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This Ecological Character Description (ECD Publmat has been prepared in
accordance with the National Framework and Guiddoc®escribing the Ecological
Character of Australia’s Ramsar Wetlands (Natidfraimework) (Department of the
Environment, Water, Heritage and the Arts, 2008).

The Environment Protection and Biodiversity Conservatidct 1999(EPBC Act)
prohibits actions that are likely to have a sigmfit impact on the ecological
character of a Ramsar wetland unless the CommotiwEalironment Minister has
approved the taking of the action, or some othevipion in the EPBC Act allows the
action to be taken. The information in this ECD Ration does not indicate any
commitment to a particular course of action, polpsition or decision. Further, it
does not provide assessment of any particularragtithin the meaning of the EPBC
Act, nor replace the role of the Minister or hisledmte in making an informed
decision to approve an action.

This ECD Publication is provided without prejudit® any final decision by the
Administrative Authority for Ramsar in Australia ehange in ecological character in
accordance with the requirements of Article 3.2haf Ramsar Convention.

DISCLAIMERS

1. While reasonable efforts have been made to ertber contents of this ECD are
correct, the Commonwealth of Australia as represenby the Department of

Sustainability, Environment, Water, Population &wmnmunities does not guarantee
and accepts no legal liability whatsoever arisirgn or connected to the currency,
accuracy, completeness, reliability or suitabitifythe information in this ECD.

2. This report has been prepared on behalf of amdthfe exclusive use of the
Department of Environment and Conservation (DE,Glient, and is subject to and
issued in accordance with the agreement betweenCtlemt and the Centre of
Excellence in Natural Resource Management (CENRMJENRM accepts no
liability or responsibility whatsoever for it in gpect of any use of or reliance upon
this report by any third party. In particular,sthould be noted that this report is a
professional assessment and opinion only, basetleoacope of the services defined
by the Client, budgetary and time constraints inggoly the Client, the information
supplied by the Client (and its’ agents), and tle¢hod consistent with the preceding.

CENRM could not attempt to verify the accuracy ompleteness of all information
supplied. Copying of this report or parts of ttéport is not permitted without
explicit authorization of the Client and CENRM.

Note: There may be differences in the type of information contained in this ECD publication,
to those of other Ramsar wetlands.



GLOSSARY

Definitions of words associated with ecological rewéer descriptions (DEWHA
2008).

Adverse conditions Ecological conditions unusudilystile to the survival of plant or animal
species, such as occur during severe weather lidenged drought, flooding,
cold, etc (Ramsar Convention 2005).

Assessment The identification of the status of, #mdats to, wetlands as a basis for the
collection of more specific information through nitoning activities (as
defined by Ramsar Convention 2002, Resolution ®)II.

Baseline Condition at a starting point. For Ranwatlands it will usually be the time
of listing of a Ramsar site.

Benchmark A standard or point of reference (ANZEZM ARMCANZ 2000).

A pre-determined state (based on the values whiels@ught to be protected)
to be achieved or maintained.

Benefits Benefits/services are defined in accordanith the Millennium Ecosystem
Assessment definition of ecosystem services as Wibeefits that people
receive from ecosystems (Ramsar Convention 200®l&em IX.1 Annex
A).

See also “Ecosystem Services”.

Biogeographic A scientifically rigorous determination of regionas established using
region biological and physical parameters such as clinsati type, vegetation cover,
etc (Ramsar Convention 2005).

Biological diversity =~ The variability among livingrganisms from all sources includirigter alia,
terrestrial, marine and other aquatic ecosysterdstlaa ecological complexes
of which they are part; this includes diversity hilit species (genetic
diversity), between species (species diversity), eobsystems (ecosystem
diversity), and of ecological processes. This difin is largely based on
Article 2 of the Convention on Biological DiversitfRamsar Convention
2005).

Catchment The total area draining into a river,eresir, or other body of water
(ANZECC and ARMCANZ 2000).

Change in ecological Defined as the human-induced adverse alterati@ampfcosystem component,
character process, and-or ecosystem benefit/service (Ramsanvedtion 2005a,
Resolution 1X.1 Annex A).

Community Assemblage of organisms characteriseal digtinctive combination of species
occupying a common environment and interacting wite another (ANZECC
and ARMCANZ 2000).

Community All the types of taxa present in a community (ANZE@Gnd ARMCANZ
Composition 2000).

Community All the types of taxa present in a community aneirtiielative abundances
Structure (ANZECC and ARMCANZ 2000).

Conceptual model Wetland conceptual models expidesas about components and processes

deemed important for wetland ecosystems (Gross)2003

Contracting Parties Countries that are Member Stat¢he Ramsar Convention on Wetlands; 159
as at July 2009. Membership in the Convention isnofp all states that are
members of the United Nations, one of the UN spieeid agencies, or the



Critical stage

Damplands

Ecological character

Ecological
communities

Ecosystems

Ecosystem
components

International Atomic Energy Agency, or is a Party the Statute of the
International Court of Justice [http://www.ramsaglo

Meaning stage of the life cycle aftland-dependent species. Critical stages
being those activities (breeding, migration stopeyenoulting etc.) which if
interrupted or prevented from occurring may thredteg-term conservation
of the species. (Ramsar Convention 2005).

Seasonally waterlogged basin of varisibkeand shape (Semeniuk 1987).

Combination of the ecosystemmponents, processes and benefits/services
that characterise the wetland at a given pointinmet Within this context,
ecosystem benefits are defined in accordance Wwihvariety of benefits to
people (Ecosystem Services). (Millennium definitmfrecosystem services as
"the benefits that people receive from ecosystegiRamsar Convention 2005,
Resolution 1X.1 Annex A).

The phrase "at a given point in time" refers to dRation VI.1 paragraph 2.1,
which states that "It is essential that the ecalalgcharacter of a site be
described by the Contracting Party concerned atitfee of designation for the
Ramsar List, by completion of the Information SheetRamsar Wetlands (as
adopted by Recommendation IV. 7).

Any naturally occurring group of species inhabit@aggcommon environment,
interacting with each other especially through foektionships and relatively
independent of other groups. Ecological communiti@y be of varying sizes,
and larger ones may contain smaller ones (Ramsavettion 2005).

The complex of living communities (idohg human communities) and non-
living environment (Ecosystem Components) interartithrough Ecological
Processes) as a functional unit which providésr alia a variety of benefits to
people (Ecosystem Services). (Millennium Ecosystasessment 2005).

Include the physical, chemical and biological partsa wetland (from large
scale to very small scale, e.g. habitat, specied genes) (Millennium
Ecosystem Assessment 2005).

Ecosystem processes Are the changes or reactiansedbur naturally within wetland systems. They

Ecosystem services

Ecologically
Sustainable
Development

Eutrophication

Geomorphology

may be physical, chemical or biological. (Ramsarn¥&mtion 1996,
Resolution VI.1 Annex A). They include all thoseopesses that occur
between organisms and within and between popuktmmd communities,
including interactions with the non-living enviroemt, that result in existing
ecosystems and bring about changes in ecosystems tiove (Australian
Heritage Commission 2002)

The benefits that people receivbtain from an ecosystem. The components
of ecosystem services are provisioning (e.g. foodvater), regulating (e.qg.
flood control), cultural (e.g. spiritual, recreatad), and supporting (e.g.
nutrient cycling, ecological value). (Millennium &ystem Assessment 2005).

See also “Benefits”.

Development that improves the total quality of lif@th now and in the future,
in a way that maintains the ecological processeswbith life depends
(ANZECC and ARMCANZ 2000).

A natural process of accumulationnotrients leading to increased plant
growth in waterways, including wetlands. Exacegdaby runoff containing
fertilizers and other high nutrient waste, resgitim algal blooms and
deterioration of water quality (Water and Rivers@oission 2001).

The study of water-shaped landfo@wqonet al 1999)



Hydrology

Indicator species

Indigenous species
Introduced (non-
native) species

Limits of Acceptable
Change

List of Wetlands of
International
Importance ("the
Ramsar List")

Macroinvertebrates

Macrophyte

Monitoring

Ramsar

Ramsar Criteria

Ramsar Convention

Ramsar Information
Sheet (RIS)

Ramsar List

The study of water, its properties, disition and utilisation above and below
the earth’s surface (Water and Rivers Commissidii 0

Species whose status providesnmattion on the overall condition of the
ecosystem and of other species in that ecosystexa; that are sensitive to
environmental conditions and which can therefore Umed to assess
environmental quality (Ramsar Convention 2005).

A species that originates andreaaturally in a particular country (Ramsar
Convention 2005).

