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Executive Summary

Monitoring of aquatic invertebrates and water chemistry at Gnangara Mound and East
Gnangara wetlands was conducted in spring 2002 (Round 14) and where possible in summer
2003 (Round 15).

A strong correlation between wetland water levels at the time of sampling and
macroinvertebrate family richness was again evident at the majority of wetlands sampled in
Rounds 14 and 15. This relationship is established because higher water levels in spring
increase the habitat complexity of wetlands as littoral vegetation becomes inundated,
providing habitat for a greater diversity of aquatic invertebrate species.

As for previous monitoring rounds, cumulative family richness continued to increase at most
wetlands in 2002/2003. Many families of aquatic macroinvertebrate were collected from
wetlands where they had previously not previously found. This is a statistical aberration

related to sampling frequency and intensity.

Water and Rivers Commission hydrographs show that water levels for almost all the wetlands
monitored 2002/2003 continue the ongoing trend of low or diminishing spring peak water
levels and/or increased frequency and length of summer drying. Prolonged drought
conditions in the Wanneroo region of the Swan Coastal Plain combined with groundwater
abstraction for public and private water usage will continue to result in changes to the

ecological functioning of many of the Gnangara Mound wetlands monitored.

Table Al shows a status report for each wetland in terms of level of concern across wetland
management issues. Extreme concern warrants immediate management response; probable
concern should trigger preventative management action. Of note is that all wetlands are
currently registering some level of concern in terms of their water levels, a situation which
may not have existed in previous sampling rounds and which reflects increasing aridity at
these wetlands in recent years. Increased susceptibility to fire and acidification are both
associated with declines in water level, these threatening processes are of probable or extreme
concern at half of the wetlands respectively. All wetlands except Lake Yonderup and Loch
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McNess (South) are considered to have either extreme or probable concern for one or more

issues relating to wetland value.

Coogee Spring, where artificial water level maintenance has been ceased, was dry in spring
2002 and summer 2003 and it is likely this wetland will now only fill in years of above
average winter rainfall. Concern for these changes must remain high until a taxonomic
analysis has been conducted of macroinvertebrates found at the wetland to determine whether

the occurrence or otherwise of rare and/or threatened species.

Table Al. Wetland Status Report for GMEMP wetlands (showing level of concern relative to wetland
values)

Overall Water Eutro- o Susceptibility Loss of Loss of Introduced
Wetland o Acidification . . .
Concern* level? phication to fire? vegetation fauna species
Coogee Spring 1 ) * ) ) * ) )
Gnangara 3 * * ) ) ) ) )
Goollelal 2 * ) ) ) ) ) ¥
Jandabup 2 ) ) ) * ) * )
Joondalup 2
(North) : ) ) ) : : *
Joondalup 2 N ) ) ) N N N
(South)
Lexia 86 1 ) * ) ) ) ) *
Lexia 186a 1 ) * ) ) ) ) *
Loch McNess 2 * *
(North) : ) ) : )
Loch McNess 3
(South) * ) ) ) ) ) "
Mariginiup 1 ) * ) ) ) ) )
Melal
Bk ! ) * ) ) * ) )
Nowergup 2 * * * ) * * )
Pipidi
Swamp. 2 ) ) ) ) ) * )
Wilgarup 1 ) * * ) ) ) *
Yonderup 3 * ) ) ) ) ) )

) no immediate concern * possible concern :* probable concern ) extreme concern

YPriority for management action as per recommendations in this report (based on level of concern across all issues, and need
for new/extra response to alleviate significant risk; 1=highest priority)
2 Level of concern in the absence of water level augmentation

%presence of organic soils that may be flammable if dried
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Due to excessive drying of sediments associated with low water levels in 2002/2003, fires at

both Coogee Spring and Lake Mariginiup burnt into the organic soils of these wetlands. The

burning of organic sediments may pose health risks to surround residents, are difficult to

extinguish without the use of fire retardant chemicals and potentially change wetland

functioning (due to nutrient release, reduced water absorption capacity, changed sediment

structure).

Recommendations:

Water levels at Lake Nowergup are currently being artificially maintained with ground
water being pumped through summer and well into autumn. Nevertheless Lake
Nowergup continues to suffer from excessive drying in summer and rapid water level
draw down. Until a strategy is devised to return ground water to levels where organic
soils remain saturated, water level augmentation should continue. Other
recommendations for this wetland are given in Horwitz and Benier (2003).

It is proposed that WRC and other relevant stakeholders urgently develop a fire
management strategy for Coogee Spring, Lake Mariginiup, Wilgarup, and other
Gnangara Mound and East Gnangara wetlands with organic sediments that are
currently experiencing periods of excessive dryness. This would require the mapping
of wetland organic sediments throughout the region.

Several families of macroinvertebrates (eg Ceinidae: Amphipoda) excluded from Lake
Jandabup subsequent to this wetland drying excessively in Round 5 (summer 1998),
were collected at increasing abundance in 2002/2003 (Rounds 14 and 15). It is
recommended therefore that the augmentation regime at Lake Jandabup continue until

the risk of sediments becoming exposed and dried is significantly reduced.

The continued decline in both water level and water quality at Melaleuca Park is of
immediate and serious concern due to the likelihood of biodiversity loss. The
possibility of a recent acidification event having occurred at this wetland needs to be
investigated. A similar prognosis (loss of fauna and acidification) needs to be

investigated for the Lexia wetlands.
Physico-chemical data for 2002/2003 indicates that the potential for excessive summer
drying and wetland acidification still exist, with wetlands such as Lake Mariginiup

considered to be most at risk. A precautionary management approach is
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recommended for Lake Mariginiup. Water level augmentation with ground water may
be required for this wetland immediately.

e Invertebrate samples previously collected from Gnangara Mound wetlands require
identification to the lowest taxonomic level to determine the presence of rare taxa,
which may be threatened by the continued water level declines and declining water
quality. These investigations will be time consuming, and should start immediately
with the highest priority wetlands based on Table Al.

Two minor adjustments are required for this monitoring program:

e Data from only eight rounds of sampling is displayed in the macroinvertebrate data
tables, so that they remain legible. Data from earlier sampling rounds are available
from previous reports. A comprehensive data basing system is required for this and
other wetland monitoring data.

e Consideration should be given to reviewing the location of some monitoring sites
given the invasion of exotic species such as Typha sp at some sites and the lack of
surface water at several wetlands. Both processes have fundamentally altered the

habitat characteristics of some monitoring wetlands and specific sites.

Other comments are outlined on the main body of the report and the discussion section for
each individual wetland.

Vi
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1 Introduction

In accordance to the contract brief “Environmental Monitoring and Investigations for
Gnangara Mound Groundwater Resources, Public Environmental Review: Wetland
Macroinvertebrate Monitoring” dated June 2002, this report presents a summary of the
monitoring work carried out in spring 2002 (Round 14) and summer 2003 (Round15). The
results are compared with data acquire from the previous thirteen sampling round between
summer 1996 (Round 1) and summer 2002 (Round 13). The objective of this monitoring
program is to provide information on the status of aquatic macroinvertebrates in these
wetlands and their response to changes in water quality and water levels; this information is
submitted in Annual and Triennial Reports to the EPA, and used in the adaptive management
of groundwater resources in the Gnangara area by the Water and Rivers Commission of
Western Australia (hereafter referred to WRC).

Information on previous monitoring investigations carried out as part of this project have been
reported in:

e Wetland Macroinvertebrate Monitoring Program of the Gnangara Mound
Environmental Monitoring Project: Interim report to the Water and Rivers
Commission of Western Australia (Pinder and Horwitz 1997)

e Wetland Macroinvertebrate Monitoring Program of the Gnangara Mound
Environmental Monitoring Project (Sampling Period 1996-1997) (Sommer and
Horwitz 1998)

e Interim monitoring results for Gnangara Mound wetlands with low water levels
(Lakes Joondalup, Jandabup, Nowergup, Gnangara and Coogee Springs) - Spring
1998 (Sommer and Horwitz 1999)

e Annual report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project — Summer/Autumn 1997/1998,
Spring 1998 and Summer 1998/99 (Sommer and Horwitz 1999)

e Annual report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project — Spring 1999 to Summer 2000
(Sommer, et. al. 2000)

Edith Cowan University — Centre for Ecosystem Management 1
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e Interim Report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project - Spring 2000 (Chapman and
Horwitz 2001).

e Annual report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project — Spring 2000 to Summer 2001
(Chapman and Horwitz, 2001).

¢ Interim Report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project - Spring 2001 (Benier and
Horwitz, 2001).

e Annual report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project — Spring 2001 to Summer 2002
(Benier and Horwitz, 2002).

e The Effect of Changed Hydrology on the Aquatic Invertebrate Fauna of
Coogee Spring (Benier and Horwitz, 2002).

e Interim Report for the Wetland Macroinvertebrate Monitoring Program of the
Gnangara Mound Environmental Monitoring Project - Spring 2002 (Benier and
Horwitz, 2002).

e The Effect of Artificial Maintenance of Water Levels on the Aquatic Invertebrate
Fauna of Lake Nowergup, with Notes on the Water Quality and Sediments (Horwitz
and Benier, 2003).

Edith Cowan University — Centre for Ecosystem Management 2
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2 Methods

2.1 Sampling protocol

In line with recommendations made in Sommer and Horwitz (1998) and with the Contract
Brief dated June 2002, sampling of the wetlands is undertaken twice in a year: in the spring,
when water levels are at their presumed highest, and in summer, when water levels at
permanent wetlands are at their lowest, or shortly before ephemeral wetlands dry out (rather
than on set dates).

2.2 Macroinvertebrates and water quality

Habitat descriptions, water quality and aquatic invertebrate sampling methodologies are
outlined in Sommer and Horwitz (1998). A noted change to these methodologies is the use of
DMF (N, N-Dimethylformamide) for chlorophyll a extraction as from Round 5 (summer

1998). See Speziale et al. (1984) for methods and rationale of this methodology.

2.3 Statistical analyses

Analyses of physico-chemical and macroinvertebrate data are mainly descriptive and
presented in the form of graphs. Correlations (Product Moment correlation coefficient) were
carried out in order to determine the relationship between macroinvertebrate family richness

and water level at time of sampling.

In line with recommendations made in the 2000 annual report (Sommer et al. 2000), Swan
Wetlands Aquatic Macroinvertebrate Pollution scores (SWAMPS - Chessman 1995; Papas et
al. 1997) were not calculated for Rounds 14 and 15.

Edith Cowan University — Centre for Ecosystem Management 3
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3 Results and Discussion

The results for aquatic macroinvertebrate composition for individual wetlands are detailed in
Appendix 11, and the water quality results from individual wetlands are outlined in Appendix
II.

Table 3.1 lists the lakes sampled for Rounds 14 and 15, the number of habitats sampled for
each lake, and dates on which each lake was sampled. Two wetlands were dry in Round 14,
Lake Wilgarup and Coogee Spring. Only one habitat was sampled at Lexia 186a (excavated
sump), as the wetland basin was completely dry. Four habitats only were sampled at
Melaleuca Park in Round 14; Site 5 (seasonal creek line) was dry at the time of sampling. Six
wetlands were dry at the time of sampling in summer/autumn 2003 (Round 15). At several
wetlands (Joondalup-North, Joondalup-South, Melaleuca Park, Nowergup and Pipidinny
Swamp) low water levels meant that surface water was restricted to a few habitats only and as

such a restricted number of habitats was sampled at these wetlands.

Table 3.1 Number of habitats sampled for each wetland and sampling dates for Round 14 (spring 2002)
and Round 15 (summer 2003). ‘Dry’ indicates no sites sampled, as the wetland was dry.

Wetland No. of Habitats | Sampling dates | No. of Habitats Sampling dates

sampled Round 14 Round 14 sampled Round 15 Round 15
Coogee Spring Dry 28-Aug-02 Dry 15-Jan-03
Gnangara 3 11-Sep-02 Dry 24-Jan-03
Goollelal 3 9-Oct-02 3 4-Feb-03
Jandabup 5 10-Sep-02 5 6-Feb-03
Joondalup (North) 3 23-Sep-02 2 3-Feb-03
Joondalup (South) 3 12-Sep-02 1 17-Jan-03
Lexia 86 3 21-Oct-02 Dry 20-Jan-03
Lexia 186a 1 26-Aug-02 Dry 20-Jan-03
Loch McNess (North) 2 17-Sep-02 Dry 15-Jan-03
Loch McNess (South) 4 18-Sep-02 5 5-Feb-03
Mariginiup 3 11-Oct-02 0 24-Jan-03
Melaleuca Park 4 29-Aug-02 1 21-Jan-03
Nowergup 5 7-Oct-02 2 12-Feb-03
Pipidinny Swamp 5 13-Sep-02 3 22-Jan-03
Wilgarup Dry 28-Aug-02 Dry 15-Jan-03
'Yonderup 5 8-Oct-02 5 13-Feb-03

Edith Cowan University — Centre for Ecosystem Management




Annual report for the Wetland Macroinvertebrate Monitoring Program May 2003
Of the Gnangara Mound Environmental Monitoring Project

3.1 Macroinvertebrate family richness

Figure 3.1 compares the aquatic macroinvertebrate family richness (averaged from all
wetlands) between summer and spring sampling rounds (1 — 15). It should be noted that the
number of wetlands and habitats sampled in each round is note consistent, due to wetlands or
habitats being dry or inaccessible at the time of sampling. Also, three new wetland (Lexia 86,
Lexia 186 and Melaleuca Park) were incorporated into the Gnangara Mound Environmental
Monitoring Program (GMEMP) as from Round 10.

Results of Rounds 14 and 15 are consistent with previous years with higher mean family
richness in spring (Round 14: twenty-six families) compared to summer (Round 15: twenty-
three families). The average family richness in Round 14 is the highest recorded from any
sampling round. Average family richness in Round 14 represents an increase of two families
on the previous three spring sampling rounds (twenty-four families). Round 15 average
family richness is the highest recorded in a summer sampling round to date. Figure 3.1

indicates a trend of increasing summer mean family richness apparent since Round 5 (1998).

The macroinvertebrate family richness of each wetland is shown in Figure 3.2 for spring
sampling rounds, and Figure 3.3 for summer rounds. Loch McNess (South) recorded the
highest family richness (thirty-eight families) of all wetlands sampled in Round 14, with this
being the highest family richness recorded at any wetland during this monitoring project.
There has been a significant increase in aquatic invertebrate family richness at Loch McNess
(South), increasing from twenty-seven taxa in Round 10 to thirty-eight taxa in Round 14.
Lexia 86 and Lexia 186a each had the lowest family richness (seven families) of wetlands
sampled in Round 14, with seven families being the lowest family richness recorded at any
wetland during this monitoring project. It should be noted that sampling at Lexia 86 was
restricted to Cherax burrows as no surface water occurred within the wetland basis, and that
sampling at Lexia 186a was again restricted to a small excavated sump at the Northern margin
of the wetland. Coogee Spring was dry in spring for the first time in Round 14, artificial
maintenance of water levels is no longer being conducted at this wetland. Of the six wetlands
with the highest family richness in Round 14 Loch McNess (South), Yonderup, Loch McNess
(North) and Pipidinny Swamp are all part of the Wanneroo linear chain of wetlands (WAWA,
1995).

Edith Cowan University — Centre for Ecosystem Management 5
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Lake Jandabup, with thirty-four families, had the highest family richness recorded in Round
15, this being the highest family richness recorded at any wetland in a summer sampling
round. Family richness has increased markedly in each summer round subsequent to water
level maintenance being commenced in 1998. Melaleuca Park had the lowest family richness
(ten families) in Round 15, less than half the family richness recorded at this wetland in
Round 13. Surface water was shallow (3cm) and restricted to the dense Baumea articulata
stand in Round 15. Except for Lake Joondalup (North and South) and Melaleuca Park family
richness at all other wetlands sampled in Round 15 increased on that of Round 13.

Figure 3.1 Average macroinvertebrate family richness across all wetlands - comparison between spring
and summer rounds.
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Figure 3.2 Macroinvertebrate family richness in each wetland for spring sampling rounds (2 to 14).
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Figure 3.3 Macroinvertebrate family richness in each wetland for summer sampling rounds (1 to 15).
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Table 3.2 gives the mean family richness of each wetland for summer and spring sampling
rounds prior to Rounds 14 and 15. The percentage to which Round 14 and 15 results vary
from the overall average is also shown. For spring sampling (Round 2 — 12) Lake Jandabup
has the highest mean family richness (thirty families). Lakes Jandabup, Gnangara, Goollelal,
Joondalup (North), Joondalup (South), Mariginiup, Nowergup, Yonderup and Loch McNess
(North) and Loch McNess (South) all had higher than average aquatic invertebrate family
richness in Round 14. Loch McNess (South) family richness was 49% above average in
Round 14. For summer samples (Round 1 — 13) Lake Jandabup and Melaleuca Park have the
highest mean family richness respectively (twenty-one families). With the exception of Lexia

86 and Lexia 186 (which have not been inundated in any summer since their inclusion in the

GMEMP) Lake Gnangara has the lowest mean family richness (eight families). Of the nine

wetlands sampled for aquatic macroinvertebrates in Round 15 five wetlands had above

average family richness, the highest of which was Lake Goollelal (72%). Of the four

wetlands that had below average family richness in Round 15 Melaleuca Park had the greatest

percentage difference (-52%).

Table 3.2 Average spring and summer family richness for Gnangara Mound wetlands, and comparison
with family richness values recorded for Round 12 and Round 13. N/A indicates the wetland was dry and

N/S indicates not previously sampled.

Spring Summer
Wetland Round % Round %
Average N 14 | difference Average N 15 |difference
Coogee Spring 21 6 0 N/A 20 2 0 N/A
Gnhangara 15 6 18 24% 8 6 0 N/A
Goolellal 22 6 26 21% 15 7 26 72%
Jandabup 30 6 34 15% 21 6 34 61%
Joondalup (north) 26 6 29 14% 19 6 18 -4%
Joondalup (south) 23 4 27 20% 19 4 14 -25%
Lexia 186a 10 2 7 N/A 0 0 0 N/A
Lexia 86 19 2 7 N/A 0 0 0 N/A
Mariginiup 27 6 31 14% 14 5 0 N/A
Loch McNess (north) 29 5 31 5% 14 4 0 N/A
Loch McNess (south) 26 6 38 49% 20 7 28 38%
Melaleuca Park 25 2 23 -8% 21 1 10 -52%
Nowergup 29 6 31 8% 18 7 17 -5%
Pipidinny Swamp 31 6 31 0% 20 7 28 37%
Wilgarup 13 4 0 N/A 18 1 0 N/A
Yonderup 26 6 35 35% 19 7 28 47%
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3.2 Macroinvertebrate response to wetland water levels

WRC hydrographs for the depth gauged Gnangara Mound wetlands, showing changes in
wetland water levels over time, are located in Appendix I. The majority of wetlands during
the 2002/2003 sampling period (Rounds 14 and 15) had lower spring peak water levels
compared to 2001/2002 (Rounds 12 and 13), continuing the trend of declining spring peak
water levels apparent over the last few years at the majority of wetlands. Coogee Spring did
not fill in either Round 14 or 15, Round 14 being the first spring sampling round in which this
wetland has not contained surface water. Lake Jandabup had lower spring peak and summer
low water levels in Round 14 and 15 respectively compared to Rounds 12 and 13, reversing
the trend of increasing water levels at this wetland subsequent to artificial water maintenance.
In Rounds 14 and 15 Loch McNess (South) had a continued decline in spring peak water
levels and the lowest ever summer minimum water level (6.9 mAHD) recorded at this
wetland, which was below the summer absolute minimum water level specified for this
wetland (WAWA, 1995). The artificial maintenance of water levels at Lake Nowergup has

resulted in significant variation in spring peak water levels in recent years.

Shown on the hydrographs for Gnangara Mound wetland are the specified Environmental
Water Requirements for individual wetlands (WAWA, 1995). Of the thirteen wetlands for
which hydrograph data is available, during the 2002/2003 sampling period for Rounds 14 and
15, water levels at four of the wetlands were below the summer preferred minimum
(Gnangara, Joondalup, Lexia 86 and Pipidinny Swamp), three were below the summer
absolute minimum (Jandabup, Loch McNess and Yonderup), two were below the spring
preferred minimum peak water level (Mariginiup and Nowergup) and two were completely
dry (Coogee Spring and Wilgarup). Only one wetland (Lake Goollelal) had water levels that

remained above the summer preferred minimum water level specified for the wetland.

