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Key points

e Aquatic invertebrates, waterbirds and water quality were surveyed in Nov 2021 and
Jan 2022, following the filling of Toolibin and Walbyring Lakes in July 2021.

e Aquatic invertebrate richness in Toolibin Lake was somewhat lower than for spring
2017 and so continues to be lower than expected. Contributing factors may include
low dissolved oxygen concentrations, reduced viability of drought tolerant crustacean
egg banks and few sources of freshwater colonists in the surrounding landscape.
Invertebrate species richness in Walbyring Lake was about the same as for Toolibin
and higher than in spring 2017. While the invertebrate communities appear to be
somewhat depressed, they remain an important component of the lake’s ecology,
supporting numerous waterbird species.

e Waterbird richness and abundance in Toolibin Lake were within the range recorded by
numerous surveys in the 1980s and comparable to data from 1996. Some species
present in the 1980s continue to be absent reflecting current habitat features and
absence of some prey species. Richness in Walbyring continues to be higher than in
the 1980s. There was no evidence of compositional change in either lake since 1996.
In Jan 2022 abundance in Toolibin Lake was the second highest on record, including
the highest count of Hoary-headed Grebe. Walbyring Lake had an unusually high
diversity and abundance of endemic shorebirds.

e Four of the six target waterbird species were present in Toolibin Lake in 2021/22 and
three were breeding. The two absent species were Freckled Duck and Black-winged
Stilt, but the former was present in low numbers at Walbyring Lake. Target species that
were present (Grey Teal, Eurasian Coot, Australian Shelduck and Pink-eared Duck)
were present in numbers within the ranges recorded during the 1980s, except that the
number of Pink-eared Duck in Jan 2022 exceeded all previous counts.

Summary

2021/22 fill event and sampling

¢ More than 150 mm was recorded across the central Wheatbelt in July and early August
2021, with 188 mm recorded at Wickepin and 189 mm in Narrogin. This resulted in the
second fill event at Toolibin Lake in five years. Surveys of waterbirds, water quality and
aquatic invertebrates were undertaken in early November 2021 and in mid-January 2022.

o This report presents analyses of waterbird and invertebrate communities present during
the 2021/22 inundation of both lakes, with the aim of 1) comparing diversity with data from
surveys in 1996 and 2017, and with information about earlier community structure, and 2)
assess results against management goals.

Hydrology and water quality

¢ Inundation of the lake from 15 July 2021 resulted in a peak depth of >2.12 m, with actual
maximum depth for the fill event not known due to lake water overtopping gauges. The
extent of the 2021/22 event is thus commensurate with the 2017 event (maximum depth
at least 2.24 m) but starting in winter rather than summer. Depth during the 1996 event
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was not measured prior to September, when it was 1.15 m, but it would have been deeper
earlier in the year after flooding in July.

¢ Toolibin Lake was fresh during both 2021/22 surveys, with conductivity up to 2734 uS/cm
in Nov 2021 and up to 3719 uS/cm in Jan 2022. The Nov 2021 value was double that
measured in Oct 2017 (up to 1327 uS/cm). Conductivity values in 2017 and 2021/22 were
much lower than in Dec 1996 (up to 20200 uS/cm). Dissolved oxygen concentration was
very low in 2017 and this was again the case in Nov 2021 but had moderately increased
by Jan 2022. Phosphorus concentrations in Toolibin in Jan 2022 were similar to
concentrations measured in 2017, with both years having higher concentrations than in
Dec 1996. Elevated phosphorus concentrations in 2017 and 2022 may have been
associated with low dissolved oxygen, but there may also be more entering the lake during
fill events. Total nitrogen concentrations in Toolibin Lake have not changed over the 1996
to 2022 period, which also suggests an effect of oxygen on phosphorus concentrations.

e Conductivity in Walbyring Lake in Nov 2021 was lower (up to 1979 uS/cm) than in
Toolibin, but the difference was not as great as in past years, and by Jan 2022 conductivity
Walbyring had the higher salinity (up to 5134 pS/cm). Dissolved oxygen was low in Nov
2021, but recovered significantly by Jan 2022. Total filterable phosphorus concentrations
were much lower in Jan 2022 than in Oct 2017 and lower than in Toolibin, but still higher
than for 1996. The concentration of total filterable nitrogen was twice that in Toolibin, and
higher than recorded in Walbyring in previous years.

¢ The concentrations of metals in the water were analysed for the first time but none were
of concern in either lake.

Invertebrates

e Toolibin Lake supported 51 and 47 species of macroinvertebrate in Nov 2021 and Jan
2022 respectively, with an average of 31 species/sample in both months. This brings to
118 the number of species recorded from this lake from 1996 to 2022. Species richness
was lower than in Oct 2017 (where 57 species in total and an average of 41 per sample
were present). Snails were recorded in Toolibin for the first time since the 1970s (an
estuarine species). Other salt-sensitive groups including annelids, hydrozoans and
flatworms (Turbellaria) were absent, even though they had been present in 2017, and
mites remained in low diversity. There was some increase in diversity of ostracods and
cladocerans after Cale and Pinder (2019) expressed concern about their low diversity in
2017.

e The invertebrate fauna present in Toolibin from 1996 is likely very different from that
present in the 1970s when a range of fauna, including fish, bivalves and crayfish, were
present that would have reflected very fresh conditions, frequent inundation and presence
of submerged macrophyte beds. The fauna present in Toolibin Lake from 1996, with
seemingly low richness in some sensitive groups, may reflect a combination of elevated
salinity (at least in 1996, but perhaps an ongoing legacy effect despite now fresher
conditions), less frequent inundation, loss of macrophytes and low dissolved oxygen.
Infrequent inundation may have reduced diversity drought resistant egg banks of
microinvertebrate groups, and there may be fewer sources of aerial and aquatic
colonisation in good condition.
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¢ Comparisons were made between Toolibin Lake and five moderate to good condition tree

dominated Wheatbelt wetlands sampled by Pinder et al. (2004). These had an average
sample richness of 54 species and range 43 to 73", compared to an average of 34 (range
27 to 43) for Toolibin between Oct 2017 and Jan 2022. Cale and Pinder (2019) noted that
richness in Oct 2017 was low compared to the average of other Wheatbelt wetlands of
similar salinity and this continues to be the case. Nonetheless, both wetlands continue to
support functioning invertebrate communities supporting populations of predatory
waterbirds.

Walbyring Lake supported 52 and 49 species of macroinvertebrate in Nov 2021 and Jan
2022 respectively, with average sample richness of 35 in Nov and 37 in Jan; slightly higher
than for Toolibin. This brings to 112 the number of species recorded from this lake from
1996 to 2022. In contrast to Toolibin, species richness in Walbyring was higher in 2021/22
than in Oct 2017 (43 species in total and 26 per sample). Hydra were collected for the
firsttime in Jan 2022, but these tiny cnidarians are very easy to miss when sorting through
samples. Amphipods were collected again (last collected in 1996) but annelids were
absent and mites largely so. Microcrustacean diversity was about the same as in 2017,
but with fewer copepods and more ostracods (in Nov) and cladocerans (both months).

Waterbirds

e During 2021/22, 17 waterbirds species were recorded at Toolibin Lake and 20 at

Walbyring Lake. The richness of individual surveys in 2021/22 was within the range
recorded during numerous surveys in the 1980s and comparable to data from 1996, but
at the lower end of the range of diversity recorded during ‘reference’ surveys from the
1970s and 1980s. Twenty-nine species have been present across the six 1996 to 2022
surveys. This is within the range of richness values from any six randomly selected
surveys up to 1990 (21 to 34), or any six of the 12 reference? surveys (26 to 34).

Waterbird richness in Walbyring Lake has shown a different pattern, with the number of
species present in 1996 to 2022 (10-17) mostly exceeding the number present prior to
1996. In Nov 2021 and Jan 2022, 14 and 17 species were present respectively.

There has been some shift in waterbird communities at Toolibin Lake compared to most
of the comprehensive ‘reference’ surveys from the 1970s and 1980s. Australasian bittern
and purple swamphen were affected by the loss of reed habitat and were no longer using
the lake in the 1980s. Changes in community composition since the 1980s include
reduced diversity of the diving guild (cormorants and grebes), already noted in 1996 and
persisting in 2017 and 2021/22. It is likely that the loss of large prey species including fish,
tadpoles, crayfish and shrimp has been responsible for reduced presence of this guild.
Cale and Pinder (2019) also noted reduced diversity within the larger wader guild (herons
etc.) in 2017, but diversity of this guild increased in 2021/22.

e Of the six target waterbird species listed in the Toolibin Lake Management Plan

(Department of Biodiversity, 2017a), all except Black-winged Stilt were present 2017,

" Excluding rotifers and protozoans because these were not identified in 1996 and 2021/22.
2 See Methods for how ‘reference’ surveys were selected.
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although Freckled Duck was represented by just one individual. Black-winged Stilt and
Freckled Duck were absent in 2021/22. However, only two-thirds of the reference surveys
recorded Freckled Duck and then often only 1 or 2 individuals, so its absence in 2021/22
may not be significant. Black-winged Stilt are more likely to be present when the wetland
is shallower, so their absence in 2017 and 2021/22 is not surprising. The count of 372
Pink-eared Ducks in Jan 2022 was higher than for any previous survey of Toolibin.

The total numbers of waterbirds counted at Toolibin Kake in Nov 2021 and Jan 2022 were
478 and 2472 respectively. Total abundances for the five 1996 to 2022 surveys were
within the range of values for the 1970s and 1980s reference surveys. Grey Teal were
the most abundant species in 2021/22, and the Jan 2022 count included record numbers
of Hoary Headed Grebe.

The total numbers of waterbirds counted at Walbyring Lake in Nov 2021 and Jan 2022
were 358 and 619 respectively. Much greater abundance of waterbirds, especially ducks
and grebes, have been counted at the lake from 1996. Shorebirds constituted nearly a
third of birds present in Jan 2022 (Black-winged Stilt, Black-fronted Dotterel, and Red-
kneed Dotterel) but these species have not previously been recorded at this lake.

During 2021/22 there was evidence of breeding for seven species at Toolibin Lake; one
more than in 2017. These are comparable to the number of species reported breeding in
many other surveys, with 1 to 9 species breeding (average 4) in the 1980s reference
surveys reported by Jaensch et al. (1988). At Walbyring Lake, breeding was detected for
five species, two more species than in 2017.
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Introduction

Toolibin Lake lies 180 km south-east of Perth within the Wheatbelt Region of Western
Australia. Together with the similar Walbyring Lake, immediately downstream, Toolibin lies
within a 1230 ha system of Class “A” nature reserves at the headwaters of the Northern Arthur
River (Department of Biodiversity, 2017b). The wetlands in these reserves are actively
managed by the Western Australian Department of Biodiversity, Conservation and Attractions
for their significant biodiversity value, and Toolibin Lake is listed under the Ramsar convention.

Toolibin Lake is the most important example of the threatened ecological community (TEC)
comprising “perched wetlands, in the Wheatbelt region, with extensive stands of living swamp
sheoak (Casuarina obesa) and paperbark (Melaleuca strobophylla) across the lake bed”
(Hamilton-Brown & Blyth, 2000). This community type is listed as critically endangered under
the Biodiversity Conservation Act 2016. This wetland type is characterised by an undulating
lake bed with gilgai sediments, with an overstorey of Melaleuca and taller sheoak and a
dependence on seasonal, temporary inundation with freshwater. While once widespread,
salinisation as a result of land clearing has degraded at least 90% of the area and occurrences
of this TEC (op.cit).

Land clearing for agriculture has caused salinization of many Wheatbelt wetlands and has
long been recognised as a primary threat to the persistence of Toolibin Lake’s fauna and flora
(Northern Arthur River Wetlands Committee, 1987). Toolibin Lake is the last major natural
wetland, within a chain of wetlands in the headwaters of the Arthur River, that has not become
saline (McMahon, 2006)3. Most of the wetlands in this chain are significantly degraded by
secondary salinity, which has resulted in increased salt loads from surface inflows and direct
interaction with groundwater. Salinisation had already affected some overstorey vegetation
elements at Toolibin Lake by the 1980s when capillary action from rising groundwater
increased soil salinity when the lake was dry and caused a loss of vigour amongst even the
most tolerant species (Froend et al., 1987). The loss of some fringing beds of sedges may
have occurred during the 1970s (Casson & Atkins, 1989; Froend, Halse & Storey, 1997).
Before land clearing in the catchment Toolibin Lake was an ephemeral fresh to brackish
wetland and believed to fill in seven out of ten years (Stokes & Sheridan, 1985; Rutherford et
al., 2016). The lake typically filled with seasonal rain and then retained water, even in the
absence of further inflow, into a second year, albeit with a decline in depth and breeding of
waterbirds (Casson & Atkins, 1989).

Engineering solutions for the management of saline water in the Lake Toolibin catchment were
implemented from 1994 (Department of Biodiversity, 2017a) and include:

e Groundwater pumping to maintain the water table below the root zone of trees and
reduce the interaction of saline groundwater with the lake bed and surface water.

e A diversion bank which can allow entry of high volume, fresh surface inflows (<2000
puS/cm) to the lake, but divert saline flows past Toolibin and Walbyring Lakes into saline
wetlands further downstream.

3 This may also be true of the very similar Walbyring Lake, in terms of actual salinity, though tree
condition is worse in the latter.
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o A system of sump, channels and a pump on the lake bed which can be used to remove
surface water in the drying phase of the lake, before evapo-concentration increases
salinity above 10 mS/cm, thus preventing the accumulation of salt.

However, maintenance of water quality has come at some cost. The diversion bank has
successfully diverted all but the freshest inflows since 1994 which, in conjunction with declining
rainfall has meant a reduced volume and frequency of inflows (e.g. Muirden & Coleman, 2014;
Table 4.9). While there have been a few small fill events since 1994 (e.g. 2008 and 2012)
these have inundated only portions of the lake bed and persisted for only a few months.
Sufficient inflow to raise lake levels and maintain them for a period approaching 12 months
occurred in 1996, 2006, 2017 and 2021 when the wetland was filled to a depth of ca 1 m
(Bowra & Wallace, 1997), 0.96 m (Bourke & Rutherford, 2018), 2.25 m (Cale & Pinder, 2019)
and >2.12 m respectively. In each of these events the wetland dried within 12 months of filling
compared to hydroperiods sometimes approaching 2 years for earlier fill events (Casson &
Atkins, 1989 pg5; Lane, Clarke & Winchcombe, 2017). Consequently, rather than the wetland
being inundated 70% of the time (e.g. Froend et al., 1987) inundation occupied < 15% of the
20 year period from 1996 to 2021 including two decade-long periods without significant
inundation. The inundation that commenced in July 2021 came five years after the previous
inundation event but did not alter the proportion of the time the wetland has held water since
1996.

The conservation value of the TEC, the waterbird assemblages and the importance as a
breeding site were integral to the listing of Toolibin Lake as a wetland of international
importance under the Ramsar Convention. At Toolibin Lake, data for the occurrence of
waterbird species have been collected since the 1970s (see Froend & Storey, 1996 for a
review), with 50 species recorded in total (McMahon, 2006). A series of 49 surveys of
waterbirds conducted between 1981 and 1985 as part of the “Waterbirds in Nature Reserves
Study” (Jaensch, Vervest & Hewish, 1988), recorded 41 species, ranking Toolibin Lake as 13"
when compared with 197 other wetlands surveyed during the same period. Twenty-two
species were recorded breeding by these authors, ranking 1st amongst the 197 studied
wetlands and representing the highest published richness of breeding species in wetlands of
the south-west region of Western Australia. Walbyring Lake was included in these surveys but
supported a less diverse assemblage of species; total richness was 19 species with 7 species
breeding, giving ranks of 55 and 23 respectively (Jaensch et al., 1988). Halse (1987) attributed
the importance of Toolibin Lake as a breeding site to three factors: 1) the stands of inundated
paperbark and sheoak, 2) water quality sufficiently fresh to support this vegetation and very
young waterbirds and 3) periodic drying which again supported the vegetation and also
increased the production of food for breeding birds.

Breeding of several waterbird species at Toolibin Lake during the 1980s was particularly
significant because there were few breeding sites for these species throughout the south west.
These included Great Cormorant for which Toolibin Lake was the only recorded breeding site,
Freckled Duck which bred in only 4 wetlands, and Little Pied Cormorant, Little Black
Cormorant, Blue-billed Duck, White-necked Heron, Great Egret, Rufous Night Heron and
Yellow-billed Spoonbill, all of which bred in <10 of the 197 studied wetlands (Jaensch et al.,
1988).
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During the 2017 fill event, 19 species of waterbirds were recorded at Toolibin Lake and 16 at
Walbyring (Cale & Pinder, 2019). The richness of individual surveys in 2017 was within the
range recorded by numerous surveys in the 1980s and comparable to data from 1996. There
was evidence for six species breeding across the two wetlands.