A species that does not originate or occur naturalla particular country
(Ramsar Convention 2005).

The variation that is considered acceptable in Hiqouéar component or
process of the ecological character of the wetlaitdout indicating change in
ecological character which may lead to a reductioioss of the criteria for
which the site was Ramsar listed’ (modified fromfigidon adopted by
Phillips 2006).

The list of wetlands which have been designatedhbyRamsar Contracting
Party in which they reside as internationally intpat, according to one or
more of the criteria that have been adopted byGbeference of the Parties
[http://www.ramsar.org].

Aquatic invertebrates retainfier sieving with a 0.25 mm mesh net. The
main groups are worms, snails, arachnids, crustascead insects (Water and
Rivers Commission 2001).

Rooted aquatic plants (e.g. sedgeshpassed to phytoplankton and other
small algae (Water and Rivers Commission 2001).

The collection of specific informationf management purposes in response to
hypotheses derived from assessment activitiesttendse of these monitoring
results for implementing management (Ramsar Comwert002, Resolution
VIII.6).

City in Iran, on the shores of the Caspiaa, Svhere the Convention on
Wetlands was signed on 2 February 1971; thus thevé&dion's short title
“Ramsar Convention on Wetlands" [http://www.ramseg].

Criteria for Identifying Wetlandd tnternational Importance, used by
Contracting Parties and advisory bodies to identiétlands as qualifying for
the Ramsar List on the basis of representativemessiniqueness or of
biodiversity values [http://www.ramsar.org].

Convention on Wetlands of International Importanespecially as Waterfowl
Habitat Ramsar (Iran), 2 February 1971. UN Treaty SeNes 14583. As
amended by the Paris Protocol, 3 December 1982 Ragiha Amendments,
28 May 1987. The abbreviated names "Convention etidilds (Ramsar, Iran,
1971)" or "Ramsar Convention” are more commonly duse
[http://www.ramsar.org].

The form upon which Contracting Parties record vate data on proposed
Wetlands of International Importance for inclusionthe Ramsar Database;
covers identifying details like geographical cooates and surface area,
criteria for inclusion in the Ramsar List and wata types present,

hydrological, ecological, and socioeconomic issap®ng others, ownership
and jurisdictions, and conservation measures takand needed

[http://www.ramsar.org].

The List of Wetlands of Internatiomaplortance [http://www.ramsar.org].
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Ramsar Sites

Ramsar Sites
Database

Sumplands

Wetlands

Wetland Assessment

Wetland Ecological
Risk Assessment

Wetland types

Wise use of
wetlands

Wetlands designated by the Contraétargjes for inclusion in the List of
Wetlands of International Importance because thegtnone or more of the
Ramsar Criteria [http://www.ramsar.org].

Repository of ecological, biological, socio-econoymand political data and
maps with boundaries on all Ramsar sites, maindaily Wetlands
International in Wageningen, the Netherlands, undentract to the
Convention [http://www.ramsar.org].

Seasonally inundated basin of variabéeasid shape (Semeniuk 1987).

Areas of marsh, fen, peatland or wateethér natural or artificial, permanent
or temporary, with water that is static or flowinfyesh, brackish or salt,
including areas of marine water the depth of whitlow tide does not exceed
six metres (Ramsar Convention 1987).

Identification of the status anfgd threats to, wetlands as a basis for the
collection of more specific information through nitoning activities
(Finlayson 2001; Ramsar Convention 2002)

A quantitative or qualitative evaluation of the wadt or potential adverse
effects of stressors on a wetland ecosystem

As defined by the Ramsar Conventiow&tland classification system
[http://www.ramsar.org].

The maintenance of their ecological character, eaddd through the
implementation of ecosystem approaches [1], withencontext of sustainable
development [2]" (Ramsar Convention 2005 Resoluiflaft Annex A).

1. Includinginter alia the Convention on Biological Diversity's "Ecosyate
Approach” (CBD COP5 Decision V/6) and that appliegd HELCOM and

OSPAR (Declaration of the First Joint Ministeriaebting of the Helsinki and
OSPAR Commissions, Bremen, 25-26 June 2003).

2. The phrase "in the context of sustainable deretnt" is intended to
recognize that whilst some wetland developmenhévitable and that many
developments have important benefits to societweld@ments can be
facilitated in sustainable ways by approaches e&tbd under the Convention,
and it is not appropriate to imply that 'developthénan objective for every
wetland.
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EXECUTIVE SUMMARY

The Muir-Byenup System Ramsar site is located 55ekst-south-east of Manjimup
in the South-West Coast Australian Drainage Divismf Western Australia, and
covers an area of 10,631 hectares, of which apprabely 7,000 hectares is wetland.
Named wetlands in the site include; Lake Muir, BygnLagoon, Tordit-Gurrup
Lagoon, Poorginup Swamp, Neeranup Swamp, Coorinwpnt and Wimbalup
Swamp. This Ecological Character Description (E@ijudes the current Ramsar
listed site as well as the recent additions to MaReserve 31880, south of Tordit-
Gurrup Lagoon and east of Coorinup Swamp.

Designation of the Muir-Byenup System Ramsar stieuoed in 2001. The Ramsar
Convention, ratified in 1975, provides the framekvtor the wise use of wetlands at
local, regional, national and international levelsWetlands of international
importance are selected based on ecological, lmaiardoological, limnological and
hydrological importance. Under the Ramsar ConweentiAustralia is obliged to
promote the conservation of wetlands included ie tist (interpreted as a
commitment to protect the ecological characteinstédl sites), and as far as possible,
the wise use of wetlands in Australia.

ECDs guide management planning and associated onogitand evaluation. A
Ramsar Information Sheet (RIS) is prepared atithe bf listing, however, an ECD
provides a more detailed description of the intdoas between ecosystem
components, processes and functions.

The specific objectives of this ECD are to provadeomprehensive description of the
ecological character that:

1. Describes the critical ecosystem components, psesedenefits and services
of the Muir-Byenup System Ramsar site at the tifnléesting;

2. ldentifies changes to the critical components, gsses, benefits and services
of the site since the time of listing;

3. Develops a conceptual model that describes thegical character of the site
in terms of components, processes, benefits antcssrand their interactions;

4. Sets limits of acceptable change for the criticamponents, processes,
benefits and services;

5. ldentifies actual or likely threats to the compaseiprocesses or services of
the site;

6. ldentifies knowledge gaps and monitoring prioritiesthe Ramsar site;

7. Identifies any communication, education and pudli@reness messages.

The Muir-Byenup System Ramsar site is composed artlyp inter-connected
wetlands, ranging in size, salinity (saline to fgsvater permanence (permanent to
seasonal) and substrate (peat and inorganic), imt@nnally-draining catchment.
Byenup Lagoon, Tordit-Gurrup Lagoon, Poorginup Swai@eordinup Swamp and
Neeranup Swamp are naturally freshwater wetlanttieviiake Muir and Coorinup
Swamp are naturally occurring saline wetlands. riBye Lagoon, Tordit-Gurrup
Lagoon and Poorginup Swamp are peat based wetlaridsh are rare in Western
Australia (Department of Environment and Conseorat?008). These wetlands
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strongly influence water quality and provide import habitat for native plants and
animals (Department of Environment and Conserva2aiB).

The Muir-Byenup System Ramsar site is highly digensth at least 600 indigenous
flora species recorded (Gibson and Keighery 1999he Ramsar site provides
significant waterbird habitat and refuge, and sugpbird species listed under the
CommonwealthEnvironment Protection and Biodiversity Conservatidct 1999
(EPBC Act) and international migratory agreemenitee Ramsar Site is considered a
centre of endemism as it provides habitat for enddeneshwater fish fauna and
supports a number of important endemic macroinibeate taxa.

The Muir-Byenup System Ramsar site meets the fatigveriteria for listing as a
wetland of international importance:

Criterion 1. A wetland should be considered internationally int@at if it contains a

representative, rare or uniqgue example of a natwalnear-natural wetland type
found within the appropriate biogeographic region.

The Ramsar site is an excellent example of a wetleomplex in a relatively

undisturbed condition in the South-West Coast Alisin Drainage Division

(Environment Australia 2001). The peat based wedgawithin the site are rare in
Western Australia (Department of Environment andsgovation 2008; Environment
Australia 2001) and they are also recognised asntbst outstanding example in
south-western Australia (Wetland Research and Mamagt 2005).

Criterion 2: A wetland should be considered internationally int@at if it supports
vulnerable, endangered or critically endangered cég® or threatened ecological
communities.