The relationship between aquatic invertebrate family richness and wetland water level at the
time of sampling and highest spring / lowest summer water levels is shown in Figure 3.4 (see
Appendix | for source data). It can be seen that the cycle of spring high aquatic invertebrate
family richness and summer low aquatic invertebrate family richness is fairly predictable at
most wetlands, and that this mimics the cycle of spring peak / summer minimum water levels.

The water level at time of sampling is reflective of the spring peak / summer minimum water
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levels at the majority of the wetlands, indicating that the sampling schedule is appropriate for

characterising seasonal variation in wetland ecological functioning.

Table 3.2 presents the aquatic macroinvertebrate family richness, water level at time of
sampling, the spring peak and/or summer low water levels, the number of weeks during which
(the majority of) a wetland was dry, and the Pearson’s Product Moment Correlation
Coefficient showing the degree of association between aquatic macroinvertebrate family
richness and water level at time of sampling for depth gauged Gnangara mound wetlands.

At ten of the sixteen wetlands (Table 3.2) there was a significant correlation between wetland
water level at time of sampling and aquatic macroinvertebrate family richness. The strongest
correlation exists at Melaleuca Park where 94% of the variation seen in aquatic
macroinvertebrate family richness is attributable to fluctuations in water level between
sampling rounds. At the six remaining wetlands there no significant correlation between
wetland water level and aquatic macroinvertebrate family richness. Except for Lexia 86 and
Lexia 186 (where insufficient data exists to determine the Pearson’s correlation), Loch
McNess (South) had the lowest correlation with 9.5% of the variation seen in aquatic
macroinvertebrate family richness is attributable to fluctuations in water level between
sampling rounds. This wetland has the lowest variation between spring peak / summer
minimum water levels of the wetlands monitored. Following Round 14 and 15 sampling
results Lake Goollelal has a none significant correlation between wetland water level at time
of sampling and aquatic macroinvertebrate family richness, the only wetland at which the
correlation between water level and family richness has been reversed. In 2002 and again in

2003 spring and summer aquatic macroinvertebrate family richness were equal.
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Figure 3.4 Macroinvertebrate family richness, water levels (w.l.) at time of sampling, and the lowest water
levels for summer/autumn sampling (Rounds 1, 3, 5, 7, 9, 11, 13, 15) or the highest water level for spring

sampling (Rounds 2, 4, 6, 8, 10, 12, 14).
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Figure 3.4: continued
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Figure 3.4: continued
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Table 3.3 Family richness of aquatic invertebrates, water levels at time of sampling, the highest spring and
lowest summer water levels, number of weeks during which a wetland was dry (about the WAWA water
level gauge) and the Pearson's product moment correlation coefficient showing the degree of association
between invertebrate family richness and the water level at time of sampling for the Gnangara Mound

wetlands.
Sampling | Invertebrate | Water Highest/ Dr.y Corr.elat!on coefficients for
Wetland . lowest | period | family richness and water
Round Richness | level S
water level| (weeks) level (*=significant)

2 25 11.07 11.17 24
Coogee Springs 4 26 10.92 10.94 32
6 23 10.81 11.05 40
8 23 11.76 11.76 23

9 16 10.8 10.8 n/a r(8)= -0.35, p>0.05
10 23 11.53 11.51 n/a
1 16 1 10.8 n/a
12 14 11.58 11.7 3
1 11 7.05 7.002 0
Loch McNess (north) 2 29 7.07 7.095 0
3 17 7 7 0
4 27 7.07 7.108 0

5 13 7.035 6.995 0 r(10)= 0.57, p<0.05*
6 27 7.07 7.13 0
7 14 7.01 6.99 0
8 34 7.08 7.08 0
12 30 7.035 7.062 0
14 31 7.035 7.05 0
1 15 7.05 7.002 0
Loch McNess (south) 2 24 7.07 7.095 0
3 19 7 7 0
4 17 7.07 7.108 0
5 15 7.035 6.995 0
6 28 7.07 7.13 0
7 15 7.01 6.99 0

8 27 7.08 7.08 0 r(15)= 0.095, p>0.05
9 16 6.97 6.97 0
10 27 7.05 7.1 0
1 25 6.97 6.97 0
12 32 7.035 7.062 0
13 18 6.972 6.972 0
14 38 7.035 7.05 0
15 28 6.91 6.9 0
1 10 44.15 4415 0
Lake Jandabup 2 28 45,025 45.07 0
3 23 44.46 4413 0
4 32 44.76 4477 0
6 30 44.68 44.75 16
7 15 44.04 44.04 n/a
8 28 44.78 44.78 14

9 19 44.19 4411 0 r(14)= 0.56, p<0.05*
10 30 447 44.88 0
11 27 44.31 443 0
12 29 44.915 44.94 0
13 33 443 443 0
14 34 44.825| 44.825 0
15 34 44.22 4417 0
1 18 16.39 16.35 0
Lake Nowergup 2 34 16.9 16.95 0
3 17 16.28 16.025 0
4 28 16.735 16.79 0
5 17 16.057 | 15.908 0
6 28 16.77 16.78 0
7 26 16.64 16.51 0

8 26 16.9 16.9 0 r(15)=0.81, p<0.05*
9 14 16.3 16.3 0
10 26 16.45 16.53 0
1 23 16.34 15.9 0
12 31 16.95 17.02 0
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Table 3.3: continued

13 10 16 16 0
14 31 16.32 16.55 0
15 17 16.1 16.08 0
1 20 5.95 5.94 0

Lake Yonderup 2 22 5.97 5.98 0
3 18 5.96 5.94 0
4 19 5.97 5.97 0
5 19 5.93 5.93 0
6 34 5.96 6 0
7 22 5.94 5.94 0
8 29 5.98 5.98 0 1(15)=0.18, p>0.05
9 15 5.93 5.93 0
10 21 5.93 5.96 0
1 19 5.92 5.9 0
12 30 5.95 5.95 0
13 19 5.905 5.905 0
14 35 5.94 5.945 0
15 28 59 59 0
2 17 6.338 6.54 36

Lake Wilgarup 4 13 6.06 6.08 36
6 1 6.32 6.48 40 r(5)=0.11, p>0.05
7 18 6 6 26
8 9 6 6 26
1 16 1.852 1.84 0

Pipidinny Swamp 2 27 3.17 3.2 0
3 21 2.255 1.91 0
4 30 2.98 2.98 0
5 17 1.95 1.61 0
6 33 3.185 3.22 0
7 25 2.32 2.08 0
8 26 3.17 3.17 0 r(15)=0.63, p<0.05*
9 18 2.46 2.46 0
10 36 2.81 2.82 0
11 21 1.88 1.695 0
12 34 2.756 2.795 0
13 25 2.02 2 0
14 31 2.365 2.38 0
15 28 2 2 0
2 20 42.02 42.08 12

Lake Mariginiup 3 14 41.54 4121 n/a
4 26 41.86 41.87 12
6 26 41.85 41.85 24
7 23 41.32 41.2 n/a
8 28 41.88 41.88 17 r(12)= 0.67, p<0.05*
9 10 41.3 41.3 n/a
10 33 41.8 41.85 n/a
1 10 413 413 n/a
12 30 4177 4177 0
13 15 413 413 17
14 31 41.65 41.69 0
1 12 16.25 16.22 nfa

Lake Joondalup (North) 2 21 17.2 17.2 0
3 22 16.68 16.415 n/a
4 26 17.01 17.06 0
6 29 16.89 16.89 17
7 13 16.37 16.12 n/a
8 20 16.98 16.98 18 r(14)= 0.64, p<0.05*
9 18 16.56 16.56 n/a
10 30 16.97 17.02 n/a
1 20 16.4 16.05 n/a
12 27 17.01 16.998 0
13 27 16.475 16.1 0
14 29 16.88 16.9 0
15 18 16.3 16.05 8
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Table 3.3: continued

6 20 16.89 16.89 17
Lake Joondalup (south) 7 14 16.37 16.12 nia
8 23 16.98 16.98 18
9 17 16.56 16.56 n/a
10 23 16.97 17.02 nia
11 16 16.4 16.05 n/a r(10)= 0.65, p<0.05*
12 25 17.01 16.998 0
13 28 16.475 16.1 0
14 27 16.88 16.9 0
15 14 16.3 16.05 8
1 15 26.805 26.805 0
Lake Goollelal 2 19 27.637 27.66 0
3 15 27.15 26.955 0
4 19 27.45 27.49 0
5 6 26.72 26.66 0
6 20 27.36 27.38 0
7 11 26.97 26.8 0
8 27 27.49 27.49 0 r(15)=0.43, p<0.05*
9 20 27.14 27.14 0
10 23 27.49 27.51 0
11 18 26.58 26.64 0
12 21 27.43 27.448 0
13 21 27 26.75 0
14 26 27.42 27.43 0
15 26 26.66 26.64 0
10 19 0
Lexia 86 12 18 0 1(3)=0.0, p>0.05
14 7 26
10 15 48.3 48.3 26
Lexia 186a 12 5 48.3 48.3 26 r(6)=0.0, p>0.05
14 7 48.3 483 26
10 26 51.1 51.11 0
Melaleuca Park 12 24 51.03 51.03 0
13 21 50.69 50.41 13 r(5)=0.94, p<0.05*
14 23 50.91 50.98 0
15 10 50.41 50.41 13
1 5 41.5 41.5 n/a
Lake Gnhangara 2 14 42.389 42.4 16
3 9 41.82 41.575 nia
4 15 42.105 42.16 0
5 8 41.5 41.5 n/a
6 15 42.07 42.145 18
7 10 41.51 41.5 nia r(14)=0.79, p<0.05*
8 15 42.23 42.23 18
9 6 41.75 41.75 nia
10 12 42.275 42.275 n/a
11 7 41.7 41.5 n/a
12 15 42.19 42.43 0
13 10 41.62 415 7
14 18 42.1 421 0
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3.3 Macroinvertebrate community structure

Figure 3.5 compares the cumulative aquatic invertebrate family richness for each wetland and
shows the difference between the cumulative family richness up to Round 13 (2002) versus
that following Round 15 (2003). As three of the wetlands were first sampled as part of this
monitoring project in spring 2000 (Melaleuca Park, Lexia 186 and Lexia 86), family richness
data collected between 1995 and 1998 in a separate study conducted by Knott and Jasinska

(2000) is incorporated into the scores for these three wetlands.

Of the wetlands sampled during Rounds 14 and 15 all showed an increase in cumulative
family richness except for Melaleuca Park and Lexia 186a. Loch McNess (South) had the
greatest increase in cumulative family richness, with six new families recorded at this wetland
during Rounds 14 and 15. Subsequent to Round 15 Loch McNess (South) now has the
highest cumulative family richness (sixty-nine families) of all the GMEMP wetlands.
Pipidinny Swamp has the second highest (sixty-six families) and Jandabup the third highest
(sixty-one) cumulative family richness. Of the six wetlands with the highest cumulative
family richness, four are part of the Wanneroo linear chain of wetlands. Lexia 186a remains
as the wetland with the lowest cumulative family richness (twenty-four), with no new taxa
identified at this wetland in Rounds 14 and 15.

Two previously unrecorded taxa were identified in Rounds 14 and 15. Gyrinidae
(Coleoptera) was collected at Lake Goollelal as an adult in Round 14 and as larvae in Round
15. According to Williams (1980) Gyrinidae occur throughout Australia, most frequently at
the edges of small lakes, ponds, dams and sheltered sections of creeks. Gyrinidae adults skim
on the waters surface feeding mainly on insects that have fallen or are trapped at the surface
film. Gyrinidae larvae are active predators. Sisyridae (Neuroptera) was recorded from Loch
McNess (South) in Round 14 as a larva. Sisyridae are known to have larvae that are fully
aquatic (Williams, 1980). Larvae occur in standing freshwater and have been recorded from

several Swan Coastal Plain wetlands (Davis and Christidis, 1997).
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Figure 3.5 Cumulative number of invertebrate families sampled from the Gnangara Mound wetlands

between summer 1996 (Round 1) and summer 2002 (Round 13).
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3.4 Individual wetland discussion

The following discussion presents a summary of the ecological condition of each wetland,
taken from macroinvertebrate data, water quality data, and general observations made during
site visits. More detailed discussion of macroinvertebrate results and water quality data for

each wetland are given in Appendices 2 and 3 respectively.

3.4.1 Coogee Springs

Coogee Spring was visited in Round 14 on the 28" August 2002; at this time the wetland
basin was completely dry and covered in terrestrial grasses, this is the first occasion since
monitoring began that Coogee Spring has not contained surface water during a spring
monitoring round. No water level augmentation has been undertaken to date in 2002 and
2003. A report into the effects of artificial water level maintenance on the aquatic
macroinvertebrate richness of Coogee Spring and reviewing the EWP’s specified for this
wetland, was commissioned by the WRC in 2002 (Benier and Horwitz, 2002). This report
concluded that the current water level maintenance regime and EWP’s applied to the wetland

would not result in the maintenance of aquatic macroinvertebrate richness.

In both round 1 4 and 15 tree deaths were evident on the western margin of the wetland. A
fire ignited in the Northern section of Coogee Spring approximately two weeks prior to
Round 14 sampling. The fire continued to smoulder within the organic/peat soil up to at least
the 17™ September 2002 when the wetland was revisited. Significant loss of organic/peat
soils was evident in the Northern section of the wetland, with the organic/peat soil burnt-out
to the underlying sandy substrate. Melaleuca spp showed signs of a crown fire; also
numerous Melaleuca spp were up-rooted due to the organic/peat soil being burnt from around
their base. Anecdotal evidence from surrounding landowners indicates that Coogee Spring
has previously been burnt during the winter/spring period, to remove Typha stands adjacent to
private land, without the organic/peat soil being ignited. This anecdotal evidence would
suggest that the excessive drying of the organic/peat soils of Coogee Spring, as a result of
reduced ground water levels below the wetland and the halting of water level augmentation,
has increased the susceptibility of the wetlands organic/peat soils to fire. The drying of
organic soils also changes the water holding capacity of the sediment and will result in the

release of nutrients into the water when re-inundated.
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3.4.2 Lake Gnangara

The family richness of Lake Gnangara remains consistently low in comparison to most other
wetlands studied as part of the GMEMP. This is due to the poor water quality of Lake
Gnangara and in particular the low water pH. Lower water levels at this wetland in Rounds
14 and 15, and in recent years, has resulted in reduced inundation of littoral and fringing
vegetation and therefore lower wetland habitat complexity. Habitat complexity is important
to aquatic macroinvertebrate richness i.e. the more diverse the habitat complexity the more

diverse the macroinvertebrate community composition of a wetland (Balla and Davis, 1993).

Dense mats of (red coloured) filamentous algae were apparent throughout the wetland in
Round 14 (with associated high chlorophyll a and turbidity). Nitrogen concentrations at Lake
Gnangara are consistently (and often significantly) higher than any other GMEMP wetland.
These observations and results show that as well as being acidic, and having declining water
levels, symptoms of eutrophication are evident.

3.4.3 Lake Goollelal

Water levels in sites for Round 15 were the lowest recorded during this monitoring sequence.
Despite apparently good water quality in comparison to most other wetlands (Table A3.1)
and a variety of diverse habitat types, Lake Goollelal has a relatively low cumulative family
richness (forty-eight families subsequent to round 14 and 15 sampling) compared to other
permanent wetlands such as Lake Yonderup, Lake Nowergup and Loch McNess (South).
Consistently high chlorophyll a concentrations in comparison to other monitored wetlands
and the presence of dense filamentous algae in both Rounds 14 and 15, indicate that this
wetland is susceptible to eutrophication.

Of the wetlands sampled in Round 14 and 15 only Melaleuca Park, Lake Gnangara, Lexia 186
and Lexia 86 having lower cumulative family richness. In both Round 14 and 15 there was a
high percentage (46% and 58% respectively) of taxa recorded from only a single habitat.
This reflects the diverse nature of habitats at this wetland and illustrates the significance of
habitat diversity to aquatic macroinvertebrate diversity. Gambusia sp has consistently been
recorded in high abundances at sampling sites in this wetland. Gambusia sp are known to
predate on aquatic macroinvertebrates (Pen and Potter, 1991) and are likely to be a factor in

the low aquatic macroinvertebrate family richness at this wetland.
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3.4.4 Lake Jandabup
Lake Jandabup had the third highest aquatic invertebrate family richness in Round 14, the

highest family richness in Round 15 and has the third highest cumulative family richness of
any of the GMEMP wetlands. There has been a clear trend of increasing aquatic invertebrate
family richness at Lake Jandabup subsequent to artificial water level maintenance being
commenced following the wetland drying in 1998, with family richness in Round 15 equal to
that of Round 14. These results would suggest that while water level augmentation exists,
seasonality is not the main factor driving aquatic macroinvertebrate richness at this wetland,
but rather that water quality and water level (and therefore habitat complexity) are more
significant to aquatic invertebrate richness. Water physico-chemistry results (especially pH
and conductivity) indicate that there is less seasonal variation in water quality now than that
which occurred prior to artificial water level maintenance during the summer/autumn period.
High concentrations of all nutrients, high conductivity and high SO,** concentration seem to
indicate a decline in water quality in Round 15, most likely associated with the low water

levels in summer 2003.

Ceinidae (Amphipoda), which were highly abundant prior to the wetland drying in 1998,
again increased in abundance in Rounds 14 and 15. Ceinidae was recorded at all sites in
round 15. Planorbidae (Gastropoda), which were similarly abundant prior to 1998 but
disappeared following the drying event, have been collected in all sampling rounds since
2001. Macrothricidae (Cladocera), which were collected in high abundance in the two years
after the 1998 drying event, have declined significantly in abundance since Round 12. These
apparent changes in the aquatic macroinvertebrate community composition of lake Jandabup
seem to indicate that the aquatic macroinvertebrate community of this wetland (and possibly
other Gnangara Mound wetlands) has the capacity to recover from a significant acidification
stress event if appropriate water level augmentation is applied (and presumably maintained).

3.4.5 Lake Joondalup (North)

High chlorophyll a (Rounds 14 and 15), high dissolved oxygen concentration (Round 15) and
high nutrient concentrations (Round 15) are indicative of the poor water quality of Lake
Joondalup (North) in 2002/2003. Filamentous green algae were abundant throughout the
wetland in Round 14, an indication of eutrophic conditions. Round 15 water levels were
considerably lower than in recent summer sampling rounds. Very little of the littoral and
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fringing vegetation of the wetland was inundated at the time of sampling contributing to the
low aquatic invertebrate family richness recorded at the wetland in Round 15. The wetland

dried completely in summer/autumn 2003, subsequent to sampling.

3.4.6 Lake Joondalup (South)

Low water levels in Round 15 resulted in considerably poor water quality being recorded at
Lake Joondalup (South) in summer compared to Round 14 (spring). Low gilvin and high
nutrient concentrations (except for NO,/NO3’) combined resulted in high chlorophyll a and
low dissolved oxygen concentration, indicating eutrophic conditions at this wetland in Round
15. Spring aquatic invertebrate family richness continues to increase at this wetland, with
Round 14 having higher family richness than all previous spring sampling rounds. At the
time of Round 15 sampling none of the littoral and fringing vegetation surrounding this
wetland was inundated and therefore aquatic macroinvertebrate sampling was restricted to the

open-water habitat only, contributing to the low family richness in Round 15.

Autumn observations record extensive coverage of vegetation over lake floor; if high water
levels occur in spring, this vegetation will be inundated, decompose, alter water quality and

possibly increase nutrient release into the water column.

3.4.7 Lexia 86

This wetland was effectively dry at the time of Round 14 sampling, no surface water was
apparent within the wetland basin. Aquatic macroinvertebrate and water samples were
therefore collected from three Cherax burrows within the wetland basin. These same burrows
were completely dry in round 15. Round 14 is the first spring sampling round in which this
wetland has not filled. The water physico-chemistry results obtained for this wetland are
therefore more reflective of groundwater quality than they are of wetland water quality.
Several aquatic macroinvertebrate taxa previous unrecorded at this wetland were collected
from these unique habitats in Round 14, indicating the importance of refugial aquatic habitats
when wetlands dry.

If water levels continue to decline, organic soils will be exposed, possibly dry and crack,

resulting in susceptibility to acidification and fire.
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3.4.8 Lexia 186

Sampling of water physico-chemistry and aquatic macroinvertebrates was again restricted to
the small excavated sump in the Northern margin of Lexia 186a. No new taxa of aquatic
macroinvertebrate were collected in Round 14 sampling. This habitat was completely dry at
the time of Round 15 sampling. As yet Lexia 186b has not been sampled during GMEMP
monitoring rounds, as the wetland has not contained surface water during any sampling
round. The extensive and dense sedge vegetation of Lexia 186a (now dead) and the organic
sediment of Lexia 186b are indicative of habitats that remained inundated for prolonged
periods. It should there be of significant concern that these wetlands have not filled (the
wetland basin of Lexia 186a has not contained surface water) during spring (the period of

presumed maximum water level) since their inclusion in the GMEMP.

