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Abstract

The aquatic invertebrate fauna and a range of physical and chemical parameters were recorded in twenty-
three permanent lakes within 20 km of the coast between Cape Naturaliste and Albany, Western Australia.
Invertebrates were collected by qualitative sweeps, benthic cores and plankton trawls to sample all major
habitats. A total of 209 invertebrate taxa were recorded, representing a rich faunal diversity. Multivariate
analyses showed that invertebrate community structure was most closely associated with salinity and
nutrient status of the lakes; however, all salinities were below the limnologically accepted 3 g 1’ upper limit
for freshwater (Bayly & Williams 1973). Human activities are most likely responsible for the elevated nutrient
levels recorded in some of the lakes.

Introduction
Lentic wetlands in the south-west of Australia, particu¬

larly lakes on the Swan Coastal Plain associated with urban
development, have recently been the focus of much research.
Wetlands on the Swan Coastal Plain today represent only
about 30% of wetlands present prior to European settlement
(Halse 1989) and many are now eutrophic due to urbaniza¬
tion and agriculture (Davis & Rolls 1987; Balia & Davis 1993;
Davis etal. 1993).

In contrast, the permanent lakes along the south coast are
less disturbed and have received littleattention. Limnological
studies on south coast lentic wetlands have mainly been
restricted to temporary systems (Bayly 1982, 1992a;
Christensen 1982; Pusey & Edward 1990a,b) although two
permanent pools were included in the latter study. Recently,
a survey of aquatic invertebrates in three lakes in the Two
Peoples Bay area (Storey et al 1993) outlined a highly diverse
invertebrate fauna, with possible biogeographic links to
South-western Tasmania. Establishing a database of physi¬
cal, chemical and biological parameters in south-coast
'vetlands is essential for developing management proce-
t^ures to deal with the impact of increased human activity,
^his study elucidates relationships between environmental
parameters and invertebrate community structure for the
lakes surveyed, and provides a database to assess the conser¬
vation value of the lakes to enable formulation of future
Management programmes.

Materials  and  Methods
Study sites

Twenty-three permanent lakes in the south of Western
^^stralia were studied, all located on Vacant Crown Land
'vithin 20 km of the coast between Cape Naturaliste and
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Albany (Fig 1). Several of the lakes were not officially named
and are therefore referred to as follows; the lake near the
junction of Charley and Dunes Roads, Pemberton is Charley
Lake; the lake north east of Windy Harbour is Windy Har¬
bour Lake; for the group of lakes near Boat Harbour Road,
Denmark, the eastern lake is Boat Harbour Lake 1, the
western lake is Boat Harbour Lake 3 and the northern lake is
Boat Harbour Lake 4.

Sampling regime
Fifteen lakes were sampled in 1991 during winter (25

June-2 July) and six of these, located across the geographical
range of the survey, were re-sampled in spring (4-13 No¬
vember), together with six additional lakes. Charley Lake
and Lake Williams were sampled in early summer (18 & 19
December) because of forest quarantine restrictions; these
were considered spring samples because typical hot/dry
summer conditions had not commenced.

Environmental parameters
The physical and chemical parameters measured in the

lakes, and the methods used are summarised in Table 1.
Surface area of the lakes was estimated from enlarged pho¬
tocopies of 1:50000 maps, using a Delta-T^’^  ̂Area Meter.
Temperature, dissolved oxygen and pH were measured
from surface waters at each lake between 1030 and 1430 h.
Depth was recorded along at least two transects for those
lakes accessible to a boat. At these lakes, vertical profiles of
dissolved oxygen and temperature were recorded to deter¬
mine the extent of any stratification. The ratio of surface to
bottom readings for temperature and dissolved oxygen was
used as a measure of stratification in subsequent statistical
analyses, where a ratio of one indicated no stratification.

Undisturbed water samples were taken for analyses for
colour, turbidity, anions and cations. Salinity was calculated
as the total concentration of the major cations (Mg, Ca, K and
Na) and chloride in solution. These ions account for approxi¬
mately 95% of the total soluble salts (TSS) for drainage basins
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Figure 1. Map of locations of the lakes.