There has been some compositional change in waterbird communities since the 1970s.
Australasian Bittern and Purple Swamphen were affected by the loss of reed habitats and
were no longer using the lake in the 1980s. Changes in community composition since the
1980s include reduced diversity of the diving (cormorants and grebes) and large wader
(herons, egrets and spoonbills) guilds. The reduced number of species in these guilds was
already established in 1996 and persisted in 2017 and it is likely that the loss, since at least
the early 1990s, of large prey species including fish, tadpoles and freshwater crayfish and
shrimp was critical. There is no evidence that differences in the invertebrate communities
between 1996 and 2017 further restricted the development of waterbird communities.

Three previous studies have documented the community structure of aquatic invertebrates at
Toolibin Lake and Walbyring Lake. Doupé and Horwitz (1995) collected 36 species at Toolibin
Lake in September 1992 and 31 species at Walbyring Lake. The collected fauna was
dominated by aquatic insects and a large proportion of the richness at each lake was not
collected in the other. In December 1996, Halse et al. (2000) collected 52 and 63 species at
Toolibin Lake and Walbyring Lake respectively and suggested that the higher richness (a
product of greater sampling effort compared to 1996) was a better reflection of the
conservation value of the wetlands. Toolibin Lake supported 35 and 57 species of
macroinvertebrate in April and October 2017 respectively (Cale & Pinder, 2019). This was
higher than the richness observed at Walbyring Lake (22 and 42 species recorded for the
same periods). Invertebrate richness was lower than would be expected for a fresh Wheatbelt
wetland and Cale and Pinder (2019) suggested this was due to a combination of low dissolved
oxygen, especially in April 2017 (only 2 months after filling), depletion of resting egg banks
after the 20 year dry period, and poor condition in neighbouring wetlands that would have
been sources of colonising invertebrates.

Methods

Field visits

Both wetlands were visited on November 1-2, 2021 (3.5 months after filling) and January 10-
11, 2023 (6 months after filling), except that the western site at Walbyring Lake was not
sampled until 16 Nov in spring. Invertebrates and water quality were sampled at the same
sites as were sampled in 2017 and 1996 (see Cale and Pinder (2019))

Water chemistry

Field measurements of electrical conductivity, pH and temperature were collected at each
invertebrate sampling location on each survey. Dissolved oxygen was measured only in Nov
2021 and turbidity was measured in the field only in Jan 2022 at two sites within each wetland.
Water quality samples for analyses of nutrients, metals, ionic composition, plus colour, total
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dissolved solids, alkalinity and hardness were also collected in January at the same two sites
per wetland. For nutrients, total nitrogen, total Kjeldahl nitrogen and total phosphorus were
analysed from unfiltered water samples. Other nutrient analyses were performed on water
filtered through a 0.45 um filter. All water samples were processed by Eurofins ARL Pty Ltd.

Table 1. Invertebrate and water quality sampling Locations in Toolibin and Walbyring Lakes

Site Description of habitats in 2021/22 Coordinates

Toolibin West (TW) Open water with dead Tecticornia and 32.91944082°S 117.5992981° E
filamentous algae and underneath
dense Casuarina. ~50% cover of
coarse organic matter (leaves, sticks)
and 5% logs. Fine sediment
(silt/clay/sand). No submerged
macrophytes.

Toolibin South (TS) Open water and beneath live and dead | 32.92983572° S 117.6095301° E
Casuarina and Eucalypt trees. No
submerged macrophytes. Fine
sediment (silt/clay/sand) covered by
thin benthic algal mat. 95% cover of
organic matter (particulate, leaves,
sticks) and 5% cover of logs.
Toolibin East (TE) Open water and beneath live and dead | 32.92149°S 117.6166° E
Casuarina and a few eucalypt saplings.
No submerged macrophytes. Fine
sediment (silt/clay/sand) covered by
thin benthic algal mat. 90% cover of
organic matter (mostly particulate, few
leaves and sticks) and 10% logs.
Walbyring East (W1b) Open water with sparse dead trees 32.93628023° S 117.5961924° E
(other than fringe of live trees). Fine
sediment (silt/clay/sand) with thin
benthic algal mat. ~60% cover of
organic matter (mostly particulate, few
leaves and sticks) and 5% logs. No
submerged macrophytes.

Walbyring South (W2) Open water with sparse dead trees 32.939028820 S 117.59395560 E
(other than fringe of live trees). Fine
sediment (silt/clay/sand) covered with
benthic algal mat. ~60% cover of
organic matter (mostly particulate, few
leaves and sticks) and 5% logs. No
submerged macrophytes.

Walbyring West (W3) Amongst dead trees and terrestrial 32.93436270 S 117.58779440 E
shrubs with coating of filamentous
algae. Fine sediment (silt/clay/sand).
~50% cover of coarse organic matter
(mainly sticks). No submerged
macrophytes.
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Waterbirds

Historical waterbird surveys
There have been numerous surveys reported on in previous publications, but the origin and
availability of these have not been adequately documented in one place. These are:

1965 to 1975. A species list compiled by Goodsell (1978, in Northern Arthur River wetlands
Rehabilitation Committee 1978). This list, with some annotation of habitats was compiled from
records collated over the period 1965 to 1975, but the results of individual surveys are not
presented or known to be available. Northern Arthur River Wetlands Rehabilitation Committee
(1978) note that 40 aquatic bird species had been recorded using “Toolibin Lake and
environs”, which likely means Taarblin through to Dulbinning. Goodsell (1978) lists 37 species
of waterbird, but it is clear that the list refers to the regional lakes not just Lake Toolibin, though
most would have occurred at Lake Toolibin. Froend et al. (1997) cite this as the number
recorded at Lake Toolibin and this figure is similarly used in Froend and Storey (1996).

1974. In a file kept by Jim Lane (DBCA Busselton, retired) (file 4 part Il), is a note by a K.D.
Morrison on a survey of Lake Toolibin conducted on 16 Dec 1974. Twenty four species are
listed including reed warblers, making this the richest individual survey. This was a
comprehensive survey by boat over two days. Given that the survey was undertaken in a
dinghy we assume the lake was reasonably deep.

1975. Munro (1975) compiled a report as background to a visit to Lake Toolibin by the West
Australian Bird Committee. In this, he reports on a waterbird survey undertaken in late October
1975, recording 18 species. No abundance data is provided. Munro’s description suggests
this survey was reasonably comprehensive, covering much of the lake including the lake
centre.

1976. In the same Jim Lane file (file 4 part 1) is a note on a survey of Lake Toolibin undertaken
by (Jim?) Rolfe on 29-30 Dec 1976, recording 14 waterbirds. No information on the extent of
the survey is provided but the fact that 5000 grey teal were counted suggests much of the lake
was surveyed. On the same pages are notes from observations by Don Munro with results of
other surveys including 9 species on 15 Dec 1976, with 1 species not recorded by Rolfe. This
extra species is added to the Rolfe list for analysis. This file also contains numerous other
individual waterbird observations from the 1970s.

1981 to 1987. Sixty one surveys of Toolibin Lake and Walbyring Lake were undertaken as
part of a citizen science project (Waterbirds in Nature Reserves of Southwestern Australia)
run by RAOU (BirdLife WA) and CALM (DBCA) and reported in Jaensch et al. (1988). The
consistency of these is not clear but participants were asked to note where they believed all
species had been observed. This was the case for just five surveys. Jim Lane’s files have a
numerous other ad-hoc waterbird observations over this period.

1988 and 1990. Two surveys undertaken at Lake Toolibin (Aug 1988 and Sep 1990) by Stuart
Halse and colleagues are unpublished, but data is available. A survey of Walbyring was also
undertaken in Sep 1990. These surveys are assumed to have been reasonably
comprehensive.

1990. Froend et al. (1997) note a survey undertaken by “Blyth” in March 1990 but we have not
been able to source this data.
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1993. Froend et al. (1997) note a survey undertaken by “Mitchell” in March 1993 but we have
not been able to source this data.

1996. Surveys of Toolibin and Walbyring were undertaken on 4 July and 21 August (by
“Silvester and Nicol’ — data held by DBCA), by DBCA’s Grant Pearson on 4 December (as
recorded in Jim Lane Toolibin file 1) and 18 December (DBCA'’s Stuart Halse). Data from the
latter two surveys were published by Halse et al. (2000).

2017. Cale and Pinder (2019) report on surveys in April and October 2017.

2021/22 waterbird survey

Waterbirds were surveyed on 1 Nov 2021 and 10 Jan 2022 at Toolibin Lake and on 2 Nov
2021 and 11 Jan 2022 at Walbyring Lake. All surveys were conducted by boat, starting
adjacent to the pumping station, with two observers and a skipper. Care was taken to
investigate all areas of the lakes and observers were reasonably confident that all species
present were recorded; however, abundance within dense stands of live trees in Toolibin Lake
was likely underestimated. All broods and active nests were recorded as evidence of breeding,
however no active searching for nests or other signs of breeding was attempted.

Reference waterbird communities

Froend et al. (1997) examined trends in waterbird communities in Toolibin Lake using just
those surveys that were undertaken when the lake was relatively deep (>0.76m). These
included five surveys from Jaensch et al. (1988), the 1975 survey by Munro, the 1988 and
1990 surveys by Stuart Halse and colleagues, plus the two surveys (Blyth and Mitchel) for
which we now lack the data. For our analyses we also add the 1974 survey by Morrison, the
1976 survey by Rolfe and two additional Jaensch et al. (1988) where surveyors believed they
had recorded all surveys and depth was >1.0m. These twelve ‘reference’ surveys are
contrasted with surveys undertaken from 1996. Reference surveys were not identified for
Walbyring Lake as few of the Jaensch et al. (1988) surveys were scored as complete and
there were fewer surveys overall.

Invertebrates

Sampling methods

Three sites were sampled for invertebrates in each of Toolibin and Walbyring lakes (Figure 1).
The sites are those used by Halse et al. (2000) and Cale and Pinder (2019) in October 2017.
Site 1A was only sampled by Cale and Pinder (2019) in April 2017. Coordinates are provided
in Table 2.
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Table 2. Invertebrate sampling locations.

Wetland Sitecode Latitude Longitude

Toolibin w -32.91944082 17.5992981
Toolibin E -32.92149 117.6166
Toolibin S -32.92983572  117.60953
Walbyring 1B -32.93628023 117.596192
Walbyring 2 -32.93902882 17.5939556
Walbyring 3 -32.9343627 17.5877944

v [
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Figure 1. Map of Toolibin and Walbyring Lakes showing invertebrate sampling locations.

Two invertebrate samples were collected at each site. Firstly, a sample was collected using a
standard FBA D-framed net with a 53 ym mesh to gently sweep the water column and
submerged surfaces over a disjunct 50 m sampling path that included all recognisable
microhabitats over an area of approximately 200 m. A second sample was collected with a net
250 um mesh net on the same type of frame using vigorous sweeping of surfaces and ‘heal
kicks’ of benthic substrates to collect larger, faster species and ensure collection of sediment
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dwelling species. These samples were preserved in the field in 100% ethanol and processed
in the laboratory. Laboratory processing involved 1) sieving samples with a graded series of
sieves to assist in the detection of all species under a binocular microscope at 10-50x
magnification and 2) the removal of sufficient representative specimens of each taxonomic
group to ensure identification of all species. Specimens from the two subsamples were
combined to yield a single sample of community structure for each site. The efficacy of this
sampling protocol has been described elsewhere (Halse et al., 2000; Pinder et al., 2010). The
2017 and 2021/22 sampling protocol only differs from the methods used at Toolibin Lake by
Halse et al. (2000) in the use of a 53 ym rather than 110 ym mesh size. A 53 ym is standard
for DBCA plankton sampling. The use of a 110 um mesh net in 1996 would not have affected
results since the smallest animals (rotifers and protozoans, were not being examined. The
sampling protocol represents a much greater sampling effort than reported by Doupé and
Horwitz (1995) who took a single sample with a 500 ym mesh size over a much smaller area.
Invertebrate data is entirely presence/absence because abundance estimation is too time
consuming and actual area of sampling too difficult to estimate.

Comparison invertebrate data

Five additional freshwater tree dominated wetlands with clear water that remained in good
condition were used to place the current aquatic invertebrate communities of Toolibin into a
broader regional context. These were sampled as part of the Wheatbelt Biological Survey
(Pinder et al., 2004) using the same methods as used at Toolibin since 1996. These wetlands
were dominated by either Yate (Eucalyptus occidentalis) or Melaleuca and sedges (SPS111)
(Figure 2 and Table 2). These are the best condition wetlands with trees across their bed in
the agricultural zone for which we have comparable data, but it should be noted they are all
on the edge of, or beyond, the Avon Wheatbelt IBRA region, and they may not be expected
to have a similar fauna to each other or to Toolibin Lake. We have used the term ‘comparison’
wetlands rather than ‘reference’ because they are not entirely the same types of wetlands,
either as each or in comparison to Toolibin and Walbyring, and some may not have been
pristine themselves.

Table 3. Locations of the comparison wetlands used in the invertebrate analyses.

Site Code Location Latitude Longitude

SPS049  70km NE of Hyden -31.953 119.3
SPS072  35km ENE of Southern Cross  -33.13  119.679
SPS082  10km E of Lake MagentaNR  -33.636  119.353
SPS083 6kmW of Lake MagentaNR  -33.652 118.79
SPS111  29km WNW of Cranbrook -34.232  117.247

12
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Figure 2. Locations of the five comparison wetlands used in the invertebrate analyses, from Pinder et al (2004).

Analyses

All analyses were performed using R v.4.3.1 (R Development Core Team, 2023) in RStudio.
Multivariate analyses were performed using the vegan package (Oksanen et al., 2022).
Ordinations were non-metric multidimensional scaling, based on Bray-Curtis dissimilarities
calculated from presence/absence data (invertebrates) or Hellinger transformed abundance
data (waterbirds). Dendrograms were based on agglomerative hierarchical clustering using
Bray-Curtis dissimilarity of invertebrate presence/absence data and average linking (also
known as Un-Paired Group Mean Averaging or UPGMA).

The multi-year invertebrate dataset was edited to ensure consistency in taxonomic scope and
resolution across surveys and to reflect improved taxonomic knowledge. This means richness
values used in this report may not match those quoted in previous reports. Rotifers and protists
were not included in the invertebrate analyses because they were only identified in 2017.
Some invertebrate groups that could not be identified to species (such as nematodes,
flatworms, sponges and hydrozoans) are excluded from multivariate analyses.

Results

Water chemistry

Table 2 has all field measured water quality data collected during the Nov 2021 and Jan 2022
surveys and Table 3 and Appendix 1 has original laboratory water quality results for Jan 2022.
Table 4 and Table 5 contain selected water quality variables associated with waterbird surveys
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from the 1980s to 2021/22. Depths quoted for Lake Toolibin are either from the SWMMP
gauge boards on the eastern side of the lake or the DWER gauge at monitoring location
609009 (with the latter increased by 0.4 metres to be comparable with the contemporary and
historical SWMMP gauge board readings).

Toolibin Lake filled to a maximum depth of more than 2.12 m by late July/early August following
removal of the diversion gates on 14 Jul 2021. Unfortunately, all depth gauges were
submerged from this time until September, so the maximum depth of the inundation is
unknown, but is likely to have been similar to the 2017 event when a maximum of 2.48 metres
was reached. The minimum recorded conductivity was 1236 pS/cm on 4 Aug and conductivity
increased from then on, indicating that maximum depth may have been reached on or before
then, although salts dissolving from sediment may have confounded this. By the time depth
could be again recorded from the DWER gauge board on 8 September, at 2.11 metres,
conductivity was 2190 uS/cm. Depth on 28 October immediately prior to the November fauna
sampling was 2.05 metres (DWER gauge) and conductivity 2150 uyS/cm measured during the
regional monitoring program. This is somewhat lower than the 2675 to 2734 uS/cm measured
during the survey on 1-2 Nov using a different meter. By mid-January 2022 depth had declined
to 1.51 metres (DWER gauge) and conductivity measured by the regional monitoring program
was 3490 uS/cm, which is closer to the measurement of 3710 to 3714 uS/cm measured during
the fauna survey of 10-11 January. The lake was thus fresh for both surveys, if fresh is taken
to be <5000 pS/cm (approx. 3 g/L).