If water levels continue to decline, plant communities will change and macroinvertebrate
aquatic assemblages will disappear, and organic soils will be exposed, possibly dry and crack,

resulting in susceptibility to acidification and fire.

3.4.9 Lake Mariginiup

Water levels were low in both Rounds 14 and 15 compared to previous spring and summers
respectively, continuing the trend of declining spring peak water levels and increased period
of desiccation at this wetland. The pH in Rounds 14 was the lowest recorded at this wetland,
and the pH in Round 15 was lowest recorded in summer sampling rounds. SO,** was
recorded at the highest concentration ever at this wetland in round 15. The low pH and high
SO, concentration recorded at the wetland in Rounds 14 and 15 should be of serious concern
to the WRC. Lake Mariginiup is located on the same acid-sulphate soil complex as Lake
Jandabup, which suffered a significant acidification event following excessive drying in 1995.
The susceptibility of Lake Mariginiup to acidification due to excessive drying of sediments
needs to be urgently investigated and appropriate management strategies instigated if deemed
necessary.

Excessive drying at Lake Mariginiup has also resulted in the exposure of organic soils on the
eastern and North-eastern margin of the wetland. This drying of organic sediment effects
their water holding capacity and results in nutrient release when re-inundated, therefore
affecting the moisture holding potential of the wetland and water quality subsequent to filling.
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The exposure of organic sediments at Lake Mariginiup resulted in susceptibility to fire, and a
fire burnt some sections of the organic sediment along the eastern margin of the wetland in
December 2002. This resulted in the destruction of trees (Melaleuca spp) and sedges along
the eastern margin and the burning of organic sediments in patches.

3.4.10 Loch McNess (North)

Water levels in Round 14 were lower than previous spring sampling rounds at Loch McNess
(North), and this wetland was again dry in summer (Round 15). In Round 14 conductivity
was higher than previously recorded at this wetland. High chlorophyll a concentration and
high turbidity are evidence of the large amount of filamentous algae apparent at the time of
sampling. Despite this wetland being sampled on only ten occasions Loch McNess (North)
has the fourth highest cumulative family richness of all wetlands sampled as part of the
GMEMP. The greatest threatening processes to this wetland are reduced spring peak water
levels (with associated increase in period of desiccation) and the continued spread of Typha
sp. This invasive species has formed a monoculture throughout the wetland basin (reducing

habitat complexity). The continued spread of Typha sp was noted in Rounds 14 and 15.

3.4.11 Loch McNess (South)

Following Round 14 and 15 sampling Loch McNess (South) had the greatest increase in
aquatic macroinvertebrate cumulative family richness and now has the highest cumulative
family richness of any wetland monitored. Water levels in both Rounds 14 and 15 were low
in comparison to previous sampling rounds but this variation is marginal. The majority of
water quality parameters were within the range recorded in previous sampling rounds, with no
noticeable decline in water quality in rounds 14 and 15. Loch McNess (South) is a permanent
wetland, has good water quality in comparison to other GMEMP wetlands and has a wide
diversity of habitat types. These factors undoubtedly contribute to the high aquatic
invertebrate family richness of this wetland. Lower water levels were apparent at Loch
McNess (South) in both Rounds 14 and 15 but it is unlikely that this wetland would dry
completely. During a period of reduced water levels at other Gnangara Mound wetlands,
permanent lakes such as Loch McNess (South) will become important refugia for aquatic

macroinvertebrate taxa that require permanent water.
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3.4.12 Melaleuca Park

There was a considerable decline in water quality at Melaleuca Park especially in Round 15
when compared to previous sampling rounds. Lower water levels were evident at this
wetland in both Rounds 14 and 15, with surface water in Round 15 restrict to the Baumea
articulata stand in the centre of the wetland basin. In round 15 all nutrients concentrations,
conductivity, temperature and chlorophyll a were recorded at their highest levels ever at this
wetland. Aquatic macroinvertebrate family rich has decline in every sampling round (spring

and summer respectively) since monitoring commenced at this wetland.

The presence of several unique aquatic macroinvertebrate taxa and the significant outlier
population of the endemic fish Galaxiella nigrostriata make changes to the physico-chemistry
of Melaleuca Park highly significant. Reduced spring peak water levels in spring (Rounds 12
and 14) and summer (Rounds 13 and 15), the increased water temperature and the declining
pH levels in recent spring and summer sampling rounds need to be addressed. The causes of
these changes need to be identified so that appropriate management strategies to preserve the
ecological functioning of this wetland (and therefore the G. nigrostriata population) can be
identified.

3.4.13 Lake Nowergup

A report (The Effect of Artificial Maintenance of Water Levels on the Aquatic Invertebrate
Fauna of Lake Nowergup, with Notes on the Water Quality and Sediments by Horwitz and
Benier, 2003) was commissioned by the WRC in 2003 to assess the effectiveness of the
artificial water level maintenance regime currently undertaken at Lake Nowergup in
maintaining aquatic macroinvertebrate richness. Aquatic macroinvertebrate family richness,
and family composition, data at Lake Nowergup suggest that water level augmentation has
been successful in protecting aquatic invertebrates dependent on permanent water. However, a
decline in habitat diversity and a matching decline in summer family richness suggest that this
success is unlikely to persist into the future. The major threatening processes to this will be

the continued spread of Typha over the lake and the drying of organic rich sediments.

Although the water level of Lake Nowergup is artificially maintained over the
summer/autumn period, the lake is currently experiencing a period of declining spring peak

water levels and lower summer water levels. Spring peak water levels have fluctuated
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markedly in recent years due to inconsistent water level maintenance. Despite the water level
being actively maintained at the time of sampling in Round 15 only two habitats were
inundated (open water and fringing Typha sp) at the time of sampling, contributing to the low
aquatic invertebrate family richness recorded in Round 15. The current water level
maintenance regime is therefore considered inadequate in that it has not resulted in the
inundation of previous sampled habitats at this wetland. The exposure of organic/peat soils at
this wetland in recent rounds indicates a need to develop a fire management strategy for this
wetland in line with that proposed for other Gnangara Mound wetlands with organic

sediments.

3.4.14 Pipidinny Swamp

Following the completion of Round 14 and 15 sampling Pipidinny Swamp has the second
highest aquatic macroinvertebrate cumulative family richness of the GMEMP wetlands. Due
to the isolated nature of the aquatic habitats of Pipidinny swamp there were a high percentage
of taxa recorded from a single habitat in both Round 14 (42%) and Round 15 (57%). There
was very little variation in the aquatic invertebrate family richness between Round 14 and 15
(thirty-one and twenty-eight families respectively). There is considerable variation in the
water physico-chemistry between sites due to their isolation. The continued decline in water
levels was evident in both Round 14 and 15, high conductivities, associated with saline water
intrusion, at several habitats is due to reduced groundwater levels. The concentration of all
nutrients was high in Round 14 compared to previous spring sampling rounds. Results of
rounds 14 and 15 show the high variability in water quality and invertebrate richness and
composition between habitats at Pipidinny Swamp. These habitats have become spatially

isolated due to continued declines in spring peak and summer minimum water levels.

3.4.15 Lake Wilgarup

Lake Wilgarup was again dry in 2002/2003 (Rounds 14 and 15). A fire, which occurred at
Coogee Spring in 2002, illustrates the increased fire susceptibility of Gnangara Mound
wetlands with organic sediments. The burning of organic sediments leads to subsequent
changes in wetland physico-chemistry and functioning, and poses a serious health threat to
local residents. Lake Wilgarup has a deep (approximately 1m depth) organic/peat sediment

profile that has been dry for several years.
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3.4.16 Lake Yonderup

Lake Yonderup (as with Loch McNess — South) is a permanent wetland with good water
quality and diverse habitat types. Water physico-chemistry has remained relatively
homogeneous throughout the duration of the GMEMP. The only change of note to the
physico-chemistry of this wetland in Rounds 14 and 15 was a marginal increase in
conductivity in both rounds compared to previous sampling occasions. This wetland had the
second highest family richness in both Rounds 14 and 15 and harbours several species found
only in the Northern most GMEMP wetlands (i.e. Pipidinny Swamp and Loch McNess). As
with Loch McNess (South), during a period of reduced water levels at other Gnangara Mound
wetlands permanent lakes such as this will become important refugia for aquatic

macroinvertebrate taxa that must avoid desiccation.
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3.5 Introduced species

3.5.1 Gambusia sp.

Gambusia were collected in samples from Lake Joondalup (North), Lake Goollelal, Loch
McNess (North) and McNess (South), Lake Yonderup, Lake Nowergup and Pipidinny
Swamp in Round 14. In Round 15 Gambusia were recorded at Lake Joondalup (North), Lake
Goollelal, Loch McNess (South), Lake Yonderup, Pipidinny Swamp and Lake Nowergup.
The presence of Gambusia is likely to be negatively affecting the native fish (gobies and
galaxid), tadpoles and macroinvertebrate community composition at these wetlands.
Gambusia is not known to possess mechanisms for surviving desiccation and therefore occur
primarily in wetlands which are permanent, or which retain some surface water through
summer. Once introduced, wetland drying is likely to be the only none chemical method for

the removal of Gambusia from a water body.

3.5.2 Typha orientalis

Typha orientalis has been given the highest environmental weed rating by the Environmental
Weed Strategy for Western Australia (CALM 1999), because of its ability to invade
waterways and form monocultures, thereby changing the structure, composition, and function
of ecosystems (Chapman and Horwitz, 2001). Typha has formed monocultures at Loch
McNess (North), Lake Nowergup (western shore), Coogee Springs and several sites at
Pipidinny Swamp. Typha is present in patches at Lake Joondalup (North) and Lake
Joondalup (South), Lake Goollelal, Lake Mariginiup, Loch McNess (South), and several sites
at Pipidinny Swamp.

It is unlikely that this introduced species can be eradicated from wetlands where it has formed
large monocultures as it can reproduce from both seeds and rhizomes. Where at present
Typha occurs only in isolated or small patches, management authorities should undertake
eradication measures. Although the exact affects are not yet known, Typha monocultures do
result in a loss of habitat diversity that will result in lower aquatic macroinvertebrate family

richness.
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4 Conclusions

The present report documents the monitoring work carried out on fourteen wetlands on the
Gnangara Mound aquifer during spring 2001 (Round 14) and summer 2002 (Round 15). Data
from Rounds 14 and 15 are compared with those from the previous eleven sampling rounds
(summer 1996 — summer 2002). The objective of this monitoring program is to provide
information on the status of aquatic macroinvertebrates in these wetlands and their response

to changes in water quality and water levels.

Overall, the results from rounds 14 and 15 confirm the trend of higher macroinvertebrate
family richness in spring rounds when wetland water levels are high, and lower family
richness in summer when water levels are low. This result is supported by significant
statistical correlations between family richness and water levels at the time of sampling for
the majority of wetlands monitored in this project. Although aquatic invertebrate family
richness remains higher in spring sampling rounds, mean summer family richness has
increased in recent years. This is likely due to the effects of artificial water level maintenance
at Lake Jandabup and Lake Nowergup during the summer/autumn period. Aquatic
macroinvertebrate family richness was highest at Loch McNess (South) in spring 2002
(Round 14). Lake Jandabup had the highest aquatic invertebrate family in summer 2003
(Round 15).

Water levels at almost all the wetlands continue the declining trend evident in previous
rounds. Coogee Spring did not fill in spring 2002, the first spring sampling round in which
this wetland was dry. Currently no artificial water level maintenance is currently being
undertaken at this wetland and it is therefore unlikely that Coogee Spring will contain
significant surface water except in years of above average rainfall. Water quality and aquatic
macroinvertebrate community structure appears to be recovering at Lake Jandabup following

the wetland drying excessively in 1998 (Round 5).

The drying of organic sediments in wetlands on the Gnangara Mound was highly over the
2002/2003 periods by fires at Coogee Spring and Lake Mariginiup. In both cases the

excessive drying of organic sediment resulted in the burning organic sediments at these
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wetlands. The exposing and drying organic sediments will change not only the water holding

capacity of these sediments but also the wetland water quality following inundation.
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APPENDIX I: Gnangara Mound Wetland Water Levels
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6 Macroinvertebrate Community Structure Results

Macroinvertebrate community structure data (identifications to family level where possible)
are presented for each wetland in Tables A2.1 - A2.15. Abundance categories score the
relative abundance of animals live-picked (i.e. 1=rare, 2=scarce, 3=common, 4=abundant),
being those outlined by Chessman (1995). In each table the number of sampling rounds (out
of 15) in which a family has been collected is indicated, as is the overall number of families
collected (cumulative) over all the rounds. These allow the most common families from each
wetland to be identified (taxa recorded in 80% or more of sampling rounds are considered
characteristic of the wetlands aquatic macroinvertebrate community (Davis, Rosich, Bradley,
Growms, Schmidt and Cheal, 1993), as well as the identification of new and rare families.
The number of families recorded from a single habitat and percentage of total families found
at a single habitat is also listed, allowing for analysis of the diversity in community structure
between habitats at individual wetlands.

6.1 Coogee Springs

No sampling of the aquatic macroinvertebrate community could be undertaken at Coogee
Spring as the wetland was dry in both Round 14 and 15. Round 14 was the first spring
sampling round in which Coogee Spring has been dry.

6.2 Lake Gnangara

Three sites were sampled at lake Gnangara in Round 14. No surface water was apparent at
the wetland at the time of Round 15 sampling. In total eighteen families of aquatic
macroinvertebrate were collected at Lake Gnangara in Round 14. To date thirty-seven
families of aquatic macroinvertebrate have been recorded at Lake Gnangara from fourteen
sampling occasions. An unknown taxa of Lepidoptera was recorded for the first time at this
wetland in Round 14. Of the eighteen taxa identified in Round 14, seven (39%) were
recorded from a single habitat. Taxa considered characteristic in the aquatic invertebrate
community of lake Gnangara are Dytiscidae and Hydrophilidae (Coleoptera), Chironominae
and Ceratopogonidae (Diptera) and Corixidae and Notonectidae (Hemiptera). Of the thirty-
seven taxa recorded from Lake Gnangara eleven (29.7%) have been recorded from only a

single sampling round.
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6.3 Lake Goollelal

Three sites were sampled at Lake Goollelal in both Rounds 14 and 15. Twenty-six taxa of
aquatic macroinvertebrate were collected in each round respectively. Following Rounds 14
and 15 forty-eight taxa of aquatic macroinvertebrate have now recorded at Lake Goollelal
from fifteen sample occasions. Mesoveliidae (Hemiptera) and Gyrinidae (Coleoptera) were
both recorded for the first time at this wetland in Round 14, and subsequently in Round 15
also. Of the twenty-six families identified in Round 14 twelve (46%) were recorded from a
single habitat. Of the twenty-six taxa recorded in Round 15, fifteen (58%) were recorded
from a single habitat. The aquatic macroinvertebrate community of lake Goollelal is
characterised by Physidae and Planorbidae (Mollusca), Ceinidae and Amphisopidae
(Amphipoda), Palaemonidae (Decapoda), Leptoceridae (Trichoptera), Chironominae and
Tanypodinae (Diptera) and Cyclopoida (Copepoda). Palaemonidae (Decapoda) is the only
taxa recorded in every sampling round. Eight of the forty-eight taxa (16.7%) identified at
Lake Goollelal have been recorded from only one sampling round.

6.4 Lake Jandabup

Five habitats were sampled in both Rounds 14 and 15. Thirty-four families of aquatic
macroinvertebrate were identified in each round respectively. A total of sixty-one families of
aquatic macroinvertebrate have been collected at this wetland from fourteen sample rounds.
Aquatic invertebrate family richness in summer sampling rounds has increased significantly
since artificial water level maintenance was commenced, subsequent to the wetland drying
excessively in 1998 (Round 5). The family Moinidae (Cladocera) was recorded in Round 15,
the occasion at this wetland. In Round 14 eight of the thirty-four taxa (18%) were recorded
from a single habitat only. Of the thirty-four taxa identified in Round 15 eight (24%) were
recorded at only one habitat. The aquatic macroinvertebrate community of Lake Jandabup is
characterised by Aeshnidae, Lestidae and Libellulidae (Odonata), Leptoceridae (Trichoptera),
Corixidae and Notonectidae (Hemiptera), Chironominae and Tanypodinae (Diptera),
Dytiscidae and Hydrophilidae (Coleoptera), Cyprididae (Ostracoda) and Chydoridae and
Daphniidae (Cladocera). Of the sixty-one families recorded at Lake Jandabup fourteen (23%)

were recorded from a single sampling round only.
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Ceinidae (Amphipoda), which was in high abundance prior to Lake Jandabup drying in 1998
(Round 5), and recorded at a single habitat in Round 13, was collected from two habitats in
Round 14 and at all five habitats sampled in Round 15. Ceinidae abundance has also
increased between Round 13 and Round 15. Planorbidae (Gastropoda) that also disappeared
from the wetland following the Round 5 drying event has been recorded in all round
subsequent to Round 12. Macrothricidae (Cladocera) which were first recorded (in relatively
high abundance) following the Round 5 drying event have declined significantly in abundance
and frequency of collection, with the taxa recorded from only a single habitat in Rounds 14
and 15.

6.5 Lake Joondalup (North)

Twenty-nine families of aquatic macroinvertebrates were identified from the three habitats
sampled in Round 14. In Round 15 only two habitats were inundated at the time of sampling,
from these eighteen taxa of aquatic macroinvertebrate were collected. In total fifty-four taxa
have been collected at Lake Joondalup (North) from fourteen sampling rounds.
Gomphodellidae (Ostracoda) was recorded for the first time at this wetland in Round 14. Of
the twenty-nine taxa identified in Round 14 seven (24%) were collected at a single site only.
In Round 15 nine of the eighteen taxa (50%) were collected at a single habitat only. The
aquatic macroinvertebrate community of Lake Joondalup (North) is characterised by Physidae
(Gastropoda), Ceinidae (Amphipoda), Palaemonidae (Decapoda), Corixidae (Hemiptera),
Chironominae and Tanypodinae (Diptera), Dytiscidae (Coleoptera), Cyclopoida (Cladocera)
and Cyprididae (Ostracoda). Of the fifty-four taxa collected to date from this wetland nine

families (17%) have been recorded from only a single sampling round.

6.6 Lake Joondalup (South)

Three habitats were sample at Lake Joondalup (South) in Round 14. Only one habitat was
sampled in Round 15 (open water) due to low water level. Twenty-seven families of aquatic
macroinvertebrates were identified in Round 14 and fourteen families from Round 15. In
total forty-nine families of aquatic macroinvertebrate have bee recorded at this wetland from
ten sampling rounds. Ceinidae (Amphipoda) and Mesoveliidae (Hemiptera) were both
recorded for the first time at this wetland in Round 14. Moinidae (Cladocera) was recorded
for the first time in Round 15. Eight of the thirty-seven taxa (30%) recorded in Round 14
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were collected from a single habitat. The aquatic macroinvertebrate community of Lake
Joondalup (South) is characterised by Oligochaeta, Physidae (Gastropoda), Poinidae
(Acarina), Amphisopidae (Amphipoda), Leptoceridae (Trichoptera), Corixidae and
Notonectidae (Hemiptera), Chironominae and Tanypodinae (Diptera), Hydrophilidae
(Coleoptera), Cyclopoida (Copepoda) and Cyprididae (Ostracoda). Of the forty-nine taxa so
far collected at Lake Joondalup (South) sixteen taxa (33%) have been recorded from only a

single sampling round.

6.7 Lexia 86

No surface water was apparent at Lexia 86 at the time of sampling in either Round 14 or 15.
Round 14 macroinvertebrate samples were collected from three Cherax burrow which
contained groundwater. The same burrows were dry at the time of sampling in Round 15.
Seven aquatic macroinvertebrate taxa were collected in Round 14. In total thirty-five taxa
have been collected from Lexia 86, as part of the GMEMP and by Knott and Jasinska (2000).
Nematoda and Ceinidae (Amphipoda) were collected at this wetland in Round 14 for the first
time. Four of the seven taxa (54%) collected in Round 14 were from a single habitat. The
small data set for this wetland makes it difficult to characterise the aquatic invertebrate
community composition of Lexia 86, only Tanypodinae (Diptera) and Cyclopoida
(Copepoda) have been recorded from three GMEMP sampling rounds. Of the taxa identified
by Knott and Jasinska (2000) Oligochaeta, Chaoborinae (Diptera), Daphniidae and
Macrothricidae (Cladocera) have yet to collected in GMEMP sampling.