1. QuininupLake
2. Lake Davies
3. Lake Quitjup
4. Lake Jasper
5. Lake Wilson
6. Lake Smith
7. Charley Lake
8. Ycagarup Lake
9. Neanup Lake
10. South Yeagarup Lake
11. DoggerupLake
12. Lake Samuel
13. Lake Florence
14. Windy Harbour Lake
15. LakeMaringup
16. CHvingup Lake
17. Boat Harbour Lake 1
18. Boat Harbour Lake 3
19. Boat Harbour Lake 4
20. Lake 12046
21. Lake Williams
22. LakeSaide
23. Lake Powell

3345’ 48" S

on the south coast of Western Australia (Loh et ai 1983).
Water samples for total nitrogen and phosphorus
determinations were filtered in the field through a 0.22 pm
Millipore™ filter using a 50 ml syringe. Samples for chloro¬
phyll (a) determinations were taken by filtering a measured
volume (approx. 11) of water through a Whatman'^  ̂GF/C
filter, and the retained cells, containing chlorophyll, were
stabilized with a few drops of a saturated magnesium car¬
bonate solution. The filter was folded, blotted between
gauze swabs and placed in a plastic bag on ice, out of the
light, before being stored frozen in the laboratory. Chloro¬
phyll (a) was then measured using the method described in
Strickland & Parsons (1968). At each lake, a 10 cm deep core¬
sample of the benthic material was collected in a vertical¬
sided vial with 13.2 cm  ̂lid opening. In the laboratory, the
percent organic content was determined after drying at 40 °C
and ashing in a muffle furnace at 450 °C for approximately
eight hours.
Invertebrates

The methodologies for collecting fauna were designed to
sample the major aquatic habitats and maximise the number
of species recorded from each lake. Six random replicate
benthic samples were taken with a 72 cm ̂core sampler to 10
cm depth from each lake. Samples were immediately pre¬
served in 5% formalin. In the laboratory, the organic fraction
was separated from the sediment by water elutriation and
washed through a 250 pm sieve. The fauna was removed
from the organic fraction using a dissecting microscope. All
individuals were identified to the lowest taxon possible,
usually species, either by the use of keys or by matching
specimens to a voucher collection at the Aquatic Research
Laboratory, Department of Zoology, The University of West¬
ern Australia. The Calanoida, Ostracoda and Cladocera

Table 1
Environmental parameters, methods of measurement and units of precision.

Parameter
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were forwarded to specialist taxonomists for identification.
We include within Calamoecia tasmanica (Smith) $.1. the two
forms C. tasmanica and C. tasmanica subatteruiata described
from Western Australia (Bayly 1992b). An estimate of abun¬
dance for each species was made according to the following
categories; < 50 (rare), 50-500 (common) and > 500 (abun¬
dant) individuals.

A standard Freshwater Biological Association (FBA) D-
net with 110 ^im mesh was used to collect two-minute
qualitative sweep samples from the substrate and amongst
the macrophytes from the littoral margin of each lake. Sam¬
ples were preserved in 5% formalin. In the laboratory, the
fauna was removed from the organic matter in the samples,
identified and categorised as for the benthic samples.

Plankton was sampled with a 110 |xm mesh net, attached
to a standard FBA D-net frame, held just below the water
surface. Two samples were taken from each lake, using a
standardised 50 m trawl for biomass determination and a
shorter trawl for identification of the plankton species. Each
sample was preserved in 5% formalin. Biomass was deter¬
mined after drying the samples to constant weight at 40
The taxa were identified and abundance categories esti¬
mated as for the benthic samples.

Data analyses
Multivariate analyses are useful techniques to outline

patterns in complex biological phenomena (Gauch 1982) and
these patterns are generally correlated to underlying envi¬
ronmental gradients (Wright et al. 1984; Furse et al. 1984;
Moss et al. 1987). Principal components analysis (PCA) was
used to ordinate the pattern of co-occurrence of the physical,
chemical and morphological parameters measured for the
lakes. This technique was used to reduce the complex data¬
set to a few, underlying 'factors' and to eliminate redundan¬
cies inherent in the data (Noruss 1986). This analysis was
performed using the SPSS/PC ̂advanced statistics proce¬
dure 'FACTOR'.

The total species information from each lake was classi¬
fied by a polythetic divisive multivariate technique (Two-
Way INdicator SPecies ANalysis; TWINSPAN, Hill 1979a).
Subsequent groupings formed by TWINSPAN were corre¬
lated to environmental parameters by Multiple Discrimi¬
nant Analysis (MDA; Noruss 1986) using the SPSS/PC^
version DSCRIMINANT. This analysis was performed be¬
tween each TWINSPAN division. DEtrended CORrespond-
ence ANAlysis (DECORANA, Hill 1979b) was used to ordi¬
nate the lakes on the basis of invertebrate community struc¬
ture. DECORANA orders samples along an axis of similar¬
ity, where the lakes closest together on each axis have a more
similar invertebrate community structure than those further
apart.

Results

Environmental parameters
The 23 lakes studied ranged in surface area from 0.13 ha

(Quininup Lake) to over 400 ha (Lake Jasper), with the
majority of the lakes less than 100 ha in surface area (Table
2). The deepest lakes were Yeagarup and Jasper, both over
10 m (Table 2). Most of the lakes with larger surface area
were shallow, ranging between about 0.8 m and about 1.3 m
for Lake Powell and Owingup Swamp respectively.

