rotifers and nematodes alike (Williams, 1985). The particular species
identified from Lake Wownaminya may be an example of the species that prefers the
lower spectrum of the salinity range.
Diptera appears to be the only insect order with certain species that has successfully
colonised highly saline waters (Hart et al., 1991). The family Tabanidae is not one of
these species. Throughout this study it was san1pled in low abundances in algae mats at
Lake W ownaminya. The presence of this species is another indication that this lake
possibly is reaching a fresher threshold.
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4.3.3

SIGNIFICANCE FOR VEGETATION

Submerged macrophytes are not diverse in temporary salt lakes and few species survive
salinities greater than 100 parts per thousand (ppt). Potamogetonaceae, Ruppia species
is dominant in more saline waters in Australia and is found in primarily temporary
localities (Brock, 1983). Survival of plants involves resistant spores, seeds or a dormant
vegetative state. For many macrophytes, the production of seeds is the characteristic
way by which these plants survive the dry periods (Brock, 1981). This adaptation allows
this species to be sampled from temporary ephemeral waters, similar to the lakes
studied throughout this project.
Diatoms are among the best groups of organisms widely used for biological assessment
of rivers, along with macroinvertebrates and fish (Chessman et al., 1991). Within both
lake samples, diatoms were the most numerous and diverse group of algae present.
These results are similar for a study conducted at Lake Lefroy (John, 2001), a lake also
subject to mine water discharge. Some diatoms have an extremely high salinity
tolerance, some up to 250g/L (Borowitzka, 1981). Diatoms have a specific tolerance
and adaptation to environmental conditions, more so than other aquatic biota (John,
1993). Diatoms group in various categories depending on the characteristic of the water,
these groupings are based on the preference and tolerance to environmental variables,
including salinity, pH or nutrients (John, 1993). The alterations of wetland
characteristics can largely shift the diatom community in terms of dominance and
frequency of species. Saline waters are dominated by species that tolerate or even prefer
higher salinities. Alterations in salinity gradients can influence a shift in community
richness, as seen in the different species richness between the treatments of the two
lakes. This in tum can be a precursor of the entire ecosystem structure, as diatoms are
the most important single group of primary producers (John, 1983), and modifying this
can influence the entire structure of the food web (Brock and Boulton, 1999). Variations
of salinity are a major forecaster of the distribution and biotic community structure
within saline lakes.
No intense studies have been conducted on the bacterial and algal flora of temporary
waters in the arid/semi-arid zone. It is known that many algae (both true green and blue
green) produce resistant bodies either asexually or as part of their sexual reproduction
cycle (Fryxell, 1983) thus allowing several genera to exist in temporary salt lakes.
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Benthic algal mats present within both lakes are made up of Microspora species and
other green algae species. These populations are strongly influenced by the variability in
changes of hydrology rather than seasonal temperature patterns or availability of
nutrients (Hotzel and Croome, 1994). The structure of the algal community within this
study shows distinct trends that some species are responsive to saline conditions
( Oedogonium sp.), whilst other species are favourable to fresher conditions ( Oocystis
sp. ). This tendency for different species to respond to various characteristics is further
evidence to suggest that the influence of mine dewatering and altered hydrological
regimes is a factor that can modify the diversity of a wetland ecosystem.
Cyanobacteria are tolerable to high salinities, can form mats and are a good food source
for invertebrates. Cyanobacterium species Phormidium, Oscillatoria, Microleus and
Spirulina are examples of species than can tolerate salinities greater than 100 ppt
(Williams, 1985). Species Phormidium and Spirulina are very common in salinities of
300g/L (John, 2001 explaining their presence within Lake Austin sediments. Temporal
pattern changes of saline gradients are as important to these species as it is to
invertebrates. Brock and Lane (1983) mention that bacteria will probably be less
affected by low-level constant salinity changes that allow time for them to adapt. High
variable salinity changes, as expected by a flux of hypersaline discharge water, will
hinder bacterium survival in these systems (Hart et al., 1991). Similarly to invertebrates,
species richness of bacteria has also been observed to decline with increased salinity.
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CHAPTERS