6.8 Lexia 186

Sampling in Round 14 was again restricted to a small excavated sump on the Northern margin
of the wetland. The wetland was completely dry in round 15. Seven taxa of aquatic
macroinvertebrate were collected from Lexia 186 in Round 14. The total number of aquatic
invertebrate taxa identified from this wetland (including data from Knott and Jasinska, 2000)
Is twenty-four taxa. No new taxa were identified at this wetland in Round 14. On one family
(Parastacidae) has been recorded at the wetland on three occasions. Chydoridae (Cladocera),
Chaoborinae (Diptera), Corixidae (Hemiptera), Megapodagrionidae (Odonata) and
Oligochaeta, all of which were collected by Knott and Jasinska (2000) have yet to be
collected in GMEMP sampling.
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6.9 Lake Mariginiup

Three sites were sampled at Lake Mariginiup in Round14. Some surface water was apparent
in isolated pools at lake Mariginiup in Round 15, but these could not be sampled due to field
workers being unable to stand on the soft organic sediments of the lakebed. Thirty-one taxa
of aquatic macroinvertebrates were collected in Round 14. In total fifty-eight taxa have now
been recorded at this wetland from twelve sampling rounds. Megapodagrionidae (Odonata)
and Nepidae (Hemiptera) were identified for the first time at Lake Mariginiup in Round 14.
Of the thirty-one taxa collected in Round 14 eleven (31%) were found at a single habitat. The
aquatic macroinvertebrate community of Lake Mariginiup is characterised by Amphisopidae
(Isopoda), Corixidae and Notonectidae (Hemiptera), Chironominae and Tanypodinae
(Diptera), Hydrophilidae (Coleoptera) and Cyprididae (Ostracoda). Of the fifty-eight taxa
collected to date from this wetland fifteen families (26%) have been recorded from only a

single sampling round

6.10 Loch McNess (North)

Two sites were sampled at Loch McNess (North) in Round 14. This Northern section of the
wetland was again dry during summer/autumn (Round 15). In total fifty-nine taxa of aquatic
macroinvertebrates have been identified at Loch McNess (North) from only ten sampling
occasions (the fourth highest cumulative family richness of all wetlands sampled).
Lymnaeidae (Mollusca) and Stratiomyidae (Diptera) were recorded for the first time at Loch
McNess (North) in Round 14. Of the thirty-one taxa collected in Round 14 twelve (39%)
were identified at a single habitat only. Oligochaeta, Leptoceridae (Trichoptera)
Chironominae and Tanypodinae (Diptera), Dytiscidae and Hydrophilidae (Coleoptera) and
Cyprididae (Ostracoda) are characteristic of the aquatic macroinvertebrate community of
Loch McNess (North). Of the fifty-nine taxa collected at this wetland to date seventeen

(29%) are recorded from a single sampling round only.

6.11 Loch McNess (South)

Five habitats were sampled at Loch McNess (South) in Rounds 14 and 15 respectively.
Thirty-eight taxa were recorded in Round 14, the highest family richness of any wetland
sampled in this round. Twenty-eight taxa were collected in Round 15. In total sixty-nine taxa

have now been collected from Loch McNess (South). Loch McNess (South) had the greatest

Edith Cowan University — Centre for Ecosystem Management 53



Annual report for the Wetland Macroinvertebrate Monitoring Program May 2003
Of the Gnangara Mound Environmental Monitoring Project

increase in cumulative family richness compared to the 2002, and now has the highest
cumulative family richness of all wetlands samples as part of the GMEMP. This wetland has
been sampled in all fifteen rounds. Moinidae (Daphnia), Curculionidae (Coleoptera),
Veliidae and Nepidae (Hemiptera), Sisyridae (Neuroptera) and Collembola were collected for
the first time at this wetland in Round 14. No new taxa were identified in Round 15 samples.
In both Round 14 and 50% (nineteen and fourteen taxa respectively) were identified at a
single habitat only. The aquatic macroinvertebrate community of Loch McNess (South) is
characterised by Hirundinea (Annelida), Ceinidae (Amphipoda), Palaemonidae (Decapoda),
Baetidae (Ephemeroptera), Leptoceridae (Trichoptera), Chironominae and Tanypodinae
(Diptera), Dytiscidae (Coleoptera) and Cyclopoida (Copepoda). Fifteen of the sixty-nine

taxa (22%) identified from this wetland have been collected in a single sampling round only.

6.12 Melaleuca Park

Melaleuca Park was first sampled as part of the GMEMP in Round 10 (spring 2000). Knott
and Jasinska (2000) collected five samples from the wetland between 1995 and 1998, the
results of which are given shown in Table A.2.12. Four habitats were sampled at Melaleuca
Park in Round 14; the seasonal creek line was again dry during the spring sampling period.
One habitat only was sampled in Round 15, with shallow surface water restricted to the
middle of the wetland basin that is covered by dense Baumea articulata. Twenty-three taxa
were collected at this wetland in Round 14. Ten taxa were collected in round 15. No new
taxa were identified at this wetland in either Round 14 or 15. Four of the twenty-three taxa
(17%) collected in Round 14 were recorded at a single habitat only. Unionicolidae (Acarina),
Parastacidae (Decapoda), Ecnomidae and Leptoceridae (Trichoptera) and Dytiscidae
(Coleoptera) have been recorded from all five GMEMP sampling round conducted at this
wetland. The aquatic macroinvertebrate community is also characterised by Limnesiidae
(Acarina), Notonectidae (Hemiptera), Orthocladiinae (Diptera), Hydrophilidae (Coleoptera)
and Calanoida and Cyclopoida (Copepoda). Of the forty-five taxa collected at this wetland to
date only six (13%) are recorded from a single sampling round. Of the taxa identified by
Knott and Jasinska (2000), Nematoda, Oribatidae and Poinidae (Acarina), Gomphidae
(Odonata), Gerridae and Hebridae (Hemiptera), Dryopidae (Coleoptera) and Harpacticoida
(Copepoda) have yet to be collected in GMEMP sampling. A single Galaxiella nigrostriata

was collected in Round 14 samples, confirming the continued presence of the species at
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Melaleuca Park. This species was not recorded in Round 15 samples. No discussion can be
undertaken as to abundance of this species or it’s continued presence at this wetland based on
GMEMP monitoring. A specific sampling regime is required to confirm the population

ecology of Galaxiella nigrostriata.

6.13 Lake Nowergup

Four habitats were sampled at lake Nowergup in Round 14. Low water levels resulted in only
two habitats being sampled in Round 15 (restricted to open-water and submerged Typha
stand). Thirty-one taxa of aquatic macroinvertebrates were collected in Round 14. Seventeen
taxa were identified from Round 15 samples. Fifty-two taxa of aquatic macroinvertebrate
have been collected at Lake Nowergup from fifteen sampling rounds. Harpacticoida
(Copepoda) and Oribatidae (Acarina) were identified for the first time at this wetland in
Round 14 and 15 respectively. Of the thirty-one taxa collected in Round 14 seventeen (55%)
were collected from a single habitat. Platyhelminthes (Turbellaria), Oligochaeta, Physidae
(Gastropoda), Ceinidae (Amphipoda), Corixidae (Hemiptera), Chironominae and
Tanypodinae (Diptera), Calanoida and Cyclopoida (Copepoda), Cyprididae (Ostracoda) and
Chydoridae (Cladocera) are considered characteristic of the aquatic macroinvertebrate
community of this wetland. Of the fifty-two taxa collected at Lake Nowergup ten (19%) are

recorded from a single sampling round.

6.14 Pipidinny Swamp

Three habitats were sampled at Pipidinny Swamp in both Round 14 and 15. Declining water
levels have resulted in many of the GMEMP sites being dry in both rounds. Thirty-one taxa
of aquatic macroinvertebrates were identified from Round 14 samples. Twenty-eight taxa
were collected in Round 15. Sixty-six taxa of aquatic macroinvertebrate have been collected
at Pipidinny Swamp from fifteen sampling rounds. Hydroptilidae (Trichoptera) and Veliidae
(Hemiptera) were recorded for the first time at this wetland in Round 14 and 15 respectively.
Of the thirty-one taxa identified in Round 14 samples thirteen (42%) were from collected at a
single habitat only. Sixteen of the twenty-eight taxa (57%) collected in Round 15 were found
at a single habitat. The macroinvertebrate community of Pipidinny Swamp is characterised

by Oligochaeta, Physidae (Coleoptera), Ceinidae (Amphipoda), Palaemonidae (Decapoda),
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Coenagrionidae (Odonata), Leptoceridae (Trichoptera), Corixidae and Notonectidae
(Hemiptera), Chironominae and Tanypodinae (Diptera), Dytiscidae and Hydrophilidae
(Coleoptera), Calanoida and Cyclopoida (Copepoda) and Cyprididae (Ostracoda). Of these
taxa Physidae, Leptoceridae, Corixidae, Chironominae and Dytiscidae have been collected in
all fifteen sampling rounds. Of the sixty-six taxa of aquatic macroinvertebrate identified at
Pipidinny Swamp twenty (30%) have been collected from a single sampling round only.

6.15 Lake Wilgarup

Lake Wilgarup was dry in both Round 14 and 15. This wetland has not contained surface at
the time of GMEMP sampling since Round 8 (spring 1999).

6.16 Lake Yonderup

Five habitats were sampled at Lake Yonderup in both Round 14 and 15. Thiry-five taxa of
aquatic macroinvertebrates were collected in Round 14. In Round 15 twenty-eight taxa of
aquatic macroinvertebrates were identified. Samples have been collected from Lake
Yonderup in all fifteen GMEMP rounds with a total of sixty taxa now having been identified
at this wetland. Hydra, Arrenuridae (Acarina), Ephydridae (Diptera) and Macrothricidae
(Cladocera) were recorded for the first time at this wetland in Round 14. No new taxa of
aquatic macroinvertebrate were identified in Round 15. Twelve of the thirty-five taxa (34%)
identified in Round 14 samples were collected from a single habitat. Of the twenty-eight taxa
of aquatic macroinvertebrates collected in Round 15 eleven (39%) were from a single habitat
only. The aquatic macroinvertebrate community of Lake Yonderup is characterised by
Oligochaeta, Palaemonidae (Decapoda), Coenagrionidae (Odonata), Leptoceridae
(Trichoptera), Chironominae, Tanypodinae and Ceratopogonidae (Diptera), Dytiscidae and
Hydrophilidae (Coleoptera), Cyclopoida (Copepoda) and Cyprididae (Ostracoda). Of the
sixty taxa identified from Lake Yonderup thirteen (20%) are recorded from a single sampling

round.
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Figure A2.1 Coogee Spring aquatic macroinvertebrate community data (Round 2 — 12)
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Annual report for the Wetland Macroinvertebrate Monitoring Program May 2003
Of the Gnangara Mound Environmental Monitoring Project

Figure A2.2 Lake Gnangara aquatic macroinvertebrate community data (Round 7 — 14)

Gnangara Round 7 Round 8 Round 9 Round 10 Round 11 Round 12 Round T Round 14
FAMILY/ P/ P/ P/ P/ No.Rounds] Total
HIGHER TAXA SUBFAMILY 12 |5 A4 |56 Aj4]|6lA2]|5 |6P/AjL1]2 |BQFAJ4]|5 |6]P/A] 1 |dry|3P/AQ 1|4 |6]JP/A present PIA
CNIDARIA (Hydra) 0 0 0 0 0 0 0 0 0 0
NEMATODA Unidentified 0 0 0 0 0 0 0 0 0 0
NEMERTINI Unidentified 0 0 0 0 0 0 0 0 Y 0
[FORIFERA Gnidentined 0 0 0 0 0 0 0 0 T T
TURBELLARIA Unidentified 0 0 0 0 0 0 0 0 Y 0
ANNELIDA Uhirudinea 0 0 0 0 0 0 0 0 1 1
Uoligochaete 0 0 0 0 0 0 0 0 T
MOLLUSCA Ancylidae 0 0 0 0 0 0 0 0 0 0
Lymnaeidae 0 0 0 0 0 0 0 0 0 0
Physidae 0 0 0 0 0 0 0 0 0 0
Planorbidae 0 0 0 0 0 0 0 0 0 0
Sphaeriidae 0 0 0 0 0 0 0 0 0 0
ACARINA Araneae 0 0 0 0 0 0 0 0 0 0
Arrenuridae 0 0 0 0 0 0 0 0 0 0
Astigmata 0 0 0 0 0 0 1 1 0 1 1
Eylaidae 0 0 0 0 0 0 0 0 0 0
Halacoroidea 0 0 0 0 0 0 0 0 0 0
Hydrachnidae 0 0 0 0 0 0 0 0 0 0
Hydrodromidae 0 0 0 0 0 0 0 0 0 0
Limnocharidae 0 0 0 0 0 0 0 0 0 0
Limnesiidae 0 0 0 0 0 1 1 0 0 1 1
Oribatida 0 0 0fj1]1 1 0 0 0 1 1 1 2 1
Oxidae 0 0 0 0 0 0 0 0 0 0
Pionidae 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0
Unioncolidae 0 0 0 0 [ B3 1 0 0 T T
AMPHIPODA Ceinidae 0 0 0 0 0 0 0 0 0 0
Perthidae 0 0 0 0 0 0 0 0 0 0
ISOPODA Amphisopidae 0 0 0 0 0 0 0 0 0 0
Janiridae 0 0 0 0 0 0 0 0 0 0
DECAPODA Palaemonidae 0 0 0 0 0 1 1 0 0 1 1
Parastacidae 0 0 0 0 0 1 1 0 T 1 F T
IEPHEMEROPTERA Caenidae 0 0 0 0 0 0 0 0 0 0
Baetidae 0 0 0 0 0 0 0 0 0 0
COLLEMBOLA Unidentified 0 0 0 0 0 0 0 0 Y 0
MECOPTERA Unidentified 0 0 0 0 0 0 0 0 0 0
ODONATA Aeshnidae ofl1]z2 1 0 0 0 0 o fl1[1 1 ) 1
Coenagrionidae 0 0 0 0 0 0 0 0 2 1
Cordulidae 0 1]2 1] 191 1 0 0 0 0 0 5 1
Gomphidae 0 0 0 0 0 0 0 0 0 0
Lestidae 0 1]2 1 0 0 0 0 0 1 1 4 1
Libellulidae 0 0 0 1 1 0 0 0 0 3 1
Megapodagrionidae 0 0 0 0 0 0 0 0 0 0
Synthemidae 0 0 0 0 0 0 0 0 0 0
TRICHOPTERA Ecnomidae 0 0 0 0 0 0 0 0 0 0
Hydroptilidae 0 0 0 0 0 0 0 0 1 1
Leptoceridae 0 i1 0 0 0 0 1 1 0 T
HEMIPTERA Corixidae 3] 2|2 1 1]2 1] 1)2 111] 3 1 Q414121 2 1 2 2 1 1 1]2 1 13 1
Gerridae 0 0 0 0 0 0 0 0 0 0
Hydrometridae 0 0 0 0 0 0 0 0 0 0
Mesoveliidae 0 0 0 0 1 1 0 0 1 1 3 1
Nepidae 0 0 0 0 0 0 0 0 0 0
Notonectidae i 1 1] 12 1 0 4 111 1 1 1 1 1 1 1 12 1
Saldidae 0 1 1 0 0 0 0 0 0 1 1
‘eliidae 0 0 0 0 0 0 0 0 Y 0
DIPTERA Ceratopogonidae 3] 3|4 1 2|3 1p1j1p 1 3 1 1 1] 11} 1)1 1 1 1 1 3]13]1 1 14 1
Chironominae 1 1J2|3]s3 1 0 f4] 414 1 §2]44p12|1]j1 1 2 1 1 213]2 1 11 1
Culicidae 0 3] 1 0 0 0 0 0 0 1 1
Empididae 0 0 0 0 0 0 0 0 0 0
Ephydridae 0 0 0 0 0 0 0 0 0 0
Orthocladiinae 2] 2 1 0 0 2 1 0 0 1 1 0 5 1
Simulidae 0 0 0 0 0 0 0 0 0 0
Stratiomyidae 0 0 0 0 0 0 0 0 0 0
Tabanidae 0 0 0 0 0 0 0 0 0 0
Tanypodinae 1 1 0f1 1 0 0 1 1 0 2 1 1 9 1
Tipulidae 0 0 0 0 0 0 0 0 Y 0
LEPIDOPTERA Pyralidae 0 0 0 0 0 0 0 1 1 T T
COLEOPTERA Carabidae 0 0 0 0 0 0 0 0 1 1
Chyrsomelidae 0 0 0 0 0 0 0 0 0 0
Curculionidae 0 1 0 0 0 0 0 1 1 2 1
Dytiscidae 21 4|3 1 1]12]2 1f2]1) 13| 41]4 1 §4]414)1Q42]12])2 1 2 1 1 212]2 1 14 1
Haliplidae 0 0 0 0 0 0 0 0 1 1
Helminthidae 0 0 0 0 0 0 0 0 0 0
Hydraenidae 0 0 0 0 0 0 0 0 0 0
Hydrophilidae i 1p1)1j1g1 0 314 191 1111212 1 1 1 1 212]2 1 12 1
Limnichidae 0 1 1] 1 0 1 1 0 0 0 2|11 1 4 1
Noteridae 0 0 0 0 0 0 0 0 0 0
Ptilodactilidae 0 0 0 [ 0 0 0 0 2 1
Scirtidae 0 0 0 0 ofif1 1 0 1 1 3 1
Staphylinidae 0 0 0 0 0 0 0 0 0 0
Ucoleoptera 0 0 0 0 0 0 0 0 0 0
COPEPODA: Cal. Junidentified 0 0 0 0 0 0 0 0 0 0
Harp. JUnidentified 0 0 0 0 0 0 0 0 0 0
Cyc. [Unidentified 1 1 0 0 1 1 [N I T 1 T 0 © T
OSTRACODA Cyprididae 0 0 0 0 0 1 1 0 1 1 2 1
Gomphodellidae 0 0 0 0 0 0 0 0 0 0
llyocyprididae 0 0 0 0 0 0 0 0 0 0
Notodromadidae 0 0 0 0 0 0 0 0 0 0
Uostracoda 0 0 0 0 0 0 0 0 Y 0
CLADOCERA Chydoridae 0 0 0 0 0 0 0 0 0 0
Daphniidae 0 0 0 0 0f2 1 0 0 3 1
llyocryptidae 0 0 0 0 0 0 0 0 0 0
Macrothricidae 1 S 13]3]4 1 0 114 1 0 2 1 0 2 1 S T
TOTALNO.OF FAMILIES (allrounds) 4
HABITATTOTAL 51917 7] 315 511215 0] 0 |6 0] 16]0
WETLAND TOTAL 10 15 6 12 6 10 18
RESTRICTED TOTHEHABITAT 0] 3|3 2] 00 41510 4 0 ]0 O] 6]1
TOTAL FROM ONLYONEHABITAT 9
%FAMILIES FROM SINGLEHABITAT 50 29 56 40 39
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Figure A2.3 Lake Goollelal aquatic macroinvertebrate community data (Round 8 — 15)
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Figure A2.4 Lake Jandabup aquatic macroinvertebrate community data (Round 8 — 15)

Jandabup Round 8 Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15
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Figure A2.5 Lake Joondalup (North) aquatic macroinvertebrate community data (Round 8 — 15)
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Annual report for the Wetland Macroinvertebrate Monitoring Program May 2003
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Figure A2.6 Lake Joondalup (South) aquatic macroinvertebrate community data (Round 8 — 15)

Joondalup (south) Round 8 Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15
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Figure A2.7 Lexia 86 wetland aquatic macroinvertebrate community data (Round 10 — 14)

Lexia 86 1997~ Round 10 Round 11 Round 12 Round 13 Round 14 Round 15
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*Thisdatawascollected over 2 sample eventsin October and November 1997, in aseparate study by Knott and Jasinska (2000) . Xindicates
presenceof thetaxainthe wetland. Resultsfromthisstudy areincorporatedintothe Total Presence/ Absence columnand the cumulative
family score for thewetland.
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Figure A2.8 Lexia 186 wetland aquatic macroinvertebrate community data (Round 10 — 14)
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*Thisdatawascollected over 5sample eventshetween 1995 and 1998, in a separate study by Knott and Jasinska (2000) . Xindicates
presenceof thetaxainthe wetland. Resultsfromthisstudy areincorporatedintothe Total Presence/Absence columnandthe

cumulativefamily scorefor thewetland.
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Figure A2.9 Lake Mariginiup aquatic macroinvertebrate community data (Round 7 — 14)
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Annual report for the Wetland Macroinvertebrate Monitoring Program

