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Conservition Screiice Western Austradia publishes papers
by scientists and technical officers employed by the
Deparunient of Conservation and Land Management.
Submissions from outside the Department are net
aceepted, except when the research was funded by the
Departinent.

The policy of the Science Division of the Department
of Consérvation and Land Management is fer its
sClentists to publish in mainstream national and
internatonal science journals; however, some research
is of ‘parochial’ interest only or results in papers of
monographic length. Conservation Science Western
Australia is infended 1o ensure that such material is
publicly available after it is peer reviewed by scientists
extérnial to the Departiment.
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ADVICE TO AUTHORS

Conscrvation Science Western Australia publishes
scientific research and technical investigations carried out
by the Department of Conservation and Land Management,
All papers are refereed by scientists outside the Department.

Address editorial correspondence and submissions to The
Editor, Conservation Science Western Australia, Science
Division, Deparrment of Conservation and Land
Management, Locked Bag 104, Bentley Delivery Centre,
Western Australia 6983.

Include a completed Approval Form for Scientific and
Technical Publications with all scientific and technical
manuscripts submiteed.

Only papers of a high standard will be published. Submission
of a paper implies that the marterial has not been published
or stbmitted elsewhere. The journal assumes that all authors
of a multi-authored paper agree to its submission and accept
intellectual responsibility for it.

Inidally forward three hard copics of the manuscript and all
accompanying material to the Editor. Manuscripts received

will be submitted to two referees for critical comment. It

both referces consulted agree on whether the manuseript is
acceptable or unacceptable this will be passed onto the senior
author. If the referees disagree a thivd referee will be sought.
[f there 1s still doubr the Science Publications Cemmittee
will decide on the matter.

Print manuscripts on one side of the paper with double
spacing and 3 cm margins. Number the pages of the
manuscript consccutively throughout the entire paper,
beginning at the tide page, and including those pages
containing references, appendices, tables, illustrations,
captions, all of which are placed after the text.

Foliowing referceing, the authors must return a revised
manuscript with clectronic copices of all material within six
months, otherwise it will be rejected or treated as a newly
submitted manuscript requiring referceing.

Manuscripts that do not meet submission requirements will
be returned to the author,

Because the journal is freely available on the Internet, no
reprints are available forauthors.

Style

Authors are advised to consult the most recent journal issue
published tor directions on style; however, specific points
to note are as follows,

Spelling conforms with the Oxtord English Dictionary.
However, use ‘program” and ‘tocused’. Use also -ize
endings (with the exception of *compromise’ or ‘comprise’),
—lyse endings and —our (unless in Latin words).

Quotation marks — use single quotation marks when
quoting a word or phrase. Forlonger quotations, indent as
a paragraph without use of guotation marks.

SI units arc used for exact physical quantities and
measurements, except where a non-SI Australian legal unit
of measurement is appropriate ¢.g. 5 ha not 50 000 m?

Numbers referring to unit measurement (e.g. 10 cm) are
never spelt out unless forming the beginning of a sentence.
All numbers under 10 not referring to units of measurement
are speleout.

Identity abbreviations the first time chey are used.

Cite references in full using the Harvard system (name and
yvear in text, alphabetical listing).  If two or more works by
difterent authors are cited at one point in the test, use a
semicolon t separate them. Thus: (Smith 1998; Jones
1986). Present these citations alphabetically unless there is
a special reason to order them chronolegically. Thus:
(Darwin 1859; Avisc 1999).

Examples of correct formar for the reference list arc:

Abbort [ (1980a) The floras of 37 south-
Western Australian Herbarium

Journal article
western Australian islands.
Research Notes 3, 19-36.

Book— Brown A, Thomson-Dans C, Marchant N (1998)
Western Australia’s Threatened Flora, Department of
Conscrvation and Land Management, Como.

Chaprer in a book— Villicrs TA (1972) Seed dormancy. In
Seed Biology : Volume 2 (ed. TT Koazlowski), pp. 219-281.
Academic Press, New York.

Reparr or Bullerin—Strelein GT (1988) Site classification in
the southern jarrah forest of Western Australia, Department
of Conservation and Land Management Western Australia,
Research Bulletin No. 2, Como.

Accuracy of the references is the responsibility of authors.

Personal communications - use a footnote to refer to these,
with the affiliation and location of the person noted. In the
text use abbreviation *pers. comm.”,

1llustrations, figures or maps — when these are computer-
generated ensure that the density of any tnts is not less
than 30%, and that there is a significant difterence between
varying tints, Use the abbreviation, ‘Fig.” tor all references
to figures in text. Add labels to figures and maps using a sans
serf rypeface.

Graphs ~ do not need to be bounded by lines. Ensure that
symbols, columns, curves and labels are farge enough to
withstand reduction and will be legible when printed in
black and white. Horizontal lines used in histograms to guide
the readers eye must be unobtrusive. These problems can
be avoided if authors prepare figures ac size (the widch of
one colwmn, two columns, half page or entire page).

Preferred file formats for figures — line drawings sheuld
be saved as encapsulated PostSeripr (EPS), Windows
Meratile (WME) or Excel. Photographs and other figures
should be saved as TIFF or EIS.
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Conservation Science W. Aust. 5 (1) : 1-5 (2004)

GREG HEBERLE!

' Formerly of Department of Conservation and Land Management, Locked Bag 104,
Bentley Delivery Centre, Western Australia 6983 Email: gregheberle @ camtech.net.au

ABSTRACT

The thylacine (Tasmanian tiger Thylacinus cyanocephalus) was Australia’s largest carnivorous marsupial at the time of
arrival of Europeans. The animal was the size and shape of a large dog. Thylacines lived in Tasmania until 1936 when
the last one died in captivicy at Hobart Zoo. There have been a few hundred sightings in Tasmania since then, but
none have been confirmed in a scientific sense. The Tasmanian National Parks and Wildlife Service considers that the
thylacine is probably extinct in Tasmania. Fossil remains of thylacines have been discovered in all Australian States and
New Guinea but they are considered by scientists to have been extinct on the mainland for some 3000 years. There
have been alleged thylacine sightings in all of the mainland States but as in Tasmania, none of the sightings have been
confirmed scientifically. This paper provides some data derived from 203 alleged thylacine reports from Western
Australia, brought to the attention of the Department of Conservation and Land Management (CALM) and/or the
Mystery Animal Research Centre of Australia (MARCA) to 1998.

INTRODUCTION

The aim of this paper is to report on alleged thylacine
sightings reported to and/or held on file by the
Department of Conservation and Land Management and
the Mystery Animal Research Centre of Australia to 1998.
Itis not intended to discuss individual sightings, or disclose
the names of the persons who made the reports. Such
details are available for many of the reports, notably in
newspaper articles; some sighted by the author include
the Sunday Telegraph [Sydney] (27 March 1977, p. 46),
Douglas (1986), Harris (1984), Mannion (1995), de
Mocller (1998) and Slee (1987). To 1998 a tortal of 203
alleged thylacine sighting reports (excluding duplicates)
were recorded on the files of these nwvo bodics, of which
138 were held by MARCA.

THYLACINE NATURAL HISTORY

Description

The thylacine (Tasmanian tiger Thvlacinus cyanocephalus)
is Australia’s largest, recent, carnivorous marsupial. Its
closest relatives are the Tasmanian devil and two specics
of quoll (Guiler and Godard, 1998). The thylacine is the
size and shape of a large dog with a kangaroo like tail.
Adult head and body length is typically 0.8-1.2 m,
excluding the tail of 0.3-0.6 m. Some thylacines were
allegedly 2.1-2.7 min total length. Height at the shoulder
was up to about 60 cm. The head of the adult is typically
larger than that of a dog of the same size. The jaws of the
thylacine are capable of opening very widely. Mature body

weight is often in the range 15-35 kg. Their colour was
typically light or dark brown, with vertical dark stripes on
the back but their bellies were much lighter, otten cream.
The number of stripes on mature thylacines varied from
about 13 to 21.

Habitat and habits

Thylacines were most common in grassy plains, scrub and
open forest. They were uncommon in dense forest.
Thylacines were thought to be mainly nocturnal. Most
of their prey were most active in the late afternoon to
carly morning. Thylacines were apparently not pack
hunters. They usually hunted alone or in pairs, or small
family groups of up to two adults and four young, preying
on kangaroos, wallabics, small animals and birds. Single
animals usually lay in wait and then jumped on their prey.
They were capable of rapid speed over short distances to
bringdown their chosen prey. Theirgait was not as smooth
as that of a dog or fox and occasionally they hopped
bipedally, like a kangaroo. Apparently they were able to
leap like a dog or cat. Thylacines communicated using
noises such as a cough, vip-yap, growl and whine. It is
believed that the range of a thylacine family was typically
some 40-80 square km. Tasmanian devils can move up
to 16 km in a night, so it is likely that the larger thylacine
would go even further. Like the devil, the thylacine was
probably an opportunistic predator/scavenger, with a
preference for killing its own food but also likely to eat
tresh carrion. The thylacine was shy and secretive and
avoided contact with humans. They were always rare and
not often sighted by the public.



Thylacine history

The thylacine is a probably extiner marsupial, which
tormerly lived in a large parc of the Australian mainland,
Tasmania and New Guinea. Data indicatung possible past
distribution are provided in Archer, Clayton and Hand
(1984) and Guiler (1985). Fossil records sugpest that
thylacines vanished from mainland Australia some 3000
years ago (Smith, 1982). 1t is possible that the thylacine
disappeared from the mainland because of competition
with humans and their hunting dogs (dingoes). Dingocs
did not occur in Tasmania, where thylacines stll existed
at the time of European settlement in 1803, Thylacines
were probably always arare animal in Tasmania. The fist
thylacine was not captured untif 1808, five years alter the
sertlement of Tasmania and the fast recorded thylacine
capture was in 1933, Data presented by Guiler (1985)
suggests that at least 55 thylacines were held in four
Australian and six overscas zoos. Thylacines were blamed
for the killing of sheep and poulery. Paddle (20060)
examined early records of thylacine behaviour and has
challenged some of the conventional theories about

thylacines. Prior to 1829, there are few records of

thylacines preying on sheep. Thylacines may have been a
convenient scapegoat to account for farming losses. Losses
caused by inappropriate BEuropean-styled husbandry
combined with global cconomic conditions and
agriculteral prices. The Government introduced bounty
schome from 1888~1909 was paid on more than 2200
thylacines, Thylacine numbers were reduced due to the
bounty scheme, land clearing, and possibly discase. The

last recorded shooting of a thylacine was in 1930 (by WilD

Batty) and rthe last thylacine died in captivity in 1936.

Breeding

Thylacines are believed to have had onc hitter of two or
three young per year. The pouch had four nipples. Marting
occureed throughout the year, with a peak o spring and
the young were carried in the backward opening, pouch
of the female For -5 months, after birth. The young were
dependent on the mother untl about hall grown, When
too large for the pouch, the young were feft in the lair,
while the adulr pair hunted. Lairs have been deseribed as
rocky caves or under o bush,

THYLACINE SIGHTINGS

Since theirapparent disappearance in Tasmania and during
the last century, there have been many alleged sightings
of thylacines, both in Tasmania and on the mainfand.
Alleged thylacine sightings in Tasmania to 1978 were
covered ina paper by Smith (1981) and also by Rounsevell
and Smith (1982). Details of alleged sightings in other
States may not have been formally published 1 scientific
journals but some informal data are available on the
Internet and i newspaper articles. There have been
hundreds ofalleged thylacine sightings in South Australia,
Victoria, New South Wales and Queensland.

G. Heberle

WEST AUSTRALIAN SIGHTINGS

The alleged thylacine reports vary greatly in detail. Dates
and times are available for some sightings, and some
repores describe the animal’s features and the habitat it
was seen in. All reports deseribe the tocation of the sighting
but few derails are available for many of the sightings.
Some reports have details about the quality of the sighting
such as visibility, distance from the animal and number of
seconds the animal was in view,

Years sightings made

Year of sighting is available for all 203 sightings (Fig. 1)
but some are approximate. This paper covers sightings to
1998. The first sighting was made in 1936, Sightings
ranged from O to 17 per year, with an average of about 3
sightings per year.

Number of sightings
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Figure 1. Alleqed thylacine sabtings by vear.

Months sightings made

The month of sighting for 120 sighrings, where this
infornmation was avatlable is shown in a graph (Fig. 2).
Sightings were made in all months, with che leasc in April
(2.5%) and the most in July (12.5%).

Numbear of si

Jen  Feb Mar Apr May Jun  Jul
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Figure 2. Alleged thylacine sightings ly month.
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Times sightings made

Timing of sightings are displayed for the 42 sightings for
which this informatien is available (Fig. 3). Sightings
were made at all times of the day and night. The most
common sightng ume was 10 am-midday (26% of all
sightings).
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Figure 3. Alleged thylacine sightings by time of day.

Location of sightings

Most sightings have been in the south west corner of the
State and within 80 km ef the coast but sightings have
been reported frem the Ord River area in the north east
of the State (one sighting) to the Nullarbor Plain m the
south ecast (seven sighungs). The map (Fig. 4) shows the
location of the 195 sightings made in the seuth west
corner. These sightings from Kalbarri to Esperance
comprise 96% of the toral sightings in Western Australia.

Multiple sightings from the same area

Some sightings are one-ofts, by onc person in one arca.
The actual number of persons who made the sighting is
often not recorded but based on exanunation of the data,
the average number of persons making each sighting was
probably about two. For some locations there have been
repeated sightings over a number of years by one person
or a number of persons. Examination of the map (Fig. 4)
shows that repeated sightings (5+) have been made near
the following locations: Jurien (190 km NNW of Perth),
Bullsbrook (40 km NNE of Perth), Mundaring (30 km
ENE of Perth), Kalamunda (25 km E of Perth),
Dhwellingup (80 km SSE of Perth), Myalup (120 km S of
Perth), Busselton (180 km SSW ot Perth), Cowaramup
(210 km SSW of Perth), Margaret River (220 km SSW of
Perth), Nannup (210 km S of Perth) and Esperance
(560 km ESE of Perth).

Distinctive features of thylacines

Thylacines display a number of features, which may assist
in identifving them:

* vertical stripes on the back

* a kangaroo-like tail

* an unusual, ungainly walk.

Many of the reports covering alleged thylacine
sightings refer to one or more ofthe above features. Some
of the sightings refer to all of these features.

Thylacines have distinctive footprints (Guiler, 1985).
The footprints of the thylacine are quite different from
those of a dog, but resemble those of a Tasmanian Devil
(but are generally much larger). Dogs have five foot pads,
with a large rear pad and four tront pads (about half the
size of the rear pad), in two lines of twe. Thylacines have
a very large rear pad and four front pads (about one eighth
the size of the rear pad), almost in a straight line.

Former distribution in Western Australia

Fossil thylacine remains have been discovered i limestone
caves near the coast at Cape Range (600 km NNW of
Perth), near Margaret River (220 kim SSW of Perth) and
between Balladonia (700 km E of Perth) and Eucla (1200
km E of Perth) on the Nullarbor Plain (Archer, Ciayton
and Hand, 1984). Alleged thylacine sightings have been
reported near most of these locations.

If not thylacines, what animals have been
sighted?

Some of the sightings were in poor light conditions. Many
were flecting sightings of a fow seconds. The person
making the sighting could have mistaken a dog, dingo,
or fox for a thylacine. Dogs with aberrant patterns of
colouration or mange could be mistaken for thylacines.

If thylacines exist, why hasn’'t a dead one
been found, or a conclusive photograph
been taken?

If thylacines do still exist in any ofthe mainkand States, or
Tasmania, there is likely to be no more than a few thousand
specimens in the wild. Rare species are rarely seen in the
wild and few live or dead specimens are feund. Thylacines
proved difficult to photograph in the wild and examination
of the hterature suggests that all of the photographs taken
were of dead or captive animals. Photographs have been
taken of alleged thylacines in the wild but none have been
conclusive to date. Alleged thylacine photographs have
been published in a scientific journal (Douglas, 1986)
and in a newspaper ( Sunday Telegraph [Sydney] 27 March
1977, p. 46). Realistically, however, photographs will
never constitute conclusive proof that thylacines exist, and
alive or dead thylacine will have to be produced, in order
tor the label of ‘extinet’ to be removed.

CONCLUSIONS

This paper presents some details of aileged thylacine

sightings in Western Australia to 1998. Whilst over 200
sightings have been documented and it has been proven
that thylacines have lived in Western Australia in the past,
conclusive proof thar thylacines live in Western Australia
now is yet to be produced.
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JOANNE A. SMITH, LISA J. WRIGHT AND KEITH D. MORRIS'

' Wildlife Science Library, Science Division, Department of Conservation and Land Management,
Research Centre, Woodvale, Western Australia 6056. lisaw @ calm.wa.gov.au

Abstract

This bibliography contains 294 items of information concerning the chuditch, Dasyiorus geoffioii. Most of these have

been published and reviewed outside the Deparoment of Conservation and  Land Management. They have been

arranged nto the broad subject arcas of Behaviour, Conservation Status, Description, Diet, Discases, Distribution,

Ecology, Evolution, General, Geneties, Management, Physiology, Reproduction and Threatening Processes. ‘The

majority of these titles can be viewed in the Wildlife Science Library.

INTRODUCTION

This s a bibliography of information about the chuditch,
Dasyurus geoffioii. Most are very specific, but general
articles on forestry practices that relate to the chuditch
have also been included. The bibliography is updated as
new materials become available. Updates can be obrained
from the Wildlife Science Library on request. Notification
of relevant materials for inclusion can also be sent to the
Library.

The bibliography was started with titles extracted from
the CONSLIRB, the Departmental Library Catalogue. The
references contained within these titles were checked and
added. This process continued until all relevant references
had been included. Internet searches were also pertormed,
and the site specific information printed out. The URLs
have been included, but because of the temporary nature
of URLs they should not be relied upon. More references
from these and other World Wide Web sources were added.

Every cffort has been made to obtain a copy of cach
reference and lodge them in the Library. However in some
cases this has not been possible. A Library file has been
created to hold a copy of complete articles and cover pages
ol shelved items.

For case of use the references are listed alphabetically
and have been allocated anitem number. This item number
can be found under one or more of the 14 broad subject
categorics.

DESCRIPTION

The chuditch Dasyirus geoffioii, first described by John
Gould m 1841, is also known as the Western Quoll. Some
refer to it as a native-cat, however this is misteading as i is
a dasvurid marsupial related to marsupial mice and the
Tasmanian Devil, rather than cats. The Noongar people
from the south-west of Western Australia had many names
tor this species, including ‘djooditj” and ‘dju-tytch’. From
these the term ‘chuditeh’ was derived by carly seetlers and
collectors (Abbott 2001). This word closely mimics the
animals™ characteristic call of short, sharp gurtural cries.
Serena (1987) describes this call as an aggressive sound
used to defend its food supply or when threatened by a
predator.

This species is recognisable by brown furand distinctive
white spots (up to 60) covering the head and body. The
tail has an attractive black brush. This nocturnal animal is
the fargest native mammalian predator in WA with males
attaining weights of 1.5 kg and females 1 kg, Chuditeh
are known as the scavengers of the torest, moving quickly
and foraging tor a varicty of prey including insects, mice,
birds, repules and mammals up to their own body size.
They have the added ability to chimb for tood and to avord
predators. Breeding usually takes place inautumn and early
winter with gestation lasting 15-19 days. Up to 6 young
are born, measuring around 5 mm (the size of a grain of
rice)and at about 61 days old they are deposited in dens,
usually around August. Females are susceptible to
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predators at this stage as they forage for tood tor their
young. Chuditch tend to live alone and may utilise as many
as 100 den sites within their home range (Johnson 1997).
The average home range for a male chuditeh is 900 ha
and a female 400 ha. Home ranges may overlap for the
male particularly when looking for a mate but temales
tend to keep to their own home range. First vear born
temales have to find their own home range once they leave
the mother’s den. Common refuge sites for chuditch
includes hollow logs and burrows.

DISTRIBUTION AND CONSERVATION
STATUS

At the time of European scttlement, chuditch were
relatively abundant and occupied nearly 70% of the
Australian continent, occurring in every mainland State
and the Northern Territory. However, a drastic decline of
geographic range has occurred over the last 200 vears
(Collete 1887, Whittell 1954, Johnson and Roft 1982,
Burbidge e al. 1988). Specimens were last collected in
New South Wales (Liverpool Plains) in 1841, Victoria
(near the junction ot the Murray-Darling rivers) in 1857
and Queensland (Coomocboolaroo and Peak Downs)
between 1887-1907 (Waketield 1966, Krettr 1866). In
South Australia, chuditch were last collected in 1931 in
the north west of that State. Chuditch were last reported
in the central arid zone in the 1950s (Finlayson 1961). In
arid parts of WA, the species was last collected in Shark
Bay in 1858, Canning Stock Route in 1931 and on the
Nullarbor Plain in the 1930s (Boscacci et al. 1987).
Chuditch were still abundant in the wheatbele in 1907
(Thomas 1906, Shortridge 1909) and persisted on the
Swan Coastal Plain around Perth until the 1950s
(Kitchener eral. 1978, Kitchener and Vicker 1981). They
were still sutficiently common at this time to be regarded
as a pest by poultry farmers in the outer metropolitan
parts of Perth. Since the 1970s the chuditch has been
confined to the south-west part ot WA, occupying a

roughly triangular arca bounded by Moora in the north,
Cape Arid to the east and Cape Lecuwin in the south.
There is an unconfirmed record of chuditch along the
Gascoyne River on Doorawarra Station in 1982
(McKenzie et al. 2000). By the end of the 1980s it was
estimated that the wild population numbered fewer than
6 000 and that the majority of these were confined to the
jarrah torest in the south-west part of WA (Serena et al.
1991). They also persisted in low numbers in the drier
woodlands and mallee shrublands of the wheatbelt.

In 1983 the chuditch was listed as “fauna that is rare,
oris likely to become extinet” pursuant to the WA Wildlife
Conservation Act 1950, and in 1991 it was listed as an
Endangered species under the Commonwealth
Endangered Species Protection Act 1992.The 1992 Action
Plan for Australasian Marsupials and Monotremes regarded
chuditch as Endangered (Kennedy 1992), however a
revision of this plan in 1996 regarded it as Vulnerable
using JUCN (1994) criteria (Maxwell ¢z al. 1996). This
species is currently included in the list of threatened species
(Vulnerable) established under Section 178 of the
Commonwealth Environment Protection and Biodiversity
Conservation Act 1999.

Many factors have contributed to the decline of
chuditch including predation (and competition tor food)
by feral cats and foxes and clearing ot habitat, A recovery
plan was prepared tor the chuditch (Orell and Morris
1994) and recovery actions included researching the
impact of timber harvesting and prescribed burning on
chuditch in the jarrah forest, researching the impact of
fox control, monitoring known populations, maintaining
a captive breeding program and translocating chuditch to
parts of their former range. Progress on these actions is
documented in Morris ez al (2001).
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ABSTRACT

The Wheatbelt of south-west Western Australia contains a range of wedand types with varying salinity, including
many naturally saline lakes and playas. The increase in salinity of most wetlands during the last SO years as a result of
land-clearing is a major threat to wetland biodiversity. As part of the Stare Salinity Strategy, a wetland monitoring
program began in 1997 at 25 wetlands from locations throughout the wheatbelt. The aim of the monitoring program
was to document trends in biodiversity at the 25 wetlands and relate these trends te physical conditons in the
wetlands and patterns of surrounding landuse.

This report summarizes existing information on the wetlands and provides, as bascline conditions, results of initial
waterbird, aquatic invertebrate and groundwater monitoring. It documents the monitoring methods used and
highlights the need for a long-term program.

There was a strong negative relationship between aguatic invertebrare species richness and salinity. A negative
relationship also existed for waterbird richness, although other factors determined numbers of species in many
wetlands with salinity being a constraint on maximum potential waterbird richness rather than a determinant of the
actual number of species. Further salinization is likely to change detrimentally both invertebrate and waterbird
communitics. Such changes are apparent in histerical waterbird data from some wetlands.

The ultimate cause of increased salinity in wetlands is rising groundwater, although sometimes wetlands are more
directly aftected by the increased surface run-otf chat resules trom high watertables in the catchment than by

groundwater bencath the wedand.

INTRODUCTION

The Wheatbelr region of south-west Western Australia
contains many ditferent types of wetlands with a range of
water salinitics (Lane and McComb 1988). Land-clearing,
grazing and rising watertables have altered the
characteristics of many wetlands over the last 150 years
but the physiognomic and chemical diversity of Wheatbelt
wetlands remains considerable and they contain a
corresponding diversity of plants and animals. The most
comprehensive summary of waterbird use of Wheatbelt
wetlands is that of Jaensch ef af. (1988). Information on
wetland plants is more scattered but Halse e al. (1993b)
provide an overview of vegetation structure and the main
species. Aquatic invertebrates were largely overlooked until
recent years and there is hittle published information
available about their occurrence in most lake types.

However, Pinder (2000; 2003) review what is known
about species in granite rock pools and hypersaline lakes,
Halse ez 2/ (2000a) provide information about Toolibin
and Walbyring Lakes, Geddes e al. (1981) provide a list
of crustaceans tor many wetlands in the castern Wheatbelr,
and Brock and Shiel (1983) provide a list of rotifers and
other invertebrates.

Over the next few years, considerably more information
on the biodiversity of wetdands should become available
as the resules of the recent Stare Salinity Strategy biological
survey of the Wheatbelt are published {Lyons e al. 2002;
Blinn ¢z al. 2003; Halse et af. 2003). The biological survey
beganin 1997 and 232 wetlands were surveyed for aquatic
invertebrates, waterbirds and wetland plants. A range of
physico-chemical parameters were also measured. The
State Salinity Strategy is intended to combat the
detrimental effects of increasing sccondary salinization on
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biodiversity, agricultural production and rural
infrastructure (Government of Western Australia 1996).

Secondary salinization is a global phenomenon but is
particularly acute in the Wheatbelt of south-west Western
Australia, where > 70 % of Australia’s secondary
salinization occurs (Williams 1987; Williams 1999). In
the Wheatbelt, increased salinity is the result of ‘dryland
salinization’, which results from the clearing of deep-
rooted perennial vegetation and itsreplacement by annual
crops that evapo-transpire much less soil water (George
et al. 1995). As a result of reduced evapo-transpiration,
watertables rise and salt stored in soil above the previous
watertable is dissolved to create more saline groundwater
that will cause scalding and death of vegetation as the
watertable approaches the land surface. Secondary
salinization can also be caused by irrigation, though this
rarely happens in Western Australia.

Not all saline landscapes are the result of anthropogenic
activity and concomitant secondary salinization. Many
inland lakes and river systems in Western Australia are
naturally (or primarily) saline and one of the features of
the Western Australian environment is the high proportion
of brackish or saline water in inland water bodies (see
Schofield ez a/. 1988 for a summary of nineteenth century
observations). The cause of primary salinity is similar to
secondary salinization in the sense that it is the result of
discharge of saline surface or groundwater into a lake,
but the time periods involved are orders of magnitude
greater (Johnson 1979). Naturally saline groundwater is
produced by the accumulation of marine aerosols over
hundreds of thousands of years (Commander ez al. 1994;
Herczeg et al. 2001). Climate, rather than land clearing,
determines the distribution of primary salinity in inland
areas and in Western Australia most naturally saline systems
occur in palaco-valleys. As a result of the prevalence of
this natural salinity, much of the Western Australian biota
is salt-tolerant by comparison with the remainder of
Australia (Halse 1981; Kay et a/. 2001; Pinder ez al. 2003).
There are also a few naturally saline lakes in coastal areas
that reflect previously higher ocean levels, rather than
groundwater conditions (eg. Moore 1987; Hodgkin and
Hesp 1998). Their biota usually contains a significant
marine component.

Information about the detrimental effect of secondary
salinization on biodiversity in wetlands of the Wheatbelt
is partly anecdotal (Sanders 1991) because there is little
quantified baseline information on biodiversity prior to
salinization. However, a survey of Wheatbelt wetlands by
Halse et al. (1993b) suggested significant reduction in
plant species richness had occurred in secondarily saline
sites. Large-scale death of vegetation as a result of increased
water level and salinity has been observed at
Coomalbidgup Swamp (Froend and van der Moezel
1994), Toolibin Lake and surrounding wetlands (Froend
et al. 1987) and Lake Towerrining (Froend and McComb
1991). The likely effect of salinization on waterbirds has
been discussed by Halsc ez al.(1993c) and data on changes
at Toolibin Lake over the past 30 years have been presented
by (Halse ez al. 2000a). Published information about the

effect of salinization on aquatic invertebrates in rivers is
somewhat contradictory (sce Kay eza/.2001 for a review).
Work by Pinder et al. (2000 and unpublished data)
suggests only asmall proportion of the speciesin Wheatbelt
wetlands, often occurring in granite rock pools and other
specialised habitats, are restricted to very fresh water. Most
freshwater species in Wheatbelt wetlands tolerate brackish
or moderately saline conditions (Halse ez al. 2000a). It
should be noted that some species occur only in naturally
saline lakes and they may be as much threatened by
salinization as freshwater species because of the changed
patterns of inundation, salinity and ionic composition that
accompany salinization (Pinder ez al. 2003).

In this report, we describe the wetlands being
monitored as part of the State Salinity Strategy and present
results from the first four years of monitoring. Data for
lake chemistry, groundwater, waterbirds and aquatic
invertebrates are presented as an estimate of baseline
conditions and discussed in the context of the
methodology, historical data and future monitoring. The
overall aim of the monitoring program is to measure
changes over time in wetland conditions and biodiversity
to provide information that will lead to better land
management decisions (Wallace 2001). More specific
objectives for the part of the program covered in this report
are:

e to monitor trends in water chemistry, groundwater
levels and salinity, waterbirds and aquatic invertebrates
at 25 Wheatbelt wetlands representative of a range of
wetland types

e to relate trends to patterns of surrounding land-use,
management actions and historical data on wetland
conditions
The monitoring program includes two other

components. Vegetation health and plant species diversity
are monitored at the 25 wetlands (Ogden and Froend
1998; Gurner et al. 1999; Gurner et al. 2000). Bi-annual
measurement (in September and November) of depth,
salinity and other parameters occurs at 100 wetlands in
the south-west, including the 25 wetlands where biological
monitoring is occurring (see Lane and Munro 1983 for
historical information on this part of the program).

METHODS

Locations of the 25 wetlands where biological monitoring
is occurring are shown in Figure 1. Seven criteria were
used to guide the selection of these wetlands and are listed
below (see also Table 1):

1 Wetland listed in Government of Western Australia
(1996); Toolibin Lake, Noobijup Swamp and Lake
Wheatfield occur in the 3 original Recovery
Catchments (Toolibin, Muir, Warden);and Lake Bryde
was used as an example of a threatened catchment in
the State Salinity Strategy (Government of Western
Australia 1996) and is now in a listed Recovery
Catchment.
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2 Adberence to overall monitoring design, aimed 1o sclect
five wetlands in each of five water quality categories
(primary saline, sccondarily saline, fresh, declining,
improving).

3 Wetlands bave high conseyvarion valuc required that
conscrvation value was high for at least onc of the
following biological attributes - vegetation, waterbirds,
aquatic invertebrates.

4 Geographic representativeness; as far as possible, the
resulting group of wetlands represented a mix of
wheatbelt regions and drainage systems.

5 Long recovd of daca; generally, wetlands with existing
data on salinity or wetland conditdons were preferred.

6 Landcare activities in local catchment, the cxtent to
which this eriterion was important varied with wetland
category - it was extremely important when sclecting
Improving wetlands but perhaps less important when
selecting Dedlining wedands.

D.J. Cale et af.

7 Size; although not an over-riding consideration, very
large wetlands were usually avoided except when
meeting the requirements of representativencss.

Faunal and physico-chemical monitoring began in
spring 1997, although work is yet to commence at
Toolibin and Dumbleyung because neither lake has
contained sufficient quantitics of water during the last
five years te cnable sampling. Groundwater monitoring
began in 1999.

Timing of monitoring

In most cases, groundwater is monitored each year and
fauna and physico-chemical parameters are monitored on
a biennial cycle, with haif the lakes sampled one year and
the remainder the second year. For the purposes of
monitoring, three sampling seasons are recognised: late
winter (Aug-Scp), spring (Oct-Nov) and autumn (Feb-
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Figure 1. The location of the 25 wetlnnds included in the monitoring program. The 600 s and 300 mm average annnal

isohyets approximately define the boundaries of the Wheatbele.



Wetland monitoring in the Wheatbelt of south-west Western Australia

TABLE 1
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The 25 wetlands included in the monitoring program and factors infiuencing their selection. See the text for a descrip-
tion of selection critetia.

SITE CRITERIA 2 COMMENTS CRITERIA
CATEGORY MET
Altham Primary saline Regularly filled naturally saline lake, intact vegetation, waterbird data, 23457
fong history of gauging
Ardath Declining Naturally saline lake with secondarily increased salinity, but with 2,347
intact fauna, sampled by State Salinity Strategy Wheatbelt Survey
Bennetlts Primary saline Good vegetation, previous invertebrate and waterbird study, 23457
some salinity data
Kulicup Fresh Good vegetation and invert fauna, excellent data record, fresh and 23,457
will not change in near future
Bryde Improving Recovery Catchment, good vegetation and invert, moderate 1,2,3,4,5,6,7
waterbird fauna, long record, management activity in catchment
Campion Primary Large naturally saline system in Eastern wheatbelt, inflow 2345,
saline comparatively often, long history of gauging
Coomalbidgup Declining Good vegetation, moderate record, catchment hydrology 2,34,5,7
changing as result of clearing
Coomelberrup Declining In Datatine drainage scheme, moderate salinity which may increase, 2,45,6,7
long data record
Coyrecup Secondarily Good waterbird fauna, long data record, moderately saline but this 2,34,5.6
saline may increase, ‘ot of catchment management activity
Dumbleyung Secondarily Major waterbird wetland and largest wheatbelt lake, long history 2345
saline of gauging
Eganu Secondarily Major waterbird wetland, long history of gauging/studly, has declined 23,457
saline since early 1970s
Goonaping Fresh Fresh dark-water swamp. Most of lake andl catchment in forest, 2,357
sampled by State Salinity Strategy Whealbelt Survey
Blue Gum Declining Moderate waterbird fauna, history of gauging in one lake in 2,457
system (Streets), located in a sizeable remnant
Logue Fresh Googd vegetation and fauna, long data record, focus of 234567
management interest
Frasers Fresh Fresh swamp, a threatened community with consequent high 213
conservation values
Noobijup Improving Recovery catchment (Muir), good vegetation and invert fauna, 1,2,.34,56,7
detailed recent studies
Paperbark Fresh Excellent fresh swamp in Nature Reserve, Sampled by State 2,345,7
Salinity Strategy Wheatbelt Survey. History of gauging
Parkeyerring Secondarily Salt-afiected vegetation, good waterbird fauna, long history of gauging 2,345,
saline
Pleasant View Fresh Good vegetation, rare waterbirds {bittern}, long history of gauging 23457
Ronnerup Primary saline Good vegetation, nearest clearing 4-5 km away 2,347
Toolibin Improving Recovery catchment, good fauna and vegetation, local remedial 1,2,3,5,6,7
works, long record
Towerinning Improving Good waterbird, local remedial works, long data record 2,3,5.6
Walyormouring Secondarily Good waterbird fauna, iong history of gauging, reasonable 2,345
saline amount of vegetation
Wheatfield Primary Recovery catchment (Warden), good fauna and vegelation, brackish 1,2,3,4,6
saline but susceptible to change, lot of catchment activity {incl replanting)
Yaalup Declining Good vegetation (northern E. occidentalis swamp} though clearing 23,457

close on east side, waterbird data, long history of gauging
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Apr). Becausce the sampling regime is based on a
hydrological cycle (i.c. inflows occur in fate winter and
low water levels occur in autumn), it spans two calendar
years but for recording purposes the year in which the
spring sample was collected was used as the year of
sampling.

In a year when aquatic fauna and physico-chemical
parameters are being monitored at a wetland, waterbirds
are surveyed in late winter, spring and autumn, while
invertebrates are sampled only in spring. Some physico-
chemical parameters are measured in all three seasons,
others are measured only in spring. Table 2 shows the
years in which sampling has occurred ac cach wetland.

