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but numbers remained fairly constant in Joondalup, Monger and North Lake. Faunal abundances in
the lakes peaked in late summer as water levels fell, and this may be an important feature for the
waterfowl which arrive at the lakes at this time as the waterbodies further east dry out. The
macroinvertebrate fauna of the urban lakes appeared to be well adapted to a cycle of summer drying
and winter filling.

7. The wetlands contain elements of both an ancient Gondwanaland fauna and more recently
arrived species that may still be undergoing active dispersal betweeen Australia and the Northern
Hemisphere. The possibilty that ostracods are being transferred between wetlands in Perth and
Russia and Japan each year by migratory waders is of zoogeographic and ecological interest, and
warrants further investigation.

Whilst individual elements of the invertebrate fauna are not rare or unioue. the association of
species that occur in some wetlands may be considered unique.

8. Reduced species richness and the absence of almost an entire macroinvertebrate trophic gtoup,
the second order consumers, or predators, in both Lake Joondalup and Lake Monger, and to a
lesser extent in North Lake, indicates a serious deteriomtion in the food chains of these lakes and,
as a consequence, the environmental quality of these 1akes. Loss of faunal diversity and
invertebrate predators in Lake Joondalup may be attributed to high summer salinities and nutdent
enrichment, and in Lake Monger to nutrient enrichment alone. However, the effects of pesticides,
heavy metals and predation by the native and introduced fish fauna on the structure and function of
the wetland macroinvertebrate communities also needs to be determined before the observed
reduction in faunal diversity and trophic structure can be conclusively regarded as a consequence of
wetland euffophication.

9. The assessment of water quality is dependent upon what use is to be made of the water. Because
no criteria have yet been set by the State Govemment for the urban wetlands, the assumption was
made in this study that water quality must be sufficient to maintain viable or "healthy" freshwater
ecosystems for the presewation of aesthetic values, waterbird habitat and scientihc and educational
resources.

10. Combined chemical and biological monitoring appears to be a suitable method for assessing
water quality in the urban wetlands. Using chemical monitoring alone, the high conductivities and
nutrient concentrations recorded in Lake Joondalup and Lake Monger showed that water quality
problems may be present, but gave no indication as to how severely they may effect the biota. This
gap in understanding was reduced by sampling the macroinvertebrate fauna. The macroinvertebrate
fauna of Lake Joondalup and Lake Monger had low species richness, and an almost complete
absence of one trophic group, the invertebrate predators. This indicated that, compared with
Jandabup Lake and Thomsons Lake, the composition and structure of the invertebrate food chains
has deteriorated. Thus, the poor water quahty revealed by the chemical monitoring programme was
reflected in the reduced environmental quality of the aquatic ecosystem. On the basis of the results
of the combined monitoring programme, the water quality in the two wetlands appeared to be
unsatisfactory for the maintenance ofthe scientific and educational values of the waterbodies. The
observed deterioration in invertebrate food chains should also be reearded as an indicator that both
the aesthetic values of the two wetlands and their values as waterbird habitat are ar risk. Active
management, particularly with regard to decreasing nutrient inflows, should be undertaken
immediately if funher serious degradation of food chains and consequent loss of the social values
of the lakes is to be avoided.

High nutrient concentrations, the occurence of nuisance blue-green algal blooms during spring,
and the absence of some invertebrate oredators from North Lake indicate that the environmental
quality of this lake is also reduced compared to that of Thomsons Lake and Jandabup Lake.
Nutrient inflows into the lake need to be reduced to Drevent a funher deterioration in the lake's
environmental quality.

11. Although conductivities and concentrations of nutrients in Thomsons Lake and Jandabup Lake
were high before the lakes dried in late summer, the macroinvertebrate faunas of these two lakes
had complete trophic structure and high species richness in all seasons except autumn (before the
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3. Science and education : scientific research, teaching resource
4. Food source : commercial fishing
5. Waste disposal : discharge of effluents
6. Drainage
7. Energy : hydroelectricity.

Perth's wetlands do not directly serve water supply purposes, but they do have considerable
recreational values; in particular they are important for both aesthetic reasons and as waterfowl
habitats. They also possess significant value as scientific and educational resources. In addition, the
wetlands form an important part of the urban drainage system. For recreati.onal, scientific and
teaching purposes, wetland water quality must be sufficient to maintain and preserve freshwater
ecosystems. To preserve social values the water must be odour free and visually pleasant, and must
maintain the habitat and food supply for the waterfowl and other wildlife that inhabit the wetlands.
For scientific and educational purposes it is imponant that a rich and diverse fauna is maintained,
and that some pristine areas are preserved. The quality of urban drainage may be far poorer than
that required for the maintenance of aquatic life, and the potential for conflict between uses of
wetlands is apparent and indeed conflict is already evident in many regions on the Swan Coastal
Plain.

Because of the importance placed on the recreational, scientific and educational values of the urban
wetlands, biological monitoring appearc to be a suitabie method of water quality monitoring
because it provides a means for directly assessing the status of the aquatic biota. Hellawell (1978)
noted that changes in physical and chemical characteristics of a waterbody due to management
practices, catchment influences or pollutants are of little practical value unless they can be related to
their effect upon the biota. Ultimately water quality is related to human activities and the
maintenance of biota, and so water quality monitoring should utilise biological data directly.
Measurement of physical and chemical parameters gives instantaneous information on water quality
whilst macroinvertebrate communities can act as integrators of the water quality history of each
wetland.

The use of biological data, in any form, as an indicator of water quality, is known as biological
monitoring (Athington et al, 7982). Biological monitoring techniques are well established in
Britain, Europe and the USA, and recent reviews of various methods are given by Hellawell (1978)
and James and Evison (1979). However, the application of biological monitoring in Australia, until
very recently, was limited, and some of the reasons for this are discussed in reviews by Bayly and
Lake (1978), Williams (1980), Davey (1980), Anhington et al (1982) and Campbell (1982).
Macroinvertebrates are the organisms most widely used in biological monitoring studies
(Arthington er al ,1982), and five approaches using single species or entire communities have
been listed by Jones and Walker (1979). These are :

1. Toxicity tolerances
2. Bioassays
3. Indicator organisms
4. Bioaccumulation
5. Community approaches

1 to 4 are best employed where the effects of specific pollutants are being studied and so were not
appropriate to this study. The use of community data employs the concept that the structure and
composition of whole communities can change as a consequence of poor water quality (Bayly and
Lake, 1979). Hellawell (1978) suggested that community data is "probably the most informative
for general management purposes" and this approach (5) appeared to be the most suitable for
Perth's wetlands.

2.2 OBJECTIVES

The objectives of the study were :

1. to describe the macroinvertebrate communities of selected urban wetlands, and to determrne
variations within and between wedands and between seasons:
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Figure 3: Location of tre five wetlands studied on the Swan Coasu Plain, W.A., and their
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3.3 VEGETATION AND LAND-USE STUDY

A consultant botanist, Mr Mark Burgman, was employed in May 1985 to compile vegetation maps
and field herbariums for the five wetlands. This work was completed on June 30, 1985. Mr
Burgman also provided maps showing changes in vegetation and land use in the vicinity of the five
lakes, compiled from an examination of aerial photographs taken in 1958, 1963, 1968, 1978,
1981 ,  1983  and  1984 .

3.4 WATER CHEMISTRY AND NUTRIENTS

Water samples were collected from the two sites at each lake on a monthly basis. Two 500 ml
samples were collected for the analysis of the ions: Na+, K+, Mg++, Ca++, Cl 

-, 
HCO3--and

SO4-. Six water samples were collected and stored in 200 ml Whirlpaks for the following nutient

analyses: soluble reactive phosphate (P04--), nitrite/nitrate (N02--A{03-) ammonium (NH4+), total

phosphorus 4nd total nitrogen. Three samples (P04-- , NO2--/N03-, NH4 +) were filtered in the
field using a 50 ml syringe and 0.45 micron filter, as illustrated in Photograph 1. The Whirlpaks
were placed in an insulated container in the field, and later frozen and stored until analysis. The
filter papers were later used for chlorophyll-a determinations. Water depth, air and water
temperatures, Secchi disc turbidity and pH were measured in the field, and 100 ml water samples
were collected for later measurement of conductivity in the laboratory at Murdoch University.

Analyses for the major ions were carried out by the Govemment Chemical Laboratories, and the
nutrient analyses by the Centre for Water Research Nutrient Laboratory at the University of
Western Australia. Nutrient analyses were carried out with a Technicon autoanalyser and
spectrophotometer. Samples analysed for total phosphorus and total nitrogen were digested first
before analysis with a block digester. Organic phosphorus and organic nitrogen were obtained by
difference calculations.

Chlorophyll-a analyses were undertaken by one of the authors (S W Rotls) at the Water
Authority's Chemistry Laboratory.

3.5 MACROINVERTEBRATESAMPLINGPROGRAMME

3.5.1 FIELD COLLECTION

The aquatic invenebrate fauna was sampled at each site at thrce monthly intervals : April 1985, July
1985, October 1985 and January 1986. Two sampling methods were used :

1. Pump samples - A PVC pipe (15 cm diam) was pushed or hammered into the substrate to a
depth of approximately 10 cm (Photograph 2). The water, sediments, and fauna enclosed within,
were pumped out of the pipe with a hand operated bilge pump and passed through a 250 micron
mesh net (Photograph 3). The net contents were shaken onto a white tray for brief examination in
the field and then preserved in ethanol (10070) and stored in labelled plastic bags (Photograph 4).
With this method the fauna in both the water column and the sediments could be samoled
quantitatively at the same time. The density of inve(ebmtes was measured by recording the depth
of water in the pipe and calculating the volume of water filtered through the net. Six pump samples
were taken at random locations at each site.
2. Sweep samples - A long handled sweep net was used to sample the species in the water column
(Photograph 5). Two sweep samples were collected per site: one in the open water and one from
amongst the fringing reeds. This method may be regarded as semi-quantitative because the net was
swept vigorously through the water for a fixed period (one minute) for a1l samples.
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3.5.2 SORTING

Pump samples - In the laboratory all samples were washed through a set of_three sieves (2 mm.
600 microi and 180 micron). The choice oT sieves was made on the basis of those required for the
sediment analysis which was undertaken on the samples at the same time. The material retained on
each sieve wa! placed onto a sepamte white tray, and all invertebrates that could be detected by the
naked eye weraremoved, so.ted into ta"a, and preserved in I l4 ozMacartney vials in 707o ethanol.