Of the Gnangara Mound Environmental Monitoring Project

May 2003

Figure A2.10 Loch McNess (North) aquatic macroinvertebrate community data (Round 3 — 14)
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Figure A2.11 Loch McNess (South) aquatic macroinvertebrate community data (Round 8 — 15)
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Figure A2.12 Melaleuca Park wetland aquatic macroinvertebrate community data (Round 10 — 15)
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Nepidae 0 1 1 0 0 0 1 1
Notonectidae 1 1 0 1 1 1 1 1 1 1 4 1
Saldidae 0 0 0 0 0 0 0
veliidae X 3 T T T T Y 1 1
DIPTERA Ceratopogonidae 0 0 0 0 0 ) 0
Chaoborinae X OfJ1]1]1]1 111 1 0 0 2 1
Chironominae X 111 1 0 111 1 0 2 1 3 1
Culicidae 0 21 1]1]2 1 0 2121111 1 0 2 1
Empididae 0 0 0 0 0 0 0
Ephydridae 0 0 0 0 0 0 0
Orthocladiinae 113 111) 1 0 2 1 111]1 1 1 1 4 1
Simulidae 0 0 0 0 0 0 0
Stratiomyidae 0 0 0 0 0 0 0
Tabanidae 0 0 0 0 0 0 0
Tanypodinae X 1 112 1 1 1 0 3|2 1 0 3 1
1ipulidae Y T T T Y 0 0
TEPTDOP TER Pyrandac T T T T T T T T 2 1
COLEOPTERA Carabidae 0 0 0 0 0 0 0
Chyrsomelidae 0 0 0 0 0 0 0
Curculionidae OfJ1]1]1]1 1 0 1 1 0 2 1
Dryopidae X 0 0 0 0 0 0 1
Dytiscidae X 4l1414]4]4 1 2 212 1 2 1 31211 1 1 1 5 1
Haliplidae 0 0 0 0 0 0 0
Helminthidae 0 0 0 0 0 0 0
Hydraenidae 0 0 0 0 0 0 0
Hydrophilidae X 1 1 1 1 1 11 1 0 1 1 4 1
Limnichidae 0 0 0 0 0 0 0
Noteridae 0 0 0 0 0 0 0
Ptilodactilidae 0 0 0 0 0 0 0
Scirtidae 1 111 1 211 1 0 1 1 0 3 1
Staphylinidae 0 0 0 0 0 ) 0
Ucoleoptera Y T T T Y 0 0
[COPEPODA:  Cal. JunidentiTied X 7 3 TI3[3]2]2 T12]2 T13[3[3]3[ T 0 4 1
Harp. JUnidentified X 0 0 0 0 0 0 1
Cyc. Junidentitied X T T[T T TI T[T T T[T T Y 4 1
TONCHOS TRACA [Onidentinied Y T T T Y 0 0
OSTRACODA Cyprididae X 3 1 0 0 3|2 1 0 2 1
Gomphodellidae 0 0 0 0 0 0 0
llyocyprididae 0 0
Notodromadidae 0 0 0 0 0 0 0
Uostracoda U U U U U 0 0
CLADOCERA Chydoridae X 3 1 1111 1 0 31212 1 0 3 1
Daphniidae X 0 3 112 1 2 1 112 1 0 3 1
llyocryptidae 0 0 0 0 0 0 0
Macrothricidae X T T T T T T T 2 1
TOTALNO. OF FAMILIES (all rounas) 75
HABITATTOTAL 7] ols5]13]11 Lialialas]as] o | Lizlas] o ] Lilielaslas]
WEILAND TOTAL 27 26 24 21 23 10
RESIRICIED O THEHABIIA Lalalalals] [2l2lafal o] [zlal | 2Jof2]0
TOTAL FROM ONLYONEHABITAT 11 9 11 4
%FAMILIES FROM SINGLEHABITAT 42 38 52 17 100

*Thisdatawascollected over 5sample eventshetween 1995 and 1998, in aseparate study by Knott and Jasinska (2000) .

Xindicatespresence of thetaxainthewetland. Resultsfromthisstudy areincorporatedintothe Total

Presence/Absence columnandthe cumulative family score for the wetland.
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Figure A2.13 Lake Nowergup aquatic macroinvertebrate community data (Round 8 — 15)

Nowergup Round 8 Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15
FAMILY/ P/ P/ P/ P/ P/ P/ P/ P/ No.Rounds | Total
HIGHER TAXA SUBEAMILY 416 A 4 |6 |dry A 3|4]6 A 3 (416 A 2|3]4|5]6 A dry |5 |6 A 2|4 |5]6 A 4 |dry | 6 A present PIA
CNIDARIA| (Hydra) 0 0 0 0 0 0 0 0 0 0
NEMATODA Unidentified 0 0 0 0 0 0 0 0 0 0
NEMERTINI Unidentified 0 0 0 0 0 0 0 0 0 0
PORIFERA Unidentified 0 0 0 0 0 0 0 0 0 0
TURBELLARIA Unidentified 1 I 1)1 1 0J4]4 11111 1 1 1 114 2 1 2 1
ANNELIDA Uhirudinea 0 0 4 1 012 1 0 01 1 5 1
Uoligochaete 1]2 1 0 1 1 2 1111 1 0f2 1 112 1 B 1
MOLLUSCA Ancylidae 0 0 0 0 0 0 0 0 0 0
Lymnaeidae 0 0 0 0 0 0 0 0 1 1
Physidae 1 111 1 4 1 114[2 1f2j1]1f1 1 ofj1]1f1 1]2 1 » 1
Planorbidae 1] 1 0 0 0 0 1] 1 1 1 0 6 1
Sphaeriidae i 1 1 1 E E 0 0 0 i 0 9 1
ACARINA Araneae 0 0 0 0 0 0 0 0 0 0
Arrenuridae 1 1 0 0 0 1 1 011 1 0 5 1
Astigmata 0 0 0 0 1] 1 0 0 0 1 1
Eylaidae 0 0 0 0 0 0 0 0 0 0
Halacoroidea 0 0 0 0 0 0 0 0 o 0
Hydrachnidae 0 0 0 0 0 0 0 0 2 1
Hydrodromidae 0 0 0 0 0 0 0 0 0 0
Limnocharidae 0 0 0 0 0 0 0 0 1 1
Limnesiidae 0 0 0 0 1 1 1 0Of]1]2 1 0 3 1
Oribatida 0 0 0 0 0 0 0 1 1 1 1
Oxidae 0 0 0 0 1 1 0 0 0 1 1
Pionidae 3|3 1 0 0 0 2l 2]2)1)11 1 OJ1]3[2]1 1]s3 1 1 8 1
Unidentified 0 0 2| 112 1] 1 0 0 0 0 8 1
Unioncolidae 0 0 0 4 1 0 0 0 0 1 1
AMPHIPODA Ceinidae 3|13[3) 112]2 1 4 4 4 1|4)4]4 1 3|413]2] 1 211 1 413)2 1 0 14 1
Perthidae 0 0 0 0 0 0 0 0 [ 0
'%G:’CDA Amphisopidae 1] 1 0 44 1 3 141 1 1]1 1 20111 1 0 n 1
Janiridae 0 0 0 0 0 0 0 0 0 0
DECAPODA Palaemonidae 1 1]1 1 3 1]12]4 1 1 1 0 0 0 10 1
Parastacidae 0 0 0 0 0 0 0 0 1 1
EPHEMEROPTERA | Caenidae 0 0 0 0 0 0 0 0 0 0
Baetidae 0 0 0 1 1 0 0 0 0 1 1
[COLLEMBOLA _ [Onidentinie: 0 o 1 T 0 0 0 0 0 1 1
MECOPTERA Onidentiied 0 0 0 0 0 0 0 0 0 0
(ODONATA Aeshnidae 1 1 0 3| 111 1 2 1 0 1 1 0 8 1
Coenagrionidae 01 1 0 0 0 0 0 0 4 1
Cordulidae 0 0 0 0 0 0 0 0 3 1
Gomphidae 0 0 0 0 0 0 0 0 0 0
Lestidae 11 1]1 1 4 1 0 11]1 1 0 1 1 0 9 1
Libellulidae 0 0 1 114 1 0 0 0 0 5 1
ionidae 0 0 0 0 0 0 0 0 0 0
Synthemidae 0 0 0 0 0 0 0 0 0 0
TRICHOPTERA _ |Ecnomidae 0 0 0 0 0 0 0 0 [ 0
Hydroptilidae 1 1 0 0 0 2 1 0 1 1 0 6 1
Leptoceridae 3 1 0 4 1 0 11 1 0 1 1 0 8 1
EMIPTE?A Corixidae 3f3f1] 113]1 1 4 4 4 12]1]1 1 21321 1 0 111 112 2 1 14 1
Gerridae 0 0 0 0 0 0 0 0 0 0
Hydrometridae 0 0 0 0 0 0 0 0 ) 0
Mesoveliidae 0 0 0 0 0 0]z2 1]1 1 3 1
Nepidae 0 0 0 0 0 0 0 0 0 0
Notonectidae 2] 2 1]12]2 1 3l 21 3 1 2 1 212111 1 0 1|1 1 0 10 1
Saldidae 0 0 0 0 0 0 0 0 0 0
\eliidae 0 0 0 0 0 0 [ 0 0 0
DIPTERA Ceratopogonidae 0 0 1 1 oOfji1j1j1]1 1 0 0 0 6 1
Chironominae 222 1111 1 4 4 1 4 112|322 1 1)1 1 211]12) 112 2| 1 5 1
Culicidae 1 1 0 0 0f1 1 1 0 0 0 4 1
Empididae 0 0 0 0 0 0 0 0 0 0
Ephydridae 0 0 0 0 0 0 0 0 0 0
Orthocladiinae 1 1 0 1 111 2 1 1|1 1 0 2 1 0 8 1
Simulidae 0 0 0 0 0 0 0 0 0 0
Stratiomyidae 01 1 0 1 1 0 0 1 111 1 6 1
Tabanidae 0 0 0 0 0 0 0 1 1 2 1
Tanypodinae 2121 1)2 1 1 3 1 1|1 1f1f1)1f1 1 1)1 1 1 1 0 14 1
Tipulidae 0 0 0 0 0 0 0 0 [ 0
[CEPIDOPTERA_ [Pyrandae 0 0 0 o 0 0 o 0 0 0
COLEOPTERA Carabidae 0 0 0 0 0 0 0 0 [ 0
Chyrsomelidae 0 0 0 0 0 0 0 0 0 0
Curculionidae 0 0 0 0 0 o]l 1 0 2 1
Dytiscidae 0 0 4 1]4 1 2|1 1 ofjij1]1 111 1 10 1
Haliplidae 0 0 0 0 0 0 0 0 0 0
Helminthidae 0 0 0 0 0 0 0 0 0 0
Hydraenidae 0 0 0 0 0 1 1 0 0 2 1
Hydrophilidae 1 1 0 4 1 1 0 1 1 0]2 1 1 0 8 1
Limnichidae 0 0 0 0 0 0 0 0 0 0
Noteridae 0 0 0 0 0 0 0 0 0 0
Ptilodactilidae 0 0 0 0 0 0 0 0 0 0
Scirtidae 0 0 0 0 1j1]1]1 1 0]1 1 0 3 1
Staphylinidae 0 0 0 0 0 0 0 0 0 [
Ucoleoptera 0 0 0 0 0 0 0 0 0 0
ICOPEPODA:  Cal JUnidentified 2122 111]4 1 2l 4 4 1 2] 1]13]4]3]1]4] 1 3[2) 1 3[2]2] 112 4f 1 5 1
HarjUnidentified 0 0 0 0 0 0 1] 1 0 1 1
CyqUnidentified 1 11 1 0 2| 1 1 112]2]2 1 0 2 113 2 1 2 1
(OSTRACODA Cyprididae 0 0 4 3| 4 1 Q4]4]4] 1])4]14]3]2]2)1 3[4 112]3]4]3] 1]4 2| 1 B 1
Gomphodellidae 0 0 0 0 0 0 0 0 0 0
llyocyprididae 0 0 0 0
Notodromadidae 313[3] 1]1 1 0 0 0 0 0 0 7 1
Uostracoda 0 0 0 0 0 0 0 0 0 0
CLADOCERA Chydoridae 1|2 1 ol 4 4 1 2 1 [ 3lx[a2|2f 1 0 332 1] 2 1| 1 2 1
Daphniidae T3] 1 0 2 1 il 1| 2[2[1 1 33 1 T3] 4] 1 3 1 0 1
llyocryptidae 0 0 0 0 0 0 0 0 0 0
Macrothricidae 0 0 0 0 0 0 0 0 0 0
TOTALNO. OFFAMILIES (all rounds) 52

HABITATTOTAL
WETLANDTOTAL
RESTRICTEDTOTHI
TOTAL FROMONLY!

|17|20 241191 9 0 ]8lo |12 19 13|13| 15| 0]

14 26 31 10 31
EHABITAT 81113 O 1 [CIzrd EeTsl EEETeln] CoIara G 1=
ONEHABITAT g 12 ) g 3 7 g
46 57 46 57 29 30 55 53

YFAMILIES FROM SINGLEHABITAT

17
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Figure A2.14 Pipidinny Swamp aquatic macroinvertebrate community data (Round 8 — 15)

Pipidinny Swamp Round 8 Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15
FAMILY/ P/ P/ P/ P/ P/ P/ P/ P/ ] No.Rounds| Total
HIGHER TAXA SUBEAMILY 21416 A 11214 A 213141718 A 21718 A 214167 |8 A 2718 A 41518 A 213]8 A present PIA
|CNIDARIA (Hydra) 0 0 0 0 0 0 0 0 0 0
NEMATODA OnidentTied 0 0 0 0 0 0 0 0 o 0
[RERMERTINT OnidentTied 0 0 0 0 0 0 0 0 0 0
PORIFERA Unidentified 0 0 0 0 0 0 0 0 0 0
TURBELLARIA Unidentified 0 0 0 0 0 [ 0 [ [ 0
ANNELIDA Uhirudinea 0 0 0 0 0 0 0 0 1 1
Uoligochaete 1 1 3|1 1 1 1 1 0 1 1 1 1 of1]1 1 12 1
MOLLUSCA Ancylidae 0 01 1 0 0 0 0 0 2 1
Lymnaeidae 0 0 1 1 0 0 0 0 0 1 1
Physidae 1 3] 112 1]13]3]3 1 142 1]12 2 1] 113 112 1121 1 5 1
Planorbidae 0 ofjif1 1911 1 0 1 1 o1 1 10 1
Sphaeriidae 0 0 1 101 1 0 1] 1 o1 1 7 1
ACARINA Araneae 0 0 0 0 0 0 0 0 0 0
Arrenuridae 0 0 0 0 1 1 0 1 1 0 3 1
Astigmata 0 0 0 0 0 0 0 0 0 0
Eylaidae 0 0 0 [ 1 1] 1 0 0 0 1 1
Halacoroidea 0 0 0 0 () 0 [ 0 0 0
Hydrachnidae 1 1] 1 0 0 0 1 1)1 111 1 o1 1 4 1
Hydrodromidae 0 0 0 0 0 0 0 0 1 1
Limnocharidae 0 0 0 0 0 0 0 0 0 0
Limnesiidae 0 0 1 1 0 2f1]1] 1 0 1|1 0 5 1
Oribatida 0 0 0 0 1 1 0 1 1 0 2 1
Oxidae 0 0 0 0 0 0 0 0 0 0
Pionidae 2] 1 0 0 0 2 1 0 1 1 0 4 1
Unidentified 0 0 411 1 0 0 0 o1 1 6 1
Unioncolidae 0 0 0 0 0 0 0 0 1 1
MHIPODA Ceinidae 212]1) 1 1 1]1 41111 192 1] 1§21 1|1 1121y 12|1)311})2 111 2 1
Perthidae 0 0 0 0 0 0 0 0 0 0
|Segen mphisopidae 2| 1 0 411 1 0 112]2f1})] 1 0 2 1 0 9 1
Janiridae 0 0 0 0 0 0 0 0 0 0
DECAPODA Palaemonidae 1 1 2 114 1]4 144 142 112 112 1 0 12 1
Parastacidae 0 0 1 1 o1 1 111 1 1 1 0 7 1
EPHEMEROPTERA |Caenidae 1 1 0 0 0 0 0 0 0 4 1
Baetidae 1 1 0 0 0 0 0 1 111 1 5 1
[COLLEMBOLA OnidentTied 0 0 0 0 0 0 0 0 o 0
MECOPTERA Unidentified 0 0 0 0 0 0 0 0 0 0
(ODONATA Aeshnidae 1] 1 0 1 1 0 1 111] 1 [ 1 1 [ 7 1
Coenagrionidae 2|2 111 1 4 1 1 1] 1 1|1 1j1f2]1) 1911 1912 1 1 1
Cordulidae ofjij1j1] 1 2)11)2 1 o111 1 111 2] 1 0 1] 1 5 1
Gomphidae 1 1] 1 0 0 0 0 0 0 0 5 1
Lestidae 1 1] 1 0 21 4] 4 1 ofjifz2 2|2 1111 112212 1 10 1
Libellulidae 0 0 1 112 1 2| 1 ojififi] 1 oj1 1] 1 10 1
Megapodagrionidae 0 0 0 0 0 0 0 0 1 1
Synthemidae 0 0 0 0 0 0 0 0 1 1
TRICHOPTERA Ecnomidae 0 0 0 0 0 0 0 0 0 0
Hydroptilidae 0 0 0 0 0 0 1 1 0 1 1
Leptoceridae 2132 1 2] 2 1 21113 1 1 1 111 1 1 2 1 1 2111 111 1 1 15 1
EMIPTERA Corixidae 1 3] 1 2l1) 1 4141 111 4] 1 f1f2]1]1f2 1221y 1f1j2f2)1f2 2] 1 1B 1
Gerridae 0 0 3 1 0 0 0 0 0 1 1
Hydrometridae 0 0 0 0 0 0 0 0 0 0
Mesoveliidae 0 0 0 0 0 0 o1 1 2 1
Nepidae 0 0 0 0 0 1 1 0 0 1 1
Notonectidae 2 3] 1]11)1 114 144 193 1 2 1122 11221113 1 2 1
Pleidae 0 0 0 1 1 0 0 0 0 1 1
\Veliidae 0 0 0 0 0 0 o1l 1 1 1
DIPTERA Ceratopogonidae 0 0 0 1 1 1 1 0 121111} 1 7 1
Chironominae 111]3] 1]3}]3 1j2]2]1]4]1] 104 41 1 p2)1]3]2)2) 1]11]2 1j2]2j2)1f1]2]3}) 1 5 1
Culicidae 11 1 0 111 1 2 1 212]2 1 0 2111111 1 10 1
Empididae 0 0 1 1 [ 0 0 0 0 1 1
Ephydridae 0 0 1 1 0 0 0 0 0 1 1
Orthocladiinae 111 1 0 0 41 111 1] 1 1] 1 2111 1 0 8 1
Simulidae 0 0 0 0 0 0 0 0 0 0
Stratiomyidae 011 1 0 0 1 2 1 0 o1 1 3 1
Tabanidae 0 1 1 0 0 0 0 o 0 3 1
Tanypodinae 0 1 111]4]2]1 1 112y 1§12 111 1p2f1)2y 1)2)2f2p112|2|3] 1 14 1
Tipulidae 0 0 0 0 o] 0 [¢] 0 0 0
TEPIDOP TERA. Pyrandae 0 0 0 0 0 0 0 0 0 0
COLEOPTERA Carabidae 0 0 0 0 0 0 0 0 1 1
Chyrsomelidae 0 0 0 0 0 0 0 0 0 0
Curculionidae 0 0 0 0 0 0 0 0 0 0
Dytiscidae 2 2] 1 1]1) 12 413]3 1424y 141]2]2]2]2 1p2f2)2py 1p1)2f2p111|2]11 1 1B 1
Haliplidae 0 0 2 1 1 0 0 0 0 0 3 1
Helminthidae 0 0 0 0 0 0 0 0 0 0
Hydraenidae 0 0 0f1 1 0 0 1] 1 2|11 1 4 1
Hydrophilidae 1 2 1 1)1 1 123 1 1) 1 g1j1f2f2]2 111 1l 1 p1j2)1) 111 1 1 1
Limnichidae 0 0 0 o 0 0 0 0 0 0
Noteridae 0 0 0 0 () 0 () 0 0 0
Ptilodactilidae 0 0 0 0 0 0 0 0 0 0
Scirtidae 0 0 1 1 0 0 0 0 0 2 1
Staphylinidae 0 0 0 0 [} 0 0 0 2 1
Ucoleoptera 0 0 0 0 0 0 0 0 1 1
[COPEPODA._ Cal. | Unidentified A T 3 T 44333 |2 1[2[= 314] 1 [2 @4 [4] 1 [2 1 © 1
Harp. [Unidentified 0 0 0 0 0 0 0 0 1 1
Cyc. |Unidentified 2 3 1 I 11]1]1(3 1 of2 2 3] 1 2 1 22112 1 2 1
(OSTRACODA Cyprididae 212]2) 1]3 1 41441 1 1111 1 3 414 1 3121 1f2f4]2)1 2141 1 4 1
Gomphodellidae 0 0 3 1 0 0 0 0 0 1 1
llyocyprididae 0 0 0 0 3 2 1 0 0 0 1 1
Notodromadidae 1 1 0 4 2] 1 of1 1 3f1] 1 2121 1 0 5 1
Uostracoda 0 04 1 0 0 0 0 0 1 1
CLADOCERA Chydoridae 0 0 0 0 4 1 1 023 1 0 5 1
Daphniidae 21114} 1 0 0 0 414142 1 of3f2]3}]1 0 6 1
llyocryptidae 0 0 0 0 0 0 0 ] 0 0
Macrothricidae 0 0 0 0 0 0 0 0 0 0
"TOTALNO. OF FAMILIES (all rounds) 66
HABITATTOTAL CEE EEE EEEEE E B ZIE