All groundwater, faunal and chemical data collected
during the wetland monitoring program are on the Salinity
Action Plan Wetlands Database in the Department of
Conservation and Land Management’s Science Division.

Waterbirds

Censusces of waterbirds were conducted in late winter,
spring and autumn by one or two observers, The aim of
the censuses was to record all species and all individual
birds present. At large wetlands, e.g. Towerrining,
Campion and Logue, a simall powerboat was used to
arcumnavigate the lake. Ar smaller wetlands, or where
vegetation impeded the passage of a boat, the waterbird
survey was conducted on foot. Observations were made
using binoculars and spotting scopes. All waterbirds seen
were identified and counted and the numbers of nests
and broods of each specics were recorded. Up to five hours
were spent surveying individual wetlands.

D.J. Cale et af.

Waterbird data analysis

Two of the most difficult aspects of monitoring arc
detection ef trends and presentation of monitoring data
in a meaningful way. Froend er al. (1997) suggested
ordination was a uscful method of presenting data and
Halse ¢z 2. (2002) showed it could be used to detect
trends. While the monitoring data collected since 1997
provide tooshorta time series for retiable trends to emerge,
we have displayed the results for waterbird surveys from
cach wetland in an ordination that includes five ‘marker’
wetlands. The marker wetlands were chosen because they
arc characteristic of particular types of wettands and thus,
comparison of their communities with that of monitored
wetlands enables the monitored wetland to be placed in a
CONSErvation context.

Reasons ftor sclection of the marker wetlands, and
sources of waterbird survey data for them, were varied. At
feast until recently, the waterbird fauna of Toolibin Lake
exemplified that of fresh to brackish inland wetlands
providing high quality waterbird habitat. Data collected
dwing a Department of Conservation and Land
Mamagement / Bivds Australia project (Jaensch g2 af.
1988) and comprising late winter, spring and aurumn
surveys for 1983 was used as representative of Toolibin
prior to salinization. [n 1983, the waterbird fauna of Lake
Pinjarrega reflected a recent history of increased salmity
but remained diverse and typical of deeper brackish
wetlands used as moulting habitat and dreught refuge by
large numbers of warerbirds, especially ducks. We used
three Jacnsch c2al. (1988) surveys from 1983 to represent
Pinjarrega. Lake Goordy has a waterbird fauna typical of

TABLE 2

Sampling occasions for each of the wetiands in the study.

SITE AUG- OCT- MAR- AUG- OCT- APR- AUG- OCT- APR- AUG- OCT APR- TIMES YEARS
COOE 87 97 98 98 98 99 99 99 00 00 6o 01 SAMPLED SAMPLED
Bryde 1 1 1 1 1 1 6 2
Logue 1 1 1 1 1 1 1 1 8 3
Towerrining 1 1 1 1 1 1 6 2
Coyrecup 1 1 1 1 1 1 6 2
Wheatfield 1 1 1 1 1 1 6 2
Altham 1 1 1 1 1 DRY 5 2
Noobijup 1 1 1 1 1 1 6 2
Bennelt's 1 1 1 1 1 1 6 2
Ardath 1 1 1 1 1 1 6 2
Blue Gum 1 1 1 1 1 DRY 5 2
Kulicp DRY 1 1 1 1 DRY 4 2
Campion 1 1 1 1 1 1 6 2
Goonaping 1 1 DRY 1 1 1 DRY 5 2
Coomelberrup 1 1 1 1 1 DRY 5 2
Walyormouring 1 1 1 1 1 DRY 5 2
Eganu 1 1 1 1 1 1 6 2
fraser 1 1 DRY 1 1 1 1 1 1 8 3
Toolibin DRY DRY DRY DRY DRY BRY 0 o]
Paperbark 1 1 1 &4 1
Dumbleyung DRY DRY DRY 0 0
Comalbidgup 1 1 1 3 1
Yaalup 1 1 1 3 1
Parkeyerring 1 1 1 3 1
Pleasant View 1 1 1 3 1
Ronnerup 1 1 1 3 1
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naturally saline playa lakes with a comparatively rich
assecmblage of salt tolerant species. We used a single survey
from October 1999 to represent the lake (SA Halse and
AM Pinder unpublished data). Despite the low sampling
cffort, this survey probably recorded most of the species
likely to occur at Lake Goorly. We used monitoring
program data from Lake Altham in 1998 and Lake Pleasant
View in 1999 to characterise the waterbird faunas of
species-poor shallow saline wetlands and freshwater sedge
swamps respectively.

Ordination was performed on a presence /absence data
matrix containing an annual species list for cach
monitoring wetland from cach year sampled and the five
marker wetlands. The initial data matrix included 45 site/
ycar combinations and 61 bird species. Semi-strong hybrid
multidimensional scaling (SSH) in the PATN data analysis
package was used (Belbin 1993) and disimilarity matrices
were calculated using the Bray-Curtis association measure.
When a high proportion of Bray-Curtis values were close
to 1.0, they were re-estimated using the shortest path
option. To enable casy interpretation of printed output
from the ordination, sites other than the wetland of interest
and the five marker wetlands are suppressed.

When suitable data were available, an alternative
ordination was performed to relate monitoring data for a
wetland with historical information. Historical data from
the carly 1980s were provided by Jacnsch e al (1988).
Dara from cach sampling year between 1981 and 1984
were included, if three suitable surveys had occurred each
year. The ordination was based on annual species lists for
all monitoring wetlands, the five marker wetlands, and
the annual lists derived from the historical surveys of the
wetland in question. An additional marker wetland was
provided by including Jaensch et al. (1988) data from
Lake Coyrecup in 1983. Following ordination, an equimax
principal components rotation was performed using the
PCR module of PATN (Belbin 1993).

Aquatic invertebrates

Invertebrates were collected in spring. The aim of the
invertebrate sampling protocol was to maximize the
number of species collected (see Halse ez al. 2002). Two
sites (A and B) were sampled at cach wetland and were
placed to include a range of habitats and conditions (c.g.
temperature and wind) within the main waterbody at the
time of sampling. This generally resulted in placing the
first site at the depth guage and the second on an opposite
shoreline (sec Fig. 2). Two sub-samples were collected
from cach site. The first, referred to as a benthic sub-
sample, was collected using a D-framed pondnet with
250 um-sizc mesh. The net was used to gather a series of
sweeps totalling 50 m in length from all identifiable
habitats over a path of 200 m, including the benthos,
submerged macrophytes, the base of emergent vegetation
and fallen logs. Lake substrates were vigorously disturbed.
The benthic sub-sample was preserved in 70-80% ethanol.
The second, plankton sub-sample was collected using a
50 pm-size mesh on the same pondnet frame. The same

habitats were sampled, except for benthic sediment, which
fouled the fine mesh. The plankton sample was preserved
in 5% borax-buffered formalin.

In the laboratory, sub-samples were scparated into
three size fractions using 2 pm, 500 pm and 250 pm sieves
for the benthic sub-sample and 250 pm, 90 pmand 53 pm
sicves for the plankton sub-sample. Representatives of each
species (or morphospecies) were picked out using a
dissecting microscope with 10-50x magnification and the
species were scored for abundance on a log scale (1-10
animals = 1, 11-100 = 2 etc.). All species were identified
to the lowest taxonomic level possible, with many of the
identifications being confirmed by taxonomic specialists
using voucher specimens.

Results from all sub-samples and sites were combined
for analysis. The analytical approach was the same as for
waterbirds and is documented in Halsce ¢z a/. (2002). Four
monitoring wetlands were chosen as markers in the absence
of existing invertebrate datascts that were based on equal
sampling cffort to that used in the monitoring program.
They were Noobijup Swamp and Lake Campion, based
on 1998 sampling, and Yaalup Lagoon and Lake
Parkeyerring, based on 1999 sampling.

Water chemistry and physico-chemical
parameters

The parameters measured each sampling season at Site A
were: (1) water depth using surveyed depth gauges (Lane
and Munro 1983), (2) clectrical conductivity, pH and
dissolved oxygen using a WTW multi-line meter to take
in situw measurements, (3) chlorophyll measured by
absorbance in the laboratory (APHA 1989) and (4) total
soluble persulphate nitrogen and phosphorus filtered
through 0.45 mm Millipore filters. Site A was generally
located ncar the depth gauge in each wetland.

In conjunction with invertebrate sampling in spring,
additional unfiltered water samples were collected from
Site A for laboratory measurement of ionic composition,
total dissolved solids, colour, turbidity, alkalinity and
hardness. Also in spring, a sccond set of conductivity, pH,
dissolved oxygen, chlorophyll and nutrient measurements
were taken from Site B, which was in a different sector of
the wetland (see Fig. 2), to provide information on spatial
variability of water parameters.

Measurement units and conversions

Salinity is defined as the mass of ionic compounds per
unit volume of water. In practise salinity is rarely measured
but estimated from electrical conductivity (EC) or total
dissolved solids (TDS). Common units of conductivity
are mS/m, mS/cm and pS/cm. Over the conductivity
range 5-100 mS/cm, salinity can be estimated (as g/L)
from clectrical conductivity (in mS/cm) according to:
S(g/L) = 0.4665EC " (Williams 1986)
Approximate conversions to the standard unit of salinity
(mg/L) arc:
I mS/m=0.01lmS/cm=10pS/cm =6 mg/Lor 1 pS/cm =
0.6 mg/L
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At salinitics above 100 000 pS/cm, the relationship
berween conductivity and salinity approaches 1 pS/cm =
1 mg/L but is rather variable.

Total solids (TDS) is measured
gravimetrically by drying a known volume of water. Such

dissolved

TS measurements include the retained water of

crystallization and can be converted to an estimate of
salinity using the formula;

salinity (mg/L) = 0.91x TDS (mg/L).

Dissolved oxygen can be measured dircetly as mg O, /L.
However, the solubility of oxygen is strongly influenced
by temperature and salinity of water. Therctore, the
amount of oxygen present in water is often expressed as a

D.J. Cale et al.

pereentage of the amount that would be dissolved if the
water were saturated with oxygen and at equilibrium,
Percentage saturation has been used as a measure of
dissolved oxygen in this report.

The ratio of ditferentions in water can atfect the ability
of animals to osmoregulate and carry out other
physiological functions. Ratios can be mast casily
compared if cations (Na, Ca, Mg and K) and anions (Cl,
$O,, CO,/HCO,) are converted to % nullicquivalents,
This adjusts each anion or cation according to its molecular
weight and number of electrons (Wetzel and Likens 1991),

The concentration of photosynthetic pigments (i.c.
chlorophyll and its breakdown product phacophytin) are
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uscful indices of primary productien within a wetland (¢.g.
algal photosynthesis). In this study four chlorophyll
fractions, differing in the wavelength of light they capture,
were measured. Often only chlerophyll a, which is usually
most abundant, is measured. The concentration of
phacophytin can be used to infer the status of primary
production at the time of sampling. Low phacophytin and
high chlorophyll suggest current activity while high
phacophytin and low chlorophyll suggest production is
declining, High levels of both imply a sustained period of
production.

Groundwater

Groundwater monitoring bores were installed at each
wetland in association with the vegetauon monitoring
transects (Ogden and Froend 1998; Gurner ez al. 1999;
Gurner ¢t 2. 2000). Bores were sited about one-third of
the way from the lowest end and ene-third from the upper
end of each transcct. They were constracted from 40 mm
PVC pipe with the lower portion slotted and the top
capped; the hole around the pipe was back-filled with bhie-
metal and sealed near the surface with bentonite. Location,
construction and depth details for each bore are recorded
in the Salinity Action Plan Wetlands Database. Bores were
sampled opportunistically as construction was completed,
then usually in late winter, spring and autumn of the post-
construction ycar, before sampling was scaled back to
spring and autumn in 2002, Parameters measured in the
bores werc depth to groundwater, measured with an
clectrical continuity dipper tape, and electrical conductivity
and pH measured with a TPS WP-81 meter from the
second sample withdrawn using a 0.5 L stainless stecel
bailer.

Figure 3. Lake Bryde is an cpisodically filled wetland. When the lake is near diy Muchlenbeckia horrida dominates

WETLAND DESCRIPTIONS AND
MONITORING RESULTS
Lake Bryde

Lake Bryde (332 21'S 118 49'E) (Fig. 3) is an
intermittently flooded wetland, approximately 50 ha in
size, situated in the Lake Bryde Nature Rescrve
{No. 29021), south of Newdegate. Lake salinity varics as
water levels cycle benween full and dry over many years.
Single flood events may fill the lake for two or three years.
Such flood events occurred in three of the four years
berween 1967 and 1985 when annual rainfall at nearby
Pingrup exceeded 348 mum (Watkins and McNee 1987).
The catchment of Lake Bryde is extensively (65%) cleared
for agriculture and this has resulted in higher catchment
run-oft than occurred pre-clearing. An analysis of the flow
pathways of surface run-oft into Lake Bryde described
the Lake Brydc catchment as internally draining and
comprised of 6 sub catchments.

Vegeration surrounding the lake is described by Ogden
and Froend (1998). The upland woodland includes
Eucalyptus flocktoniac and E. occidentalis over Melaleuca
spp., while the lowland is dominated by E. eccidentalis
and stands of Melaleuca strobophylln and M. cuticularis.
The lake-bed is dominated by Muchlenbeckin horrida
subsp. abdita, which is endemic 1o the lake and grows as
an cmergent, and Tecticornia verrucosa.

Lake Bryde was cited as an example of a threatened
catchment in the first Salinity Action Plan (Government
of Western Australia 1996) and is now a Biediversity
Recovery Catchment. Considerable management action
is occurring to stabilise the condition of the wetland. It
fas a fong history of depth and water quality data (Lane
and Munro 1983).

the lake bed, however, this plant population senesces during the flooded phase.
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Water chemistry and physico-chemical
parameters

During the menitoring penod, Lake Bryde fluctuated fro

a maximum depth of 1.74 m to being dry (Fig. 4). Initial
water sampling in August and October 1997 was during
a period of high water level and contrasted with the almost
dry condition of the lake when sampled in August and
October 1999, Heavy summier rains in carly 2000 caused
the lake o re-flood and took lake depth above the high
levels of Octaber 1997,

Water chemistry parameters were strongly influenced
by lake depth and evapo-concentration. For example,
conducrivity ranged from 1197 uS/om to 56 450 uS/cm,
largely according to depth (Fig. 4). However, total
nitrogen and phosphorus concentrations measured in
March 2000, alter summer flooding, were higher than
levels recorded in spring 1997 at a similar water depth,
suggesting that a large quantity of nitrients was washed
into the fake during summer flooding. Chlorophyll
concentrations were retatively high in spring 1999,
indicating the presence of higher algal activity at a time
when total nitrogen cancertration peaked because of low
water levels.

A maximum conductivity of 16 000 uS/em was
recorded by JAK Lane (see faensch ef al. 1988) berween
1982- 1985, suggesting salinity has increased at least at
low water levels since this tine.

Throughout the study peried, cation concentrations
followed the common Wheatbelt partern Na> Mgs Cas
K whije CI was the dominant anion.

Groundwaler

Paired monitoring bores were instalied on all four
vegeration tramsects at Lake Bryde. Monttoring of these
bores began in carly 2000 and showed groundwater was
present at depths between 1.5 mand 3.5 m below local
ground leveld, depending on location (Fig. 5).
('}wn-miw-.uu-‘ distribution beneath 1 ,ak' lr de was
complex with l)( ¢s on thc lakes north-western side (12)

L..L.';iny dry and evic from deep lmru mmntmnui
by the Bryde Rccu‘.’::l"' (L:ticlu ent, that a budy of Jl.u'\ii-C
groundwaler exists !

(i)
-
por}
f‘.
v

in the monitoring progran (imm.dw..lu (4-1 30—
73 900 pS/ont) was more r-;thnc than lake water, except

rhaps in the Aoal stages of evapo-concentration,
dicating considerable potential for salipisation of Lake

Waterbirds

A total of 24 species of warerbird were recorded during
monitoring at Lake Bryde (Table 3), compared with 16
seen in 1O surveys by Jacnsch ef al. (1988) benween 1981
and 1985, when the lake expericnced both high and low
levels. Most of the species recorded during
monitoring arc common and widely distributed, except
for the Australasian Bivtern and Freckied Duck. Waterbird

water

D.d. Cale et af.

species richness and total abundance increased threugh
ihe 1997 sampling year with peak abundance of 1099
birds of 17 species in autwmn 1998 (Fig. 6). By contrast,
three or fewer species were recorded when lake levels were
tow i late winter and spang 1999, However, after re-
ﬂooding in summer 10 species were scen in autumn, so
that the overall waterbird hsts in 1997 and 1999 became
maore simtlar.

The increase in waterbirds recorded at Lake Bryde
during moiitoring, compared with Jacnsch ez al’s (1988)
carbier data, probably reflects greater use of rhe lake n
recent years, although improved species detection during
monitoring cannot be discounted as a canse of the changes,
Counts of ducks, coots and swans in October 1997 and
March 1998 were higher than corresponding November
aind March counts made between 1988 and 1992 (Halse
et al. 1995 and rekerences therein).

Ordination of the waterbird assemblages in both years
of survey at Lake Bryde indicared thar warerbird
communitics showed strong similanties to communitics
i other wetlands with inondated trees or recentdy dead
trees (Fig. 7). Rettecting the lower waterbird nse of Bryde
in the early 1980s, the 1983 community occupied a
substantially different place in the ordination from the
1997 and 1999 communities, although water depth in
1983 and 1997 were similar,

Invertebrates

Inveriebrares were monitored in Ociober 1997 and 1999
at Lake Bryde with cach sampling occasion ¢learly
represeniing a dilferent commimity, with salimty the major
facior sirticturing them. A total of 91 invertebrate raxa
were collecied, of which 80 specics were unique to one ol
he sampling dates (Table 4). In 1997, the year of grearer
water depth, 77 invertcbrate taxa were c()!lu.udlmm wo
sites (wie did not use some of the data collected in 1997,
\"h 1 lour sites were sampled ot Bryde to refine s.unphm,
10ds, because we wanied equal sampling effort
lI()lIL,hUl'I‘IL see Halse et af. 2002). Invertebrate diversity
in 1997 was evenly divided between crustaceans (46% of
spectes) and insects (42%). The most diverse taxonomic
grotps were cladocerans with 17 species, ostracods (11
species ) and chironomids (15 species).

Low watcer levels and saline conditions in October 1999

—_

i
. wl
mietin
i
i

restilted m adess diverse inveriebrate assemblage, with only
25 species being collected. Somewhat surpnsingly, insects
domimated the Fauma (62% of species). Half the insccts
were dipterans typical of ephemeral waters, including
culicids, stratiomyids, chironomids, epbydrids and
miuscidds,
Ordination of tie invertebrate assemblages from Lake
Bryde together with the marker sives showed the
assemblage at Bryde to have affinivies with Yaalup in 1997
Fig. 8). There were considerable differences between the
assemiblages in 1997 and 1999, compared with the smaller
variation scen at sites with morce consrant sampling
conditions (¢.g. Lake Ceyrecup - Fig. 25).
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Figure 5. Depeh below local ground level of groundwacer i one bore (not necessarily closest to lake) on each vegeetarion transcee

nt Lake Bryde. Open symbols vepresent dry bores. Legend values in parenthesis are depth of the bore in metres.

TABLE 3

Waterbird species and their abundance on six sampling occasions at Lake Bryde.

AUG-97

OCT-97

DATE

MAR-98

AUG-99

OCT-99

MAR-00

Australasian Bittern
Auslralasian Grebe
Australasian Shoveler
Australian Shelduck
Australian Wood Duck
Black Swan
Black-fronted Dotterel
Black-tailed Native-hen
Black-winged Stilt
Blue-billed Duck
Common Greenshank
Darter

Eurasian Coot
Freckled Duck

Grey Teal

Hardhead
Hoary-headed Grebe
Little Pied Cormorant
Musk Duck

Pacific Black Duck
Pink-eared Duck
Sharp-tailed Sandpiper
White-faced Heron
Yellow-billed Spoonbill
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TABLE 4
Invertebrate species collected from Lake Bryde in the 1997 and 1999 sampling years.
TAXA 1997 1999 TAXA 1997 1999
Turbellaria ' Apocyclops dengizicus v
Nematoda ' v Mesochra nr flava v
ROTIFERA AMPHIPODA
Hexarthra mira 4 Austrochiftonia subtenuis v '
Brachionus quadridentatus 7/
Trichocerca ratius carinata of COLEOPTERA
Allodessus bistrigatus 4
OLIGOCHAETA Antiporus gilberti v
Ainudrilus nharna 4 Sternopriscus sp. v
Dero digitata 4 Necterosoma penicillatus v
Enchytraeidae v/ Berosus discolor v v/
Berosus munitipennis v
CONCHOSTRACA Berosus sp. %
Caenestheria sp. nov. A (nr lutraria) 4 Enochrus eyrensis v
Caenestheriefla sp. v Hydrophilidae 2
Heleroceridae 7
CLADOCERA Curculionidae v
Alona diaphana v/
Alona diaphana vermiculata 7 DIPTERA
Alona rigidicaudis s.. v/ Tipulidae group C 4
Alona fonginqua v Aedes camptorhynchus 4
Alona sp. nov. A (Bryde) e Culicoides sp. 4
Leydigia <f. ciliata v Stratiomyidae v/ v
Monospilus diporus v Ephydridae 4
Monospilus elongatus v/ Muscidae v/
Plurispina cf. chaufiodis v Procladius paludicola 4 4
Pleuroxus cl. foveatus 4 Procladius viflosimanus /
Daphnia carinata 4 Abiabesmyia notabilis v/
Daphnia cephalata / Paramerina levidensis 4
Daphniopsis queensiandensis 4 Paralimnophyes sp. 1 (pulluius) s
Daphniopsis sp. v Cricotopus albitarsus 4
Simocephalus exspinosus v Orthocladiinae sp. A v
Simocephalus victoriensis / Tanytarsus sp. A (nr. K10) /s /
Macrothrix breviseta v Chironomus occidentalis v
Neothrix cf. armata v Chironomus tepperi 4
Chironomus sp. '
CSTRACODA Chironomus afl. afternans 4
Limnocythere mowbrayensis 4 v/ Dicrotendipes pseudoconjunctus 4
flyocypris australiensis 4 Cryptochironomus griseidorsum 7/
Bennelongia australis v Cladopelma curtivalva 4 v
Candonocypris novaezelandiae 4 Parachironomus sp. 1 4
Cypretta baylyi s
Heterocypris vatia v HEMIPTERA
Mytilocypris ambiguosa v/ 4 Agraptocorixa parvipunctata s
Mytifocypris tasmanica chapmani 4 Micronecta gracilis v
Reticypris clava v Anisops occipitalis 4
llyodromus ellipticus v Anisops sp. v
Cypericercus sp. 442 4
Sarscypridopsis aculeata v/ 7/ ODONATA
Auslrolestes annulosus 4 4
COPEPODA Hemianax papuensis v/
Boeckella triarticulata v Hemicordulia tau 4
Calamoecia ampulfa v
Metacyclops sp. 462 v TRICHOPTERA
Australocyclops australis v/ Oecelis sp. 4
Eucyclops austratiensis v Leptoceridae 7/
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Lake Logue

Lake Logue (Fig. 9) is a large, scasonal wetland (29 51'S
115" §8'E) located in the Lake Logue Nature Reserve
(Reserve No. 29073) on the coastal sandplain west of
Encabba. The lake is fresh o breackish, with an area of
approximately 425 ha (Halse ez af. 1993b) and is linked
to nearby Lake Indoon by groundwater. Together, the
lakes form an important feeding and refuge area for
waterbirds (Lane et ol 1996).

Vegeration of the surrounding dunes consists ol open
woodland of Bawubsia prionates over myrtaccous shrubs.
Casnavina abesn is dominant at the margin of the lake,
with an extensive outer zone of Mclalewea strobophvlln and
M. rhaphiophviia in some arcas (Gurner et af. 1999). Lake
Logue has a long record of depth and salinity readings
and warerbird counts (Lane and Munro 1983; Jaensch
et al. 1988), and its faunal communitics and vegetation
are essentially intact. Consequently, for the purpose of
the monitoring program, Lake Logue was designated a
freshwater wetland without obyvious threats. However, the
lake 1s the Focus of nanagement interest because of thic
death of vegeration in the sotth-castern corner.

Water chemistry and physico-chemical
parameters

Water levels were low i 1997, when the lake was fivst
surveyed, but the lake filled well bevond its normat food-
line in May 1999 after extensive antunmn ratns (Fig. 10).
Cations conformed 1o a pattern Na>Mg>Ca>K and €l
was the dominant anion. Warer rended o be turbid,
particularly at low water fevels (max. 210 N1TU).
Immediately after filling, Take-water was highly coloured
(280°TCU), probably as a result of leaching from terrestrial
vegeration and debris, and tron concentrations were
higher, reflecting leaching from previously dried sediments.

Eigure 9. Lake Lague & a scasonal brackish wetland. When flooded, large arcas of fringing vegetation are

f
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Total nitrogen and phosphorus concentrations were
moderate to high (maxima of 2500 pg L' and 140 ug L',
respectively) in all surveys despite inereased water levels
in 1999, suggesting high levels ol input Fom Aoodwaters
or Hlooded sediments. Chlorophyll levels were highest in
October 1997 with individual samples containing
chlorophyll & at concentrations as high as 88 pg L' and a
lake average of 38 pg L

Groundwater

Maonitoring bores were not installed until March 2001
because high water levels prevented aceess to the
vegetation transeers. Prehiminary data from December
2001 sugpested the lake is interacting with groundwater
(as would be expected of a lake in a swale amongst sand
dunes) and that lake-water is fresher than underlying
groundwater, wlielis cither brackish or moderately saline.

Waterbirds

A total of 44 waterbird species were recorded ar Lake
Logue between August 1997 and March 2001 (Table ).
The number of species recorded on any one samphing
oceasion renained relatively constant tor 1997 and 1999
sampling years (Fig, 1), however, abundance declined
after the lake filled 1 1999 and richness was also lower in
2000.

Spectes compuosition showed marked changes between
1997 when water levels were low and 1999 and 2000,
after the lake had filled. In 1997, the lake supported large

arcas of shallows on which 14 wading species Red, including
Red Necked Avacer (1300 individaals) and Black winged
Stile (379 individuals). Avhigher warer levels, the number
ol wading species declined to tour, all in low abundance.
This change was concomitant with an increase in the
number of duck species from five to ten.

inunaated.
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Figure 10. Gauged depth and electrical conductivity for Lake Logue for the 1997, 1999 and 2000 sampling years (no depth
recorded in September 1999).
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Figure 11. Species rvichness and abundance of waterbirds at Lake Lague for the 1997, 1999 and 2000 sampling years.
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Figure 12. @rdination (SSH) of waterbird species dota, showing Lake Logue from 1997, before the lake filled and from 1999
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TABLE 5
Waterbird species and their abundance on eight sampling occasions at Lake Logue.
DATE
AUG-97 OCT-97 SEP-99 OCT-99 MAR-00 AUG-00 NOV-00 FEB-01
Australasian Grebe il o] 0 1 2 0 0 0
Australasian Shoveler 64 7 2 8 2 4 0 0
Australian Pelican (¢} 0 0 0 3 o] 0 1
Australian Shelduck 87 517 6 1300 30 1] 338 42
Australian While Ibis 0 (o} 4] 0 8 il 6] 11
Australian Wood Duck 0 0 12 1 6 29 0 i
Banded Stilt 22 50 0 e] 0 0 0 0
Black Swan 1 0 o} 40 47 1 0 0
Black-fronted Dotterel 3 18 0 0 0 2 0 0
Black-tailed Native-hen o} 0 5 0 0 0 0 0
Black-winged Stilt 662 379 0] 0 11 0 o] 0
Blue-billed Duck 0 0 4 il 1 0 0 16
Chestnut Teal 8 0 0 0 0 1 0 o]
Common Greenshank 4 26 0 0 0 0 0 0
Curlew Sandpiper 0 il 0 0 0 0 0 o]
Darter 0 0 0 0 1 0 2 0
Eurasian Coot 0 0 152 147 52 31 5 31
Freckled Duck 0 0 (o} 2 0 0 0 0
Glossy Ibis 2 0 0] (0] 0 2 0 0
Great Crested Grebe 0 o] 4 5 1 0 0 0
Great Egret ] 0 1 0 19 0 0 1
Grey Teal 2045 762 2169 218 115 196 14 302
Hardhead 4 0 36 15 4 7 0 0
Hoary-headed Grebe 39 218 12 25 18 29 27 91
Little Black Cormorant 0 0 2 1 1 3 4 8
Little Pied Cormorant 0 0 1 10 1 6 30 89
Musk Duck 0 1] 8 8 50 16 1 13
Nankeen Night Heron 0 0 30 0 0 0 2 0
Pacitic Black Duck 582 284 30 129 0 130 65 58
Pink-sared Duck 18 11 36 a3 33 32 3 0
Red-capped Plover 61 155 0 0 0 0 0 0
Red-kneed Dotlerel 0 3 0 0 Q 0 0 0
Red-necked Avocet 600 1300 4 0 0 Q 0 0
Red-necked Stinl 150 35 Q 0 0 0 0 ¢}
Sharp-tailed Sandpiper 0 40 0 0 0 o] 0 0
Silver Gull 24 e] 0 1 o] 0 0 0o
Spotless Crake 0 1 0 0 0 0 0 0
Straw-necked |bis 4] 22 1 65 55 4] 0 o]
Swamp Harrier 0 1 0 0 1 0 0 1
Terek Sandpiper 0 ] 0 o] 0 0 o] [¢]
Whiskered Tern 33 20 0 4] (4] o] 0 4]
White-taced Heron 27 o] 6 7 40 2 3 31
Wood Sandpiper 0 3 [} 0 0 0 0 0
Yellow-billed Spoonbill 0 1 3 0 40 0 0 2
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Figure 13. Ordination (SSH) of inverecbrare daca, showing Lake Logue in 1997 and 1999 and four marker wetlands.
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The most obvious trend in the data was the sharp
decline in waterbird abundance during the period of high
water levels (compare Figs. 10 and 11). Reasons for the
decline are unclear but it is not an uncommon
phenomenon. Sometimes a temporary drop in numbers
is associated with migration to extensive surface water
clsewhere (which was present in the north-west in 1999
and 2000 — SA Halse and GB Pearson unpublished data)
but the cause is probably often local. Crome (1986)
showed that productivity and breeding cffort were much
greater in the first few months after flooding in a New
South Wales wetland.

TABLE &

Despite the decline in abundance, specics composition
remained very similar during the two years of high water
levels (1999 and 2000). This was reflected in ordination
(Fig. 12) where the 1997 waterbird assemblage occupied
a different position in ordination space.

Invertebrates

A total of 84 invertebrate species were collected from Lake
Logue during monitoring (Table 6). Most notable was
the discovery of a new specics of oligochaete; Aindrilus
angustivase (Pinder and Halse 2002) In 1997, there were

Invertebrate species collected from Lake Logue in the 1997 and 1999 sampling years.

TAXA 1997 1999  TAXA 1997 1999
Turbellaria 4 v/ COLECPTERA
DierpEida & Allodessus bistrigatus v v
Liodessus inornatus /s
ROTIFERA : - 2
Antiporus gitberti 7/ 7/
Asplaqchna B “ Sternopriscus mullimaculatus s
5 i " v Piatynectes sp. s
peratisia, austials o Berosus munitipennis v
Dicranophorus 7 Berosus sp. 7
Lecane bulla 7
Lecane sp. v DIPTERA
OLIGOCHAETA Anopheles annulipes % 7
Culicoides sp. o
ApEeRu, s/ Nilobezzia sp. 1 V4
Amr._/dr_ﬂus angustivasa v Atrichopogon sp. v
Tapifipstyg . 4y Stratiomyidae 7
Chaetogaster diastrophus / Dolichopodidae v
ACARINA Syrphidae "z
Eylais sp. % Ephydridae s
Acercella sp. 1 Procladius paludicola & s
Arrenurus balladoniensis 72 Ablabesmyia notabifis 7/
Paramerina levidensis 4
CLADOCERA Cricotopus aibitarsus v
Alona rigidicaudis s.). Z Tanytarsus sp. A (nr. K10) v
Alona seligera 7 Paratanytarsus sp. A 7
Alona sp. 7 Chironomus occidentalis v
Chydorus sp. o/ Dicrotendipes conjunctus v/
Leydigia sp. 7 Dicrotendipes jobetus /
Pleuroxus sp. 2 Dicrotendipes ‘CA1’ (was lindae) U4
Daphnia carinata v Potypedilum nubifer i
Daphnia cf. cephalata o Cryptochironomus griseidorsum A
Moaina sp. 7 Ciadopeima curtivalva 14
OSTRACODA HEMIPTERA
Hyocypris spicutata 7 7 Saldidae ' o
Alboa worooa 7 Agrapltocorixa eurynome 7
Bennelongia australis v Agraptocorixa hirtifrons v 4
Bennelongia barangaroo 7z Ml_cronecta robu_s_fa v/
Candonocypris novaezelandiae v/ i Micronecta gracilis v/
Cypericercus sp. 658 { nr. salinus) 7 Anisops thienemanni 7
Cabonocypris nunkeri e Aﬂ{SOpS hyperion 72 7
Sarscypridopsis aculeata o o/ Anisops gratus o
COPEPODA ODONATA
Boeckella triarticulata s 7 Ischnura aurora aurora 4
Calamoecia ampulla Y Austrolestes annulosus v/
Calamoecia sp. 342 (ampulla variant) v Hemianax papuensis v/
Microcyclops varicans o/ Hemicordulia tau e
Metacycfops sp. 462 ) v/ TRICHOPTERA
Australocyclops australis v i
Mesocyclops brooksi v O_ecens. Sp. ) s
Triplectides australis v
AMPHIPODA
Austrochiltoria subtenuis v 4
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31 species, of which 17 (54%) were insects and 11 specics
{35%) were crustaceans. After flooding in 1999, 63 specics
were colleered with 31 (49%) inseet species and 19 (30%)
crustaceans. Invertebrate samples from 1997 and 1999
were quite widely separated on ordination axes (Fig. 13).
This was because tew species were common to both
sampling occasions, with only tour of 25 crustaceans and
four ol 44 inscets occurring twice. The fauna of 1999 had
a greater number of planktonic species (cight cladocerans
and six rotifers compared with one cladoceran species in

1997), suggesting an increased primary productivity of

the lake warers following filling. [n contrast, the 1997
Fauma Jiad a greater proportion of species typical of drying
or ¢ephemeral wetlands, such as the dipreran Ramilies
Suatiomyidae and Syrphridac.

Lake Towerrining

Lake Towerrining (33" 34'S 110" 46'L) (Fig. 14) lies
32 km south of Darkan in the Towerrining Nature Reserve
{Reserve No, 24917). The Take is permanent and brackish
with an area of approximately 180 ha . Irs catchment was
extensively clearcd by the 1960s and the historical decline
i water quality and remnant vegetarion is deseribed by
Froend (1991). Lake 'Towerrining was considered fresh
ungl 1966 and ar this time supported large fringing stands
ol Baumea articulatn, however, between 1964 and 1973
water quality dereriorared dramarically and finging sedges
almost totally disappeared (Froend and MeComb 1991).
The lake dried Tor a period between 1979 and 1981 and
the submergent beathic macrophytes present below mean
lake depth up until that time also disappeared subsequently.

—
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These macrophytes did not re-colonise, despite water levels
consistently about 2 m and turbidity was implicated as a
limiting factor (Froend and McComb 1991). High water
levels 1 recent decades have reduced salinity and
madifications to the outlet of the lake by the Deparmment
of Agiiculture have further improved water quality by
increasing lake volume and the porential tor Aushing. The
macrophyte Ruppia sp. has recolonised parts of the
lakebed. Currently the majority of remnant vegetation
occurs as a thin band in the vicinity of the infet on the
western shore. 1o consists principally ol Melalenea
vhaphiopindln and Encalvptus rudis (Gurner ez al. 1999),
The fake was selected for monitoring because local
remedial work had been undertaken and i was anticipated
that lake condition would stabilise or improve. The lake
has a Jong record of waterbird and depth data (Lane and
Munro 1983; Jacnsch er al. 1988).