Material in the 600 and 180 micron trays was subsampled (by volume) and examined at 10x
magnification under the binocular dissecting rnicroscope. A1l invertebrates wete removed and
storid as described above. Al1 sediments and organic material were retained for further analysis
(see section 3.6).

Sweep samples - All samples were processed in the laboratory by the rlethod described above, but
only a representative sample from each taxon present was kept. A11 sediments and remaining
organic material were discarded.

3.5.3 IDENTIFICATION

The contents of all vials were re-examined following initial sorting, and identifications were made
to species level where possible or othelwise to the lowest taxonomic group_in g^p-ossible. The
following keys and taxonomic papers were consulted: CSIRO (1970), Edward (1964), Knowles
(1974), lansbury (1970), Mathews (1982), Morrissy (1977), Smith and Kershaw (1979), Watson
(1962),  Watts i tS6:,  1SZS), Wi l l iams (1962, 1980),  and Wroblewski  (1970).  Special ist
taxonomists were contacted to provide help with the identification of material in the following
groups; Dytiscidae and Hydrophilidae (Di C H S Watts, Institute of Medical and_ Veterinary
Science), Hydracarina (Dr M Harvey, Museum of Victoria), Hydroptilidae (Dr A Wells, Adelaide
Univ), Lepioceridae (Ms R St Clair, Monash Univ), Ecnomidae (Mr J Dean, Melbourne and
Metropolitan Board of Works) and Ostracoda (Dr P De Deckker, Monash Univ)'

3.6 ORGAMC CONTENT AND SEDIMENT ANALYSIS

A1l material collected by the pump sampler, minus the invertebrate component, was analysed f-or
grain size and organic content. Grain size was determined by the sieving method (2^mm, 600
micron, and 180 micron mesh sizes) described above. Sediment passing through the 180 micron
sieve was collected in a 10 litre container, allowed to settle, and the bulk of the water decanted off.
Dry weights for all the material in each ofthe four size classes were obtained after samples had
been dried ovemight at 110oC. Samples were then ashed at 600oC for two hours to enable
calculation of organic content. Only the results of the organic content analysis are presented in this
study. The sediment results will be reported at a later date.

3.7 VALIDITY OF SAMPLING METHODS

Although the validity of collecting water samples for chemical analysis (particularly of non
conservative and biologically mediated ions) on only one occasion per month and at only two sites
per lake may be questioned because these parameters may vary on daily or hourly. timescales, the
iesults obtained in this study were generally very consistent between the two sites in each lake and
over the winter months (section 5.1). More variability was evident during the summer months,
probably because the higher summer temperatues result in increased biological activity.

Replicate samples were collected for six of the 12 sampling occasions and processed separately by
the Water Authority Chemical Laboratory. In all cases the results obtained by the Centre for Water
Research and the Govemment Chemical Laboratories varied by no more than 107o from the Water
Authority results.

Species-samples curves, similar to the species-area curves employed in botanical studies, were
plotted after the first sampling session to determine the validity of taking six pump samples per site.

1 ^
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The Quatemary sediments form a heterogenous unconfined aquifer which varies in composition
both vertically and laterally. The aquifer is recharged from rainfall and this leads to a build-up of
water, forming mounds of groundwater in the sediments. Two large mounds, the Gnangara Mound
and the Jandakot Mound, are present within the urban region (Figure 3). Because the water table is
higher than sea level, the groundwater drains towards the boundaries of the water table under the
action of gravity. The rate of groundwater movement is in the order of 50 to 100 metres per year.

4.2 DESCRIPTION OF STUDY SITES

4.2.1 JANDABUP LAKE

Jandabup Lake is a.shallo-w (<1.5m deep), oval-shaped lake lying within a crown reserve of 232.3
ha, situated approximately 22 km northof Perth ciiy and 9 kin east of the Indian 0cean. The open
water.area of the lake comprises 110 ha and is surrounded by a zone of sedges 134 ha in area. the
lake lies in an interbarrier depression between the Bassendeln and Spearwiod Dune systems. The
lake is-a surf-ace expression of the Gnangara Mound groundwater flbw system (Are;, 1976) and
the hydrogeology of-the lake has been described by Allen (1979). An inflow of groundwater occurs
on the eastern side of the lake and this together with rainfail maintains the waterlevel. Allen (1979)
noted that the lake behaves as an evapoiative basin : outflow is impeded by organic lake depositi
and about 907o of the groundwater inflow and rainfall is lost by evailoration.ThJlake was viriually
dry by late summer in both 1985 and lfp6, however, completl drying of the lake is a fairly recenr
phenomenon (J Amold, pers comm, 1986).

The bed of the eastern half of the lake comprises fine sands (Photograph 26) and the western half
(557o of the.total lake mea) is diatomite (Photograph 27) ( Alien, 1979i. A rnip of the vegetation of
tle lake (Figure 6) was compiled by Marchanf and was reproduced from^Ayre et ai 1l9ll1.Baumea articulata is the dorninant rush and forms an exteniive stand across much of the lake,
whilst a narrow bandof Bawnea juncea borders the open water.
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Figure 6: Map of the vegetation of Jandabup Lake after Marchant, in Ayre er. al (1977).
Checked by Bufgman, 1995.

l b



LI

?86I pue'€86I '�186I '896I ur
uelq sr{dEr8oloqd Isuae ruog pepduroc op1 dnqspuef puno& esn-puq ur saEueqC :l emErd

pu!tpoon ,o f:...l
Putllga P919ue!tV l'.' I

pegrnts!pun

rurod u re e{Er eqr ro aruac oqr ur Bururuu", ($J#y",'ijff;:ltil#ttrit3}T"'#iff;
ral?^\ eql tuo{ uo{Bl erea (Sg6l 'lF{V) saldues IeunEJ Jo les euo puu seldures reluin flqluour
serull esoql 3-uunq '986I uI IIrdV or q8norqr ,{renuul ruo:g pue .9961 g:dy q fpnls eql Jo uels erp
lu frp ,{Ietelduot araa solF gtog 'pJq qFrrolurp u uo e8pe urelsaarr eqt re s1 (6 puu g ildaSoloqj;
g erIS puu 'puss uo relu^r uedo eqt;o a8pe uels?e eql uo polsnlrs sl (, prm 9 sqdu:foloqfl y ai15

eq ,(uur pue 're^eaoq 'pcauuqcun ureuer spq esn pu?r Jo -r"J ";TTlffi3:J:"fffi ffit#fi?i '186I '896I ur uaryl sqdur8otoqd puez uro4 pepduroc sdeur esn-puel eqr Suueduroc fq pelEclpul
se uousleie,\ puelle { erp Jo uoBuuege Sqsearcw ur polFseJ s?q (l em8rg) e4q eql punoiri asn prr€I
Surseercul '(6t6t 'ueUV) plogeeg sr puey Supunolns eql Jo lsou pup a{EI eql Jo pnqr € lsorulB '?unuJ puu €Jou Jo uoBs^Jesuoc eql JoJ e^Josor ssslJ - J ? sr e{BI eql Jo ?elu [B.Du?J eql qSnoqllv

t8,'e8.'re6r



4,2.2 LAI<EJOONDALUP

Lake Joondalup is a shallow, linear lake situated approximately 20 hn north of Perth and 6 km east
of the Indian Ocean. The lake has a total area of 593 ha comprising 449 ha of open watet, 79 ha of
sedgeland and 64 ha of paperbark woodland (Amold, 1987), and is an A - class reserve for the
coniervation of flora anil fauna. The lake is a surface expression of the Gnangara Mound flow
system and is one of a series of lakes within the Spearwood Dune system forming a chain of
wetlands parallel to the coast. Congdon (1985) described the water balance of the lake and
concluded that evaporation is the largest contributor to the water balance, followed by precipitation.
Surface water flows into the lake from the south, coming from the Wallubuenup-Beenyup swamp
system, and there is some seepage of groundwater into the lake on the eastern and westem sides
(Congdon, 1985).

A map of the vegetation of the lake (Figure 8) was compiled by Marchant and is reproduced here
from Ayre et al (1977). The lake contains large expanses of open water plus many small islands
and ernergent stands of Baumea articulata. B. articulata is also the dominant rush within the
vegetatio; of the lake margins. The western edge of the lake still contains fine stands of the
paperbaxk, Melaleuca rhaphiophyl/a , but the natural fringing vegetation of the eastem lake mmgin
hai largely been replaced by lawns, playing fields and other urban features.

Aa{m€a 6r l lcolata
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Figure 8: Map of the vegetation oflake Joondalup after Marclwtl.in AyIe et. al. (1977).
Checked by Burgman, 1985.
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4.2.3 LAKEMONGER

Lake Monger is a shallow lake with 70 ha of open water. The lake is close to the centre of Penh,
and completely surrounded by urban development. A rubbish tip was present on the north-eastern
shore of the lake from 1950 to 1964, and approximately 100 ha of wetland area was reclaimed by
landfill during this time. The lake is sprayed regularly during the summer months with the
organophosphate pesticide Temephos (Abate), for the control of chironomids (the larval stage in the
life-cycle of the midge).

A map of the vegetation of the lake is given in Figure 10. Some residual stands of reeds and
bulrushes (8. articulata andTypha orientalis ) are present around the margins of the lake, but no
original woodland remains. A comparison of aerial photographs of the lake taken in 1963, 1968,
1981, 1983 and 1984 reveal that considerable modification of the wetland environment had
occurred by 1963, and that general land-use activities in the vicinity of the lake have remained
essentially the same over the last twenty years (Figure 11).