Conductivity in Nov 2021 (when the lake had a depth of 2.05 m) was nearly twice that
measured in Oct 2017 (1392 to 1483 pS/cm) when the lake was shallower (1.41m), suggesting
the lake filled with more saline water in 2021 than in 2017.

Conductivity for surveys in 2017 and 2021/22 were much lower than for Dec 1996 when Halse
et al. (2000) recorded 15200 to 20200 uS/cm at a much shallower depth of 0.66 m (5 months
after filling). Doupé and Horwitz (1995) reported conductivity of 4000 to 5000 uS/cm in Sep
1992, so double the salinity in Oct 2017 and Nov 2021, but only slightly higher than for Jan
2022. No depth was reported, but Lane et al. (2017) recorded a depth of 1.88 metres in the
middle of that month with a salinity of 2.08 g/L (approx. 3500 uyS/cm using the conversion of
Williams (1966)).

Water chemistry was generally not recorded during the 1980s waterbird surveys of Jaensch
et al. (1988) but salinity measured by Lane et al. (2017) during Sep and Nov 1981-1985
averaged 3.1 g/L (approx. 5200 uS/cm), with a range of 0.96 to 10.2 g/L (~1.600 to 17000
pS/cm), or 2.7 g/L (= 4500 pS/cm) without the single measurement > 5g/L. No salinity or
conductivity data is associated with the waterbird data from the 1970s.

Walbyring Lake was 1.23 metres deep by 29 July 2021 and conductivity 548 uS/cm. Depth
peaked at 1.28 metres on 4 August (conductivity 350 uS/cm) and by the time of the November
fauna survey had declined to 0.88 metres and conductivity was 1674 uS/cm (measured by the
regional monitoring program). As for Toolibin, this measurement was lower than the 1925 to
1979 uS/cm measured during the November fauna survey. The January survey was
undertaken when depth of Walbyring was 0.42 metres and conductivity was measured at 4593
to 5134 pS/cm (similar to the measurement of 4960 uS/cm by regional staff a week later).
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Surveys of Walbyring Lake in April and October 2017 were undertaken when conductivity was
just 611 to 647 uS/cm and 1113 to 1120 uS/cm respectively, so both fresher than for either of
the 2021/22 surveys. Conductivity was 4200 uS/cm when the lake was surveyed in December
1996 by Halse et al. (2000); similar to the January 2023 values. Conductivity in Walbyring
Lake was 1700 uS/cm in Sep 1992; similar to the Nov 2022 values.

As well as differences in salinity, there were major differences in water colour, total chlorophyll
and dissolved oxygen between the 1996, 2017 and 2021/22 sampling events in Toolibin and
Walbyring. Toolibin Lake water was darker in April and October 2017 (500 and 190 TCU on
eastern shore) and in January 2023 (only 12 near the western edge but 250 near the eastern
shore) than in 1996 (54 near eastern shore). Walbyring had TCU values of 700 and 440 in
April and October 2017 respectively, compared to 250 and 260 in January 2022, with both of
these periods having more coloured water than December 1996 (89). Cale and Pinder (2019)
attributed the higher colour in 2017 to 20 years of accumulated organic matter build up and
this may still have been the case with some organic matter remaining after the 2017 fill and
more accumulating in the following years.

In December 1996, dissolved oxygen (DO) was in excess of 200% of saturation at Toolibin
Lake, a condition which typically occurs in the presence of substantial photosynthetic activity,
especially by submerged macrophytes. Chlorophyll concentrations in the water column (a
surrogate for algal photosynthetic activity) were low (<7 ug/l) suggesting that the oxygen
generating photosynthesis was occurring on substrates or from submerged macrophyte beds
(Halse et al. (2000) hinted at the presence of submerged macrophytes). Similar conditions
prevailed at Walbyring Lake in 1996 although DO was lower (154%) and chlorophyll
concentrations in the water column were higher (36 ug/l).

In April 2017 Toolibin Lake had substantial photosynthesis occurring in the water-column with
total chlorophyll concentrations > 140 pg/l, and 14 to 44 ug/l in October. Rather than elevating
dissolved oxygen concentrations, vertical profiling of the water column at Toolibin Lake on 9
May 2017 indicated that DO concentrations were 15-36% of saturation at the surface and
declined with increasing depth (Bourke & Rutherford, 2018). Low DO was probably in
response to the high biological oxygen demand of decomposing leaf litter and organic
sediments but the algal bloom may have contributed to this if it was decaying. Negative redox
potentials during a repeat of the vertical profiling in October 2017 (op. cit.) imply that low
oxygen concentrations persisted at Toolibin Lake throughout the period of waterbird and
invertebrate sampling in 2017. There are no data to determine the status of DO concentrations
at Walbyring Lake in 2017. Dissolved oxygen was similarly very low in Lake Toolibin in
November 2021, with 22.2 to 33.4% near the surface and only 11.5 to 22.7% near the bottom.
Dissolved oxygen measured at mid-water column in January 2022 had increased to 58.1 to
64.3%.

Walbyring Lake had similarly low DO values of 29.5 to 32.4% (near the top) and 20.1 to 29.1
(near the bottom) in November 2021 but much higher saturation in January 2022 (98.6 to 85.8
% at mid-water column).

Total phosphorus (TP = filterable and non-filterable P) in Jan 2022 was 0.27 mg/L in Toolibin
and 0.32 to 0.4 in Walbyring. This has not previously been measured in either lake for previous
fauna surveys, but these concentrations are significantly above the ‘default trigger values’ for
TP for south-west Australian wetlands of 0.06 mg/L (ARMCANZ/ANZECC 2000). In Toolibin,
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more than 70% of TP was filterable (= total dissolved P), with concentrations of 0.21 to 0.24
mg/L. This is slightly higher than for 2017 (0.16 to 0.21 mg/L and significantly higher than in
1996 (0.01 mg/L). Filterable reactive phosphorus (FRP or orthophosphate), which is the form
most readily available for plant and algal growth, was just 0.05 mg/L in Toolibin, which is also
above the ARMCANZ/ANZECC trigger of 0.03 mg/L. Elevated phosphorus in Toolibin may be
associated with low oxygen concentrations resulting in phosphorus release from the sediment
(Wetzel, 2001). In Walbyring, filterable phosphorus was lower than for Toolibin (0.11 to 0.14
mg/L) but FRP was about the same (0.03 to 0.05 mg/L). While oxygen concentrations had
recovered in Walbyring by January, the high phosphorus concentrations in that lake may
reflect lower oxygen earlier in the inundation event.

Total nitrogen (TN) in Jan 2022 was 3 to 3.3 mg/L in Toolibin and 6.6 to 8 mg/L in Walbyring.
This has not previously been measured in either lake for previous fauna surveys, but these
concentrations are significantly above the ‘default trigger values’ for TN for south-west
Australian wetlands of 1.5 mg/L (ARMCANZ/ANZECC 2000). In both lakes, almost all nitrogen
was filterable and this mostly in organic forms (Kjeldhal N minus ammonia) rather than more
readily available nitrate/nitrite and ammonia. Total filterable N in Toolibin (2.9 to 3 mg/L) in
Jan 2022 was similar to 2017 (2.4 to 5) mg/L and 1996 (3.6 to 4.2 mg/L). That water column
nitrogen concentrations in Toolibin were not higher than they were in 1996, suggests the
phosphorus concentrations are related to low DO rather than being entirely a result of increase
in inflowing water, though the latter should not be discounted. By contrast, total filterable
nitrogen in Walbyring Lake was about 30% higher than in 2017 and double that present in
1996.

Chlorophyll was not measured in 2021/22 but there were no signs of an algal bloom when the
wetland was visited.

Both lakes were sodium chloride dominated but Toolibin Lake had a much higher proportion
of sulfate amongst the anions, at the expense of bicarbonate.

The concentrations of metals were measured in both lakes in January 2022. Most metals were
below detectable limits. Arsenic was 0.002 mg/L and 0.004 mg/L in Toolibin and Walbyring
respectively, which is slightly above the default guideline values for protecting 99% of aquatic
species (0.0008 to 0.001 mg/L depending on the form of arsenic) but well below the figure for
protecting 95% of species (0.0013 to 0.024 mg/L) (https://www.waterquality
.gov.au/guidelines/anz-fresh-marine). Nickel was also detectable, but only at Walbyring and
at a concentration (0.003 mg/L) below the default guideline values for protecting 99% of
aquatic species (0.008 mg/L).
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Table 4. Field measured water chemistry for the three sample sites in each lake in November 2021 and January 2022.

Date

Maximum depth of invertebrate
sample

Total dissolved solids near top*

Total dissolved solids near
bottom*

Electrical conductivity
pH near top
pH mid depth

pH near bottom
Dissolved oxygen near surface

Dissolved oxygen mid depth
Dissolved oxygen mid depth
Dissolved oxygen near bottom
Turbidity

Temperature near top

Temperature mid depth
Temperature near bottom

g/L

g/L
(uS/cm)

%
saturation
%
saturation
mg/L
%
saturation
FNU

(°C)

(°C)

Nov-21 Jan-22
Toolibin Walbyring Toolibin Walbyring
w S E 1b 2 3 w S E 1b 2 3
11/04/2017 12/04/2017  12/04/2017 2/11/2022  2/11/2022  16/11/2022 11/01/2023  28/10/2017  27/10/2017 28/10/2017  28/10/2017  28/10/2017
0.95 0.9 0.8 0.75 0.7 0.4 0.6
1.74 1.77 1.77 1.25 1.25 1.44
1.74 1.77 1.78 1.25 1.25
2675 2734 2733 1925 1930 1979 3710 3719 4593 5134
6.79 6.44 6.5 6.92 6.79 8.35
7.55 7.59 8.23 8.19
6.64 -
6.9 6.68 6.66 6.94 6.86
33.4 22.2 27.6 29.5 32.4
58.1 64.3 98.6 85.8
4.68 5.25 8.21 7.37
20.3 -
27 14-19.3 11.5 201 291
1304 1316 1259 1292
16.2 18.1 19.2 20.7 211 29.2 25.9 25 23.8 221
16.2 18.1 18.4 20.6 21

*calculated in meter from conductivity — see next table for TDS in January analysed in the lab.
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Table 5. Laboratory measured water quality variables for Toolibin and Walbyring Lakes sampled in January 2022.

Toolibin E Toolibin W Walbyring 1b Walbyring 3
Metals
Arsenic (filtered) mg/L 0.002 0.002 0.004 0.004
Chromium (filtered) mg/L <0.001 <0.001 <0.001 <0.001
Copper (filtered) mg/L <0.001 <0.001 <0.001 <0.001
Lead (filtered) mg/L <0.001 <0.001 <0.001 <0.001
Mercury (filtered) mg/L <0.0001 <0.0001 <0.0001 <0.0001
Zinc (filtered) mg/L <0.005 <0.005 <0.005 <0.005
Nickel (filtered) mg/L <0.001 <0.001 0.003 0.003
Cadmium (filtered) mg/L <0.0001 <0.0001 <0.0001 <0.0001
Nutrients
Ammonia-N mg/L 0.25 0.17 0.04 0.05
Nitrate-N mg/L <0.01 <0.01 <0.01 <0.01
Nitrite-N mg/L <0.01 0.03 <0.01 <0.01
NOx-N mg/L <0.01 0.03 <0.01 <0.01
Total Kjeldahl Nitrogen mg/L 3.3 3 6.6 8
Total Nitrogen mg/L 3.3 3 6.6 8
Total Nitrogen (Filtered) mg/L 3 2.9 6.5 7.4
Filterable Reactive Phosphorus mg/L 0.05 0.05 0.03 0.05
Total Phosphorus mg/L 0.27 0.27 0.4 0.32
Total Phosphorus (filtered) mg/L 0.21 0.24 0.11 0.14
Major ions
Calcium (filtered) mg/L 87 86 98 110
Potassium (filtered) mg/L 20 20 32 35
Magnesium (filtered) mg/L 73 72 79 89
Sodium (filtered) mg/L 490 480 630 710
Chloride mg/L 910 940 1400 1500
Bicarbonate mg CaCO3/L 220 220 360 390
Carbonate mg CaCO3/L <5 <5 <5 <5
Sulfate mg/L 47 48 9.3 11
Hydroxide mg CaCO3/L <5 <5 <5 <5
Other
Alkalinity mg CaCO3/L 220 220 360 390
Hardness mg CaCO3/L 520 510 570 640
Total Suspended Solids mg/L 8 8 50 30
Turbidity NTU 6.7 6.8 48 27
Total Organic Carbon mg/L 48 47 110 120
Total Dissolved Solids mg/L 2000 2000 2500 2700
Conductivity uS/cm 3700 3600 4500 5000
Colour PCU(=TCU) 12 250 250 260
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Table 6. Water quality data associated with waterbird surveys at Toolibin Lake.

1981- Sep 1992 | Dec 1996 | Apr 2017 Oct 2017 | Nov 2021 | Jan 2022
1985
Sep/Oct
(average)
Depth (m) - ~1.88 3.4 0.66 ¥ 1.54 @) 1.41@ 2.05©®) 1.51 0
Conductivity 15200- 1392-
(uS/em) 4500 4000-5000 20200 1083-1327 1406 2675-2734 | 3710-3714
TDS meter (g/IL) 2.7M 24-3.0M 1.74-1.77
TDS lab (g/L) 9.4-12.50 0.63 0.78 2.0
Dissolved 22.2-33.4
isso ve0 15-37 @ (2)33
oxygen (%) 217 58.1-64.3
56 11.5-22.7
Total dissolved 0.069-
phosphorus 0.01 0.16-0.21 0.21-0.24
0.61
(mglL)
Total  dissolved 3.6-4.2 3.6-5 2.4-2.6 2.9-3.0
nitrogen (mg/L)
Table 7. Water quality data associated with waterbird surveys at Walbyring Lake.
1981- Sep 1992 | Dec 1996 | Apr 2017 | Oct 2017 | Nov 2021 Jan 2022
1985
Sep/Oct
(average)
Depth (m) 0.88 0.42
Conductivity 1113-
17 47 11-647 1925-1979 4953-5134
(uS/em) 00 00 611-6 1120 5 953-513
TDS meter (g/IL) 1M 1.25-1.44 ()
TDS lab (g/L) 2.8 0.52 0.61 2.5-2.7
Dissolved 20.5-32.4 2
oxygen (%) 154 85.8-98.6
20.1-291
Total dissolved
phosphorus 0.03 0.53-0.61 0.66 0.11-0.14
(mg/L)
Total  dissolved 3.0 5.1-5.8 3.9 6.5-7.4
nitrogen (mg/L)

(1) calculated using the formula of Williams (1966).

(2) At surface (upper value) and bottom (lower value) of water column.

(3) Lane et al. (2017) during the same month.

(4) Measured from the SWWMP depth gauge on the eastern shore which is known to be measure 0.4 m higher than the DWER
gauge.

(5) Measured at DWER gauge 609009 but converted to an equivalent depth at the SWWMP gauge by adding 0.40m.

(6) Upper range estimated from higher conductivity on the western side of the lake (Halse et al. 2000).

(7) 9.4 measured in lab — range proportionally estimated from conductivity.
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Aquatic invertebrates

Diversity

Eighty-five species of aquatic invertebrate were collected during the 2021/22 surveys of
Toolibin and Walbyring, bringing to 143 the number of species recorded from these lakes
between 1996 and 2022. Twenty-two were recorded for the first time in 2021/22. No species
are of conservation significance. Snails of the genus Hydrococcus (most likely H. brazieri?)
are an unusual find, occurring in Walbyring Lake in Jan 2022. This is largely an estuarine snail
in WA, except for one other record® in a lake near Wagin, which is on another tributary of the
Blackwood River (Atlas of Living Australia®). This may be a species that has moved upstream
with the salinising Blackwood River.

Toolibin Lake

During the 1970s a freshwater fauna at Toolibin Lake was indicated by the presence of two
species of fish, tadpoles, aquatic insects, bivalves, snails, shrimps and gilgies (Goodsell et al.,
1978), at a time when salinity was 1-2 g/l (approx.1600 — 3200 uS/cm conductivity). It has
been suggested that the fish were probably Pseudogobius olorum and Atherinisoma wallacei
(Froend & Storey, 1996). These authors suggested that the bivalve may have been the now
threatened Westralunio carteri, which is no longer known from the Wheatbelt (Klunzinger et
al., 2015), the shrimp was likely Palaemonetes australis, and the ‘gilgie’ may have been the
introduced Cherax destructor. Some of these species were probably reliant on regular
colonisation into the Toolibin wetland chain from source populations in the Arthur River. Of
these groups, only the insects have been collected in Lake Toolibin subsequently. Other
groups, such as microcrustaceans (copepods, ostracods, cladocerans), various worm groups
(particularly annelids and turbellarians) and water mites are ubiquitous in freshwater wetlands
in the Wheatbelt and would almost certainly have been present in Lake Toolibin in the 1970s,
but these are not as conspicuous and were undoubtedly missed by the qualitative collecting
of Goodsell.