Water chemistry and physico-chemical
parameters

Depth remained relatively constant in Lake Towerrining
during monitoring, varying from 2.49 m to 3.3¢ m
(Fig. 15), and conductivity remained berween 8000 and
10 000 u§/cm. Cations conformed to the pattern
Na>Mg>Ca>K and Cl was the dominant anion. The fake
was mesotrophic with respect to total nitrogen amd
phosphorus (masima of 3000 pg/1, and 10 pe/L.,
respectively) but high concentrations of chlorophyll were
measured (maximuany 245 pe /1) in March 2000,

Figure 14. Lake Towerrining is a lavge permancne and brackish wetiond, which lics partly in the Towerrining Nature Reserve,
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Groundwater

Monitoring bores were installed on three vegetation
transects at Lake Towerrining and sampling commenced
in January 2000. Depth to groundwater was 1.08-1.66 m
in April 2000 and 0.2-0.66 m in August 2000 (Fig. 16).
Groundwater was more saline in bores on transect 1 (up
to 30 000 pS/cm) than the other two uansects and more
saline in bores than in the lake, although the more elevated
bore on transect 2 was returning water equivalent to lake
water.

Waterbirds

A total of 33 species of waterbird were recorded at Lake
Towerrining during monitoring (Table 7), compared with
35 recorded in 24 surveys by Jaensch er 22 (1988). Of
these, 70% were frequent users of the lake and seen on
two or more occasions. Species recerded only once
included the comparatively rare Freckled Duck. Number

of species remained constant at 28 for both sampling years
and 82% of the fauna was common to both sampling years.
The waterbird fauna was numerically dominated by ducks,
with large numbers of Hardhead (z4. 800 individuals) in
August and October 1997 and Blue-billed Ducks (269
individuals) in August 1997 being noteworthy. Counts
of more than 250 Blue-billed Ducks are rare in the south-
west (see Halse er al. 1995 and earlier duck count reports)
and supports the view that Lake Towerrining is an
important lake for waterbirds.

During the 1997 monitoring year, abundance of
waterbirds remained constant (range 2006-2372); in
1999, numbers were low (ca. 500 individuals) in late
winter and spring but increased to 1500 individuals in
autumn (Fig. 17).

The considerable similarity of species composition
across years meant that assemblages in 1997 and 1999
were close in ordination space (Fig. 18). However, they
were slighdy removed from assemblages in 1982-1984
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Figure 15. Gauged depth and electrical conductivity at Lake Towerrining for the 1997 and 1999 sampling years.
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TABLE 7
Waterbird species and their abundance on six sampling occasions at Lake Towerrining.
DATE
AUG-97 OCT-97 MAR-98 AUG-99 OCT-99 MAR-00
Australasian Grebe 0 o] 5 1 0 7
Australasian Shoveler 14 4 39 4 2 0
Australian Pelican 0 o] 0 i} 0 0
Australian Shelduck 9 105 484 15 174 402
Australian White Ibis o} o] 3 2 ] 1
Banded Still [0} 4] 24 0 0 0
Black Swan 5 30 2 5 16 12
Black-fronted Dotterel 1 2 0 2 0 25
Black-winged Still 3 o} 54 0 1 3
Blue-billed Duck 269 39 0 27 17 18
Common Sandpiper 0 3 3 3 2 4
Darter 0 0 0 0 (o] 2
Eurasian Coot 131 483 103 44 6 17
Freckled Duck 0] 0 2 0 ] 0
Greal Crested Grebe 6 S 0 0 o] 2
Great Egret 3 1 3 0 0 4
Grey Teal 78 160 265 101 104 339
Hardhead 849 796 46 64 2 Q
Hoary-headed Grebe 308 470 500 41 105 7
Little Black Cormorant 121 25 81 65 57 42
Little Pied Cormorant 36 0 25 3 7 14
Musk Duck 173 & 53 14 1 77
Pacitic Black Duck 0 5 121 14 19 524
Pink-eared Duck 350 22 131 8 14 4
Red-capped Plover [0} (0] 0 0 0 21
Red-kneed Dotterel 0 3 ] 0 0 0
Red-necked Avocet 0 0 6 0 0 0
Silver Gull 13 12 32 23 35 17
Straw-necked Ibis 0 (v} 3 0 0 0
Swamp Harrier 0 0 0 2 0 [
Whiskered Tern o] 0 s 0 6 0
White-faced Heron i 0 4 1 9 10
Yellow-billed Spoonbill 0 0 17 3 0 19
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Figure 17. Species vichness and abundance of waterbivds ar Lake Tiwverrining during the 1997 and 1999 sampling yeass.



Wetland monitoring in the Wheatbell of south-wes! Western Australia 39

Axis 3

® Towerinning
B Althsrn

? Toolibia

4 Pinjurcga
"
Q
Q

Pleasant View
Gaorly
Coyreeup

Figurc 18. Ordination (PCR) of waterbird species data from Lake Towervining, showing historical and monitoring data for

Lake Towervining and data for six marker wetlonds.

(Jaensch ¢z af 1988). However, Jaensch er. al. surveys
did not include Moodiarrup Swamp (the bay on Lake
Towerrining’s western shoreline) and while water
levels were similar, salinity was higher (approximatcly
17 000 pS/cm) than during the monitoring period. The
occurrence of more species typical of shaliow bare
shorelines, which occurred predeminantly in the swamp
in the 1997 and 1999 surveys (c.g. Red-capped Plover,
Red-kneed Dotterel, Red-necked Avocet, Banded and
Black-winged Sult), accounted for most of the differences
apparent within the ordination.

invertebrates

A total of 74 raxa of invertebrates were recorded during
monitoring. In 1997, 42 species were collected of which
22 (52%) were insects and 15 (36%) were crustaceans.
The prepertion of insccts in 1999 was similar wich 28
species comprising 48% of the fauna compared with 18
crustaceans {31%) (Table 8) In 1999, 58 raxa were
collected, reflecting an increase in the richness of several
invertebrate groups: eg., rotifers (+5 spp), chironomids
(+2 spp) and ostraceds (+2 spp). Nevertheless, the
invertebrate assemblages of Lake Towerrining remained
close in ordinadon space and were clearly distinguishable
frem wetlands with different ecological characters
(Fig. 19).
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Figure 19. Ordination (SSH) of inverecbrate data, showing Lake Towervining in 1997 and 1999 and feur marker wetlands.
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TABLE 8

Invertebrate species collected from Lake Towerrining in the 1997 and 1999 sampling years.

TAXA 1897 1999 TAXA 1997 1999

Turbellaria 74 AMPHIPODA

Nematoda v v Austrochiltonia subtenuis i 7

ROTIFERA COLEOPTERA

Brachionus rotundiformis v Antiporus gilberli /

Brachionus sp. . 4 Antiporus sp. /

Keratella ausiralis 7 Necterosoma penicillatus v v

Lecane sp. “ Berosus discolor v v

Lecanidae 7 Berosus munitipennis / 17

GASTROPODA DIPTERA

Coxiella sp. v Culicoides sp. v v

OLIGOCHAETA Monohelea sp. s

o, Monohelea sp. 1 s

Tubificidae WA10 v Nilobezzia sp. v

Dero digitata 4 Nilobezzia sp. 1 7

Paranais litoralis v '4 Psychodinae sp. 2 s

Enchytraeidae 4 4 Tabanidae s

ACARINA Stratiomyidge 4 v
. ) v Dolichopodidae v

;’mPes’a sp. Ephydridae v v
ezidae v/ Muscidae v

CLACOCERA Scatopsidae %

Al / Procladius paludicola s v
QRS |, Prociadius villosimanus 07 &

Ceriodaphnia laticaudala s.|. v Tanytarsus sp. A {nr. K10) v 7

Zap hn;: E agnarie . ; v Chironomus occidentalis 4 v
_eOINMX DrevISEla Dicrotendipes conjunclus 7

OSTRACODA Dicroteqdipes pseudoconjunctus 4

Limnocythere porphrelica s ggg; z Zgzzg ;v;bl!er ¥ v

i BoypuS aus!rafretjs:s ‘ Cryptochironomus griseidorsum "

Sypiaoiusgdtvarel ¥ ¥ Ciadopeima curtivaiva v

Diacypris spinosa / v/

Mytifocypris ambiguosa v 's HEMIPTERA

Mytifocypris tasmanica chapmani 's v Micronectaroisl ¥ 7

Sarscypridopsis acueata v/ s Anisops thienemanni 7

COPEPODA Ani;ops sp. v/

Boeckella triarticulata o Eaniciomenh ¥

Calamoecia clitefiata v/ ODONATA

AS””’fa"”f conl:‘.‘ci:/gz - ¥ Xanthagrion erythroneurum v
EHACYCIONS. SP: . Austrolestes annulosus v

Metacyclops sp. 434 (arnaudi sensu  Sars) 4 2Zygopiera v

Halicyciops sp. 1 (nr ambiguus) 4 )

Mesocyclops brooksi v 4 TRICHOPTERA

Apocyclops dengizicus v Notali . v

Cletocamptus att deitersi V4 0 e;e‘l?sa sspp i ; .

Onychocampltus bengalensis v v Leptac eridé 5 7

Nitocra reducta '4 v
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Lake Coyrecup

The kidney-shaped Lake Coyrecup (33°43'S 117°49'E)
(Fig. 20) lics at the confluence of two extensive drainage
systems: the first from the north-cast, draining the region
west of Nyabing, and the second from the cast. Lake
Coyrecup in turn lics upstream of Lake Dumbleyung on
the drainage line that is the Coblinine River. The lake is
semi-permanent and approximately 448 ha in area, of
which 80% is open water (Halse ¢z al. 1993b). Soils, climate
and vegetation are described by Lyons (1988). Vegetation
associations around the margin of the lake were described
as Casuarina obesa low forest and woodland, and
Melalesen woodland by Lyons (1988). Whilst Lake
Coyrecup has been secondarily saline for several decades,
groundwater is saline and still rising as a result of past
land clearing in the catchment. Its proximity to the lakebed
is scen as the main threat in terms of further change to
the ccological health of the lake.

Lake Coyrecup was included in the monitoring
program as an example of a secondarily saline wetland.
There is considerable management activity occurring in
the catchment and the lake has a history of collection of
waterbird and depth data. It supports a relatively cich
waterbird community for asaline lake (Jacnsch ez al. 1988),
and is well-known for supporting high abundances of
ducks (cg. Halse ¢z 2l 1995).

Water chemistry and physico-chemical
parameters

Lake Coyrecup was about one-third full in both 1997
and 1999 and lake water was saline (35 000 uS/cm o
144 000 pS/cm) (Fig. 21). The pattern of cation
dominance was Na>>Mg>Ca>K and the lake was
mesotrophic with respect to total nitrogen and

unl‘l' - !!!lw,g A.‘ m

phosphorus, although levels became more elevated as
water levels declined in March 2000 (maxima for TN was
10 000 pg/l and for TP 110 ng/l). Levels of phacophytin
(from the breakdown of algac) were also high at this time,
indicating a late algal bloom.

Groundwater

A total of 10 bores were installed on the five vegetation
transects at Lake Coyrecup. Depth to groundwater varied
with location (range 0.73—4.69 m) and was, on average,
I m greater in autumn than in spring (Fig. 22).
Conductivity was greatest in bores on transects four and
tive, which are cast of the lake proper. Groundwater was
acidic on these transects with pH approaching 3. At other
transects salinities were similar to those of the lake (range

38 400--68 000 pS/cm) and pH was 5-6.
Waterbirds

Twenty-one species of waterbirds were recorded at Lake
Coyrecup during monitoring (Table 9), compared with
the 32 recorded in 23 surveys between 1981 and 1985
(Jacnsch et al. 1988), when the lake twice tilled to
overtlowing. In 1997 and 1999, species richness tended
to be greater in late winter and spring and low in autumn
as the lake dried. In autumn of both years the fauna was
dominated by Australian Shelduck. Total waterbird
abundance was correlated with species richness (7= 0.85)
(Fig. 23). Only 57% of species were sighted on more than
two monitoring occasions, lcaving a large group of
occasional visitors. These occasional visitors were of low
abundance (e.g. Freckled Duck, Wood Duck see Table 9)
except for the Pink-cared Duck, with 689 individuals in
spring 1997.

Waterbird surveys from 1997 and 1999 ditfered in
their location in ordination space (Fig. 24). The 1999

|

Fygure 20. Lake Coyrecup &5 ucuudmzly saline wetland with o [fringing band of dead Casuarina obmz
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TABLE 9
Waterbird species and their abundance on six sampling occasions at Lake Coyrecup.
DATE
AUG-97 OCT-97 MAR-98 AUG-99 OCT-99 MAR-00

Australian Shelduck 11 385 220 70 916 640
Ausiralian Wood Duck 0 0 0 0 3 0
Banded Stilt 27 o} 3as ] 119 0
Black Swan 76 99 0 32 13 0
Black-winged Stilt 66 10 0 0 0 0
Chestnut Teal 2 0 0 o} 20 0
Common Greenshank 0 1 0 0 0 0
Eurasian Coot 82 50 0 0 [¢) 0
Freckled Duck 1 0 0 0 4] 0
Grey Teal 939 26 40 30 470 0
Hardhead 2 0 ] 0 o} 0
Hoary-headed Grebe 45 231 0 0 &) 0
Hooded Plover o] 0 0 0 0 1
Musk Duck 0 0 0 0 2 0
Pacific Black Duck 0 0 0 0 4 0
Pink-eared Duck 689 0] 0 0 0 0
Red-capped Plover 56 0 25 0 ) 15
Red-necked Avocet o) 4 0 0 9] 0
Silver Gull 50 7 0 25 25 0
White-faced Heron 0 0 0 7 16 o]
Yellow-billed Spoonbill 0 1 0 2 1 v}

survey lay closer te the saline marker wetlands, Alcham
and Goorly, because of the eccurrence of Hooded and
Red-capped Plovers and the absence of some specics
present in 1997. Beth years showed differences from the
1982-1984 surveys as Coyrecup has moved further away
frem being a treed wetland like Toolibin, (e.g. 1997 data
point) and sometimes become almost like a saline playa
(e.g. 1999 data point).

Invertebrates

A total of 25 species of invertebrate were recorded at Lake
Coyrecup during monitoring. Crustaceans dominated the
fauna with 10 species (55%) in 1997 and 11 (47%) in
1999 (Table 10). Species richness increased from 18 in
1997 to 23 in 1999, with 1997 esscnually containing a
subsct of the species present in 1999. The crustacean fauna

differed between years enly by the additien of
Harpacticoida sp. 1 in 1999. Dominant specices included
Daphniopsis pusilla, Mytilocypris tasmanica chapmani,
Australocypris insularis, Calamocecia clitellata and
Austrochiltonia subtenuis, all of which have widespread
distributions because of their tolerance of a wide range of
environmental parameters (see Halse 1981). Insects
recorded were typical of saline wetlands and included
Beresus discolor and dipterans from the families
Stratiomyidae, Ephydridae, Ceratopogonidae and
Chironomidae.

Despite additional specics in 1999, assemblages from
Lake Coyrecup were very close to each other in ordination
space (Fig. 25), both years lying midway between fresh
and hypcrsaline marker wetlands on all three axes. The
jimited suite of species collected reflects the salinization
of this wetland.
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Figure 24. Ordination (PCR) of warcrbivd species data from Lake Coyrecup, showing historical and monitoring data for Lake

Coyrecup and data for six marker wetlands.
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TABLE 10
Invertebrate species collected from Lake Coyrecup in the 1997 and 1999 sampling years.
TAXA 1997 1999 TAXA 1997 1999
Turbellaria v/ v COPEPODA
Nematoda v 4 Catamoecia clitellata a v/
Apocyclops dengizicus e v/

RETRERA Mesochra nr flava ' s
Hexarthra sp. 4 Harpacticoida sp. 1 /
Brachionus plicatilis 4

e R AMPHIPODA
&R Austrochiftonia subtenuis v 4
Coxiella sp. / /
b, ISCPODA

RSICHAR Haloniscus searlei 4 4
Tubificidae v/
Enchytraeidae 4 COLEOPTERA
CLADOCERA Berosus discolor 7/ 4
Daphniopsis pusilla 4 Berosus sp. 4 4
Daphniopsis sp. v/

DIPTERA

OSTRACODA Monohelea sp. 1 v/
Australocypris insularis 4 4 Stratiomyidae 4
Diacypris spinosa 4 4 Ephydridae 4
Mytitocypris tasmanica chapmani 4 4 Procladius paludicola e v/
Platycypris baueri 4 4 Tanytarsus sp. A (nr. K10) v/
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Figure 25. Ordination (SSH) of invertchrate data, showing Lake Covreenp in 1997 and 1999 and four marker wetlonds.
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Lake Wheatfield

Lake Wheatficld (Fig. 26) is one of a chain of wetlands
immediately north of Esperance (33 48'S 116°46'E).
With an area of appreximately 50 ha, Lake Wheatfield is
permancent and saline with a depth of 1-2 m. It reccives
water from Coramup Creek. Its outtlow extends threugh
to Woody Lake and, in years of high water tevels, continues
through Lake Windabout to Lake Warden. Wheatfield is
located within Banksia spectosa woodlands and fringed by
Melaleuca cuticularis, Iolepis nodosa and Bawmen funcea
in the littoral zone (Ogden and Froend 1998). Melalcuca
euticularis, Spyridium globulosum and Sarcocornia
guingueflora occur around the inflow.

Lake Wheatficld was sclected as a monitoring site
because it lics within a Ramsar werland and because it has
faunal and vegetation communities that are in good
cendition but susceptible to change because of salinization
and urbanisatien. Lake Wheatficld is in the Lake Warden
Biodiversity Recovery Catchment and substantial
management effort is being expended maintaining and
restoring its ecological values,

Water chemistry and physico-chemical
parameters

Depth data for Lake Wheatfield are cstimates (and
unreliable) becausc a gauge was not installed until 2001,
Conductivity ranged from 24 000 uS/cm in March 1998
t® 5050 puS//cm in March 1999 after heavy summer rains
(Fig. 27). Cation dominance conformed to the pattern
Na>Mg>Ca>K with Cl the dominant anion. Total
nitrogen (1900 pg/l to 2500 pg/1) and phosphorus
(20 pg/1 =50 pg /1) levels were stable and algal activity

appeared to be high. Total chlerophyll cencentrations (all
fractions) exceeded 30 pg/l in all water samples.

Groundwater

Paired monitoring beres were installed en vegetatien
transects 1, 2 and 3 and a single bore on transect 4. The
bores were installed as part of a series of 13 bores on Lakes
Wheatticld, Woody and Warden that are sampled and
maintained by the Biodiversity Recovery Catchment staft.
Depth te groundwater has been monitored monthly since
September 2000 and has shown an average annual
flucruation in groundwater depth of 0.92 m (Fig. 238)

Waterbirds

A rotal of 33 waterbird specics were recorded for Lake
Wheattield in 1997 and 1999, compared with 31 species
recorded in 26 surveys by Jaensch ¢z al. (1988). Twenty-
two (67%) species were recorded in both 1997 and 1999
(Table 11). Most of the species recorded in only one year
were seen in a single survey {(e.g. Swamp Harrier, Stlver
Gull and Whiskered Tern), but the Freckled Duck, Pink-
cared Duck and Hoary-headed Grebe were seen in all chree
997 surveys and not recorded in 1999, There were also
marked reductions in the numbers of some other species
in 1999 compared with 1997 (Table 11, Fig. 29. The
lake was not a significant drought refuge in March 2000,
presumably because the widespread summier rains in the
region filled other wetlands.

Despite the substantial variation in abundance benween
years, species composition was sufficiently similar for the
waterbird assemblages in 1997 and 1999 to separate from
those of marker wetlands in ordination space (Fig. 30).

Fignre 26. Lake Wheatficld is a velasively decp saline wetland on the soutbeast coast of Western Australia.
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TABLE 11

Waterbird species and their abundance on six sampling occcasions at Lake Wheatfield.

SAMPLING DATE

AUG-97 NOV-97 MAR-98 AUG-99 OCT-99 MAR-00
Australasian Shoveler 60 3 430 4] 0 2
Australian Shelduck 4 5 0 0 5 6]
Auslralian White Ibis 0 0 1 2 12 8
Auvstralian Wood Duck 3 0 0 9 [¢] 0
Banded Lapwing 0 ] 0 0 2 4]
Black Swan il 0 0 0 0 1
Black-fronted Dotterel 2 0 5 0 0 0
Blue-billed Duck 2 8 0 4 7 2
Chestnut Teat 429 320 17 85 76 40
Common Greenshank 0 1 15 0 0 0
Commoen Sandpiper 0 2 2 0 3 3
Darter 5 ] ¢} 4 0 4
Eurasian Coot 350 216 226 0 8 2
Freckled Duck 3 1 3 0 0 0
Glossy Ibis 0 0 [¢] 0 1 0
Grealt Cormorant 1 2 [¢] 3 0 0
Great Crested Grebe 1 5 0 0 2 o]
Graat Egret 25 4 10 2 30 0
Grey Teal 51 258 1450 4 82 10
Hardhead 120 16 0 12 1 4]
Hoary-headed Grebe 14 47 301 0 0 0
Little Black Cormorant 24 78 0 115 350 272
Litlle Pied Cormorant 15 10 5 80 47 6
Musk Duck 37 23 120 6 13 32
Nankeen Night Heron 0 1 0 0 2 0
Pacific Black Duck 78 92 250 55 57 18
Pink-eared Duck ] 84 1670 0 0 0
Silver Gull 0 0 0 1 0
Straw-necked Ibis 0 0 2 Q <] 4]
Swamp Harrier 0 o 0 0 o] 1
Whiskered Tern 0 62 0 0 9] 0
White-faced Heron 2 5 S 3 15 4
Yellow-billed Spoocnbill 13 2 30 5 g 24

The position of historical surveys within the ordination
suggests there has been a change in community
composition between the carly 1980s  and late 1990s.
The principal difference between surveys, however, is
species richiiess. Historical surveys returned a mean annual
species richness of 16 species while monitoring surveys
recorded 26 and 29 specics (mean 27.5 spp.). This
discrepancy is probably a resule of different sampling
efforts: monitoring surveys were conducted by boat and
had greater access to all regions of the lake than historical
surveys, which were conducted from the shore.

invertebrates

A total of 91 invertebrate species were recorded during
monitoring, with 52 specics in 1997 and 73 in 1999.
Insccts were the deminant group in both years, comprising
24 species (46%) in 1997 and 29 (40%) in 1999
{Table 12). The crustacean fauna consisted of 18 specics

{34%) in 1997 and 17 species (23%) in 1999, Ostracods

were well represented each year with eight and seven
species, respectively, and five of the 10 ostracod species
recorded were common to both sampling years. Four
slightly larger crustacean species, the shrimp Paleontoscres
australis, the amphipods Austrochiltonia subtenuis and
Melita kauerss, and the isopod Exesphacromasp., occurred
both years. The latter two specics have marine affinities
and have not been collected from any other monitoring
wetland.

While crustacean species composition was moderately
constant with 12 species (52%) common to both years,
insccts were more variable with only 15 of 38 species
occurring both years and additonal species of most orders
being recorded in 1999, Rotifers were a significant part
of the fauna in 1999, with 15 specics, but sere represented
by only three species in 1997, Despite the variarion
between years, the invertebrate assemblages of Lake
Wheatficld separate clearly from those of other wetlands
because of the significant marine element io the fauna
(Fig. 31).
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TABLE 12
Invertebrate species collected from Lake Whealfield in the 1997 and 1999 sampling years.
TAXA 1997 1999  TAXA 1987 1999
HYDRAZOA Cletocamptus alt deitersi 7/
Cordylophora sp. 4 s Onychocamplus bengalensis / 7
Turbellaria 4 Nitocra reducta '
Nematoda v/ v
AMPHIPODA
ROTIFERA Austrochitonia subtenuis 4 v
Macrotrachela sp. a 4 Melita kauerfi 4 '
Philcdinidae 4
Hexarthra fennica 4 4 ISOPODA
Hexarthra sp. v Exosphaeroma sp. v/ 7
Testudinella patina v
Brachionus rotundiformis v 4 DECAPODA
Brachionus sp. 7/ Pajaemonetes australis v 4
Keratella procurva v
Keratefla quadrala v SEBPPIERS
Colurella adriatica e Paroster niger 4
Colurelia sp. A Sternopriscus multimaculatus 4 'd
Lecane tudwigii 7/ Necterosoma sp. 4
Lecane sp. v/ Lancetes lanceolatus v
Lecanidae 'z Berosus sp. S &
Synchaeta sp. A4 Gymnocthebius sp. 1 v/
Trichocerca sp. '4 DIPTERA
GASTROPODA Clinohelea sp. v
Coxiella sp. V4 7 Cuflicoides sp. é v 4
Monohelea sp. v
OLIGOCHAETA Nilobezzia sp. 2 i
Tubificidae & Slratiomyidae v 4
Dero digitata / Empididae /
Paranais fitoralis o Oolichopodidae v/ 7
Enchytracidae Z Ephydridae v
Procladius paludicola 4 v
ACARINA Prociadius villosimanus v
Hydrachnidae v Parafimnophyes putiutus 4
Koenikea sp. nov. v, australica s Cladotanytarsus sp. A v
Pezidae / Tanytarsus sp. A (nr. K10} v/ v
Oribatida v g Chironomus occislentafis o 4
Mesostigmala ' / Chironomus alf. afternans v
Trombidicidea A Dicrotendipes pseudoconjunctus / oz
Dicrotendipes sp. A {D. Edwards V47) v 4
CLADOCERA Kiefferutus intertinctus v
Aloneffa sp. Polypeditum nubifer v
Daphnia carinata v Polypedilum nr. convexum 4
Cryptochironomus griseidorsum v
OSTRACCDA Clasdopeima curtivaiva 4
Cyprideis austrafiensis ' 4
Alboa worooa ' HEMIPTERA
Diacypris spinosa v/ v Micronecta robusta / v/
Mytifocypris tasmanica chapmani 4 Anisops hackeri v
Reticypris clava v/ v
Cyprididae s ODONATA
Sarscypridopsis aculeata e / Austrofestes annufosus % v/
Leptocythere lacustris v Austrefestes aridus v
Leptocythere sp. 4 Hermicordulia tau 7 v
Kennethia cristata v 4 TRICHOPTERA
COPEPQDA Ecnomus pansus/iurgidus VA
Gladiolerens imparipens e v Notatina spira 4 4
Halicyctops sp. 1 {nr ambiguus) 4 '4 Oecelis sp. 4 v
Mesocyclops brooksi 'd Symphiioneuria wheeleri v
Mesochra baylyi v Triplectides australis v
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Lake Altham

Located within the Chinocup Nature Reserve (Reserve
No. 28395) (332 24'S 1182 27'E), Lake Altham (Fig. 32)
is part ofa large chain of saline lakes that includes Take
Grace to the north and Lakes Pingrup and Chinocup to
the south. Lake Altham is typically a shallow, seasonal and
hiypersaline lake with an arca of approximately 243 ha,
almaost all of which is open water (Halse ez af. 1993D). In
most years Lake Altham dries during summer but after
major floods it fills to a depth ofabout 1.5 my and containg
watar all year (Jacnsch et a/. 1988). Natural vegeration is
cestricted to the west and northeast sides of the lake.
Vegetanion has been deseribed by Gurner et af. (2000) as
terrestrial woodlands of Melaleuca nteriflore and Haken
preissii on clevated ridges, replaced downslope by
M. uncinawn, M. bahaaturornm and M. bawmaudese as a
closed low woodland over shrub-like understorey specics
that include Halosarcia pergranulata, Lyctwm astrale,
Muaireana Irevifolio and Sarcornia quingucflora. e Take
was sclected for monitoring, because it is primarily saline,
fills regalarly, and has intact vegetation and a history of
waterbird and depth daca.

Fimre 32, Lake Altham isa shallow naruvally saline lnke which
drics in wost years,

D.J. Cale et al.

Water chemistry and physico-chemical
parameters

Lake Altham was monitored in 1998 and 2000. During
both years it was shallow, drying in autumn 1999 and
2001 and being almost dry in October 2000, The
minimtm recorded conductivity was 140 800 pS/em
(Fig. 33), with cation pattern being Na>Mg>Ca>K and
CI the major anion, although SO, concentration was
signilicant. The shallowness and high turbidicy (520 N'TU)
ol the lake led to high warer emperatures, particularly in
spring 1998, when 28.4°C was recorded. The
coneentration ol phacophytin also rose in spring 1998,
suggesting a collapse of the relatively high algal production
observed in late winter, when total chlorophyll
concentration was 54.5 pg /L Lake Altham was cutrophic
with respect o Total nivrogen and phosphorus throughout
the study period (TN range 3100-7900 pg/l and TP
range 40-220 g, /1). Nutrients are probably entering the
lake in run-of T from agriculiural land 1o the west.

Groundwater

Bore pairs were installed on three vegetation-transects in
April 2000. Groundwater lay between 0.33 and 2.89 m
below ground level, depending on location (Fig. 34), with
peak levels in late winter-spring,. Electrical conductivity
of bore-water was relatively constant spatially, averaging,
121 600 pS/cm in spring and 89 000 1S Zem in late winter.
Groundwater was less saline than lake water.

Waterbirds

Six species of waterbird were recorded at Lake Altham in
1998 and 2000, compared with 15 species recorded in
13 surveys between 1981 and 1985 (Jaensch et al. 1988).
Many of the species recorded by Jaensch e al. (1988)
were observed in 1983-84 when the lake flooded to a
depth of almost 1.5 m and salinity dropped to about
8000 puS/cm. Large differences in the waterbird
conmmunity were recorded between surveys during 1998
and 2000, with species richness ranging from one to six
in seasons when watar was present. However, the species
lists for whole years were very similar, with the absence of
Banded Sriles in 2000 being the only difference (Fable 13,
Fig. 35).

Lake Altham waterbird surveys (1998) were used in
this study as a marker wetland in the ordination, and
represent species poor saline wetlands. The similarity of
bird assemblages in both monitoring years was apparent
in the ordination (Fig. 36) with both years clearly defined
from other marker wetlands. A clear shift in community
structure between 1983 and 1998 /2000 is also indicated.
However, the 1983 survey coincided with a period ofhigh
water level and low salinity when waterbird use increased
and there is no evidenee ofa long-term decline in waterbird
use of Lake Altham. Nevertheless, the ability ot ordination
to detect changes in community structure is clearly
indicated.
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TABLE 13

D.J. Cale et al.

Waterbird species and their abundance on five sampling occasions at Lake Altham.

SAMPLING DATE

AUG-97 NOV-88 APR--99 AUG--00 OCT-00
Ausiralian Sheiduck 96 186 L¢] 175 0
Banded Siilt 0 7 o o] 0
Grey Teal 1 2 0 159 o}
Hooded Plover 13 20 0 2 )
Red-capped Plover 0 18 0 2 0
Red-necked Stint 0 8 0 1 0
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Figure 36. Ordination (PCR) of watcrbird specics dacn from Lake Althom, showing bistorical and monitoring data for Lake

Altham and data for six marker wedands.

Invertebrates

Fiftcen species of aquatc mvertebrate were collected in
spring 1998 (Table 14) with species richness clearly
constrained by salinity. Invertebrate abundance was also
low with most species represented by individuals in
samples. The fauna was dominated by salt-tolerant
crustaceans, which comprised 10 species (67% of the
fauna). Ostracods (four species) and cladocerans {three
species) were the most diverse crustacean orders. Two
cladocerans (family Chydoridac) recorded at Altham,
Alona sp. and Alonclin sp., occurred at a salinity (140
800 uS/cm) well above that at which chydorids have been
recorded elsewhere (see Hammer 1986). While it is likely

that these antmals were dead on collection (and preserved
in brine), the records nevertheless suggest thar some
extremely salt-tolerant cladocerans occur in south-west
Western Australia.

The lake was largely unsuited to insects and these
comprised only 20% ol the fauna. Three salt-tolerant
species of diptera (Dolichopodidae sp, Tanytarsis
barbitarsus sp and Procladins paludicola) and a beetle
(Carabidac sp.), which 1s likely to be only semi-aquatic,
were collected.

In ordimation space (Fig. 37), Lake Altham is
distinctive from the marker wetlands bue falls closest to
the other saline wetlands (Parkeyerring and Campion),
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TABLE 14
Invertebrate species collected from Lake Altham in the 1398 sampling year.
TAXA 1998 TAXA 1998
Nematoda ' Diacypris sp. v
ANOSTRACA Platycypris baueri e
Parartemia longicaudata v COPEPODA
Calamoecia cliteflata v
CLADOCERA Meridiecyclops baylyi Z
Alona sp. 4
Alonefla sp. v COLEOPTERA
Daphniopsis sp. ' Carabidae v
OSTRACODA DIPTERA
Australocypris insularis v Dolichopodidae sp. A A
Diacypris compacia 4 Procladius paludicola v
Paratanytarsus sp. A A
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Figurc 37. @rdinativn (SSH) of invertcbrace data from Lake Altham in 1998 and four marker wetiands
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Noobijup Swamp

Noobijup Swamp (Fig. 38) is located in Noobijup Nature
Reserve (Reserve No. 26680) (347 24'S 116 46'E ) and
is part of the Muir-Byenup peat swamp system centred
around Lake Muir, 65 km cast of Manjimup. ‘The swamp
contains freshwater, afthough it appears to be becoming,
brackish and deeper. Tt has short steep banks ending in a
flat lake-bed of peat. Ryder (2000) suggested that the
lake might be perched, because of the existence of a gley /
saprolite layer about 1.5 m below the fake sediments.
Storey (1998) reviewed the available hydrological
information and reported that Noobijup Swamp is
“receiving saline water from seeps and a drain to the W] est|
and S| outh . Excluding interactions with groundwater,
the majority of inflow appears to come from these two
sources. Run-offfrom the castside ofthe lake is intereepted
by Noobijup Creck and directed southward past Noobijup
Swamp.

Vegetation of the littoral zone overstorey comprises
Melaleuea rhaphiophylla, Eucalvpius rudis, Banksin
littoralis and Viminea juncea over Lepidosperion
longitudinale, Bowmen juncea, B. arthrophylln and
B.articulnia (Ogden and Froend 1998). The latter two
species continue across the lakebed leaving only small
(<10%) arcas of open water. Vegetation around the saline
scep on the western side includes Calothawmnn.sla tcvalis,
M. vadula, M. viminen, Astareea fasiculnris and
Lepidoperma longitudinale.

A study of the sources and fate of organic matter in
Noaobijup Swamp determined that the lake was a sink for
carbon (Ryder 2000). At the wetland fiinge terrestrial leal’
litter (Il was @ major component of peat forming, carbon
and would be at risk in the case of wild fire. For most of
the lake the majority of carbon came from macrophyte
beds. These beds of macrophyte were identified as ol

i
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depth and salinity.
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‘paramount’ importance to the ceological function of
Noobijup Swamp, as they provide substrates for biofilms
and micro Hora and fauna crucial o the wetlands food
webs (Ryder 2000). Changes to hydroperiod or water
depth could alter the distribution or cause the loss of these
macrophytes and result in changes to the ceological
functioning, ol the wetland.

Noobijup Swamp was included in the monitoring,
program because ithad arichand intact invertebrate fauna,
was a good example of a freshwater peat swamp and was
in a listed Biodiversity Recovery Catchment (Muir-
Bycnup). More recently the area has been listed as a Ramsar
wetland (Department of Conscervation and Land
Management 1990). As a result of management action, it
is expected that conditions inthewetland will remain stable
or improve.