The Ramsar site supports a number of species listadker the EPBC Act.
Populations of three wetland dependent orcl@@ddadenia christinegeCaladenia
harringtoniaeand Tall Donkey Orchidliuris drummondij occur on the margins of
Lake Muir and elsewhere in the Ramsar site. Tloeskids are listed as Vulnerable
under the EPBC Act and inhabit seasonally inundateds or wetland margins.

The Ramsar site supports the freshwater fish speBialston’s Pygmy Perch
(Nannatherina balstoi which is listed as Vulnerable under the EPBC. Adthe
Ramsar site also supports the Australasian BittBotaurus poiciloptiluy which is
listed as Endangered under the IUCN Red List. Iesién Australia, the
Australasian Bittern population is now much restidlc with the largest concentration
thought to occur within the Ramsar site (IUCN 2008)

Criterion 3: A wetland should be considered internationally int@at if it supports
populations of plant and-or animal species impottior maintaining the biological
diversity of a particular biogeographic region.

Peat and primary saline wetlands at the site stgmalemic species and populations
of plant and animal species important for maintagnihe biodiversity of the South-
West Coast Australian Drainage Division.

The site includes 21 ‘priority taxa’ listed by thNéestern Australian Department of
Environment and Conservation, including endemimiplaxa Eryngium sp. Lake
Muir and Tribonanthessp. Lake Muir. Astarteasp. Lake Muir is also endemic to the



site. The majority of the population ¥¥urmbeasp. Cranbrook also occurs at the
Ramsar site.

The Muir-Byenup System Ramsar site supports siXhef eight endemic south-
western Australian freshwater fish species inclgdithe Western Pygmy Perch
(Edelia vittatg, Balston’s Pygmy Perch Nannatherina balstojj Nightfish
(Bostockia porosg Western Minnow Galaxias occidentaljs Black-striped Minnow
(Galaxiella nigrostriatg and Mud Minnow Galaxiella munda The Ramsar site also
supports a number of important macroinvertebrata,tancluding 32 endemic taxa
(Storey 1998).

Criterion 4: A wetland should be considered internationally amg@nt if it supports
plant and animal species at a critical stage initHge cycles, or provides refuge
during adverse conditions.

The Muir-Byenup System Ramsar site supports thalssah Australian Shelducks
(Tadorna tadornoid@s during their moulting phase. The Ramsar sitepsug
breeding of Little Bitternlkobrychus minutys Spotless Crakéorzana tabuens)s
Australasian Bittern, Black Swai€ygnus atratusand Eurasian Coof(lica atra).
The Ramsar site is also used as a drought refugensyof thousands of waterbirds
and supports 10 species identified under internatiomigratory agreements
(CAMBA, JAMBA, ROKAMBA, and CMS).

Criterion 5: A wetland should be considered internationally imgat if it regularly
supports 20,000 or more waterbirds.

Up to 52,000 waterbirds (1989) have been countddaké Muir during periods of
high water levels. Although there is no comprehensglata available on waterbird
numbers since 1989, it is likely that the Rams#e 8 still capable of regularly
supporting more than 20,000 waterbirds as therebkas no major change in water
depth or salinity. Annual data on water depth,rav&5 year period, suggests that
conditions were suitable for use by 20,000 watdebat least several times over this
period.

Criterion 6: A wetland should be considered internationally am@nt if it regularly
supports 1% of the individuals in a population afeospecies or sub-species of
waterbird.

The Ramsar site supports at least five, and pgssiplto 10, Australasian Bitterns,
which exceeds the 1% population thresholds forsadstern Australia (Wetlands
International 2006). Although, no comprehensivents have been made since 1991,
there has been no major change in water qualitwettand vegetation at the site,
suggesting that conditions remain suitable to supd®o of the south-western
Australian population. The site also contains¢bee component of a wider suite of
wetlands that constitutes one of the five remainiefyiges for the south-western
Australian population of Australasian Bitterns.



A summary of the ecological character of the MuyeBup System Ramsar site is
provided in Table E1. Due to the complexity of gite, the ECD discusses Lake
Muir and the Byenup Lagoon System separately. Blenup Lagoon System
includes Byenup Lagoon, Tordit-Gurrup Lagoon, andefdnup, Mulgarnup and
Poorginup Swamps (V & C Semeniuk Research Grou@)199

Table E1. Summary of the ecological character ohe Muir-Byenup System Ramsar site

COMPONENT SUMMARY DESCRIPTION
Geology Tertiary alluvial flats (Lake Muir) and Teary plateau and flat (Byenup
Lagoon System).
Hydrogeology Fresh to saline groundwater

Groundwater pH 5.2 to 6.3. Acidity is due to sdéuimetals.
Potential acidity is present in the form of pyiiteetallic sulfide).

Lake Muir
Hydrology Major sink for groundwater and surfaaaafs - internally draining.
Naturally saline wetland - shallow evaporating bdsiry 9 years 1998-2008).
Water quality Saline (0.58-96 ppt).
pH 6.2-9.9. Lower pH is associated with low waéels.
Flora (habitat) Salt tolerant macrophytes.

Fringing vegetation includesGahnia trifida sedgelands, low shrublands
(samphires) and wetland scrubEucalyptus occidentali®ccurs at highe
elevations.

Notable flora includes wetland dependent orchiakerdemic species.

Aquatic invertebrates | No information available.

Fish No information available.

Frogs and reptiles No comprehensive surveys.
Likely to be rich in reptiles, including Oblong Toises Chelodina oblongpa
and Tiger Snakes\ptechis atex.

Mammals Believed to contain many species founddijaaent Perup Forest including
Woylies @Bettongia pencillathp Numbat Myrmecobius fasciat)s and
Chuditch Pasyurus geoffroji

Also contains suitable habitat for BoodieBeftongia lesueyr Dalgytes
(Macrostis lagotiy and Water RatdHydromys chrysogaster

Waterbirds Up to 52,000 waterbirds (1989). Watgathdelata suggests suitable
conditions to regularly support 20,000 waterbirds.

6 species listed under international migratory agrents.

Used as a drought refuge by large numbers of wiatiscb

Black Swans, Silver Gulls and Australasian Shovieteed at Lake Muir.

Byenup Lagoon System

Hydrology Surface water area and depth varies sadlgo

Coorinup Swamp acts as a shallow evaporating l{psimary saline lake).
Byenup Lagoon permanent, other wetlands permanemtar permanent and
minor swamps inundated/waterlogged in winter/spring
Areas of peat in Byenup Lagoon, Tordit-Gurrup Lagoand Poorginug
Swamp dry out seasonally.

Water quality Poorginup Swamp fresh (0.1-1.6 ppther wetlands brackish to saline
(Tordit-Gurrup 0.65-15.2 and Byenup 1.38-42.2 ppt).

Poorginup Swamp acidic (pH 5-6.6), other wetlands/g.
Higher nutrient concentrations related to low wderels and peat drying.
Wetlands do not behave as eutrophic.

Flora (habitat) Macrophytes inclutillarsia submersandSchoenus natans.
Fringing vegetation includesBaumea sedgelands and shrublands with
Jarrah/Yate oE. rudiswoodlands at higher elevations.

Aquatic invertebrates | DeHaan (1987) recorded 1Q&riebrate taxa in Tordit-Gurrup Lagog
Byenup Lagoon and Poorginup Swamp. Tordit-Gurriggdon had the
highest richness and Poorginup the lowest. Insact®unted for 73% of
total invertebrates.

>
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11 Hydracarina taxa (watermites) (six in Poorgisummp).
Storey (1998) found 219 taxa, 32 endemic to sowghtern Australia (most in
Poorginup Swamp).

> 78 species of ostracods and copepods, with Gamsis and 1 cyclopoi
only known in the Muir-Unicup area.

New species within Rotifera and Cladocera famiiad 2 new dytiscids.
Hygrobia wattsiisp. n (Byenup Lagoon) appears restricted to petames.

jon

Fish 7 fish species, 6 endemic to south-west WAgMta Pygmy Perch,
Balston’'s Pygmy Perch, Nightfish, Western Minnovadk-stripe Minnow
and Mud Minnow) and introduced Mosquitofish.

Poorginup Swamp had the greatest number of nathespecies.

Balston’'s Pygmy Perch listed as Vulnerable (EPB® Btack-stripe and
Mud Minnows listed as Lower Risk/near threatenéfON Red List, 2009).

Frogs and reptiles No comprehensive surveys.
Likely to be rich in reptiles, including Oblong Toises and Tiger Snakes.

Mammals Believed to contain many species founddjacent Perup Forest including
Woylies, Numbat and Chuditch.
Also contains suitable habitat for Boodies, Dalgyaed Water Rats.

