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ABSTRACT

Two seasonal lakes on the Swan Coastal Plain, Western Australia -
Forrestdale Lake and Thomsons Lake - were sampled for macro-
invertebrates over a period of six months. Three sites were chosen at each
lake along a 500m transect from the fringing vegetation to the lake centres.
The lakes were sampled when dry to determine which, if any,
macroinvertbrates remained in the exposed sediments during the dry
phase. The lakes began to fill in May, and sampling was carried out at
flooded sites in May, June and July. Between June and August the water
was sampled for nutrients (nitrogen and phosphorus), chlorophyll g, pH
and conductivity. Organic content was measured in all samples of the

sediments.

The water chemistry and organic content measurements revealed that
both of the lakes were freshwater and meso-eutrophic. Altogether 78 taxa
of macroinvertebrates were found, (62 species in Thomsons Lake
excluding the zooplankton, and 41 in Forrestdale Lake). Thirteen species
were recorded from the dry lake beds, and these and the rest of the aquatic
fauna were considered to be well adapted to the seasonal cycle of drying
and flooding. After flooding, species richness, density of individuals and
diversity increased at most sites on each sampling occasion. Temporal
differences between sites were greater than spatial differences. The class
Insecta contained the largest number of species but a crustacean group,
the Ostracoda, was the most abundant in terms of numbers of individuals.
Sites near the fringing vegetation were found to contain the most species

and have the highest density of individuals.

The two lakes appear to be very productive, in terms of species

richness and density of individuals, compared to other Australian wetlands.
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This is probably due to the trophic status of the lakes and their seasonal

nature, both of which are thought to increase lentic production.



CHAPTER 1
INTRODUCTION

Since the 1960s the research effort on Western Australian wetlands
has increased in intensity, so that now both government departments and
tertiary institutions are involved for various reasons. Despite this
concentrated effort there is still much to be learned about the aquatic
invertebrate life of Western Australian wetlands. The aim of this study was
td describe the changes in the invertebrate populations of two seasonal
lakes, which take place between summer (when the lakes were dry) and
winter (as the lakes filled). Water levels in the lakes vary as a result of

changes in the seasonal water balance.

A series of management plans for wetland based reserves have been
produced by the Department of Conservation and Land Management
(formerly the Department of Fisheries and Wildlife). These plans for
Thomsons Lake and Forrestdale Lake were the primary source of
background information on the two lakes. The management plans for
Thomsons Lake by Crook and Evans (1981), and Forrestdale Lake by
Bartle et al. (1986) draw together all the information relevant to the
reserves, including history, hydrology, fauna, flora and environmental

threats to the reserves.

Researchers from the Department of Botany, at the University of
Western Australia have studied lakes north of the Swan River. From these
studies several papers and reports have been published, including that of
Congdon and McComb (1975), Congdon (1979) and Gordon et al. (1981).
Their work concentrates on nutrients and phytoplankton in the lakes.
Hembree and George (1978) reported upon the invertebrate fauna of the

northern Swan Coastal Plain. This study compared the invertebrate



populations of several wetlands of differing physical and chemical nature,
and examined the adaptations of the fauna to variations of water levels.
Perth wetlands were the subject of a group honours project by University of
Western Australia students (Ayre et al 1977). This project looked at the
faunal, floral and chemical characteristics of several lakes, however they
were not seasonal and did not dry out during summer. A preliminary report
by Bunn (1982) looked at the invertebrate fauna of several wetlands in the
Kemerton region of Western Australia. In 1983, van Alphen recorded the
results of a six months study of the biota of fresh and saline lakes south of
the Swan River. This study attempted to relate differences in seasonal
salinity and water level changes between the lakes to community diversity
and composition. A broader comparison of Perth wetlands was prepared
by Beckle (1984), who compared lakes in terms of their physical, chemical
and biological parameters. Arnold and Wallis (1986) considered Perth
wetlands in the light of groundwater development and summarized the
characteristics of local wetland ecosystems. Davis and Rolls (1986) of
Murdoch University prepared a draft report for the Department of
Conservation and Land Management and the Water Authority of Western
Australia. Their report presented the results of a study of the invertebrate
fauna of five wetlands in the Perth metro area, including how this element of
the fauna changes with seasonal fluctuations of water level and water
chemistry. One aim of their study is to use the data as a basis for biological
monitoring of these lakes, so that the effects of groundwater draw-down

might be predicted.