[ }  
uru"n 

f f i  r t t .n . r "a s .assrand !  
" , t .o  ta t l  66dsos F] l l  o , , "n. , "o opon woodland

Figure l0: Map ofthe vegetation of Lake Monger, reproduced from maps drawn by M. Burgman, 1985.
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4.2.4 NORTH LAKE

North Lake is a small, shallow lake of approximately 29 ha in alea and up to 2 m in depth, situated
14 km south of Perth and 7 km from the Indian Ocean. The lake is part of the Cockburn chain of
wetlands which lie parallel to the coast and within an interbarrier depression between the
Bassendean and Spearwood Dune systems.

The lake is a surface explession of the Jandakot Mound groundwater flow system,, and receives
some inflow from stormwater drains entering from the nearby suburb of Kardinya and the
Murdoch Veterinary School farm. The position of North Lake on the Jandakot Mound is similar to
that of Jandabup Lake on the Gnangara Mound, and the two lakes may be considered to be
hydrogeologically equivalent (Megirian, 1982).

A map of the vegetation of North Lake is given in Figure 12. Remnants of natural vegelation are
present at the noilh-eastem end of the lake, comprising mainly a nalrow strip of M. rhaphiophylla
ioodland and some small stands of B. aniculata. A Community Employment Programme (CEP)
funded planting programme was carried out at the lake in 1985 and 1986, primarily to re-establish
the native vesetation.
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Figure 12: Map of the vegetation of North Lake, reproduced from maps drawn by M. Burgman, 1985.
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Figure 14: Map of the vegetation of Thomsons Lake, after Crook and Evans (19g 1).
Checked by Burgman, 1985.

A comparison of aerial photographs of the lake taken in 1956, 1963,1968, 1981, 1983 and 1984
reveals increasing rural development on the land adjacent to the Reserve (Figure 15), and also
indicates the extent of the buffer zone around the lake. Study sites I and J were situated at the
southern end of the lake within the bed of My riophyllum. Site I (Photographs 22 and 23) was next
to a stand of B. articulata, and Site J (Photographs 24 and 25) was adjacent to a stand of
T. oientalis.

Both sites were completely dry at the start of the study in April 1985, and from January thrcugh to
April in 1986. During these times monthly water samples and two sets of faunal samples (April
1985 and January 1986) were taken from the water (only a few centimerres deep but srill
suppofiing Myriophyllum) in the cenne of the lake.
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Figure 16: Monthly changes rn water depth (cm) at each site in the five lakes studied from April

1985 to April 1986.

Both Jandabup and Thomsons Lakes have been tempomry water bodies of recent years, and depths
-^-^i-- r-^a A tn K? nrn *,"'i*'"^^ia.a 

-aGns 
this s6ldv. Joondalup, Monger and North are

ranginC ftom O to 63 cm were recorded dlring siudy. Joondatup, Mongel and North are
ranglng lrom u to oJ cIIl wctv rsr/urue\r \ruru5 urrr

;i;'d'Ai de^w;;ilo.; pt"""*nt waterbodGs: rrrqTlp"g?ths at the li$oral studv sltes were

il!"iJJ.is8 fifros-"^, *ia -inimum depths between 0 and 28cm'

Because all the study lakes are shallow, small changes in depth repre^sent lar, ge changesin volume'

Lake volumes were calculateo foi]hi pLrioar or -fii-um (April i985) and maximrm (September

1985) depths, from depth/area it prtt'*J *"?tU'-" gtipttt provided by the Water Authority'

Maximum and minimum lake volumes and the percentage change in volume between the two are

given in Tablel.
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Figure 17: Monthly changes in conductivity (microsiemens/cm) at each site in the five lakes studied
from April 1985 to April 1986.
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Figure 19: Monthly changes in light penetration as measured by Secchi disc at each of the two study sites rn
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5.1.5 IONIC CONCENTRATIONS

Similar to conductivity, the ionic concentrations in lakes Jandabup, Joondalup and Thomsons
displayed considerable-seasonal variation in levels (Figures 20-26), with maximum concentrations
ociurfrng during late surnmer at the time of lowest lake volumes, and minimum .concentrations
during liinter w:hen lake volumes were high. lrss seasonal variation is evident in Monger and
Noniilake. To facilitate lake comparisons-, mean ionic concentrations and ionic_equivaients for
both winter/high water and summ;dlow water periods are gfv91 in-Table.2. On the basis of
milliequivaienis per litre, the order of ionic dominance in each lake for each period is given in
Table 3.
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26: The lake bed is comprised of fine sands at site A, on the eastem margin of Jandabup Lake; 27: In contrast to
site A, rhe lake bed at site B on the western margin of Jandabup lake is composed of diatomite; 28: A white bank
of dried metaphyton at Lake Joondalup in late summer (March), 1986; 29: Clumps of algae on the water surface at
the northem margin North Lake in sprirg (October), 1985; 30: Algal bloom in Iake Monger in summer (January),
1986;31: Drying m^tof Myriophtllum salsugineum on the bed of Thomsons Iake in summer (January), 1986.
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(Photognphs: S.W.Rolls, J.A.Davis)
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Al1 five lakes are dominated by sodium chloride, as is the case for many Australian lakes @illiams,
1967; Buckney, 1980; Hart and McKelvie, 1986) but not so for most Northern Hemisphere waters
which are dominated by calcium bicarbonate (Table 2, Wetzel, 1975). Bayly and Williams (1973)
suggested that NaCl dominance is a result of the overriding importance of the atmospheric supply
of oceanic salts to inland waters. Certainlv the oroximitv of the urban wetlands to the coast
suggests that rainfal l ,  wi th dissolved sal ts der ived' f rom thiocean. is the main dererminant o[  the
ionic composition of the urban wetlands. In contrast, the ionic composition of Northern
Hemisphere waters is considered to be rock dominated, that is, primarily influenced by
composition of rock material in the drainage basin.

The greater dominance of calcium ions in most of the wetlands compared to that of seawater, may
be due to the leaching of calcium from limestone. The increased importance of SO4--compared with

HCO3- in Jandabup Lake, in both winter and summer, may be attributed to groundwater jnpur to
the lake or to the geology of the lake basin.

The proportions and concentrations of major ions in shallow lakes can be changed by evaporation
and precipitation of less soluble salts, such as CaCO3 and MgSO4 for example (Hart and
McKelvie, 1986). This may be the explanation for the increase in concentration of Mg and SO4 in
Lake Joondalup and Thomsons Lake during summer. Alternatively, a sea breeze laden with sulphur
dioxide emissions from the Kwinana industrial area may also be responsible for high sulphate
levels in Thomsons Lake in the summer period.

Na+, Mg++, K+and Cl 
- 

are conservative ions which undergo minor spatial and temporal changes
within a lake as a result of biotic utilisation 0Metzel, 1975), therefore concenffations of these ions
may be expected to reflect changes in lake depths and volrmes. Ca++, inorganic C and SO4--are

dynamic ions, and their concentrati.ons may be strongly influenced by plant growth and microbial
metabolism (Wetzel, 1975). Seasonal changes in Ca irand SOa-- are evident in three lakes,

Jandabup, Joondalup and Thomsons, and HCO3- alone in Thomsons Lake. Large but generally

non-seasonal fluctuations in HCO3- (and to a lesser extent Ca-- and SO4--) in the other lakes,

may be attributed to plant and microbial action.

5.1.6 PHOSPHORUS

Large increases in total phosphorus concentrations occurred in Lake Monger and Thomsons Lake
during the summer months, smalier increases were recorded in Joondalup and Jandabup, whilst
concentrations in North Lake were highest during winter (Figure 27). Concentrations in Jandabup
were usually the lowest recorded in the five lakes, whilst concentrations in Mengenuere-usually
the highest, with a maximuqr value gf9& ug/L being recorded in April 1985. Comparison of the
ra6ge of concentrations recorded in the rirban wetlands (Table 4) with Wetzel's (1975)
ciassification of lake productivity (after Vollenweider, 1968), reveals that peak levels in four of the
lakes; Joondalup, Monger, North and Thomsons exceeded the criterion for hypereutrophy by two
to nine times. Only Jandabup remained below the hypereutrophic level and for much of the year
could be classed as oligo-mesotrophic. North lake was the only lake that remained hypereutrophic
during the winter months.

Table 4. Classiircation of Lake TroDhic Status Based on Nutrient Concennation.Classiircation of Lake Trcphic Status Based on Nutrient Concennation.
After WeEel 1975. modilled from Vollenweider. I

(ue/l)

Category

LJlira-oligotrophic
Oligo-mesotrophic
Meso-eutrophic
Eutrophic
Hyper Eutrophic

Total P
(and Ortho P)

0 - 5
5 - 1 0

1 0 - 3 0
30 - 100

> 100

Total N

0 - 2 5 0
250 - 600
300 - 1100

500 - 15 000
> 1 5 m 0

Inorganic N

0-200
200 - 400
300 - 650

5m - 1500
> 1500
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I
Organicp-holphorus generally compdsed 5G907o of the total phosphorus concentration in all lakes
except North Lg\9 @lgure 28). Organic phosphorus comprised approximately 20Vo, and
orthophosphate 807o of total P during winter (May to octobei) in Noth Lake, bui the reverse
situation ex_isted_ during summer (December to April). This may have been due to the uptake of
orthopho-lqhate by phytoplankton during the warmer months. Trends in orthophosphaie levels
(Figure 29) were similar to rhose of total P in all lakes except Thomsons, wfrere 

^the 
summer

increase was lower.
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Figure 28: Monthly changes in rhe concentration of organic phosphorus in microgramslitre
at each sire in the five lakes srudied from April l9g5 to April 1986.
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I
5.1.7 NTIROGEN

The concentration of total N varied seasonally in all five lakes with the highest levels recorded in
summer during the period of lowest lake volirmes (Figure 30). Organic f.i'6igure 31) comprised
907o of total N at most sites and on most sampling occasions. The maximum concentration of total
N recorded, l7 2L5 ug!-, occurred in Thomsons Lake in April 1985, when only a small pool of
water containing decomposing Myriophyllutn remained at the centre of the lake.This high level can
mist likely be attributed to the release of nutrients from the decomposition of organic material from
the formerly dense bed of Myriop hyllwn . High levels of total N in Lake Monger and North Lake
may be attributed to the release of nutrients from the decomposition of phytoplankton blooms,
whilst high levels in Lake Joondalup may be the result of the release of nutrients from decaying
Tetaphyton. Levels of total N in Lake Monger were more variable in comparison to those recorded
from the other four lakes.
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Figure 30: Monthly changes in the concenradon of lotal nirogen in mioograms/litre
at each site in the five lakes studied from April 1985 o April f986.