Waterbirds Tordit-Gurrup used as a drought refugelasge numbers of waterbird
Open water important for Australian Shelduck inithmoulting phase (over
12,000 in 1992). Non-vegetated beaches (Tordir@urand Byenup
provide habitat for waders, ducks and swans.

Poorginup Swamp contains critical habitat for Aaktsian Bitterns
(Endangered IUCN red list).

Little Bittern, Spotless Crake, Australasian Bittgr Black Swans angd
Eurasian Coots breed at the site. Local knowlesiggyests Grebes, Swamp
Harrier, Blue-billed Duck, Cormorants, Sea-eagled Spoonbills also breed
at the site (P. Taylor, pers. com.).

(2

Since listing in 2001 some changes have been faghtvithin the Byenup Lagoon
System of the Ramsar site. The changes relatguatia invertebrate communities
composition, distribution of some fish species aonddition of fringing vegetation.
These changes may be due to increased salinitys)ellewever, as mean annual
salinity has not been statistically significantliffetent over the long term (1978-
2008) the changes may be within natural variatidhshould be noted that these
changes may also be a result of sampling effortfariier investigation is required.
This ECD concludes that, based on available evilethere has not been a change to
the ecological character of the Ramsar site sinedite of listing.

Major threatening activities, processes and imptxthe ecological character of the
Muir-Byenup System Ramsar site identified in thelCE@clude:

* Secondary salinity;

» Disturbance of potential acid sulfate soils;
» Eutrophication;

» Grazing;

* Introduced species;

« Pathogens and pests;

* Inappropriate fire regimes; and,

* lllegal vehicle access.
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In the absence of complete knowledge, conservéties of acceptable change have
been set, which can be reviewed in light of momigprand additional information.
Components and processes for which limits of aed#¥@tchange can be established
are those where:

* Information is adequate to form a baseline agawmisich change can be
measured,;

» Information is sufficient to characterise naturatiability; and

* Management and monitoring can occur (Hale and But2B07).

Where these criteria cannot be met, limits of atad@p change are set using a
hierarchical approach. This approach uses keytialfaxtors and primary response to
abiotic conditions within the system to set linfibs species and communities within
the wetland system (Hale and Butcher 2007).

Key knowledge gaps that are required to fully diégcthe ecological character of the
Muir-Byenup System Ramsar site are shown in TaBle E

Table E3. Key knowledge gaps of the Muir-Byenup $fem Ramsar site.

COMPONENT KNOWLEDGE GAP RECOMMENDED
PROCESS ACTION
Hydrology Understanding interactions between Continued investigations of
groundwater and wetlands. Effect of bores and depth gauges
plantations on groundwater, salinity and acidityocated within the wetlands.
Water quality Effect of surrounding land-uses (dlegand Continued monitoring of
plantations) on water quality (salinity and water quality sites.
acidity).
Aquatic plants Community composition, distributiand Community composition,
temporal patterns. distribution and temporal
patterns.
Fringing Community composition and distribution of | Community composition,
vegetation fungal and non-vascular flora. distribution and temporal
patterns.
Vegetation response to salinity and acidity | Continued monitoring of
(groundwater and acid sulfate soils) transects and quadrats withir
Transects last done in 2001 (Froend and the Ramsar site.

Loomes 2001). Permanent plots last measured
2002 (Gibsoret al.2004).

Macroinvertebrates Response of macroinvertebratsalinisation, | Continued monitoring of
acidity and altered hydrology. Last sampled | sampling sites. Establish
2004 (Wetland Research and Management | baseline information for Lake
2005). Muir.

Fish Response of fish to salinisation, acidity and | Continued monitoring of
altered hydrology. Last sampled 2004 (Wetlarghmpling sites. Establish
Research and Management 2005). Determirjebaseline information for Lake

distribution and migration patterns. Muir. Mechanisms of
drought and salinity tolerance.
Waterbirds Current waterbird data. Last comprelvens | Continued monitoring of

surveys undertaken 1992 (Hakseal. 1995). sampling sites.
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In addition to the required monitoring to addressse knowledge gaps and set limits
of acceptable change, the following processes amekats require further
investigation:

1. Acid sulfate soils — High Priority
* How to manage and dispose of acid groundwater (H2@05).
* Vegetation community robustness to acidity and ahium toxicity.

2. Salinisation — High Priority
* Vegetation community robustness to salinity and ewatemoval by
plantations.

3. Phytophthora- Medium Priority
e Lack detailedPhytophthoramapping and limited available data on impacts
on individual species and communities (McKerztial.2002).
* Armillaria mapping (Gibson and Keighery 2000).
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1. INTRODUCTION

1.1 Site detalil

S

The Muir-Byenup System Ramsar site is located 55elast-south-east of Manjimup in
Western Australia. The Ramsar site is situatethénJarrah Forest bioregion within the
South-West Coast Australian Drainage Division aodecs an area of 10,631 hectares, of

which approximately 7,000

hectares is wetland. sTEcological Character Description

(ECD) includes the current Ramsar listed site alé agerecently acquired land by the
Department of Environment and Conservation (DEQittsof Tordit-Gurrup Lagoon and

east of Coorinup Swamp.
Ramsar site details.

Table 1. Muir-Byenup System R

Table 1 presents a sumiofatiie Muir-Byenup System

amsar site details

Site name

Muir-Byenup System, Western Australia

Location in coordinates

Latitude:  34° 26’ 3@ 32’ S
Longitude: 116° 43 Eto 116° 49 E

General location

Inland south-west of Western Aaligtr Shires: Manjimup and Cranbro
(local authorities). Biogeographic region: Soutledt/ Coast Australia
Drainage Division, Jarrah Forest (IBRA). The MBiyenup System
Ramsar site comprises the portion of Nature Resgid80, south of Muirs
Highway. Named wetlands in the site include LakeainviByenup Lagoon
Tordit-Gurrup Lagoon, Poorginup Swamp, Neeranup rBgyaCoorinup
Swamp and Wimbalup Swamp.

Area

10,631 ha (of which approximately 7,000 haesland)

Date of Ramsar site designation

05/01/2001

Ramsar/DIWA criteria met

Ramsar Criteria 1, 2, 35 4nd 6

Management authority

The Donnelly District (basedPemberton) of the Warren Region, West|
Australian Department of Environment and Conseovati(formally
Department of Conservation and Land Management).

ern

Date the ECD applies 05/01/2001
Status of description This is the first ecologiclhdracter description for the site.
Date of compilation September 2009

Name(s) of compiler(s)

Claire Farrell and Barba@kCon behalf of Department of Environme
and Conservation (DEC)

References to the Rams|

Information Sheet (RIS)

aRoger Jaensch, Wetlands International — Oceani&ebalf of the Wester
Australian Department of Conservation & Land Mamagat (DCLM) in
1998. Updated by DCLM staff in 2000 and 2003. Upday Claire Farrel
and Barbara Cook on behalf of DEC in September 2009
All enquiries should be directed to Michael Co@&C, 17 Dick Perry Ave
Technology Park, Kensington, WA 6983, Australial(F&é1-8-9219-8714
Fax: +61-8-9219-8750; email: michael.coote@dec.aaay)

References to the managemg

eiA management plan, which includes the Muir-Byenyst&m Ramsar site

plan

is currently in preparation by DEC.

1.2 Purpose of ecological character descriptions

Ecological character is defi

ned by the Ramsar Cotiwe (2005) as “the combination of

the ecosystem components, processes and benefits#sethat characterise the wetlands

at a given point in time”.

A change in ecologichlaracter is defined as “the human



induced adverse alteration of any ecosystem commpomEocess and or ecosystem
benefit/service” (Ramsar Convention 2005).

Describing the ecological character of a wetlanoigortant for identifying changes, or
potential changes, and an ECD provides a basetibermchmark for future management
and planning actions. The implementation of a rgangent plan along with an
appropriate monitoring programme allows early redtign of changes to ecological
character.

The CommonwealtlEnvironment Protection and Biodiversity Conservatidict 1999
(EPBC Act) regulates actions that will have or lEely to have a significant impact on
any matter of national environmental significaneehich includes the ecological
character of a Ramsar wetland. An action that élre or is likely to have a significant
impact on a Ramsar wetland will require an envirental assessment and approval
under the EPBC Act.