Water colour was highly variable between lakes, ranging
from < 5 APHA units at Quininup Lake to 740 APHA units
at Lake Williams. The lakes were visually classified in this
study as clear, brown and black corresponding to three
APHA unit categories where clear is < 100, brown 100-300
and black > 300 (Table 3).

The pH ranged from 4.4 at Lake Florence to 8.6 at Lake
Davies (Table 2). The values for pH were highly negatively
correlated with colour (correlation coefficient r = -0.83, n =
29, p < 0.001). The low pH values probably reflected high
humic / tannic content of darker waters (Table 3). The major¬
ity of these dark-water lakes lie on acid peat flats, a source of
humic material. Lake colour was also correlated with water
temperature (r = 0.51, n = 29, p < 0.01), probably due to dark
water absorbing more solar radiation than clear water. Water
temperatures between lakes ranged from 9.2-15°C in winter
to 12.3-24°C in spring (Table 2). Temperature stratification
(Table 2), with colder hypolimnetic water, which is the
normal condition for deep water lakes, was recorded in
Charley and Yeagarup Lakes in spring. In contrast, lakes
Maringup and Jasper were stratified in winter, with warmer
hypolimnetic water, which was interpreted as heating of the
bottom sediments and hypolimnetic water by solar radiation
in these dear-water lakes.

Salinity categories for the lakes were based on the classi¬
fication for potable surface water by the Water Authority of
Western Australia (1989a). The majority of the lakes were
fresh; however Boat Harbour Lake 3, Lake Saide and Lake
Powell were classified as marginal and Lake Davies and
Owingup Swamp as brackish (Table 3).

On the basis of nutrient status (Wetzel 1975) Windy
Harbour, Williams, Saide and Powell, were classified as
eutrophic (Table 3). The other lakes were either oligo-
mesotrophic or meso-eutrophic. Lakes sampled in winter
usually had higher levels of phosphorus, probably from run¬
off of winter rainfall, elevating them into the meso-eutrophic
category. The typical ratio of total nitrogen to total phospho¬
rus (N:P) within the tissue of aquatic algae and macrophytes
is 7:1 (Wetzel 1975). In Quininup Lake, Lake Smith, Neanup
Swamp, and Boat Harbour Lake 3, theN:P ratios in the water
were greater than 70.T and therefore phosphorus was more
likely the limiting nutrient. In contrast, for Lake Williams
and, in winter. Lake Powell, the ratio was less than 4:1,
indicating that nitrogen was the more probable limiting
nutrient.

Turbidity measured in nephelometric turbidity units
(NTU) ranged widely (Table 3), showing no obvious associa¬
tion with individual lakes. Turbidity and chlorophyll (a)
were correlated (r = 0.61, n = 29, p < 0.01); high turbidity
probably reflected the abundance of algal cells. Values for
chlorophyll (a) ranged from 0.19 pg I ' in Yeagarup in late
spring to 14.41 pg in Lake Saide in winter (Table 3). Lower
values for chlorophyll (a) were consistently recorded during
spring. Based on the classification of Wetzel (1975) using
chlorophyll (a) levels, the trophic status of most of the lakes
was classified as oligotrophic and only lakes Powell, Saide,
12046, Boat Harbour 1, Boat Harbour 4, Windy Harbour and
Owingup Swamp were classified as meso-eutrophic.

Benthic organic matter ranged from 0.16% in Lake Wilson
to 87% in Boat Harbour Lake 1 (Table 3). The wide range
reflects both differences in the nature of the catchments and
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Table 2
Environmental information collected for each lake/occasion. W = winter, S = spring, ** = not recorded.

Lake  Season

^Ratio of surface to bottom readings.
Table 3

Environmental information collected for each lake/occasion. W = winter, S = spring, * = below detection.

Lake
units)  (figl')

Quininup Lake 0.3

’Based on the Water Authority of Western Australia (1989a) classification for surface water; fresh = 500 mg I ’ TSS, marginal
= 500-1000 mg I-’ TSS, brackish = 1000-5000 mg 1’ TSS.
^Classification according to colour measurements in APHA units; < 100 = clear, 100-300 = brown, > 300 = black.
^Based on Wetzel (1975); oligo-mesotrophic = 5-10 pg 1’ P & 250-600 pg 1’ N, meso-eutrophic = 10-30 pg 1’ P & 300-1100 pg
1’ N, eutrophic = 30-100 pg 1’ P & 500-15000 pg 1' N.
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the patchy distribution of organic material within each lake
as shown for the six re-sampled lakes (Table 3).