Water chemistry and physico-chemical
parameters

Physico-chemical parameters were monitored in 1998 and
2000. Water levels varied between 0.5 mand 1.4 m,
although the lake may have become shallower in autumn
1999 when no depth measurement was taken (Fig, 39).
Conductivity values indicated that the lake was marginally
fresh (1865-5760 pS/cm). The pattern of cation
dominance was Na>sMgs>Cas ICand Clwas the dominant
anion. In spring, 1998, a distinet difference in salinity was
obscrved between southern (1865 pS/cm) and northern
(3800 uS/cm) ends of the lake. While the cause of the
gradient was not identified, it is likely fresh water was
sceping, into the lake from the south and a salinity gradient
became established because dense vegetation across the
swamp limited the amount of mixing, "This interpretation
is at odds with Storey (1998), however.
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Figure 39. Gauged depth and electrical conductivity at Nookigup Swamp for the 1998 and 2000 sampling vears. No depth

measurement in April 1999,

Concentratiens of Total nitrogen were moderate (740—
2400 ng/!) but Total phosphorus concentrations werc
near detection limits (5 pg/1) throughout the study and
appeared te limit algal productien with total chlorophyll
concentrations not exceeding 10 pg /1. Dissolved oxygen
concentrations werc less than saturated, probably reflecting
a combination of low algal productivity and the high
biological exygen demand (BOD) of decomposing plant
material m the lake-bed.

Groundwater

Bores were installed on all five vegeration transects.
Monitoring commenced in January 2000. Depth to
groundwarer was greatest in autumn and least in winter
(Fig. 40). Transects one and two are removed from the
main waterbedy and were underwater in August 2000.
Groundwarter was more saline (10600 to 26 600 pS /cn)
than lake water except in the case of bore T2/2 in
December 2000, immediately after it had been Aooded
by lake water. Groundwater salinity was similar across all
monitoring bores except at transect one where it was
marginally higher.

Waterbirds

Thirteen waterbird specics were recorded during
monitoring, many of which are typical of reed swamps
including the Purple Swamphen, Clamorous Reed
Warbler, Musk Duck, Spotless Crake and Lictle Bittern
(Table 15). Species richness was generally low with the
greatest number of species (7) being recorded in February
2001 (Fig.41). All species occurred in fow numbers and
total warterbird counts for the swamp ranged from 20 te
49 birds, with Musk Duck and Purple Swamphen the most
abundant species. In 1998, only the Musk Duck and
Purple Swamphen were seen in all surveys; in 2000, these
two species and the Swamp Harrier and Clamorous Reed
Warbler were recorded in all surveys. The remaining taxa
were recerded infrequently.

The waterbird community at Noobijup strongly
reflected the sedge-swamp nature of the wetland and
consequently, in the ordination, samples lay close to Lake
Pleasant View (another sedge swamp) and were separated
from other wetlands (Fig. 42). Lew species richness at
Noobijup increased the relative importance of changes in
assemblages between years inn the ordinatien; in fact, the
assemblages were more stable than the ordinatien suggests.

Invertebrates

A total of 102 invertebrate species were recorded
during monitoring in 1998 (Table 16). Fifty-four
macroinvertebrate species were collected, compared with
44 coliccted by Sterey (1998), who sampled in October
1996, and January and May 1997. Invertebrate
abundances were low, in contrast to the high diversity
observed, with only six species (Calamoecia attenuaia,
Macrocyclops albidus, Dicrotendipes sp. A, Tanytarsus
bispinosus, Paralimnophyes pullulus and Oribatidae)
represented by more than 100 individuals. The diverse
rotifer fauna inctuded new specices belonging to the genera
Monomata and Lecane (R] Shiel’, personal
communication). The dominant crustaceans were
Ostracoda and Cladocera and all species present are typical
of fresh waters (eg Candonopsis tenuis, Gomphodelln aff
main and Paralimnocythere sp. 262). Amongst the insects,
bectles (nine specics) and chironomids (cight specics) were
most diverse.

With high specics richness, including a large suite of
microcrustacean species with a preference for fresh to
brackish warer, community structure is distinctive at
Noobijup Swamp (Fig. 43) and it was used in this study
as a marker wetland typical of fresh sedge swamps.
Noobijup Swamp had similar community structure to the
other sedge swamps in the monitoring program (sec
Kulicup Swamp Fig. 66, Goonaping Swamp Fig. 76 and
Lake Pleasant View Fig. 130).

R J. Shicl, Deparement of Envirenmental Bivlogy, The University of
Adclaide, S.A.
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Figure 41 Waterbivd species richness and abundance ot Noobiup Swamp.

TABLE 15
Waterbird species and their abundance on seven sampling occasions at Noobijup Swamp.Oct-00 and Nov-00 surveys
were only 3 weeks apart; only the Nov-00 survey was used in analyses.

SAMPLING DATA

AUG-98 NOV-98 APR-99 AUG-00 OCT-00 NOV-00 FEB-01
Australian Shelduck ¢} 0 4] 2 0 0 0
Black Swan 0 o] o} 0 3 2 0
Clamorous Reed-Warbler 0 9 0 6 8 5 8
Darter [¢] 1 [} 0 0 0 9
Little Bittern [} 3 0 o] 0 ¢] 0
Littte Grassbird 0 ] (o} (o} 2 4] 0
Little Pied Cormorant 1 0 1 0 0 0 5
Musk Duck 13 - 6 20 M 3 7
Pacilic Black Duck 3 4] [s] Q 0 R 13
Purple Swamphen 11 6 7 15 10 4 i
Spotless Crake [} 0 0 0 0 0 6
Swamp Harrier 0 0 0 1 2 1 0
White-faced Heron o} Q 2 0 o o] 3
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TABLE 16
invertebrate species collected from Noobijup Swamp in the 1998 sampling year.
TAXA 1998 TAXA 1998
Spongillidae / Cypretta sp. 587 /s
Nematoda 4 ityodromus amplicolis v
Tardigrada v/ Newnhamia sp. FC v
ROTIFERA COPEPODA
Philodinidae v/ Calamoecia aftenuata ex
Testudinella sp. v/ Calamoecia tasmanica subattenuata v
Lophocharis sp. / Melacyclops sp. 4 v/
Keratelta procurva 4 Macrocyciops albidus 7
Platyias quadricornis v Mesocyclops brooksi v/
Euchianis sp. 4 Paracyclops sp 1 (nr timmsi) v
Lecane bulla 14 Canthocamplid nsp 5 7
Lecane closterocerca v Nitocra reducta '
Lecane flexilis 4 Harpacticoida v
Lecane hamata '
Lecane ludwigii < AMPHIPODA
Lecane tunaris 4 Perthfa branchialis 7/
Lecane quadridentata 7/
Lecane sp. Y COLEOPTERA
Lindiidae s Allodessus bistrigatus v
Cephalodella sp. v/ Sternopriscus browni v
Monommata sp. 4 Megaporus solidus v
Monommata sp. A ' Lancetes fanceolatus v
Trichocerca elongata 7 Spencerhydrus pulchellus v
Trichocerca longiseta 4 Helochares tenuirostris %
Trichocerca ratius v/ Paracymus pygmaeus v
Trichotriidae 4 Ochthebius sp. A
Trichotria ct. pocilum /7 Scirtidae sp. 4
GASTROPODA DIPTERA
Ferrissia petterdi Tipulidae v
Glyptophysa cf. gibbosa Bezzia sp. 2 4
Dolichopodidae sp, A v
OLIGOCHAETA Ephydridae v
Insufodritus bifidus 4 Paramerina levidensis v
Tubificidae 4 Corynoneura sp. v
Dere furcata 4 Paralimnophyes pullulus v
Pristina longisela 4 Gymnometriocnemus sp. s
Enchytraeidae 4 Tanytarsus nr bispinosus v
Chironomus aff. afternans v/
ACARINA Dicrotendipes sp. A (D. Edwards V47) 4
Limnochares australica 4 Parachironomus sp. 1 v/
Dipfodontus sp. v
Oxus sp. 1 v EPHEMEROPTERA
Arrenurus sp. 7/ Cloeon sp.
Pezidae v/
Oribatida ¢~  HEMIPTERA
Mesostigmata v/ Mesoveliidae v
Trombidicidea v/ Microvelia sp. Ve
Saldidae v
CLADOCERA Diaprepocoris barycephala v
Alona macrocopa v Anisops sp. v
Alonefia sp. v/
Camplocercus sp. '4 LEPIDOPTERA
Chydorus sp. v Lepidoptera sp. 3 7/
Graptoleberis sp. 4
Ceriodaphnia sp. s ODONATA
Scapholeberis cf. kingi v Austroagrion coeruleum v
ltyocryptus sp. o Procordulia affinis v/
OSTRACODA TRICHOPTERA
Gomphodella all. maia v/ Acritoptila globosa %
Paralimnocythere sp. 262 v Heliyethira litua v/
Candonopsis tenuis 4 Ecnomus pansus/turgidus e
Alboa worooa A4 Lectrides sp. AV1 A
Cyprelta baylyi o Triplectides niveipennis 7
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Figure 42. Ovdination (SSH) of waterbivd specics data, shoming Naobijup Swamp frome 1998 and 2000 and the five marker
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Bennett’s Lake

Bennetts Lake (Fig. 44) lics within the Dunn Rock Nature
Reserve (Reserve No. 36445) (339 17'S 119° 36'E) at
the southern end of Lake King. Two drainage lines empty
into Bennett’s Lake; the southern channel drains a well-
vegetated catchment within the nature reserve. The upper
half of the catchment of the castern channel is cleared.
Bennett’s Lake overflows during floods and emptics into
Lake Ronnerup to the north. When fully flooded (depth
ca. 2 m), a scrics of channels form on the castern side of
the lake as several parallel dune swales fill. The lake area is
approximately 58 ha and the arca of the southern and
castern catchments 12 000 ha and 2000 ha, respectively
(Watkins and McNee 1987). The wetland vegetation of
Bennett’s Lake has beendescribed elsewhere (Watkins and
McNee 1987; Gurner et al. 2000). The lake bank supports
a closed low woodland of Melalenca strobophylla,
M. hamulosa and M. balmaturorum over an understorey
dominated by Sarcocornia and Haloesarcia. Further
upslope, and on dune crests to the east, there is an open
woodland of Eucalyptus occidentalis and M. hamulosa.
Bennett’s Lake was sclected for monitoring as a
primarily salinc lake with intact vegetation and some
historical invertebrate, waterbird and salinity data.

Water chemistry and physico-chemical
parameters

Bennett’s Lake was monitored in 1998 and 2000. In 1998,
the lake was almost dry and salinity levels were very high
(216 000 puS/cm) by autumn (Fig. 45). The lake filled as
a result of record summer rains in January 2000 and again
in March 2000 (Burcau of Metcorology 2000a; Bureau
of Metcorology 2000b). Water levels remained high (ca.

5y
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Fignre 44. Bennett’s Lake is a natnrally saline wetland. Depic

depth and flood adjacent dunc swales.
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2.5 m) in August 2000, and lake water was brackish
(8400 puS/cm). Despite the variability of lake salinity, the
pattern of cationic dominance remained constant with
Na>Mg>K>Ca. Nutrient levels were generally low (Total
nitrogen <1200 npg/1 Total phosphorus <30 pg/l1)
although concentrations increased dramatically in April
1999 duc to evapo-concentration. Total chlorophyll
concentration (44 pg/l) also peaked in April 1999 as
nutrients were concentrated and again, in November 2000,
at high water levels.

Groundwater

Some monitoring bores were installed on both vegetation
transects in May 2000. However, high water levelsin 2000
and further flooding in 2001 have prevented satisfactory
monitoring (Fig. 46). Despite high water levels bore T11
was dry in April 2001 and August 2001. Groundwater
conductivity ranged from 4610--6000 uS/cm during the
2000 sampling year and was therefore less saline than
surface waters. The threat of groundwater induced
sccondary salinisation at Bennett’s Lake in the short term
appears less significant than the threat of increased surface
water.

Waterbirds

A total of 24 species of waterbird were recorded during
monitoring, with 16 species recorded cach year (Table 17).
Watkins and McNee (1987) recorded 12 specices in two
surveys in December 1986. Jaensch et al. (1988) reported
seven species from three surveys in 1987. During
monitoring 11 specieswercerecorded on only onc occasion,
with scveral shorebird species (Red-necked Stint, Red-
kneed Dotterel, Sharp-tailed Sandpiper, Common

R i
ted here at low water levels, the lake may fill to scveral metres
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Greenshank and Hooded Plover) secn only prior to lake
filling, when extensive areas of shallows were present
(Table 17). Waterbird abundance was higherin 1998 than
in 2000 and species richness varied between surveys
(Fig. 47).

Ordination of the 1998 and 2000 assemblages
reflected the differences in salinity and depth benween
years, with both years reflecting different ccological
communities that could not be easily characterised in
relation to the marker wetlands (Fig. 48).

invertebrates

A total of 19 species of aquatic invertebrate were collected
in spring 1998 (Table 18). Crustaceans (nine specics) and

TABLE 17

msccts (eight species) displayed similar levels of diversity.
Amongst crustaceans, the ostracods were most diverse
represented by four salt-tolerant species. Insects present
werc typically salt-tolerant species of wide distribution (e.g.
Berosus sp. and Necterosoma penicslintus). Watkins and
McNec (1987) recorded 15 species of invertebrates from
a single December sample. Thesc samples differed in scason
of collection and sampling effort, but showed some
similarity of spccies with those collected during
monitoring.

In ordination space, the combination of low species
richness and salt-tolerant species caused Bennett’s Lake
to lic closest to the saline marker wetlands Campion and
Parkeyerring (Fig. 49).

Waterbird species and their abundance on six sampling occasions at Bennett's Lake.

AUG-97 NOV-98

SAMPLING DATE

APR-99 AUG-00 NOV-00 FEB-01

Austratasian Grebe
Australasian Shoveler 1

Australian Shelduck 27 23
Australian White Ibis 0
Australian Wood Duck 0
Black Swan 63
Blue-billed Duck 0
Chestnut Teal 0
Common Greenshank 0
Eurasian Coot 66
Grey Teal 103
Hardhead
Hoary-headed Grebe
Hooded Plover

Litte Pied Cormorant
Musk Duck

Pacific Black Duck
Pink-eared Duck
Red-capped Plover
Red-kneed Dotterel
Red-necked Stint
Sharp-lailed Sandpiper
Unidentitied duck
White-faced Heron
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TABLE 18

Invertebrate species collected from Bennetl's Lake in the 1998 sampling year.

TAXA 1998

TAXA

1998

Nematoda v

ROTIFERA
Hexarthra fennica v/

CLACCCERA
Daphniopsis sp.

OSTRACODA

Australocypris Insufaris

Diacypris compacta

Mytitocypris tasmanica chapmani
Platycypris baueri

COPEPODA

Calamoecia cliteflata
Apocyclops dengizicus
Nitocra reducta

<

T W

AN

AMPHIPODA
Austrochiltonia subtenuis

COLECPTERA

Necterosoma penicillatus
Neclerosoma sp.
Berosus sp.

DIPTERA

Culicoides sp.
Stratiomyidae
Procladius paludicola
Cladopefma curtivalva

HEMIPTERA
Safdula sp.

S

SRSy
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Figure 48. Ordination (SSH) of waterbivd specses data, showing Bennert’s Lake from 1998 and 2000, and the five marker wetlands.
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Figure 49. Ordination of invertebrace species presence/absence at Bennett’s Lake

Ardath Lake

Lake Ardath (Fig. 50) is 25km south of Bruce Rock (32¢
05'S 118° 09'E) and is a small naturally saline wetland
situated at the edge of a braided, valiey floor drainage
channel. It has a maximum depth of approximatcly 1 m.
The lake fills from an inflow channel on the seuth-western
side that directs water out of the braided channel, which
flows north and includes many other saline wetlands.
Ardath Lake ts used for recreational skiing when water
levels are sufficiently high and carthworks have been built
on the north-west side of the water-body to retain water
in the lake. Increased inundatien has resulted in some
degradation of the riparian vegetation. On the northern
side of the lake, the original vegetation was principally an
overstorey of Casuarina obesa with an understorey of
Melaleuca thyordes and M. lateriflora and Halosarcia sp.
The eastern side has more terrestnal vegetation dominated
by Eucalyptus yilgarnensis. The south-western section has
been severely salt-affected, with most trees and shrubs now

dcad, leaving Halosarcia sp. as dominant vegetation
(Gurner ¢t al. 1999).

Ardath Lake was selected as a monitoring site because
it was naturally saline and supported an intact aquatic
mvertebrate community.

Water chemistry and physico-chemical
parameters

A surveyed depth gauge was not installed at Lake Ardath
until April 2000, so depth was estimated in 1998 and
2000 and valucs may be misleading (Fig. 51). Conductivity
values showed that lake-water was hypersaline,
ranging between 32 300 pS/cm in autumn 1999
and 224 000 uS/cm in autumn 2000, as the lake dried.
Cation dominance was Na>Mg>Ca>K and Cl was the
dominant anion. Alkalinity was low, with bicarbonate
<1 mg/l, and pH ranged between 2.5 and 4.0. In all
surveys, lake water was clear and the lake-bed clearly visible;
this was reflected by low turbidity, colour and chlorophyil
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Figure 50. Lake Arvdath is a small naturally saline wetland with some secondary salinisation from groundwater and surface inflow.
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Figure 51. Gauged depth and electvical conductivicy at Lake Avdath

concentrations. Total phosphorus concentrations were also
low (¢ea. 5 ug /1) except in autumn 2000 (20 pg/1) at low
lake depths.

Groundwater

Monitoring bores were installed on both vegetation
transects at Lake Ardath and data collection commenced
in December 1999. Groundwater was shallow at some
bores and appeared to be connected to the lake (Fig. 52).
Groundwater was slightly more saline than lakewater and
highly acidic (pH mostly between 3.0 and 3.5).

Waterbirds

Waterbirds were monitored in 1998 and 2000. Six species
were recorded, with a maximum of 18 individuals at any
one time (Table 19, Fig. 53). Ardath Lake was not an
important waterbird site and is unlikely to cver be so
because of its small size and high salinitics. The waterbird
assemblages in 1998 and 2000 were reasonably close in
ordinarion space and distinct from any of the marker

wetlands, separating from Altham (another saline lake)
on both axis 1 and 2 (Fig. 54). Ardath has lower waterbird
value than any of the markers.

Invertebrates

A total of 16 species were recorded during monitoring in
spring 1998 (Table 20). While the invertebrate assemblage
was not species-rich, it was significant because it contained
a new specics of calanoid copepod Calamoecia trilobata
(Halsc ez al. 2002). The ostracod Retycypris sp. 566 is
likely to be a new species, as is the rotifer Peygura cf
melicerata which was collected from Ardath prier to
monitoring (A. Pinder?, personal communication). Not
withstanding these new taxa, the community included a
core of typical salt-tolerant species, which in combination
with low species richness caused Ardath to be moderacely
close in ordination space to the saline marker wetland,
Parkeyerring (Fig. 55).

2. A. Pinder, Departent of Conservation and Land Maungenicnt,
Wondrale, W.A.
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Figure 53. Waterbivd specics vichness and abundance at Lake Arvdath,

TABLE 19
Waterbird species and their abundance on six sampling occasions at Lake Ardath.

SAMPLING DATE

AUG-98 NOV-98 APR-99 AUG-00 OCT-00 FEB-01
Australian Shelduck 2 0 2 0 4 0
Black-tailed Native-hen 3 0 0 0 (o} o]
Black-winged Stilt 4 0 0 0 [¢] 0
Grey Teal 5 1 13 4 1 ]
Hoary-headed Grebe 1 4 0 0 1 0
White-faced Heron 0 0 0 1 o] 0
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TABLE 20
Invertebrate species collected from Ardath lake in the 1998 sampling year.
TAXA 1998 TAXA 1998
Turbellaria v/ Diacypris dictyote v
Mytifocypris tasmanica chapmani v
ROTIFERA Reticypris sp. nov. 556 4
Hexarthra intermedia v
COPEPODA
GASTROPODA Calamoecia trifobala v
Coxiella (Coxiellada) gitesi v
¢ i COLEOPTERA
ACARINA Necterosoma penicifiatus v
Oribatida v/ Berosus munitipennis 7
ANOSTRACA Limnichidae v
Parartemia serventii 4 DIPTERA
Culicoides sp. s
OSTRACODA Muscidae sp. A 4
Australocypris instiaris v Orthocladiinae S03 v/
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Figure 55. Ordination of inverichrate species presence/absence ar Lake Ardath in 1998.
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Blue Gum (L.ake View) Swamp

Blue Gum Swamp (Fig. 56) is a small scasonal or semi-
permanent wetland 10 km north-west of Moora (307 35'S
F157 88'E) on Lake View Farm. This farm contains many
wetlands, including Streets, Racecourse and the long,
winding Melaleuca Swamp. The Department of Fisheries
and Wildlife (now Conscrvation and Land Management)
banded ducks and studied survival rates and shooting
mortality on the Lake View wetlands irom 1968 to 1976
(Halse e af. 1993a). Unuil the cessavion of public duck
hunting in 1992, Lake View Farm was one of the major
hunting sites in Western Australia, although participation
was by invitation only.

Blue Gum Swamp is surrounded by 40 ha of bushland
but most of its local catchment lics in cleared farmland.
The swamp is at the south-western end ofa long chain of
naturally or sccondarily siline lakes that excends north to
the Yarra Yarra Lakes and includes Lake Eganu, another
northern Wheatbelt monitoring wetland. [n most years,
there is no direct connection berween Blue Gum and the
chain of salt akes, which drain into the Moore River, but
farge flood events resulr in sheer How from the Moore
River into wetlands i the Lake View complex. Such events
may produce a significant proportion of the salt load in
Blue Gum Swamp. For example, when the lake dried in
2000, afier Rlling during the 1999 Moore River Aood
cvent, salt precipitation was apparent in some lakes in the
Lake View complex where it had not been obscrved in
the  previous 50 (]. Cusack?®,  personal
CoOmmaton ).

Riparian woodland vegeranon around Blue Gum s

ycars

domiwated by mature Eucalypeus rudes and Casuarima

D.J. Cale et al.

obesa, which are replaced downslope by Melalenca vimsnea,
C. obesa and M. strobophylla (Gurner et al. 1999). Blue
Gum Swamp was sclected for monitoring because it is a
wetland where salinization is likely o inerease. The Lake

View complex is used by a large number of waterbirds in

summer and historically supporred signifiicant breeding
activity. There ts some information available on waterbird
use of wetlands on Lake View Farm (Jacnsch ¢t gl 1988)
and there is 1 known history of water depth in Streets
Lake (Lane and Munro 1983).

Water chemistry and physico-chemical
parameters

Blue Gum Swamp was monitored in 1998 and 2000. The
swanyp contained water in August 1998 but dried by the
end of May 1999 (Fig. 57). The swamp filled during winter
1999 as a result of heavy rain and Moore River fooding,.
It stll contained water in August 2000 but was almost
dry by March 2001, Salinity showed a dramatic increasc
berween 1998 and 2000, wich spring conductivity values
increasing from 54400 pS/cm to 38 200 uS/cm at similar
water depths (Fig, §7). Cation dominance firted the
pattern Na>Mg>Cas K and Clwas the deminant anion.
Nutrient concentrations were dynamic: high
concentrations of Toral phosphorus (160-3640 pe/t) and
maoderate concentrations of Total nitrogen (2500-
4450 pg/l) were recorded in 1998, bur phosphorus
concentrations were low (5=10 pg/1) in 2000 while nitrogen
concentrations renined moderare {1900-6000 g /1),
Despite variable nurrient fevels, chlorophyll concentrations
were relatively low throughout the monitoring, perioxd.

Fygisve 50, Blue Guw Swamgp is i seasonal wetland situated above o chain of salt lakes. The sivnmyp has beeomme more saline reconely.

3. [ Cusocl, Lake View Faran, .Mrm;.':. 'WZ‘L
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Groundwater

Monitoring bores were established on both vegetation
transects in February 2000. Depth to groundwater has
varied between 0.3 and 1.6 m (Fig. 58). There appears to
be a slight salinity gradient beneath the lake with more
saline water at the southern end (34 60047 800 pS/cm)
than the north (range 25 700-36 300 uS/cm). The salinity
of ground water was several times greater than lzke water
when Biue Gum was full and rising groundwater poses an
imminent threat to the ecology of the wetland.

Waterbirds

A total of 17 species of waterbird were recorded from
Blue Gum during monitoring in 1998 and 2000

&7

(Table 21). Species richness was greater in 1998
(16 species) than 2000 (nine species). No species were
recorded in March 2001 when the lake was dry. The
maximum richness in a single survey (12 species) coincided
with maximum abundance (180 individuals) in November
1998 (Fig. 59).

In 1998, waterbird community structure at Blue Gum
Swamp (Fig. 60) was similar to that of the brackish marker
wetland Pinjarcega. With the exception of the Little Pied
Cormorant, the fauna present in 2000 was a subsct of the
species present in 1998, but lower species richness resulted
in the nwo samples showing a moderate separation in
ordination space.
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Figure 57. Ganged depth and clecerical conductivity ar Blue Gusn Swamp for 1999 and 2000 snmpling years. Depth valucs are
estemates and may be misleading, deprhs were not recorded in May-99 or Oce-00 and the lake was dry in Mar-01.
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TABLE 21

0.J. Cale et al.

Waterbird spectes and their abundance on five sampling occasions at Blue Gum Swamp.

SAMPLING DATE

AUG-98 NOV-98 MAY-99 AUGOO OCT-00
Australasian Grebe 0 4 2 0 0
Australasian Shoveler o 0 ] 0 [¥)
Australian Shelduck 6 0 4 2 1
Australian Wood Duck ] 2 0 0 (o]
Black-fronted Dotterel 2 3 0 0 3
Eurasian Coot 10 8 6 0 ]
Grey Tea! 50 125 22 60 48
Hardhead 4] 2 0 0 o]
Hoary-headed Grebe 1 14 0 5 6
Litite Pied Cormorant 0 0 0 S 0
Musk Duck 0 0 1 0 o
Pacific Black Duck 0 4 5 1 4]
Pink-eared Duck 15 12 | 2 o]
Red-kneed Dotterel 0 3 4] 0 0
Straw-necked Ibis 0 1 o [} 0
White-faced Heron i 2 0 ] 8
Yellow-billed Spoonbill 2 0 o] 1 0
14 200
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Figuve 59 Waterlrivd speeies vichness and abundonce at Blne Guin Swasmp.

Invertebrates

[avertebrates were sampled in November 1998, when a
rich fauna comprising 80 species was collected (Table 22).
Fifty-cight per cent of these were inscets including
Colecoprera (18 species), Diptera (14 species) and
Hemiptera (six species). Odonara were represented by hve
species in low abundance and three ubiguitous species of
‘Irichoptera were collected.

While crustaceans comprised only 30% ol species
present, they were numerically dominam with the
copepods Becckella triarticulnta and Calamoccia ampulln
collected in 100 000s and several ostracods collected n
10 000s. T'he ostracod fauna of the lake consisted of nine
species typical of fresh to brackish waters (e.g.
Candonocypris novacscalandiae and Bennclongia spp.) and
brackish to saline waters (c.g. Diacyprisspinosa, Ilyocypris
sp. nov.). In 1998, the overall invertebrate community
was similar to that found at Yaalup Swamp (Fig. 61).
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Figure 60. Ordination (SSH) of waterbird species data, showing Blue Gum Swamp from 1998 and 2000 and the five marker

wetlands.
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TABLE 22
Invertebrate species collected from Bliue Gum Swamp in the 1998 sampling year.
TAXA 1998 TAXA 1998
Nemateda 4 Liodessus dispar e
Anfiporus sp. v
ROTIFERA Sternopriscus multimacufatus o
Hexarthra sp. v/ Necterosoma peniciflatus '
Testudinella patina 4 Meagaporus howilti o
Brachionus rotundiformis v Lancetes lanceolatus e
Brachionus sp. 4 Berosus macumbensis v
Lecane sp. 7/ Enochrus elongatus s
Enochrus eyrensis e
OLIGOCHAETA Limnoxenus zelandicus v
Tublticidae v Paracymus pygmaeus 4
Gymnocthebius sp. 1 s
ACARNG Gymnocthebius sp. 3 7/
Acercella falcipes 4 Hydrochus ausiralis o
Mesostigmala v
DIPTERA
CLADOCERA Bezzia sp. 1 4
L atonogsis sp. v/ Culicoides sp. s
Alona rigidicaudis s.\. v/ Monohetea sp. 1 v/
Laydigia sp. v/ Nilobezzia sp. 1 /
Pleuroxus sp. 4 Stratiomyidae 4
Daphria sp. 4 Ephydridae 4
Daphniopsis sp. 4 Prociadius paludicola v
Macrothrix sp. 4 Procladius villosimanus 'd
Paramerina levidensis 4
OSTRACODA Tanytarsus nr bispinosus 3
llyocypris spiculata v Chironomus afl. alternans v/
Alboa worooa 4 Dicrotendipes conjunclus v/
Bennelongia auslralis v Polypeoiium nubifer v
Bennelongia barangaroo v Cryptochironomus griseidorsum v
Candonocypris novaezefansiae 4
Diacypris spinosa ” EPHEMEROPTERA
fflyodromus candoniles 4 Tasmanocoenis tillyardi v
Cypericercus salinus 4
Sarscypridopsis aculeata o/ HEMIPTERA
Sigara muffaka v
COPEP®DA Agraptocorixa suryneme 2
Boeckella triarlicufata v/ Agraptocorixa parvipunctata 'd
Cafamoecia ampuita 4 Micronecta robusta v
Calamoecia sp. 342 {ampuila varianl) v Anjsops thienemanmni '
Metacyclops sp. 4 Anisaps baylif v/
Metacyctops sp. 442 {salinarum in Merten) v
Mesocyclops brooksi 4 ODONATA
Apocyclops dengizicus v/ Xanthagrion erytiwoneurum 4
Austrolestes annulosus &
AMPHIP®DA Ausirofestes aridus v
Austrochiftonia subtenuis 'd Orthetrum caledanicum v
COLEOPTERA Hemicordulia tau v/
Halipius sp. s TRICHOPTERA
Hyphydirus sp. v Ecnomus pansus/turgidus v/
Alfodessus bisirigatirs 4 QOecetis sp. v
Liodessus inornatus v Triplectides australis v
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Kulicup Swamp

A small reed swamp of approximately 24.5 ha, Kulicup
Swamp (Fig. 62) is situated in Kulicup Nature Reserve
(Res. No. 18239) at the old Kulicup Rail Siding 30 km
cast of Boyup Brook (33*49'S 116° 40'E). The lake fills
scasonally and is fresh though shallow (ea. 20cm).

Ogden and Froend (1998) describe the vegetation
around the edge of the wetland as awoodland of Melalerica
cuticularis over Baumen sp. and B. juncen. The lake basin
is completely covered with B. articulata. Upslope the
reserve supports a woodland dominated by Eucalyptus
wandoo and E. decipicns.

I.ake Kulicup was included in the monitoring program
as an example of a fresh wetland with a history of depth
and waterbird data collection and no immediate threat of
change.

Water chemistry and physico-chemical
parameters

Lake Kulicup contained water only in winter and spring
in 1998 and 2000, with conductivity values increasing as
the lake dried out (Fig. 63). The concentration of cations
followed a typical Na>Mg>Ca>K hierarchy and the lake
was slightly alkaline with HCO, being the major anion.
Nutrient and chlorophyll concentrations were relatively
low with Total nitrogen ranging from 750-1500 ng/|,
Total phosphorus ranging trom 10-20 pg/l and
chlorophyll ranging from 2-5 ug/I.

RN

Groundwater

Monitoring bores were installed on all four vegetation
transects at Lake Kulicup. Hard subsoil and the need for
comparatively deep boreholes to intercept groundwater
delayed construction. The hydrology of the arca is
complex, with perched lenses of fresh water above the
regional watertable at around 6-7m below local ground
level. As a result, depth to groundwater is highly variable
between bores on the same transect as well as between
transccts (C.D. Walker unpublished data), however, during
the monitoring period most bores were dry (Fig. 64). The
monitoring data suggest Lake Kulicup is under no
immediate threat from salinization. Other investigations
have indicated that the watertable is over 9 m below the
surface and slightly brackish (4 500 pS/cm) (George and
McFarlane 1993)

Waterbirds

The waterbird fauna at Lake Kulicup was depauperate with
only a single record of two White-faced Heron from six
sampling occasions (Fig. 65, Table 23). The lake was
excluded from the waterbird ordination analysis because
only one specices was recorded.

Five species were recorded from five surveys between
1983 and 1984 (Jaensch ez al. 1988). Abundances were
similarly low with a total of only seven individuals recorded
(Jaensch ez al. 1988). Tt scems likely the lake held more
water in the carly 1980s but Jacnsch et al. (1988) do not

Figure 62. Kulicup Swamp is a shallow fieshwater reed swamp dominated by Baumen spp. and fi-inged by Mclaleuca cuticularis.
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Figure 63. Ganged depth and elecerical conductivity at Kulicup Swamp. Conductivity was not measurcd in Jul-98.
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TABLE 23

Waterbird species and their abundance on five sampling occasions at Kulicup Swamp.

NOV-98 APR-99

SAMPLING DATE

SEP-00 OCT-00 FEB-01

White-faced Heron 2 0

0 0 g

give details of water levels. Thick stands of Baumea spp.
and shallow water made the lake unsuitable to most
waterfowl during monitoring. Whilst the lake may
superficially appear suitable for various species of crake,
bittern and reed-warbler, its annual period of inundation
is probably too short.

invertebrates

Invertebrates were sampled at Lake Kulicup in November
1998 when water depth was about 10 ¢m and 92 species
were cellected (Table 24). Insccts accounted for 36% of
the fauna (34 species), crustaceans 35% (32 species) and
rotifers 12% (11 species). Cladocerans were particularly
well represented with 16 species present. Given thar abeut
170 species are currently known from Western Australia

(Shicl 1995, Russcl Shiel and Stuart Halse unpublished
data), the Lake Kulicup list represents almost 10% of the
State’s cladoceran fauna.

The seasonal nature of the lake was reflected by the
insect fauna, with large numbers of Coleoptera (15 species)
Diptera (12 species) and Hemiptera (five species) collected.
Odonata were represented by Austrolestes analis only and
no Trichoptera were found.

Some aspects of its invertebrare community structure,
in particular the diverse cladoceran fauna, make Kulicup
quite distinct from other wetiands sampied. However, high
species richness and the high diversity of a large number
of groups results in Kulicup being similar overall to other
sedge swamps (e.g. the marker wetland Noobijup)
(Fig. 66).
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Figure 66. Ordination (SSH) of invertchrate data, showing Kulicup Swamp in 1998 and four marker wetlands.
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TABLE 24
Invertebrate species collected from Kulicup Swamp in the 1998 sampling year.
TAXA 1998 TAXA 1998
HYDRAZOA fiyodromus sp. 255 4
Hydra sp. Fu Newnhamia sp. 295 s
PLATYHELMINTHIDAE COPEPODA
Zygopella pista v/ Boechella robusta v
Turhellaria v Calamoecia attenuata v
Nematoda 7/ Calamoecia 1asmanica subatienuata v
Tardigrada 7/ Microcyclops varicans 4
Mesocyclops brooksi v
ROTIFERA Canthocamplus australicus v
Macrotrachela sp. v/ Canthocamptidae sp. 5 v
Philodinidae v/
Flosculariidae v/ AMPHIPODA
Keralefla procurva oz Austrochiltonia subtenuis /s
Platyias quadricornis v
Euchianis sp. C4 DECAPODA
Lecane bulia Ve Cherax preissii %
Lecane luna I'd
Trichocerca ratius I'd GOLEARTEQA
Trichocerca sp. v/ Haliplus fuscatus 'd
Trichotrfidae / Uvarus pictipes v
Allodessus bistrigatus v
GASTROPODA Liodessus inornalus v
Glyptophysa cl. gibbosa ¥ Liodessus dispar v
Antiporus femoralis 4
OLIGOCHAETA Sternopriscus multimaculatus 4
Tubificidae v Megaporus sp. s
Dero nivea v Bidessini L2
Pristina longisela v Berosus sp. %
Enchytraeidae v Paracymus pygmaeus '
Hydrophilidae v
ACARINA Scirticdae sp. -4
Acercella falcipes 4 Heteroceridae 4
AfFenurus sg. v Hydrochus austrafis v
Oribatida v
Mesostigmata v/ DIPTERA
Trembidioidea v Anopheles annulipes v
Culicoides sp. v
CLADOCERA Monohelea sp. 1 v
Diaphanosoma sp. v Proctadius paludicola 4
Afona diaphana vermicufata 7/ Faramerina levidensis v
Alona rigidicaudis s.l. v/ Corynoneura sp. v/
Alona setigera 4 Paralimnophyes puittius v
Alona macrocopa v Tanylarsus nr bispinosus v
Afonelia sp. 4 Chironomus aft. alternans v
Chydorus sp. v/ Polypedifum nubifer v
Dunhavedia crassa v Paraborniela tonnoiri v
Euryalona cf. orientalis v Cladopelma curtivatva v
Kurzia cl. latissima v/
Pleuroxus sp. s HEMIPTERA
Rak sp. /v Microvefia sp. v
Ceriodaptinia sp. 4 Salduia sp. v/
Simocephalus sp. I Agraplocerixa sp. v
Macrothrix sp. v/ Micronecta sp. v/
Neothrix sp. v Anisops sp. v
OSTRACODA LEPIDOPTERA
Limnocythere mowbrayensis o Lepidoptera sp. 3 v
Paraiimnocythere sp. 262 4 ODONATA
Alboa warcoa d
Cypretta sp. 587 J Austrolestes analis v
ityodromus amplicolis v
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Lake Campion

Lake Campion (Fig. 67) is situated 40km north of
Merredin (31° 09'S 118° 21'E) and is onc of the two
largest lakes in a chain of salt lakes occupying an ancient
palco-drainage channel (Coates 1990). The lake chain
continues south into the Avon River at Brookton, but
some 27 km of'its length are contained within the 10 000
ha Lake Campion Nature Reserve (Res. No. 24789)
(Coates 1990). Lake Campion is hypersaline and contains
noemergentvegetation (Halse ¢z al. 1993b). In the 1970s,
a dam was constructed between Lakes Brown and
Campion to raise water levels in Campion for recreational
purposes. As a result, the lake has a potential depth of 1.4
m in the south arm according to Coates (1990), although
substantially higher depths were recorded in 1999. The
arca surrounding Lake Campion Nature Reserve has been
cleared for agriculture and run-of¥is greater than it would
have been prior to clearing,.