When a Ramsar site is designated, a Ramsar Infamm&heet (RIS) is prepared, which
provides a brief description of the ecological euter of the Ramsar site. An ECD
provides a comprehensive description of the ecoldgiharacter of the site. To ensure a
consistent approach in developing ECDs, the Auatrabovernment, state and territory
governments, have developed thational Framework and Guidance for Describing the
Ecological Character of Australia’'s Ramsar Wetlanddodule 2 of the National
Guidelines for Ramsar Wetlands-Implementing the $adanConvention in Australia
(Department of the Environment, Water, Heritage #rel Arts 2008). The Australian
Government requires an ECD and a management plascmmpany any new Ramsar
site nominations.

An ECD is a central component to management, kiyel compliance and other
processes that promote the conservation and wiseofua Ramsar wetland. McGrath
(2006) outlined the general aims of an ECD:

1. To assist in implementing Australia’s obligationsder the Ramsar Convention,
as stated in Schedule 6 (Managing wetlands ofnnatenal importance) of the
Environment Protection and Biodiversity ConservatiRegulation2000 (Cwth);

a. To describe and maintain the ecological charactedexlared Ramsar
wetlands in Australia; and
b. To formulate and implement planning that promotes
i. Conservation of the wetland; and
ii. Wise and sustainable use of the wetland for theefiierof
humanity in a way that is compatible with maintererof the
natural properties of the ecosystem.

2. To assist in fulfilling Australia’s obligation undéhe Ramsar Convention — “to
arrange to be informed at the earliest possible iinthe ecological character of
any wetland in its territory and included in thenf&ar List has changed, is



changing or is likely to change as the result ahtmlogical developments,
pollution or other human interference.”

To supplement the description of the ecologicatatter contained in the Ramsar
Information Sheet submitted under the Ramsar Cdiorefor each listed wetland
and collectively form an official record of the éagical character of the site.

To assist the administration of the EPBC Act, paltirly:

a. To determine whether an action has, will have ofiksly to have a
significant impact on a declared Ramsar wetlandcamtravention of
sections 16 and 17B of the EPBC Act; or

b. To assess the impacts that actions referred tdthister under part 7 of
the EPBC Act have had, will have or are likely tavé on a declared
Ramsar wetland.

To assist any person considering taking an actiah may impact on a declared
Ramsar wetland whether to refer the action to theister under Part 7 of the
EPBC Act for assessment and approval.

To inform members of the public who are interegjederally in declared Ramsar
wetlands to understand and value the wetlands.

1.3 Objectives of the Ecological Character Descriptiorof the Muir-
Byenup System Ramsar Site

The specific objectives of this ECD are to provaleomprehensive description of the
ecological character that:

1.

2.

B

©No O

Describes the critical ecosystem components, psesedbenefits and services of
the Muir-Byenup System Ramsar site at the timestihp;

Identifies changes to the critical components, @sses, benefits and services of
the Muir-Byenup System Ramsar site since the tifilisting;

Develops a conceptual model that describes theegical character of the Muir-
Byenup System Ramsar site in terms of componemtg;epses, benefits and
services and their interactions;

Sets limits of acceptable change for the critic@hponents, processes, benefits
and services;

Identifies threats to the ecological charactehefRamsar site;

Identifies gaps in knowledge of the Ramsar site

Identifies monitoring priorities for the Ramsaresit

Identifies any communication, education and puéli@reness messages.

1.4 Relevant treaties, legislation or regulations

This section provides a brief outline of internaag national and Western Australian
legislation and policy relevant to the Muir-ByenBipstem Ramsar site.



14.1 International

Ramsar Convention

The Convention on Wetlands of International Importanespecially as Waterfowl

Habitat, commonly known as the Ramsar Convention, wasedign Ramsar, Iran in

1971 and came into force in 1975. It provides fitanework for local, regional and

national actions, and international cooperatiom, tfee conservation and wise use of
wetlands. Wetlands of international importance aetected on the basis of their
international significance in terms of ecology, &wot, zoology, limnology and or

hydrology.

Convention on the Conservation of Migratory Species of Wild Animals
The CMS or Bonn Convention is a multilateral, ig@rernmental treaty which seeks to
protect all migratory species (terrestrial, maimel avian) throughout their range.

Bilateral migratory bird agreements
Australia is signatory to three bilateral agreemsefor the conservation of migratory
birds.

CAMBA —Agreement between the Government of Australia &aedGovernment of the
People’s Republic of China for the Protection ofjpitory Birds in Danger of Extinction
and their Environment 1986.

JAMBA —Agreement between the Government of Australia ked3overnment of Japan
for the Protection of Migratory Birds in Danger Bktinction and their Environment
1974.

ROKAMBA - Agreement between the Government of Australia dred Republic of
Korea for the Protection of Migratory Birds in Damgof Extinction and their
Environment 2006.

1.4.2 National legidation

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)

The EPBC Act regulates actions that have or ashlito have significant impacts on any
matter of national environmental significance, utthg Ramsar wetlands (EPBC Act
1999 s16 (1)). Actions (including developmentsdemakings or a series of activities)
that have or are likely to have a significant impan Ramsar wetlands will require
approval under the EPBC Act.

The Australian Ramsar Management Principles areosetin the EPBC Regulations.
These principles aim to promote national standaods management, planning,
environmental impact assessment, community invoér@mand monitoring for all

Australian Ramsar wetlands in a way that is coeststvith obligations under the Ramsar
Convention. All species listed under internatiomidaties are covered by the Act,
including JAMBA, CAMBA, ROKAMBA and CMS.



Australian Heritage Council Act 2003

The Australian Heritage Council Ac2003 establishes the Australian Heritage Council,
who advise the Australian Government on heritagteniominations under the EPBC Act
and maintain the Register of the National Estatke Muir-Byenup System Ramsar site
is included within the Lake Muir Area site (955@)hich is registered on the Register of
the National Estate. The site is listed for itspartance for rare, endangered or
uncommon flora, undisturbed vegetation and wetlagstems, and the high aesthetic
value of its wetlands.

1.4.3 Western Australia State policy and legislation

Environmental Protection Act 1986

This Act is for the prevention, control and abatatra pollution; also for the prevention
control and abatement of environmental harm; amdte conservation, preservation,
protection, enhancement and management of theosmwent. The Act covers any
matters that are incidental to or connected withafrthese.

The clearing provisions under the EP Aehyironmental Protection (Clearing of Native
Vegetation) Regulations 200#lentify Ramsar wetlands and the area within ®res of
their boundary as “environmentally sensitive areaghe clearing provisions of the Act
prohibit clearing of native vegetation, unless eading permit is granted by DEC or the
clearing is for an exempt purpose. The exemptiallew low impact day-to-day
activities involving clearing to be undertaken agtardance with the Regulations. People
who wish to clear native vegetation are requiredldtain a permit if an exemption does
not apply. Exemptions do not apply in “environnadiytsensitive areas”.

Wetlands Conservation Policy for Western Australia 1997

This policy is administered by DEC, Department ofté&f and the Department of
Planning. The policy is a statement of the Westdunstralian Government's

commitment to “identifying, maintaining and managithe State’s wetland resources,
including the full range of wetland values, for tlomg-term benefit of the people of
Western Australia”.

Conservation and Land Management Act 1984

This Act is administered by DEC and covers all pubbnservation lands managed by
DEC including National Parks, State Forests andifd¢aReserves. The Act provides for
a better provision for the use, protection and rgangnt of certain public lands and the
flora, fauna and waters within them.

Wildlife Conservation Act 1950

The Wildlife Conservation Act 195@s administered by DEC and provides for the
protection and conservation of wildlife (fauna afidra) in Western Australia. It
provides the licensing framework for the possessiod removal of flora and fauna and
also offences and penalties in relation to theqatadn and conservation of flora and
fauna.



Aboriginal Heritage Act 1972

The Aboriginal Heritage Act 1972pplies to the protection of places and objectghvh
may be of importance and significance to peopleAbbriginal descent in Western
Australia. Under the Act it is an offence to damaies, whether they are registered or
not.

1.5 Methodology

The methodology used to develop the Muir-Byenupt&@gsRamsar site ecological
character description is based on the method pedvid theNational Framework and
Guidance for Describing the Ecological Character Afistralian Ramsar wetlands
(Department of the Environment, Water, Heritage tredArts 2008). A brief outline of
the report is as follows:

1. Introduction to the description, including:
a. Site details;
b. Statement of purpose for description; and,
c. Relevant legislation.
2. Site description, including:
a. Site location;
b. Maps images and photographs;
c. Land tenure;
d. Ramsar criteria met; and,
e. Wetland types.
3. Ecological character description, including:

a. Description of the critical ecosystem componentsc@sses, benefits and
services of the site which most strongly deterntireeecological character
of the site and the relationship between them;

b. Conceptual model for the wetland; and

c. Natural variability and limits of acceptable chanfir the critical
components, processes and services of the site.