In 1992, Doupé and Horwitz (1995) collected 28 aquatic invertebrate taxa from Lake Toolibin.
Twelve microcrustacea were present, including copepods, ostracods and cladocerans, but
annelids, molluscs and water mites were not collected. Nine of these species have not been
collected since, but this includes some dubious identifications such as Australphilus montanus
which is a south-eastern Australian beetle found in running waters and Hygrobia australasiae
which is also an eastern Australian beetle. Hygrobia are rare in WA, with just one species in
strictly freshwater wetlands in good condition, especially peat swamps. There are no other
records of Hygrobia in the Wheatbelt. Salinity (2.4-3.0 g/L) was slightly elevated compared to
the 1970s, but not to concentrations that would have eliminated these groups. However,
sampling effort was very low: 1 metre-squared of sampling for macroinvertebrates with a 500
Mm mesh net, and 5 linear metres of sampling for zooplankton with a 63 um mesh net, at each
of two sites.

Richness within higher taxonomic groups for samples collected from Lake Toolibin in 1996,
2017 and 2021-22, plus the five comparison sites mentioned above, is shown in Figure 3. Data

4 Corey Whisson pers. Comm.
5 There is another ALA record from the town of Cue in WA which is likely a misidentification.
6 https://api.ala.org.au/occurrences/occurrences/4d72a62a-c327-4c51-bc12-a3a0eb92f714
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from the 1970s and 1992 are not included because the sampling effort was not comparable.
Figure 4 shows richness summed for all samples within a sampling period.

Halse et al. (2000) employed a much greater sampling effort in 1996 (50 linear metres of
sampling with each of 110 and 250 um mesh nets at each of three sites) than was used in
1992, collecting 497 species in total and 36 to 41 per sample (Figure 3, Figure 4). Thirteen
species of microcrustacean were present, plus insect groups not collected in 1992, including
caddisflies (Notalina spira and Triplectides australis) and pyralid moth larvae (Lepidoptera).
The latter require submerged aquatic macrophytes which Halse et al. (2000) noted to be
present. The continued absence of water mites, annelids and molluscs may have been related
to the elevated salinity (9.4 g/L) although there are a few mites and annelids that would tolerate
this salinity. The latter includes the Ainudrilus worms found in Walbyring at the lower salinity
of 2.8 g/L and which has been recorded in Wheatbelt lakes with salinity as high as 22 g/L
(Cale, Halse & Walker, 2004).
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Figure 3. Richness within taxonomic groups 1996 to 2021-22 for Toolibin Lake and for five comparison sites
(SPS...). Black vertical lines separate sampling periods. Sample labels TE = East, TS = South, TW = West. D96
= Dec 1996, A17 = Apr 2017, O17 = Oct 2017, N21 = Nov 2021, J22 = Jan 2022.

7 Halse et al. (2000) cite 52 species but for this report we have used 49 for taxonomic consistency and
accuracy
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Figure 4. Richness within taxonomic groups 1996 to 2021-22 for Toolibin Lake summed across samples in a
sampling period. D96 = Dec 1996, A17 = Apr 2017, O17 = Oct 2017, N21 = Nov 2021, J22 = Jan 2022.

In 2017, Cale and Pinder (2019), using the same methods as Halse et al. (2000), collected 34
and 57 species in April and October respectively, with 12 to 25 per sample in April and 38 to
43 per sample in October (Figure 3, Figure 4). Mites were recorded for the first time in April at
a salinity of 0.63 g/L and both mites and annelids (one species of oligochaete) were present
in October at a salinity of 0.78 g/L, but snails remained absent. Hydrozoans and turbellarians
were also noted for the first time in October. Total microcrustacean richness was just three
species in April but increased to 12 in October. Cale and Pinder (2019) noted that the diversity
of some microcrustacean groups was lower in 2017 than would be expected given the lower
salinity compared to 1996. Six species of ostracod were present in Lake Toolibin in 1996, with
5-6 species per sample. In 2017, ostracods were absent in April and only 3 species were
present in October, with just 1 or 2 species per sample, despite the lower salinity. Pinder et al.
(2004, 2005) show that ostracod diversity in water <1 g/L salinity ranges from 1 to 14 in the
Wheatbelt, so Toolibin was at the lower end of that range in 2017. Cale and Pinder (2019)
suggested the low diversity of ostracods may have been related to reduced egg bank viability
in the sediments, as a result of less frequent inundation over the previous 20 years, and fewer
good condition neighbouring wetlands that can act as sources of passive colonisation. The
latter is supported by analyses undertaken by Atkinson et al. (2021) showing a decline in
aquatic invertebrate diversity generally across the Wheatbelt during 1996 to 2011 as wetlands
filled less frequently. Caddisflies were present in 2017, though Notalina spira was replaced by
Oecetis sp., but pyralid moth larvae were absent, reflecting the absence of submerged aquatic
vegetation.

Totals of 51 species (27 to 32 per sample) were collected in Nov 2021 and 47 species (30 to
34 per sample) in Jan 2022 (Figure 3, Figure 4), somewhat lower than the values for Oct 2017
(57 species and 38 to 43 per sample). Sixty-eight species were collected in the 2021/22
samples bringing the total number of species collected from Toolibin Lake between 1996 and
2022 to 118. Snails were recorded for the first time since the 1970s, with mites and snails
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present in Nov 2021 and Jan 2022, but diversity remained low (one species of snail at one
site, two species of mite at 1 or 2 sites). Annelids, hydrozoans and flatworms (Turbellaria)
were absent even though they had been present in 2017. Ostracod diversity was higher in
Nov 2021 (8 species, 4-5/site) than in Oct 2017, but had declined by January (4 species, 3-
4/site). Six species of cladoceran (3-5 per site) were present in Jan 2022 (compared to 3 to 4
for previous sampling occasions and 2-4 per site). By contrast, copepod diversity was lower
in 2021/22 (same three species in Nov 2021 and Jan 2022) than in Oct 2017 (7 species) and
the same as in Dec 1996. Caddisfly diversity was the same as in 2017 and pyralids remained
absent.

Of the five comparison wetlands, two had richness much higher than ever recorded at Toolibin
Lake. The other three had richness similar to values recorded in Toolibin in 1996 and 2017
(Figure 3) but substantially higher than was recorded in 2021/22. These wetlands tended to
have more oligochaetes, ostracods and cladocerans, even compared to 1996 and 2017, but
fewer odonates. The site with highest richness (SPS111) had salinity bordering on brackish
(3.2 g/L, 5650 pS/cm), with some tree death (so like Toolibin), but with substantial areas of
mixed submerged macrophytes which tend to support higher numbers of invertebrate species.
The other high richness site was a good condition yate and Melaleuca swamp which lacked
aquatic plants other than trees.

Figure 5 shows invertebrate richness per sample versus salinity for 198 wetlands of the south-
west agricultural zone sampled by Pinder et al. (2004) and Jones et al. (2009) that had salinity
< 25 g/L. It also shows richness for the Toolibin Lake samples collected from 1996 to 2022
(excluding April 2021) and the five comparison wetlands. Pinder et al. (2005) showed that
invertebrate richness in Wheatbelt wetlands was not correlated with salinity below 4.1 g/L. The
average richness (excluding rotifers and protozoans) below this salinity is 48 species. This
graph shows that the 1996 samples were about average for the salinity (9.4-12.5 g/L). With
salinity in 2017 and 2021/22 being substantially lower than in 1996, an increase in richness
might have been expected, but this was not the case and, moreover, there was a decline in
richness in 2021/22. Sample richness in 2017 was about 8 to 13 species below the average
for fresh wetlands, but was commensurate with three of the comparison wetlands, and in 2021-
22 richness was 13 to 16 species below average.

The low richness of some groups in Toolibin Lake, such as oligochaetes, molluscs, ostracods,
cladocerans and lepidopterans, combined with continued absence of species know to have
occurred in Toolibin since in the 1970s (Cherax, prawns and bivalves), suggests current
richness is below what it would have been present in the lake prior to the 1990s. This may
reflect a combination habitat factors such as low oxygen, absence of emergent and
submerged aquatic plants, and the 20-year absence of major fill events. In 1996, oxygen was
high, submerged aquatic plants were present and the lake had had more regular fill events in
preceding years. In 2017, low oxygen concentrations, absence of macrophytes and prolonged
drying may be the reason why richness did not respond to the significantly reduced salinity,
and in fact declined in 2021/22.
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Figure 5. Salinity versus richness of invertebrate samples for 158 wetlands sampled by Pinder et al. (2004) and
Jones et al. (2009), nine samples from Toolibin Lake from Dec 1996, Oct 2017, Nov 2021 and Jan 2022, plus the
five comparison wetlands. Some Toolibin salinity values are estimated from salinity measured at one of the sites
and conductivity measured at all sites. Richness values exclude rotifers and protozoans (cf. the equivalent graph
in Pinder et al. (2005) which included those groups). The red vertical line is the salinity (4.1 g/L) above which total
richness declines with increasing salinity. The green horizontal line is the average richness for wetlands with salinity
<4.19/L.

Walbyring

In 1992, Doupé and Horwitz (1995) collected 29 aquatic invertebrate taxa from Walbyring Lake
(from a single sample versus two samples from Toolibin). In contrast to Toolibin, the fauna
included flatworms, annelids, and water mites, reflecting the lower salinity at this lake (1700
puS/cm = 1 g/L) compared to Toolibin (4.0 to 5.8 uS/cm = 2.4 to 3 g/L). Molluscs were absent,
but were present in a supplementary sample collected from this wetland in April 1993 when
salinity had risen to 1.6 g/L.

Richness within higher taxonomic groups for samples collected from Walbyring Lake in 1996,
2017 and 2021-22, plus the six comparison sites mentioned above, is shown in Figure 6. Data
from the 1970s and 1992 are not included because the sampling effort was not comparable.
Figure 7 shows richness summed for all samples within a sampling period.

In 1996, following a much greater sampling effort (Halse et al., 2000), Walbyring Lake had 45
to 48 species per sample and 62 in total. Unlike Toolibin, snails were present (/sidorella and
Bayardella) as were annelids (oligochaetes and leeches) but not water mites. The higher
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richness and the presence of these taxa reflected the much lower salinity at Walbyring (4700
pNS/cm) compared to Toolibin (15200 to 20200 uS/cm).

In 2017, Cale and Pinder (2019) collected 22 and 43 species in April and October respectively,
with 11 to 19 per sample in April and 27 to 37 per sample in October (Figure 4, Figure 5). The
former represented an early stage in community development, but the October richness was
a 30% decline compared to 1996. As for Toolibin, low salinity was likely the reason for
presence of water mites and annelids in October. In addition, the October sampling collected
flatworms (Turbellaria) and snails (at one site) whereas these groups were absent from
Toolibin.

Totals of 52 species (31 to 41 per sample) were collected in Nov 2021 and 49 species (34 to
39 per sample) in Jan 2022. This is a small increase on the number of species collected in
2017. Seventy-one species were collected in the 2021/22 samples bringing the total number
of species collected from Walbyring Lake between 1996 and 2022 to 112, about the same as
for Toolibin. Hydra (Hydrozoa) were collected for the first time, in Jan 2022, but these tiny
chidarians are easy to miss when sorting samples. Amphipods were collected again whereas
they were absent in 2017, but annelids were absent and mites were largely so.
Microcrustacean diversity was about the same as in 2017, but with fewer copepods and more
cladocerans.

The 1996 samples from Walbyring had richness similar to three of the comparison wetlands
(Figure 5). Some of the 2017 to 2022 samples came close to the comparison wetland richness
but most were 10 or more species lower.
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Figure 6. Richness within taxonomic groups 1996 to 2021-22 for Walbyring Lake and for six comparison sites
(SPS...). Black vertical lines separate sampling periods. Sample labels W1 = South, W2 = East, W3 = West. D96
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Figure 7. Richness within taxonomic groups 1996 to 2021-22 for Walbyring Lake summed across samples in a
sampling period. D96 = Dec 1996, A17 = Apr 2017, O17 = Oct 2017, N21 = Nov 2021, J22 = Jan 2022.

Community composition

Toolibin and Walbyring composition

Figure 8 is an ordination of community composition within samples from 1996, 2017 and
2021/22, from Toolibin and Walbyring. Earlier invertebrate data is not included due to
inconsistency in sampling effort. Within a sampling period, Walbyring (blue symbols) and
Toolibin (pink symbols) communities tended to occur in the same part of the ordination plot,
with minimal overlap between other periods, but mostly separated from each other, suggesting
the lakes maintain somewhat different faunas but are broadly responding to the same
interannual variation in conditions and timing of sampling. The April 2017 samples for both
lakes lie in the far right of the plot, separate from remaining samples. These likely reflect an
early stage in development of the invertebrate community, with these depauperate samples
being collected only two months after the lake filled. The December 1996 samples lay to the
bottom left of the plot, the Jan 2022 samples to the mid-left and Oct 2017 and Nov 2021
samples towards the top left, suggesting more minor differences between survey periods
compared to the contrast between these surveys and April 2017.

26



Department of Biodiversity, Conservation and Attractions

0.4-

Wetland
; Toolibin
’ . Walbyring

0.0- Surve
. . :

@ A7

] ° l D96
[ ] J22

& N21
04- n @ o1

MDS2

0.5 0.0 05 1.0
MDS1

Figure 8. Axes 1 and 2 of a 3-dimensional ordination of invertebrate samples from Toolibin Lake and Walbyring
Lake. Symbol levels represent surveys, e.qg. A17 = April 2017. Light blue = Toolibin, dark blue = Toolibin. Stress =
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Figure 9 is a plot of a 2-dimensional ordination of invertebrate samples collected from Toolibin
and Walbyring from 1996 to 2022 (excluding the April 2017 samples), with the five ‘comparison
sites for comparison. The comparison sites plotted just outside of the cloud of Toolibin and
Walbyring samples though they were not themselves a homogenous group. In fact, the
differences in composition between these six sites were of a similar scale to differences
between some of the samples collected from Toolibin and Walbyring. To better understand
the contrasts in composition between samples from the comparison sites, and those from
Toolibin and Walbyring,a cluster analysis was undertaken (Figure 8). This shows samples
from two of the comparison sites (SPS...) grouped separately (to the far right of the plot), from
all other samples, then the 1996 samples clustering separately from the rest, then the
remainder of the comparison sites grouping separately to all of the 2017 to 2022 samples (far
right). These analyses suggest some differences in composition between the comparison and
Toolibin and Walbyring sites, but there is not a clear-cut contrast. It may be that Toolibin and
Walbyring are just additional examples of the same sort of tree dominated fresh(ish) Wheatbelt
wetlands, but with slightly depauperate faunas.
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Invertebrate management targets for Toolibin Lake

No management targets or limits of acceptable change were set for aquatic invertebrates in
the Toolibin Lake Management Plan, but the plan did have the following goal:

Assess the feasibility of aquatic invertebrate surveying and monitoring and, if acceptable,
develop LOAC and a monitoring plan.

The methods used from 1996 to 2022 constitute standard surveying and monitoring protocols
suitable for monitoring aquatic invertebrates of Toolibin Lake and associated wetlands and
are described in ther Methods section and in Appendix 4. The sampling methods are the same
as used during many other DBCA surveys. These monitoring methods could be applied to
future fill events, with surveys preferably conducted about three months after filling and again
after about six months if the fill lasts long enough.

Froend et al. (1997) suggested a recovery criterion of:

Based upon available data, the lake supports sufficient species richness and numbers of
invertebrates to assure waterbird food resources.

The waterbird communities (see below) remain diverse, and total abundance and abundance
of most target species is within reference ranges, but the poor representation and abundance
of predatory diving species, which would be looking for larger prey, suggests this criterion is
only partly met if the goal was to return waterbird communities to their pre-1990s composition.

Now that we have results from two more recent inundation events it is possible to suggest an
additional interim target:

Maintain or improve the diversity of aquatic invertebrate communities using Lake Toolibin
recorded during the 2017 and 2021/22 surveys (at least 45 species) when the lake has
freshwater.

To increase invertebrate diversity towards the average for freshwater Wheatbelt wetlands, and
to what diversity would likely have been present in Toolibin Lake prior to the 1990s, would
require improvement in aquatic habitat such as re-establishment of submerged and emergent
macrophytes and improved oxygenation of the wetlands, acknowledging it may not be possible
to re-establish these conditions with infrequent fill events.