The vegetation of the Lake Campion Nature Reserve
was described by Coates (1990) while Gurner ¢z al. (1999)
described lake vegeration. Elevated arcas around the lake
are dominated by woodland of mature Encalyptus
yilgarnensis and E. loxophleba over a shrub understorcey.
In the littoral zone Eucalypt woodland is replaced by dense
stands of live and dead Mcelalenca uncinata and
M. pauperiflora. The understorey includes species of
Carpobrotus, Halosarcia, Atriplex and Frankenin. The
southcastern corner of the lake has extensive pans and
samphire marshes, which tlood when the lake is tull, as
occurred in April 1999.

Water chemistry and physico-chemical
parameters

Lake Campion filled prior to sampling in late winter 1998,
when depth was 1.3 m (Fig. 68). Further inflow occurred

in March 1999 (Burcau of Mcteorology 1999) because
of widespread rainfall in the northern and castern
Wheatbelt. There was no significant inflow between then
and August 2000, when depth was 0.83 m and depth
continued to decline to 0.2 m in February 2001.
Throughout the monitoring period, lake water remained
hypersaline with the lowest conductivity being
96 800 pS/cm and the maximum 225 000 pS/cm
(although at this conductivity the lakebed was covered by
a continuous sheet of crystalline salt, suggesting the water
was supersaturated) (Fig. 68). Cations fitted a typical
Na>Mg>Ca>Kdominance hicrarchy with Cl the dominant
anion. Lake Campion was acidic for most of the
monitoring period, approaching ncutral (6.5) only after
recent flooding in April 1999. As water level fell, pH
declined to a minimum of 2.68 in February 2001.

Total nitrogen concentrations were moderate (1300~
6200 pg/1) when the lake was fully flooded but increased
to 24 000 pg/!1in February 2001. Total phosphorus was
consistently below detection level (10 pg/1) except
following flooding in April 1999 when 10 pg/1 was
recorded, suggesting additional inputs from flood waters.
The concentration of chlorophyll (<10 pg/1 on all
sampling occasions) suggested primary production within
the lake was low.

Groundwater

Monitoring bores were installed on four vegetation
transects at Lake Campion. Depth to groundwater in
downslope bores ranged between 1.04 and 2.09 m
(Fig. 69) with average depths increasing about 0.5 mover
the monitoring period as the watertable benceath the lake,
clevated by the heavy rains in 1999, subscequently fell.
Electrical conductivity of groundwater varied substantially
(78 200-171 000 uS/cm) berween transects and across
sampling dates without discernible pattern, suggesting a

Figure 67. Lake Campion is a large bypersaline wetland. Maxinum lake level bas beese artificially elevated with the construction

of a wetr, however the lake is periodically dry.
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complex pattern of movement and interaction of
greundwater. Groundwater was strongly acidic, like lake
water, with pH varying from 3.18 to 6.31. Higher pH
values werc recorded on transect three than elscwhere but
the reasons for this were not obvious.

Waterbirds

Nine species of waterbird were recorded during the
monitoring period compared with 11 recorded by Jaensch
et al. (1988) during 13 surveys. Only six species were
common to both sets of surveys but this probably reflects
different water levels during the two periods rather than
long-term changes in the avifauna of Lake Campion.
During the monitoring period, most birds were recorded
during April 1999 (Table 25, Fig. 70) when water levels
were unusually high and the surrounding samphire
marshes were extensively flooded. At this time, 177
individuals from eight species were seen. Grey Teal
comprised the majority of these birds with 131 individuals
and the total number of birds using the south-eastern
corner would have been greater than recorded. Given the
high salinity of the main waterbody (96 800 uS/cm), it is
surprising that so many birds werc recorded, including
species like Pacific Black Ducks and Pink-eared Ducks that

TABLE 25

are not particularly salt-tolerant. However, most birds were
found in the pans and marshes around the Jake, rather
than in the main waterbody, and it is likely that water in
these was less saline.

The waterbird communities in both 1998 and 2000
were ones that could be expected in a hypersaline lake
and its surrounding waterbodics. Although there were
differences between years (Fig. 71) these are principally
because of additional species recorded during periods of
high water and reduced salinity, as discussed above.

invertebrates

Nine invertebrate species were recorded in spring 1998
(Table 26). Insects were represented by five species, of
which four were Diptera (Tipulidae, Ceratopogonidae and
Muscidae). Crustaceans were represented by four species
restricted te saline habitats: the cladoceran Daphniopsis
sp., the undescribed ostracods Australocypris sp. nov. and
Reticypris sp. nov. and the calanoid copepod Calamoecia
trilobata. All species were recorded at densities of less than
100 individuals per sample.

With low species richness and a suite of saline species,
the invertebrate community was casily distinguished frem
that of other marker wetlands in a presence/absence
species ordination (Fig. 72).

Waterbird species and their abundance on six sampling occasions at Lake Campion,

SAMPLING DATE

AUG-98 NOV-98 APR-99 AUG-00 OCT-00 FEB-01
Australian Shelduck 3 Q 18 6 0 0
Black-winged Stilt 18 0 0 0 0 0
Grey Teal 2 0 131 Q 4 0
Hoary-headed Grebe 1 0 2 0 0 0
No Species 0 (o] 0 0 0 0
Pacific Black Duck o] 0 4 o] 0 0
Pink-eared Duck 0 (¢} 4 0 Q 0
Red-necked Avocet o} (4] 14 0 0 0
Silver Gull 1 (¢} 1 0 0 0
White-faced Heron 4] 0 3 0 0 0
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Figure 71. Ordination (SSH) of waterbivd species data, showing Lake Campion from 1998 and 2000 and the five marker

wetlands.
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TABLE 26
Invertebrate species collected from Lake Campion in the 1998 sampling year.
TAXA 1998 TAXA 1998
Nematoda v/ COPEPODA
ACARINA Calamoecia trilobata v
Oribatida ' COLEOPTERA
CLADOCERA Curculionidae v
Daphniopsis sp, / DIPTERA
OSTRACODA TipGiitese /

, ) Bezzia sp. (not 1 or 2) 4
Australocypris 'bennelti’ type s Culicoides sp. v
Relicypris sp. nov. 556 4 Muscidae sp. A v

1.0
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Figure 72, Ordination (SSH) of invertebrate daca, showing Lake Campion in 1998 and three marker wetlands.
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Goonaping Swamp
Goonaping Swamp (Fig 73) (32° 09'S 116* 35'E) is

located in the Wandoo Conscrvation Arca, south west of
York (Capill 1984). Goonaping isa fresh scasonal wetland.
Lake sediments are rich in clay and parts of the swamp
may be perched above the regional aquifer; it fills to
shallow depth as a result of rainfall and discharge from
very local, perched groundwater. It appears to have little
interaction with the underlying regional groundwater. The
lakebed is flat but includes an obvious depression 10 m
long and 5 m wide, which may have been enlarged in the
past to provide water in summer. One sct of invertebrate
samples was collected from this depression cach
monitoring occasion. The swamp and surrounds are similar
to the ncarby Dobaderry Swamp in the Dobaderry Nature
Reserve.

The vegetation of the lakebed is predominantly
Melalewca viminea which grows in relatively dense stands.
At the boundary of the wetland, Ewucalyptus wandoo
woodland dominates over a species-poor understorey that
includes Bossiaea spinescens and Acacia pulchella (Gurner
et al. 1999). The terrestrial vegetation higher upslope is a
richer mosaic of E. wandoo, E. marginata, Corymbia
calophylla and Banksia woodlands.

Water chemistry and physico-chemical
parameters

Lake Goonaping filled in winter and dried before autumn
in both monitoring ycars. Maximum depth recorded was
20 e¢m in October 2000 (Fig. 74). Salinity of surface water
is low, and the pattern of cation concentrations was
Na>K=Ca=Mg, with Cl the dominant anion. In spring
2000, chlorophyll concentration was comparatively high
(25 ng/1, including phacophytin) and pH rose to 8.0.
Nutrient levels were consistently low.

Groundwater

Monitoring bores were installed on all three transects
(Fig. 75). Hydrology appcars to be complex, with scasonal
fenses of fresh water perched above a more saline aquifer.
Perched groundwater is driving the monitoring results in
transect two; while results in transect onc mostly reflect
the underlying regional aquifer. There does not appear to
be an immediate threat from this aquifer, although it is
only 5-6 m below the swamp and has a conductivity of
1389-3950 nS/cm and may constitute a long-term threat.
Groundwater is weakly acidic.

Waterbirds

The densely vegetated, shallow nature of Goonaping
Swamp in conjunction with strong scasonality (so that it
is dry much of the year) makes it unsuitable for most
waterbirds. The only waterbird recorded during the study
period was a single Pacific Black Duck sighted in spring
1998 (Tablc 27). However, it is likely that wading specics
such as the White-faced Heron occasionally use the
wetland. Goonaping Swamp was excluded from the
waterbird ordination because only one species had been
recorded.

Invertebrates

Invertebrates were monitored in spring 1998 when 71
taxa were collected (Table 28). There were 28 inscct
species (39% of the fauna) and 29 crustaccans (40%). The
most notable feature was the diversity of Cladocera and
Ostracoda, cach being represented by 11 specices. Specices
of the family Chydoridac were the most abundant
cladocerans in the shallow water covering most of the
wetland, but in the deeper depression, specices of
Daphnidac including Scaphobleberis ct. kingi, Simocephalus
sp. and Ceriodaphbnia sp., were more common.

i A o
. aamimes o ol .

o

Figure 73. Goonaping swawp is shallow and the lake bed is dominated by Melalercea viminea. Photograph by Adrian Pinder.
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TABLE 27

Waterbird species and their abundance on four sampling occasions at Goonaping Swamp.

SAMPLING DATE

NOV-98 APR-99

SEP-00 OCT-00

Pacific Black Duck o] 2

0 0

Conchostracans, rarely collected during the monitoring
program, were represented by two species, Lyucens sp.
and Enlimnadia sp., which reflect the highly seasonal
nature of Goonaping. Conchostracans are typical of
cphemeral waterbodies, especially clay pans, where their
dessication-resistant eggs enable quick colonisation of the
wetland even after lengthy dry periods.

Among the insects, Coleoptera and Diprera were the
most diverse orders with 11 and 10 specices, respectively.

Odonata were represented by three species including
Hemianax papuensis and Diplacodes bipnnctata which,
while tolerant of brackish water, are more commonly found
in freshwater werlands. The ubiquitous fTriplectides
anstralis was the only trichopteran collected.

The overall invertebrate community at Goonaping was
similar to that of Noobijup Swamp (Fig. 76) and Lake
Kulicup (see Fig. 66), reflecting the fresh water and
extensive lake-bed vegtation in all three.
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TABLE 28

Invertebrate species collected from Goonaping Swamp in the 1998 sampling year.

TAXA TAXA
Turbellaria v Hyodromus sp. 255 '4
Nematoda v Cabonocypris nunkeri 7%
ROTIFERA COPEPODA
Rotaria sp. v Calamoecia altenuata v
Brachionus quadridentatus v Microcyclops varicans v/
Lecane quadridentata 4 Australocyctops palustrium v
Lecane sp. v Mesocyclops brooksi %
Monommata sp. ' Canthocamptidae sp. 5 v
GASTROPODA COLECPTERA
Ferrissia petterdi 4 Haliplus fuscatus v
Glyptophysa cf. gibbosa 7/ Aftodessus bistrigatus v
Sternopriscus sp. v
ACARINA Megaporus howitti v
Eylais sp. 7/ Lancetes tanceolatus v
Ltimnesia dentifera v Onychohydrus scuteflaris 4
Oribatida 4 Hydrochus sp. v
Mesostigmata v Berosus approximans T
Trombidioidea v Paranacaena littoratis v
Enochrus eyrensis 4
CONCHOSTRACA Paracymus pygmaeus v
Eufimnadia sp. v 4
Lynceus sp. 7 DIPTERA
Anopheles annulipes v
CLADOCERA Culicoides sp. /
Latonopsis sp. v Sciomyzidae v/
Afona affinis v Paramerina levidensis 4
Alona setigera / Tanypodinae sp. C (nr Tanypus} v/
Afona rmacrocopa v Corynoneura sp. 4
Celsinotum sp. v Tanytarsus fuscithorax v
Chydorus sp. 4 Chironomus aff. alternans v
Rak sp. 4 Polypedifurn nr. convexum v/
Ceriodaphnia sp. v/ Ciadopeima curtivalva v
Scapholeberis ct. kingi v
Simocephalus sp. 7 HEMIPTERA
Macrothrix sp. 4 Saldula brevicornis v/
Anisops thienemanni v
OSTRACODA Anisops hyperion v/
Limnocythere dorsicula v
Limnocythere sp. 447 4 ODONATA
Paralimnocythere sp. 262 7/ Austrolestes analis v
Candonopsis tenuis 4 Hemianax papuensis 4
Bennefongia ausiralis v Diptacodes bipunctata v
Candonocypris sp. v
gl bya‘j,,y,- R b TRICHOPTERA
Cypretta sp. 527 v/ Triplectides australis
flyodromus sp. 566 4
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Figure 76. Ordination (SSH) of invertebrate dota, showing Goonaping Swamp in 1998 and four marker weelands.
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Lake Coomelberrup

Lake Coomelberrup (Fig. 77) is a mediume-sized,

sccondarily saline wetland, situated in the Coomelberrup

Nature Reserve (339 24'S 1170 47'E). It has an arca of
approximately 91 ha, of which 46% is open water (Halse
et al. 1993b). "The lake Gills from the Datatine drainage
system immediatelyabove the confluence of Dongolocking,
and Coblinine Creeks. Coblinine Creek continues past
Lake Coomelberrup to empty into Lake Dumbleyung,
10 km farther north. "T'he Datatine catchment is very flat
and, during periods of flooding, water nuy sometimes
Tow back from  Lake Dumbleyung into lLoke
Coomcelberrup. The wetland receives water most years
(probably largely because of the amount of furm drainage
in the catchment) and may hold water for several years in
succession. Between 1978 and 1982, lake depth in
November ranged from dry (two years) 1o 0.89 m (Lane
and Munro 1983).

Lake Coomelberrup is recognised as a valuable wetland

for waterbirds, ranking third highest tor abundance ol

Freckled Duck and ranked cqual 22nd in terms ol species
richness in a survey of 197 wetlands between 1981 and
1985 (Jacnsch ez al. 1988). The National Parks and Nature
Conservation Authority (replaced by the Conservation
Commission) recommended Lake Coomelberrup be
included in the monitoring program because of the large
amount ol drainage occurring in the catchment, with likely
cffects on the hydrology of Coomelberrup.

Remnant vegetation consists predominantly ol a beh
ol dead trees, 50-100 m wide around the north, west and
south-western shores. Halosarcia lepidosperin and

D.J. Cale et al.

H. pergranulata persist as a sparse understorey (Halsce et al.
1993b). Within the litroral zone, there is a narrow ring of
Casuarina  obesa,  Mcelaleuca  hamulosa
M. halsuatirorum (Guener et al. 2000).

and

Water chemistry and physico-chemical
parameters

Lake Coomalberrup received substantial inflow in 1998
as a result of spring, rainfall and depth was 1.33 m when
monitored in spring 1998, Maximum depth in 2000
occurred in August (0.93 m) and the lake was dry by
autumn that year (Fig. 78). Conductivity ranged from
32 800-96 000 pS/em and, while salinity was inversely
proportional to depth within cach annual hydrological
cycle, there was a discontinuity between years with more
salt apparently present in 2000, The significance of this
pattern is unclear because dissolved sale loads in south-
western Australian fakes can show substantial inter-annual
variation according to lake depth and other fctors (see
Flalse ez al. 2000Db).

The concentration of cations showed a pattern
Na>Mg>Ca>Kand Chwas the dominmant anion, although
SO, occurred in significant concentrations, “The lake was
strongly alkaline (pH of 9.87) in spring 1998 but ncutral
to moderately alkaline on other sampling occasions.
Chlorophyll concentrations were low except in spring,
1998 when they reached 35 ug /1L This was probably the
result of an algal bloom occurring, betore macrophyte beds
became re-established in the lake. Nutrient concentrations
remained comparatively low, for a sccondarily saline lake,

throughout monitoring,

Fiqure 77. Historieally Lake Coomelberrup supported a belt of Casuavina obesa along the westerne shove, however, these trees are

dead now.
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Groundwater

Depth to groundwater in the monitoring bores varied from
0.93 m to 3.6 m, depending on location, and electrical
conductivity ranged from 39 100-68 700 pS/cm. The
seasonal pattern of change in groundwater levels is shown
in Fig. 79, using bores placed well up the wetland shore.
The lakebed itself was intercepting groundwater and
Coomelberrup is a groundwater discharge area much of
the time. Interestingly, except shortly after significant
surface inflow, surface water in the lake was more saline
than the groundwater below as a result of salt accumulating
in lake-bed sediments,

Waterbirds

Twenty waterbird species were seen at Coomelberrup
during five monitoring surveys (Fig. 80, Table 29),
compared with 37 species recorded by Jaensch et al.
(1988) from 28 surveys between 1981 and 1985. There
were larger floods during 1981-85 than during the
monitoring period and at times the lake was substantially

fresher (5000 pS/cm ¢f 39 100-68 700 pS/cm during
monitoring). Thus, it is difficult to determine whether
the reduction in waterbird use of the lake is the result of a
fundamental decline in lake condition or simply an effect
of lower rainfall. However, there has been significant death
of trees around the lake since Jaensch et 2l.’s surveys (see
Halse ez al. 1993b) and very few live trees remain. Species
such as Little Grassbirds and Clamorous Reed-Warblers,
which were recorded in 1981-85, are unlikely to occur
now because of a lack of habitat.

The most abundant birds during monitoring were the
Australian Shelduck, Grey Teal and Black Swan, but
numbers fluctuated throughout the year. The abundance
of waterbirds was greater in 1998 than 2000, largcly owing
to the lack of water in February 2001 (Fig. 80). The
waterbird community was that of a sccondartly saline lake
but showed only loose affinities with Lake Pinjarrega
(another secondarily saline wetland) in the waterbird
ordination (Fig. 81). Despite the less of some species
discussed above, community seructure was very similar in
1998 and 1982-83 surveys. However, the low specics
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TABLE 29
Walerbird species and their abundance on 6 sampling occasions at Lake Coomelberrup.

SAMPLING DATE

AUG-98 NOV-98 APR-99 AUG-00 QOCT-00 FEB-01
Auslralasian Shoveler 2 0 1 o] 0
Auslralian Shelduck 10 7 1900 3 61 0
Australian Wood Duck 0 7 0 ¢] s} 0
Banded Stilt 0 0 0 0 32 0
Black Swan 106 50 0 1B 0 0
Black-winged Stilt [+ 9 0 [+ o 0
Chestnut Teal 0 1 2 0 o 0
Common Greenshank 0 1 0 0 ¢) 0
Eurasian Cool 1 70 0 0 >} 0
Grey Teal 85 904 179 102 223 0
Hardhead 5 10 0 0 0 0
Heary-headed Grebe 10 0 0 0 1 0
Musk Duck 0 0 0 0 12 0
Pacilic Black Duck 0 1 6 [ 0 0
Red-capped Ptover Y, 0 0 0 25 0
Red-kneed Dotterel 0 0 1 0 0 0
Red-necked Stint 0 0 s} o} B 0
Sharp-tailed Sandpiper 5] 0 0 0 2 0
Siiver Gull 0 2 1 0 1 0
White-faced Heron 0 2 0 1 3 0
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Figure 81. @rdination (PCR) of waicrbird species daca from Lake Coomelberyup, showing histovical and monitoring dasn for
Lake Coomelberrup and data for six marker wetlands.
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richness associated with low water levels in February 2001
resulted in the 2000 waterbird community being distinct
from other years. This pattern was observed at other
wetlands (e.g. Coyrecup, Eganu) and appears to reflect
wetlands undergoing a2 change of ecological character in
dry years as they become more salinized.

invertebrates

Invertebrates were monitored in November 1998. A total
of 35 specics were identified with 12 crustaceans (34% of
fauna) and 18 species (51%) of insects (Table 30).

Diptcrans were the most diverse group with 12 species
belonging to seven families, mosr of which were
opportunistic salt-tolerant taxa such as the
Ceratopogonidae, Ephydridae and Stratiomyidac. The
Chironomidae species that were present have widespread
distributions and included the halophilic Tanytarsis
barbitarsis. Odonata were represented by three species of
the damsclfly genus Austrolesses, all of which are salt
tolerant, Amongst the crustaceans, the most diverse group
were ostracods with 5 species, all typical of saline waters.

The inverrebrate community at Coomelberrup was
that of a sccondarily saline wetland bur with lower salinity
than Lake Parkerreying, the marker wetland used in Fig.82.

TABLE 30
Invertebrate species collected fromLake Coomelberrup in the 1998 sampiing year.
TAXA 1998 TAXA 1938
Turbeliaria 7 ISOPODA
GASTROPODA Haloniscus searfei 7
Coxiefla spp =7 COLEOPTERA
Antiporus sp. 7/

O!‘lGOCHAETA Neclerosoma penicillalus v
Ainudrilus nharna 4 Berosus discolor v
Enchytraeidae v
Ay DIPTERA

. Culicoides sp. v
Trombidioidea v Monohelea sp. 3 v
CLADOCERA LEag ¥

Ay ; Stratiomyidae 4
Daphniopsis sp. 4 Empididae v
OSTRACODA ERiagads 5

Muscidae sp. A v

Alboa worooa . B Muscidae sp. C s
Ausiralocypris insularis 4 Procladius pafudicofa 4
Diacypris spinosa ] & Tanylarsus barbilarsis v
Mytilocypris tasmanica chapmani 4 Dicrotendipes conjunctus v
Platycypris baveri 4 Cladopelma curtivalva v
COPEPODA ODONATA
Calamoecia clileffata v Austrolestes analis v
Metacyclops arnaudi {sensu Kieffer) 4 Austrofestes annulosus 7
Apocyclops dengizicus ¥ Austrolestes io '
Mesochra nr flava 2
AMPHIPODA
Austrochiltonia subtenuis v/
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Figure 82. Ordination (SSH) of invertehrate data, showing Lake Coomelberrup in 1998 and four marker wetlands.
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Lake Walyormouring

Lake Walvormouring (31¢ 08'S 116" 51'E) lies partly
within Walyormouring Nature Reserve (No.17186) and
partly within extensively cleared, privately owned farmland
(Fig. 83). The nearest town is Goomalling, 16 km o the
south. Surrounding land is undulating, causing, the
shoreline of the lake to be steep and short in some places.
The lakebed, however, is broad and very flat with an arca
of 1010 ha, of which over 80% is open water (Halse e al.
19931).

Lake Walyormouring, is saline and generally scasonal
although occasionally it holds water over consceutive years.
Berween 1979 and 1985, lake level tluctuated annually
from dry in summer to partially filled with maximum depth
in spring (Lane and Munro 19835 Jacnsch ¢f af. 1988).
The fake has a long history of watertogging and salinity
and large arcas of the northern and southern shores
support a wide belt of trees killed by the altered hydrology.
The extensive clearing, that has taken place on the lake-

bed at the southern end of the fake suggests the area of

lake regularly inundated now is greater than at the time
the area was opened for farming. While most lake intlow
probably comes from the local catchment, Beard (1999)
pointed out that Lake Walyormouring is the western end
of a south-westward Nowing dramage channel from
Cowcowing, Lakes.

Jacnsch ez al. (1988) listed Walvormouring as equal
Lath most important wetland for breeding waterbirds
among 197 wetlands surveved i south-west Western
Australia. Its abundant waterbird fauna and the extensive
depth gauge records were the reasons for its inclusion in
the monttoring, program. Vegetation has been deseribed
previously (Flalse ez al. 1993ba; Guener et al. 1999). Live
vegetation occurs mainly on elevated parts of the northern

{

\
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and western shorelines, and comprises mature stands of
Casnarina obesa and Melaleuca strobopbylla. Lower on the
shorceline, and extending across the lake-bed, trees are dead
but Halosarcin pergranulara grows beneath them.

Water chemistry and physico-chemical
parameters

Water levels were shightly higher in winter and spring 1998
than in 2000, "The lake received inflow from summer rain
in 1999 that maintained water levels in the autumn of the
first sampling year. The lake was dry in autumn 2001
(Fig. 84). The biggest difference between years was in
safinity, with conductivities in 1998 ranging from 11 320
10 36 100 uS/cm, whereas in 2000 they were 60 600 and
99 700 pS/cm. Although it is difficult to compare salt
loads between years, it appears likely there is significant
salt accumulation in Walyormouring in years that the lake
does not overflow. There is livde evidence of long-term
salt accumulation over the past 20 years, however (sce
Jacnsch ez al. 1988). Cation concentrations fitted a patiern
of Na>Mg>Cas>K and CFwas the dominant anion.

Total nitrogen levels were typical of Wheatbelt salt
fakes (range 1700-6950 ug /1) and towal phosphorus
concentrations were refatively low (maximum 20 ug/I).
Chlorophyll concentrations were also low (<5 pw/1).

Groundwater

Monitoring, bores on both vegetation transects during
1999 showed that the groundwater was substantially less
than I m below local ground level on borh transeet one
(the lowerIving, transect) and transect two (Fig. 85). The
lake is a discharge zone for saline groundwater and, as a
result of salt accumulation in the sediments, is sometimes

)

- s

Figure 83. Lake Walyormouring is o large scasonal saline wetland.,
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Figure 85. Depth below local ground level of groundwater in ane bore (not necessarily closest to lake) on each vegetation transect
at Lake Walyormouring. Open symbols vepresent boves underwater. Legend values in paventhesis ave depth of the bore in metres.

substantially more saline than underlying groundwater.
Conductivities of groundwater ranged from 5010 to
21 980 pS/cm, with considerable temporal and spatial
variation. pH was circum-neutral. Two additional bores
have also been monitered adjacent to the lake; one
(transcct 4) receives throughflow from a granite rock and
was relatively fresh (minimum conductivity 1710 uS/cm).
This small flow of fresh water is probably responsible for
the continued growth of the thicket of Casuarina obesa
along the northeast margin.

Waterbirds

A total ef 20 species were recorded during monitoring in
1998, with the 12 species recorded in 2000 a subsct of

these (Table 31, Fig. 86). The lake consistently supported
large numbers of birds, with almost 10 000 present in
November 1998 when extensive shallows at the southern
end supported large numbers of shorebirds such as Banded
Stilts, Red-capped Plovers, Red-necked Stints and Sharp-
wailed Sandpipers, in addition to the ducks in the main
water-body.

Jaensch et al. (1998) recorded 28 species during 38
surveys between 1981 and 1985, with higher water levels
than recorded during monitoring. Overall, community
composition was similar to that in 1998 and 2000 and
there is little evidence of along-term change in the ecology
of Walyormouring from a waterbird perspective (Fig. 87).
Annual variation appcars moderately significant with 1981
(dryest year) and 1984 (wettest year) having the two most
different communities.
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Figure 86. Waterbird species richness and abundance ar Lake Walyormouring.
TABLE 31
Waterbird species and their abundance on six sampling occasions at Lake Walyormouring.
SAMPLING DATE
AUG-98 NOV-98 APR-89 AUG-00 OCT-00 FEB-01
Australasian Shoveler 55 0 7 0 (¢} 0
Australian Shelduck 22 369 749 1588 1800 4]
Banded Stilt 0 2738 (o} 9 2 0
Black Swan 56 38 28 18 0 0
Black-winged Stilt 221 84 4 0 0 0
Chestnut Teal 0 0 1 0 0 0
Curlew Sandpiper 0] 1 0 0 &) o]
Eurasian Coot 1073 1010 250 109 0 0
Grey Teal 1286 3645 626 4855 1200 0
Hardhead 30 36 V] 0 0 0
Pacific Black Duck 2 3 178 35 0 0
Pink-eared Duck 543 75 38 18 0 0
Red-capped Plover 0 724 0 86 44 0
Red-kneed Dotterel 0 3 o} 0 0 0
Red-necked Avocet 3 0 0 0 (¢} 0
Red-necked Stint o] 492 0 9 [¢] 0
Sharp-tailed Sandpiper o] 123 0 o] 34 0
Silver Gull 23 4 37 0 2 0
White-faced Heron 1 1 55 14 2 0
Yeliow-bilied Spoonbill 0 (6] 1 0 0 0
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Figure 87. Ordination (PCR) of waterbird specics data from Lake Walyormouring, showing historical and monitoring data

for Lake Walyormouring and data for six marker wetlands.
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Invertebrates

The invertebrate fauna of Lake Walyormouring was
monitored in November 1998, when 18 species were
collected (Table 32). Ten of them were crustaceans, all of
which were collected in high abundance. For example,
the ostracods Diacypris spinosa, Mytilocypris chapmani
tasmanica, and Cyprinotus edwardi were recorded in
100 000s or 10 000s. So, oo, was the salt iake gastropod
Coxiella sp. By contrast, the six insect species occurred as

< 10 individuals per species. The most abundant of them
was the chironomid Procladius paludiceln. The salt-
tolerant and ubiquitous Austrolestes annulosus was the only
species of odonate collected.

Walyormouring has an invertebrate community typical
of secondarily saline lakes, albeit not as saline as
Parkeyerring (Fig. 88). Itis well displaced in an ordination
from samples occurring in a naturally saline system

(Campion).

TABLE 32
Invertebrate species collected from Walyormouring Lake in the 1998 sampling year.
TAXA 1998 TAXA 1998
ROTIFERA Apocyclops dengizicus 7/
Hexarthra fennica Mesochra nr flava v
GASTAOPODA AMPHIPODA
Coxielia sp. 2(Aus. Mus. Code) Austrochiltonia subtenuis v/
CLADOCERA COLEOPTERA
Daphniopsis sp Berosus munitipennis 7/
OSTRACODA DIPTERA

e i Stratiomyidae 4
Australocypris insularis
Cypr;notu);pedwardi Procladius paludicola v/
Diacypris spinosa Tanytarsus sp. A _(nr. K10) v/
Mytitocypris tasmanica chapmani Cladopelma curtivatva 4
COPEFPODA ODONATA

Austrolestes annuiosus '

Boeckella triarticulata
Mesocyclops brooksi
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Figure 88, Ordination (SSH) of invertcbrare data, showing Lake Walyarmouring in 1998 and four marker wetlands.
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Lake Eganu

Lake Bganu (30 00'S 115 52'E) (Fig. 89) is a mediom-
sized wetland (82.2 ha) located on the northern sandplain
20 km south-west of Coorow. The lake has shown a decline
in condition since the late 1960s  and is now clearly
sccondarily saline. At the centre of the Pinjarrega Nature
Reserve (Res. No. 25210), Lake Eganu is surrounded by
remnant vegetation. Teis likely thar the lake’s hydrology
is affected by drainage from the north via a serics of salt
lakes and drainage lines that connect to both Yarra Yarra
Lake (in the most exceptionally wet years) and Lake Moore
(Beard 2000). Lake Eganu has been scasonal in recent
years, although under higher rainfall regimes it frequently
holds water over conseeutive years (see Jacnsch ¢f al
1988).

The vegetation has been described by Halse et al.
(1993b) and Gurner et al. (1999): the hake fringe above
high water supports a belt of live Casnarina vbese with
scattered  Encalyptus vudis and E. loxophlcba. "U'hese wree
species used 1o continue across the lakebed bur are now
dead below the high water mark (and in some clevated
arcas). Understorey below the live rrees includes
Chenopodiusn sp., Sclerolacna dicantha, Enchyvicana sp.and
Halca recurva. Halosarcia perqranadinta grows under dead
trees down o the high watee mark, in association with
Bawmen vaginalisond Scholtzia sp. Vegetation at the lake’s
northern end is in better condition and includes live
C. olesa, Melaleuca stvobophylla and Melalewea lnteriflora
growing below the maximum flood level,

Lake Eganu was one of the many wetlands studied in
a large survey of waterbirds in south-western natnre
reserves (Jacnseh et all T9SK). T was also depth-gauged,
so that there is a long record of salinity and depth (Fane
and Munro 1983). Just prior to the surveys of Jacnsch
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et al .(1988), aquatic invertebrates at Eganu and
surrounding lakes were studied by Halse (1981). The lake
was sclected for monitoring because of the availability of
historical information about its condition and because
further effects of salinization scemed likely.

Water chemistry and physico-chemical
parameters

Lake Eganu was monitored in 1998 and 2000. In 1998
the lake filled from winter rains reaching a maximum depth
of 2.5 mand held water through 1999 (Fig. 94). Further
unrecorded inflow occurred in January 2000 as a resalt
of ¢yclonic rain and the lake was moderately full when
monitored in August 2000. However, evaporation during
spring and carly summer meant the lake was almost dry
by February 2001, In 1998, salinitics varied berween
maoderately saline and seawater concentrations (26 800-
55 700 pS/cm) but in 2000 the fake was hypersaline
(107 800-226 000 pS/cm). The likely reason for the
dramatic difference in salinities between years is that warer
levels reached outllow height during the looding in winter
1998 and saline water was tlushed out ofthe lake by fresher
inflow water. This did not occur in autumn 2000. During
monitoring, carion concentrations fitted a patteen of
Na>Mg>Ca>K and Cl was the dominant anion. Toral
phosphorus concentrations were low throughout
monitoring, (maximum 20 pg/lin May 1999), while Toul
nitrogen showed the eftects of evapo-concentration,
ranging from 1200 to 11000 pg/1. A small algal bloom
oceurred in February 2001 (26.5 ng /I total chlorophyll),
although the hiological meaning of this is unclear, given
the extremely shallow water depth and hypersaline
conditions.

Figure 89. Lake Eganu is secondarily saline with a continyous decline in condition since the 1960s.
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It is difficult to quantify long-term changes in salinity
of wetlands, given the substantial annual fluctuations that
occur as a result of flushing, variable depths and other
factors. However, data in Halse (1981), Lane and Munro
(1983) and Jaensch ez al. (1988) suggest that salinity has
increased substantially at Lake Eganu over the past 20
years. The minimum salinity recorded during monitoring
was 26 800 pS/cm whereas in the late 1970s and early
1980s salinitics of 17 000 pS/cm or slightly less were
common at similar depths.