Factor analysis of the environmental data using principal
components (PCA) indicated seven major factors (Table 4).
The factors are numbered in decreasing amount of variation
explained and therefore considered of decreasing 'impor¬
tance'. Factor 1 showed the co-occurrence of depth with
stratification and low nitrogen levels. Factor 2 showed co¬
occurrence of all cations and anions measured, except potas¬
sium, and salinity, illustrating that in the lakes with rela¬
tively elevated salinities, no single cation was responsible.
Additionally, the lakes with elevated salinity had low col¬
our. Factor 3 was a gradient generally of parameters that
were different seasonally; temperature, dissolved oxygen
and colour. Factor 4 showed the association of elevated
phosphorus with chlorophyll and high turbidity (Table 4).
Factor 5 showed that lakes with high pH, calcium, nitrogen
and chlorophyll also had low colour levels. Factor 6 showed
a gradient of nutrient levels (nitrogen, phosphorus and
potassium) and colour. Factor 7 was a gradient of the

association of lake size with low levels of benthic organic
matter. A total of 85.9% variation in environmental param¬
eters was explained by these seven factors. The identifica¬
tion of these seven underlying factors greatly simplified the
large data array, collapsing the information into co-occur¬
ring parameters. In subsequent analyses identifying gradi¬
ents in the ordinations of invertebrate community structure,
factors, rather than individual variables, were correlated
with axes scores.

Invertebrates

A total of 209 taxa belonging to 6 phyla were recorded
from the lakes, and the occurrence of the taxa in the lakes is
shown in Appendix 1. The number of invertebrate species
collected from each lake ranged from 18 in Lake Davies to 55
and 56 species in lakes Charley and South Yeagarup, respec¬
tively. Stepwise multiple regression analysis, with hierar¬
chical inclusion of the number of species recorded in each
lake against factor scores (Table 4), showed that Factors 2,3
and 5 were significantly correlated (p < 0.05, F-value = 5.7,

Table 4
Factor scores calculated for the environmental variables and the percentage of variation explained by each Factor. A
principal components analysis of the physico-chemical conditions associated with each site shows the pattern of co¬
occurrence of variables. The parameters highlighted in bold were considered 'significant', i.e. loading on any axis at > +0.30

or <-0.30 (Child 1970).

Parameter
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cumulative variation explained r ̂= 0.41). This indicated the
importance of salinity, where lakes with lower salinities had
higher species richness (Fig 2), and to a lesser extent, season,
pH and nitrogen levels.

60

0
i_I_I

500  1000  1500
Salinity (mg I"'')

separated Powell, Quininup, Davies, Owingup, Boat Har¬
bour 3 and Saide from the other lakes (division 1 and 2; Fig
3). This division was attributed primarily to salinity, based
on the results of multiple discriminant analyses (Table 5).
One TWINSPAN level two division separated lakes Saide
and Powell from Quininup, Davies, Owingup and Boat
Harbour 3 (division 3 and 4; Fig 3) and was associated with

Table 5
Discriminant analyses, using factor scores from PCA, on
TWINSPAN (presence/absence) groupings. Discriminant
analysiswas performed at each TWINSPAN division, termi¬
nating at level two of the classification analysis. The table
illustrates percent correct classification, the most important

t
and Wilk's Lambda. All significance levels shown were p <
0.05. The values in brackets indicate the direction of the
correlation between factor scores and TWINSPAN group¬

ings.

Figure 2. Regression analysis of total species richness vs
salinity. The regression was significant F^j = 7.63, p = 0.01,
r = -0.47, n = 29.

Zooplankton biomass was variable between lakes, rang¬
ing from zero in Doggerup Lake in winter to 678.5 mg in Lake
Powell in winter (Appendix 1). The highest biomass values
were recorded from lakes 12046 and Powell and consisted
mainly of Daphnia carmata King.

TWINSPAN analysis of the total species data-set was
taken to two levels and indicator species for each division are
shown in Fig 3. The first and most important division

Groups % correct Variables Interpretation Lambda
1/2

22  W  2  W.S
23  W,S  16  S

18 W

Calamoecia
tasmanica

3

Aphroteniella filicomis Hydracarina sp. R
Gomphodella aff. maia 7Limnophyes sp. V31
Calamoecia attenuate

_Y

Figure 3. Dendrogram showing TWINSPAN classification of the lakes using the total species list. Indicator species are shown
at the bottom of the boxes. Lake numbers as in Figure 1. W = winter, S = spring.
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phosphorus levels (Table 5). The second level two division
of other lakes (division 5 and 6; Fig 3) was associated with pH
and nitrogen levels (Table 5).