Jandabup TN

Monger TN North TN

Thomsons TN

46



LV

8u;ydu'us or.nue aqr rnoq8norql e{B.J suosuroql puu dnlepuool o4e1 ul (1l8n 9I>) aol ""f:["f
€651rZoN puu ?11tr1go suoueauecuoJ 'sg6l rsn8ny u1 e1e1 quo51 q pue .sg6l reqolco pu' eunr
ur re8uo141 e1e1 ur permrco EOIVZON lo suoD?quecuoc runtlllxstrAl .Sg6I ,(€I I uI ery.I quoN ur
pu€ 'Sg6I reqotco ur re8uo4l e4u1 ur parmcco ?11i1Jo suop.uuoouoc runturxutrAl .9961 &unrqag
puu Sg6I ,{1n1 ur pauncco ,VBn 

Z6t puu y8n 0€S .€OMZON ur sleed o,$t lsFI;9g6I IIrdV puu qrrel I puu 9961 t(e4 u1 e>p1 dnqupuul ul permrco ,,fpn 
Orug pue 1r3n 9gg1 .?gg ur s>ped

o.{J 'se{el 
I[e uI €ON/Z6N ustD suorluluecuor req8rq lu tueserd dlproua8 ,"^ t11q pur-.r"orn1on

e4e1 Surseercep qu^r eseenur lou prp (€E orn8rd) tI{.Nl pw (T,E ern8rg; €gN/ZjN Jo sle^o.I

'986I 
IldV ol 586I pdy uror; perpn$ se{q e rJ eqt tn ers qrBe le

e!!/suerSonrur ur uaSo.Oru JIwAJo Jo uole.Bueruor eql u seEueqc ,(lquoyq :I g em8rC

9a6t sHtNc$l5a6l

o

oooz

ooo9

ooog z

oooot -3
0oozl

ooo9r

0ooar
NO suosl!oqf

9A6lst{l}lcn sa6!
uEt leq rcN '.O drs 6nV lnf unf retr rdv

986 t SHlNClll

9a6 ! SRtNOrl

I

0ooz

ooot

0008 O

ooo0t ?
ooozt s

0oorr

0009!

0ooal

o

0o0z

0009

oooe j

0000t :

o0ozl

0009r

oooz

oo0t

0009
o

oooS z

oooot t>

oo0zr

0009t

0008r

986r sHlJlc$l

o00z

000t

o

0o0or g

ooozr

0009r

oo08r

rov rEn q9J uef .60 &N r.O das 6rir' tnf !m lpyt rdv

NO qUoN

rdv rEl,I qej lsf c.O ^oN l.O d€S 6nV tnt !n[ Iey! rdv

NO raOuoyl

rdv ieN qsj uEt .€O ^oN l.O d6S 6nV tnt unt IEW rdvrdv ieN qaj lEr $o FN t.o d€s 6nv tnt unf lew rdv

NO dnqPpuEf NO dnPpuoof



700

600

500

3oo

2AO

100

o

Jandabup NO3

Ap. May Jun Jll Aug S.p Ocl Nov De Jan F.b Mar Apr

1985 tiONTltS 1946

Monger NO3

Apr May Ju. Jll Auq S€p O.l Nov Oe Jan Feb Mar Apr

1985 [,|ONT]6 r 986

7oo

500

€ roo
3

8 3oo

200

o

Apr May Jun Jul Alg Sep Oct Nov 06 Jan F€b Ma, Apr
r9a5 i,lor,lll€ i9a6

Joondalup N03

North NO3

Apr May Jun Jul Auq Se9 Ocr Nov Oe Ja. F€b Mar Apr
i985 r oArFrs 19s6

o

500

200

i
I
l
l

400

300

200

r0o

o

7oo

5oo

300

Thomsons N03

Apr May Jun Jul Au! S€p Crcl Nd D6 Jan Feb Mar Apt

1 985 lvtoMlls I 946
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5.1.8 NITROGEN TO PHOSPHORUS RATIOS

Nitrogen to phosphorus ratios for summer and winter periods in the five lakes are given.in Table 6.
Ratioi were calculated on the mean values for total N and total P, for the two sites combined for the
periods June to November (winter) and December to April (summer). As the typical ratio_ in tissue
bf aquatic algae and macrophytes is 7:1 flVetzel, 1975, after Vallentyne, 1974), it is_probable that P
rather than N would be more likely to be limiting to plant growth in Lakes Jandabup, Joondalup
and Thomsons, but in Lake Monger and North Lake nitrogen may become limiting'

Table 5. Mean concentrations of nutrients (total P, PO4, total N, NH4, NO2A'{O3) and standard errors

in tle five lakes studied for the pcriod June to Novcmber 1985 (winter/spring), and rangc for
the one year period April 1985 to April 1986.

Total P Pol TN NH+ Nol

Jandabup 19.8+/-2.2
1 0 - 6 7

5.8+/-0.7
i 1 - 2 8

870+l-77.9
14-97\6

230.4+/-98
17 - 3040

131+/-44
z - 5 3 0

Joondalup 36+/-38.9
13 -195

24.7 +l-4.9
12 - l8'7

167 5+l-122
123r-11487

23.3+/-3.2
12 - 101

13.4+l-2.9
z - 1 3

Monger 186+/-39
36-964

46+/-8
8-690

332r+l-510
1569-14939

546+l-242
10-2460

41+/-11
2-157

North 211+l-12
r23-280

194+/-9
4-239

2069+l-295
'112-6007

501+l159
14-2556

259+/-65
1-690

Thomsons 54.4+l-6.8
20-460

14.5+/-1.2
3-r r8

2103+/-173
r168-17215

21.2+l-0.8
t7 -61

6.1+l -1.2
1 - 1 1

Table 6. NiEogen to phosphorus ratios in winter and summer for the five lakes studied.

Wintcr values wcre for August 1985, and summer values were for March 1986.
Values from both sitcs in each lakc were combined.

Jandabup Winter
Summer

3 5 :  1
479: 1

Joondal  up Winter
Summer

3 9 :  I
100: 1

Monger Wintcr
Summer

10:  1
1 9 : 1

Nor th Winter
Summer

8 :  1
29 ' .  1

Thomsons Winter
Summer

3 5 :  I
Dry

5.2 CHLOROPHYLL- a

Chlorophyll-a concentrations were recorded at the two sites in each lake from October 1985 to
April 1986 (Figure 34), as a means of assessing the occurrence and abundance of phytoplankton in
the waterbodies. The low concenfations recorded in Lakes Jandabup, Joondalup and Thomsons
suggest that little phytoplankton growth occurred in these lakes, whilst the higher levels in North
Lake and Lake Monger indicate the presence of fairly large algal blooms. Fvidence of
phytoplankton blooms were visible to the naked eye in both lakes (Photographs 29 and 30). As
spring and summer progressed, the waters of Lake Monger became progressively greener as a
result ofthe phytoplankton blooms. The sudden decrease in chlorophyll-rz concentration in Lake
Monger in February may have been a consequence of the rainfall event, either as a direct result of
the dilution of lake watsrs or from associated changes in water chemisw.
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Table 7. Classification of lake uophic status based on chlorophyll-c concentration. (Aftcr Wetzel, i975)

Category Chlorophyll-a (mg/m3)

Ultra-oligotrophic

Oligotrophic

Moso - eufophic

Eutrophic

0.01 - 0.05

0.3 -  3.0

2 - t 5

10 -  500

5.3 ORGANIC CONTENT (7O) OF THE LAKE BED AND WATER COLUMN

The percentage of organic material (excluding the invertebrate fauna) in the upper hve centimetres
of the lake bed and the overlying water column, as sampled by the quantitative pump method,
varied considerably between lakes (Figure 35). The lowest levels, <107o, were recorded from Lake
Monger throughout the year, from Nonh Lake on the later three sampling occasions, and from one
site (A) at Jandabup throughout the year. The higher values of 40-607o recorded at North Lake in
April 1985, may be the consequence of a collapsed algal bloom. The sandy bed of the lake
appeared to be covered by several millimetres of decomposing organic material during the later
summer months, but was clear again by the middle of winter.The two sites at Jandabup Lake were
distinctly different in terms of organic content. Values recorded at the sandy site (A) were
consistently Low, <5Vo, whilst values at the diatomite site (B) were higher at25-30Vo .

High values in Thomsons Lake (40-55Vo), may be attributed to both the peat substr,ate and the
deise stand of Myriophyllum present at both sites. Similarly the high values recorded at Lake
Joondalup (40-80Vo) may also be anributed to plant growth, in particular the algal /sediment ooze
known as metaphyton.

Whilst the values recorded in this study are not strictly comparable with other studies because
different sampling techniques were used, some general comparisons can be made. Marchant and
Williams (1977) iecorded percentage organic m-atter values of 9.7Vo and ll.\Vo fot washed and
unwashed sediments resDeativelv from Pink Lake, a saline lake in western Victoria, and Timms
(1980) recorded values'ranging from 24-94V0 for dune lakes, l2-l3vo ior North Queensland
coastal lagoons, 31-797o for North Queensland maars, l3-28%a for Tasmanian lakes, and 32-517o
for south-eastern Australian volcanic lakes.

Rybak (1969) attempted to relate the degree of eutrophy of Polish lakes to the organic content of the
b6d, and found thatbrganic matter contint could vary for lakes of the same trophic type.(Table 8).
Despite considerable iariation, he concluded that an increase in organic content was wident from
oligbtrophic to eutrophic lakes, and considered the following levels to be associated with different
tlopnlc stages.

Table 8. Contenl. of organic matter (percentage) in dle boltom sediments of lakes of various trophic types.