The paucity of knowledge on Australian aquatic invertebrates makes
comparisons between lakes and lake systems difficult, also much of the
information has been gathered by sampling on one occasion (Timmes,
1980). The types and origins of Australian lakes are extremely varied,

ranging from glacial to coastal lakes, of marine or terrestrial origin,



temporary or permanent lakes, and oligotrophic to eutrophic. This diversity
of water-bodies makes it hard to explain invertebrate faunal differences
resulting from single physical or chemical differences between lakes. Few
comprehensive studies have been conducted on most of these lake types,
except perhaps the saline lakes of Eastern Australia. In particular little work
appears to have been carried out on seasonal wetlands. By comparing the
literature that discusses the invertebrate fauna of Perth lakes with similar

studies for other Australian water-bodies, several patterns emerge.

Firstly, the invertebrates of seasonal wetlands are clearly adapted to
cope with the seasonal variations in water level and the resulting chemical
changes, either by means of their life-cycle or behaviour. Many species
survive extremes of water level and chemical fluctuations by forming
resistant stages such as eggs or embryos, e.g. Cladocera and Ostracoda
(DeDekker and Geddes, 1980) and Copepoda (Williams, 1985). Others
can survive as adults, e.g. chironomids (Klaster and Jacobi, 1978) and
Isopoda (Williams, 1985). Maher and Carpenter (1984) also found that the
life-cycle of chironomids were especially suited to the seasonality of
wetland habitats; these animals took advantage of the changing water
levels to complete several generations as lakes flooded. Yet other
invertebrates migrate as mature flying adults and re-colonize the wetland in
the next wet season. Marchant (1982) studied temporary billabongs in the
Northern Territory, and found the fauna well adapted to the seasonal cycle
of drying and flooding. Secondly, the drying of lakes seems to increase
productivity in the flooded lake by regenera{ilr»ia\nutrients bound up in the
aquatic biota. Thirdly, other pa‘ruérr\ﬁ‘e‘tér's that ére thought to influence the
invertebrate populations of lakes include salinity, depth and trophic
structure, (Timms, 1980), though the effects are often subtle and much

research is needed before conclusive patterns emerge.



According to Timms (1973), the invertebrate fauna of Australian lakes
is low in species richness, due to combination of geographic isolation, the
young age of most still water habitats and the impermanence of most lakes,
leading to a trend toward generalist invertebrates. However, Fulton (1983)
disputes this, arguing that the northern hemisphere lakes that were
compared to the Australian lakes, were neither morphologically similar nor

equally sampled.

Previous studies of the Perth wetlands have tended to concentrate on
the fauna of the flooded wetland, and studies on the dry lake bed fauna are
noticeably absent. Also this study is different to most in that transects were
laid out across the lakes to study spatial differences in invertebrate

populations. The objectives of this project were thus twofold:

1. To find out which, if any, macroinvertebrates inhabit the lake bed

after drying;

2. To investigate the changes in macroinvertebrate populations as

the lakes flood.

The two lakes studied were Forrestdale Lake and Thomsons Lake,
both of which lie on the Swan Coastal Plain, about 14 km south of the
Canning and Swan Rivers respectively (Fig. 1). Thomsons Lake lies
closest to the coast (5km) whereas Forrestdale Lake lies a further 11km
east. Both are shallow, (maximum depth never exceeding 4m, and usually

much less), seasonal, freshwater lakes lying in interdune depressions.

The Swan Coastal Plain

The Swan Coastal Plain is the name given to the lowlands between
the Darling Scarp to the east, and the coast. It is made up of parallel series

of sediments of various origins (Fig. 1). These sediments are of two basic



types; firstly those closest to the scarp are alluvial, and the rest are of
aeolian origin (wind deposited). The Pinjarra Plain, also known as the
Guildford Formation, is made up of sediments brought down from the
Darling Range by streams and rivers, forming fans of alluvial deposits of
Quaternary Age (Hodgkin et al. 1979). These fans merge with floodplain,
estuarine and lake sediment deposits (Seddon, 1972). West of this lies the
Bassendean Dunes; these are beach sand accumulations of Pleistocene
origin, formed when the sea level was higher. Originally calcareous, all
calcium has now been leached by rains, leaving grey coloured siliceous
sands (Hodgkin et al., 1979). Directly to the west of these dunes lie the
Spearwood Dunes; these are also of Pleistocene origin but are still
younger than the Bassendean system (Seddon, 1972). The sands here are
a yellow colour, having lost less of their calcareous content (Hodgkin et al.,
1979). Drainage in this system is more suitable to agriculture than the
Bassendean system, and for this reason a market garden industry
flourishes on these dunes. Of recent origin are the present coastal dunes,
between the Spearwood system and the ocean, known as the Quindalup
dunes. The surface deposits described above lie above older Cretaceous

formations (Fig. 2), (Metropolitan Water Authority, 1983).