Waterbirds

Richness

During the Nov 2021 and Jan 2022 waterbird surveys at Toolibin Lake 13 and 17 species were
recorded respectively (Figure 11), with 24 species in total. The Nov 2021 value is the same
as was recorded in April 2017 and the Jan 2022 value is the same as recorded in Oct 2017
and Dec 1996, suggesting an increase in the number of species present over a filling event.
These values are within the range of richness recorded during the 1970s and 1980s, but in
the lower half of the range for the ‘reference’ surveys (see Methods).

A total of 49 species were recorded up to 1990, from 50 surveys plus the Goodsell species
list. Twenty nine of these species were present across the six 1996 to 2022 surveys. The latter
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is well within the range of richness values from any six randomly selected surveys up to 1990
(21 to 34), or any six of the 12 reference surveys (26 to 34).
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Figure 11. Number of waterbird species recorded for Toolibin Lake over five periods. Points are Jittered' so that
surveys with identical or similar richness are more visible. Red symbols represent ‘reference’ surveys undertaken
between 1974 and 1990 when depth was >0.7m and surveys were likely to have been comprehensive. Blue
symbols are surveys from 1996 to 2022.

Waterbird richness in Walbyring Lake has shown a different pattern, with the number of
species present in 1996 to 2022 (10-17) mostly exceeding the number present prior to 1996
and higher than all but one of the four 1996 and 2017 surveys (Figure 12). In Nov 2021 and
Jan 2022, 14 and 17 species were present respectively.
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Figure 12. Number of waterbird species recorded for Walbyring Lake over five periods. Points are jittered' so that

surveys with identical richness are more visible. Grey symbols are surveys prior to 1996. Blue symbols are those
undertaken between 1996 and 2022.
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Guild richness at Toolibin Lake

Eight feeding guilds were defined by Halse (1987) to describe the bird community at Toolibin
Lake. For this report we have changed “Divers — vegetation” to “Divers — mixed” for Musk
Duck, Blue-billed Duck, Eurasian Coot and Dusky Moorhen, reflecting their varied diet. These
were present despite a lack of submerged vegetation in 2017 and 2021/22. We have also
added “Terrestrial — animal” for Clamorous Reed Warbler and Purple Swamphen. The number
of species within each of these guilds is shown in Figure 13 for the reference surveys and the
1996 to 2022 surveys.

Dabblers was the most species rich guild in both time periods, with 6 to 8 species present on
any one survey (out of nine in the guild) and richness of this group was not different between
the two periods. The Nov 2021 and Jan 2022 surveys had 6 and 7 species respectively from
this guild. The only other guild with more than 5 species ever present was predatory divers
(cormorants, grebes and Pelicans), with 5 or 6 present in several of the reference surveys
(average 3.9) but only 1 to 3 in the 1996+ surveys (average 2). Only Hoary-headed Grebes
and Little Pied Cormorants were present in 2021/22. Divers generally prefer depths > 1 m
(Halse, 1987) and the lowest richness in some of the reference surveys, and in 1996, may
reflect lower depths (depth in 1996 was 0.66m). However, depth was well above 1 metre for
the four 2017 and 2021/22 surveys so low diver richness in those surveys must be due to
other factors; most likely insufficient food resources, such as fish and larger invertebrates, for
predatory species. The cormorants (Little Black, Little Pied, Pied and Great), none of which
were present in 2017 and few present in 2021/22 (just a few Little Pied Cormorant), might be
expected to be influenced by food availability and forced to seek alternative wetlands with
greater food resources. These are the larger species of the guild and likely require more and
larger food items than the grebes. In contrast, the hoary headed grebe (the smallest and only
member of the guild occurring in all time periods) not only has a less size dependent diet but
also higher rates of occurrence regionally and occurs in a wider range of inland wetland types
than the cormorants (e.g., compare waterbird group 2 and 1 of Halse et al., 1993).
Consequently, this species will more readily find, colonise and prosper in a newly filled wetland
such as Toolibin Lake.

The large wader guild (herons etc.) was consistently represented by 4 of the 5 member
species prior to the 2017 surveys. In 2017 the guild was represented by just the white-faced
heron (12 individuals in April and 13 in October) and white-necked heron (2 individuals in
October) (Cale & Pinder, 2019). In 2021/22, these species were also present, but we also
recorded Nankeen Night Heron and a single Great Egret in Jan 2022. Yellow-billed Spoonbills,
common during the reference surveys and present in 1996, have not been present during the
2017 and 2021/22 surveys. Absence of the latter is not easily explained given the returned
presence of other large wading species, but it has only ever been present in low numbers and
was absent from many 1980s surveys.
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Figure 13. Scatterplots of richness within eight feedings guilds for surveys of Toolibin Lake prior to 1996
(reference surveys) and those undertaken from 1996. Depth of colour represents number of surveys
with that richness value. Colour depth indicates the proportion of surveys within a period with the
recorded richness. i.e. where a point represents two of the twelve reference surveys it will have the
same colour as a point representing one of the six 1996 to 2022 surveys.

Small waders are naturally rare in Toolibin Lake and the only records in pre-1996 surveys
were a Wood Sandpiper and 5 Black-fronted Dotterels from Aug 1988. Three species were
recorded in 1996 (Black-winged Stilt, Marsh Sandpiper and Red-kneed Dotteral), one species
was present in 2017 (Black-fronted Dotterel) and none were seen in 2021/22.

For other guilds there were no clear differences in richness between the two periods, except
that the single terrestrial animal feeder, Clamorous Reed Warbler, was present only in 1974
when the fringes of the lake had dense fringing rushes.

Abundance

Toolibin

Abundance of waterbirds by taxonomic group, for reference surveys and 1996 to 2022 surveys
is shown in Figure 14 . The Nov 2021 total count was 478, compared to 2472 in Jan 2022.
Total abundances for the five 1996 to 2022 surveys were within the range of values for the

32



Department of Biodiversity, Conservation and Attractions

1970s and 1980s reference surveys, and counts were generally higher (median 818) in the
1996 to 2022 period than for the reference surveys (median 413). Abundance in Jan 2022
was exceeded only by one previous count® (6358 in 1976). Grey Teal were the most abundant
species in 2021/22, and the Jan 2022 count included record numbers of Hoary Headed Grebe
(832) with the previous highest count being 135 in Sep 1982.
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Figure 14. Abundance of waterbirds using Toolibin Lake for reference surveys and more recent (1996 to 2022)
surveys)

Walbyring Lake

Abundance of waterbirds by taxonomic group for all Walbyring Lake surveys where at least 5
species were recorded, are shown in Figure 15. The count in Nov 2021 was 358 birds, and in
Jan 2022 it was 619. This graph shows much greater abundance of waterbirds, especially
ducks and grebes, counted at the lake from 1996. Shorebirds constituted nearly a third of birds
present in Jan 2022 (Black-winged Stilt, Black-fronted Dotterel, and Red-kneed Dotterel) but
these species have not previously been recorded at this lake. The two Dotterel species
included juveniles.

8 Including any of the non-reference surveys prior to 1996.

33



Toolibin and Walbyring lakes fauna 2021-2022

1250~
1000~
Group
I:I Carmarants
® i
8 750 . Ducks
g . Grebes
g . Hens and coots
g 500- |:| Large waders
I:I Shorebirds
I:‘ Swans
. !- _ -
‘o . ' . o ' _ . 5 ' ‘o ' "
— — o o ] — — [ — ~— ] o —
Kb & & < & b & & & o £ L
F < 59 ‘T ? < 5N < N <
o o o © © =T o w [4s] r~ P — I
w w Jus] o] Jus] [v's] @ @ e — — o ]
=] o] o] o] ® o] =] =] =] =) o] o o
- — — — — — — — — o~ o~ o~ o~
Survey

Figure 15. Abundance of waterbirds by taxonomic groups for all surveys of Walbyring Lake for which at least 5
species were recorded.

Waterbird community composition

Toolibin Lake

Figure 16 is an ordination plot portraying similarities in composition of waterbird communities
of Toolibin Lake surveyed since the 1970s. Data from 1975 is excluded as it is
presence/absence only. This shows the 1996 to 2022 surveys (blue symbols) near the edge
of most surveys undertaken from 1974 to 1990 but not separate. The reference surveys are
coloured red, showing the 1996+ surveys had composition not dissimilar to most of the
reference surveys. An ordination using only the reference and 1996+ surveys showed a similar
pattern. The 1996+ surveys appear to be relatively similar in composition compared to earlier
periods and there is no evidence of ongoing change.
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Figure 16. Axes 1 v 2 of a 3D ordination plot based on Helinger transformed species abundance values for
surveys at Toolibin Lake undertaken during periods as indicated. 1975 data excluded because it was
presence/absence. Stress = 0.13.

Figure 17 shows the relative abundance of waterbird species during reference surveys (dates
in black text on the y axis) and those undertaken from 1996 to 2022 (blue text). There are few
strong patterns. Grey Teal are more consistently more abundant (>200 individuals) in the later
surveys. Freckled Duck were mostly in low abundance across the dataset other than in 1982
and 1983 (during which 4 surveys recorded more than 100). Surveys in the 1970s, 1981 and
from 1984 rarely recorded more than 10 of this species. Of the six 1996 to 2022 surveys, half
had Freckled Duck present (1 to 25 individuals), indicating that this species continues to use
Toolibin Lake and probably not in significantly lower numbers than historically. All three
species of cormorant, great-crested grebe, blue-billed duck, musk duck, the Nankeen Night
Heron and yellow-billed spoonbill tended to be more abundant prior to 1996, though these
were never in high abundance on the lake.

Low abundance of cormorants, great-crested grebes, nankeen night heron and yellow-billed
spoonbills may reflect less abundant food resources such as fish, tadpoles and crayfish for
these diving and larger wading species. Emergent vegetation present in the 1970s provided
habitat for Clamorous Reed-warblers and a record of Australasian bittern, but these were not
recorded in the 1980s.

A ‘simper’ analyses based on transformed abundances identified 8 species that together
contributed 53% of the difference in composition between the reference surveys and the 1996
to 2022 surveys, but the only significant difference was for Little Black Cormorant. A simper
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analysis of raw abundance data found that the same top 8 species contributed 86% of
differences in composition between these periods, with only Pink-eared Ducks significant
(more abundant from 1996).
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Figure 17. Heatmap showing relative abundance of species recorded for the reference and 1996 to 2022 surveys,
based on Helinger transformed abundances.

The above analyses suggest that there has been some moderate shifts in the diversity and
composition of waterbirds using Toolibin Lake, particularly compared to the 1970s, reflecting
altered habitats, but there is no continuing trajectory in waterbird communities.

Walbyring Lake

Figure 18 is an ordination of Walbyring waterbird communities present between 1981 and
1990 and from 1996 to 2022. Some of the Jaensch et al. (1988) surveys recorded only 1 or 2
species and none were noted to have been complete by surveyors. Also, some surveys were
undertaken within days or a few weeks of one another so are essentially re-surveys of the
same communities, so there is some temporal autocorrelation in that dataset. The ordination
below was based only on those surveys for which at least 5 species were detected, which
coincidentally eliminated most of the repeat surveys. This left seven surveys between 1982
and 1990 and the six from 1996 to 2022.

This ordination suggests that the communities surveyed from 1996 to 2022 at Walbyring Lake
are dissimilar to those undertaken between 1981 and 1990, but there is no evidence of
ongoing change. It should be noted that the 1980s surveys used in the analyses were more
biased towards winter and early spring whereas the 1996 to 2022 surveys were undertaken
largely from late spring to autumn so this may account for some of the difference.
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A ‘simper analyses based on transformed abundances identified 8 species (Grey Teal,
Eurasian Coot, Pink-eared Duck, Black Swan, Hoary-headed Grebe, Pacific Black Duck,
Wood Duck and Hardhead), that together contributed 68% of the difference in composition
between the 1980s surveys and the 1996 to 2022 surveys. Four of these had significantly
different abundances: Grey Teal and Australian Wood Duck more abundant from 1996
(p<0.01 and 0.05 respectively), Hardhead (present only in 1996+ surveys, p<0.01) and
Eurasian Coot less abundant from 1996 (p<0.05). A simper analysis of raw abundance data
found that nearly the same top 8 species contributed 91% of differences in composition
between these periods, with Red-kneed Dotterels replacing Black Swan. Of these, five (Grey
Teal, Hoary-headed Grebes, Hardhead, Australian Wood Duck and Red-kneed Dotterels) had
significantly higher abundances in the 1996 to 2022 surveys.
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Figure 18. Axes 1 v 2 of a 3D ordination plot based on Helinger transformed species abundance values for surveys
at Walbyring Lake undertaken during periods as indicated. Stress = 0.04.

Figure 19 is a heatmap of the relative transformed abundance of waterbird species for selected
surveys of Walbyring Lake conducted in the 1980s (dates in black text on the y axis — those
used in the ordination) and those undertaken from 1996 to 2022 (blue text). Some patterns in
this graphic reflect the simper analysis. Notable are higher abundance (on average) of Hoary-
headed Grebe, Hardhead, Australian Wood Duck, Grey Teal, but lower abundances of White-
faced Heron, Black Swan and Eurasian Coot.
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Figure 19. Heatmap showing relative abundance of species recorded for the reference and 1996 to 2022 surveys
of Walbyring Lake based on Hellinger transformed abundances.

Waterbird management targets

The Toolibin Lake Ecological Character Description (McMahon, 2006) suggested an interim
target of 20 species to be present during a fill event. This was based on the results of the 1996
survey reported in Halse et al. (2000). The 2017 and 2021/22 surveys recorded 19 and 24
species respectively, over two surveys for each period, suggesting this target is being met
under current conditions.

A second interim criterion of 18-25 species breeding (when water present) was based on the
total number of species observed breeding over dozens of surveys conducted over five years
in the 1980s and some surveys in the early 1990s (Froend et al., 1997), rather than a single
fill event. It is not valid as a target for any one survey.

Between 1996 and 2022 (5 surveys with the 1996 surveys combined) 13 species have been
recorded breeding at Toolibin Lake, with 7 breeding at Walbyring Lake to give a combined
total of 15 species (Table 8). Ten species bred at Toolibin Lake in 1996, compared to just 5 in
2017 and 7 in 2021/22. Across both lakes, 6 species were recorded breeding in 2017 and 9
in 2021/22.

These numbers are comparable to the number of species reported breeding in many other
surveys, with 1 to 9 species breeding (average 4) in Toolibin Lake in the 1980s reference
surveys reported by Jaensch et al. (1988). Ten species were breeding at Toolibin in 1974
(unpublished data), 2 species in 1988 and 4 species in 1990.
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Table 8. Evidence of breeding between 1996 and 2022.

Toolibin Walbyring

1996 2017 2021/22 1996 2017 2021/22
Grey Teal Y Y Y Y
Pink-eared Duck Y Y Y Y Y
Australian Shelduck Y
Australasian Shoveller Y
Australian Wood Duck Y
Musk Duck Y
Eurasian Coot Y Y Y Y
Black Swan Y Y
Little Pied Cormorant Y Y
Hoary-headed Grebe Y Y Y
Nankeen Night Heron Y
Yellow-billed Spoonbill Y
White-necked Heron Y
Black-winged Stilt Y
Black-fronted Dotterel Y
Red-kneed Dotterel Y

Of the indicator species (see below), broods were detected at Toolibin Lake for Pink-eared
Duck (both surveys), Grey Teal (both surveys) and Eurasian Coot (Jan 2022).

The 2017 Recovery Plan had a management target:

To maintain the species composition of the waterbird element over the management
period by maintaining appropriate waterbird habitat, and specifically: retaining the six
indicator species.

The six indicator waterbird species are Australian Shelduck, Pink-eared Duck, Grey Teal,
Freckled Duck, Eurasian Coot and Black-winged Stilt, and the recovery plan aims to maintain
abundances of these similar to those in earlier surveys.

Figure 20 shows abundances of the six indicator species at Toolibin Lake for three periods
(reference wetlands from the 1970s and 1980s, 1996, 2017 and 2021/22). All indicator species
were present at Toolibin Lake in 1996 and, except for the Black-winged Stilt, these were also
present in 2017. In 2021/22, Black-winged Stilt and Freckled Duck were absent but the
remaining four were present. Other than Black-winged Stilt, all indicator species were present
at Walbyring Lake in both 1996 and 2017, and in 2021/22 five species were present at
Walbyring, with just Australian Shelduck absent. Black-winged stilt have a relatively low
frequency of occurrence at Toolibin Lake. They were recorded in December 1996 but
otherwise only in three surveys during late summer 1983, all at lake depths of < 0.7m;
suggesting the lake was too deep for this small wading species during the survey periods in
2017 and 2021/22. Black-winged stilt were present in the 1970s cumulative species list but
not in the single 1975 survey at a depth of 0.76m. To assess the presence and abundance of
this species against management goals requires waterbird surveys to be conducted at lower
depths later in the hydrological cycle.
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Figure 20. Abundances of the six indicator species for Toolibin Lake by four periods. Points are jittered’ to show
multiple similar abundances within a period. Deeper colour results from overlapping points. Open circle = no birds
recorded.