Changes to ecological character since listing

Actual or likely threats to the site

Summary of knowledge gaps

Recommendations for monitoring

Communication, education and public awareness rgessa

©NOORA

A more detailed description of the methodology amdriculum vitae of the ECD
compilers can be found in Appendix A.



2. OVERVIEW OF THE MUIR-BYENUP SYSTEM RAMSAR SITE

2.1 Location

The Muir-Byenup System Ramsar site is located ensthuth-west of Western Australia,
55 km east-south-east of Manjimup (Figure 1), witlihe shires of Manjimup and
Cranbrook. The Ramsar site is situated in the IB@#st Coast Australian Drainage
Division and the Jarrah Forest IBRA bioregion.
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Figure 1. General location of the Muir-Byenup Syssm Ramsar site.

The Muir-Byenup System Ramsar site is located withe Lake Muir-Unicup Wetland
Complex Natural Diversity Recovery Catchment desigd under the State Salinity
Action Plan and its successor, the Salinity Strnatggovernment of Western Australia
1996 and 2000). The Lake Muir-Unicup catchmentecs\approximately 694 Kmand
shares imprecise boundaries with the south-flondnginages of the Tone, Deep and
Frankland Rivers (Smith 2003). Figure 2 showsltoation of named wetlands within
the Ramsar site.
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Figure 2. Landsat image of Muir-Byenup System Ranas site showing individual named wetlands.

2.2 Land tenure and land use

The Muir-Byenup System Ramsar site includes thasaod Nature Reserve 31880 south
of Muirs Highway. Nature Reserve 31880 is an “Adss reserve, which is vested in the
Conservation Commission of Western Australia andagad by DEC for the purpose of
‘water and conservation of flora and fauna’. Faddhand and gazetted road reserves are
not included within the Ramsar site (Figure 3).e Ramsar site also does not currently
include the recent additions to Nature Reserve @Hb&g the western shoreline of Lake
Muir. Recently acquired land south of Tordit-Guyorruagoon and east of Coorinup
Swamp will also be added to the Nature Reserve 9247 on Plan 140779 and Lot
12565 on Plan 208115).

Surrounding land uses include agriculture, predamtly grazing and tree plantations on
freehold land, and peat mining north of Lake Muifhe southern boundary of the
Ramsar site adjoins the Lake Muir National Parkev®usly, timber was also extracted
from surrounding State Forest areas. Within thenga site, land use is restricted to
nature conservation, in line with the land tenurd purpose.
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Figure 3. Land tenure within and adjacent to the Miir-Byenup System Ramsar site.

2.3 Climate

The Muir-Byenup System Ramsar site experiences demate Mediterranean climate of
warm to hot, dry summers and cold, wet wintersguf@ 4 shows the annual mean
rainfall for the closest weather station to the Ransite, located 55 km to the west in
Manjimup. Average annual rainfall decreases naghacross the region from 900 to
700 mm, with most rain falling between May and Asig(Figure 5) (Department of

Conservation and Land Management 1998). Annugl@waion is approximately 1,300

mm. Mean monthly temperatures range from a maxin@in26°C in summer to a

minimum of 5°C in winter (Figure 6) (Department @&@onservation and Land

Management 1998).
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Figure 4. Manjimup annual rainfall 1916 to 2007 wtih long term mean indicated by the line (data
from the Bureau of meteorology).
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Figure 5. Mean monthly rainfall at Manjimup 1915 to 2008 (data from the Bureau of Meteorology).
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Figure 6. Mean maximum and minimum monthly temperaures at Manjimup 1936 to 2008 (data
from the Bureau of Meteorology).

2.4 Wetland types

The Muir-Byenup System Ramsar site contains anuailusmplex of natural wetlands,
composed of partly inter-connected lakes and swanapgling in size (up to 4,600 ha),
salinity (saline to fresh), water permanence (p@enéto seasonal) and substrate (peat
and inorganic), in an internally-draining catchmehihe Ramsar site includes; a large
lake (Lake Muir), smaller lakes and swamps (Byebagoon, Tordit-Gurrup Lagoon and
Poorginup Swamp) and interconnected flats. Wetlgpds consistent with the Ramsar
wetland classification system have not been magpeddrmally inventoried within the
Muir-Byenup System Ramsar site. Within the Rans#& multiple wetland types occur
together, however, clear boundaries between wethgres are difficult to define. Due to
the complexity of the site, this ECD discusses Lsker and the Byenup Lagoon System
separately. The Byenup Lagoon System includes Wyebagoon, Tordit-Gurrup
Lagoon, and Neeranup, Mulgarnup and Poorginup Swaivi& C Semeniuk Research
Group 1997).

Byenup Lagoon, Tordit-Gurrup Lagoon, Poorginup Swar@eordinup Swamp and
Neeranup Swamp are naturally freshwater wetlandslew ake Muir and Coorinup
Swamp are naturally occurring saline wetlands. MpeLagoon, Tordit-Gurrup Lagoon
and Poorginup Swamp are peat based wetlands, vengtrare in Western Australia
(Department of Environment and Conservation 2008).

Under the Ramsar wetland classification systemetlaee seven main types of wetlands
which have been identified within the Ramsar siteluding:

Lake Muir:

* R-Seasonal/intermittent saline/brackish/alkaline l&es and flats
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Byenup Lagoon System:

O-Permanent freshwater lakes (> 8 ha)includes large oxbow lakes
Tp-Permanent freshwater marshes/pools;ponds (below 8 ha), marshes and

swamps on inorganic soils, with emergent vegetatiaterlogged for at least
most of the growing season.

Ts-Seasonal/intermittent freshwater

marshes/pools ro inorganic soils;

includes sloughs, potholes, seasonally flooded meagdsedge marshes.

U-Non-forested peatlandsjncludes shrub or open bogs, swamps, fens.
W-Shrub-dominated wetlands; shrub swamps, shrub-dominated freshwater

marshes, shrub carr, alder thicket on inorganiks soi

seasonally flooded forests, wooded swamps on imicgils.

Table 2.

2.5 Ramsar Criteria

At the time of nomination, there were eight Ram&aiteria against which the Muir-
Byenup System could qualify for listing as a wedlai international importance. When
listed in 2001, the Muir-Byenup System Ramsar sitet four of these Criteria, as
described in Table 2.

Criteria for Identifying Wetlands of International Importance.

Bold criteria refer to

criteria relevant to the listing of the Muir-Byenup site (2001).

Xf-Freshwater, tree-dominated wetlands;includes freshwater swamp forests,

Number

| Basis

| Description

GROUP A: SITES CONTAINING REPRESENTATIVE, RARE ORNIQUE WETLAND TYPES

d

Criterion 1 A wetland should be considered intéomally important if it contains &
representative, rare or unique example of a naturakar-natural wetlan
type found within the appropriate biogeographidoeg

GROUP B: SITES OF INTERNATIONAL IMPORTANCE FOR COHN&VING BIOLOGICAL

DIVERSITY

Criterion 2 Species and | A wetland should be considered internationally impdant if it
ecological supports vulnerable, endangered or critically endagered species of
communities | threatened ecological communities.

Justification: Three wetland-dependent orchids that are form
recognised as nationally vulnerable, and at least ather wetland plan
species that may soon be so recognised, occureaitdn in appreciabl
numbers. These plants mainly occur on seasonallpdiated areas Q
wetland margins, which have been extensively ctbdoe agriculture
elsewhere in South-Western Australia.

Criterion 3 Species andA wetland should be considered internationally imaot if it supports
ecological populations of plant and-or animal species impadrfan maintaining the
communities | biological diversity of a particular biogeographégion.

Criterion 4 Species and| A wetland should be considered internationally impaant if it
ecological supports plant and animal species at a critical sge in their life cycles,
communities | or provides refuge during adverse conditions.

Justification: The open lakes of the site regularly support moglthy
thousands of Australian Shelducks; this is one haf most importan
moulting sites for Shelducks in South-western Aali&r Lake Muir is
used as a drought refuge by tens of thousands tef beds.

Criterion 5 Waterbirds |A wetland should be consideed internationally important if it

ally

—

=

I
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regularly supports 20,000 or more waterbirds.

Justification: Up to 51,000 waterbirds have been counted at tiee(at
Lake Muir, when full). The annual data on waterthefuggest condition
are suitable for use by 20,000 waterbirds at lsegéral times within a 2
year period, which in the context of wetland auaility in Western
Australia is considered sufficient evidence of deguuse by 20,00(
waterbirds.

ooy

Criterion 6 Waterbirds |A wetland should be consideed internationally important if it
regularly supports 1% of the individuals in a popuktion of one
species or sub-species of waterbird.