Between the different sediment deposits lie chains of wetlands (Fig. 1).
Associated with the Quindalup Dunes and the western regions of the
Spearwood Dunes, (south of the Swan River) are a series of saline lakes
which formed during a recession of the sea level, an example being White
Lake (Fig. 1). Further east, in depressions between the Spearwood Dunes,
lie many wetlands, especially north of the Swan River. Banganup Lake and
saline Lake Coogee near the coast are examples south of the river. In
depressions between the Spearwood Dunes and the Bassendean Dunes
are a long series of freshwater lakes, including Lake Pinjar in the north and

Thomsons Lake in the south, separated by a distance of 45km. Associated
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with Thomsons Lake are Bibra Lake, North Lake, Yangebup Lake and
several smaller wetlands (Fig. 1). Interdune depressions of the
Bassendean system also contain some wetlands, although fewer than the
Spearwood System. These are mainly low areas which flood for a while in
the wet season, although Lake Bangup is more permanent. Where the
Pinjarra Plain meets the Bassendean sands, swampy areas occur (Seddon,
1972). Forrestdale Lake is a more defined wetland in this region, and

represents one of the oldest wetlands on the plain (Arnold and Wallis,

1986).

Water running down the impermeable formations of the Darling Scarp
seeps below the permeable sediments of the Swan Coastal Plain. Hence
some streams peter out, for example Wungong and Cardup Brooks. The
average monthly rainfall at two sites on the Swan Coastal Plain is plotted in
Fig. 3. The first of these sites is the nearest monitoring site to Thomsons
Lake; the second (Jandakot) is close to Forrestdale Lake. This graph
shows that rainfall is higher, in most months, near Forrestdale Lake than it is

near Thomsons Lake.

The stream and river water and rainfall which seep below the surface
sediments form an unconfined groundwater aquifer. The depth of the
aquifer varies, but averages 50m north of Perth, and 20m to the south, with
a maximum depth of 100m (Allen, 1981). The aquifer is recharged by
rainfall and as rainfall is very seasonally variable (Fig. 3), so is the water
table level. The water table is deeper in the Spearwood Dunes, and a net
seaward flow of groundwater occurs. The groundwater is closer to the
surface in two areas, known as mounds, one to the north (Gnangara
mound), and one to the south (Jandakot mound), (Fig. 4), of the Swan River.
The northern mound is the larger in area and height, rising to 70m above
sea level (Beckle, 1984). Jandakot mound, while being smaller, rising to

only 20m above sea level (Beckle, 1984), is important in the hydrology of
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the two lakes under consideration. Water within these mounds drains
outwards at right angles to the water table contours (Metropolitan Water
Authority, 1983) and drains into the ocean and rivers. Where the water
table intercepts dune depressions, wetlands occur; Thomsons Lake and
Forrestdale Lake are two such wetlands. As well as drainage to the coast
and rivers, evapotranspiration from these wetlands represents a significant
water loss from the aquifer. Pumping of water by public and private bores

also depletes the water levels.

Forrestdale Lake

Forrestdale Lake (Figs. 5 and 6), an oval lake (with an area of
198.7ha), may be considered to be important for several reasons. Firstly it
is in a relatively natural state and is a good example of a Swan Coastal
Plain wetland, and it is the largest wetland within the geological area. The
lake has considerable value as a waterbird habitat, providing breeding
grounds for a large number of Australian species, and overwintering habitat
for a variety of northern hemisphere species. For this reason it is under
consideration for nomination as a wetland of international significance, by
the Royal Australian Ornithological Union (Arnold and Wallis, 1986).
Management of the invertebrate fauna is essential in both lakes in light of
their capacity és waterbird refuges. The purpose of the Forrestdale Lake
Nature Reserve (A class, No. 24781), protection of fauna and flora, and

recreation, recognizes the lake's ecological importance.

In 1885 the first settlement by the lake was established and by 1948,
50% of the area surrounding the lake had been cleared for residential or
small agricultural subdivisions. During this period some of the surrounding
swamps were drained. Up until this time the southern and eastern regions

of the lake surrounds had been relatively little interfered with; however



0 200 400
metres

:_Road

v
// Urban Emergent Macrophytes _

Development

Transect

Figure 5: Forrestdale Lake, Showing Pogition of Transect.