Freckled Duck were not observed during the 2021/22 surveys at Toolibin Lake. Only a single
individual was recorded in 2017, whereas 25 were seen in December 1996 and between 0
and 206 during the reference surveys. Two-thirds of the reference surveys recorded this
species, but mostly only 1 or 2 individuals (average 33). The only count higher than the
maximum count recorded during a reference survey, is 600 in December 1982, which is an
exceptional count for this species.

Numbers of Australian Shelduck in 2021/22 (6 and 10) were similar to the numbers present in
2017 (0 and 7) but lower than in 1996 (74 and 97), The 2021/22 counts were lower than
average for the reference surveys (57) but within the interquartile range (1.75 to 11). Excluding
a single count of 600 in 1976, the average for the reference surveys is 7.5 and interquartile
range 1.5 to 8), so the 2021/22 is not unusual.
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Numbers of Eurasian Coot and Grey Teal in 2021/22 were well within the range of counts from
previous periods. The count of 985 Grey Teal in Jan 2022 was higher than all but one
reference survey and all but four of any of the previous surveys. The 2021/22 counts of
Eurasian Coot (126 and 158) were higher than the average for reference surveys and between
the 1996 and 2017 counts.

The count of 372 Pink-eared Ducks in Jan 2022 is higher than for any previous survey.

There is no current management target for total abundance of waterbirds. With median counts
of 413 and 818 for reference surveys and 1996 to 2022 surveys respectively, a target of 500
birds per survey seems reasonable.

Acknowledgements

Maria Lee and Shari Dougall (Wheatbelt Region, DBCA) assisted the authors with the Nov
2021 and Jan 2022 waterbird surveys respectively. Karin Strehlow sorted some of the
invertebrate samples. Jessica Sciano assisted in the field for the Nov 2021 trip. Heidi Oswald
and Ray McKnight provided comments and suggestions that improved the report. This work
was undertaken as part of DBCA’s Ramsar wetland monitoring program with support from the
Wheatbelt Region.

41



Toolibin and Walbyring lakes fauna 2021-2022

Bibliography

Atkinson S.T., Cale D., Pinder A., Chambers J.M., Halse S.A. & Robson B.J. (2021).
Substantial long-term loss of alpha and gamma diversity of lake invertebrates in a
landscape exposed to a drying climate. Global Change Biology 27, 6263-6279.
https://doi.org/10.1111/gcb.15890

Australian and New Zealand Environment and Conservation Council (ANZECC) & Agriculture
and Resource Management Council of Australia and New Zealand (ARMCANZ)
(2000). Australian and New Zealand Guidelines for Fresh and Marine Water Quality.
ANZECC & ARMCANZ, Canberra.

Bourke L. & Rutherford J. (2018). Hydrological response of Toolibin Lake to inundation in
February 2017. Department of Biodiversity, Conservation and Attractions, Perth,
Western Australia.

Bowra T. & Wallace K. (1997). Toolibin Lake Recovery Team : Annual Report, 1996. Narrogin,
Western Australia.

Cale D. & Pinder A. (2019). Waterbird and invertebrate communities at Toolibin and Walbyring
lakes during the 2017 fill event. Department of Biodiversity, Conservation and
Atractions, Perth.

Cale D.J., Halse S.A. & Walker C.W. (2004). Wetlands monitoring in the Wheatbelt of south-
west Western Australia: Descriptions, waterbird, aquatic invertebrate and groundwater
data. Conservation Science Western Australia 5, 20-135

Casson N. & Atkins K. (1989). Lake Toolibin and reserves : interim management guidelines.
Narrogin, Western Australia.

Department of Biodiversity C.& A. (2017a). Toolibin Lake Catchment recovery plan 2015-35.
Perth, Western Australia.

Department of Biodiversity C. and A. (2017b). Toolibin Lake Catchment recovery plan 2015-
35 : summary. Kensington, Western Australia.

Doupé R. & Horwitz P. (1995). The value of macroinvertebrate assemblages for determining
priorities in wetland rehabilitation: a case study from Lake Toolibin, Western Australia.
Journal of the Royal Society of Western Australia 78, 33—-38

Froend R. & Storey A.W. (1996). Monitoring design and data analysis : Toolibin Lake and
catchment. Part 1, review and analysis of monitoring data: report. Perth, Western
Australia.

Froend R.H., Halse S.A. & Storey A.W. (1997). Planning for the recovery of Lake Toolibin,
Western Australia. Wetlands Ecology and Management 5, 73—-85

Froend R.H., Heddle E.M., Bell D.T. & McComb A.J. (1987). Effects of salinity and
waterlogging on the vegetation of Toolibin Lake, Western Australia. Australian Journal
of Ecology 12, 281-298

Goodsell J., Garstone R. & Lambert P. (1978). Guidelines to the management of the fauna of
Lake Toolibin Nature Reserve and other nearby nature reserves. In: Progress Report
August, 1978. Northern Arthur River Wetlands Rehabilitation Committee, Perth ,
Western Australia.

Halse S., Wiliams M.R., Jaensch R.P. & Lane J.A.K. (1993). Wetland characteristics and
waterbird use of wetlands in south-western Australia. Wildlife Research 20, 103—-126

Halse S.A. (1987). Probable effect of increased salinity on the waterbirds of Lake Toolibin.
Department of Conservation and Land Management, Perth.

Halse S.A., Pearson G.P., McRae J.M. & Shiel R.J. (2000). Monitoring aquatic invertebrates
and waterbirds at Toolibin and Walbyring Lakes in the Western Australian Wheatbelt.
Journal of the Royal Society of Western Australia 83, 17—-28

Hamilton-Brown S. & Blyth J. (2000). Perched Wetlands of the wheatbelt region with extensive
stands of living sheoak (Casuarina obesa) and paperbark (Melaleuca strobophylla)
across the lake floor (occurrences other than Toolibin Lake). Department of
Conservation and Land Management, Perth.

42



Department of Biodiversity, Conservation and Attractions

Jaensch R.P., Vervest R.M. & Hewish M.J. (1988). Waterbirds in nature reserves of south-
western Australia 1981-1985: Reserve Accounts. Royal Australian Ornithologists
Union. Report No. 30.

Jones S.M., Pinder AM., Sim L.L. & Halse S.A. (2009). Evaluating the conservation
significance of inundated basin wetlands within the Avon Natural Resource
Management region: Stage Three Assessment Method. Prepared for the Avon
Catchment Council by the Department of Environment and Conservation, Perth.

Klunzinger M.W., Beatty S.J., Morgan D.L., Pinder A.M. & Lymbery A.J. (2015). Range decline
and conservation status of Westralunio carteri Iredale, 1934 (Bivalvia: Hyriidae) from
south-western Australia. Australian Journal of Zoology 63, 127—-135

Lane J., Clarke A. & Winchcombe Y. (2017). South west wetlands monitoring program report
1977 — 2016. Department of Parks and Wildlife, Perth.

McMahon G. (2006). Ecological Character Description of Toolibin Lake, Western Australia.
Prepared for Department of Environment and Conservation. Ecosystem Solutions,
Dunsborough.

Muirden P. & Coleman S. (2014). The Toolibin Natural Diversity Recovery Catchment: Review
of Surfacewater Monitoring. Department of Parks & Wildlife, Perth , Western Australia.

Munro D.R. (1975). Lake Toolibin Report. Department of Fisheries and Wildlife Western
Australia, Perth , Western Australia.

Northern Arthur River Wetlands Committee (1987). The status and future of Lake Toolibin as
a wildlife reserve : a report. Leederville, Western Australia.

Northern Arthur River Wetlands Rehabilitation Committee (1978). Northern Arthur River
Wetlands Rehabilitation Committee : progress report: August 1978. Perth, Western
Australia.

Oksanen J., Simpson G.L., Blanchet F.G., Kindt R., Legendre P., Minchin P.R., et al. (2022).
vegan: Community Ecology Package, v: 2.6-4.

Pinder A., Halse S.A., McRae J.M. & Shiel R.J. (2005). Occurrence of aquatic invertebrates
of the Wheatbelt region of Western Australia in relation to salinity. Hydrobiologia 543,
1-24

Pinder A.M., Halse S.A., McRae J.M. & Shiel R.J. (2004). Aquatic invertebrate assemblages
of wetlands and rivers in the Wheatbelt region of Western Australia. Records of the
Western Australian Museum Supplement 67, 7-37

Pinder A.M., Halse S.A., Shiel R.J. & McRae J.M. (2010). An arid zone awash with diversity:
patterns in the distribution of aquatic invertebrates in the Pilbara region of Western
Australia. Records of the Western Australian Museum Supplement 78, 205-246

R Development Core Team (2023). R: A Language and Environment for Statistical Computing,
V 4.3.1. R Foundation for Statistical Computing, Vienna, Austria.

Rutherford J., Fergusson K., Horsfield N. & Romero-Segura M. (2016). Hydrology Program
Review 1977 - 2015: Toolibin Lake Natural Diversity Recovery Catchment. Department
of Parks and Wildlife, Perth.

Stokes R.A. & Sheridan R.J. (1985). Hydrology of Lake Toolibin. Water Authority of Western
Australia.

Wetzel R. (2001). Limnology: Lake and River Ecosystems. Academic Press.

Williams W.D. (1966). Conductivity and the concentration of total dissolved solids in Australian
lakes. Australian Journal of Marine and Freshwater Research 17, 169—-176

43



Toolibin and Walbyring lakes fauna 2021-2022

Appendix 1. Original report on water chemistry from Eurofins

Certificate of Analysis
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Project name
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Client Sample ID TOOL EAST |TOOLWEST |WALBO1 WALR 03
Sample Mairix ‘Water Waler ‘Water ‘Water
Euwrofins Sample No. 1221208765 |L22-Ja0B766 |L22-Ja0B767 |L22-Ja0B768
Dafe Sampled Jan 10,2022  |Jan 10,2022 |Jan 11,2022  |Jan 11,2022
TestARek LOR Unit
Ammonia-N 0.02 mg/l 025 017 0.04 0.05
Chloride 5 mg/L 910 940 1400 1500
Colour 5 PCU 12 250 250 260
Conductivity 10 uSicm 3700 3600 4500 5000
Fiterable Reactive Phosphomus 0.01 mg/L 0.05 0.05 0.03 0.05
Nitrate N 001 mg/l <001 <001 <001 <001
Nikrite-N 0.01 mg/L <0.01 003 <0.01 <0.01
NOx-N 001 mg/l <001 003 <001 <001
pH 0.1 pH Units T4 75 8.1 82
Sulfate 1 mg/L a7 418 93 1
Tolal Dissolved Solids 5 mg/l 2000 2000 2500 2700
Total Kjeldahl Nitrogen 0.2 mg/L 33 3.0 6.6 80
Tolal Nitrtogen 02 mg/l 33 30 66 80
Tolal Nitrogen {Fitered) 02 mg/l 30 29 65 74
Total Phosphorus 0.01 mg/L 0.27 027 0.40 0.32
Total Phosphorus {filered) 001 mg/l 021 024 R} 0.14
Tolal Suspended Solids 5 mg/l 80 80 50 30
Tubidiy 0.1 NTU 6.7 6.8 48 27
Arsenic {fitered) 0.001 mg/L 0.002 0.002 0.004 0.004
Cadmium {fitered) 0.0001 | mg/lL <0.0001 <0.0001 < 0.0001 <0.0001
Calcum {fitered) 01 mg/l &7 86 98 110
Chomum {fitered) 0.001 mg/L <0.001 <0.001 <0.001 <0.001
Copper {fitered) 0.001 mg/L <0.001 <0.001 <0.001 <0.001
Hardness 5 g CaCOM. 520 510 570 640
Lead {fitered) 0.001 mg/L <0.001 <0.001 <0.001 <0.001
Magnesium {fitered) 01 mg/l 73 72 79 89
Mercury {fitered) 00001 | mg/ <0.0001 <0.0001 < 0.0001 <0.0001
Nickel {fitered) 0.001 mg/L <0.001 <0.001 0.003 0.003
Potassium {fitered) 01 mg/l 20 20 32 35
Sodum {fitered) 01 mg/L 490 480 630 710
Zinc {fitered) 0005 mg/l <0.005 <0.005 <0.005 <0.005
Total Organic Caibon 1 mg/L 48 47 110 120
Alkalinity
Akalinity 5 g CaCOM. 20 20 360 390
Bicaibonate 5 g CacOI 220 20 360 390
Carbonate 5 g CacOI <5 <5 <5 <5
Hydroxide 5 g CaCOM. <5 <5 <5 <5
Euwrobns ARL 4648 Banksa Road, Welshpool WA, Australia, 6106 Page f of B
Daie Reported: Feb 07, 2022 ABN - 01 050150 898 Telaphone: +61 B 6253 4444 Report Nurnber: B55142-W
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Vvhere samples are submitied/analysed over sevesal days, the last dale of exiracion is repoied.
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Descripfion Testing Site Exiracied Holding Time

Ammonia-N Welshpool Jan 13, 2022 28 Days

- Method: AR1L303 - Ammonia in Waler by Discrele Analyser

Chiloride Welshpool Jan 13, 2022 28 Days

- Method: AR1 305 - Chinride in Water by Disorete Analyser

Colour Weishpool «an 13, 2022 2 Days

- Method: AR1310 - Colour in Waler

Condudtivily Welshpool Jan 13, 2022 28 Days

- Method: ARL 119 - Conductivity and Salinily in Valer

Fiterable Reactive Phosphonus Welshpool an 13, 2022 28 Days

- Method: AR1 309 - Fillesable Reactive Phosphorus in Waler by Discrete Analyser

Nitrate-N Welshpool an 13, 2022 28 Days

- Method: AR1 3137319 - NOxin Vialer by Discrete Analyser

Nitrite-N Welshpool Jan 13, 2022 2 Days

- Method: AR 311 - Nirile in Waler by Disorete Analyser

pH Welshpool an 13, 2022 1 Day

- Method: AR1 014 - pH in Waler

Sulfate Welshpool Jan 13, 2022 28 Days

- Method: AR1 3 - Sulfale in Waler by Disoele Analyser

Total Dissolved Solids Welshpool an 13, 2022 7 Days

- Method: AR No_ 017 - Total Dissolved Solils

Total Nitrogen {Fitered) Welshpool Jan 13, 2022 28 Days

- Method: AR No. 330 - Persulfale Method for Simullaneous Determinalion of TH & TP

Total Phosphonus Welshpool Jan 13, 2022 28 Days

- Method: AR1 308 - Total Phosphomss in Waler by Discrele Analyser

Total Phosphorus {fitered) Welshpool an 13, 2022 28 Days

- Method: SOP#5 Analysis of Velatile Organi: Compounds in Passivated Canisters EPA Method TO-15

Total Suspended Solids Welshpool an 13, 2022 7 Days

- Method: ARL No. 016 - Tolal Suspended Solids

Tubdiy Welshpool an 13, 2022 1 Day

- Method: AR1 No. (45 - Tusbifity

Calcum {fitered) Welshpool Jan 13, 2022 180 Days

- Method: ARL029 - Metals in Waler by AAS

Hardness Welshpool Jan 13, 2022 180 Day

- Method: AR1 029 - Metals in Waler by AAS

Magnesium {fitered) Welshpool an 13, 2022 130 Days

- Method: AR1 029 - Metals in Waler by AAS

Potassum {fitered) Welshpool an 13, 2022 130 Days

- Method: ARL029 - Metals in Waler by AAS

Sodium {fitered) Welshpool Jan 13, 2022 180 Days

- Melhod: ARL 0129 - Metals i Waler by AAS

Akalnity Welshpool Jan 13, 2022 14 Days

- Method: ARLO37 - Allalinily n Waler

NOx-N Welshpool Jan 13, 2022 28 Days

- Method: AR1 3137319 - NOxin Vitaler by Distrete Analyser

Total Kjeldahl Nitrogen Welshpool an 13, 2022 28 Days

- Method: AR No_ 330 - Persulfale Method for Simullaneous Determinaion of TH & TP

Total Nitrogen Welshpool an 13, 2022 28 Days

- Method: AR No. 330 - Persulfale Method for Simullaneous Determinalion of TH & TP