Ordination by DECORANA on the total species data-set
is presented in Figure 4. Along axis one, the obvious sepa¬
ration is of lakes Powell and Saide from the other lakes. Axis
one was a gradient of pH, salinity and phosphorus concen¬
tration. These variables explained 32,27 and 16% of the total
respectively (Table 6).

300 9s

200 1s
CNJ.52 100

-100

6.12.13s 10s

6w«11w /Os .ISw•4w 20w
23w 23s

18w 22w

I_I_I_i-1
-100

conservation  status  low

Figure 4. Axis 1 by axis 2 plot of DECORANA scores using
total species for each lake, w = winter, s = spring. Lake
numbers as in Figure 1.

Table 6

Results of stepwise multiple regression analysis, with hier¬
archical inclusion of DECORANA axes scores against envi¬
ronmental parameters. The cumulative variation explained
(r^) by each variable and F-values are presented. All factors
vvhere the F-values were significant at p < 0.05 are shown in

the table.

Dependent variable

Discussion

The permanent lakes of the south coast of Western Aus¬
tralia contained a highly diverse invertebrate fauna, total¬
ling 209 taxa. However, the total taxa count would have been
higher if the Nematoda and Annelida could have been
identified to species. An interesting feature of the fauna was
the number of species that previously had been recorded in
lotic habitats in Western Australia. Five of the dragonfly

species; Austrogomphus lateralis (Selys), Heinigomphus armiger
(Tillyard), Lathrocordulia metallxca (Tillyard), Hesperocordulia
berthoudi (Tillyard) and Synthemis cyanitincta (Tillyard) are
considered to be stream species (Watson 1962). Within the
Chironomidae, 14 species; Paramerina levidensis (Skuse),
IZavreliniyia sp. V20, Ablabesrnyia sp. V37, Orthocladiinae sp.
V43, Cricotopus anmdiventris (Skuse), ILimnophyes sp. V31,
Thienemanniella sp. V19, Dicrotendipes sp. V47, Nilothauma
sp., Riethia sp. V4, Riethia sp. V5, Harnischia sp. VCDIO,
Steinpellina ?austraUensis Freeman and Aphrofeniellafilicornis
Brundin have been recorded only from upland streams of
the jarrah and karri forests (Edward 1986; Storey & Edward
1989). The Trichoptera, except Leptoceridae sp. F, sp. H and
sp. I, the Amphipoda Perthia aciititelson Straskraba and the
Dytiscidae beetle Sterxiopriscus browni Sharp have been
recorded in upland streams of the northern jarrah forest
(Aquatic Research Laboratory 1988; Bunn ei al. 1986; Storey
etal 1990).

The provisionally identified Glacidorbis sp., from South
Yeagarup Lake, is of interest because the only previous
representative from Western Australia, Glacidorbis occidentalis
Bunn & Stoddart, is highly associated with intermittently
flowing streams (Bunn et al 1989). The genus is known from
both lotic and lentic waters in eastern Australia (Ponder
1986).

The species richness of the fauna was high, in both a
regional and State context, to the extent that many of the
lakes could be considered environments with high conserva¬
tion significance. Species richness of invertebrates provides
a useful comparison for different aquatic systems, with more
diverse systems being considered 'healthier' than less di¬
verse ones (Magurran 1988). Table 7 shows a comparison of
species  richness  for  invertebrates  from  different
biogeographic regions of Western Australia. Species rich¬
ness was high for lakes from both the Swan Coastal Plain and
the south coast regions. The permanent lakes of the Swan
Coastal Plain were characterised by nutrient enrichment to
an extent where many were eutrophic, and the lakes were
sampled on more than one occasion (Davis et al. 1993), which
would have substantially increased the total species list.
Sampling in summer/autumn would be likely to increase
the total number of species for the south coast lakes. The
major differences in species composition were that only
about 30% of the identified species were shared by lakes in
the two regions, with high numbers of species of Coleoptera
in the Swan Coastal Plain lakes and high numbers of species
of Chironomidae in the south coast lakes.

Multivariate classification of the lakes on the basis of
invertebrate community structure and subsequent correla¬
tion with environmental parameters illustrated a tight cou¬
pling. Multiple discriminant analyses using TWINSPAN
groupings produced an approximately 98% correct classifi¬
cation, suggesting that a model can be derived where by the
type of invertebrate community can be predicted with a very
hi gh degree of accuracy, given a set of environmental param¬
eters collected during winter/spring. Any departure from
this predictive success could indicate some level of distur¬
bance.

The most important environmental parameters, deter¬
mined by multiple discriminant analyses to be significantly
associated with invertebrate community structure, were
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Table 7

nf invertebrates recorded from a range of methodologically similar studies of lentic systems in Western
Species richness oi
Australia.