Trophic Status Organic Content
Oligorophrc
Mesotrophic
Eutrophic
Dysrophic

1 1 20Vo
17 - 30Vo
18 - 610/o
77 - 83Va

(After Ryb*. 1969)

Jandabup Lake, which has been classed as mesotrophic (this study), and Lake Joondalup, North-
Lake and Thomsons Lake, which have been classed as eutrophic (this study) on the basis of
nutrient levels, appear to fit within this scheme, whilst Lake Monger (which has also been'classed
as eutrophic) coniains levels of organic matter which lie below that of oligotrophy in Rybak's
(1969) classification. The rsasons fdr this are not known, but this result suggests that other factors
apart from the degree of nutrient enrichment, such as the geology of the lake basin, may determine
the orsanic content of a lake bed.
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Table 10. Total number of species collected from tre five urban wetlands
botweon April 1985 and January 1986.

ToaJ numbcr of spccics

Thomsons North Jandabup Monger Joondalup

62 55 49 40 . A

Ten species were common to the five wetlands, and these are listed in Table 1 1. Further species
common to the five lakes may be found when members of the Nematoda, Oligochaeta, Cladocera,
and Copepoda are identified to species level. Twenty four species were uniclue, that is recorded
from only one wetland, and these comprised eight species recorded only from Thomsons Lake,
five from North Lake and Jandabup Lake, four liom Lake Monger, and two from Lake Joondalup.

Table 11. Soecies common to the five lakes studied.

C andono cyp ris nov ae ze landiae
S ar s cypr ido p sis aculeata
Austr o c hiltoni a sub te nuis
P qr omp hi so p us p al us tr i s
Micronecta robusta
Anisops hyperion
Chirornmus austalis
D i cr o te ndi p es co nj unc tus
P o Lypedilum nubifer
P r o c L adius vi Il o simanus

(crustacea : ostracoda)
(Crustacea : Ostracoda)
(Crustacea : Amphipoda)
(Crustacea : Isopoda)
QJemiptera : Corixidae)
(Hemiptera : Notonectidac)
(Diptera : Chironomidae)
(Diptera : Chironomidac)
(Diptera : Chironomidae)
(Diptcra : Chironomidae)

The Insecta were the dominant class in terms of soeciss number: a total of 53 soecies were recorded
compared with l4 species of Crustacea. However the Crustacea. and in particular the Ostracoda,
were often the most abundant organisms in the ouantitative samoles. Soecies numbers within the
Insecta were dominated by the diptera (17 species) and the Coieoptera i16 species;. Within the
Diptera the Chironomidae (midges) was the most common family comprising 13 species, and often
the most abundant (in terms of number of individuals) at each site.

The stucture of the fauna of each lake was similar with resoect to the Crustacea but differed for the
Insecta. Twelve species of Crustacea were recorded in Thomsons Lake, 1 1 in Jandabup Lake, 9 in
Lake Joondalup and 7 in both Nonh and Monger. Thirty nine species of insects were recorded
from Thomsons Lake, 31 from Jandabup and 29 fiom North, but only 18 from Lake Monger and
1 1 from Lake Joondalup.

Seasonal variation in species richness was evident in the two seasonally dry 1akes, Jandabup and
Thomsons, but not in the permanent waters, Joondalup, North and Monger (Figure 36). In the
former two the lowest numbers of species, l0 and 24 respectively, were recordsd in April 1985
when only a shallow pool of water remained in the centre of each lake. The higher number in
Thomsons Lake was probably due to the presence of the dense mat of decaying Myriophyllum in
the central pool, which provided both food and shelter for the invenebrate fauna. No submerged
plant material was present in Jandabup. The number of species in both lakes rose quickly as the
lakes filled with the winter rains, and the highest numbers of species per site, 31 in Thomsons Lake
and 25 in Jandabup Lake were recorded in Ju1y. Numbers were still high in January prior to the
complete drying of both lakes

The maximum number of species per site in the three permanent lakes, 27 in Nonh, 21 in Monger
and 18 in Joondalup, were recorded in October. Apart from the 18 species recorded at site D in
Lake Joondalup in October, species richness in Lake Joondalup was extremely low, with only 5 to
7 species being recorded from each site on each sampling occasion. Low species richness may be
directly related to the presence of metaphyton in the lake. The dense turbid suspension of algal cells
and sediment comprising the metaphyton must provide an inhospitable physical environment to
most lentic organisms. The only occasion on which species numbers at Joondalup significantly
increased, in October 1985, was also the only occasion on which no metaDhyton was recorded at
the two lake sites (Figures l9 and 36).
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5.4.2.4 Oligochaeta

Taxonomic knowledge of this group in Australia is generally poor except for recent work by
Brinkhurst and Fulton (1979 and 1980) and Fulton (1983) in which 11 previously unknown
species were recorded from central Tasmanian lakes. Material collected in this study has been sent
to w. Fulton lor rdenl rcauon .

The Oligochaeta formed an important component of the wetland fauna as they occurred in all
wetlanda on most sampling occasions. They were most abundant in Lake Joondalup and comprised
over 50Vo of the fauna in that lake in January 1986.

Oligochaetes are true benthic organisms and their food consists of organic material and bacteria
present in the sand and mud.

5.4.2.5 Hirudinea

Only one species, a Glossiphoniidae, was recorded ftom the urban wetlands and this was recorded
from a1l lakes except Jandabup. Glossiphoniids have also been recorded from the Kemerton
werlands by Bunn (i983). The-glossiphoniids commonly feed on the body fluids of freshwater
gastropods and this may explain their absence from Jandabup Lake because that lake had the least
abundant snail fauna.

5.4.2.6 Mol lusca

Five species of gastropod and one bivalve were recorded from the frve lakes, but Lake Monger was
the only lake to contain all six species. Three of the six species are thought to have been introduced
to Ausiralia from Europe. Only one species, the native planorbid Physastra Sibbosa , occured in
all frve lakes, and it wai the only mollusc recorded from Jandabup and Joondalup. The Planorbidae
are the largest and most diveise family of freshwater snails and are the dominant group of
freshwater molluscs in many areas. Shell form is often variable and species identihcation cannot be
made with certainty until the family has been revised (Smith and Kershaw, 1979). P. gibbosa has
been recorded throughout south eastem Australia in slow flowing freshwater rivers,_ lakes and
billabongs, and genelally {iom algae or weed habitats. Physastra has been recorded from the
wetlands of the northern Swan Coastal Plain by Hembree and George (1978) and in the Kemenon
wetlands by Bunn (1983).

A second planorbid, the planispiral Planorbarius corneus , was recorded from Lake Monger and
North Lake. This species was introduced to Australia from Europe as an aquarium species, and
presumably has been released from aquaria where it occurs.

A physid, Physa acuta, was recorded from Lake Monger, North Lake and Thomsons Lake. This
species is very similar in appearance to P. gibbosa and can only be separated from it on the form
of the radula. The species has previously been recorded from Adelaide, central Victoria and NSW,
and Smith and Kershaw (1979) consider the species in south eastern Australian to be introduced,
probably from western Europe. Hembree and George (1978) considered Physa to be a recent
introduction to Westem Ausralia. and a raoid coloniser because it has been recorded in waters from
Penh to Gingin.

Plotopsis balonnensis, Pseudosuccinea columella and Sphaerium castertanum were recorded
only from Lake Monger. The thiarid, P. balonnensis, has previously been recorded in the Murray -
Darling system (Smith and Kershaw 1979). The lymnaeid, P. columella, is an introduced species
to Australia and is known to be an intermediate host for the sheep liver fluke, Fasciola hepatica.
This species has been recorded elsewhere in Westem Australia by Bunn (1983) in the Kemerton
wetlands, and in some sreams on the Duling Scarp ( Bunn, pers comm). The sphaeriid,
S. castertanum, had previously been recorded by Hembree and George (1978) in Loch McNess
and is generally associated with organic muddy substrates.

5.4.2.7 Cladocera and Copepoda

Cladocerans and copepods were present in all lakes but little comment can be made on the species
composition of the zooplankton until species identihcations have been made.
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atl lakes, and in three of the lakes, Joondalup, North and Thomsons it occurred at all sites in all
seasons. Austrochiltonia is widely dispersed throughout southern Australia and is a euryhaline
genus that can tolerate a wide range of environmental conditions (Bayly and Williams, 1973). It has
previously been recorded from the Kemerton wetlands by Bunn (1983), and from all the lakes
studied by Hembree and George (1978) except Lake Bambun. Amphipods are detritivores, feeding
on the decaying plant and animal material of the lake bed. They do not possess resistant eggs and
their mode of survival in Perth's temporary waters may be to burrow into the moist lake bed.
Alternatively they may be transferred from permanent to temporary waters by waterfowl. Their
occurrence in the wedands in large numben suggests that they are successful by whatever means.

5.4.2.10 Isopoda

Paramphisopus palustris , a member of the Phreatoicidea, was recorded from all five lakes but it
was only abundant (comprising more than 5Vo of the total fauna at a site) in Jandabup Lake. The
Phreatoicidea have a souihern distribution, occurring in New Zealand, Australia, India and South
Africa. Similar to A. subtenuis, P. palustris is a detrital feeder and does not possess resistant eggs,
but its mode of survival or recolonisation of the temporary wetlands is probaly similar to that
proposed above for A. subtenuis . Previously Hembree and George (1978) had only recorded P.
palustis from Jandabup Lake. They suggestdd that it may be more sensitive to increased salinity
than A. subtenuis .

5.4.2.11 Decaooda

The shrimp Palaemonetes australis was only recorded from Lake Joondalup, but it was the most
abundant member of the fauna of this lake in both April and July. P. australis is a derital feeder
and inhabits both lentic and lotic environments in south-west WA. It is a euryhaline species and
able to tolerate salinities from 0-35 ppt (Bray, 1976). The extremely high salinity tolerance of this
species suggests that it may act as an indicator species for high salinity. In particular, the
dominance of P.australis in apparently fresh water bodies may reflect high salinities at some time
in the past, most probably during times of low summer water levels. It does not possess a &ought
resistant life history phase, which may explain its absence from Jandabup and Thomsons Lake,
although A. subtenuis ar'd P. palustris, which also lack drought resistant stages, are quite
common in these two lakes.