Arsenic {fitered) Welshpool Jan 13, 2022 180 Days

- Method: ARL4024403 - Metals in Waler by ICPOESICPMS

Cadmium {fitered) Welshpool an 13, 2022 130 Days
FEwrons ARl 4648 Banlcia Road, Welshpoo! WA, Ausiralia, 6106 Page 2 of 8
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Descripion Testing Site Extracied Holkding Time
- Method: AR1 402403 - Metals in Waler by ICPOESICPMS

Chomium {fitered) Welshpool Jan 13, 2022 180 Days
- Method: ARL4024403 - Metals in Waler by ICPOESICPMS

Copper {fitered) Welshpool an 13, 2022 130 Days
- Method: ARL4024403 - Metals in Waler by ICPOESICPMS

Lead {fitered) Welshpool Jan 13, 2022 180 Days
- Method: ARL4024403 - Metals in Waler by ICPOESICPMS

Memcury {fitered) Welshpool Jan 13, 2022 28 Days

- Method: AR No_ 406 - Merasy by Cold Vapour Alomic i ¥

Nickel {fitered) Welshpool an 13, 2022 130 Days
- Method: AR1 402403 - Metals in Waler by ICPOESICPMS

Zinc {fitered) Welshpool Jan 13, 2022 180 Days

- Method: ARL402403 - Metals i Water by ICPOESACPMS

Furoins ARt 4548 Eankcsia Road, Welshpool WA, Australia, 6106 FPage 3of8
Daie Reported: Feb O, 2022 ABN - 91 050153 898 Telephone: 461 86253 4444 Report Number: 835142 W
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Fuorofiris ARL Py Lid - Fionofivis rwiroriest, Teating A Py | b Fopafies Envirenmient. Tesfiig WZ | imifed

Y | P T T 1) NN H2SMBIRASS
“% eu rOfl ns Fath Hebome Sylucy Bibme Newale Aactimd Chechorch
4400nksaRoal  §MorkeeyRood UFiBdmgF  SndwolPe  4®hdsidDie  B0RoieRwd £3DetmiDive
WekhpooWAGIDG  Dandencng South VI 3075 16 Mars Road Wraie QL 477 Mafied ExtNSWZIM  Pommse, focdnd 1061 Rolesion, Christduh 676
_ Pione: 100544 Phore: 6130645000  Lane Cove WetNSWOIGG Phone: 61739024600 POBo 60 Wikiam 293 Phone +64 95254551 Phone 1600066 480
b v s .1 NATAPZITISied 2T NATA 1154 050 Phoe:+61 290000400 NATAR121 S #0704 Phone: 1 24060008 IWZ 4137 Z #1259
enal EniSaks@eanns om NATAH 11 St # 18207 NATAR 1261 Ske #5079
Company Name:  Department of Biodiversity Order No.: Received: Jan 12,202 4.30PM
Address: 17 Dick Peyry Avenue Reportk: 655142 Due: Jan 24, 202
Kensington Phone; 089278 0964 Priority: 8 Day
WA 6151 Fax: 089219.9%7 ContactName:  Michael Venarsky
Project Name:
Eurofins Analytical Services Manager : Natalie Hill
318191018130 5(B(5 T(3(0\ L 3\388|812]523
302|293 |8 |c|8 |8 |7| |§|2|f (8|88 |8 8|8 |5 |0|d
AR AR R LA I A ER AT AT R A R A A A
|5 =10 | g ¢ B 215 1a oo |6 E
AHEE N SHEEHEHHEREE
: AL 18 (3200021203 |5
¢ £ |8 %] 0|38 (5|58 |3
Sample Detll 2 ‘e 2le
T Q
J -
0
b
Perth Laboratory - NATA # 2377 Site # 2370 XIX|X|X|X|X|[X | X|X|X|X| XX X|X|X X|X|X|X|X|X|X
Melbourne Laboratory - NATA #1261 Site #1254
Sydney Laboratory - NATA #1261 Site # 18217
Brishane Laboratory - NATA # 1261 Site # 20794
Mayfield Laboratory - NATA # 1261 Site # 25079
External Laboratory X
No| SamplelD |SampleDate | Sampling |  Matrix LABID
Time
1 |TOOLEAST |Jan10, 2022 Water 122-JalB765 | X | X | X | X | X[ X|X | X|X | X|X|X[X|X[X|X| XXX X X X|X|X
2 |TOOLWEST |Jan 10,2022 Water L2-Ja07e6 | X | X | X X[ X[ XX X[ X[ X[ X X[ XXX X/ X|X[X][X]X|X]X|X
3 [WALBOY  |Jantd, 202 Water 1 22-JaB767 | X | X | X[ X X[ X|X | X|X X[ X | X[X|X[X|X| XXX X X X|X|X
4 |WALBO3  |Jan11, 202 Waler 122-JaB768 | X | X | X | X | X[ X|X|[X|X X[ X | X[X|X[X|X XX XX X X|X|X
Test Counts A A O O I Y R Y
Eurin ARL 4648 Baksa Road, Welspoo, WA, Austals, 6108 Page 48
ABY -1 05015 090 Tephone: 41 D253 4
Dae Repod e, 222
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Internal Quality Control Review and Glossary

General

1. Laboratory GC resulls for Method Blanls, Duplicates, Malrix Spikes, and Laboratory Conlrol Samples follows guidelin in the Nalional Ewa Yolechion (£ of Sie
Contaminalion) Measure 1999, asalihyZﬂlSaﬂﬂeIﬂlﬂednllsQCmmtm o QC dala may b ilable on request.
A poried on a dey basis, unk sinled.

Al biotafood results are reporied on a wet weight basis on the edible porion, unless oherwise staled.

Actual | OR's are makix dependant. &mdlﬂhmhmmmmmdmmmm
Resulis are imcomecied for mabix splesor pt for PFAS

SVOC analyss are [ ised samgles, unk d

Samples were analysed on an ‘as recetved bagis.

Information kenied on this report with bl colowr, icates data provided by cusiomer that may have an impact on the resulls.

L U

Holding Times

) el i ‘Sample P ion and Container Guide' for holding times (QS3001).

For samples received on the Lagt day of hoding me, of iecing requs should have been received o east 6 hours pi nple receipt d onthe SRA
¥ ihe Laboratory did not receive the i on in the required and of any other integrly issues, sultably qualiied resulls may siill be reported.

Holding #mes apply from the dale of v b ade #h /s conlrol.

For VOCs contaiming vinyd chionde, styrene and 2-chioretid vinyl ether the hlil_]ﬁll!s?dilﬁ'lmﬁli‘ olher VOCs such as BTEX or C6- 10 TRH then the holding fime is 14 days.

Units

mghg: miligrams per kogram gL miigrams per lire poi: micograms per e

ppmc parks per milion pph: pasts per billon % Pescentage

oegf100 ml: Organisms per 100 millliires NI\ Nephelometic Turbidity Units MPNAD0 il - Most Probable Number of onyanisms per 100 millliires

Terms

APHA Public Health A

coc Chain of Custody

P Chent Parent - OC was dning o thi

CRM Cerliied Reference Malesial (5017034) - repmied as percent recovery.

Duy Where a moishwe has been delesmined on a solid sample the resul is expressed on a diy bagis.

Duplicate A second piece of andysis fomihe same sample and repted in the same unils as the resull o show companson.

LOR Limit of Reparting.

LCS Laboralory Conirol Sample - reporied as percent recovery.

Method Blank Inthe case of solid samples thy on certiied dean sands and inthe case of waler samples these are performed on de-jonised water.

NCP MNon-Chent Parent - QC on samph aning to th: Qc ive of the or balch that dient samples were analysed within.
Relaive Percent Diference between two Duplcale pieces of analysis.

SPKE Addiion of the analyle in the sample and repoted v
Sample Receipt Advice

Sy - Smmogate The addiion of a ke mnmmm v.

1BIO Tribulylin made oxide) - v m however free
mhvﬂﬁmmmmmﬂymﬂmmhmmnﬂhmmim

ap Toxicity Characierisiic L eaching Procedure

TEQ Toxic Equivalency GQuolient or Total Equivalence

qsM US Depariment of Defense Qualty Systems Manual Version 5 4

USHEPA Uniled States Evironmental Prolecion Agency

WA DWER Sum of FFBA, PFPeA, PFFHxA, FFHpA, FFOA, PFBS, PFHS, PFOS, 6:2FTSA, 82 FTSA

QC - Acceptance Criteria
'I'Inm‘qﬁ-muiuladnilheumimayﬂuﬁaﬂmhﬂhﬁdﬂnﬂewﬂimhﬂpsmdﬁﬂymﬂsﬁmmmm
RPD Global RPD Dy Crilesiais 3% the are equally i
Results <# imesthe LOR: No Lmit
Results belween 10-2) times the LOR: RPD must e belween (-50%
Resulls >20) imesthe LOR : RFD must & between 0-20%
mﬂlllmimnsﬂemwmdasarmmasm)
R L hmm1mn&emmnmimxmpﬂs
PFAS field samples that contain L of the QC it de sy mn G5M 5 4 where no posiive FFAS resulls have been reporied have been reviewed and no dala was

QC Data General Comments

1 \Ml!leamallan:'hlasaimﬂm(q I-_ﬁ-!ﬂnnﬂlemmllm his is due to either mahix nterference, exirad diulion required doe o @ v vithi
the samele, high mok ple p

2. dala sh vithin thi: -nnﬂslﬂmﬂ'ﬂﬂﬁfﬁammmmﬁmnnﬂem but wilhin the laboralory sample balch at a 1:10 ralio. The Parent

and Duplicale data shown is not data fom yow samples.

pH and Free Chiorne analysed i e labomatary - Analysis onthistest must begin within 30 ma f Therefore, analyss isunikelyto be wilhin holding

ﬁmhﬂpsﬂhs_plmmasplsﬂhdh-nﬁrmqi

4. Recovery Data (Sples & pales) - where does not allow the delesmination of recovery the ierm "INT™ appe ars againgt that analyie

For Malrx Spikes and LCS results a dash ™" in the report means that the speciic anahde was not added io the QC sample.

6. RPDsame datathusitis pessible in have wo sets of data.

-

Ll

Burobns ARL 4648 Banksa Road, Welshpool WA, Australia, 6106 FPage 5 of 8
Daie Reporied: Feb 07, 2092 ABN - 01 050153 898 Telephona: +651 BE6253 4444 Report Number: 855142-W
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Quality Control Resulis

Test ‘ Units ‘ Result 1 ‘ Accoptance| Pass | Quabfying
Method Blank
Ammonia-MN mg/L < 0.02 0.02 Pass
Chlonde mg/L <5H 5 Pass
Colour PCU <5 5 Pass
Conductivity uS/cm <10 10 Pass
Fiterable Reactve Phosphoms mg/L <001 0m Pass
Nirate-N mgil <001 001 Pass
Nirie-N mgiL <0.01 0.01 Pass
NOx-N mgiL <0.01 0.01 Pass
Sulfate mgil <1 1 Pass
Total Dissolved Solids mgiL <5 5 Pass
Total Nirogen mgiL <02 02 Pass
Total Nirogen {Fitered) mgiL <02 02 Pass
Total Phosphous mgil <001 001 Pass
Total Phosphoms {fitered) mg/L <001 001 Pass
Total Suspended Solids mgiL <5 5 Pass
Turbidity NTU <01 01 Pass
Arsenic {fitered) mgiL <0.001 0.001 Pass
Cadmium {fitered) mgiL <0.0001 0.0001 Pass
Calcumn {fitered) mgiL <01 01 Pass
Chromam {fitered) mgiL <0.001 0.001 Pass
Copper {fitered) mgiL <0.001 0.001 Pass
Lead {fitered) mgiL <0.001 0.001 Pass
Magnesiun {filkered) mgiL <01 01 Pass
Nickel {fitered) mgil <0.001 0.001 Pass
Potassum {fitered) mgiL <01 01 Pass
Zinc {fitered) mgl <0.005 0.005 Pass
Method Blank
Alkalinity
Akaliniy mg CaCO <5 5 Pass
Bicarbonate mg CaCo3L <5H 5 Pass
Carbonate mg CaCOaL <5 5 Pass
Hydoxide myg CaCO3A <5 5 Pass
LCS - % Recovery
Conductivity % a7 80120 Pass
Cadmium {fitered) % 88 80120 Pass
Calcium {fitered) % 112 80120 Pass
Lead {fitered) % 86 80120 Pass
Magnesum {fitered) % 110 80120 Pass
Potassim {fitered) % 9 80120 Pass
Zinc {fitered) % 108 80-120 Pass
CRM - % Recovery
Colour % 113 80120 Pass
NOx-N % 105 80120 Pass
Arsenic {fitered) % 83 80120 Pass
Cadmium {fitered) % 84 80120 Pass
Calcium {fitered) % 102 90-110 Pass
Chromiumn {fitered) % 89 80120 Pass
Copper {fitered) % 84 80120 Pass
Lead {fitered) % &7 80120 Pass
Magnesum {fitered) % 101 90-110 Pass
Nickel {fitered) % 90 80120 Pass

Daie Reporied: Feb 07, 2092

Burobns ARL 4648 Banksa Road, Welshpool WA, Australia, 6106
ABN - 01 050153 898 Telephona: +651 BE6253 4444

Page 6ot 8
Report Number: BS5142-W
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Test Units | Result1 Accoptance| Pass | Quabfying
Potassum {fitered) % 104 90-110 Pass
Sodum {fitered) % 103 90-110 Pass
Zinc {fitered) % 104 80-120 Pass
Test Lab Sample D [ 9A | units | Result1 Accoptance| Pass | Quabfying
Spike - % Recovery
Result 1
Ammonia-N 122-Ja09617 NCP % 105 80-120 Pass
Chlonde 122-Ja03474 NCP % 85 70130 Pass
Colour 122-Ja08765 CP % 83 80-120 Pass
Fiterable Reactve Phosphoms 122-Ja09720 NCP % 109 80-120 Pass
Sulfate 122-Ja09020 NCP % 70-130 Pass
Total Nirogen 122-Ja09005 NCP % 97 70-130 Pass
Spike - % Recovery
Result 1
Nirie-N 122-Ja03474 NCP % 110 80-120 Pass
NOx-N 122-Ja0347 4 NCP % 89 80-120 Pass
Spike - % Recovery
Result 1
Total Phosphomus 122-Ja08768 CP % 95 80-120 Pass
Total Phosphoms {fitered) 122-Ja08768 CcP % a3 80-120 Pass
Test Lab Sample 1D |G QA | units | Result1 Accepiince | Pass | Qualfying
Duplicate
Result 1 Result 2 RPD
Ammonia-N 122-J309618 NCP mg/L <0.02 <002 <1 30% Pass
Chloride 122-Ja03473 NCP mgiL 170 180 80 30% Pass
Colour 122-Ja0866 7 NCP PCLU <5H <5 <1 30% Pass
Conductivity 122-Ja08765 CcP uSicm 3700 3700 <1 30% Pass
Filerable Readive Phosphomus 122-Ja09721 NCP mgiL <001 <001 <1 30% Pass
Nirate-N 122-Ja17438 NCP mg/L 16 16 20 30% Pass
Nirie-N 122-Ja17438 NCP mgiL <001 <001 <1 30% Pass
NOx-N 122-Ja17438 NCP mg/L 16 16 20 30% Pass
pH 122-Ja08765 CP pH Unils T4 74 10 30% Pass
Sulfate 122-Ja09019 NCP mgiL 130 130 50 30% Pass
Total Nirogen 122-Ja09001 NCP mg/L 05 0.5 20 30% Pass
Total Phosphomus 122-Ja09002 NCP mgil 040 0139 20 30% Pass
Total Suspended Solids 1L 21-De05525 NCP mgiL <5H <5 <1 30% Pass
Turbidity 122-Ja36718 NCP NTU <01 <01 <1 30% Pass
Mercury {fitered) 1220208306 | NCP | mgl | <00001 | <0.0001 <1 30% Pass
Duplicate
Alkalinity Result 1 Result 2 RPD
Akaliniy 122-Ja08765 CP myg CaCO3A 220 220 <1 30% Pass
Bicarbonate 122-Ja08765 CP myg CaCO3A 220 220 <1 30% Pass
Carbonate 122-Ja08765 CP myg CaCO3A <5H <5 <1 30% Pass
Hydox de 122-Ja08765 CP mg CaC0o3L <5H <h <1 30% Pass
Duplicate
Result 1 Result 2 RPD
Total Dssolved Solds 122-Ja08768 | CcP | mg/L 2700 2600 40 30% Pass
Furobins ARt 4548 Banksia Road, Welshpool, WA, Auskalia, 6106 Fage7of8
Daie Reported: Feb OF, 2022 ABN 191 050153 B98 Telephone: 161 B G253 4444 Report Number: BS5142-W
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Commenis
TOC analyss by: MPL, NAT A accreditation no. 2901, report reference 275268