WETLANDTOTAL 26 18 21

RESTRICTED TOTHEHABITAT Lalol4] Lalslza] [3lol4l3jo] [8l2]4] [2lzi]3]ofo]
TOTAL FROMONLYONEHABITAT 8 10 10 14 6
%FAMILIES FROM SINGLEHABITAT 31 56 0 67 8
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Figure A2.15 Lake Wilgarup aquatic macroinvertebrate community data (Round 2 — 13)

Wilgarup Round 2 Round 4 Round 6 Round 7* Round 8 Round 9* Round 10* | Round 11*

FAMILY/ No. Rounds| Total
3 213 213 3 213 dry dry JpP/A ] dry

HIGHER TAXA SUBFAMILY present P/A

,_.
~
2
>
-
2
>
-
2
>
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>
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>
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>
2
>

CNIDARIA Unidentified 0
NEMATODA Unidentified
NEMERTINI Unidentified
[TORBELLARIA Onidentiied
ANNELIDA Uhirudinea
Uoligochaete
MOLLUSCA Ancylidae
Lymnaeidae
Physidae
Planorbidae 1
Sphaeriidae
ACARINA Arrenuridae
Eylaidae
Hydrachnidae
Hydrodromidae
Limnocharidae
Limnesiidae
Cribatida
Oxidae
Pionidae
Unidentified 3|2
Unioncolidae
AMPHIPODA Ceinidae
ISOPODA Amphisopidae 41411
Jainridae
DECAPODA Palaemonidae
Parastacidae 1
EPHEMEROPTERA | Caenidae
Baetidae
[COLLEVBOLA Cnidentiiied
MECOPTERA Unidentified
ODONATA Aeshnidae
Coenagrionidae
Cordulidae
Gomphidae
Lestidae 3|1
Libellulidae
Megapodagrionidae
Synthemidae
TRICHOPTERA Ecnomidae
Hydroptilidae
Leptoceridae 2
HEMIPTERA Corixidae
Gerridae
Hydrometridae
Mesoveliidae
Notonectidae
Saldidae
\eliidae
DIPTERA Ceratopogonidae
Chironominae 111
Culicidae 2
Ephydridae
Orthocladiinae 1
Simulidae
Stratiomyidae
Tabanidae
Tanypodinae 111
Tipulidae
TEPIDOP TERA Pyrahidae
COLEOPTERA Carabidae 1
Chyrsomelidae
Curculionidae
Dytiscidae 1|3
Haliplidae
Hydraenidae
Hydrophilidae
Limnichidae
Ptilodactilidae
Scirtidae 23] 4
Staphylinidae 1
Ucoleoptera
COPEPODA. _ Cal] Unidentified
Harp] Unidentified
Cyc|Unidentified 2
OSTRACODA Cyprididae 41413
Gomphodellidae
Not odromadidae
CLADOCERA Chydoridae
Daphnidae 2
llyocryptidae
Macrothricidae

olo|r|o]| olo| | ~|lo]|o| o =] ~|o]olo| ool ||l =] o o »| o] o]l o| =] ol~|=|o] o] o|c]o]|o|o]o] ||| ol o|o]=]|o]lo|e]lo] o of o]l o] »|e] o] | of o] =| ool o]o|o]e]lo]lo|o] o]l e]o] ofc| o of of o
ololo| o] olo| | w|o]|o| ~| o] ~|o]o]lo|o|ol=]|o|o]o] o oo o] o] o =] o]l~|e|o] o o|c]o]|o|o]lo] w|ole] olo|o]o]lo]lo|e]lo] o of o]l o] -l =] o] o| ~| =|o]|o]o]o]o|o]e]lo]lo|]| oo]o|e]o] ofc| o of of o
EEEEEEEFEEE NN EEEEMNEEEEE N e E EEENEE S EEEEEEEEEEEEEEEEE EEEEEE E N EEEEEEEEEEENE N EEE R EEE RS
olo| || olo| | ~|lo]|o| o =] ~|o] ol ~| ool =]l o] o ol o] o] o] | o] o]l ~|=|o] o] o|c]o]|o|o]lo] —|ole] ol o|o]|e]lo]lo|e]o] o of o]l o] of =] o] | of o] o »| o] o] o] o] o] o] o] | o] o] | o]|o] of o] w| of | o
ololo| o] olo| | w|o]|o| ol o] »|o]o]lo|o|ol=]|o|o]o] o ol o] o]o]o|o]lolr|e|o] o o|c]o]|c|olo] olo]e] ol ool e]lo]lo|e]|o] o of o]l o] of o] o] | | o] o] »| o] o] o] o o] o] o] =] o] o] o| o] o] of o] 9| of of o
ololo| o] o]lo|o| olo|o| olo|o|ofo]lo|o|o|o]lo|o]o] o o o] o]lo]o|o]lo]lo|e|o] ofo|e]o]|o|elo] olc|e| olo|e]|o]lo]le|o]e] o of o]l o] of o] o] o] of o] o] o] o] o] o|o]|o]lo]e|o| olo]e|o]e| ofc| o of of o
ololo| o] olo|e| olo|o| olo|o|o|o]lo|o|e|o]lo|e]o] o o|o|o]o]o|o]o]lo|e|o] oo|c]e]|o|cleo] olc|o] olo|c]|o]lo]le|o]e] o of oflo] o] o]o| of o] ol o] o] o]o|o]|o]lo]|e|o] olo]e|e]e| ofe| o of of o
olo|o| o] o]lo|o| olo|o| ol o] o|ofo]lo|o|o|o]lo|o]o] o o o] o]o]o|c]o]lo|e|o] o o|c]o]|o|ole] olo|e| olo|o]|o]lo]le|e]|o] o of o]l o] of o] o]l o| of o] o] o] o] o] o] o] o] o] o| o] o] o] o] o] of o o of of 9
ol o|m| -] o] o| &| vl o] of K] vl kol k| o|o]u] ool -] of o] v ool of v olu|v|o] ol oflolo]l ool o] a]lol o] o]l oo =] o] of o] o] o] of of o] N v o] 5] N Hl =] o o] o] of o o o] & o s | o o] H] of H] of H

TOTALNO. OF FAMILIES (all rounds)
HABITATTOTAL np2ys 2] 6] 6 9] 5110 B 1] 10 5]15]8 0] 0] O
WETLAND TOTAL 17 13 11 18 9 0

B[0T0
RESTRICTED TOTHEHABITAT =121 2 [ET01 1] [IT°TT] LAz | IIEXE]| (K|
g 7 2 7 7 0 0
0

wl
|OOOHHOOHHOOH)—‘HHOHOOHOOHOOD—‘OOOHO»—'HOOOOOOOO)—‘OOOOO)—'OOOOOOOO)—'HOD—'HHHHOOOOOOOD—'OHHOOHOHOHO

TOTAL FROMONLYONEHABITAT
Y%FAMILIES FROM SINGLEHABITAT 53 54 8 39 44 0
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Figure A2.16 Lake Yonderup aquatic macroinvertebrate community data (Round 8 — 15)

Yonderup Round 8 Round 9 Round 10 Round 11 Round 12 Round 13 Round 14 Round 15
FAMILY/ P/ P/ P/ P/ P/ P/ P/ P/ | No.Roundd] Total
HIGHER TAXA suseamiy 21215 al2 215 a (21214 B (o a2 2415 e a2 e oo al2 2405 e a2 2415 e a]tl2]2]5 ] a] meen |Pia
[CNIDATIA [GEE) D T T T T T T T 9 T T
NEMATODA Cnidentified 1 T 0 T T 0 0 0 0 [ 1 6 1
INEVERTIN Ondented 0 0 0 0 0 0 0 0 0 0
[PORIFERA Ondentiied 0 0 0 0 0 0 0 0 0 0
[TURBELLARIA Onidentitied 7 0 0 7z T 2 T 0 7z T[Z2]2 T[I] T 8 1
ANNELIDA Unirudinea 0 0 0 0 0 0 0 0 2 1
Uoligochaete AR AHEBREBEERE T 1| 2|2 HHEHEEEEEE T[T AHEEEEEE T[I] T 5 1
MOLLUSCA Ancylidae 0 0 0 0 0 0 0 0 1 1
Lymnaeidae 0 0 0 0 0 0 0 0 2 1
Physidae 1 3| 1 0 AE 1 2[ 1] 1 T AHEE 0 11| 1 0 8 1
Planorbidae 0 0 0 0 0 0 0 0 1 1
Sphaeriidae 0 0 0 0 0 0 0 0 0 0
ACARINA Araneae 0 0 0 0 0 0 0 0 0 0
Arrenuridae 0 0 0 0 0 0 1 1 0 1 1
Agtigmata 0 0 0 0 0 0 0 0 0 0
Bylaidae 0 0 0 0 0 0 0 0 0 0
Halacoroidea 0 0 0 0 0 0 0 0 0 0
Hydrachnidae 0 0 0 0 0 0 0 0 0 0
Hydrodromidae 0 0 0 0 0 0 0 0 0 0
Limnocharidae 0 0 0 0 0 0 0 0 0 0
Limnesiidae 1] T 0 0 0 0 1| T 1 11] 1 0 4 1
Qribatida 0 1 T 0 0 0 0 0 0 1 1
Oxidae 1 1 0 1 1 0 1] 1 0 1 111 0 5 1
Pionidae 0 0 0 0 0 0|1 1 1 0 3 1
Unidentified 0 0 0 0 0 0 0 1 1 5 1
Unioncolidae 0 0 0 0 0 0 TII| 1] 1| T T[I] T 3 1
AVMPHPCDA Ceinidae 1 1 0 0 0 1 1 0 1)1 1 0 5 1
Perthidae 0 0 0 0 0 0 0 0 0 0
|Eezony Amphisopidae 0 0 0 0 0 0 0 0 1 1
Janiridae 0 0 0 0 0 0 0 0 0 0
DECAPCDA Palaemonidae AR EBEEEHREBEEEEERE 2|44 1] 1[2[1]2 AEREREEHREAE AR BEEERE 1 5 1
Paragtacidae 1] 1 0 0 T[T T ] 0 0 2| 1 4 1
[FPrEVERGPTERA. | Coericee ol 11 1 0 0 0 1 1| 1 1|1 1] 1 0 4 1
Baetidae 1|1 T[] 2| L] L 0T T 2| T T [ 1 T T| 1] 1 0| 1|2|2]I|Z] T ) 1
COLLEVBOLA Onidentinied 0 0 0 0 T T T 0 T T 0 2 1
MECOP TERA Onidentified 0 0 0 0 0 0 0 0 0 0
CDONATA Aeshnidae 2| 1] 1 0 0 1 11 1 1 1 0 0 0 9 1
Coenagrionidae | 1 AEE 1] 1 2| 1 1 2 2] 1 1 2| 1] 1] 1]t 1] 1] 1 11| 1 1 1]t “ 1
Cordulidae 0 0 0 0 1 T 1| T i 1|1t i1 7 1
Gomphidae 0 0 0 0 0 0 0 0 0 0
Lestidae 0 0 0 0 0 0 1 1 0 2 1
Libellulidae AEREB B ] 1 0 T 2| 1 0 1 1 T 0 1 T 1 6 1
Mecrodiplactidae 1 1 0 0 0 0 1 1
ioni 0 0 0 0 0 0 0 0 0 0
Synthemidae 0 0 0 0 0 0 0 0 0 0
[ TRICHOPTERA Ecnomidae 0 0 0 0 0 0 0 0 2 1
Hydroptilidae 1 1 0 0 ol 12]2 2| 1 1112 1] 1 AEREE 10 1
Leptoceridae AR EBE T T T[T 7|2 A EBEEEEE A T T[] 1] I T T[2| 1] 1] T 5 1
HEMIPTERA Corixidae 1 1] T 1 T 1 12| 1 0 2] 22| |3 1| T ARE 1 0 © 1
Gerridae 0 0 0 0 0 0 0 0 0 0
Hydrometridae 0 0 0 0 0 0 0 0 0 0
Mesoveliidae 0 0 0 0 0 0 1 1] 1 1 1 5 1
Nepidae 0 0 0 0 0 0 0 0 0 0
Notonectidae 0 0 0 0 0 0 0 1 1 2 1
Saldidae 0 0 0 0 0 0 0 0 1 1
\eliidae 0 0 0 0 0 0 0 0 0 0
DIPTERA Ceratopogonidae | 1] 1] 1] 1 1] 1 1| 1 0 AEEE 1 1 1 AEREE 1|1 1 » 1
Chironominae |3l 2] tf 2|33 T al a4l 32l t 1224z 4] 22223 14l 22|32 122322 t|t[t]2]2[2]t u 1
Qulicidae 1 T 0 0 1 1 1 T 0 0 0 6 1
Empididae 0 0 0 0 0 0 0 0 0 0
Ephydridae 0 0 0 0 0 0 1 1 0 1 1
Qthocladiinae 12 T 0 T i1 0 AERERE 0 2| 2| 22| T 1 1 9 1
Simulidae 0 0 0 0 0 0 0 0 0 0
Stratiomyidae 0 0 0 0 0 0 0 1 1 4 1
Tabanidae 0 0 0 0 0 0 0 0 2 1
Tanypodinae AEREHRBERERERE A EAE 1] 1 AR EREHEE 2] 1|1 AEREE 5 1
Tipulidae 0 0 0 0 T T 0 0 0 2 1
CEPIDOPTERA Pyralidae 0 0 0 0 0 0 0 0 1 1
COLECPTERA Carabidae 0 0 0 0 0 0 0 0 0 0
Chyrsomelidae 0 0 0 0 0 0 0 0 0 0
Curculionidae 0 0 0 0 0 0 0 0 0 0
Dytiscidae 1 AEE ] 1 1 i1 4 AHE 1 ARRERREE 1 1 AHE 5 1
Haliplidae 0 0 0 0 0 0 0 0 0 0
Helminthidae 0 0 0 0 0 0 0 0 0 0
Hydraenidae 0 0 0 1 1 0 0 0 0 2 1
Hydrophilidae 0 0 1 2| 1 1 1 1 1 1] 1 AEREE 11 1 B 1
Limnichidae 0 0 0 0 0 0 0 0 0 0
Noteridae 0 0 1 1 0 0 0 0 0 1 1
Pilodactilidae 0 0 0 0 0 0 0 0 0 0
Scirtidae 0 0 0 0 0 0 0 0 0 0
Staphylinidae 0 0 0 0 0 0 0 0 0 0
Ucoleoptera 0 0 0 0 0 0 0 0 0 0
COPEPCDA:  Cal.| Unidentified 1 1 04 11| 1|4 14 AHREE 0|4 1 2| 1 7 1
Harp] Unidentified 0 0 1 11 0 0 0 1] 1 1 1 3 1
Oyc] Unidentified 3| 4| 3] L] L] 1|1 T T T 1|1 T 1 33| 2] 3] L ARHE HEBE R 0 “ 1
OSTRACCDA Cyprididae 3|4l 4] ]3] 2[4 ¢ 12| 1 2 AR BREEHEHEHE 11| a2 1|3 2] 22| 1| 2]3]2]2[2]t 5 1
Gomphodellidae | T 1] 1 0 0 0 1 1 0 1 1 1 1 4 1
llyocyprididae 0 0
Notodromadidae 0 0 0 0 A E R 0 0T 1 2 1
Uostracoda 0 0 0 0 0 0 0 0 0 0
CLADOCERA Chydoridae 12| 2] 0 [ 1 ol 2] 2]2[3]1[ ¢ 1 1|1 2[2]2[2] ¢ AR 1 9 1
Daphniidae 2| 2|1 T 0|1 1 JEEHEERRE 0| 1]2 2| 1 0 5 1
llyocryptidae 1 1 0 0 0 0 0 0 0 1 1
Macrothricidae 0 0 0 0 0 0 2 1 0 1 1
TOTALNO. CF FAMILIES (all Tounds) 60
HABITATTOTAL Ieln]olslss] [ 71uls]s]2] |9 16| 17] 23 19| 18] 8] ufs] |10|19|17|23|2ﬂ |9 ulr|w 15| o
WETLANDTOTAL 15 21 20 30 19 35 28
RESTRCTEDTOTHEHABITAT CEE EE ChEEEE e G Celelors] CaesrE CleEEsE
TOTAL FROMONLYCNEHABITAT 0 5 8 6 9 3 7] u
YFAMILIESFROVSINGLEHABITAT 3% k<] 38 0 30 B 3 39

Edith Cowan University — Centre for Ecosystem Management 72



Annual report for the Wetland Macroinvertebrate Monitoring Program May 2003
Of the Gnangara Mound Environmental Monitoring Project

APPENDIX I11: Water Quality Results
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7 Water Quality Results

7.1 Coogee Springs

No sampling of the water physico-chemistry could be undertaken at Coogee Spring as the

wetland was dry in both Round 14 and 15.

7.2 Lake Gnangara

Although in Round 14 the water level at time of sampling was low in comparison to many
spring rounds, water quality parameters such as pH, conductivity, dissolved oxygen and all
nutrient concentrations were within the range recorded in previous spring sampling rounds.
Water temperature (17-20.5°C) was though the lowest recorded in a spring sampling round.
Chlorophyll a concentration in Round 14 was the highest ever recorded at this wetland
(31.68ug/L), with the dense algal growth apparent at Lake Gnangara reflected in the highest
recorded turbidity in a spring round (11 FTU). Gilvin concentration in Round 14 was the
lowest recorded in spring sampling rounds at this wetland (0.5g440). Fe concentration

(0.81mg/L) was low, being comparable to that of Round 12.

Lake Gnangara was dry at the time of sampling in Round 15, therefore no discussion of

physico-chemistry for this round is undertaken.

7.3 Lake Goollelal

The water level in Round 14 was low but within the range experienced in previous spring
sampling rounds. Conductivity was the highest recorded at this wetland in spring rounds
(922-938uS/cm). The presence of dense filamentous green algae throughout the wetland is
reflected by the highest ever chlorophyll-a concentration (32.25ug/L) recorded from any
round, and the relatively high turbidity (8 FTU; the highest recorded in a spring round except
for Round 10). All nutrient concentrations except for NO,/NO3  were within the range
recorded from previous spring rounds, NO,/NO3" concentration (17ug/L) was the highest
recorded in spring except for Round 4 (21ug/L). Both temperature range (16.4-17.8°C) and

gilvin concentration (1.2g440) were the lowest recorded in spring rounds.
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Water levels at sites sampled in Round 15 (15-50cm) were the lowest recorded at this
wetland. pH (7.30) was the lowest recorded in summer sampling round since Round 1.
Dissolved oxygen concentration of (3.72mg/L) recorded in Round 15 was the second lowest
recorded in summer rounds at this wetland. Chlorophyll a concentration in Round 15
(14.25ug/L) is relatively high compared to previous summer sampling rounds. Gilvin
concentration (1.44g440) was the second lowest recorded in summer sampling rounds (Round
13 = 0.2g440). All nutrient concentration except for NO,/NO3 was within the range of
previous summer sampling rounds. NO,/NOj3 concentration (120ug/L) is the highest

recorded at Lake Goollelal.