System
South coast lakes

Two Peoples /
(south coast)

Robe River pools
(Pilbara)
Swan Coastal Plain lal

Swan Coastal Plain lal

Swan Coastal Plain lal

TamworthLake
(Swan Coastal Plain)

Collie wetlands

Catchment

, I r.( cnlinitv pH and nutrient status. All the lakes had
IfnLs well below 3 g 1’ considered the upper limit for

 ̂wkal freshwater (Bayly & Williams 1973). However,
*e higher saliniHes, with a maximum of 1626 mg V at Lake
naviSin winter, appearedsufficienttocausealocahsedloss
S some, presumably less-tolerant, species. Deferences m
*e geolories and origins of the lakes, particularly recent
past connections to the sea, however, also need to be consid-
ered.

Two of the indicator species determined by the
TWINSPAN analysis were associated with dark coloured,
acidic water. Aphroteniellafilicornis, which is usually found
in the lower order streams throughout Australia, has been
recorded in perched acid, dune lakes on Fraser Island,
Queensland (Cranston & Edward 1992). In this study, it only
occurred in the acid dark-water lakes. The most commonly
collected species of Ostracoda was GomphodeUa aff. maia Do
Dekker which was mainly associated with the black-water
acidic lakes.

The Trichoptera Oecetis sp., was an important indicator
species for the separation of lakes Quininup, Davies,
Owingup, Boat Harbour 3, Saide and Powell from the other
lakes in the TWINSPAN analysis. This genus is common in
eutrophic lakes of the Swan Coastal Plain (Balia & Davis
1993 ) and in lower rivers of the northern jarrah forest (Storey
etal. 1990). Lakes Powell, Saide, Owingup and BoatHarbour
3 had both elevated salinity and nutrients and contained
fauna more typical of the eutrophic lakes of the Swan Coastal
Plain including the species Daplitua carinata, Triplectides
australisNavas,Sarsq/pridopsi$aculeata(Cosiz\Austrochiltonia
subteiiuis (Sayce), Palaemonetes australis Dakin, C/iiro«omMS
occidentalis Skuse and Polypedilum mibifer (Skusc) (Balia &
Davis 1993; Pinder et al 1991). Candonocypris novaezelandiae
(Baird) is often associated with eutrophic water (De Deckker

1981) and was only recorded from lakes 12046 and Powell.
The high zooplankton biomass in Lakes 12046 and Powell
consisted mainly of Daphnia carinata and this species was
also the dominant species of Cladocera in the eutrophic lakes
on the Swan Coastal Plain (Davis & Rolls 1987; Davis et al.
1993). Multivariate analyses showed that the structure of the
invertebrate fauna of lakes Powell and Saide was highly
associated with nutrient enrichment. Past and present land
practices within the catchments of these lakes may have
degraded water quality and subsequently adversely affected
composition of the invertebrate fauna. The absence of
Calamoecia from lakes Saide and Powell may reflect human
activity in these eutrophic lakes. However, the geological
history of the lakes should also be considered, as the only
record of the euryhaline estuarine species Gladioferens
imparipes Thompson was from Lake Powell, indicating a
recent past connection with the sea. Lake Saide is associated
with farming activities, particularly, in the past, with potato
production. Lake Powell receives large nutrient inputs via
Five and Seven Mile creeks, of secondary treated sewage
from the Timewell Road Treatment Plant, Albany (Water
Authority of Western Australia 1989b). Human activity
should therefore be considered as a possible cause of el¬
evated nutrient status for all of the eutrophic lakes.

Growns et al. (1993), using multivariate analysis of inver¬
tebrate data from 33 wetlands on the Swan Coastal Plain,
found that the majority of wetlands could be grouped on the
basis of nutrient status and colour, and concluded that low
nutrient levels and highly coloured waters were the prob¬
able state of wetlands prior to European settlement. If this
conclusion is correct, then many of the dark-water lakes of
the south coast would have a high conservation status.

Analysis of the total species dataset by DECORANA (Fig
4) showed a gradient of putative conservation status of the