Sample integrity

Cursiody Seals Intac (if used) NA
Agempt i Chill was evident Yes
Sample comecily preserved Yes

' nph i have been used Yes

b for volallle anah ared wilth mnimal Yes
Samhslwevedﬂmme Yes
Some samples have been subconiraded Yes
Authorised by:

Matake Hl Aaahjical Services Manager

Douglas Todd Senior Anakysi-Metal (WA)

Sam Becker Seninr Analyst-Inomanic (VA

Kim Rodgers

Business Unit Manager

Final Repmt — this repmt replaces: any previously issued Repod

- inicales Not Requested
* Il NATA han does nolt cover of thi
oftest data & ilable on request

Eundins shall not be: Eable for codl, damages mep!lses.mllsi the cient, other person l:lll‘illyll!li‘l_] 'l! of any information or intespretalion given

linn.!leiﬂllllnllq:llil‘aimﬂ‘qin . Unless & ase, the np
Euwrofins ARL 4648 Banksa Road, Welshpool WA, Ausiralia, 6106 Page B of B
Daie Reported: Fab 07, 2022 ABN 01 050150 898 Telephone: +51 B 6253 4444 Report Nurnber: 855142 W
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Appendix 2. Invertebrate data for samples collected between 1996 and 2022

98031
98C-SL

ELLET
LT8-ML
TEN-ML

980 TM
980 IM
PEC-EM
LT TM
LIIM
LITEM
L8 TM
LIS TM
LISEM
TIN-TM
TIN-IM
TINEM
TZATM
TZRIM
TZMEM

LTvEL
451
LML
L7851

L1831
TIN-EL
TEN-SL
zZraL
zZMEL
TZMML

Sponges
Cnidariaes Hyere sp. 11 1
Flatworms TurdelHovia 1
MicroturbeRorio 11 1 11
Hematodes 11
Gastropoda Ferrissio peiterdi
Eidorelo of. brodshowi 1 1 1 1 1
Eidorelio sp. 1
Beyordelia sp. 11 1
Planar bidae 1 1 1 1
Hydroooas sp. 101
Hirudinea Glossiphaniidae 1
Oligodmeta Maididae
Devo digitalae 11 1 1 11 1 1
Devo nivea 1 1
Choetogeter diastrophes
Brotisiovia WAT
Tulifex tubifex
Almirilus nhorna
Admtritus 5p. 11 1
Ogisthopora 11 1
Waker mites Hydrochno . apperevimato
Limnochores oustrolio
Eylas sp. 1
Fydrodromo sp. 1
Limnesio deatifera
Koenfkeo nr oustrolios
Acereelia foleipes 11 1 1 1 1 11
Piona armberlande nsis 1

N

N

{2 ws) jensi: 1
Pezidae 1
Oribatida 1 1 1
Messtiemata 1 1 101
Trombidicidea

Cladoerans Alone rigidicoudis
Alons o sp.?
Cebsinotum o Bysiophum
Dunhevedia orosse 101 1 1
Kurrzie Jakissima 101
Leberis o diophanus vermicolalo
Leberis diaphomes 101 1 1 1
Leydigio oustrols 11 1
Leydigie nr laevis 101 1 11 1 1 1 1
Pleurcoas foveolus
Pleurcoars fne rmis 11 1 1 1 1 1 1 11 1 1 1 1 1
Plevrooass f nermis
Armat dong moeroape
Flavalona setigere
Ceriodaphnia sp. 1
Ceriodaphnio o dubio
Ceriodaphnia n. s €
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960-3L
96d-5L
960"l
4T¥-aL
LT¥-5L
AT¥ML
L7051
Lm0l
L7031
TZN-3L
TIN-5L
TZNML
ZZral
ZZrEL
ZTMML
960" TM
96T
960EM
LT¥-TM
LTV T
LATYEM
LT0"TM
A10Th
LI0EM
TIN-TM
TZNZM
TZNEM
AT
ZZMTM
ZTMEM

g
i
4

Maadhrix . fagellata
Maaathrix o. indstincta
Maadhrix . copensis 1 1 1

Moina austy alienss

Moina sp. 1 1
Moina o micrura 1 1 1 1 1 1

Limnocythere mowbrayensis

Byocypris oustraliensis 1

Albos worooa 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

o
=
=

Syodromus amplioolis
Lypricerars solirs

tn
:
i
N
=
N
=
N
=
N
N
N
=
N
=
=
N
=
N
=
=

Boeckella triarticdata s1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Boeckella sp. 1

Colomoeda ampulla 1 1 1

Colamoeda sp. 1 1

Colomoeda sp. 342 1 1 1 1 1 1 1 1 1 1 1 1 1
Migocydeps sp. 368 1 1
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Amphipoda
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Australocyclops oustralis
Mesocydops australiensis
Mesocydops brooksi

Poracydops ?diiltani

Antiporus gilberti
Antiporus sp.
Sternoprisars muitimoaiatis
Sternoprisars sp.
Nedarasoma pevalotus
Nedaosoma p.
Megaporus howittia
Megaporus solidus
Megaporus sp-

Rhantus suturoks
Fhantirs sp.

Myderodes aassis
Hyderodes sp.

Eretes australis
Onychohydrus scuteRors
Onychohydrus sp.
Berosus sustrolioe
Berosus disoolor
Berosus maganbensis
Berasus miait ipemvs
Ber asus mst ons
Berasus sp.

Enoclrus elongatulus
Enoclriss eyrensis

9603l

96051

960ML

ATVl

ATV-EL

AT¥ML

ATO5L

AT0ML

ATO-AL

TZNIL

TZNSL

TZN-ML

zZral

ZZMSL

ZZrML

960 TM

96QTM

96QEM

ATY M

ATVEM

ATYEM

AT0TM

LTOTM

LT0EM

TZNTM

TINEZM

TZNEM

ZZHIM

ZZIZTM

ZZIEM
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=
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96Q-3L
96Q-5L
96QML
LT¥aL
LTY-5L
LTVl
LTO-5L

LT0-ML
LT0-3L

TZN-3L

TZN-5L

TZN"PAL
zZMAL

TZMEL

TZML
96Q-TM
96QZTM
96QEM
LTV TM
LTYIM
LTYEM
LT0-TM
LI0TM
LTOEM
TEN-TA
TINEZM
TZNEM
ZZMTA
TZMTM
TZMEM

Enochius maciliceps

Enochius sp.

Paracymis p.

Hydrophilidae

Hydraena luridipennis 1
Staphylinidae

Sdrtidae

Tipulidae 1 1 1

-
-
-
-
o

Anopheles (Cellia) sp. 2 1 1 1
Aedes comptorhyndirs
Culex fCulex) australicus
Culex fulex) annulirast ris 1 1 1
Culex sp. 1
Bezzin . 1
Odicoides sp.
Monohelea sp.
Nidoherza sp. 1
Alvidhopogon sp. 1 1 1 1
Fordgponyio sp. 1 1
Ceratopogonidae 1 1 1 1
Psydhodidae 1 1
Tobanidae
Stratiomyidae 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dolichopodidae 1
Syrphidae 1
Ephydridae 1 1 1 1 1 1 1 1 1 1 1 1 1
Mustidae sp. 1
Prodadius paludicola 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Prodadius villosimenus 1 1 1 1 1 1 1 1 1
Ablahesmyia notobilis 1
Paramering levidensis
Poralimnophy es pullids 1 1
Cricotopurs olbitarsis 1 1 1
Complerosmittio sp.
limnophyes vestitus 1 1 1
Tonytarsus w bispinosus

fuscithor tarhi 101
Chironomus occdentalis 1 1 1 1 1 1
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Hemiptera

Lepidoptera

Polypedilum nubifer
Polypedilum watsoni

Cryptodiironomis griseidorsim

Cladopelma crtivalva
Porachironomus sp.
Porachironomus sp. 1 [VS(135)
Mesovelia sp.

Padp
Migovelia sp.
veliddae
Diaprepocoris sp.
Sigara runaotipola
Sigara mullaka
Sigoro p.
Agraptocorim elmynome
Agroptocorim pavipundole
Agroptocorim hirtifons
Agraptocorim sp.
Migoneda robusta
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Xonthagrion erythroneurim
Coenagricnidae
Austrolestes onalis
Austrolestes annudosus
Austrolestes oridus
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AnaxX popuensis
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Diplacodes bipunctate
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Ecnomus sp.
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dd:ddididddigedEiEEEENEEsEEs
g o g9 »» »» ¥ O O 0O £ Z ZF &£ &L & g O O »» > O 0 0O Z2 Z = X
a8 & 55 8 S LS M MERNRENRSERS SN S S S NMMNEERQDR
1 1 1 i1 1 1 i1 1 1 1 i1 1 i1 1 1
1 1 i1 1 1 1
1 1 1
1 1 1
1 1
1
1 1 1 1
1
1 1 1 1
1 1 1
1 1
1 1 1 1
1 i1 1 i1 1 1 1 i1 1 i1 1
1
1 1 i1 1 1 1 i 1 1
1 1 1 i1 1 1 i1 1 1 1 1 1 1 i1 1 1
1 1
1 1 1 1
i 1 1 i1 1 1 i1 1 1 1 1 i1 1 i1 1 1
1 1
i 1 1 1 1 i1 1 1 1
1
1 1 1 1
1
i 1 1
1
1
1 1 1 1 1 1 1 i 1 i1 1
1 1 1
i1 1 i 1 1 i 1 1
1 1 1 i1 1 1 1 1 1 1 1 1 1 1 1 1 i1 1 1
1 1 1 1 1 1 1
i1 1 1 1 1 1 1 1 1 1 1 1 i1 1 1 1 1 1 1 1 1 1
1 1
1
1
i 1 1 i1 1 1 1 1 1 i1 1 i1 1 1 i1 1 1
1 1
1
1
1 1 1 1
1 1 i 1 i 1
1 1 i1 1 1 i1 1 1 1 i1 1 i1 1 1 1
1



Toolibin and Walbyring lakes fauna 2021-2022

Appendix 3. Waterbird data 1996 to 2022 for Toolibin Lake

Toolibin Walbyring

Dec 1996 Apr2017 Oct2017 Nov 2021 Jan 2022 Dec 1996 Apr2017 Oct2017 Nov 2021 Jan 2022
Grey Teal 1162 508 309 259 985 367 408 275 166 213
Chestnut Teal 3
Pink-eared Duck 134 72 60 12 372 8 35 44 40 79
Hardhead 60 7 12 6 58 4 2 20
Australian Shelduck 97 7 6 10 57 1
Pacific Black Duck 3 64 4 2 4 1 107 2 1
Blue-billed Duck 3
Musk Duck 2 5 7 6 4 1 2 2
Freckled Duck 25 1 1 2 1
Australasian Shoveler 56 12 2 18 4 12
Australian Wood Duck 18 5 6 10 20 1 24 27 6
Black Swan 2 10 5 6 11 1 12 1
Eurasian Coot 281 48 49 126 158 12 19 20 46 23
Dusky Moorhen 2
Black-tailed Native-Hen 8 2 5 2 6
Australasian Grebe 12 2
Hoary-headed Grebe 1 21 78 33 832 22 1 32 61 68
Little Pied Cormorant 1 3 19
Swamp Harrier 1
Australian White Ibis 1
White-necked Heron 1 2 1
Great Egret 1 1 2 1
Nankeen Night Heron 3 1 1
White-faced Heron 2 12 13 36 14 17
Straw-necked Ibis 3 1 1
Yellow-billed Spoonbill 2 4
Black-fronted Dotteral 1 8
Black-winged Stilt 19 51
Red-kneed Dotteral 1" 111
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Appendix 4. Recommended protocols for aquatic fauna monitoring
at Toolibin and Walbyring Lakes

Water chemistry. During the waterbird and invertebrate surveys, the following water quality
parameters should be measured as a minimum.

e Conductivity

e In-situ pH

o Water temperature

e Dissolved oxygen (% and mg/L) at the top and bottom of the water column.

Water samples should be collected for laboratory analyses as follows:

¢ Unfiltered water for analysis of total nitrogen and phosphorus.

e Chlorophyll by filtering 1000ml of water through a glass fibre filter paper, to be
immediately frozen.

e A sample of water filtered through a 0.45 um filter paper for analysis of total dissolved
nitrogen and phosphorus and filterable reactive phosphorus (orthophosphorus).

Other water quality measures could include those in Tables 2 and 3 of this report.

Water depth should be measured from gauges in the lake, noting differences in
measurements between gauges, as above.

Waterbirds. Waterbird surveys have been undertaken at Toolibin Lake and Walbyring Lake
using a consistent protocol since 1996. Surveys should attempt to count all individuals of all
species present, though some inaccuracies are inevitable in such a large lake where stands
of trees hinder single counts of large areas. Notes should be kept on nesting, presence of
eggs and juvenile stages. Where possible a motorboat should be used to traverse the entire
wetland, with two observers. This will take half a day when the lake is full. Where depths do
not allow use of a motorboat, a combination of walking and/or paddling will provide a similar
result but the survey will take much longer. Recent surveys have departed from adjacent to
the pumping station on the west of the lake.

Surveys should be undertaken at different stages of the fill event, preferably about 3 months
after filling and again after another 3-4 months. An additional survey could be undertaken
when the lake is shallow (e.g. <0.5 metres) to allow the values of the wetlands for shorebirds
to be assessed.

Invertebrates. Surveys of invertebrates have largely followed standard protocols used in
many monitoring and survey projects by DBCA and its predecessor organisations (e.g. Halse
et al., 2000; Cale et al., 2004; Pinder et al., 2004). Since 1996 three locations within Toolibin
Lake and three within Walbyring Lake have been sampled for aquatic invertebrates. Sampling
locations should be sites W, S and E in Toolibin Lake and sites 1B, 2 and 3 in Walbyring Lake
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(see Figure 1). Sampling is qualitative, so suitable for determining species richness and
composition but not abundance.

Two samples were collected at each sampling site.

A sample of planktonic invertebrates is collected using a standard D-framed net with a
53 pm mesh to gently sweep the water column and submerged plants through 50
metres of water, generally as 50 x 1 metre sweeps over a distance of about 200 metres.
This disjunct 50m sampling path includes all recognisable microhabitats but should not
collect stirred up sediments or collect large amounts of plant material or organic debris.
The aim is to keep this sample ‘clean’ to enable picking of very small planktonic
animals.

A sample incorporating the benthos is collected using a standard D-framed net with a
250 ym mesh, vigorous sweeping surfaces and through submerged plant communities
and kicking up benthic substrates to collect larger and faster species and to ensure
collection of sediment dwelling species. The aim is to maximise collection of
invertebrates without collecting excessive sediment or debris. To achieve this, wait a
second or two between stirring up the sediment and sweeping through the water so
heavier sediment and debris fall back to the substrate prior to sweeping. If the net gets
too full to manipulate empty into a bucket with some lake water and continue sweeping.

There are some methods of cleaning and reducing the size of the sample prior to
preservation, which also helps to make preservation more effective. If there is sand or
gravel in the sample then you'll need to remove this by elutriation. Place the sample in
a bucket and fill to about 80% with water from the same wetland. Stir up the sample
with your hand, wait a few seconds for sediment to settle and pour the sample back
through the same net (leaving the sediment in the bucket). Repeat 3-4 times until only
clean sediment is left behind and then discard the sediment.

If there is a lot of leaf litter and sticks then this will also need to be partly removed.
Place sample back into a bucket and fill with wetland water. Fill a second bucket with
wetland water. Take a few leaves/sticks at a time out of the sample, drop them into the
second bucket, swirl them around, then remove them, make sure no bugs are stuck to
them and discard (generally this is enough to ensure all bugs are removed from the
litter). Repeat until the sample is small enough tofill 1 to 3 (preferably 1 or 2) 2L sample
containers to about 1/3™ full each — any more than this in one container reduces
effectiveness of preservation.

Both samples should be preserved in the field in 100% ethanol and processed in the
laboratory.

Laboratory processing involves 1) sieving samples with a graded series of sieves to
assist in the detection of all species under a binocular microscope at 10-40x
magnification and 2) the removal of sufficient representative specimens of each taxon
to ensure identification of all species. Specimens from the plankton and benthic
samples are combined to yield a single sample of community structure for each site.
The efficacy of this sampling protocol has been described elsewhere (Halse et al.,
2002; Pinder et al., 2010).
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