7.4 Lake Jandabup

Water level at the time of monitoring was low in comparison to many previous spring rounds.
Significantly pH in Round 14 (5.71-7.0) was lower than that of Round 12 (6.48-7.6),
reversing the trend of increasing pH in spring rounds apparent since R6, subsequent to the
initiation of water level maintenance. Water temperature (15.9-20.0°C), gilvin (1.9g440) and
Chlorophyll a concentration (2.26ug\L) were lower than previously spring sampling rounds.
Turbidity in Round 14 (8 FTU) was lower than recent spring rounds, reversing a trend of
increasing turbidity in spring rounds since Round 8. All nutrient concentrations were within
the range recorded from previous spring sampling rounds. Fe (1.1mg/L) remained stable in
comparison to Round 12. SO4** concentration (7.4mg/L) in Round 14 was the lowest ever

recorded at Lake Jandabup.

Conductivity in round 15 (647-1005uS/cm) was relatively high compared to previous summer
sampling rounds. Chlorophyll a concentration in Round 15 (3.39ug/L) was the second lowest
recorded in summer sampling rounds (Round 3 = 2.67ug/L). Round 15 gilvin concentration
(2.369440) was also relatively low compared to previous summer rounds. Of the nutrients,
NO,/NOs (25ug/L) and TP (35ug/L) were at there highest concentrations in summer rounds.
NH,4" (100pg/L) was high in comparison to all other summer rounds except Round 7
(199458ug/L) and Round 9 (4300ug/L), which preceded the drying event in 1998. Fe
(1.8mg/L) was within the range of previous summer sampling rounds. SO42* (61mg/L) was
significantly higher than both Round 11 (29mg/L) and Round 13 (12mg/L).
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7.4.1 Lake Jandabup - Site 8

pH at Site 8 (6.67-6.95) was within the range of previous spring samples and the range
recorded at other sites in Round 14, but was lower than Round 12 (7.01-7.03), reversing the
trend of increasing pH in spring rounds apparent since R6. Chlorophyll a (6.79ug/L), gilvin
(2.09440) and turbidity (11 FTU) were all higher at Site 8 than in the combined wetland
sample, although both gilvin and turbidity were lower than in Round 8. While NO, /NO3
concentration at Site 8 (13ug/L) was higher than the combined lake sample, NH;" (12ug/L)
was half that of the combined lake sample and TKN was only marginally lower (760ug/L).
Both PO,* and TP concentrations were comparable to the combined lake sample. Round 14
Fe (1.2mg/L) was higher than Round 8 (0.23mg/L), but comparable to that of the combined
lake sample. SO,** (10mg/L) was lower than Round 8 (36mg/L), but marginally higher than
the combined lake sample.

Round 15 pH (7.03) is the lowest recorded at this site in summer sampling rounds, but is
within the pH range recorded throughout the wetland in round 15. Although conductivity in
at site 8 in Round 15 (556uS/cm) was higher than that recorded at the same site in Round 13,
it was lower than recorded at any other site at lake Jandabup in Round 15 (647-1005uS/cm).
Dissolved oxygen (4.7mg/L) was less than that at other lake Jandabup sites in Round 15
(5.67-8.33mg/L). Chlorophyll a concentration (1.20ug/L) recorded in Round 15 at Site 8 is
the lowest ever recorded at this wetland. NO,/NOj3" (8ug/L) was the highest concentration
recorded at Site 8 but was within the range recorded at other sites in Round 15. NH4"
(170ug/L) concentration was significantly higher than previous recorded at Site 8. TKN
(1200ug/L) the highest concentration recorded at Site 8 but is well below concentration
recorded at other Lake Jandabup site in previous summer sampling rounds. PO, (14ug/L) is
the highest ever recorded at Site 8 and was relatively high in comparison to the other site
sampled at Lake Jandabup. Fe (2.4mg/L) at Site 8 in Round 15 was below that recorded in
Round 13 (4.1mg/L). Although SO4%* (45mg/L) in Round 15 is the highest ever
concentration recorded at Site 8, it is lower than that found at other sites in Round 15
(61mg/L).
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7.5 Lake Joondalup (North)

The water level in Round 14 was low but within the range experienced in previous spring
sampling rounds. In Round 14, chlorophyll a concentration (5.09ug/L) and conductivity
(1387-1457uS/cm) were the highest recorded in spring rounds from this wetland.
Temperature (23.6-24.5°C) was high but within the range of previous spring sampling rounds.
Conversely turbidity (1 FTU) and gilvin (1.0g440) were lower than previously recorded in
spring rounds. Dissolved oxygen, pH and all nutrient concentrations were within the range of

previous spring rounds.

Round 15 conductivity (4420-4680uS/cm) was high relative to most other summer sampling
rounds, except for Round 7 (5548-5937uS/cm). Water temperature (24.0-28.1°C), Dissolved
oxygen (10.92-13.24mg/L) and Chlorophyll a (94.06ug/L) in Round 15 are the highest
recorded concentrations at Lake Joondalup (North). In Round 15 NO,/NOj3 (13ug/L)
concentration was the highest from a summer sampling round. TKN (13000ug/L) and PO,*
(40ug/L) concentrations in round 15 were the highest recorded at this wetland. TP (310ug/L)

is the second highest recorded summer concentration after Round 11 (421ug/L).

7.6 Lake Joondalup (South)

Unlike almost all other wetlands sampled in Round 14, water level at Lake Joondalup (South)
was high in comparison to many earlier spring rounds. Chlorophyll a concentration
(5.66ug/L) was the highest recorded in any spring round. Gilvin concentration (3.09440) was
lower than in previous spring sampling rounds. pH, conductivity, dissolved oxygen, turbidity
and temperature were all within the range of previous spring rounds. All nutrient
concentrations were within the range of previous spring rounds, except for TKN (870ug/L),

which was the lowest concentration of this nutrient ever recorded from Joondalup (South).

The pH (7.67) recorded in Round 15 is considered relatively low in comparison to previous
summer sampling rounds. Dissolved oxygen concentration in Round 15 (1.48-1.77mg/L) is
the second lowest recorded in summer rounds at this wetland (Round 9 = 1.04-3.95mg/L).
Chlorophyll a (26.33ug/L) in Round 15 is the second highest recorded at this wetland from
any sampling round (Round 7 = 156.37ug/L). In Round 15 the gilvin concentration
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(2.829440) is the lowest recorded concentration ever from Lake Joondalup (South).
Concentrations of NH," (350ug/L), PO4* (830ug/L) and TP (1900ug/L) in Round 15 were

the second highest for each of these nutrients respectively in summer sampling rounds.

7.7 Lexia 186

In Round 14 surface water was again restricted to a small (3x2m) excavated sump on the
Northern margin of the wetland basin. Water depth in the sump is approximately 60cm below
the wetland basin height. Surface water has been restricted to the sump (i.e. wetland basin
dry) in every year since Lexia 186 was incorporated in to GMEMP schedule in 1999/2000.
Other than Baumea articulata around the sump and some very sparse Lepiodosperma, all
other sedges and reeds are dead within the wetland. All physico-chemical parameters were
within the range previously recorded in spring rounds, except for gilvin (5.0g440) and

turbidity (11 FTU) that were both lower than previously recorded in spring rounds.

No sampling of the water physico-chemistry could be undertaken at Lexia 186, the wetland
was dry in Round 15 (including the small excavated sump sampled in Round 14). Round 15

was the third consecutive summer sampling round in which this wetland has been dry.

7.8 Lexia 86

Lexia 86 wetland did not contain surface water on either sampling occasion in Round 14 (26-
08-02 and 21-10-02); therefore three Cherax burrows were sampled for macro-invertebrates.
This is the first spring, since Lexia 86 was incorporated into the GMEMP monitoring
schedule, in which the wetland has not filled. The reduced wetland water level can be
attributed to the low winter rainfall in 2002 combined with the declining spring peak
groundwater levels in the region. Result discussed here are for sub-surface water collected
from the Cherax burrows, and as such little comparison can be made to physico-chemical

results from previous spring sampling rounds.

No sampling of the water physico-chemistry could be undertaken at Lexia 86, the wetland
was dry in Round 15. Round 15 was the third consecutive summer sampling round in which

this wetland has been dry.
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The organic/peat soils of Lexia 86 combined with the current period of excessive drying
require that a fire management strategy be developed for this wetland. Although limited data
exists, pH levels have declined in successive spring sampling rounds (Round 10 and Round

12) and as such the susceptibility of this wetland to acidification must also be established.

7.9 Lake Mariginiup

Water level was low at the time of sampling in comparison to many previous spring sampling
rounds. pH in Round 14 (4.87-5.05) was the lowest recorded at this wetland in either spring
or summer sampling rounds. Gilvin concentration (2.49440) was significantly lower than in
previous spring rounds. Both conductivity (1287-1402uS/cm) and chlorophyll a
concentration (19.89ug/L) were higher than in previous spring rounds. In Round 14, NO,
INO;3™ concentration (8pg/L) was equal to the lowest spring levels in Round 2, NH;" (57pg/L)
was the lowest ever recorded concentration at this wetland, and TKN (2200ug/L) was the
second lowest concentration except for Round 4 (1877ug/L). Despite the apparent reduction
in nitrogen availability with the wetland, PO, concentration (7ug/L) was higher (marginally)
and TP was within the range of previous spring rounds. The high chlorophyll a concentration
in Round 14 appears to indicate that primary production in Lake Mariginiup is phosphorus

limited.

Lake Mariginiup was almost completely dry at the time of Round 15 sampling; surface water
was restricted to isolated shallow pools in the Northwest section of the lakebed. The below
outlines the water physico-chemistry of one such pool. The pH in Round 15 (6.49) is the
second lowest recorded at this wetland in summer sampling rounds (Round 7 = 5.92-6.42),
and continues the trend of declining pH levels at this wetland. Chlorophyll a concentration
(17.38ug/L) is the highest recorded in a summer sampling round. Gilvin (3.49440) is the
lowest recorded concentration in summer sampling rounds. Although NO,/NO5" (100ug/L)
and NH4" (1100ug/L) were high relative to previous summer sampling rounds PO4* (52pg/L)
was the only nutrient recorded at the highest concentrations ever from Lake Mariginiup. Fe
(2.3mg/L) is the lowest concentration recorded in summer rounds and continues the trend of
declining Fe concentration. SO,** (400mg/L) was the highest concentration ever recorded at

this wetland from any sampling round.
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7.10 Loch McNess (North)

Water level at the time of monitoring was low in comparison to many previous spring rounds.
Conductivity (662-666uS/cm) and chlorophyll a concentration (17.35ug/L) in Round 14 were
higher than previous spring sampling rounds. Turbidity (20 FTU) and NO,/NO3’
concentration (5ug/L) were recorded at their highest concentration ever at Loch McNess
(North). Gilvin concentration (2.69440) and water temperature (12.8-13.7°C) were lower
than in any previous sampling round. All other physico-chemical parameters were within the

range of previous spring rounds.

Loch McNess (North) was dry at the time of Round 15 sampling. Since Loch McNess
(North) has been sampled separately the wetland has not contained surface water in a summer

sampling round.

7.11 Loch McNess (South)

The water level in Round 14 was low but within the range experienced in previous spring
sampling rounds. Conductivity in Round 14 (458-487uS/cm) was the second highest
recorded at this wetland after Round 2 (410-606uS/cm). Turbidity in Round 14 (10 FTU) was
also the second highest recorded (Round 4-11 FTU). Water temperature (13.0-17.3°C) and
gilvin concentration (0.2g440) were both the lower than previously recorded in spring rounds.
TP concentration (8ug/L) in Round 14 was lower than previous spring rounds. Although
TKN concentration (180ug/L) was the lowest ever recorded at this wetland in Round 14, NO’

/NOs3™ (9ug/L) had the highest spring concentration since Round 4 (20-21ug/L).

With the exception of turbidity all other physico-chemical parameters were recorded within
the range of previous summer sampling rounds. Turbidity (7FTU) in Round 15 was equal to
the maximum recorded in Round 5. NO,/NOj" concentration (3ug/L) was low in comparison
to recent summer sampling rounds (Round 11 = 124ug/L; Round 13 = 41ug/L) but was

within the range recorded in previous summer rounds.

7.12 Melaleuca Park

Water depth at the time of sampling was low in comparison to many previous spring sampling
rounds. Although only limited data is available, the pH recorded in Round 14 (3.90-4.56)
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indicates that spring pH is declining at this wetland. Temperature (9.0-10.1°C) and dissolved
oxygen concentration (3.45-4.12mg\L) in Round 14 were lower than in previous spring
rounds. Turbidity (0 FTU), gilvin (12.1g440) and concentrations of the nutrients NH;"
(52ug/L) and PO,* (11pg/L) were below that previous recorded at the wetland. Both
chlorophyll a (6.22ug/L) and NO, /NO3" (34ug/L) concentrations were higher that in any

previous sampling round.

Except for Round 11 (when the wetland was completely dry) the water depth recorded in
round 15 (3cm) is the lowest ever. pH in Round 15 (3.78) is the lowest recorded at this
wetland from any previous sampling round. Conductivity (778uS/cm), chlorophyll a
8.49ug/L) and temperature (32.2°C) in Round 15 were the highest ever recorded at Melaleuca
Park in any previous sampling round. Turbidity is round 15 (71FTU) is the highest from a
summer sampling round. Dissolved oxygen concentration (2.61mg/L) in Round 15 is lowest
ever recorded at Melaleuca Park. The concentration of all nutrients in Round 15 (NO,/NO3’
=42ug/L, NH;=170ug/L, TKN=3400ug/L, PO42':42pg/L and TP=55ug/L) were the highest

ever recorded at this wetland.

7.13 Lake Nowergup

The water level in Round 14 was low but within the range experienced in previous spring
sampling rounds. Chlorophyll a concentration (12.45ug/L) was higher than recorded in
previous spring rounds, and turbidity (19 FTU) was the highest since Round 4 (21 FTU).
Temperature (14.8-16.2°C), conductivity (462-544uS/cm) and dissolved oxygen (1.13-
9.06mg/L) were low in Round 14 compared to previous spring rounds. The continuing trend
of low conductivity and dissolved oxygen at some sites is attributed to the inflow of low
conductivity (382us/cm) low oxygen (0.8mg/L) groundwater to the wetland for water level
maintenance. NH;" (58 pg/L) concentration in Round 14 was higher than previously recorded
in spring sampling rounds. TKN in Round14 (710ug/L) was the second highest concentration
except for Round 4 (851-1027ug/L). All other physico-chemical parameters were within the

range of previous spring sampling rounds.

The maximum water depth (200cm) in round 15 is equal to that of Round 9. pH range (9.11-

9.18) in Round 15 is the highest in summer sampling rounds and the second highest overall
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(Round 10 = 9.44-9.76). Conductivity (531-540uS/cm) in Round 15 is the lowest recorded in
a summer sampling round. Round 15 dissolved oxygen concentration (10.81mg/L) is
marginally higher than the previous highest (Round 7 = 10.80mg/L) summer record.
Chlorophyll a concentration (12.98ug/L) in Round 15 is higher than in recent summer
sampling rounds but well below that recorded in Round 3 (37.53ug/L). Round 15 turbidity
(20FTU) is the highest recorded in a summer sampling round at lake Nowergup. Gilvin
concentration (0.8g9440) is the lowest from a summer sampling round. All nutrient

concentrations were within the range of previous summer samples.

7.14 Pipidinny Swamp

As per the contract brief, the discussion for Pipidinny Swamp includes analysis of individual
sites. Depths in Round 14 (30-61cm) at all sites were within the range recorded in previous
spring sampling rounds. Although the range of pH recorded at sites in Round 14 (7.38-8.93)
was within that recorded in previous spring rounds, there was a distinct separation of sites
based on pH, with sites 2, 3 and 4 all being strongly alkaline and sites 7 and 8 being near
neutral. Conductivity results for Site 3 (18710uS/cm) and Site 7 (14970uS/cm) may indicate
saltwater intrusion into these sites associated with reduced groundwater levels. The
conductivity of both sites was above that recorded in previous spring rounds. Although
dissolved oxygen levels in Round 14 (3.29-11.73mg/L) were within the range recorded in
previous spring rounds, both Site 3 (5.09mg/L) and Site 7 (3.29mg/L) had significantly lower
dissolve oxygen levels compared to the other sites sampled in Round 14. Chlorophyll a
concentration varied highly between sites, ranging between 0.0-6.03ug/L. All sites had
relatively high turbidity in Round 14 (28-44 FTU) in comparison to most previous spring
sampling rounds. As with the majority of wetlands in Round 14, the gilvin concentration of
sites at Pipidinny Swamp (0.5-1.79440) were significantly lower than previous spring rounds.
NO,/NO3 and NH4" concentrations at sites in Round 14 (2-11ug/L; 5-44ug/L respectively)
were below that of Round 12 (86ug/L; 82ug/L respectively) but high in comparison to other
spring rounds. The highest concentration of TKN (5000ug/L), PO,* (7ug/L) and TP
(77ng/L) were recorded at Site 3 in Round 14, with each being higher than previous recorded
in spring sampling rounds. TKN concentration in Site 7 (4500ug/L) was also higher than

previously recorded in spring rounds.
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Round 15 pH results (7.16-8.17), although within the range, are relatively low in comparison
to previous summer sampling rounds. Conductivity at Site 8 (16510uS/cm) is the second
highest ever recorded at this wetland (Round 7 = 18320-18340uS/cm). Conductivity results
for Site 3 (11980uS/cm) and Site 8 may indicate saltwater intrusion into these sites associated
with reduced groundwater levels. In Round 15 the dissolved oxygen concentration of Site 3
(0.35mg/L) and Site 8 (0.57-0.33mg/L) were considerably lower than that recorded at Site 2
(3.49-3.42mg/L). Turbidity at all sites sampled in Round 15 (78-220FTU) was high relative
to any previous sampling round, with turbidity at Site 8 (220FTU) being the highest ever
recorded at Pipidinny Swamp. Gilvin concentration at Site 8 (1.3g440) and Site 2 (0.7g440)
are below that previously recorded at this wetland. Nutrient concentrations at both Site 2 and
Site 8 were within the range recorded in previous summer sampling rounds. Site 3 in Round
15 had second highest recorded concentration of NH," (1800ug/L) of any previous sampling
round. TKN (10000ug/L) and TP (360ug/L) at Site 3 were the highest ever recorded

concentration of theses nutrients at Pipidinny Swamp.

7.15 Lake Wilgarup

Lake Wilgarup was again completely dry in Round 14 and Round 15. No surface has been
recorded at Lake Wilgarup since Round 8 (spring 1999).

7.16 Lake Yonderup

Water depth at the time of sampling was within the range of previous spring sampling rounds.
Concentrations of gilvin (0.5g440), TP (9ug/L), NH," (<3ug/L) and TKN (150ug/L) were all
lower than previous spring sampling rounds. NO,/NOs" concentration (<2ug/L) remained
very low in Round 14. pH was low in Round 14 (7.12-7.28) compared to other spring rounds,
with pH declining in spring rounds subsequent to Round 10. Conductivity (473-540uS/cm) in
Round 14 was the highest in spring rounds, and turbidity (5 FTU) was equal to the highest in
Round 6.

With the exception of conductivity all physico-chemical parameters measured at Lake
Yonderup in Round 15 were within the range of previous summer sampling rounds.
Conductivity (496-517uS/cm) is the highest recorded in a summer sampling round. TKN
(250ug/L) concentration is the second highest recorded in a summer sampling round at this

wetland (Round 3 = 852ug/L).
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Table A3.1 Physico-chemistry of the GMEMP wetlands from summer 1996 (Round 1) to summer 2003 (Round 15).