Justification: At least five, possibly in the order of 10 Austsiém
Bitterns occur regularly and possibly breed in saglge swamps of th
site, which constitutes more than 1% of the Sou#si&rn Australian
population. The site contains the core component afider suite of
wetlands that constitutes one of the five remaimigfgges for the South
Western Australian population of this globally threned species.

[¢)

Criterion 7 Fish A wetland should be considere@rimationally important if it supports fa
significant proportion of indigenous fish subspscispecies or families,
life-history stages, species interactions and-opupetions that are
representative of wetland benefits and-or valuesthareby contributes t
global biological diversity.

O

Criterion 8 Fish A wetland should be considerecermationally important if it is an
important source of food for fishes, spawning gbunursery and-of
migration path on which fish stocks, either withihe wetland o
elsewhere, depend.

251 Current Ramsar Criteria

Since the Muir-Byenup Ramsar site was listed in120Be Ramsar Criteria have been
further developed and revised. A ninth Criteriomsvadded in 2005 after th& Meeting

of the Conference of the Contracting Parties. mytihe preparation of this ECD an
assessment of the Muir-Byenup System Ramsar sdestgeach of the nine Ramsar
Criteria was undertaken. Based on an analysithefalvailable data this assessment
determined whether the Criteria for listing werd shlid and whether any new criteria
now applied. This analysis indicated that theinaRamsar Criteria still applied to the
Ramsar site and the justification for each critetas been revised. Two new criteria (1
and 3) have also been added.

The Muir-Byenup System Ramsar site, nominated i@12@urrently meets six of the
nine Criteria for listing as an internationally iorpant wetland, as described in Table 3.

13



Table 3. Criteria for Identifying Wetlands of International Importance.

Bold criteria refer to

criteria currently met by the Muir-Byenup System Ramsar site.

Number

|  Basis

| Description

GROUP A: SITES CONTAINING REPRESENTATIVE, RARE ORNIQUE WETLAND TYPES

Criterion 1

A wetland should be considered internsionally important if it
contains a representative, rare or unique examplefoa natural or
near-natural wetland type found within the appropriate
biogeographic region.

Justification: The Ramsar site is an excellent example of a wet
complex in a relatively undisturbed condition ire tSouth-West Coag
Australian Drainage Division (Environment Austrak®01). The pea
based wetlands within the site are rare in Westarstralia (Departmen
of Environment and Conservation 2008; Environmeunstfalia 2001) ang
they are also recognised as the most outstandexg@e in south-wester
Australia (Wetland Research and Management 2005).

D&H,-g.'_'_m

GROUP B:
DIVERSITY

SITES OF

INTERNATIONAL IMPORTANCE FOR COHRRKVING BIOLOGICAL

Criterion 2

Species and
ecological
communities

A wetland should be considered internationally impaant if it
supports vulnerable, endangered or critically endagered species of
threatened ecological communities.

Justification: The Ramsar site supports a number of speciesl ligtder
the Commonwealth Environment Protection and Biodiversi
Conservation Act 1999EPBC Act). Populations of three wetla
dependent orchid€aladenia christineaeCaladenia harringtoniaeand
Tall Donkey Orchid Diuris drummondii)occur on the margins of Lak
Muir and elsewhere in the Ramsar site. These dschire listed a
Vulnerable under the EPBC Act and inhabit seasgmiallndated areas d
wetland margins.

The Ramsar site supports the freshwater fish speBaston’s Pygmy
Perch Nannatherina balstoj which is listed as Vulnerable under t
EPBC Act. The Ramsar site also supports the Alasien Bittern
(Botaurus poiciloptiluy which is listed as Endangered under the 1U
Red List. In Western Australia, the AustralasiatieBn population is now
much restricted, with the largest concentratiorugid to occur within the
Ramsar site (IUCN 2008).

ty
nd

= Y

CN

Criterion 3

Species and
ecological
communities

A wetland should be considered internationally impdant if it
supports populations of plant and-or animal speciesmportant for
maintaining the biological diversity of a particular biogeographic
region.

Justification: Peat and primary saline wetlands at the site st
endemic species and populations of plant and arsp®ties important fo
maintaining the biodiversity of the South-West Goasstralian Drainage
Division.

The site includes 21 ‘priority taxa’ listed by th&estern Australian
Department of Environment and Conservation, inclgdéndemic plan
taxaEryngiumsp. Lake Muir andlribonanthessp. Lake Muir. Astartea
sp.Lake Muir is also endemic to the site. The majooit the population
of Wurmbeasp. Cranbrook also occurs at the Ramsar site.

The Muir-Byenup System Ramsar site supports sithefeight endemig
south-western Australian freshwater fish specietuding; the Wester
Pygmy Perch Edelia vittatd, Balston's Pygmy PerchNannatherina
balston), Nightfish Bostockia porosg Western Minnow Galaxias

po

=

[
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occidentali$, Black-striped Minnow Galaxiella nigrostriatd and Mud
Minnow (Galaxiella munda The Ramsar site also supports a number of
important macroinvertebrate taxa, including 32 enidetaxa (Storey

(1998).
Criterion 4 Species and| A wetland should be considered internationally impdant if it
ecological supports plant and animal species at a critical sge in their life cycles,

communities | or provides refuge during adverse conditions.

Justification: The Muir-Byenup System Ramsar site supports thuis
of Australian ShelducksT@dorna tadornoidésduring their moulting
phase. The Ramsar site supports breeding of LBtfeern (xobrychus
minutug, Spotless CrakéPorzana tabuensjsAustralasian Bittern, Blac
Swan Cygnus atratusand Eurasian CooF(lica atra). The Ramsar site¢
is also used as a drought refuge by tens of thaissahwaterbirds and
supports 10 species identified under internationajratory agreement
(CAMBA, JAMBA, ROKAMBA and CMS).

D

o

Criterion 5 Waterbirds |A wetland should be consideed internationally important if it
regularly supports 20,000 or more waterbirds.

Justification: Up to 52,000 waterbirds (1989) have been countddike
Muir during periods of high water levels. Althougihere is no
comprehensive data available on waterbird numbecg 4989, it is likely|
that the Ramsar site is still capable of regulalypporting more than
20,000 waterbirds as there has been no major chiangater depth o
salinity. Annual data on water depth, over a 2&rygeriod, suggests that
conditions were suitable for use by 20,000 watesbiat least several
times over this period.

Criterion 6 Waterbirds |A wetland should be consideed internationally important if it

regularly supports 1% of the individuals in a popuktion of one
species or sub-species of waterbird.

Justification: The Ramsar site supports at least five, and plgssib to
10, Australasian Bitterns, which exceeds the 1%ufaijon thresholds for
south-western Australia (Wetlands International 800 Although, no
comprehensive counts have been made since 199%, tizs been n
major change in water quality or wetland vegetatibthe site, suggestin
that conditions remain suitable to support 1% of touth-westerm
Australian population. The site also contains ¢tbee component of a
wider suite of wetlands that constitutes one offthe remaining refuges
for the south-western Australian population of Aaltsian Bitterns.

Qo ©

Criterion 7 Fish A wetland should be considere@rimationally important if it supports fa
significant proportion of indigenous fish subspsegispecies or families,
life-history stages, species interactions and-oputetions that are
representative of wetland benefits and-or valuekthereby contributes tp
global biological diversity.

Criterion 8 Fish A wetland should be considerecerimationally important if it is an
important source of food for fishes, spawning gbunursery and-of
migration path on which fish stocks, either withihe wetland or
elsewhere, depend.

Criterion 9 Other taxa A wetland should be congdeinternationally important if it regularl
supports 1% of the individuals in a population efeospecies or sul
species of wetland-dependent non-avian animal epeci

<
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Additional criteria may also be applicable, howewatmpresent there is insufficient data to
adequately justify their inclusion. Criteria 7 aBdcould be considered, as the Muir-
Byenup Ramsar site currently supports six of tigateendemic south-western Australian
freshwater fish species including; the Western Ryd®erch, Balston’s Pygmy Perch,
Nightfish, Western Minnow, Black-striped Minnow aktiid Minnow. However, further
investigation is required to determine if the siteets the criteria in terms of supporting a
significant proportion of indigenous fish specig®gulation size) or life history stages
and whether or not the site is important for figbcks in terms of breeding and
migration. Criterion 9 may also be applicable enns of endemic macroinvertebrates,
however, this will be dependent on obtaining rdéakational population estimates.
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3. MUIR-BYENUP SYSTEM RAMSAR SITE CRITICAL COMPONENTS AND
PROCESSES

This section identifies, describes and where ptessiduantifies the critical ecosystem

components and processes of the site. These araspects of the wetland ecology

which, if significantly altered, would result inchange of ecological character.