Fig. 6: Forrestdale Lake. (a); dry lake, March 1986.

(b); flooded lake, July 1986.



between 1948 and 1963 these areas were also partially cleared. By the
1970s the town of Forrestdale had become established around the northern

fringes of the reserve.

Water seeps into this lake from the Jandakot mound to the west, and
also from the Armadale drainage system to the east (Metropolitan Water
Authority, 1983). No natural surface drainage to the lake occurs, although
man-made drains now enter and, during periods of high water levels, leave
the lake. Drainage from agricultural and urban land to the north, west and
south occur from drains dating from 1916 onwards (Bartle et al., 1986).
Water flowing downward from the Jandakot mound rises above the lake
bed to flood the lake, although rainfall is also a majovr source of water. The
average yearly rainfall for the years 1958-85 was 867mm (Fig. 3) (Bureau of
Meteorology Data, measured at nearby Jandakot on the same longitude).
High summer temperatures and low summer rainfall result in a net
evaporation rate of 228 mm per month for Perth wetlands in summer
(Seddon, 1972). Over the last 13-15 years the rainfall in Perth has been
below average, and this has resulted in low water levels over the last 10-15
years (Bartle et al., 1986). However, pumping of water from the public and
private bores is likely to have also affected water table levels around the
mound. The lake has dried out completely in summer since at least 1980,
but this was not always the case (Arnold and Wallis, 1986). According to
Bartle et al., (1986) the annual evaporation for Forrestdale Lake is twice the
average annual rainfall, so the extra water must come from the drains and
groundwater seepage, no doubt similar processes occur in nearby

wetlands, including Thomsons Lake.

Normally in seasonal wetlands, nutrient concentrations peak as the
water levels fall in summer, but according to Figures 14-16 of Bartle et al.
(1986), this pattern has been disrupted since around 1980. Since this time

total phosphorus concentration has been significantly low, yet still above



vollenweider's standard eutrophic level (Vollenweider, 1971). While no
studies have confirmed that the low phosphorus levels are due to increased
growth of Typha, it seems a likely explanation. At the same time a large
increase in inorganic nitrogen concentration since 1983 has been
accompanied by a fall in organic nitrogen concentration. Perhaps this
increase in nitrates has been due to drainage of urban land and leaching of
domestic and agricultural fertilizers. Other factors affecting the nutrient
status of the lake includes pesticide spraying for midges and septic tank

leakage.

Forrestdale Lake lies at a change from siliceous sand of the
Bassendean dunes to the cIay-texturéd soils of the Guildford Formation
(Pinjarra Plain), and this is reflected in its sediments. Overlying dune sand

on the lake bed is peaty material with a high clay content.

Growing around the edge of Forrestdale Lake is a complex of eight
vegetation types, listed in Bartle et al. (1986). Probably most important as
far as the macroinvertebrates are concerned are the dense stands of Typha
that have colonized the littoral fringe (Fig. 5). Prior to 1968 few reeds grew
around the edges of the lake, at this time T. orientalis was first observed.
Since then it, and less common reeds, have come to dominate the entire
surrounds of the lake. The dominant aquatic species is Ruppia polycarpa
(van Alphen 1983), which occurs over the whole lake during spring; Chara

is also very common (Bartle et al., 1986).

Forrestdale Lake is a very productive wetland with most of its
foreshores remaining undeveloped. For this reason it is used by a great
many water birds, 63 species being recorded by Bartle et al., 1986, from

various sources. At the present time the major stresses on the wetland are:

. possible lowering of the water levels due to pumping from the

public water supply area; and,
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. nutrient enrichment from surrounding urban and agricultural

areas.

Thomsons Lake

Thomsons Lake (Figs. 7 and 8) is situated in a depression between
the limestone of the Spearwood Dunes, and siliceous material of the
Bassendean System (Fig. 1). The lake is a similar shape to Forrestdale
Lake, but slightly smaller (172 ha.). ltis in the centre of a 509ha Class 'A’
nature reserve (No. 15556). Surrounding the lake and its littoral area is a
variety of vegetation associations, dominated by Eucalyptus, Melaleuca and
Banksia species and their associated understoreys. A thick band of
Baumea articulata surrounds this lake, with some Typha scattered through
the Baumea. The aquatic vegetation is dominated by Myriophyllum
salsugineum after flooding, which becomes established over the entire lake
bottom (well before the annual aquatic vegetation of Forrestdale Lake
does). In both lakes the dry lake bed is colonized by terrestrial plant
species, moving inwards from the edge of the lake, as can be seen in Fig.