58



Journal of the Royal Society of Western Australia, 77 (2), June 1994

lakes, from 'high' quality, having low scores on axis one {e.g.
lakes Doggerup, Smith, Wilson, Quitjup, Williams and
Maringup), through 'intermediate' quality lakes (those in
the centre of the axis and including Boat Harbour Lake 3,
Lake Davies, Owingup Swamp and Lake 12046) to 'low'
quality, having high axis one scores {e.g. lakes Powell and
Saide). This nominal conservation status of the lakes, based
on invertebrate community structure, was reiterated on the
important underlying gradients. pH, salinity and phospho¬
rus concentration respectively are the most important envi¬
ronmental parameters describing the above pattern. Future
management programmes should include the routine moni¬
toring of these parameters.
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Appendix 1. Species richness and list of taxa identified from the benthic, sweep and zooplankton samples and zooplankton
biomass (dry weight) in a standard 50 m trawl. W = winter, S = spring. * = open water inaccessable. Numbers represent
abundance categories for each species in any of the samples; 1 = < 50,2 = 50-500,3 == > 500 individuals. An 'A' after the taxa
= adult — Coleoptera only. Lake numbers as in Figure 1.
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IS 2W 2S 3W 4W 5W 6W 6S 7S 8W 8S 9S lOSllW llS 12S 13S 14W 15W15S 16S 17W18W19W20W 21S 22W23W23S
Species richness (total taxa) 28 18 18 35 22 28 43 38 55 33 25 45 56 51 50 33 43 28 38 41 45 32 34 39 29 37 25 31 33
Zooplankton biomass (mg) 30.6 81.9 47.8 143.9 57.6 86.6 18 72.820.2 83.1 11.9 31.3 * 0 24.2 67.5 18.8 7.4 117 34.5 243 43.4 39.4 35.1 764.3 68.9 16.5 679 587
Copepoda
Cyclopoida
Cyclopoida spp.
Harpactacoida
Harpactacoida spp.
Calanoida
Calanoida sp.
Calamoecia tasmanica (Smith) s.l.
Calatnoecia aitenuata Fairbridge
Hemiboeckella searli Sars
Hemiboeckella andersonae Bayly
Cladioferens imparipes Thompson
Isopoda
Phreatoicidea
Phreatoicidea sp. A
Amphipoda
Amphipoda sp. A
Amphipoda sp. B
Gammaridae
Perlhia branchialis (Nicholls)
Perthia acutitelson Straskraba
Ceinidae
Ausirochiltonia subtenuis (Sayce)
Decapoda
Parastacidae
Cherax sp. (immature)
Cherax (juinquecarinatus (Gray)
Cherax lenuimanus (Smith)
Cherax destructor Clark
Palaemonidae
Palaemonetes australis Dakin
INSECTA
Ephemcroptera
Leptophlebiidae
Leptophlebiidae sp.
Neboissophlehia occidentalis Dean
Bibulmena kadjina Dean
Baetidae
Cloeon sp.
Caenidae
Tasmanocoenis tillyardi (Lestage)
Odonata
Odonata sp.
Aeshnidae
Aeshna brevistyla (Rambur)
Libeliulidae
Orthetrum caledonicum (Brauer)
Austrothemis ni^rescens (Martin)
CorduHidae
Lathrocordulia metallica (Tillyard)
Hesperocordulia berthoudi (Tillyard)
Hemicordulia australie (Rambur)
Procordulia affinis (Selys)
Synthemidae
Synthemis cyanitincta (Tillyard)
Gomphidae
Austrogomphus lateralis (Selys)
Hemigomphus armiger (Tillyard)
Austrogomphus collaris Hagen
Ustidae
Austrolestes annulosus (Selys)
Mcgapodagriidae
Austroagrion cyane (Selys)
Coenagriidae
Cocnagriidae sp.
Hemiplera
Corixidae
Micronecta sp.
Agraptocorixa sp. A
Sigara sp.
Agraptocorixa sp. B
Veliidae
Veliidae sp. 2
Notonectidae
Notonectidae sp.
Anisops sp.
^otonecta sp.
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species richness (total taxa)
Zooplankton bi omass (mg)
Nepidae
Ranatra sp.
DipteraChironomidae
Paramerina levidensis (Skuse)
Prochdius paludicola Skuse
procladius villosimanus Kieffer
?Zairrelimyia sp. V20
Macropelopia dalyupetisis Freeman
Macropclopio sp. VSCL50
Ablabesmyia sp. V37
Coelopynia pridnosa Freeman
Orthocladiinae sp. VSCL3
Orthocladiinae sp. VSCl.7
Orthocladiinae sp. VSCL20
Orthocladiinae sp. VSCL36
Orthocladiinae sp. V5CL38
Orthocladiinae sp. VSCL43
Orthocladiinae sp. V43
Cricolopus amuliventris (Skuse)
Corynonma sp.Limnophyespullulus (Skase)
ILimnophyes sp. V31
ILimnophyes sp. VSCL45
Thienemanniella sp. V19
SHctocladius sp. VSCL24
Dicrotendipes sp. V47
Dicrolendipes Iconjunctus Walker
Kiefferulus martini Freeman
Ki^ulus inlertinctus Skuse
Cryptochironomus griseidorsum Kieffer
Nilothauma sp.
7Stenochiron(mius sp.
Stenochironomus sp. VSCL14
Stenochironomus sp. VSCL31
Riethia sp. V5
Rielhia sp. V4
Polypedilum sp. VSCL8
Polypedilum sp. VSCL16
Polypedilum sp. VSCL 33
Polypedilum nubifer (Skuse)
Chironomus occidenlalis Sku.se
Chironomus aff. alternans Walker
Cladopelma curtivalva Kieffer
HdrHisc/iifl sp. VG310
Chironomini ?genus VSCL27
Chironomini ?genus VSCL34
Chironomini ?genas VSCL35
Tanytarsini ?genus
Tanytarsus sp VSCL5
Tanytarsus sp. VSCL9
Tanytarsus sp. VSCL18
Cladotanytarsus sp. VSCLIO
Stempellina laustraliensis Freeman
Aphroteniellafilicomis Brundin
Ceratopogonidae
Ccratopogonidae sp. B
Ceratopogonidae sp. F
Ceratopogonidae sp. G
Ceratopogonidae sp. K
Ceratopogonidae sp. L
Ceratopogonidae sp. N
Ceratopogonidae sp. O
Ceratopogonidae sp. P
Tipulidae
Limoniinae sp. A
Limoniinae sp. B
Limoniinae sp. F
Empididae
Empididae sp. A
Empididae sp. B
Tabanidae
Tabanidae sp. A
Dolichopodidae
Dolichopodidae sp. A
Culicidae
Culicidae sp.