Groundwater

Monitoring bores were installed on three vegetation
transects. Depth to groundwater varied from 0.3 m to
2.6 m depending on location and ume sampled (Fig. 91).
Groundwater levels were highest when monitoring began
in December 1999. Conductivity of groundwater showed
some spatial and remporal variaton (42 300-71 100 uS/cm)
but was substantially lower than surface water conductivity
in 2000.

M

Waterbirds

A total of 16 species were seen at Eganu but only the
Australian Shelduck, Black Swan, Grey Teal and Hoary-
headed Grebe were recorded in both 1998 and 2000
(Table 33, Fig. 92). Within each year, waterbird abundance
was highest in spring, with 5396 birds in Novemnber 1998
and 441 birds in November 2000. Australian Shelduck
were the most abundant species. Eganu is well-known as
a moulting site for shelduck (Halsc e 2f. 1990).

Jaensch et al. (1988) recorded 24 species of waterbird
during 19 surveys between 1981 and 1985; including 8
species breeding. The maximum number of waterbirds
counted by Jaensch et al. (1988) was 10 940 with very
high counts, for the south-west, of Pink-eared Ducks and
Hardheads. Hardheads were frequently numerous at
Eganu in the 1970s (SA Halse personal observation)
whereas only five of them werce scen during the six
monitoring surveys.
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Figure 90. Gauged depth and electrical condctivity ar Lake Egani.
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Figure 91. Depeh below local ground level of groundwatcr in one bove (nat necessarily closest to lake) on cach vegetation transect
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TABLE 33
Waterbird species and their abundance on six sampling occasions at Lake Eganu.

SAMPLING DATE

AUG-98 NOV-98 MAY-99 AUG-00 NOV-00 FEB-01
Australasian Shoveler 7 72 0 0 0 0
Australian Shelduck 0 3224 10 183 387 0
Banded Stiit 4] ] 0 0 41 0
Black Swan 3 297 0 0 7 0
Chestnut Teal 2 0 1 0 0 0
Eurasian Coot 200 1215 0 0 0 0
Grey Teal 115 377 32 0 3 0
Hardhead 5 0 0 0 0 0
Hoary-headed Grebe 12 104 o] 6 0 0
Little Black Cormorant 0 0 0 0 0 1
Musk Duck 3 1 7 o] 0 0
Pacific Black Duck 3 2 6 0 0 0
Pink-eared Duck 49 104 8 0 0 0
Red-capped Plover o] 0 0 0 2 0
Silver Gull 0 0 0 0 1 0
White-faced Heron 0 0 0 B 0 0
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Figure 93. Ordination (PCR) of waterbird species data from Lake Eganu, showing historical and monitoring data for Lake
Eganu and Aata for six marker wetlands.
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There appear to have been significant changes in the
waterbird community at Eganu over the past 20 years
(Fig. 93). The 1998 community had affinities with surveys
from the 1980s and to a lesser extent with the
communities at Lake Pinjarrega, an adjacent, large and
sccondarily saline wetland. However, the 2000 community
was more similar to that of Lake Goorly and Lake Altham,
two naturally saline wetlands. The 1998 survey was from
a period of unusually high water level, and consequent
low salinity, in all sampling seasons. In contrast, the 2000
survey was conducted at lesser depths more similar to those
occurring in the 1980s .

Invertebrates

Invertebrates were sampled at Lake Eganu in November
1998. A total of 26 specics were collected (Table 34),
with 19 species (73%) collected at both sub-sites,
suggesting that habitat within the lake is relatively
homogeneous and species were relatively evenly
distributed. Fifty-threc percent of the fauna were
crustaceans (14 specics). Ostracods were represented by
cight species of which the halophilic Auesralocypris
insularis, Cyprinotus edwardi, Diacypris dictyote and
Mytilocypris tasmanica chapmans were most abundant.
The salt lake gastropod Coxiella sp. was alse numerous
with abundances in excess of 10 000 individuals/samplc.

Eight species of insects (30% of fauna) were collecred,
including four dipteran families, the beetle Berosus sp. and
two damselfly species of the genus Aunstrolestes.

The 1998 invertebrate community at Eganu was typical
of a secondarily saline wetland (Fig. 94) but contained far
more species than recorded by Halse (1981) (26 vs 8),
despite substantially higher salinity in 1998. Halse (1981)
towed a small plankton net through the water column
and dense beds of Lamprothamnion papulosum growing
in the lake; he did no benthic sampling and, unfortunately,
his 1979 surveys cannot be compared with the 1998
monitoring. It is significant, however, that the amphipod
Austrochiltonia subtenuis, which was abundant in 1979,
was absent in the 1998. The salinity at the time of
monitoring was within the tolerance of A. subtenuis but it
is likely that this tolerance is exceeded more often than
previously. If, as seems likely, neighbouring wetlands have
also increased in salinity, it is possible that source
popuations of A. subtenuis are no longer close enough to
recolonise Lake Eganu. This can be contrasted with less
telerant species such as Auszrolestes spp., which more easily
recolonise the wetland because of their winged adult stage.
The isopod Haloniscus searles, which was present in 1998,
has a greater salinity tolerance than A. subtennis and may
be a functional replacement for this species. The fish
Psendogobius olovom found by Halse (1981) was not
present during monitoring.

TABLE 34
Invertebrate species collected from Lake Eganu in the 1898 sampling year.
TAXA 1998 TAXA 1998
Turbellaria s Metacyclops arnaudi (sensu Kieffer) 7/
Nematoda v Apocyclops dengizicus '
ROTIFERA Masochra nr flava v
Hexarthra fennica v ISOPODA

Halonisc tei '
GASTROPODA laloniscus seartel
Coxiella sp. 4 COLEOPTERA

1 v

GLADOCERA S
Daphniopsis sp. v/ DIPTERA

Stratiomyidae v
OSTRACODA Dolichopodidae sp. A 7/
Austratocypris insularis v Ephydridae v
Cyprinotus edwardi 4 Procladius paludicofa s
Diacypris dictyote 4 Cladopelma curtivalva v
Diacypris spinosa v
Diacypris compacta 4 ODONATA
Mytifocypris tasmanica chapmani 4 Austrolestes analis v
Reticypris clava 4 Austrolestes io v/
Platycypris baueri 4
COPEPODA
Calamoecia cliteliata 4
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Fraser Lake

Fraser Lake (Fig, 95) is situated on Mr Peter Maisey™s
Farm immediately cast of Take Dowerin (31 [8'S 1177
04'E). "This small (approxtmately 14 ha) ephemeral lake
is fresh with a Har lakebed. Minor modificadion ol the
lakebed has occurred with the digeing ot two small dams
to extend the period the Jake holds sucface water. The
sierrounding banks are relatively steep (except on the
]'.I(ll'l-]]’l.‘ilsltrll -‘iil.{l,' \\"I'Il_'rL' il'l”()\\' l)CClI]'.\) \\'ilh GdONaArroay
belt of vegetation. Swrrounding land has been cleared For
agriculture, Tnfleay 1o the lake is principally from logal
ruc-ofl and there iy no surtace interaction wich the
secondarily saline Lake Dowerin, which fies west of Fraser.

AEEY P W

s Sl LT
Figure 95. Frase
clegantssima). Photograph by Sheila Homilton-Brown.

Vegetation is dominated by Awstrostipa clegantissima,
which covers the lake-bed and grows to a heightof 1.5 m
(Gumer e al, 1999). Scanteved Melaleuca serobophylln
occur among, the Awstrostipa and on the western and
southern shorcling, i association with scattered Caswaring
ohesi. ' These trees are replaced up-slope and clsewlhiere on
the shoreline by an open cucalypt woodland of Excalypens
foxophlchn and E. salmonophbloi. he anderstorey s
species-poor and dominated by Chenopodium sp. and
Sedvrwder sp.

Fraser Lake was selected for monitoring as an example

ol a lresh water wetland,

ST

+ Laie has w omall marn-made dam, bowever, the magority of the lakebed is dominated by Cane Grasy (Austrostipa
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Water chemistry and physico-chemical
parameters

Fraser Lake was sampled in 1999 and 2000, although some
water quality measurements and waterbird counts were
made in spring 1998 as well. The lake held little water
during 1998 and dried in spring. In 1999, it received
winter inflow and then flooded to 1.5 m in March 2000
(Fig. 96). Water levels declined by the end of 2000, despite
some winter inflow and the lake was close to dry in
February 2001. Water was fresh in both years with
electrical conductivity ranging from 5084850 pS/cm.
In March 1999, salinity did not decrease, despite a
substantial increase in water depth, suggesting that
inflowing water was of similar concentratien to lake water.
There was a pronounced increase in conductivity, however,
in fate summer 2001 as evapo-concentration occurred.
Cation concentrations fitted a pattern of Na> K> Ca >Mg
and Cl was the dominant anion.

Water samples from August 1998 were collected in
one of the dams in the lakebed and contained a high level

of Total phosphorus (820 pg/l). Total nitrogen
concentrations, throughout monitoring, were typical of
wheatbelt wetlands (1704600 ng/1). Total phosphorus
was variable in 1999 and 2000, with occasional high valucs
{20-140 pg/1). Chlorophyll concentrations also varied as
a result of some minor algal blooms.

Groundwater

Monitoring bores were constructed on both vegetation
transects at Fraser Lake in 1998, as well as at Maisey’s
Lagoon {also known as the ‘Occurrence 2 wetland’) to
the north-west where additional vegetation transects were
focated (see Gurner er al. 1999). At Fraser Lake in March
1999, when the lake was dry, groundwater was between
1.5 and 3.4 m below the ground. After the lake filled in
winter 1999, the lower bores on cach transect were
underwater continuously. Local groundwater was only 1.6
to 2.2 m below ground level in the upslope bores (Fig. 97),
suggesting that it was likely to be generally recharging
with lake-water unless the lake-bed was impermeable.
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Figure 96. Ganged depth and clectrical conductivity at Fraser Lake.
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Elcctrical conductivity of groundwater showed some
temporal and spatial variation. Prior to the lake fiiling in
1999, groundwater conductivity varied from 26 700-
62 900 uS/cm. During flooding in 2000, groundwater
appcared te become fresher, as a resule of eicher teakage
of fresh water through lake-bed recharge or infiltratien of
bores, before returning to pre-flooding salinitics.
Greundwater was substantially more saline chan lake warer,
however, and there is a high risk of Frascr Lake becoming
sccondarily salinc if groundwater rises further. At the same
time groundwarter is clearly interacting with a decper
palcochannel of the East Mortlock River (C1D Walker
unpublished data), a steucture also underlying the adjacent
‘Oceurrence 2" wetland (Hamilton-Brown and Blyth
2000) and Lake Walyormeuring, and frequent lake-bed
recharge may prove to pretect the lake from groundwater
salinity by forcing discharge elsewhere.

Waterbirds

Waterbirds were monitored in 1998, 1999 and 2000
(Table 35, Fig. 98). In 1998, with water in the dam only,
the waterbird fauna was restricted to Grey Teal, Australian
Shedduck, Black-tailed Native Hen and White-faced Heron
which were present in low abundance. These dam were
not included in the monitoring analysis. Species richness
way greater after the lake re-flooded in 1999 and after
further flooding in March 2000, Warerbird abundance
increased toward the end of both the 1999 and 2000
sampling year, although this probably reflects particular
patterns of water levels rather than a consistent tremnd ar
the lake. Grey ‘Teal, Barastan Coot and Pacific Black Duck
were consistently abundant wnd Pink-cared Duck (212
individuats) and Australian Wood Duck (95 individuals)

D.J. Cale et al.

were numerous in March 2000, The Black-tailed Native-
Hen occurred regularly until spring 1999, after which this
irruptive specics was not recorded.

The waterbird assemblage at Fraser Lake was a mix of
species typically found in fresh and brackish wetlands. Both
1999 and 2000 surveys occupied similar pesitions in the
erdination (Fig. 99) and represented a different
cemmuuity from any of those at the marker wetlands,
altheugh mest similar to Toolibin and Pinjarrega.

Invertebrates

A total of 73 invertebrate species were collected in October
1999, ot which 41 species (56% of the fauna) were insects,
12 (16%) were crustaceans and 13 (18%) were rotifers
(Table 36). Beth the water column and benthos of the
wetland appeared to be species-rich. Plankronic
crustaceans, particularly the cdadocerans Simocephalus sp.
and Macrothrix sp. and the copepods Bocckella
triavticninta and Australocyclops australis had densities
in excess of 10 000 individuals/sample. OF the insects,
only some chironomid species and the pelagic henmpteran
Anisops thienemanni were numerous (> 1 000 individuals /
sample). The more species-rich insect groups were
Chironomidac with 14 species, and Hemiprera and
Odonata with six species cach.

The vertebrare community av Fraser Lake was very
stmilar 1o that at Yaalup Lagoon (Fig. 100) and also
showed similarities with Paperbark Swamp (Fig. 106)
reflecing the similar water guality and filling regmic of
these wetlands. Tt was a species-rich community bur the
individuat species present are mostly widespread in fresh
and brackish waters of southavestern Australia,
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TABLE 35

Waterbird Species and their abundance on eight sampling occasions at Fraser Lake.

97

SAMPLING DATE

AUG-98 NOV-98 SEP-99 OCT-99 MAR-00 AUG-00 NOV-00 FEB-01
Australasian Grebe 0 0 1 [} 40 3 7 19
Australasian Shoveler 0 0 9 0 8 0 0 0
Australian Shelduck 2 0 2 0 13 0 0 0
Australian Wood Duck 4] 4] o} 15 95 0 2 0
Bailion's Crake [+] o] 4] 2 0 0 0 0
Black-tailed Native-hen 6 1 20 30 0 0 o] 0
Black-winged Stilt 4] o} (o} 0 o] 0 0 22
Blue-billed Duck 0 0 Q0 o] 2 0 0 0
Eurasian Coot 0 0 69 28 57 38 14 S0
Grey Teal 38 o} 103 78 235 5 120 308
Hardhead 0 o] 22 5 17 0 2 0
Hoary-headed Grebe 0 o} 0 0 9 0 ¢} 0
Little Black Cormorant 4] Q 0 o} 1 0 0 0
Little Grassbird 0 0 0 5 0 0] 1 4
Little Pied Cormorant 0 0 (o} 0 1 1 0 0
Musk Duck 0 o} 2 1 1 0 0 0
Pacific Black Duck o} o] 1 7 109 13 29 9
Pink-eared Duck 0 0 1" a 212 0 0 4]
Swamp Harrier 0 0 1 0 2 1 0 1
White-faced Heron 1 1 1 0 3 5 6 9
Yellow-billed Spoonbill Q 0 7 ¢ 0 0 0 Q
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Figure 99. Ordination (SSH) of waterbird species data, showing Fraser Lake from 1999 and 2000 and the five

marker wetiands.
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Figure 100. Ordination (SSH) of invertebrate data, showing Fraser Lake in 1999 and four marker wetlands.
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TABLE 36
Invertebrate species collected from Fraser lake in the 1998 sampling year.
TAXA 1998 TAXA 1998
Spongillidae ' COLEOPTERA
Turbellaria v Affodessus bistrigatus 7/
Nematoda 3 Antiporus gitberti 7
HYDRAZOA ns;ernopriscu: nv_;{rimaculaius '.:
3POTUS
Sinantherina cf. (colony) v ngntz;ip P 7
ROTIFERA Berosus macumbensis v
Fi \ariid v Enochrus mactdiceps v/
osclilariicae , Limnoxenus zefandicus 4
Brachionus quadridentatus "4 Hydrophilidae 7
Euchlanis sp. 4 parop
Lecane buffa v DIPTERA
l’:ecane ;udw:gn ! Anopheles annulipes /
geane una 5 Culex (Culex) australicus s
f:ecahne’ ‘:',p‘” oy ! Stratiomyidae W
T?F;r alodenaigioba Procladius paludicola A
fichocerca raftus v Abiabesmyia notabilis ¥
;:qchocerca N 5 Paramerina levidensis v/
rfChocem% - Corynoneura sp. 4
Trichocercidae a Cricotopus 'parbicinctus’ o/
GASTROPODA ;}Jny:arstzs nr bispinosus '.;
. aratanytarsus sp.
Glyptophysa ci. gibbosa 4 Chiron ornus te ppF:zn' §
OLIGOCHAETA Chironomus all. afternans v
MoRaoneilia v Dicrotendipes conjunclus v
NZi didae v Kiefferutus intertinctus s
Kiefferultis martini v
ACARINA Polypeditum nubifer .
Acercella falcipes 7 Parachironomus sp., 1 '
CLADOCERA HEMIPTERA
- i Microvelia sp. s
Alona rigidicaudis s 1. s ; ;
Plouroxus sp. % gg:::;asgrewcorms ..:
Shrethn .‘:ra:‘us 5e- % Agraptocorixa parvipunclata /s
eI EEs: v Micronecta sp. v
OSTRACODA Anisops !hien_emanni o
Bennelongia barangaroo v Anisops baylii A
Cypretta baylyi v ODONATA
S neeqes §ahnu5 o Ischnura aurora aurora 4
Sarscypridopsis sp. 165 {Bennetts) & AR Mt i 7
COPEPODA Austrolestes aridus_ v
Boeckefla triarticulata v ggmmnax papuense ;-
Melacyclops sp. 434 (arnaudi sensu  Sars) ¥ ipaccdes Liguncia 4
Australocyclops australis o Hemicordulia tau 1
AMPHIPODA TRICHOPTERA
Austrochillonia sublenuis v %";;‘;27';;’5 Aistinlis ‘;

Paperbark Swamp

Paperbark Swamp (Fig. 101) lics within Paperbark Nature
Reserve (Res. No.12900) south-cast of Corrigin (329 24'S
118 06'E). "This ephemeral fresh wetland comprises a
number of small irregular basins (1-1.5 m deep when full)
that are interconnected by slightly shallower broad
channels. Warer 1s frequently turbid because of the clay
substrate. Surface inflow enters at the south end of the
wetland from undefined channels that drain farmland to
the south and south-west. Qutflow, if it occurs, emptics
into a saline chain of lakes known coliectively as the
Bendering Lakes, which lie 2—-3 km north of the swamp.

There is a dam on the lakebed at the north end where
surface water persists lor several months atter the rest of
the swamp has dried. Vegetation on the southern boundary
of'the reserve shows symproms of waterlogging and salinity
stress (Gurner et al. 1999). Vegeration of the swamp is in
betrer condition with mature Melalvuca strobaphylla and
M. phuidophylla dominating the overstorey and torming a
sparse scasonally inundated understorey through the centre
and southern part of the wetland. At the northern end,
M lateriftoraand M phoidaplylla grow over an understorey
that includes Enchylaena tomentosa, Atviplex semibaccata,
Maiveana brevifolia, Grevillea acuaria, Lomandra effusa
and Chenopodinm spp.
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Paperbark Swamp has a history of salinity and depth
measurements, and was included in the monitoring
program becausce it is fresh and was known to supportan
intact and diverse invertebrate community.

Water chemistry and physico-chemical
parameters

Paperbark Swamp was monitored in 1999. Winter rainfall
caused inflow and further flooding occurred as a result of
cyclonic rains in January 2000 (Fig. 102). When full,
conductivity ranged from 447 to 588 nS/cm and cation
concentrations exhibited a pattern of Na>Ca>Mg=K. The
dominant anion was HCO,, which is unusual in the
Wheatbelt. Turbidity was high (1400 NTU) in spring
1999, the only occasion it was mcasured. Total phosphorus
concentrations in the lake were also high (range 110-
615 pg/l). Although samples were passed through a
0.45 pm filter prior to analysis, it is possible that high
valuesare the result of some contamination by phosphorus
adsorbed to clay particles. Total nitrogen concentrations
were moderate (range 1600-2650 pg/1). Chlorophyll
concentrations were relatively low despite high phosphorus
levels, cither because most of the phosphorus was
unavailable or because high turbidity limited the availability
of light.

Groundwater

Monitoring bores were installed on the three vegetation
transects in 1999. Maximum depth to groundwater was
recorded in January 2000 and varied between 3.1 and
5.7 m depending on location (Fig. 103). After the heavy
rain in January 2000, groundwater levels rose 13 m but

Figure 101. Paperbark Swamp is an cphemeral freshwatcr wetland in the Paperbark Nature Reserve.
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had returned to near pre-flooding levels by spring of that
year. Electrical conductivity of groundwater showed
cnormous temporal and spatial variation (1730-
77 000 pS/cm) depending on whether bores were
sampling regional groundwater, perched freshwater lenses
or a combination of both. Groundwater was always more
saline than surface water.

Waterbirds

A total of nine species were recorded in 1999, with species
richness being greatest in autumn after the lake flooded
extensively (Table 37, Fig. 104). The most abundant
species was the Grey Teal (13-32 individuals), which was
present on all sampling occasions. In October 1999,
White-necked Heron were breeding and 14 Nankeen
Night Heron were recorded in March 2000. Jacnsch ez al.
(1988) recorded one species from a single survey.

The waterbird community at Paperbark during the
1999 sampling year was a depauperate one with a mix of
species, several of which are more-or-less restricted to fresh
water. It did not show affinity with any of the marker
wetlands (Fig. 105).

Invertebrates

Invertebrates were monitored in spring 1999 and 74
species were collected (Table 38). Species composition
was dominated by insccts with a total of 39 specics (52%
of the fauna). There were 11 specices of beetle, including
Hyderodes sp., which is typically collected from vegetated
swamps with turbid or coloured water. Hemipterans were
also well represented (7 species) but the most abundant
inscct species were the dipterans Chironomus tepperi,
Chironomus aff. alternans and Stratiomyidac. A total of

E— i‘ o ——
s — — S
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TABLE 37
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Waterbird species and their abundance on three sampling occasions at Paperbark Swamp.

SAMPLING DATE

SEP-99 OCT-99 MAR-00
Australian Wood Duck 4 0 5
Eurasian Coot 0 4] 14
Grey Teal 32 28 i3
Hoary-headed Grebe 0 0 6
Nankeen Night Heron 0 o] 14
Pacific Black Duck il 3 8
Pink-eared Duck 0 0 12
White-faced Heron 0 0 4
White-necked Heran 0 2 0
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Figure 105. Ordination (SSH) of waterbivd species data, showing Paperbark Swamp from 1999 and the five marker wetlands.
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Figure 106. @vdination (SSH) of invertebrate data, showing Paperbark Swamp in 1999 and four marker wetlands.

22 species of crustaccans (29% of the fauna) were collected
and, while not as species-rich as the insects, they were
numerically dominant with the anostracan Branchinella
lyrifera and the ostracod Bennelongia barangaroo both
recorded at densities in excess of 10 000 individuals/
saimple, Twe species of conchostracans, Lyncens sp. and
Caenestheriella sp., were also collected in large numbers.

The invertcbrate community at Paperbark Swamp had
similarities to that at Yaalup Lagoon, although there was

a stronger freshwater clement in the fauna (Fig. 106).
Paperbark has considerable conservation importarice for
aquatic invertebrates. While many of the species recorded
are capable of dispersing widely as the wedand dries or
becomes wisuitable, others such as conchostracans and
anostracans rely on a dessication-resistant stage to persist
at Paperbark berween filling cycles. These latter species
would be compromised by changes in the hydrological
cycle or water quality.
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TABLE 38
Invertebrate species collected from Paperbark Swamp in the 1999 sampling year.
TAXA 1999 TAXA 1999
Turbellaria v/ ISOPODA
Nematoda 4 Haloniscus searlei 7
ROTIFERA Styloniscus sp. v
Lepadeffa sp. v COLEOPTERA
Lecane sp. 4 H
; lyphydrus elegans v
Notommatidae v Allodessus bistrigatus s
Trichocerca sp. 4 Antiporus gilberti o
GASTROPODA Sternopriscus muttimacuiatus 4
: Lancetes lanceolatus v
Isidorella sp. v Hyderodes sp. 7
OLIGOCHAETA Eretes austrafis v
‘ . Berosus approximans v
g’ngg“i r;hama 5 Enochrus maculiceps 7
P! por Limnoxenus zelandicus v
ACARINA Hydrophilidae v
y Staphylinidae 4
E.y i 5P . K Scirtidae sp. v/
Limnesia dentifera v
Oribatid_a . 4 DIPTERA
Trombidioidea v/ Tipulidae group A Y
ANOSTRACA Bezzia sp. 2 4
Branchinetla tyrifera v ggéi‘:gemsy;pgp 5
CONCHOSTRACA Tabanidag v
Caenestheriella sp. v ggﬁé;?g‘ggg‘;e _ 5
Cyens sh 4 Ephydridae 7
CLADOCERA Procladius paludicola 4
Diaphanosoma sp. 7 Paramerina fevidensis 7/
Pleuroxus sp. 7 Paralimnophyes puflulus s
Daphnia carinata i Cricotopus brevicoriis v
Daphnia cf. cephalata v B:;‘gi:;i:‘;espg: K10) i
Simocephalus sp. s
' g - Chironomus all. alternans s
OSTRACODA Cryptochironomus griseidorsum v
tlyocypris australiensis /s HEMIPTERA
Afboa worooa v >
Bennelongia barangaroo 7 '\SA:Isdo;;:hll)?a:‘C a9 j
Candonocypris novaezelandiae % Agralptocore;'xa %g:ffipunctara >
Heterocypris tatei s 4
Cypericercus salinus 7 %’?;g"ic::_;ﬁg:”gin‘ ;
Sarscypridopsis aculeata & Az:'sogs S }:pen'on ! o
COPEPODA Anisops gralus v
Boeckefla triarticutata v ODONATA
Boeckella robusta ' b
Calamoecia sp. 342 (ampulla variant) v Austrolestes an_ahs "
Metacyclops sp. 442 (salinarum in Morton) v/ Austrolestes aridus %
Australocyclops australis v TRICHOPTERA
Triplectides australis v

Coomalbidgup Swamp

Coomalbidgup Swamp (Fig. 107) lics within
Coomalbidgup Nature Reserve 45 ki west of Esperance
on the South Coast Flighway (3324'S 121 21'E). Once
an cphemeral wetland with live trees growing across the
lake-bed, the swamp has been substandally wetter since
1986 owing to run-oll from the extensively cleared
catchment of 97 km? to the north-cast (Froend and van
der Moczel 1994). Large arcas of the original lake
vegetation have died, with 45% of the trees on the lake-
bed dead by 1992 (Froend and van der Mocezel 1994)
and 100% by 1998 (Ogden and Froend 1998).

The lakebed now supports only dead stems of
Eucalypins occidentalis, Melaleuca enticuiarisand Banksin
specios. However, distinet thickets ol” E. occidentadis and
M. cuticadaris seedlings have established around the Take
margin in recent years, reflecting strandhines from flood
events. There is no evidence of regeneration by B. speciasa,
perhaps because of the lack of fire since Hooding occurred
(Opden and Froend 1998).

Coomalbidgup was included in the monitoring
program because of the changes in catchment hydrology
that are currently raking place and the opportunity to
document changes in vegetation, invertcbrates and
waterfowl associated with the early stages of salinization.
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Water chemistry and physico-chemical
parameters

Coomalbidgup Swamp was monitored in late winter and
spring 1999 but was inaccessible in autumn 2000 because
of flooding after extensive rain in late summer. There was
a surprisingly large (0.5 m) drop in water level between
late winter and spring (Fig. 108) while conductivity
showed little variation (5240-5615 nuS/cm). This
suggested considerable leakage through parts of the lake-
bed when lake levels are high. The pattern of cation
concentrations was Na>Mg>Ca>K, while Cl was the
dominant anion. Total nitrogen concentration was
modecrately low (1200 ug/1) but Total phosphorus was
high (160-190 ug/1). Coomalbidgup contains modcrately
dark water (100 TCU) and high phosphors
concentrations are common in such wetlands (Wrigley
et al. 1988). Chlorophyll levels were low.

Groundwater

Monitoring bores were not installed until 2001 because,
prior to this, vegetation transects were underwater. In some
arcas the groundwater level was close to the lakebed when
lake levels were high, suggesting some lateral recharge
flows out of the lake (Fig. 109). Other bores ncarby have
remained dry even when inside the inundated part of the
lake. The vegetation transects and monitoring bores are
located on the south-castern and north-western sides of
the swamp and do not give clear information about
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groundwater behaviour. Study of the lake structure
indicates that groundwater (and surface water) flows
through the lake in a north-cast to south-west direction.

Groundwater salinity appears variable, ranging from
794 to 19 540 uS/cmin samples taken during 2001. This
again suggests localised recharge of fresher lake water into
portions of the surrounding profile, while salt
accumulation around vegetation root systems has occurred
clsewhere.

Waterbirds

A total of 17 species of waterbird were recorded at
Coomalbidgup Swamp in 1999. Total abundance was
greatest in spring (319 individuals) but most species were
represented by fewer than 10 birds (Table 39, Fig. 110).
There appears to have been an increase in waterbird use
of the swamp since 1988-92, when twice-yearly counts of
ducks, swans and coots recorded a maximum count of 84
birds (compared with 248 in spring 1999) and a maximum
species count of six compared with nine (sce Halse et al.
1994).

The waterbird community was similar to that recorded
at Lake Pinjerrega in the carly 1980s (Fig 111), reflecting
the dominance ot duck species. There is also some
similarity between the community composition at
Coomalbidgup and Fraser Lake (Fig. 99) which is of
interestgiven that Coomalbidgup had a relatively constant
salinity (¢a. 5000 pS/cm) at the top end of that observed
at Frascr Lake.

2 AT FO% i ¥ L LA

Figure 107. Lake Coomalbidgup was an epbemeral wetland but changing hydrology has increased rhe period of inundarion and
killed the once dominant overstorey of Eucalyprus occidentalss.
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TABLE 39
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Waterbird species and their abundance on three sampling occasions at Lake Coomalbidgup.

SAMPUING DATE

AUG-99 OCT-99 MAR-0G
Australasian Grebe 4 0 0
Austratasian Shoveler ¢} 4 0
Black Swan 4] 2 0
Blue-billed Duck 0 1 0
Chestnut Teal 4 3 0
Clamorous Reed-Warbler 0 2 0
Eurasian Coot 119 80 0
Grey Teal 12 109 0
Hardhead 2 0 0
Hoary-headed Grebe 29 56 0
Little Pied Cormorant 0 8 [}
Musk Duck 7 9 0
Nankeen Night Heron o 2 0
Pacific Black Duck 16 24 0
Pink-eared Duck 5 18 0
White-faced Heron o} 3 0
Yellow-bifled Spoonbill 1 0 0
101 "
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Figure 111, Ordination (SSH) of waterbird species data, showing Lake Coomalbidgup from 1999 and the five marker wetlands.

Invertebrates

A total of 67 species were collected in spring 1999 (Table
40). Insects dominated the fauna with 36 species (53% of
the fauna) compared with 15 species of crustacean (22%).
Rotifera were also significant in terms of richness with 10
specics (14%), but were collected in low abundance. The
most abundant specics were crustaceans (two chydorids,
two ostracods and the amphipod Awustrochiltonia
subtenuis), collected at densities in excess of 10 000
individuals/sample and suggesting some eutrophication

of the wetland. Insect species were generally collected at
low abundance except for the chironomids Chirenomas
aff. alternans, Kiefferulus intertinceus, Polypedilum nusbifer
and the hemipteran Anisops thienemanni, which werce
abundant. Eight species of odonates were collected,
representing the most diverse odonate assemblage in any
monitered wetland.

Invertebrate community structure resembled that of
other freshwater wetlands in the monitoring program,
lying <losest to Yaalup in erdination space (Fig. 112).
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TABLE 40
nvertebrate species collected from Lake Coomalbidgup in the sampling year.
| tebrate sp llected £ Lake € Ibidgup in the 1999 pling y:
TAXA 1999 TAXA 1999
Hydra sp- v COLEORTERA
Lurbetlaga ; Hyphydrus elegans v/
diFNasa Sternopriscus mulimacutalus v
ROTIFERA Megaporus howithi v
Rotaria s Y Lancetes lanceofatus v
AP . Onychohydrus scutalfaris 4
Brachionus angularis 7 Darastistaaialas v
Keratella procurva v Hydrophilidae Y
Keratella quadrata v
Euchianis dilatata 4 DIPTERA
Euchianis SBs % Anapheles annufipes 4
Lecane ludwigii v Culicaides sp b
Eeca”?dsr" ; Nilobezzia sp. 1 #
ecahni ) E:’ " v Stratiomyidae 4
Cephalodelia sp. Procladius villosimanus v/
OLIGOCHAETA ﬁara;nerinah!ew'den:is P4
i arafimnophyes pulfuius v
gen:‘ (:‘fglf._a(;a j Tanytarsus sp. A [nr. K10} s
nenyyaeicae Chironomus afl. alternans 4
ACARINA D{cmrendfpgs pseudoconjunctus 4
Hydrachna or. approximata '4 g:;;fsg:fj":n;i’g;?gus '.;
CLADOCERA Cladopeima curtivalva '
Laydigia sp. v HEMIPTERA
P{euroxus p- A Microveffa sp. v/
SHTDGEpMius e, = Agraptocorixa edrynome e
OSTRACODA Micronecta robusia /
: B 3 Anisops thienemanni v
Hyocypris australiensis v r .
A,.:bo: o T . Anisops hyperion '
Candonocypris novaezelandiae 4 ODONATA
Cypretta bayfyi 4
i . Ischnura aurora aurora 4
Sarscypridqasis sp. 165 (Bannels) ¥ Ischnura heterosticta heterosticta v
COPEPCDA Xanthagrion erythroneurum v/
Boeckella triarticutata 4 :“51"0:95:95 ‘ma"? ;
Calamoecia sp. 342 (ampulla variant) v Azir.:z ;:;2 fo”"“ CELE v
Mesocyclops brooksi v =i T %
Eucyclops australiensis 4 ol B f ;: v
Paracyclops ?chiftoni v eimieeratiaiay
Nitocra reducta v TRICHOPTERA
AMPHIPODA Notafina spira e
Austrochillonia subtenuis 4 %e:;:;idsgs At j
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Figure 112. @vdingtion (SSH) of invertcbrate data, showing Lake Covmalbidgssp in 1999 and four marker wetlands.
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Yaalup Lagoon

Situated in an un-naned Nature Reserve (Res. No. 36967)
25 km north-cast of Ongerup (33° 45'S 118° 34'E),
Yaalup Lagoon is small (15.7 ha}, fresh and semi-
permanent (Halse ez 4l 1993b). The wetland basin
(Fig. 113) is shallow with an undulating bed of sandy clays
and, after heavy vain, floods beyoud the wetland boundary
into surrounding Eucalytpus occidentalis woodland. Water
is frequently turbid because of the clay substrate. The
surrounding catchment is cleared for farming except within
the Reserve 36967 and a large adjacent nature reserve to
the south-west, where the vegetation is in goed condition
(though sce comments in groundwater section). The lake
fills from a poorly defined channel that enters the lagoon
from the south-west.

Less than one third of the lake area is open water. The
remainder comprises a closed woodland dominated by
E. neeidenitalis wich scattered dense thickets of Melaleuca
strobophylla (Gurner et al. 2000). The understorey is sparse
and includes Atriplex sp. and Cenzipeda minima. Yaalap
Lagoon has been depth-gauged since 1982 (Lane and
Musiro 198 3), providing a long history of depth records.
Similarly, there are some historical recerds of waterbirds
that suggest the lake supports a moderate number of
species at low abundance (Jaensch ez al. 1988). The lake
was included in the monitoring program as an example of
a fresh wetland in which ecological condition is likely to
decline in the short term.

Water chemistry and physico-chemical
parameters

Yaalup Lagoon was monitored in 1999. Water level
dropped only 10 ¢m between late winter and spring 1999
and then increased as a result of autumn rams to reach a
maximum depth of 1.62 m in March 2000 (Fig. 114).
Electrical conductivity indicated fresh conditions
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throughout the year (range 683-1192 pS/cm). Cation
concentrations exhibited the common pattern
Na>Ca>Mg>K and HCO, was the dominant anion. In
spring 1999, cthe water was both turbid (850 NTU) and
coloured (390 TCU). Chlorophyll levels were moderately
low in both winter and spring of 1999 but in avtumn
2000 they increased to 79 pg/l indicating high levels of
algal production. Total phosphorus concentrations were
counsistently high (range 140-540 ng/l), bur Total
nitrogen concentrations were moderate (range 3100-

3200 pg/).