The gilgie, Cherax quinquecarinatus , was only collected from Jandabup Lake during this study,
but signs of its presence including claws and parts of the carapace and burrows were observed on
many occasions at Thomsons Lake. This species is probably present in many of the wetlands of the
Swan Coastal Plain, but it was not readily collected by the sampling methods used in this study.

5.4.2.12 H},dracarina

Seven species of water mite were collected in this study of which only one has been identified so
far. This species, Limrcchnres australica, being relatively large and bright orange in colour, was a
conspicuous member of the fauna at Jandabup Lake and Thomsons Lake during the winter months.
Four was the maximum number of species recorded per lake in both North Lake and Thomsons
Lake, with two species present in Jandabup Lake, one in Lake Monger and none recorded from
Lake Joondalup.

Hydrachnids are most abundant in heavily vegetated, shallow, sheltered, and fresh standing waters
(Williams, 1980), and most are predatory. Parasitic hydrachnids were observed attached to the
head and pronotal areas of notonectids collected during this study, but only free-living species have
been recorded in Table 9. The larval stage of many hydrachnids are ecto-parasitic upon aquatic
insects and such a strategy, where mobile hosts such as notonectids are involved, would ensure the
dispersal of hydrachnids to new waterbodies and re-colonisation of temporary ones.

5.4.2.13 Collembola

This is not a fully aquatic group but rather members arc often found attached to the surface film of
water (Williams, 1980). Only one species, from North Lake, was collected during this study.
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usually voracious predators, whilst the adults of the Hydrophilidae, Haliplidae. Hydrochidae and
Curcuiionidae are usually herbivores. Despite their importante in terms of species richness, litde is
known of the life cycles of virtually all the species recorded here, and lack of taxonomic studies
meant that only the dytiscids and adult hydrophilids could readily be identified.

5.4.2.18 Diptera

The Diotera was the dominant order ofinsects in the urban wetlands, and a total of 17 species were
record6d from the five lakes: 14 from Thomsons Lake, 12 from Jandabup Lake, nine from North
Lake, seven from Lake Monger and six from Lake Joondalup. The most diverse and abundant
family was the ChironomidaJ: 1 1 species were recorded from Jandabup !-a]<e, _eigh1 from both
Thonisons Lake and North Lake, seven from Lake Monger and six from Lake Joondalup. Four
soecies were cornmon to all five wetlands: Chironomus australis, Dicrotendipes conjunctus,
Polypedilum nubifer and Procladius villosimanus. One species, Lun*troemia partherngenetica,
occurred only in jandabup Lake. Species diversity in Nonh Lake and Lake Mong€I may be lower
because they are regularly sprayed with a pesticide (Abate) for the purpose of midge control. Low
species divi:rsity il Laka Jboidatup mat be due to a combination of reasons,; the presence of
metaphyton and-regular spraying of portions of the lake with Abate for the control of midges.

The number of ies of chironomids recorded from the urban wetlands (13) is amongst thelhe number oI sDecles oI cnronomlos recoloeo lrom tne uroan weua
highest recorded in Australia so far. Previously Bunn (1983) recorded 19 ies in the Kemertonhighest recorded in Austraha so tar. .ktevlously tlunn (196J) recoded ly specles m tne llemerlon
w6tlands; Maher and Carpenter (1984) recorded 12 species from two wetlands in NSW; Timms
(1980) recorded 5 to 7 in eastern Australian lakes; and Fulton (1983) recorded 20 species from
lakes on Tasmania's Cenral Plateau.

A11 species collected during this study may be classed as detrital or algal feeders except
P.villosimanus which is predatory.

Ceratopogonids, which are the predatory larva of a biting midge or sandfly, were fairly common in
Jandabup Lake, Nonh Lake and Thomsons Lake, but were absent from Joondalup and Monger.
The other dipterans, a tabanid (March fly larva), a stratiomyid and a culicid (mosquito larva and
pupa) were only found in Thomsons Lake.

5.4.2.19 Trichoptera

Five trichopteran or caddisfly species were recorded in this study. North Lake contained the most
diverse caddis fauna with four species, two species were present in Thomsons Lake, Lake Monger,
and Jandabup Lake, and one species in Lake Joondalup. Three of the five speciesi Triplectides
australis, Notalina fulva and Oeceris sp. belong to the Irptoceridae which is one of the largest
trichopteran families in Australia. T. australis is a widespread species which occurs in slow
flowing rivers and lentic waters throughout Australia (Morse and Neboiss, 1982), and has
previously been recorded in WA by Bunn (1983). Ecnomids and hy&optilids have also been
recorded in WA by Bunn (1983).

5.4.3 MACROINVERTEBRATE ABUNDANCE

Considerable variation in the abundance of the macroinvertebrate fauna was evident both between
lakes and between seasons (Figure 37). The relative lack of fauna in Lake Joondalup may be
explained by the reason already suggested for the reduced species richness, the presence of
metaphyton. Low numbers in Jandabup Lake compared to Monger, North and Thomsons may
reflect the lower nutrient status of the former.
Abundances in all lakes were generally lowest in autumn when water levels had been low for
several months. This may be due to the stresses posed to aquatic life by lowered iake volumes and
the associated features of elevated ion and nutrient levels and high summer water temperatures.
Higher densities in one of the temporary lakes, Thomsons, compared with the other, Jandabup,
were probably due to the presence of aquatic weed (Myriophyllum salsugineum), which provided
both food and shelter in the former. Numbers increased as the lakes filled, and the maximum
number of individuals were recorded from Jandabup, Nonh and Monger in January, and fro-m
Thomso-ns in both July and January. The maximum density (mean number of individuals/mj)
recorded at each site is given in Table 12.

62



7

I
l

'3uuds oue uurntn€ ur sJeo(unu
reaoi puu 'Jetuurns puu JelurA\ ur 3u [.-.'ncco eunsJ eql ur s>ped qrlm e1u1 suosuoql ur tuisard
sp.d uounqllsrp ppoulq v 

'(,ftenue1) roruruns ur runruuuur u o1 SuFds puu ratur,t' q8norqt (yudy)
urunlnE ur ruNururu u {rro4 posparcur ,{1lpeals reSuoI I o{s.I ur serlrsueq 'suorsBJro Suqdutes reqlo
eoJqi oqt uo seursuop uuqt req8rq,(peryuu era.n (drenuel) Jaruruns ur sertrsuep a)iu-I quoN pue
dnqepuel qloq uI '^\ol fra.,l ere,n IIBJe^o saptsuep e:eqrr urels,{s B uro.g elsp lard:alur ol plpl eq
tou ,{uur 1l q8noqlp 'relurlr\ prru rrrnnlne ur lse^\ol puu Jer[uns pue SuFrds ur lseq8rq eJen\ segrsuop
dnppuool uI 'e{BI qceo urqlr/r\ peNasqo ere,tr ocuupunqu FuneJ ur e8uuqc ;o surelted lueteJJr(l

ELI 9I
-t+ Ew 9e

65601
1+ LLg 891

061 99
-/+ 67E 078

LLL T.6
'/+ vgL rzE

e97 rzr
-l+ r09 6vs

'JOUa plspuels auo
-/+ 

,ui/slBnpl^Ipul Jo
Jequnu u?eu lunulrxEtrAl onI?puoolonqupusfql.IoNsuosruorLLre8uohl

'986I drpnuef ol S861 ludy uor3 perpqs spue[a^r o^rJ oqt u a]rs rad pep:oce.r
(gur red qenprr'rpur Jo raqrunu ugeur) eJuepunqs alaqeue^urolc?ru unurxqtrAl

'usJu eql qtl,r palurcosse Jore p*pusls eql ̂loqs sJ?q
Iecnra^ '986I drunuel ol 9g61 1r:dy ruo:J ,perprys se{q eql Jo qrEo ur (Aurpeqs paqcl€q-ssorJ

prrp IJqq ,tq peluesards) setrs or,l le atuepunqe et?rqaua^uloJJpur upeu ul so8ueqc puospes :1g ern8rg

NOSVfS

AUVnNVC U3SQICO  
-tnf

a9uepunqv alerqaua^urorcelN uea!{ suosuroLll

NOSV3S

AEVnNv|. UfaOLO Atnf

09

'zl atqsJ

rZ
rl

=
3

f

:t

HZ
ol

aA
CT

3

5

* rt

3

3

=

g

6

f

=

5

e
d
g

3

=

s:

; vl

3

aJuepunqv atElqaua^u!otJgul uea!! quoN

NOSV:tS

lUVnNVr UfEOtJO llna ltudv

r'zt -t+ 6n9
o.uepunqv alerqaua^u!oicelN ueolN raOuobl

NOSVSS

AAVnNVT U3801CO  lna ltudv

i
t

ecuepunqV alelqaUo^utol9e!I upabl dnlepuoola3uepunqv alelqalra^urotcew ueolI dnqepuec



SeveralSeveral hypotheses can be proposed to account for the large increases in faunal densities in
summer. Most simply, the decreased summer lake volumes may result in increased concentrationssummer. Most simply, the decreased summer lake volumes may result in increased concentrations
of invertebrates in the same way that increased ionic and nutrient concentradons were observed.
Unlike the chemical oarameters however. faunal densities did not remain hish at the end of summerUnlike the chemical parameters not remain hish at the end of summer
(in April), suggesting that prolonged periods of low lake volume and associated high ionic and
nutrient concentrations combined with high temperatures, are deleterious to invertebrate
populations. Alternatively or in addition, peaks in faunal abundance may be due to changes in
species composition within the invertebrate communities and changes in the life history phases of
dominant species. These factors are discussed further in the section 5.4.5.