IS 2W 25 3W 4W.5W 6W 6S 7S 8W 8S 9S lOSllW llS 125 135 14W 15W15S 16S 17W 18W19W 20W 21S 22W 23W23S
28 18 18 35 22 28 43 38 55 33 25 45 56 51 50 33 43 28 38 41 45 32 34 39 29 37 25 31 33
30.6 81.9 47.8 143.9 57.6 86.6 18 72.820.2 83.1 11.9 31.3 * 0 24.2 67.5 18.8 7.4 117 34.5 24.3 43.4 39.4 35.1 764.3 68.9 16.5 679 587
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15 2W 2S 3W 4W 5W 6W 65 7S 8W 8S 9S IPS 11 W 11 S 12S 13S 14W 15W15S 16S 17W 18W19W 20W 21S 22W 23W23S
Species richness (total taxa) 28 18 18 35 22 28 43 38 55 33 25 45 56 51 50 33 43 28 38 41 45 32 34 39 29 37 25 31 33
Zooplankton biomass (mg) 30.6 81.9 47,8 143.9 57.6 86.6 18 72.8 20.2 83.1 11.9 31.3 ‘ 0 24.2 67.5 18.8 7.4 117 34.5 24.3 43.4 39.4 35.1 764.3 68.9 16.5 679 587

Ephydridae
Ephydridae sp. A
Trichoptera
Ecnomidae
Ecnomidae sp.
Ecnomina ?trulla Neboiss
?Eawmus  sp.  1
Ecnomus pansus Neboiss
Ecnomus turgidus Neboiss
Leptoceridae
Leptoceridae  spp.  1
Ledrides parilis Neboiss
Triplectides sp. B
Notoperata lenax Neboiss
Notalina sp. A
Oecetis  sp.  1
Triplectides australis Navas
Leptoceridae  sp.  C  1
Leptoceridae sp. F
Leptoceridae sp. H
Leptoceridae sp. I
Hydroptilidae
Hydroptilidae sp.
Acritoptila globosa Wells
Hellyethira  sp.B  1
Atriplectididae
Atriplectides ?dubius Mosley
Polycentropodidae
Polycentropodidae sp.
Plectronemia cximia Neboiss
Coleoptera
Dytiscidae
Stermypriscus Ibrowni Sharp
Sternopriscus sp. A
liodessus sp.
Megaporus sp.
Homeodytes scutellaris (Germar) 1
Homeodytes sp.
Sternopriscus broumi Sharp A 12 11
Stermypriscus marginata Watts A 1 1
BJiantus sp. A
liodessus itwrnalus (Sharp) A
Mecterosoma daneini (Babington) A
Antiporus femuralis (Boheman) A
Megaporus liowitti (Clark) A
Megaporus solidus (Sharp) A 12
Homeodytes scutellaris (Germar) A
Lancetes lanceolatus Clark A
Liodessus dispar (Germar) A 1
Megaporus sp. A
Hclodidae
Helodidae
Cyrinidae
Macrogyrus sp. A
Hydrophitidae
Hydrophilidae sp. 6
Hydrophitidae sp. 1 A 2
Hydrophilidae sp. 2 A
Hydrophilidae sp. 3 A
Hydrophilidae sp. 9 A
Hydrophilidae sp. II A
Carabidae
?Carabidae sp. A
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