Groundwater

Monitoring bores were installed on both vegetation
transects in 1999 and monitoring commenced in April
2000 when the lagoon was recently flooded and
groundwater was shallow (range 1.28-2.60 m) compared
with April 2001 (2.67-2.99 m) (Fig. 115). Groundwater
was saline but showed some spatial and temporal variation
(33 400-63 300 uS/cm), with lowest values recorded in
Seprember 2000. Groundwater was always substantially
more saline than surface water and the lagoon would be
threarened by rising groundwater. Some recent tree deaths
on the castern margin of the reserve and in adjacent
farmland are probably a fore-warning of breader-scale
deaths in the reserve and wetland.

Waterbirds

Seven species of waterbird were recorded from Yaalup
Lagoon during monitoring (Table 41, Fig. 116) with a
maximum abundance of 60 birds in March 2000, This is
a substantially smaller fauna than the 18 specics recorded
in 24 surveys between 1981 and 1985 (Jacnsch ¢t al.
1988). The discrepancy is probably partly the resule of
fewer surveys during the monitoring program, but higher
water levels during 1984 would have contributed to more
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Figure 114. Ganged depeh and clectrical conductivity at Yanlup Lagoon.
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Figure 116. Waterbird species richness and abundance at Yaalup Lagoon.
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TABLE 41
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Waterbird species and their abundance on three sampling occasions at Yaalup Lagoon.

SAMPLING DATE

AUG-99 OCT-99 MAR-00

Australian Shelduck 0 1 6
Australian Wood Duck 2 3 2
Chestnut Teal 11 Q 6
Eurasian Coot 0 0 2
Grey Teal 43 16 35
Pacific Black Duck 2 2 8
White-faced Heron 0 Q 1
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Figure 117. Ordination (PCR) of waterbird species data from Yaalup Lagoon, showing bistorical and monstoring data for

Yaalup Lagoon and data fur six marker wetlands.
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Figure 118. Ordination (SSH) of invertebrate data, showing Yaalup Lagoon in 1999 and three marker wetlands.

The waterbird community recorded at Yaalup was an
unusual onc. Species richness was low and all species were
ubiquitous (i.e. found at mest sites). Yaalup was quite
distinct from the marker wetlands, both in 1999 and
historical surveys (Fig. 117). The waterbird community
recorded in 1999 fitted within histerical variation, which
was considerable.

invertebrates

A total of 93 invertebrate species were collected when
Yaalup was monitored in October 1999 (Table 42). Species
richness was dominated by insects (48 specics, 51% ef

fauna). Diptera were particularly rich with 15 species of
Chironomidae and six other Diptera. Coleoptera were also
diverse with 11 species from the families Hydrophilidae
and Dytiscidae. There were 13 species of Rotifera and 24
species of crustaceans. The occurrence of the rotifer
Trichocerca tigris was the first time the species has been
recorded in Western Australia.

The invertebrate community of Yaalup was distinct
from other marker wetlands (Fig. 118), although similar
to that in other small fresh or brackish basin wetlands,
such as Blue Gum Swamp (Fig. 61), Fraser Lake (Fig. 100)
and Lake Coomalbidgup (Fig. 112).
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TABLE 42
Invertebrate species collected from Yaalup Lagoon in the 18939 sampling year.
TAXA 1999 TAXA 1999
Spongillidae 4 DECAPODA
Temnosewellia minor v Cherax destructor o
Nematoda 4
COLEOPTERA
ROTIFERA i . Y

: ; yphydrus elegans
Testudlinella patina 4 Attodessus bistrigatus P
Brachionus quadridentatus 4 Antiporus gitberti v
Keratella quadrata v Sternopriscus multimaculatus o
Lepadell_a ciz patelia v Megaporus howitti v
Euchianis dilatala 7 Lancetes lanceolatus %
Ascomorpha saltans v Onychohydrus scutellaris e
babaiic gy ¥ Berosus macumbensis Z
Lecane sp. v Paranacaena littoralis &
Cephalodella gibba 7 Enochrus maculiceps v/
Polyarthra dolichoptera / Limnoxenus zelandicus y
Trichocerca rattus v
Trichocerca simitis 4 DIPTERA
Trichocerca ligris o Monohelea sp. 1 v/
GASTROPODA Nf’ObEZZ.I-J sp. 2 '

. Psychedinae sp. 2 v/
Isidoretla sp. / Psychodinae sp. 3 s
OLIGOCHAETA Tabapldac-; v/
Dero digitat v Stratiomyidag 4

eloldighala Coelopynia pruinosa e
ACARINA Proctadius paludicota v/

. Procladius vitfosimanus 4
gc.imt?ga fabpes "; Ablabesmyia notabilis v
M:ssslt‘amat e Paramerina tevidensis 7

[gmelta Paralimnophyes pullujus e
ANOSTRACA Tanytarsus nr bispinosus re

, s Chironomus alf. alternans v
BRIchiBRipEre B Dicrotendipes conjunctus g
CLADCCERA Dicrotendipes jobetus e
Alona igicaudis sl. ’ 'Ff':;;’s;‘g:‘!"i i3 v

f 3
A!Z;:: zf affinis j Cryptochironomus gnseidorsum Z
Leydigia A P ” Cladopeima curtivalva n
P s'p v Parachironomus sp. 1 /s
Rak sp. nov. b (Venemores) v Tasmanocoenis tillyardi v
Simocephalus sp. 4 HEMIPTERA
Macrothrix sp. v .

: Sigara sp. v
RAVENCD 4 Agraplocorixa parvipunciata Ve
OSTRACODA Micronecta sp. /
Limnocythere mowbrayensis ' ﬁn{sops ;htengmanm ::
Hlyocypris australiensis ' ISORS AVRer
‘Albos. worooa v Anisops gratus v
Cypretta baylyi 4 NEUROPTERA
Hyodromus sp. v SRS "
Sarscypridopsis aculeata ' ISP
COPEPODA ODANATA
Boeckelfa triarticufata v i‘(an'l:)é:grg; i’:’;ﬁ;g;’j:wm 5
Calamoecia sp. 342 (ampufla variant) v us{rolas '

y y Austrolestes aridus v
Microcyclops varicans v Hernianas papuensis %
Mesocyclops brooksi 4 s s ey 5
Canthocamptidae sp. 4 v/

Nitocra reducta 4 TRICHOPTERA
AMPHIPODA Ecnon_:us pansus/turgidus 7
Austrochiltonia sublenuis 4 (I?r:i)c:g;:eps' ausiraiis ':;
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Lake Parkeyerring

Lake Parkeyerring (Fig. 119) is a large (322 ha) semi-
permanent, sccondarily saline wetland located 7 km south
of Wagin in the Parkeyerring Nature Reserve (33° 22'S
117° 20'E). It is part of a chain of salt lakes forming the
headwaters of the Coblinine River. The lake fills from
inflow channels on the southern (Little Lake Parkeyerring)
and south-western (draining a western sub-catchment)
sides of the lake. There is shore seepage directly into the
wetland from shallow soils and rocky outcrops to the west
of the lake. The major outflow is through a channel on
the north-cast shore which empties into the Coblinine
River. The majority of the Parkeyerring catchment is
cleared for agriculture and the lake has been secondarily
saline since the 1950s or carlier.

A narrow belt of terrestrial vegetation, comprising
Eucalyptus loxophleba over Acacia acuminata, occurs on
the castern side of Lake Parkeyerring. Casuarina obesa
grows as a narrow band around the perimeter of the lake
and forms a healthy woodland on the western bank and
occurs over Melaleuca halmaturorum on the northern
bank, above the high water mark (Gurner ez al. 2000).
Samphire, mostly Halosarcia lepidosperma and Sarcornia
sp., grows on the low-lying margins of the lake.

Waterbird surveys between 1981 and 1985 showed
the lake supported a high abundance of birds, although
species richness was only moderate and few specices bred
(Jacnsch et al. 1988). The lake was selected for monitoring
because it has a long record of depth and salinity data, has
significant value for some waterbird species, and was
regarded as a sccondarily saline wetland where biological
changes had stabilised.

Water chemistry and physico-chemical
parameters

Lake Parkeyerring was monitored in late winter and spring
1999 but was dry in March 2000. Lake depth was greatest
in spring (0.86 m) and at this time, conductivity was
102 500 pS/cm (Fig. 120). Lake pH was neutral-alkaline,
Total nitrogen and phosphorus concentrations were
moderate (4800-5450 pg/l and 40 pg/l, respectively)
and chlorophyll concentrations were relatively low.

Parkeyerring was relatively shallow during 1999 and
it is difticult to compare salinities (and salt loads) across
time using data derived from partial inflow events.
Nevertheless, there does appear to have been an increase
in salinitics since 1981 when a similar volume of inflow
resulted in a salinity of about 35 000 pS/cm (sce Fig. 29
in Lanc and Munro 1983). The increase may be principally
a reflection of the lack of large floods, and subscquent
flushing, in recent years.

Groundwater

Monitoring bores werce established on both vegetation
transects and monitored from carly 2000. The watertable
is shallow and intersects with the bed of the lake in winter
(even in summer the watertable is in contact with the lake-
bed) (Fig. 121). Groundwater was substantially less saline
than water in the lake (20 870-60 900 vs 101 600-
102 500 pS/cm), which suggests salt has been
accumulating in the lake sediments. Groundwater was
generally more saline at the northern end of the lake than
on the western side. An isolated low conductivity reading
(5900 1S /cm) in the upper part of vegetation transect 1 in

T
e.~
LR TR B2 --q;_.’r_‘{';,_ s

-

Figure 119. Lake Parkeyerring is a large, sccondarily saline wetland with a fringing band of vegetation.
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Figure 121. Depeh below local ground level of groundwaser in one bore (nor necessarily closest to lnke) on cach veqeention
transeet at Lake Parkeycrring. Open symbols represent dry boves. Legend palues in pavenchesis ave depth of the bore in metres.

July 2008 suggests the existence of localised perched
aquifers around the western flank of the lake that form as
aresult of recharge of run-off atter ranfall. Discharge from
these aquifers may provide a source of fresh warter for
breeding waterbirds.

Waterbirds

Ten species of waterbirds were recorded in 1999, The
community was dominated by salt-tolerant specics such
as the Australian Shelduck and Banded Stilt (Table 43,
Fig. 122). Abundances of these species were agh. The
lake supported a comparatively large population of Silver
Gulls (given its salinity), which was likely a reflection of
its proximity to the Wagin waste disposal site.

Jacnsch ef af. (1988) recorded 17 species during 10
surveys between 1981 and 1985, when the Jake contained
substantially merc water and was less salme. Silver Gulls
were common during the carlier surveys. Comparison of
the 1999 count with waterfowl counts between 1988 and
1992 (Halsc et al. 1994) revealed no obvious changes,
other than attributable to annual rainfall. Parkeyerring has

a waterbird community typical of that of a secondarily
saline lake with high salc levels (Fig.123).

Invertebrates

The invertebrate fauna of Lake Parkeyerring was
monitored in October 1999, Only 10 species were
collected, six of which were crustaceans (Table 44 ). The
ostracods Australocypris insularis, Diacypriscompacta and
Platyeypris baners were numerically dominant. Three
species of insccts were collected, with the beetle
Neeterusosna penicillarus and midge Tanytarsus sp. being
typical of saline waters while the becetle Parvoseer sp. 2
appears to be undescribed (CHS Warrts?, personal
communication).

The invertebrate community in Parkeyerring was
distinet from other marker wetlands and was judged to be
that of a very saline wetland with secondary salinisation
(Fig. 124). It was used as a marker wetland in the study
for this reason.

4. C.H.S. Warts, Smeth Ausiralinn Muscam, Adelaide,S.A.
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Figure 122. Waterbird species richness and abundance ar Lake Parkeyerring.

TABLE 43
Waterbird species and their abundance on three sampling occasions at Lake Parkeyerring.

SAMPLING DATE

SEP-99 OCT-99 MAR-00
Australian Shelduck 1295 944 0
Banded Stiit 0 3608 o]
Black Swan 159 63 4]
Black-winged Stilt 40 2 0
Curlew Sandpiper 0 [0 0
Eurasian Coot 1 0 0
Grey Teal 8 9 0
Hooded Plover 2 o] 4]
Pacific Black Duck 2 o] 0
Pink-eared Duck 4 o] 4]
Red-capped Plover o] 0 0
Aed-necked Stint 0 0 0
Silver Gull 40 41 o]

Axis 3
00

e

Parkeyeming
Altham
Toolibin
Pinjareega
Plcasant View
Goorly

QO=++-+ue@

Figure 123. Ordinntion (SSH) of waterbird species dara, showing Lake Parkeyerving from 1999 and the five marker wetlands.
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TABLE 44

Invertebrate species collected from Lake Parkeyerring in the 1999 sampling year.

TAXA 1999 TAXA 1999

GASTROPODA ISOPODA

Coxiella sp. 4 Haloniscus searlei v/

OSTRACODA COLEOPTERA

Australocypris insularis v Paroster sp. 2 {Parkeyerring) 7

Diacypris compacta v Nacterosoma penicillatus e
) ) ~

Piatycypris baueri DIPTERA

COPEPODA Tanytarsus sp. 4

Calamoecia cliteffata 4

Metacyclops arpaudi {sensu Kieffer) v

Axis 3
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Figure 124. Ordination (SSH) of inverechrate data, showing Lake Pavkeyerring in 1999 and three marker wetlands.

Lake Pleasant View

Lake Pleasant View (Fig. 125) is a moderately large,
treshwater sedge lake 35 km north east of Albany (34
50'S 1187 11'E). Most of the lake supports densc stands
of various sedge species. The amount of open water is
vartable: Halse e 2/(1993b) reported < 0.1% of the lake’s
201 ha area being open water whereas 75% was estimated
to be open water in 1985-86 (D Cale personal
observation). During the monitoring period open water
was estimated to comprise 5% of the lakes area (wetted
area). Halse er al.(1993b) listed the Ixke as scasonal based
on long-term dat collected by JAK Lane but depth
remained >0.75 m benwveen 1979 and 1983 (Lanc and
Munro 1983). The lake lies within cthe 600-780 mm
rainfall region and most lake water would appear to be
derived from direct precipitation and groundwater,
additional inflows occur frem winter-wer tlats to the north
and a gnciss outcrop to the south. The lake has been depth-
gauged since 1979.

Gurner et al, (2000) described the sedge communitices
of the lake, which are dominated by Gabnia sp. and,
particularly in the centre, include stands of Baumea
articulara and B. rubiginosn. At the edge of the wetland
Restiosp., Lepidosperma rennc, Shoenussp., Bawmen juncea
and Lyginia barbata occur in a mosaic. Above high waver,
they arc replaced by a Melalesca cuticularis shrubland or
jarrah/marei woodland.

Jacnsch e al (1988) recorded 24 waterbird species
during 29 surveys between 1981 and 1985. Both
Austratastan Bitterns and Little Bitterns were recorded
breeding. The lake was selecred for monitoring because
ofits extensive and diverse sedge communitics, importance
to bitterns, a perceived hydrological threat te the lake
from surrounding farmland, and the availability of long-
term waterbird and depth data.
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Water chemistry and physico-chemical
parameters

Water depth remained relatively constant through the
1999 sampling ycar, ranging trom 0.92 m in August to
0.6 m in March (Fig. 126). Lake water was fresh (1210-
1668 uS/cm) with cation ratios showing that calcium
concentrations were comparatively low Na>Mg>Ca=K.
Chloride was the dominant anion.

Nutrient levels were low with Total phosphorous at
the limit of detection (5 ug/l) and Tortal nitrogen
1200 ug/1 on all sampling occasions. Lake water pH was
circum-ncutral and algal production (as mecasured by
concentration of chlorophyll) was low throughout 1999.
Oxygen saturation was low (ea. 60%) in October and
March as a result of the high oxygen demand of senescent
and decaying sedge material.

Groundwater

Monitoring bores were established on cach of the four
vegetation transects and monitoring began in carly 2000
(Fig. 127). Depth to groundwater in the bores closest to
the lake (transect 4) suggested that groundwater and the
wetland are interacting throughout most years.
Conductivity measurements indicated that the shallow
groundwater under the lake is slightly more saline than
lake water (940-3040 uS/cm) and that lake water
represents a mix of groundwater and rainfall. However,
the upslope bore on transect 2 on the north side of the
wetland contained substantially more saline water
(18 140-28 000 uS/cm). At this stage, the more saline
groundwater is possibly best characterised as an
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accumulation of salts around the root system of local
vegetation. Future observations of growth of this pocket
ot groundwater may indicate a more saline aquifer fringing
the lake with some potential for salinisation at Lake
Pleasant View,

Waterbirds

A rtoral of 14 species were recorded during the 1999
monitoring year (Table 45, Fig. 128). Five specices were
recorded inall surveys: Purple Swamphen, Swamp Harrier,
Little Grassbird, Musk Duck and Australasian Bittern. The
Purple Swamphen was the most abundant bird in the
winter and spring surveys but ranked sccond behind the
Australian White Ibis (61 birds) in autumn. The highest
count for a single species recorded by Jaensch ez al. (1988)
in 29 surveys between 1981 and 1985 was a count of 60
Straw-necked Ibis. Jacnsch ez al. (1988) recorded 24
species, but annual species richness in the 1980s  was
similar (range 11-17 species) to 1999 and all specics
recorded in larger numbers in the 1980s were present in
1999.

The waterbird community at Lake Pleasant View had
a strong sedge-wetland ¢lement (although many such
wetlands support fewer species) and was distinet from
other marker wetlands (Fig. 129). Waterbird community
structure was similar in the 1980s and 1999.

Invertebrates

The invertebrate fauna of Lake Pleasant View was
monitored in spring 1999 and was the richest collected
from any monitoring wetland with 136 specices (Table 46).

Figure 125, Lake Pleasant View is a fieshwater sedne swamp near the south coast of Western Australia.
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Figure 126. Gauged depth and clectrical conductivity at Lake Pleasant View.
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Figure 127 Depeh below local ground level of groundwater in one bove (not necessarily closest to lake) on cach vegetation

transect ar Lake Pleasant View. Legend values in parcuthesis are

Insccts accounted for 40% of the fauna (55 specics),
crustaceans 27% (37 species) and rotifers 20% (27 species).
Abundances were very low with < 100 individuals for most
species. This Tow abundance partly explains why only 57
species (42% of the fauna) occurred in samples from both
sub-sites, although the number of species collected at each
sub-site was similar (96 and 103 species). Ostracods were
the most numerous animals and, with 19 species,
represented a significant proportion of the total
biodiversity. Cladocerans were represented by cight species

depeh of the bore tn mctres.

with a general south-western distribution (sce Storey ¢t al.
1993). All inscet orders were represented by a diverse array
of species, including six species of “Trichoptera, which is
an anusually high richness for a Western Australian
wetland. Dipterans were represented by 18 species,
including 11 species of chironomids.

The invertebrate community at Pleasant View
exhibited a similar composition to that of Noobijup
Swamp, another sedge wetland (Fig. 130).
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Figure 128. Warerbivd specics richness and abundance at Lake Pleasant View.

TABLE 45

Waterbird species and their abundance on three sampling occasions at Lake Pleasant View.

117

AUG-99

SAMPLING DATE
OCT-99

MAR-00

Australasian Bittern
Australian Shelduck
Australian White Ibis
Baillon's Crake
Clamorous Reed-Warbler
Dusky Moorhen

Little Grassbird

Musk Duck

Pacific Black Duck
Purple Swamphen
Spolless Crake
Swamp Harrier
White-faced Heron
Yellow-billed Spoonbill
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Figure 129. Ordination (PCR) of watcrbird species data fiom Lake Pleasant View, showing historical and monitoring data for

Lake Pleasant View and data for six marker wetlands.,
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TABLE 46
Invertebrate species collected from Lake Pleasant View in the 1999 sampling year.
TAXA 1989 TAXA 1895
Spongillidae v Bennelongia austratis v
Turbellaria 4 Bennelongia barangaroo v
Nemertini 4 Cypretta sp. 587 4
Nematoda s Cyprinotus edwardi 7/
Diacypris compacta v/
ROTIFERA Heterocypris sp. v
Aotaria sp. 4 Mytifocypris lasmanica chapmani v
Testudinelta ¢f. amphora v/ Reticyprus walbu v/
Testudinellidae 4 Reticypris sp. v
Asplanchna sp. v/ Cypericercus sp. 4
Asplanchropus multiceps 4 Lacrimicypris kumpar v
Brachionus sp. 4 Platycypris baueri 4
Keratelfa javana 4 Newnhamia sp. 295 v/
Heratella procurva 4 Kennethia sp. 670 '
Plalyias quadricornis v
Euchlanis ditatata 7 COPEPODA
Euchianis sp. v Calamoecia aitenuata v
Lecane bufla v Calamoecia tasmanica subatteniata 4
Lecane ludwigi v Microcyclops varicans 4
Lecane funaris 4 Macrocyclops albidus v
Ltecane quadridentata 4 Mesocyclops brooksi v
Lecane signifera v Canthiocamplus ausiralicus v
Lecane sp. / Harpacticoida sp. 2 '
Mytilinidac 2
Menormmata sp. 4 AMPHIPODA
Monommata sp, A 4 Austrochiftonia subtenuis v/
Notommalidae v Perthia branchialis v
Trichocerca bicristata 4
Trichocerca raitus 4 DECAPODA
Trichocerca sp. v Cherax quinquecarinalis I'd
Trichocercidae v
Trichotriidae v GELEDPTERR
Scaridium bostjani v Halipius sp. 4
Hygrobia sp. v
GASTROPODA Uvarus pictipes 7
Ferrissia pelterdi & Alfodessus bistrigatis '
Glyptophysa cf. gibbosa v Sternopriscus browni v
Megaporus howitt v
HIRURINEA Megaperus solidus s
Placobdelioides sp. 4 Rhantus suturalis v
L anceles lanceofatus e
OLIGOCHAETA Spencerhydrus pulchelius 7t
insuladritus bifidus v Enochrus eyrensis v
Tubificidas 4 Limnoxenus zefandicus v
Dero furcata v Paracymus pygmaeus v/
Pristina longisela v/ Hydrophilidae v
Chaetogaster diaphanus / Scirlidae sp. 4
ACARINA DIPTERA
Limnochares austrafica v Agedes sp. 4
Oxus austraficus 4 Ciex fatus v/
Pezidae v Culex (Neocutex) sp. 1 v
Oribatida '4 Coquiliettidia linealis v
Mesostigmata 4 Bezzia sp. 1 4
Clinohelea sp. 4
CLADOCERA Tabanidae v
Alona sp. 4 Proctadius paiudicola v
Alona nr. affinis v/ Ablabesmyia notabilis /s
Alonelta sp. v Paramerina levidensis 'd
Chydorus sp. v/ Corynoneura sp. v
Graptoleberis sp. v/ Compterosmittia? sp. A 4
Scapholeberis cf. kingi v/ Limnophyes sp. A v/
Simocaphalus sp. 4 Tanylarsus nr bISPINOSUs v/
Macrothrix sp. 4 Chironomus occidentafis v
Dicrotendipes confuncius 4
OSTRACODA Cladopelma curtivalva Z
Gomphodella aff. maia 7/ Parachironomus sp. 1 /
Limnocythere sp. 447 4
Candonopsis tentis o EPHEMEROPTERA
Alboa sp. v Ciceon sp. v/
Australocypris sp. v



Wetland monitoring in the Wheatbelt of south-west Western Australia

TABLE 46 {continued)
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Invertebrate species collected from Lake Pleasant View in the 1999 sampling year.

TAXA 1999 TAXA 1599
HEMIPTERA Auslrofestes annuiosus v
Hydromelra sp. % Austrolestes psyche v
Microvelia sp. 7 Aeshna brevistyla v
Saldula sp. 7 Agrionoptera insignis aflogenes v
Diaprepacoris sp. v Pracordulia affinis 7/
Anlsops- hypetien v TRICHOPTERA
Anisops elstoni 'd oy
Paranisops endymion v Hetlyethira litua v
Paraplea brunni % Ecnomina ¥ group sp. AV18 7
Ecnomina F group sp. AV16 s
ODONATA Ecnomina F group sp. AV20 v
Austroagrion coeruleum J/ No!op»_:-.'ra!a tenax %
Austrolestes analis s Oscetis sp. %
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Figure 130. Ordination (SSH) of invertcbrate daza, showing Lake Pleasant View in 1999 and four marker wetlands.

Lake Ronnerup

Lying within the Dunn Rock Nature Reserve (No 36445;
33® 15'S 119* 37'E), Lake Ronnerup is an ephemcral,
naturally saline wetland (Fig. 131). The lake is flac-
bottomed with a relatively steep shoreline. On the south-
eastern shorc, there is a series of dunes and swales
associated with the lake and these flood during major
inflow events. Gurner ez al. (2000) stated that water enters
the lake from ephemeral channels originating near Lake
King to the north-west. However, it is more commonly
accepted that flow comes from the south-west chrough a
channe! connected to Bennett’s Lake. Ronnerup and
Bennett’s lie very close to the South Coast Watershed,
which divides drainage lines of the Yilgarn System from
those of the south coast (Beard 1999%), and there is
confusion about whether they are at the top of the Camms
River catchment or part of the Lake King catchment.
The vegetation of Lake Ronnerup is restricted to areas
well above the usual highwater mark. Sparse low Eucalyptus
occidentalis woedland, with an understorey of Gabnia
trifida, Atriplex vesicarin and Chenopodinm sp.,
interspersed with shrublands comprising Santalum

murrayanum, Acacia saligna, Olearia axillaris, Rhagodia
drummeondi and Lomandra effusa. Melalenca cuticularis
forms low thickets in some low-lying areas (Gurner ez al.
2000),

Water chemistry and physico-chemical
parameters

Lake Ronnerup was monitored in the 1999 sampling year
and in late winter and spring contined very lictle water
(0.12 and 0.05 m, respectively) (Fig. 132). In March 2000,
however, the lake filled to a depth of approximately 2 m
(gauge was not yet installed), flooding into the
surrounding dune swalcs and greatly increasing the area
of inundated wetland. In @ctober 1999, the lake had a
conductivity of 220 000 nS/cm, but this fell to
73 500 pS/cm after filling. Calcium levels were relatvely
low with the cationic pattern being Na>Mg>K>Ca while
Clwas the dominant anion. Lake water was neutral-alkaline
with relatively low nutrient levels (Totai nitrogen
2800 pg /1 and Tetal phosphorus 50 pg/1). Chlorophyll

concentrations were lew.
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Groundwater

Monitoring bores were not established untif 2001 because
of extensive flooding of the vegetation gansects in 2000,
Groundwater was close to the serface (Fig. 133) and
intersected with the tloor ofthe lake. Lake water was more
saline than groundwater, even when the lake was fully
Hooded (73 500 »s 16 190-48 806 pS/em), because of
the accumulation of sale in lake sediments.

D.J. Cale et al.

Waterbirds

Only four waterbird specics were recorded i late winrer
and spring 1999, but there was a dramanie change in the
community by March 2000, after the lake had fooded.
At chis ime 16 species were recorded including Blue-billed
Ducks, Baillon™s Crake and Australian Spotted Crakes
(Table 47, Fig. 134). Grey Teal were breeding prolifically.
The mixed hydrological condition ar Ronnerup (and
resulting unusual combination of species) meant that the
community occupiced a central position in ordination space
relative to marker wetdands (Fig. 135). Usually the
community would be expected 1o be more like that of

[ake Altham.
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Fogure 132, Guuged depeh and electrical condsctivity at Lake Ronncrup.

0 i

Figure 131, Lake Ronunerup is a large saline lake. Depicted bere in g drying phase the lake is less than Sewm deep.
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Figure 133. Depth below local ground level of groundwaser in one bore (not necessarily closest to lake) on each vegetation
transect at Lake Ronnerup. Legend values in parenthesis are depth of the bove in metves.

TABLE 47
Waterbird species and their abundance on three sampling occasions at Lake Ronnerup.
DATE
AUG-99 OCT-99 MAR-0C0
Australasian Shoveler 0 0 32
Australian Shelduck 116 0 16
Australian Spotted Crake 0 0 1
Australian Wood Duck 0 0 48
Baillon's Crake 0 0 2
Banded Stiit 2 9] 0
Blue-billed Duck - 0 10
Chestnut Teal 0 0 6
Eurasian Coot 0 0 45
Grey Teal o} 0 215
Hoary-headed Grebe 0 0 26
Hooded Plover 19 5 ]
Little Pied Cormorant 0 0 2
Musk Duck 0 0 15
Nankeen Night Heron 0 8] 1
Pacitic Black Duck [} ¢} 12
Pink-eared Duck 0 0 35
Red-capped Plover 0 2 0
White-faced Heron 0 0 14
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Figure 134. Waterbird species richness and abundance at Lake Ronnerup.
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Invertebrates

Invertebrates were monitored in spring 1999 before the
lake filled (Table 48). The invertebrate fauna was
depauperate with only cight species collected from the
hypersaline water. Of these, three were dipteran larvae
typical of temporary watcers (Ceratepogonidae, Muscidae
and Stratiomyidae). The enly crustacean present was

D.J. Cale et af.

Parartemia longicaudata, which is currently being treated
as an undescribed sub-species (A Savage®, personal
communication). The ubiquitous and taxonomically
unresolved groups Mesostigmata, Nematoda and
Enchytracidae {(Oligochatea) were the only other taxa
collected. The community exhibited affinitics with Lake
Campion (Fig. 136), principaily because of low species
richness rather than the identity of specics.
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Figure 135 Ordination (SSH) of waterbivd species presenee/absence ut Lake Ronnernp in 1999
TABLE 48
Invertebrate species collected from Lake Ronnerup in the 1999 sampling year.
TAXA 1999 TAXA 1969
Nematoda v

COLEOPTERA
OULIGOCHAETA Carabidae o
Enchytraeidae v
ACARINA DIPTERA
Mesostigmata v/ Cuticoides sp. 7/
Stratiomyidae 7/

ANOSTRACA Muscidae sp. A v
Parartemia longfcaudata sbsp. A 4
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Figure 136. Ordination (SSH) of invertcbrate data, showing Lake Ronneviep in 1999 and fonr marker wetlands.

5. A. Savage, The University of Weitern Australia, Nedlands, WA,
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DISCUSSION

The State Salinity Strategy Wetland Monitoring Program
is designed to document long-term trends in the
biodiversity of Wheatbelt wetlands. Data on waterbirds,
invertebrates and aquatic vegetation represent a broad
subset of the total biodiversity of a wetland and, hopefully,
by sampling these biological groups, we have captured
much of the biodiversity pattern in wheatbelt wetlands. It
is important to sample a range of plants and animals
because few wetlands will have synchronous conservation
value for all bietic groups; rather they may be important
for some groups and of little significance for others (Davis
et al. 2001).

Table 49 shows the relative importance of each of the
monitoring wetlands for waterbirds, aguatic invertebrates
and vascular plants. Wetlands are arranged from most
species-rich (across all biotic groups) to least. Only Lake
Bryde is ranked highly for all elements of the biota. Other
lakes generally are more important for one biotic group
(12 lakes) or two biotic groups (10 lakes).

Lake Kulicup and Goonaping Swamp are clear
examples of wetlands with diverse values for different
clements of the biota. They have essentially no value for
waterbirds but have intermediate or rich invertebrate
faunas and rich plant communities (Gurner ez al. 1999),
Relative richness of invertcbrate orders also varies among
wetlands, with Kulicup having the single most diverse suite
of cladocerans (16 species) recerded during monitoring.
At the other extreme, only three species of plant were
recorded from wetland transects ar Lake Logue swhile the
waterbird fauna comprised 44 species (up to 28 specics
per annum) and often several thousand individual birds.
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Species richness as a measure of
biodiversity

There is much debate about appropriate measures of
biodiversity (Ferrier 2002; Sarkar and Margules 2002).
However, species richness has been widely used and,
provided several taxonomically unrelated groups are
represented, should provide useful information about
general trends in biodiversity (Margules and Redhead
1995; Martens and Hamer 1999). Species richness is
known to respond to broad habitat changes such as large
variations in salinity (Timms 1998), the presence or
absence of submerged macrophytes (Cale and Edward
1990), eutrophication (Bavis ez af. 1993) and the presence
of significant quantities of pesticide (Eisler 1992; Davies
and Cook 1993).

Species richness is a particularly useful measure of
biodiversity in situations where few or no species occur at
one stage of the monitoring cycle becausc absence of
species has an obvious meaning. Most indices, especially
those based on community composition, cannot be used
when no specics are present. Two of the shortcomings of
species richness, however, are that it takes no account of
the importance of individual taxa and it discriminates
against sites that are naturally depauperate, even though
they may be in good ecological condition with high
conservation value. This is particularly troublesome when
assessing the waterbird and invertebrate richness of
naturally saline lakes, such as Lake Ronnerup (Table 49).
Natural salinity has less impact on plant richness (Halse
et al. 1993ba).

TABLE 49
The relative rank for species richness of waterbirds, aguatic invertebrates and plants at the 23 monitored wetlands.
WATERBIRDS INVERTEBRATES VEGETATION
WETLAND RICHNESS RANK RICHNESS RANK RICHNESS RANK
Pleasant View 14 12 136 1 58 2
Noobijup “13 13 102 2 69 1
Bryde ‘24 4.5 ‘91 5.5 46 4
Wheatfield =28 3 91 5.5 25 9
Kulicup 1 20.5 92 4 48 3
Logue ‘44 1 83 % 3 20.5
Coomalbidgup 17 9 67 13 40 5
Towerrining ‘33 2 *74 10 7 18
Goonaping 1 20.5 71 12 37 6
Blue Gum =17 10 80 8 9 17
Yaalup 7 17 93 3 5 19
Fraser 2 6.5 73 11 10 16.5
Paperbark 9 15 74 9 13 14
Coyrecup 21 6.5 26 16 30 7
Coomelberrup ‘20 8 35 14 14 13
Bennetl's 24 4.5 19 17 12 15.5
Eganu "16 1 26 15 12 15.5
Campion "9 16 9 22 28 8
Altham "6 18.5 15 20 23 10
Walyormouring 20 7 18 18 3 205
Ardath ‘6 185 16 19 16 12
Rennerup 4 19 8 23 20 11
Parkeyerring 10 14 10 21 10 16.5

* Richness recorded from multipie surveys over more than 1 year.
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Community structure as a measure of
biodiversity

Species richness is a useful measure of wetland biodiversity
but, often, community structure will be more sensitive
because subtle habitat changes often leave species richness
constant while species turnover occurs (Growns et al.
1992). Ordination is a useful method of presenting data
on comununity structure (Streever 1998; Halse e al
2002). One of the advantages of ordination is that it is
morc sensitive to turnover of specics than loss of species
(or them being missed through sampling error) (Halse
et al. 2002). Use of historical waterbird data from some
monitoring wetlands suggested community structure has
been stable ar several wetlands where salinity was stable
(Lakes Walyormouring, Yaalup and Pleasant View) but
had changed at others where secondary salinization and
salt loads had increased (Coomelberrup, Coyrecup and
Eganu).

In this report, we used marker wetlands to identity

the community characteristics ol different parts of

ordination space and to calibrate shifts in wetland
communities over thme. The choice of markers affects the
sensitivity of ordimation (sce Halse ef 2f. 2002) and fur ther
cllorts to sclect the most appropriate marker wetland are
needed.