6a.

As with Forrestdale Lake, Thomsons Lake is important both
scientifically and aesthetically as a relatively intact coastal wetland, and as
an important water bird habitat, 47 species being listed by Crook and Evans
(1981). Originally the reserve was set aside for drainage purposes (Crook
and Evans, 1981) after it was formally brought to the attention of the
Department of Fisheries and Wildlife in 1954. In 1955 its purpose was
changed to 'drainage and conservation of fauna'. Due to illegal grazing
and woodcutting in the reserve, it was vested in the Fauna Protection
Advisory Committee, (now the Western Australian Wildlife Authority), which

“has the power to control these activities. In 1969 its purpose was changed
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Fig. 8: Thomsons Lake. (a); dry lake, March 1986.

(b); flooded lake, July 1986.
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to 'fauna conservation, research and drainage', and in the following year it
was given the status of an 'A’ class reserve. The buffer zone around the
lake is quite wide; however, clearing of land outside the reserve to the east
and south-west have occurred, mainly for small scale agriculture. To the
east of the lake this development has occurred around neighbouring
swamps. Man made drains enter Thorﬁsons Lake from the north, bringing
water from Kogolup Swamp, and from the east. The eastern drain comes
from agricultural land, and this source enriches the lake with nitrogen and
phosphorus (O'Connor et al.,, 1976), causing intermittent blooms of the
cyanobacteria Microcystis aeruginosa (Crook and Evans, 1981).
Significant decreases in oxygen concentrations have beén recorded by
O'Connor et al. (1976), presumably due to these blooms. Natural drainage
to the lake is from the Jandakot groundwater mound to the east and from
the limestone ridge to the west (Beckle, 1984). Seasonal variation in water
level in parallel with the water table is normal, and complete drying of the
lake common, while the maximum recorded depth is 3.6m. Average yearly
rainfall is slightly less than that for Forrestdale Lake, for the period 1958-85
it was 797mm (Bureau of Meteorology data, recorded at the nearby
Spearwood monitoring station). As with all seasonal wetlands, nutrient

concentrations vary with water level and the data for 1986 are presented in

this study.

The sediments are very peaty, and appear to contain less clay

material, data on sediment analyses are also presented in this study.

Stressors of this lake appear to be nutrient enrichment from artifical
drains and possibly draw-down effects of the public water supply scheme. It
should be noted, however, that slightly enriched waters may be beneficial to
the water birds being protected, as overall production of the waters may be

increased, as Bartle et al. (1986) pointed out.
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CHAPTER 2
METHODS AND MATERIALS
Sampling Sites

At each lake a 500m transect was measured out from the littoral
vegetation to the lake centre (Figs. 5 and 7). Stakes placed at 0, 300 and
500 metres along this transect were used as markers for sampling sites.
These sites were thus named site 0, site 3 and site 5. Stratified random
sampling was used; this involved the use of random numbers to determine
the precise site for each replicate, around the fixed transect site. All

sampling was carried out during daylight hours.

Fauna Sampling of 'Dry’ Sediments

In late February/early March the lake sediments were sampled to
determine which, if any, invertebrates inhabited the dry lake bed. Two
replicate samples were taken at each site using a cylindrical corer of 9.4cm
diameter and 15.6cm depth. The samples were placed in plastic bags
without preservative. In the laboratory approximately 1/, of the core was
placed in glass jars and flooded with aerated water. This was done so that
any eggs or dormant stages might hatch or become active. The remainder

of the core was preserved with 70% ethanol until sorting.

Fauna Sampling of the Flooded Lakes

The lakes both began to fill towards the end of May, and the first pump
samples were taken in the last week of this month, subsequent sampling

dates are set out_in Table 1.
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Ten replicate samples were taken during the May sampling. The
diversity, species richness, abundance and variation in species richness
were plotted against the number of replicates, to determine how many
replicates needed to be taken at each site to sample the fauna adequately.
Upon the basis of these analyses it was decided that six replicates would

be appropriate.

A bilge pump was used to remove a known volume of water, (18.63 x
depth(cm) ml), from within a 15.4cm diameter PVC cylinder, the upper few
centimetres of sediment were also pumped out. The material pumped out
was passed through a 250um net before bagging and preservation in 70%
ethanol. This net was also used to take semi-qualitative samples, the net

being pushed along the surface of the sediment for one minute.