JANDABUP o onbaLue [soonoatur |Lexia |Lexia mMcnNEss [Mcness |MELALEUCA pipioinny Jeipioinny [pipioinny [PipiDINNY [PiPIDINNY
rRound |coocee |onancara |cooLLeLaL |sanDAaBUP | B(spring) & MARIGINIUP NOWERGUP |PipiDINNY wiLcarup [vonDERUP
North South 86 186 North South PARK s2 s3 s4 s7 s8
10(Summer)
Tepth RL 25 365 T35 20.0 g - - g 55.0 - 555 555 g g g g 265
cm) R2 T6.3 747 T00.0 X 55,0 , , , 5.3 , 530 , 5.6 303 , , , , 1.0 o3
R3 327 277 3.2 5.0 - - , 70 - 550 , [ 6.0 - , " , 757
R4 To.2 5.0 55,2 6.7 5.7 — , ~ 6.7 — 305 , 305 523 — — — — — 2.3 370
RS T10 7143 — , ~ [ , 755 510 — — — — 2050
R6 15-16 535 5550 2653 35-44 To78 , , 3745 T7-76 57100 , 3274 065 — — — — 1228 075
R7 T5-35 7545 15 1070 T0-20 - - 510 55-100 ~ 7362 7070 - - — — — 1030 5105
RS 0-110 536 50-120 7552 025 5072 5072 , - 3045 38-50 7057 , 52170 55-100 , , , , - 57 3065
R9 5 75 3595 527 7 522 5062 - - 77 555 , 70-200 015 , , , ~ , 5105
R10 7550 550 7550 3075 7590 7590 520 730 7020 7050 055 35115 75100 , - , , ~ T0-130
Ri1 7035 020 70 75 520 7640 2 7550 3575 525 , - , , , T0-70
Ri2 550 T30 5550 5050 50 7055 5050 320 75 3020 5555 3575 7562 7187 70102 , - , , , 5105
RIS 510 7050 77 0 535 530 7 7505 TS 730 50 70 TS 772
R14 525 7575 575 E0 3057 5055 T5 33 7527 3270 577 7050 75200 5 30 3 EQ 1 T0-100
Ris TS5 T T TS50 T TO T TT0T T TS T TZTO0
DH range RL 314 7.20-5.30 7.20-7.90 7.90-5.30 5.50-6.40 5.20-6.30 7.40-6.50 - - - - - 5.50-7.50
R2 595660 | 351355 755571 532706 759571 563725 550631 5765 11 724.5.30 - - - - - 5.50-7.10 526675
R3 3.003.03 337558 775530 597915 5.03 553562 525575 7.555.10 - » g - 725753
R4 565705 360369 756552 756671 772901 775518 501550 715518 7.655.26 - - - - 500605 705730
RS 355 5659.18 701560 5.455.65 755533 - - - - - 710731
R6 736-7.38 317358 767512 3.97-4.42 515041 783527 572565 752774 | 7.376.60 730536 755501 — — B - - 5.57-7.06 735779
R7 324392 515568 132431 5841007 535518 592542 559545 750523 725522 — — — - - 567707 515551
Re 574607 | 383304 74539 725455 57 7911009 714756 508567 735538 | 6.806.70 755515 753525 — — — — — 768555 5.657.40
R9 700723 | 344396 745-9.02 39523 73 514541 7067.76 71775 536,18 5.32.9.02 757-7.56 - - - g g 705741
R10 753756 | 245452 5539.07 542725 574947 5841008 |548663]5425067] 711761 7771013 500513 594975 7579.68 5 - , , ~ 755562
Ri1 733824 | 317401 755933 750542 568938 515,90 557 565-6.60 515648 715771 5 5 , , , 722792
Ri2 708717 386407 745757 54576 7017.03 732968 5657064 | 40520 |s24425] 557528 7347062 | 737799 384401 576927 7 155,62 - 5 , ~ , 733766
R13 325332 566924 597563 733728 537560 505563 757 560-5.40 384302 553567 752 771764 S 582737
R14 353309 757543 5717.00 555667 523994 765531 |3634.01]a50451] 457505 727761 | 707560 350956 713920 553 530 522760 738 750763 712728
Ris TOT0T TS T TTT T T T TITTIT 7T TT5 ToFT T T
Conductwiy RT 1206 12151205 | 70654740 454510 11201128 T500-4570 - - - - 5 701400 ]
range (uS/cm) R2 To56-1971 | 11401164 545709 11551235 70531050 710-606 535845 T115-3930 , - , , , 5941453 524-458
R3 35903650 031115 T204-1654 75202870 3550 5521 T153-1187 T383-1621 - - - T71478
R4 | 21902420 | 9681414 530870 321421 T205-1248 537931 363555 550-960 17464320 - - 1474 709-442
RS 355 Ta72-1505 715536 T293-1205 174654120 - - - - 125433
R6 | 20772207 | w0165z 507 165576 2351272 530744 9151147 521525 360402 573533 T702-4340 - - - - Ta76-2150 355377
R7 5133217 Ti711528 33013355 55455637 72167153 73662533 725953 305927 180414330 , 5 ~ , - 171125 736459
RE 321467 17571364 537-850 725650 730490 5761043 750520 70371151 752542 373433 581707 T345-3580 , 5 - - - 3520-5500 750-505
Re  |iTzo-1i0| 1117-5000 550550 19,9351 54 7550 T5.92-20.4 71796 752-556 T5.4-15.5 T700-4610 , , 5 , , 533470
R10 395421 12331261 791795 357-859 11021126 551708 355639 | 799-1100 535592 T15-454 15481 732753 13656224 , , 5 - , 315445
R1L 735767 5265130 9531535 315996 3380-9540 9551977 3260 750603 556696 79114110 , - , , , 750450
R12 351389 3951197 707735 306316 307-308 3751089 552620 S62-954 [1215-1243] 818932 504618 | 412441 520660 3554103 13057442 , ~ , , , 327450
R13 75204560 1551101 18917 726420 32103370 T155-1206 7750 375523 595579 534842 T831-1632 T8340-18320 3100 753475
R14 3041832 522938 355407 364362 3671457 531653 776-874 |1120-1124] 12871402 G62-666 | 456487 755545 T52547 591990 T6710 39503510 7570 7310-7390 373590
Ris TOR0-T730 TITTO0 T TIZ0T5E0 TST7TS3T TITTIS T TS0 TITT 1550 T TO5ST
emperatore RT 5.0 T5.6-25.5 227204 T6.0-22.0 41163 T5.0-10.7 154105 - - - g - To 5172
range (°C) R2 19522.0 716210 191205 152250 54167 737245 60220 705224 101283 , , ~ , , 152164 725230
R3 190193 715255 757355 2271 755 713303 713251 767290 , , , - , 753303
Ra T7.421.6 T5.523.2 70.522.8 T5.2210 193200 156170 155204 115204 54210 " , ~ 136155 155225
RS 325 72.722.9 70,0205 712210 15.2.22.0 - — — 175107
R6  [1s65.1553] 159245 17201753 T6.08-23.58 16.81-15.56 T5.60.20.70 T7.9415.84 | 17.8920.15 | 15.66.15.55 70.0-20.6 T6.47-10.61 — — — — T4.16.15.22 | 14.6517.80
R7 39633640 | 25222775 | 21952574 71.2623.15 T6.90.15.08 76.75-25.60 15,9203 72.7523.93 71.4524.02 — — — g 7201527 | 21.02.24.11
R8 70,5250 179205 70.222.5 17.310.4 6.4 710257 T6.3.22.4 705250 170240 | 175236 700250 55210 — — — — — 15152 703245
R9 713333 57233 70.0-22.3 733292 772 73127 727258 755271 736274 76.6-20.4 15,4200 ~ 5 - ~ , 11234
Ri0 [ 1801205 | 195207 70.3-20.4 65191 705215 7035217 |192312|19 6163 155195 73213 T16.16.0 74166 134200 ~ - 5 - , 77194
Ril 19.520.2 724765 737255 725303 66200 761265 7715 T6.721.0 795253 70.2-23.0 , , 5 - - 175200
Riz [17.3918.33 | 23612943 | 17211918 T5.08-20.34 15.05-19.0 T2.3720.11 T717152  |12.2.12.8 [11113.1| 16761863 | 14.42-16.41 | 1663201 5.73-15.63 T6.74-19.63 13431956 ~ , - , , 15.76-19.26
R13 773264 722251 717220 718215 727254 53270 6.1 190222 710224 TL722.0 775 735251 755 725230
R14 T70205 64178 155200 T63151 736245 To 5165 175160 13 110.7| 156163 28157 | 130173 50101 T15162 74173 701 55 55 75174 64164
Ris T 5 E TOIT TTITD TT 97" TIT TS 755 - 7T
GEsohed RT 7575 7.5.10.7 5386 56136 3702 7283 T5IL1 - - - - - e
oxygen range R2 315702 | 930980 3055.60 541664 595713 7755-10.60 710560 005713 0241550 » - ~ T134.24 554760
(mg /) R3 7793 7052 5054 - 53 75950 51 37706 » - - 5155
R4 341630 | 5880062 54510 20 775757 542530 5531107 351766 302518 7751150 - - - ~ 0.65-1.06 517901
RS 562 565655 339669 505711 332565 - - ~ ~ 502677
R6 Ta5.4 5753 7027 7670 7.05.7 53120 T157 7750 PRI 5.7411.07 5357 — — — — — 0517 73103
R7 5970 71113 5103 55108 77110 T05115 053459 53105 5355 — — — — — To35 ]
R8 7277 705.23 754520 575100 575565 TA0155 7766 05105 3555 | 3515125 0122 To113 — — - — — 055167 0597
R 057573 | 416430 T544.40 3410 307 715476 T043.55 7525.78 To145 350765 05514 — — - — — 35457
R10 3550 5552 5375 3052 3559 T0136 5387 | 4751 53116 74120 5671 5381 53156 ~ ~ 5 5 5 50117
Ril 071377 7556 3575 753103 755550 127128 5 356-5.68 556756 507567 ~ ~ 5 5 5 542617
R12 7456 7157 7157 7253 7358 04108 5650 75535 [6.556.78 50105 0153 5157 5092 T2123 75520 - , , 5 - 7157
R13 5258 5150 522563 52165 7573 3641 57 316558 75 51593 757 7034 75 7762
R14 7 759,05 558665 538528 786778 372689 551905 071113 [560580 ] 514928 226641 |5.05-10.01 35412 T135.06 TT311151 505 1321173 325 1341061 510714
Ri5 7T 7T T TOOTTI 2T T77T7T 5T TSI T ~TORT LLE T35 75T TTTE
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Table A3.1: continued

JANDABUP

JOONDALUP

JooNDALUP

MCNESS

MCNESS

MELALEUCA

PIPIDINNY

PIPIDINNY

PIPIDINNY

PIPIDINNY

PIPIDINNY

Round Jcoocee |onANGARA |[cooLLELAL |uaNDABUP | 8(Spring) & EXIA 8 X1A 18fMARIGINIUP NOWERGUP |PiPIDINNY WiLGARUP [YONDERUP
North south North south PARK s2 s3 s4 s7 s8
10(summer)
Chlorophyla RT 10 21 16 38 3 7 19 - - - - - 3
(ug! ) R2 - - - - - - i - - - - - - - - -
R3 247 5.92 767 = 5.8 128 37.53 617 B - - - - +
R4 * + * ¥ 074 077 = * ¥ B - - - - * 12.05
RS 021 25.23 T99 712 28.02 B - - - - 391
R6 2.42 2.90 0.43 2.84 37 192 135 2.42 05 79 362 B - - - - 0.15 021
RT 16 T1.07 731 579 T56.37 171 N2 3.83 .48 - - - - - 0.28 199
RS 2.18 0521 0044 3127 3.402 3127 0190 0.07 0521 0.332 0071 512 - - - - - 0142 0047
R9 71 032 2.67 341 74.6 73,31 12.69 5.58 5.7 72 1z.27 - - - - - 737
R10 5 5
Rl 5 5
R12 T13 7583 T70 753 2.63 0.0 3.39 .05 0.57 2.51 0.57 T13 T13 T13 - - - T13
R13 374 Ta1 146 581 58 T6.94 15.07 340 Ta7 5.26 T0.25 To1 2.26 120
R14 31.68 32.25 776 79 509 566 T5.09 T6.97 1569 735 051 5.22 12.45 354 2.26 071 5.03 0.00 T13
R15 7 T T T T T T3 T7 77 TT 734 T
turbidity (FTU) R1 10 9.0 110 21.0 10 2.0 6.0 - - T0
R2 53 [ [ 1623 77 7.4 75 3.0 529 - - - - TG T7
R3 2.0 3.0 25.0 9.0 50.0 70 3.0 2.0 - - - - 5.0
R4 79,0 5.0 5.0 6.0 0.0 35.0 1.0 210 T6.0 - - - - 26.0 [
RS 6 30 7 5 30 - - - - 5
R6 35-93 7 74 38 512 629 38 311 30 T 317 - - - - T41 75
R7 553 7537 215 7831 89-127 513 7 415 5-35 0 - - - 76 117
RS s 3 5 7 71 5 0 3 5 7 1 0 - - 0 0 50 3
R9 5 3 T 7 G 7 7 0 3 T 0 - - 0 0 7
R10 ] 7 7 7 0 32 06 77 35 3 304 5 T5 - - - - 7
RI11 T02.7 55 752 352 542 511 576 0 71 563 - - - - 7
R12 7 7 3 73 g 5 24 76 3 1 3 7 7 £ - - 0 0 T
R13 g 5 78 54 7 34 74 7 30 3 78 7 3 T
R14 1 5 B 11 T 76 181 11 5 70 0 0 5 71 39 78 3% 73 5
R15 T T T 7T T T 720
g in RL 1.3 4.7 7.3 [x] 1.6 15 3.7 - - - - 75
(g440) R2 300 07 39 122136 76 7.9 7.3 02 50 - - 0 - 57 09
R3 12 78 111168 59 371 TG T6 55 - - - - T4
R4 3332 18 36 7482 5.0 551 51 8690 11 B - - - 2.9 T4
RS 7 7 7 7 6 B 5 - - - T
RE 59 7 7 4 12 72 0 5 5 T 721 B 5 - - - 0 T
RT 3 7 7 7 5 7 5 3 1 B 5 - - - 5y 05
RS 74 78 T01 75 705 0.4 138 6.1 5.9 76 177 B - - B B 378 51
R9 59 02 3 02 58 75 5 71 09 72 B - - B B 02
R10 58 14 311 71 37 68 345 5.1 2.0 05 1207 3.7 B - - B B 58
RI11 6.4 127 39 55 52 117 207 09 75 B - - B B 07
R12 59 08 36 302 73.7 594 578 112.4 737 373 53 194 334 B - - 76
R13 07 02 6.0 172 04 104 176 T1 556 T5 73 36 00
R14 05 127 T9 70 10 30 17 5.0 74 26 02 71 09 09 08 T7 05 05
R15 7 T 700 TT T T T T T 77
NO./NO. RT 5.5 14 17 2.3 2.2 2 12 5 - - - - 0.6
(g ! ) R2 52 75 Z T216 T2 5 79 12 09 - - - - 398 23
R3 22 5 T0-11 O ] 2 5 B - - - - 7
R4 56 55 71 22-23 21 71 20-21 72-23 71 B - - - - 559 70
RS 2 Z Z =2 318 B - - B B 5
R6 T6 52 3 3 21 3 199 3 Z <2 7 B - - - - 3662 5
RT 2 3 5 G 0 [ 3 Z 7 B - - - - 5057 Z
RS < o1 =2 35 3 3 39 70 =2 7 3 = B - - - - 1015 =2
R9 T8 539 Z 7 = 3 7 77 7 =2 3 B - - - - =2
R10 3 Ti05 5 3 O 7 5 5 78 7 32 7 3 B - - - - =2
RI11 T5 7 5 7 5 70 7 24 5 s - - - - - [
R12 2 520 7 3 3 S 14 13 58 3 7 17 = O - - - - =
R13 59 31 74 7 0 7 T30 [ 31 7 7 G G =
R14 750 7 5 13 15 3 7 13 5 5 g 37 5 1 5 3 10 Z =2
R15 T T T 00 T T T 7
TS m gy = ™ g5 ci = ™ - - - =
[T R2 71 5517 0 511 T911 Tia 15 1 15 B B 278 75
R3 17182 31 123127 &7 T62 570 37 320 - - 1620
R4 ) 3220 7 5 51 &7 7 510 13 - - 138 7
RS 3949 7 12 2 7416 - 3 =
R6 27 5377 5 1050 235 104 3696 5 3 7 5 - - 227 7
R7 15523 10 15456 T5 7 7619 0 7 g5 - - 59 2
RS 78 3524 7 534 T5 77 139 573 05 70 5 T3 - - - 1787 78
R9 5330 5500 59 7300 55 97 78 1629 24 30 389 - 19
R10 5 5940 7 12 16 5 T T 339 5 17 10 7 - 7
RI1 114 5000 5 a7 7 1060 365 3 6 717 - - B - - 7
R12 g 5600 3 70 7 37 750 56 1200 6 7 69 G 52 0 0 B - - 14
R13 73000 13 70 5 35 5 T100 [ 110 7 3 54 71 3
R14 5700 B 74 2 750 17 380 37 57 8 B 57 58 5 77 B 7 g =
R15 T 00 70 T TT00 T 70 TT J T500 70
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Table A3.1: continued

JANDABUP f,  onpaLup |100NDALUP | MCNEss |MCNEss |MELALEUCA PIPIDINNY [PIPIDINNY [P 1P IDINNY [PiPIDINNY [PIPIDINNY
Round [COOGEE |GNANGARA [GOOLLELAL | JANDABUP | 8(Spring) & EXIA 8 XIA 18|MARIGINIUP NOWERGUP [PIPIDINNY WILGARUP |YONDERUP
North South North South PARK s2 s3 s4 s7 s8
10(Summer)
TN RL T0292 Toos 2397 3495 300 664 258 208 ]
") R2 3772 B164 1789 1075-1105 1683 7201 789 558 1440 713 239
R3 27640 1374 1952-2085 3046 7590 1017 1142 1886 852
R4 3626 7862 771 707-723 1685 1877 418-450 851-1027 1606 1574 273
RS 10155 2339 254 1006 4823 <200
R6 5549 5803 644 1260 3400 1142 5893 780 272 435 1886 1777 <200
R7 30677 2258 20009 11380 7775 12250 261 799 i134 1324 223
R8 560 8829 862 1026 631 2629 1519 7326 915 315 526 2007 3606 360
R9 7813 73880 1360 5275 662 7313 7114 12772 787 705 7513 206
R10 726 5596 1163 706 2089 T2 674 85 7681 729 2052 679 2030 <200
R11 9260 19514 2309 1650 12705 5175 8297 255 647 7463 139
R12 220 6000 700 760 2300 1000 1400 2000 2600 1000 230 1700 380 2000 - - - 180
R13 23000 1100 1400 990 5200 3000 8700 320 2400 870 1200 5400 3000 200
R14 6600 1100 770 760 2500 870 2800 1300 2200 830 180 2000 710 620 5000 1200 4500 1200 150
R15 1400 1800 1200 13000 3700 8300 440 3400 30 1300 10000 100 50
PO, RL 2 56 3 3 2 5 5 - 3
(! ) R2 B4 3 7 3 3 3 56 3 3 3 3
R3 3 ) 5 5 5 732 5 5
R4 540 5 5 12-16 g 5 73-29 514 2 G 5
RS = 3 = = 2 =
R6 306 = =2 = 7 51 3 7 = = 2 3 =
R7 = 5 2 5 126 = 3 5 3 2 B
RS 7 = 3 =2 = 7 52 = 5 2 = 2 = =
R9 393 5 7 = 3 5 119 5 3 2 4 2
R10 8 3 5 2 5 71 g 3 3 5 12 7 5 7
R11 15 3 7 5 10 420 5 5 7 2 5
R12 7 3 5 2 20 160 [ 15 5 24 B 17 7 5 7
R13 5 5 15 3 5 550 g 5 76 2 5 5 5 B
R14 2 5 6 5 5 150 7 15 7 16 3 11 5 4 7 4 5 3 3
R15 14 40 30 5. 4 4. < 3 9
TP R1 7 74 14 20 6 18 20 8
(ug/ R2 225 25 58 1720 24 30 [ 28 58 32 T5
R3 ] 72 2327 50 134 1225 78 70 8
R4 534 15 20 1219 25 73 7153 5459 61 62 76
RS <15 56 <15 73 22 T5
R6 582 <15 7 <15 T 325 25 75 <15 1 56 33 <15
R7 <15 57 78 75 3230 <15 5 35 71 15 7
R8 53 6 20 13 9 62 384 23 45 11 23 52 51 14
R9 1271 <10 27 11 17 186 330 70 17 28 65 12
R10 5% <10 75 T4 20 295 54 72 28 13 20 o7 a7 3
R11 318 <10 57 25 721 1792 T42 11 28 53 15
R12 36 2 21 13 50 340 7 29 15 140 1 o 26 5 10
R13 £ 77 31 a1 110 1500 73 ) 35 28 70 58 31 10
R14 3 37 ) T6 53 430 51 33 77 110 3 5 33 33 77 8 57 7 5
R15 4 ] 310 1900 3 1! 0 8 360 310 14
Fe RS
(mg/ L) R6 0.82
R7 5.09
R8 T30 057 0.23
R9 T3 0.3
R10 T4 0.84 T2
R11 73 73 [
R12 0.8 1.1 0.43
R13 6.1 1.6 4.1 2.5
R14 0.81 1.1 1.2 0.9
R15 1 4
SO, RS
(mg/ L) R6 T63
R7 586
R8 360 T34 36
R9 204 21
R10 315 75 125
R11 845 29 284
R12 95 9.8 60
R13 730 7 1 190
R14 130 7.4 0 78
R15 T TS 700
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