Hydrological cycles

Extent of lake-bed Hooding, period of inundation and
water depth often vary between years in Western Australian
wetlands (Halse ef 2l 1998), including those of the
Wheatbelt (Lane and Muniro 1983). Comnumity structure
usually integrates conditions prior to, and during, the time
of sampling. This principle is well established in river
research (Smith ezal. 1999) but has received less attention
in wetlinds, except for vegetation studies (Froend et af.
1993). In the case of aquatic invertebrates, integration
oveurs over the preceding month or so. Conscquently,
conditions prevailing at the time of samplhing may not solely
be those structuring the community. This introduces noise
mto monitoring results, just as the extent of rainfall in
adjacent arcas affects the number of waterbird species
recorded (sce Halse ef af. 1992). At Lake Towerrining,
the two sampling years presented similar conditions at the
time of invertebrave sampling (Fig. 15) butin 1997 salinity
was increasing, while in 1999 it was decreasing. Although
the salimty differences were not sufficient to result in vastly
different species assemblages, some clements of the
invertebrate communiry were swrprisingly different,
including Roufera, Copepoda and Cladocera. Rotifera
were present i 1999 only and, while the copepod and
cladoceran faunas had similar richness, there were few
specics i common across years. Much larger changes in
community composition and species richness occurred at
wetlands where the hydrograph was markedly different
between years. For example, the waterbird and invertebrate
communities at Lake Logue showed considerable changes
between 1997 and 1999 (Fig. 12,13), as did the
invertebrate fauna at Bryde (Fig. 8).
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On occasions, within ycar variation in the annual
hydrological cycle caused a greater discrepancy in wetland
values for waterbirds compared to invertebrates than was
actually apparent. Combining the results of 3 waterbird
surveys cach year, from late winter, spring and autumn,
meant that waterbird lists were sometimes compiled over
a substantial range of wetland conditions. This was
pronounced at Ronnerup, where summer flooding in 2000
signiticantly incrcased waterbird nchness afier invertebrates
had been sampled. The conclusion that the wetland was
of greater value to waterbird communities or that wetland
value had declined for invertebrates would be erroneous
since the two communities were formed under very
diffcrent ambient conditions. A similar phenomenon
occurred in Bryde in 2000.

Threats to Wheatbelt wetland biodiversity

T'he major threat to wetland biodiversity in the wheatbelt
is sccondary salimzation (George e al. 1995; Williams
1999; Halse et al. 2003). Prchiminary results of computer
modelling exercises suggest water tables will continue to
rise throughout the wheatbelt, with continued threat to
wetland biodiversity a consequence (Clarke ef al. 1999,
sce also Clarke ef al. 2002). This process threatens the
communitics of naturally saline wetlands, as well as fresh
water bodies (see Lyons er al. 2002; Halse ef al. 2003,
Pinder ezl 2003) because plants and animals that oceur
in naturally saline systems usually cannot tolerate the
increased hydro-period and changed salinity regime
assoctated with secondary salinity (Cramer and Hobbs
2002).

Groundwater monitoring bores have not been in place
long enough to establish the extent of rising groundwater
at any particular wetlands. With the exception of localised
aquiters, groundwater beneath all the monitored wetlands
was saline and in most wetlands was in close proximity to
the lake-bed. Watertables were more than a few metres
below the lake-bed at only a few wetlands (Kulicup,
Campion, Goonaping, Fraser). Where groundwarer
intersects the lake-bed, fake water becomes more saline
than groundwater as salts accumulate through successive
years ol cvapo-concentration, as is the case in several
monitoring (c.g. Coomelberrup,
Walyormouring, Eganu, Parkeyerring and Ronnenp).
Increasing salinization as a result of groundwater rise is
likely 1o ocur at Coyrecup and Ardath which are already
saline, and at Yaalup which is fresh. Several other wetlands
are potentially threatened, induding Noobijup,
Towerrining and Bryde.

Groundwater may also interact with surface run-off
into fakes and result iy inereased salt loads. The distincoon
between direct interaction between lake and groundwater
and between groundwater and inflow is important as each
has different management implications. Significant salt
loads were imposed on some wetlands following flooding
(Towerrining, Blue Gum, Fraser and Coomclberrup). It
is also likely thac major flood events purge some salinized
wetlands and reduce salt loads. This appears to eccur at
Lakes Walyormouring and Towerrining, two wetlands

wetlands



Wetland monitoring in the Wheatbelt of south-west Western Australia

where inflow and interaction with groundwater result in
a significant salt load and yet lake salinity has remained
relatively stabic over the last 20 years.

Acidic groundwater has the potential to reduce the
biodiversity of wetlands in the same manner as secondary
salinization (see Halse ez af. 2003). There are several
pockets of naturally acidic groundwater in the Wheatbelt
and rising groundwater often leads to further acidification.
At present the process is not well documented and the
buffering effect of carbonate soils has not been quantified.
However, if rising watertables bring acidic groundwater
into contact with surface warer and pH within the wetland
declines it is likely to affect wetland fauna (and surrounding
plant communities) detrimentally. There are comparatively
few salt-tolerant acidophiles. Acidic groundwater was
observed at several monitoring wetlands (Campion,
Ardath, in deep bores at Bryde and east of Coyrecup).

While disturbed hydrology is a major driver of threats
to the biodiversity of Wheatbelt wetlands,it is net the only
threatening factor. In particular, clearing of riparian
vegetation, weed invasion, mutrients and pesticides
frequently result in the degradation of wetland
commuatities. Measures ro control secondary salinization,
including drainage and the disposal of drainage water, can
also adversely affect wetland biodiversity.

Trends in salinity and faunal use of
wetlands

Trends in salinity of Wheatbelt wetlands are currently being
analysed by JAK Lanc, using data collected over the past
20+ years (Lane and Munro 1983), and will not be
considered in derail in chis report. However, there is
evidence of increased salinity in six of the 23 wetlands
reported upon here, a further four exhibit secondary
salinization but have been relatively stabie over the past
20 years, and twe ethers arc likely to show increased salinity
levels soon.
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Momtoring data showed a strong negative relationship
between invertebrate species richness and salinity
(Fig. 137) and a significant, though less strong,
relationship for waterbirds (Fig. 138). Williams (1998)
argued that salinity was an important determinant of
species richness only over wide ranges of salinity, with other
factors such as micro-habitat being more important within
narrow salinity ranges. The monitoring data suggest that
salinity has a strong deterministic effect on overall richness
of the invertebrate community but acts merely as 2
constraint on waterbird richness. Other factors, such as
water depth and density of emergent vegetadon often limit
waterbird species richness in a dramatic fashion in
freshwater wettands, so salinity (s not a good predictor of
richness (Halse ez al. 1993c).

Ofthe seven monitoring wetlands for which historical
waterbird data are avaifable, three have become more saline
over the past 20 years and this has been accompanied by
pronounced declines in the richness of waterbird
communities at the two saline wetlands (Coyrecup,
Coomelberrup). At Lake Bryde, salinity hasincreased but
water is still brackish much of the tme and waterbird use
of the wetland has increased, in line with the findings of
Halse et al. (1993c¢) that many waterbirds like brackish
water.

Big shifts in waterbird communiry strucrure were
apparent at particular wetlands in some years and appear
to be related to salinity thresholds. For example, although
averagc salinitics at Lake Eganu appear te have changed
little over the past 20 years, conditions were much more
saline in 2000 than any other year for which waterbird
data are available and the community was markedly
different. Another impertant factor influencing waterbird
use of salinized wetlands is the availability of freshwater,
either within the lake itself as a result of discharge from
perched freshwater aquifers or in nearby wetlands. Both
Walyormouring and Parkeyerring have perched aquifers
associated with throughflow from fringing gneiss outcrops
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and this may be true of other saline wetlands. Australian
Shetduck and ocher waterbirds breed in sale lakes using
this water source {Riggert 1977).

While the cifect of secondary salinization on freshwater
wetlands is widely recognised, the effect on maturally saline
wetlands s often overlooked. Keighery e ol (1999)
stressed the detrimental effect on wetland plants but there
are few documented examples ofthe effect on invertebrate
conununities of these wetlands, although it can be inferred
from distributional data that the eflects are considerable.
Recent broad scale survey of Wheatbelt wetlands (Pinder
et al. 2003) has shown about 50 per cent of the
invertebrate faunais salt-adapted, with 23 percent of these
specics occurring only in naturally saline wetlands with an
~undisturbed hydrological regime.

It should be re-iterated, however, that salinity is not
the only cause of changes in the biodiversity values of
Wheatbelt wetlands. Clearing of fringing vegeration,
cutrophication and other factors have probably alfected
waterbird and invertebrate use of many Wheatbelt
wetlands. Small changes appear to have occurred in the
waterbird communitics of Towerrining and Wheatficld
over the past 20 years without significant changes in
salinity, although these may be related to survey cffort
rather than altered wetland conditons. [t is because many
factors are likely to affect the composition of biological
communitics that biodiversity itself must be monitored,
rather than environmental surrogates such as salinity or
water depth, if trends in biodiversity are to be accurately
documented. The lack of predictable monotonic response
between biodiversity and disturbances such as salinity is
another shortcoming of physical surrogates. Waterbirds
and plants, in particular, appear to have complex
relattonships with salinity (Flalse ez aZ. 1993b,¢).

Future monitoring

Changes in water quality and the physical conditions of
Wheathelr werlands have been occurring over several
decades. While it is likely thae there are threshold values
{in terms ot salinity, vegetation structure, water depth ete.)
w which biodiversity will show significant stepwise
responses, the biological response s likely to occur over a
simiilar time-scale (decades) o physical changes. Therelore,
long-term monitoring will be required to show the extent
of futore change in wetland biodiversity. Data from
wetlands such as Towarrining (FFroend and McComb
1991) and Yarnup (Halse c6 aZ1993b and subsequent
monitoring by JAK Lanc) suggest even dramatic changus
across thresholds are expressed over periods of a decade
or so. Variabitity in wetland biodiversity is not sufficiently
characterised and will not be for many years to be able to
define what an acceprable change in brodiversity of a
particular wetland might be. The methodelogy does not
attempt to cnable the testing of acceprable change in
brodiversity in cach wetland; rather it is focused on trends
in biodiversity. Future users of the dara will be in a better
position to deternine hypotheses that should be tested
from the data.

Some wetlands have filling and drying cycles that span
several years. For example, Lakes Altham and Bryde may
fill during extreme rainfall events and remain inundated
for several years before returning to a scasonal drying cycle,
which in furn may last several years. During Lake Bryde’s
scasonal phase, the lakebed is occupied by Muclthenbeckia
horrida. During the Rooded phase, this vegetation is
inundated and senesces. The biodiversity values of Lake
Bryde relate both to the periods when deeply flooded and
when M. horrida is active. Thus, monitoring needs to
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encompass the range of conditions that occur at a wetland
and provide data about their frequency as well as the
biological attributes associated with cach state.

This report provides only baseline data for the
monitored wetlandsand itis likely to be many years before
strong trends in biodiversity become evident. In addition
to the slow pace of wetland change, monitoring results
can be confounded by climatic variability so that a long
period of relatively frequent monitoring is often required.
There are three kinds of climatic variability. Firstly, small-
scale annual variability, principally in rainfall, causes annual
variation in wetland depth and conditions that will affect
waterbird and invertebrate communities and create some
inter-annual noise in the monitoring data. A second, more
significant kind of variability is caused by extreme rainfall
years (either drought or flood) that cause pronounced
short-term natural changes in the depth and ccology of a
wetland thatare greater than likely anthropogenic change.
We recommend that extreme years are excluded from most
analyses (Halse ez 2/. 2002). The third kind of variability
is long-term change in climate. This kind of variability is
difficult to deal with when the purpose of monitoring is
detecting the effect of anthropogenic changes, because
appropriate reference conditions will change through time.
However, given that the Wheatbelt is in that part of
Australia most likely to be affected by Greenhouse-induced
climate change (CSIRO 2001), monitoring the effect of
climate change itself on biodiversity is important. In this
context, results collected during the first few years of
monitoring will be an important baseline.

In summary, the wetland monitoring program will
express its full potential only if it continues over several
decades. The analysis of historical waterbird data provided
in this report (sec also Halse ez a/. 2000a), and the space
for time analysis of changes in invertebrate communities
(Halse ez al. 2002), suggest that biodiversity patterns in
Wheatbelt wetlands are changing and that the monitoring
program will be able to document these changes and
provide a basis for the evaluation of remedial action in
wetland catchments.
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APPENDIX A

Selected water chemistry and physical parameters for study wetlands. ND = “no data available”.

Sile Date Depth Field Ec  Field pH TN Nitrate TP Total Phaeoph. Temp. Dissolved Turbidity Colour TDS  Alkalinity Hardness Silica

(m) (pSicm) (ugh} (ug/l) (ug/l) Chloroph. {pafl) {°C) Oxygen  (NTU) (TCU) (oM (mg/t) {mgh)  (mg/M}

(H (%)

Bryde 06-08-97 1.30 1250 8.22 ND ND ND ND ND ND 87.3 ND ND ND ND ND ND
Bryde 03-10-97 1.74 2540 8.08 1400 0.480 30 0.0 3.0 20.0 98.0 19.0 100.0 1.40 110 360 50
Rryde 11-03-98 0.70 5660 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Rryde 28-08-99 0.10 22800 9.39 1700 0.010 10 3.5 2.0 23.6 188.0 ND ND ND ND ND ND
Bryde 21-10-99 0.00 53700 9.44 6600 0.010 40 13 2.0 28.0 185.0 31.0 33.0 40.00 135 9200 2.0
Brvde 21-03-00 1.82 1197 7.56 3100 1.200 110 2.0 4.0 20.7 34.0 ND ND ND ND ND ND
Logue 15-08-97 0.44 3730 8.59 ND 0.050 ND ND ND 20.4 ND 1.3 290 21.00 330 3000 2.7
Logue 01-10-97 0.36 12040 9.06 2500 1.300 29 8.0 220 18.0 105.0 2100 17.0 7.30 300 1000 7.0
Logue 05-09-99 ND 1877 7.35 1800 0.27¢ 140 35 2.0 16.1 81.0 ND ND ND ND ND ND
Logue 27-10-99 3.05 1929 7.83 1500 0.260 140 4.9 0.5 21.1 76.3 70.0 230.0 1.10 80 200 11.0
Logue 13-03-00 284 2063 7.98 1460 0.010 70 o 6.0 289 81.0 ND ND ND ND ND ND
Logue 21-08-00 2.64 23860 7.88 1100 0.010 40 7.0 0.5 15.4 78.4 ND ND ND ND ND ND
Logue 14-11-00 2.52 339¢ 8.20 1400 0.010 40 3.0 20 26.6 104.3 580 33.0 2.00 145 340 13.0
Logue 13-02-01 1.80 4870 8.27 1200 0.010 5 S.5 18.0 249 833 ND ND ND ND ND ND
Towerrining 07-08-97 2.80 8830 8.06 ND ND ND ND  ND ND 88.1 ND ND ND ND ND ND
Towerrining 03-10-97 3.19 9560 8.30 3000 1.800 10 80 2.0 18.0 92.0 3.7 110 5.30 180 1700 19.0
Towerrining 11-03-98 2.30 13700 ND ND ND  ND ND ND ND ND ND ND ND ND ND ND
Towcerrining 21-08-99 3.28 10260 8.87 1300 0.010 5 13.0 30 14.3 109.0 ND ND ND ND ND ND
Towerrining 22-10-99 3.34 9300 9.27 1300 0.010 10 9.0 1400 18.9 126.8 3.6 220 5.50 148 1800 3.0
Towerrining 20-03-00 2.49 9330 897 1400 0.010 10 2425 3.0 24.3 156.0 ND ND ND ND ND ND
Coyrecup 06-08-97 0.86 51000 8.41 ND ND ND ND ND ND 101.8 ND ND ND ND ND ND
Coyrecup 25-10-97 0.90 52700 9.05 2700 0.050 20 .9 0.0 26.0 136.0 6.1 240 4090 130 9500 1.0
Coyrecup 11-03-98 0.10 61800 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Coyrecup 29-08-99 1511 55300 9515 2600 0.010 20 4.0 0.5 16.8 131.0 ND ND ND ND ND ND
Covrecup 21-10-99 1.09 56800 9.51 3000 0.010 20 1.5 4.0 24.3 188.6 16.0 20.0 42.00 113 11000 2.0
Coyrecup 18-03-00 0.42 144000 7.48 11000 0.010 110 4.5 8.0 18.6 81.0 ND ND ND ND ND ND
Whearficld 05-08-97 ND 14870 8.15 ND ND ND ND ND ND 93.4 ND ND ND ND ND ND
Whearficld 17-11-97 2.00 10900 8.53 2200 0.210 20 56.0 21.0 22.0 159.0 5.5 130.0 6.70 220 1100 11.0
Wheatficld 10-03-98 0.70 24000 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Wheartficld 26-08-99 2.50 8730 8.19 1600 0.020 30 36.0 5.0 14.5 104.0 ND ND ND ND ND ND
Wheatficld 19-10-99 2.50 9010 8.69 1600 0.010 20 29.0 05 208 121.8 3.5 140.0 5.50 140 880 11.0
Whearficld 23-03-00 2.00 5050 7.52 2300 0.070 50 21.0 11.0 L7 410 ND ND ND ND ND ND
Altham 18-08-98 0.15 152800 8.18 3100 ND 40 55.5 Q:5 14.4 117.0 ND ND ND ND ND ND
Altham 04-11-98 0.18 139300 7:87 5700 0010 80 00 47.0 29.0 120.0 520.0 23.0 120.00 316 18000 2.0
Altham 20-04-99 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Altham 24-08-00 0.20 142300 8.33 7900 0.020 220 37.0 0.5 14.7 105.0 ND ND ND ND ND ND
Altham 12-18-00 0.00 214000 6.62 ND ND ND ND ND ND ND ND ND ND ND ND ND
Noobijup 24-08-98 1.00 3910 7.29 1700 ND S 1.5 5.0 14.6 350.0 ND ND ND ND ND ND
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APPENDIX A
Selected water chemistry and physical parameters for study wetlands. ND = "no data available” {(continued).

¢El

Site Date Depth Field Ec  Field pH TN Nitrate TP Total Phaeoph. Temp. Dissolved Turbidity Cofour TDS  Alkalindy Hardness Silica

(m} {uSfem) (Hg/h (vl {ug/l) Chloroph. (ug/l) (°C}  Oxygen  ([NTU) (TCU) {9/} (mg/}  (mgd  {mg/)

{ugh} (%)

Noobijup 06-11-98 0.70 1863 75 980 0.019 3 0e 0.0 18.0 56.0 26 640 320 40 290 0.5
Noobijup 19-04-99 ND 3760 7.01 1300 0.010 5 2.0 4.0 17.6 ND ND ND ND ND ND ND
Noobijup 25-08-00 1.41 1699 6=25 1600 0.450 5 7.0 0.5 13.8 87.0 ND ND ND ND ND ND
Noobijup lé-11-00 1.28 3810 7.63 810 0.010 10 15 1.0 24.8 89.2 1’2 610 1.20 45 290 9.5
Noobijup 16-02-01 0.85 3760 7alis 2400 0.010 3 150 0.5 20.4 40.0 ND ND ND ND ND ND
Bennctr’s 19-08-98 0.70 48400 9.49 1800 ND 10 2.0 0.5 12T 155.0 ND ND ND ND ND ND
Bennett’s 04-11-98 0.60 60700 9.80 1900 0.010 10 0.0 0.0 20.¢ 135.0 A 50 41.00 280 5200 0.5
Bennett's 21-04-99 0.09 216800 7abs 22000 9.020 440 45.0 0.0 21.8 27.3 ND ND ND ND ND ND
Bennett's 31-08-00 2.60 8440 7.00 1300 0.080 30 3.0 0.5 19,7 85.6 ND ND ND ND ND ND
Bennett's 15-11-00 243 10670 8.39 200 0.030 (o 490 0.5 26.3 138.2 1.5 360.0 6.30 95 930 5.0
Bennett's 15-02-01 2.20 15670 7.95 1200 0.020 3 17.0 0.5 19.9 90.4 ND ND ND ND ND ND
Ardath 27-08-98 1.50 63100 ShYZ 3000 ND 3 3.0 (55 16.0 ND ND ND ND ND ND ND
Ardath 10-11-98 ND 79800 3.86 4100 0.035 33 7.0 0.¢ 23.0 960  LI-0 2.5 60.00 1 11000 31.0
Ardath 21-04-99 ND 32300 4.08 2400 0.060 5 3.0 10 21.6 94.0 ND ND ND ND ND ND
Ardath 30-08-00 127 73400 4.03 2300 0.030 = 6.0 0.3 132 1104 ND ND ND ND ND ND
Ardath 13-10-00 1.08 82500 3.66 2500 0.020 3 15 4.0 16.5 926 12.0 25 62.00 1 10000 21.0
Ardath 14-02-01 0.05 224000 2.58 9300 0.040 20 7.0 0.3 30.1 66.2 ND ND ND ND ND ND
Blue Gum 23-08-98 0.90 5420 7.79 3400 ND 340 3.0 0.5 159 ND ND ND ND ND ND ND
Blue Gum 12-11-98 0.30 9330 8.23 4500 0.020 160 1.0 3.0 24.0 70.0 218 -230.0 6.00 240 1000 7.0
Blue Gum 10-05-99 ND 2390 7.58 2300 0.100 360 1.0 4.0 18.6 ND ND ND ND ND ND ND
Blue Gum 22-08-00 0.79 38200 9.70 1900 0.010 10 6.3 0.5 16.¢ 1930 ND ND ND ND ND ND
Blue Gum 17-10-00 ND 46000 993 3700 0010 5 9.0 0.3 23.0 197.0 45 21.0 33.00 135 4800 2.0
Blue Gum 13-02-01 .00 ND ND ND ND N\D ND ND ND ND ND ND ND ND ND ND
Kulicup 26-08-98 0.09 Ny ND 760 ND 10 30 0.5 ND ND ND ND ND ND ND ND
Kulicup 06-11-98 0.10 131 7.53 1400 0.019 20 0.0 3.0 18.0 88.0 76.0 210.0 0.42 130 80 48.0
Kulicup 20-04-99 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Kulicup 01-09-00 0.22 246 7.30 1000 0.010 20 1.5 0.5 97 62.1 ND ND ND ND ND ND
Kulicup 11-10-00 0.20 329 7.64 950 0.010 20 1.5 0.5 18.2 669 1500 250.0 0.42 105 33 26.0
Kulicup 16-02-01 0.00 ND ND ND ND ND ND ND \D ND ND ND ND ND ND ND
Canipion 27-88-98 1.30 120300 4.29 6400 ND 3 1.5 0.5 17.6 ND ND ND ND ND ND ND
Campion 10-11-98 1.10 173900 3.85 6500 €240 3 = n0) 7.0 282 1110 19.0 2.5 160.00 1 17000 12.0
Campion 22-04-99 1.84 96800 6.50 1300 $.070 10 8.0 0.0 229 104.0 ND ND ND ND ND ND
Campion 23-08-00 .33 205600 3.84 2300 0210 =3 2.0 0.3 15.8 96.0 ND ND ND ND ND ND
Campion 19-10-00 0.65 225000 3.74 3200 0.240 5 4.0 0.5 ND 74.0 29.0 2.5 260.00 1 21000 9.0
Campion 14-02-01 0.20 218000 2.68 24000 1.300 5 8.0 [ ) 20.5 86.1 ND ND ND ND ND ND
Goonaping 26-08-98 0.10 150 6.85 1300 ND ) 20 6.0 19.4 ND ND ND ND ND ND ND
Goonaping 09-11-98 0.10 324 6.92 2400 0.010 30 1.0 0.0 36.6 6l.4 10.0 180.0 0.40 28 26 10.0
Goonaping 20-G4-99 0.00 ND ND ND ND ND ND ND N\D ND ND ND ND ND N ND
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APPENDIX A

Selected water chemistry and physical parameters for study wetlands. ND = "ho data available” (continued).

Sits Date Depth Field Ec  Field pH TN Nitrate i Total Phaeoph. Temp. Dissolved Turbidity Colour TDS  Alkalinity Hardness Silica

(m) {uS/cm) (HgN) (g (ug/l) Chloroph. {ug/l) (°C)  Oxygen (NTU) (TCU) (g) (mg/) (mg/l (mg/l)

(kg (%)

Goonaping 29-08-00 ND ND ND 860 0.010 10 5.0 20 ND ND ND ND ND ND ND ND
Goonaping 03-10-00 0.20 172 8.13 970 0.020 5 395 0.5 283 1195 1.8 66.0 0.18 3 17 7.0
Goonaping 12-02-01 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Coomelberrup 18-08-98 0.78 60100 8.22 2300 ND 20 49.0 2.0 13.0 1120 ND ND ND ND ND ND
Coomclberrup 05-11-98 -3 32800 9.65 1700 0.010 10 0.0 00 245 134.0 58 120 2200 140 4200 1.0
Coomelberrup 20-04-99 0.57 96000 8.18 3600 0.010 20 8.0 0.0 221 46 ND ND ND ND ND ND
Coomelberrup 24-08-00 0.93 81900 8.54 2800 0.010 5 1205 0.5 13.9 990 ND ND ND ND ND ND
Coomelberrup 12-10-00 0.89 91300 7.78 3400 0.010 o S 0.5 17.6 66.0 25 6.0 73.00 285 14000 0.5
Coomelberrup 15-02-01 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Walyormouring 21-08-98 0.60 17790 9.42 2200 ND 20 45 0.5 15.8 1240 ND ND ND ND ND ND
Walyormouring 11-11-98 0.39 35300 po7 3600 0.020 10 0.0 0.0 3038 2340 55 200 25.00 100 3700 1.0
Walyormouring 22-04-99 0.46 11320 10.35 1700 0.010 20 3.0 1.0 228 1640 ND ND ND ND ND ND
Walyormouring 23-08-00 0.44 60600 9.61 3500 0.010 5 Is 20 I3 1770 ND ND ND ND ND ND
Walyormouring 18-10-00 0.28 99700 8.31 6900 0.010 5 2.0 0.5 29.6 1538 340 30,0 6600 255 9000 2.0
Walyormouring 14-02-01 0.00 ND ND ND ND ND ND  ND ND ND ND ND ND ND ND ND
Eganu 20-08-98 2.56 26800 8.12 1200 ND 10 2.0 0.5 16.9 1050 ND ND ND ND ND ND
Eganu 12-11-98 DLl 43300 9.01 1900 0.010 10 10.0 0.0 283 1238 9900 130 30.00 180 4600 8.0
Eganu 11-05-99 1.80 55700 8.25 2700 0.010 20 0.0 7.0 18.8 ND ND ND ND ND ND ND
Eganu 22-08-0¢ 1.74 107800 8.04 3400 0.020 5 i) 0.5 14.1 54.0 ND ND ND ND ND ND
Eganu 09-11-00 1.58 128600 7.81 4400 0.020 S 2.0 05 29.0 76.4 24 330 110.00 210 15000 130
Eganu 13-02-01 0.00 226000 7.30 11000 0.010 10 260 05 34.1 425 ND ND ND ND ND ND
Fraser 28-08-98 0.13 8365 7.75 3000 ND 320 1.5 8.0 15.0 ND ND ND ND ND ND ND
Fraser 11-11-98 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Fraser 03-09-99 0.65 508 ZAT 1700 0.020 140 25 240 i5.2 76.0 ND ND ND ND ND ND
Fraser 26-10-99 0.80 629 7.63 1300 0.010 110 6.5 0.5 246 71.3 27.0 190.0 0.40 93 61 2.0
Fraser 16-03-00 1.50 82¢ 7.02 1700 0.010 40 5 120 226 440 ND ND ND ND ND ND
Fraser 29-08-00 1.28 1196 8.16 1000 0.010 20 3.0 1.0 15.2 1247 ND ND ND ND ND ND
Fraser 24-11-00 0.70 1710 8.77 2000 0.010 30 3.5 30 228 87.5 1.8 58.0 0.93 73! 120 0.5
Fraser 12-02-01 0.30 4850 9.05 4600 0.010 30 200 05 276 1830 ND ND ND ND ND ND
Paperbark 02-09-99 0.88 447 7.43 2400 0.080 410 2.0 3.0 138 520 ND ND ND ND ND ND
Paperbark 25-10-99 0.85 588 7.64 2700 0.110 640 25 8.0 256 67.7 1400.0 130.0 0.45 148 93 12.0
Paperbark 17-03-00 113! 560 7.66 1600 8.010 110 50 11.0 248 93.0 ND ND ND ND ND ND
Coomalbidgup 27-08-99 1.50 5240 7.96 1200 0.040 190 5.0 4.0 18.5 890 ND ND ND ND ND ND
Coomalbidgup 19-10-99 1.00 5610 7.98 1100 0010 140 Jed 68 208 70.4 24 110.0 3.30 208 520 2.0
Yaalup 28-08-99 1.01 1090 8.22 3200 0.080 540 12.5 0.5 16.4 860 ND ND ND ND ND ND
Yaalup 23-10-99 0.90 1192 8.29 3100 0.010 Ss20 19.0 18.0 18.9 81.0 850.0 390.0 1.10 263 130 5.0
Yaalup 21-03-00 1.62 683 7.36 3100 0.100 140 53.0 27.0 01 ) 350 ND ND ND ND ND ND
Parkeyerring 01-09-99 0.6l 101600 7.84 4800 0.010 40 7.0 3.0 19.8 830 ND ND ND ND ND ND
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APPENDIX A
Selected water chemistry and physical parameters for study wetiands. ND = “no data available” (continued).

Site Date Depth Field Ec  Field pH TN Nitrate TP Total Phaeoph. Temp. Dissolved Turbidity Colour TDS  Alkalinity Hardness Silica

{m) {(HSfem) {ug/) (gl {Hg/) Chloroph. {pg/l} {°C}  Oxygen (NTU} (TCU) g (mg/M  (mgl  (mgh}

{Hgh) (%)

Parkeyerring 25-10-99 0.86 102300 5.94 5100 0.020 40 13.0 4.0 176 947 12.0 140 §85.60 265 19060 1.0
Parkeyerring 18-83-00 9.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pleasant View 30-08-99 0.82 1210 6.89 1200 0.010 > 2.0 6.0 15.1 2.9 ND ND ND ND ND ND
Pieasant View 24-10-99 0.92 1214 6.63 1108 0.0l 3 4.3 2.0 1578 64.3 1.7 71.0 87! 35 110 3.0
Pleasant View 21-03-00 0.60 1668 7.16 1208 0.610 3 §.0 0.3 21.3 63.0 ND ND ND ND ND ND
Ronnerup 28-08-99 (.12 188300 8§.66 2208 0.020 S0 140 03 1571 100.¢ ND ND ND ND ND ND
Ronnerup 20-10-99 0.03 220000 Flas 2800 9.020 30 ND ND 24.3 779 7400 2.5 300.80 158 33000 4.0
Ronncrup 22-03-00 2.00 73300 7.43 1408 0.120 20 7.0 5.0 19.7 38.0 ND ND ND ND ND ND
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APPENDIX 8
fonic composition of water at site A tor each study wetland.

Site Date Sodium Calcium  Magnesium  Potassium Chloride Bicarbonate Carbonate Sulphate

(meq/1) (meq/1) (meq/1) {meq/1} (meq/1)  (meq/1)  (meq/1) (meg/l)

Bryde 03-10-97 16.53 2.74 4.44 0.33 18.33 2113 0.03 7.48
Bryde 21-10-99 487.20 51.39 132.50 6.78 592.20 2.50 0.19 191.36
Logue 15-08-97 324.07 6.23 59.09 3.14 377.88 6.60 G.03 2.4
Logue 01-10-97 100.05 4.99 15.63 1.35 112.80 6.00 0.03 20.80
Logue 27-10-99 14.22 1.19 2,79 0.35 14.94 1.60 0.3 4.16
Logue 14-11-00 24.96 2.09 4.60 0.56 25.06 290 0.03 7.07
Towerrining 03-10-97 6090 598 27.15 0.28 84.60 3.44 0.03 35.36
Towerrining 22-10-99 062.20 6.13 29.13 0.23 90.24 2.75 0.19 37.44
Covrecup 25-10-97 478.50 42 .41 148.14 2.20 676.80 2.62 0.03 197.60
Covrecup 21-10-99 513.30 53.39 160.48 2278 648.60 1.44 0.79 228.80
Wheartficld 17-11-97 91.35 3.24 18.10 1.38 98.70 4.42 0.03 22.88
Wheatfield 19-10-99 73.95 2.59 14.89 1.07 31.78 2.80 0.03 18.30
Altham 04-11-98 1435.50 38.42 312.74 16.38 1833 6.23 0.03 374.40
Noobijup 06-11-98 14.35 0.99 4.85 0.10 17.20 0.80 0.03 6.03
Neobijup 16-11-00 12.78 0.99 4.77 0.07 16.35 0.90 0.03 6.03
Rennett’s 04-11-98 522.00 4.24 98.76 691 620.40 0.70 4.66 108.16
Bennere's 15-11-00 86,13 2.34 16.21 1.35 98.70 1.90 0.03 19.34
Ardath 10-11-98 652.50 74.85 148.14 6.91 930.60 001 0.03 228.80
Ardath 13-10-00 7560.90 43.56 166.24 7.80 874.20 0.01 0.03 203.00
Blue Gum 12-):1-98 73.95 5.98 13.99 1.38 78.96 4.75 0.3 20.80
Blue Gum 17-10-00 425.43 17.46 77.85 5.76 507.60 2.29 0.03 99 .84
Kitlicup 06-11-98 3.20 0.44 1.15 0.17 1.57 2.62 0.03 1.66
Kulicup 11-10-00 3.2¢ 0.29 0.74 0.10 1.46 209 0.03 1.10
Campion 10-11-98 2349.00 94.81 238.67 13.56 2679.00 0.81 0.03 353.60
Campion 19-10-00 3871.50 72.85 344.83 20.78 4230.00 0.01 0.03 436.80
Goonaping 09-11-98 4.35 0.19 0.32 .20 4.23 (850 0.03 0.54
Goonaping 03-10-00 2.47 0.99 0.24 0.07 4.51 .04 0.3 0.35
Coomelberrup 05-11-98 274.05 15.96 68.30 1.33 282.00 1.24 159 87.36
Coomelberrup 12-10-00 856.95 44.66 232.90 5.19 1043.40 5.70 0.03 291.20
Walvormouring 11-11-98 313.20 21.45 52.67 Sad7 310.20 0.01 1.79 76.96
Walvormouring 18-10-00 874.35 358.32 144.02 15.07 958.80 4.70 0.03 187.20
Eganu 12-11-98 309.75 17.46 72.42 5.12 479 .40 2.62 0.99 95.68
Eganu 00-11-00 1487.70 77.34 226.32 15.20 1579.20 4.19 0.03 312.00
Eraser 26-10-99 4.74 0.64 0.57 0.30 3.94 1.85 0.03 1.26
Fraser 24-11-00 13.61 1.09 1.39 0.69 12.69 1.44 0.03 2.49
Paperbark 25-10-99 443 0.99 0.82 0.23 3.10 2.95 0.03 1.93
Coomalbidgup 19-10-99 44 80 2,99 7.48 0.92 47.94 4.14 0.03 10.81
Yanlup 23-10-99 Qs 1.19 1.48 0.40 $.20 524 0.03 2.70
Parkeyerring 25-10-99 1057.05 78.34 302.86 5.29 §297.20 529 0.03 395.20
Pleasant View 24-10-99 9.57 0.49 1.72 0.33 9.87 0.70 0.03 2.28
Ronnerup 20-10-99 4480.30 32.78 618.07 41.47 5076.00 3.14 0.03 686.40
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Corrigenda

Abbott, . (1999). The avifauna of the forests of southwest Western Australia: Changes in species composition,
distribution and abundance following anthropogenic disturbance. CALMScience Supplement No. 5, 1-175.

The following corrections should be nored:

TEXT

PAGE COLUMN LINE ACTION

2 2 4-5" Detete reference to Keartland collecting in forests in 1895 near King George Sound
6 1 31 Change 71905 1o 1907

6 1 32 Change 71906 1c 1907

3t 1 18°* Change Figure 3 to Figure 4

44 2 20" Change Storr 199 to Storr 1991

67 1 $3* Change 1829 to 1830

97 2 5* Change Zoologishe to Zoologische

" counting from bottom of page, ** from top

TABLES

PAGE ACTION

140 The rows Leipoa oceflata, Coturnix novaezelandiae and Coturnix ypsilophora are out of sequence. Place
them after Dromaius novaeholfandiae, as is the case elsewheres in Table 2.

148 (No. 41) Change 102 to 10 and 500 to 2 500

149 {Ns. 45) Change 201 to 20 and 750 to 1 750

152 (Meliphaga virescens) ‘Brewn' in column 1 belongs in column 3

156 The dets in rows Merops ornatus through to Smicrornis brevirostris should commence immediately from

under lhe column headed W
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