Comparisons of faunal abundance in the urban wetlands with those in lake systems elsewhere in
Australia or overseas is not possible because of the variety of different sampling techniques that
have been used. However two other studies conducted within WA, that of Bunn (1983) on the
Kemerton wetlands and DeHaan (1986) on the Lake Muir wetlands, did employ the same sampling
procedure and so some comparison is valid, Mean macroinvertebrate abundances (exgluding
zooplankton) recorded by Bunn (1983) in the Kemerton wetlands ralged from 18 2QOlmJ to
81 300/mr. DeHaan (1986) recorded mean abundances of 54 000/;nr to 235 000/mr (excluding
zooplankton). Densities in the urban wetlands ranged from 300/mr to 549 500/mi. These results
demonstrate that while some urban wetlands on the Swan Coastal Plain have very low
macroinvertebrate abundances, reflecting their poor environmental quality, others are very high
compared to other wetland systems in Westem Australia.

5.4.4 ZOOPLANKTON ABUNDANCE

Although the sampling techniques employed in this study were primarily designed to sample the
macroinvertebrate fauna of the littoral zone, zooplankton were also caught and so sorted and
counted in the same way. However, zooplankton tend to be more abundant in the deeper central
regions of lakes and at night, so the material collected in this study probably does not accurately
represent wedand zooplankton populations, and as a consequence interpretation of the data must be
undertaken with caution.

Similar trends to those observed for macroinvertebrate abundance in Lake Joondalup and
Thomsons Lake were also evident in the zooplanktonzooplankton dpnsities (Figure 38). Numbers in Joondalup

individuals/mr) whilst two peaks were present in winterwere very low (were very low (ranging from 0 to 7 646 individuals/mJ) whilst two peaks were present in winter
and summer in zooplanl:ton densities in Thomsons Lake. Jandabup Lake and North Lake contained
the hiehest densitfus of zooolankton. whilst Lake Monger and Thomsons Lake contained the
and summer in zooplanl:ton densities in Thomsons Lake. Jandabup Lake and North Lake contained
the highest densitfus of zooplankton, whilst Lake Monger and Thomsons Lake contained theme nlgnest oenslues oI zooplanKton, wn st LaKe Nronger ano tnomsons Lal<e contalneo tne
highest numben of rnacroinvertebrates. Zooplankton densities in Jandabup and North Lake steadily
increased as the lakes filled from autwnn to summer, whilst densities in Monger and Thomsons
remained fairly constant after an initial rise in winter.
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Figure 39: Seasonal changes in species composition based on faunal abundance at two sites (represented by
adjoining columns) in each of the lakes studied, from April 1985 to January 1986. Groups comprising
less than 57o of the total faunal abundance at each siie were placed in the "other" category.

A decapod, the shimp Palaemonetes australis, was the dominant member of the fauna at Joondalup
in autumn and at one site in winter but was completely absent from the other four lakes.
thironomids, amphipods, oligochaetes and ostracods comprised the dominant fauna at Joondalup
m spnng ano summer.

The faunas of both Lake Monger and North Lake were almost totally dominated by ostracods
throughout the year. Chironomids were present in higher proportions in autumn, but their absence
in spring and surnrner may be a result of the pesticide spraying programmes that were carried out at
both lakes during these seasons specifically for midge control.

North Species Composifi on
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Figure 40: Seasonal changes in Shannon-Wiener diversity (H) at two sites in each of the lakes studied (represented
by open and shaded symbols), from April 1985 to January 1986. The divenity index (I{) was calculated
from the combined results of the six quantitative samples collected at each site.

Evenness in all lakes was low (Figure 41), suggesting that a small number of taxa occurred in very
high numbers. The data presented in Figure 39, the percentage species composition for each site at
each season, indicates that this is the case with the fauna being dominated by ostracods,
chironomids and amphipods.
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The percentage volume change in the three lakes was similar,55-64Vo (Table 1), and evaporation
must be occurring from all lakes. However, Lake Monger receives extra water from nearby bores
as part of a Council management saategy, and North Lake may naturally receive some groundwater
inflow through summer (Megirian, 1982), both of which serve to counteract the evaporative
concentration effects of high summer temperatures. In contrast, Lake Joondalup appears to receive
little groundwater inflow during the summer months, which supports Congdon's (1985) findings
that the lake experiences a net groundwater outflow during the summer months, and that
evaporation is a major component of the water balance of the lake. The stresses posed to aquatic life
by higher salinities and nuffients concentrations do not persist in Jandabup and Thomsons Lake
because both lakes dry out, but such stresses do persist in Joondalup, a deeper lake which does not
dry completely, and this may explain the severely reduced richness and abundance of the
invertebrate fauna of that lake.

These results suggest that low water levels per se may not adversely affect water quality in the
urban wetlands, but rather that the effects of evaDo-concentration couDled with low water levels
may result in unacceptably high levels of salt and nutrients in some'permanent wetlands. The
implication for the management of the urban lakes are that the hydrogeology of each lake must be
known, and ion and nutrient concentrations monitored to determine how serious evaporative
concentration effects may be. The situation will vary from year to year, because hot dry summers
would result in higher conductivities and nutrient concentrations tian cooler or wetter ones.

Nutrient levels, in particular orthophosphate levels, are high in the wetlands during summer, but1\uurcflr. r€v€.rs, ]n parusurar orTnopnospnale revels, are nlgn ln me weuanos qunng summer, Dut
Williams (1980) notes that phosphate and nitratb levels exceed so-called critical levels for
eutrophication in manv Australian lakes and wetlands. and that Northem Hemisohere criteria maveutrophication in many Australian and wetlands, and that Northem Hemisphere criteria may
not apply to Australian waterbodies. Certainly the effects of nutrient enrichment are evident in the
four lakes that exceed the criteria for hvnereutronhv: increased nrimarv nrodrrction occrrrs inthat exceed the criteria for hvpereutbur lakes that exceed the criteria for hypereutrophy; increased primary production occurs in
Thomsons Lake in the form of extensive submerged macrophyte growth; in Joondalup in the form
'Ihomsons Lake in the form of extensive submerged macrophyte growth; in Joondalup in the fon
of an algaVsediment ooze known as metaphyton; and in Monger and North Lakes as algal blooms.

High levels of orthophosphate throughout the year in North Lake may be a result of nutrient inflow
from the adjacent Veterinary School farm and the Kardinya drain, whilst high and variable levels in
Lake Monger may reflect the extensive arnounts of feniliser applied to the surrounding lawns, and
the lack of fringing vegetation.

Comparison of the maximum concentrations of total P recorded in Joondalup (195 ug&) and
Monger (964 ug/L) in this study (Table 5) with those recorded by Gordon et al Q98l) in ihe same
Iakes in 1975/76 (70 uglL and 110 ug/L respectively), reveal twofold and ninefold increases
rcspectively in the two lakes. Comparison of the maximum concentrations of ortho P recorded in
tltis study, 187 ug[- in Lake Joondalup and 690 ug/L in Lake Monger, and those recorded by
Gordon et al (1981) in 1975fi6 (of 40 ug,/L in Lake Joondalup and 50 ug/L in La{<e Monger)
reveal fourfold and fourteenfold increases respectively in the two lakes. These results probably
reflect the increasing urbanization of both lake catchments, with an attendant increase in the
amou,nts of garden fertilisers and detergents in the surface run-off, and in the groundwater, entering
both lakes.

The mean concentration of total P recorded in Thomsons Lake during winter and spring in this
study (54 ug/L) was lower than the winter mean (220 ugil) recorded by the Cockbum Wetlands
Study (Newman etal ,1976) for the years 197l-1978. The maximum concentration of 460 ug/L
recorded at Thomsons Lake was also Iower than the maximum (700 ug/L) recorded by the
Cockburn Wetlands Study. The apparent improvement in water quality at the lake may be due to the
lake being seasonal for the 10 years preceding this study, whilst it was a permanent lake for the 10
years prior to the Cockburn Wetlands Study. The seasonal drying of the lake bed and oxidation of
surface sediments may have resulted in reduction in nutrient cycling in the lake. In addition, the
lower mean water levels associated with the seasonal lake appears to have favoured the occrurenoe
of the aquatic macrophyte Myriophyllutn salsugineun, and in increase in the density of Typha at
the lake, both of which result in removal of nutrients from the water column. The root svstem of
M. salsugineum could increase aeration within the lake sediments, and lead to a red;ction in
phosphorus exchange between the sediments and overlying water (R. Lukatelich, pers comm).
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Individual elements of the macroinvertebrate fauna of the urban wetlands do not appear to be rare or
unique, a conclusion reached earlier by Hembree and George (1978) in their study of the lakes of
the northern Swan Coastal Plain. However the associations of species that occur in the wetlands
may be considered to be unique. In particular, the wetlands contain elements of a Gondwanaland
fauna together with species that may be still undergoing active dispersal between Australia and the
Northern Hemisphere. The possibility that the ostracods are still being transferred between
wetlands in Penh and in Russia and Japan by migratory waterbirds needs funher investigation and
suggests an intercontinental link in the ecology of the wetlands previously recognised for migratory
waders but not for invsrtsbrates.

The macroinvertebrate fauna of the urban wetlands appears to be well adapted to a cycle of iakes
drying and filling. Species richness was highest in Thomsons Lake, a temporary waterbody, and
faunal abundances in the lakes oeaked in summer as water levels fell. Summer maxima in
invertebrate densities may well be an imponant feature for the waterfowl which arrive at the urban
lakes during this time as wetlands further east dry out. An obvious management implication is that
seasonal changes in water level and the complete drying of some lakes, is preferable to the
maintenance of artificially full lakes in summer if the lakes are to be managed for the aquatic launa
particularly the waterfowl. Briggs and Maher (1985) emphasised the importance of drying and
reflooding of waterbodies to invertebrates and waterfowl (this has been stressed by many authors)
and suggested that permanent inundation reduces long term plant productivity and prevents the
peaks in organic matter availability that occur after flooding, and which enhance invertebrate
productivity.

Permanent lakes within the urban region are also needed however, to provide drought refuges for
the waterfowl and to act as reservoirs of invertebrates to ensure recolonisation of seasonal
waterbodies when they refill following the winter rains.

6.3 TROPHIC STRUCTURE

Wetland ecosystems t)?ically comprise both grazing and detrital food chains (Figures 1 and 2), and
knowledge of the relative proportions of the invertebrate fauna which comprise the different trophic
levels provides insight into the functioning of a wetland. The dominant fauna of the urban wetlands
were detritivores; the ostracods, chironomids and amphipods, and the detrital food chain appean to
be the largest and most imponant pathway for the processing of matter and cycling of energy within
Perth's wetlands.