IMPLICATIONS FOR MANAGEMENT
AND CONCLUSIONS
Unfortunately, scientific data needed to assess biological effects of saline discharges are
lacking, and where they do exist, are not generally in a form useful to resource
managers, as mentioned by Hart et al. (1991). Scientific monitoring is a process that
will further develop the available data to determine the biological effects of mine water
discharge on natural systems. "Monitoring" can be defined as the gathering and
evaluation of information for assessment of performance, and "performance" is a
measure of the progress, usually the success, achieved when compared to environmental
objectives, (Unger et al., 1995). Baseline data collection needs to be obtained prior to
the discharge of any additional water into lake systems. Additionally, it is recommended
to monitor the composition of species during the phases of discharge operations, as well
as post discharge following the cessation of discharge activities (Finucane et al., 2001).
The monitoring of wetlands in arid environments is particularly difficult as it is usually
based on seasonal or opportunistic sampling. This is a problem for many companies that
require regular monitoring on an annual basis for licence regulations. Thus, the type of
sampling performed in this study is ideal as it is accessible during dry periods and
would be useful for monitoring the aquatic organisms as indicators of health.
Propagules of fauna have not been considered previously to monitor wetlands and the
impacts potential imposed on them (Skinner et al., 2001). This type of sampling is not
seasonally restricted, and even wetlands that have been dry for many years can be
investigated. Incubation of dry or wet sediment in the laboratory for hatching of
invertebrate cysts or spores of diatoms can be an effective way of measuring the health
of a system as well as assessing the impact of mining, as conducted through this
experiment and suggested by John (2001).

Pre-release studies into the receiving environments should be mandatary along with post
release studies. When designing such a process it is important to determine the salinity
tolerance of biota to assess the impact of mining (eg, dewatering) on biota (John, 2001).
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Furthermore when performing the release of discharge into the system the biota can
tolerate higher salinities if they are given time to acclimatise (Hart et al., 1991), thus the
best method of discharge would appear to be one where salinity is increased gradually
to a level that does not cause adverse affects. The feasibility of this type of project
would need to be assessed.
There is a clear distinction between the wetland receiving hypersaline discharge in
comparison to the wetland receiving relatively fresh discharge. Salinity is a major factor
clearly influencing the occurrence of species in the lakes. Mine dewatering in arid,
saline wetlands ecosystems and the response of biota emerging from sediments has lead
to an insight that mine discharge alters the composition of species in the receiving
wetland environments. Species diversity has changed in Lake Wownaminya with the
addition of fresher discharge to the system. The presence of insects and absence of
Anostracan species (characteristic of salt lakes), suggests that the lake is being
converted to a more permanent water body with a fresher gradient. This can be
detrimental to the endemism of crustacean or molluscan forms that only occur within
this lake system, and may lead to, if not already the extinction of local forms. Lake
Austin has extremely low species richness as an inverse relationship to increasing
salinity. Again, the process of mine water discharge may lead to extinction of local
endemic forms.
The timing and the period of inundation is a factor that has distributed the composition
of species to a significant extent at Lake Wownaminya. Over the course of the discharge
period prolonged periods of inundation due to dewatering operations may further alter
the abundances and richness of species within these systems causing some concern of
the overall impacts on the lake. Many Crustacean species rely on a desiccation period
for reproduction and development, the permanence or prolonged inundation periods can
hinder this occurrence (Davis and Christidis, 1997). It is quite possible that the species
sampled from Westem Australian salt lakes have a greater endemism than that found
elsewhere in Australia (Geedes et al., 1981), thus it is in our best interest to conserve
these systems as best as possible, and minimise impacts to help prevent further loss of
endemism and the high diversity that is unique to Australia.
My recommendation based on the current method of discharge into natural wetlands is
to monitor the lake on a seasonal basis to ensure that the diversity of the natural system
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is not lost. Prior to discharge a baseline study should be carried out, as well as upon the
completion of the discharge processes post release monitoring should be mandatory.
With a continued monitoring and survey program, the lake ecosystem can be monitored
and thus detect any sudden changes to the system as a result. Additional studies into the
research of supplementary methods for mine water discharge should also continue to
suggest alternative ways to prevent alterations to the environment. Some of the options
that have been discussed in the past include aquifer injection and evaporation ponds for
hyp ersaline water. The main issue other than where to dispose of the water is the
economic and environmental factors involved. Research into alternative, yet more
economical, methods for aquifer injection should be carried out, as there is a problem of
extracting vast quantities of groundwaters from aquifers and not replacing these
reserves (this is another issue in it's own right). However for the immediate future the
only suggestion I have is to use the fresher water for irrigation of rehabilitated sites or
produce a dam for aquaculture production, again the economical incentive behind this is
dependent on the company.
Finally, whether the decision to discharge water into nearby natural wetlands is the
option taken out by the mining company or not, it always necessary to conduct baseline
studies prior to the altering of any natural habitat, as well as taking the precautionary
approach. The commitment to conserve our natural saline wetlands and the diversity
within is beneficial for all the biotic organisms and the environmental components
within and surrounding these systems.
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Physico-chemical data
for Lake Austin and Lake Wownaminya
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Replicate Experiment -Averages of Physico-chemical Data.
Lake Austin Replicate Graphs
pH.
Initial Replicate St. Dev.
8.15 0.120208
Saline 5
7.98
7.99 0.091924
Discharge 5
7.86
7.83
Saline 10
8.17 0.240416
8.04 0.13435
Discharge 10
7.85