Sorting and ldentification of Fauna

The samples of dry lake bed were hand sorted after passing through
2mm and 600um sieves. The <600pum material was made up to 400ml with
water and 100ml was sorted in 10ml samples. This method‘ proved to be
very time consuming, and for this reaéon a sorting device was constructed
(an elutriator, Fig. 9). This device is a modification of the design in
Magdych (1981). It consists of a section of PVC piping, joined to air and
water supplies at its base, and an output hole at the top. A coverable
opening allows the sample to be poured into the rising water where
uprushing air and water carries the more buoyant organic matter to the
outlet, the heavier sediments sink to the bottom and come to rest on the
sieve plate. Before putting the sample through the elutriator a 2mm sieve
is used to remove large particles and invertebrates. The elutriate is passed
through a 180um sieve as it pours from the elutriator. Material in this sieve

was then split into two size classes with the aid of a 600um sieve. One



SITE

SITES (for both lakes)
DATE
SITE O SITE 3 SITE 5
February/March C c c,s
May P,S
June P,S P,S
July P,S P,S P,S

‘Table 1: Sampling Regime.

P = pump sample,

core sample,

sweep sample

—

Outlet

Sieve Plate

XTI LTI

Removable cap

—Air supply tube

—Water supply tube

Figure 9: Elutriaor. (Modification of Design by

Magdych,

1981).
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eighth of each size class was sorted under the microscope. Subsampling
was carried out initially by making the volume of sediment water mixture up
to 400ml in a beaker, and vigorously stirring prior to pouring out a known
volume of this in 10ml lots. Later a subsampler was constructed which

allowed the sample to be evenly halved.

All copepods and cladocerans were grouped as zooplankton and
treated separately as they are not strictly macroinvertebrates. Identification
usually began with Williams (1980), and the following general texts: Bayly,
Bishop and Hiscock (1967); C.S.I.R.O. (1970) and Merrit and Cummins
(1984), then more specialized keys were uéed as follows: Crustacea,;
Morrissy (1977) and Williams (1962), Hemiptera; Knowles, (1974),
Lansbury (1970) and Wroblewski, A. (1970), Coleoptera; Charpentier
(1967), Mathews (1982a, b), Watson (1962) and Watts (1963), (1978),
Diptera; Edwards (1964), Mollusca; Smith and Kershaw (1979). Details of
these keys are given in the Bibliography.

Statistical Analysis of the Fauna Data

Numbers of animals per sample were converted to numbers per
square metre of lake bed. From these data total abundance, mean and
standard error of the abundance, of each species was calculated. The

diversity of each sample was found using the Shannon-Weiner index:

H = > (% 1og(e)xﬁi)

i=1

where: H1 = diversity
s = number of species in sample
Xi = number of individuals in species i



15

N = total numbers of individuals in the sample

The Jaccard coefficient of similarity was calculated to compare sites

over space and time. The formula is as follows:

J =bzc
a+b+c
where: J = similarity
a = number of species occurring in both samples
b = number of species occurring in sample 1 but

not sample 2

¢ = number of species occurring in sample 2 but

not sample 1

This index of similarity is based on presence/absence data and thus

compares species compaosition only.

One-way analysis of variance was carried out using abundance,
species richness and diversity to compare sites at each lake over space
and time. The same analyses were carried out to compare species

richness, abundance, diversity and similarity between the lakes.

Water Chemistry

Once every month for three months, (June to August), chemical and
physical parameters of the lakes were measured. Similar measurements
taken by S. Rolls of Murdoch University were used in conjunction with my
own data. Water temperature, (using a standard alcohol thermometer),
depth and pH (with an Activon digital pH/mV meter), were measured in the
field. Samples of water were taken in 'Nasco Whirlpaks' for analysis of
nitrogen and phosphorus compounds. The analyses were carried out by

the Centre for Water Research at the University of Western Australia. Total
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nitrogen and phosphorus were measured using the Technicon Industrial
Method No. 329-74 W/D B (Technicon Industrial Systems 1977).
Nitrite/Nitrate measurements were carried out using the copper-cadmium
reduction technique, as described in Tehnicon Industrial Systems (1977).
Ammonia analysis was carried out by the cyanurate method, also
described in Technicon Industrial Systems (1977). Ortho phosphate was
measured by a method derived from the CSIRO Standard Methods for
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