The apparent absence of many of the second order consumen (predators) from Lake Joondalup and
Lake Monger, and to a lesser extent North Lake (Table 13), suggests some deterioration of
invertebrate food webs within these systems and mav be a consequence of the increased nuffient
status of these waters.

Total number of species of prcrlatory inverrcbrates recorded from the five

wetlands studied between April 1985 and January 1986.
Table 13.

Thomsons Jandabup North Monger Joondalup

Number of predatory species 23 t7 14 9 5

Dragonflies and damselflies and most water mites, beetle larvae and predatory hemipterans ale
abs&t from Joondalup and Monger (Table 9), and occur in reduced species numbers in North
Lake. Invertebrate pridators repiesent an important internal means of connol of invertebrate
numbers within a wetland, and- an absence of invertebrate predators suggests that control of
populations of nuisance species (such as larval chironomids) by invenebrate predation, must be
ilmost entirely lacking. T'he absence of most second order consumers.may be a direct result of a
reduction in light penJtration in lakes due to algal blooms associated with errtrophication. Almost
a1l nfssing spjciei were visual predators and decreased light penetration in Lake JoondaluP due to
the presen"ce of metaphyton and in Lake Monger because of dense algal blooms (Figure 19), may
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Both species richness and trophic structure can be costly parameters to measure because ofthe need
to ideritify large numbers ofjnvenebrates.The use of only one invertebrate order or family would
be less time donsuming, and so less costly, because a fewer number of specimens would be
involved. This approach would be similar to that of the use of_'lindic
Walker (1979) defined an indicator orsanism as one whose tolerance

pollutant. They also noted that the mere presence of an organism is.an indicator that certain
environmental'conditions exist, because it implies that at least the minimal requirements for the
species are met. The absence of a species is a less useful criterion because it may reflect one or
riore of a number of factors, and so Lannot be attributed to a specific pollutant (Jones and Walker,
1979). The concept of indicator organisms, per se , was not a relevant one to this study because the
presence of specific pollutants was not assessed. However, the idea that the presence of_species
belonging to certain goups may be used as a general indicator of the environmental quality of a
wetland is one which warrants funher attention.

Watson (1962) noted that larval Odonata (dragonflies and damselflies) are rarely found in polluted
waters, and the results of this study suggest that larval Odonatans are absent from wetlands with
the combined factors of high nutrient levels and reduced light penetration. The numbers of_species
of larval Odonata recorded from each lake between April 1985 and January 1986 are given in
Table 15. The virtual absence of Odonata from Lake Joondalup (0 species) and Lake Monger (1
species) supports other data, including low species richness and reduced numbers of predatory
invertebrates, which indicates that the environmental quality of these two lakes is poor. The highest
number of Odonata were recorded from Thomsons lake (6 species), and this result reflects both the
high species richness and complex trophic structure recorded at that lake. Whether the presence of
high numbers of Odonata within wetlands may be considered to be indicative of good
environmental quality, and absence or low numbers indicative of poor environmental quality, needs
further investisation.

Walker (1979) defined an indicator organism as one whose-tolera
known. and whose distribution and abundance indicates the extknown. and whose distribution and

Table 15. The number of species of Odonata recorded from the five
urban wetlands studied from April 1985 !o January 1986.

Thomsons Jandabup North Monger Joondalup

Number of species o 4 4 0

Similarly to the Odonata, the presence of high numbers of species of Coleoptera may be potential
indicators of good environmental quality in Perth's wetlands. The total number of species of
Coleoptera recorded from the five lakes studied are listed in Table 16. High numbers of coleopteran
species occurred in lakes with a high species richness and complex rophic sffucture, and lakes with
low soecies richness and reduced numbers of oredatorv invertebrates also possessed low numbers
of col-eooteran s.

Table 16. The number of species of Coleoptera recorded from the five
urban wetlands studied from April 1985 to January 1986.

Thomsons Jandabup North Monger Joondalup

Number of soecies 1 l 8 5 2

The Odonata would be an ideal group to use as environmental indicators because theft taxonomy is
well known, and keys exist to identify virtually all species that may be found in the urban wetlands.
In addition, the Odonata have wide ecological tolerances, and so the potential exists for them to
occur in all wetlands. The Coleootera would be less suitable because manv sDecies remain
undescribed. Further work is needed to determine the exact ecological requiremeits 6f each species
within each order before a final decision on their suitability as environmental indicators can be
made.
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Water quality parameters for the five ulban wetlands.

PAMMETER JANDABUP
LAKE

LAKE
J@NDALUP

LAKE
[.40NGER

NORTH
LAKE

IHOI'/SONS
LAKE

Lake Type Seasonal Permanent Permanenl Permanent Seasonal

*r
Salinity {wlnte0

(summer)

Acidic
Fresh
Fresh

Alkaline
Fresh
Fresh

Alkaline
Fresh
Fresh

Neutral-Alkalrne
Fresh
Fresh

Alkaline
Fresh
Saline

Ortho - P (winte0
(summer)

O-mesokophic
M.eutroDhic

M-eukophic
H-eutrophic

Eutrophic
H-eutrophic

H-eutrophic
H-eutrophic

M-eutrophic
H-eutrophic

Nitrate/nitrite (winte0
(summe0

U - oligotrophic
EukoDhic

U-oligotrophic
U-oliqotroDhic

U-oligotrophic
U-ollootrophic

O-mesotrophic
Eutrophic

O-mesotrophic
LJ-oligotrophic

Chlorophyll a (spring)
{summe0

Oligotrophic
M-eutrophic

0ligokophic
Eutrophic

Oligotrophic
Eutrophic

Oligolrophic
Eutrophic

Oligotrophic
Eutrophic

Light Transparency 1 0 0 % Reduced Reduced Slightly Reduced100%
Primary Production Algao Metaphyton AIgae Algae Sub. Macrophytes
Orqanic content (bed) < 5%-35% 40%-80% <10% < 5%-60% 40%-55%

Speciesrichness (mini site)
(marsite)
(total/lake

1 0
25
49

1 8
12

40

1 9
2 7 J I

6 2
Macro. Abund (autumn)

(summer)
L0w
Medlum

L0w
Low

Medium
High

Medium
Hlgh

Medium
High

Zoo. Abund (aulumn)
(summer)

L0w
High

L0w
Low

Low
LOW

L0w

High
L0w
Medium

DiversityH (autumn)
(summe4

High
Hioh

Medium
Medium

Medium
L0w

Medium
Medium

Low
High

Evenness (a & s) L0w L0w L0w L0w Low
Trophic Structure Completo Predators PredatorsRed. PredatorsComplete
Dominant Trophic Group 0etritivores 0etritivore s Detritivore s Detritivores Detr i t ivores

Table 18: Summary of the physico-chemical and biological water quality parameiers measured at the lakes studied in
1985/1986. Minimum (winter or autumn) and maximum (spring or summer) values are given where
determined. Categories of macroinverlebrate and zooplankton abundances are defined as follows:
Low = < 5 000 individuals/mJ
Medium = 10 0@ - 25 000 individuals/mr
High = > 25 000 individuals/mJ

O - mesotrophic = oligomesotrophic, M - eutrophic = mesoeutrophic, H - eutrophic = hypereutrophic
U - oligorophic = ultraoligotrophic

The results of the faunal (biological monitoring) component of fhe study indicate that envLonmental
quality of Jandabup Lake andlhomsons Lake is high, moderate in North Lake, and poor in Lake
ioondalup and Laki Monger. Low species richness in Lake Joondalup and Lake Monger compared
with the numbers of species recorded in Thomsons, Jandabup, and Nonh Lakes, suggests that the
poor water quality (ai revealed by chemical monitoring) in these two lakes has resulted in a
reduction in the invertebrate fauna. The almost total absence of one of the trophic groups (the
invertebrate predators) from both lakes, indicates that food chains within the lakes are disrupted,
and as a conJequence the freshwater ecosystems of both lakes must be classified as degaded, with
an attendant loss of some of the lakes aesthetic, scientific, and educational values.

The extremely low species richness and abundance in Joondalup indicate that.the envir,onmental
quality of thi: lake 1s very poor despite the fact that conductivities and ionic and nutrient
cbnceirtrations are not very diiferent to-those recorded in other lakes. Lake Joondalup experiences
summer peaks in ionic and nutrient concentrations but, because of greater depth does not dry out,
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and waterfowl productivity. However, some pennanent water bodies must be retained as drought
refuges and faunal reservoirs.

Eutrophication (or nutrient enrichment) is a problem in urbal wetlands and the sources of nutrients
need io be identified and reduced where possible. The effect of inflow from stormwater and other
drains on wetland water quality needs to be assessed.The effects of pesticides on wetland
ecosystems, whether applied directly to a wetland for midge control or indirectly received from
areas where pesticides are applied to homes for termite conffol and to household gardens or to
market gardens, is an issue of concem that needs more investigation. The fact that activities in the
catchment as a whole and notjust the immediate wetland envfons may have an enormous affect on
wetland water quality must be recognised by all agencies involved in wetland management.

The presence of a buffer zone of fringing sedges on the margins of a lake appears to be of
considerable value in the maintenance of good environmental quality in wetland ecosystems and the
preservation of such zones and replanting (where needed and where feasible) is urged.

Jandabup Lake and Thomsons Lake have high scientific value and every effort should be made to
ensure that the protection they have received as Nature Reserves is not reversed by the increasing
pressures of urban development in the northern and southern metropolitan regions. Lake
Joondalup, Lake Monger and North Lake all have water quality problems and need active
management, in particular a reduction of nutrient inputs, to prevent loss of the lakes' aesthetic and
wildlife conservation values.

The fact that the urban wetlands are largely resilient systems (probably because much of the flora
and fauna is adapted to withstand the stresses of seasonal drying and filling), and the effects of
poor water quality appear to be reversible, suggests that it is not too late to design and implement
water quality management programmes for many of the urban wetlands alrcady experiencing water
quality problems.
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