Lake Wownaminya Replicate Graphs
pH.
Initial Replicate
St. Dev.
8.190.233345
Saline 5
7.86
Discharge 5
8.21 0.233345
7.88
Saline 10
8.01 0.035355
7.96
8.160.282843
Discharge 10 7.76

Temp - Round 1
Initial Replicate St. Dev.
Saline 5
20.6
21.5 0.636396
Discharge 5
21.8
21.9 0.070711
Saline 10
21
21.7 0.494975
Discharge 10
21.8
21.9 0.070711

Temp·

Initial Replicate
St. Dev.
21.40.848528
Saline 5
20.20
21.80.494975
Discharge 5
21.1
Saline 10
20.90.565685
20.1
21.50.141421
Discharge 10 21.70

Conductivity ms/cm
Initial Replicate St. Dev.
Saline 5
82.5
89.3 4.808326
Discharge 5
137.5
144.1 4.666905
Saline 10
75.8
79.6 2.687006
Discharge 10 132.8
139.6 4.808326

Conductivity ms/cm
Initial Replicate
St. Dev.
Saline 5
360.282843
36.4
Discharge 5 14.75
17.021.605132
Saline 10
500.777817
48.9
36.97.141778
Discharge 10 26.80

DO mg/L

DO mg/L

Saline 5
Discharge 5
Saline 10
Discharge 10
DO% SAT·
Saline 5
Discharge 5
Saline 10
Discharge 10

Initial Replicate St. Dev.
4.47
4.55 0.056569
4.34
3.8 0.381838
5.01 1.046518
3.53
4.19 0.183848
4.45

Initial Replicate St. Dev.
75.8 1.06066
74.3
72.6
66 4.666905
83 18.73833
56.5
76
73.5 1.767767

Initial Replicate
St. Dev.
5.11
Saline 5
5.180.049497
50.558614
Discharge 5
5.79
4.830.685894
Saline 10
5.8
4.90.091924
Discharge 10 4.77
DO% SAT·
Saline 5
Discharge 5
Saline 10
Discharge 10

Initial Replicate
St. Dev.
85.7
85.50.141421
96
83.6 8.768124
94.5
80.59.899495
78
833.535534
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