3.1 Wetland ecology drivers

Climate and geomorphology determine the locatioa efetland within the landscape,
the type of wetland and its’ hydrological regimeThe hydrological regime then
influences wetland biota and the chemical proceasdscomponents. Figure 7 shows
how the key drivers of wetland ecology, climate aygbmorphology, interact with
wetland hydrology and physical, chemical and bimalgcomponents.

Hydrology
< e
2 LAl Inflowes, outflows Al
Z e i connactivity
Time
’I,(f::f /
Climate

¥

Physical and
Chemical Components

S

Direct Effact
B —

Blotic Feedback
—_—

Figure 7. Conceptual model of wetland ecology (t@h from Hale and Butcher 2007; adapted from
Mitsch and Gosselink 2000)

3.2 Critical ecosystem components and processes

Table 4 presents a summary of the critical ecosystemponents and processes of the
Muir-Byenup System Ramsar site. These critical ponents and processes are
discussed in detail in the following sub-sectionBue to the complexity of the site,
components and processes, except for geomorphalogyhydrogeology, are separated
for Lake Muir and the Byenup Lagoon System (Byehagoon, Tordit-Gurrup Lagoon,
Neeranup, Mulgarnup and Poorginup Swamps).
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The critical components and processes are quahtifibere possible to assist in
understanding the natural variability of the Ramsiée. The identification of critical
ecosystem components and processes also contritutestting limits of acceptable
change (Section 8), identification of knowledge gaf®ection 9) and monitoring
requirements (Section 10).

The critical ecosystem components and processethdéoMuir-Byenup System Ramsar
site have been determined in accordance witliNéit@nal Framework and Guidance for
Describing the Ecological Character of AustraliaarRsar wetland¢Department of the
Environment, Water, Heritage and the Arts 2008).he Tcritical components and
processes have been identified as they:

» are important determinants of the site’s uniqueattar

» are important for supporting the Ramsar Criterirafbich the site is listed

» are likely to change over short or medium timees#k100 years)

» will cause significant negative consequences ihgeaoccurs.

Climate, geology and hydrogeology- are considered the overarching components that
influence all aspects of the ecosystem.

Hydrology — directly influences the biota and habitat of Remsar site, including flora
and fauna that support the listed Ramsar Crit@ifeanges to the hydrological regime will
have adverse consequences for the ecological ¢earddhe site.

Water quality — is important in providing suitable conditionsr flora and fauna,
including waterbirds, fish and macroinvertebratest support the listed Ramsar Criteria.
Biota — form the foodweb and support the listed Ramsée@. Changes to the biota
and foodweb will have wide ranging impacts on tbelegical character.

The interactions between the critical ecosystem pmmants processes, benefits and
services are provided in Section 6.

Table 4. Ecosystem components and processes of keir-Byenup System Ramsar site

COMPONENT SUMMARY DESCRIPTION
Geology Tertiary alluvial flats (Lake Muir) and Teary plateau and flat (Byenup
Lagoon system).
Hydrogeology Fresh to saline groundwater (0.5-90 gpminated by NaQl

Soluble iron concentrations up to 100 rifgh aquifers.

Groundwater pH 5.2 to 6.3. Acidity is due to sdéuimetals.

Potential acidity is present in the form of pyrfteetallic sulfide), identified
in sedimentary and fractured or weathered bedrqokexs.

Lake Muir

Hydrology Regionally, a major sink for groundwatend surface water flows and |is
almost exclusively internally draining.

Inflow from artificial channels and Mulgarnup Swammpmplex.
Lake Muir (seasonal) is a naturally saline wetlardl acts as a shallow
evaporating basin (dry for 9 out of 10 years 19088).
Surface water area and depth varies seasonally.

Water quality Saline (0.58-96 ppt).
pH 6.2-9.9. Lower pH is associated with low wadéwels.

Flora (habitat) Salt tolerant macrophyteRuppia polycarpa Lepilaena cylindrocarpg
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Crassula helmsjiCotula coronopifolia Triglochin proceraandZygnemasp.
Fringing vegetation includesGahnia trifida sedgelands, low shrublang

elevations.

Notable flora includes wetland dependent orchi@alddenia christineag
Caladenia harringtoniaeand Diuris drummondii) and restricted specie
includingLilaeopsis polyantha

Aquatic invertebrates

No information available.

Fish

No information available.

Frogs and reptiles

No comprehensive surveys. ltelbe rich in reptile fauna due to th
presence of open woodland with sandy soils. Thdor@p Tortoise
(Chelodina oblongphas been recorded at Tordit-Gurrup and is likelye
common throughout the wetlands. Tiger Snakéstéchis ater also occur
(Department of Conservation and Land Managemen8)L98Iso likely to be
rich in frogs.

Mammals

Lake Muir is believed to contain many of gpecies found in the adjace
Perup Forest including Woylies Béttongia penicillaty Numbat
(Myrmecobius fasciatusind Chuditch Dasyurus geoffro)i (Department of
Conservation and Land Management 1998). Lake Blaw contains suitabl
habitat for the Boodie (or Burrowing BettonBettongia lesuegrand the
Dalgyte (or Bilby,Macrostis lagotiy (Department of Conservation and La
Management 1998). It is also possible the sematiquWater Rat
(Hydromys chrysogasteoccurs here (Department of Conservation and L
Management 1998).

Waterbirds

Up to 52,000 waterbirds were countedlae Muir in March 1989, the mosg
abundant species were Pacific Black Dugkds superciliosaip to 18,450),
Grey Teal Anas gracilis16,000), and Eurasian Coétulica atra9,630). Six
species of migratory shorebirds also use Lake Mugtuding Red-necked
Stints Calidris ruficollis up to 517 in November 1985), which is listed as
Migratory under the EPBC Act (CMS, CAMBA, JAMBA, diROKAMBA).
Water depth data suggests that conditions arebdelita regularly support
20,000 waterbirds.

Lake Muir is used as a drought refuge by large remnbf waterbirds and fo
breeding by Black Swans, Silver Gulls and AustialShoveler.

Byenup Lagoon Syste

m

Hydrology

Fresh to saline conditions (also seasoyeles).
Byenup Lagoon overflows when full into the arearsunding Mulgarnup

join when flooded and overflow into Tordit-Gurrumdgioon. Tordit-Gurrug
Lagoon and Neeranup Swamp overflow into Byenup bago
Surface water area and depth of wetlands variesosally, Coorinup Swam

fresh when flooded out and then re-saturates fredingents (primary salin
lake).

permanent and minor swamps are inundated or wgtggbb only in winter-|
spring. Areas of peat in Byenup, Tordit-Gurrup andorginup dry ou
seasonally.

Water quality

to saline with increased salinity in summer (To@itrrup Lagoon 0.65-15.
and Byenup Lagoon 1.38-42.2 ppt).
Poorginup Swamp is acidic (pH 5-6.6). Other watkapH 7-9.

(samphires), and wetland scruMglaleuca viminea, M. cuticularis, M.
rhaphiophylla and M. densa. Eucalyptus occidentali®ccurs at higher

Swamp, but bypasses the swamp itself. Mulgarnup Roorginup Swamp

D
acts as a shallow evaporating basin. However, iGoprSwamp becomes
a)

Byenup Lagoon is permanent, other wetlands are gmemt or neaf
Poorginup Swamp is fresh (0.1-1.6) ppther wetlands range from brackish

Nutrient concentrations are related to water leagld concentration effects

s

ne

and

o

as well as drying out of peat. Wetlands do nogbelas eutrophic.
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Flora (habitat)

Macrophytes includéllarsia submersandSchoenus natans.
Fringing vegetation include®aumeasedgelandsMelaleuca rhaphiophylla
M. lateritia and Astartea leptophylla, Taxandria juniperirghrublands with
Jarrah/Yate oE. rudiswoodlands at higher elevations.

Aquatic invertebrates

DeHaan (1987) recorded 10&riebrate taxa in Tordit-Gurrup Lagoo

Byenup Lagoon and Poorginup Swamp. Eight speciese wommon
between wetlands. Tordit-Gurrup Lagoon had thehésg richness (6
species) and Poorginup the lowest (39 species) éaaHL987). Insect
accounted for 73% of total invertebrates.
Species richness in Tordit-Gurrup and Byenup Lagodecreases in Apr
(low water levels and increased salinity). Speasinterest include 11
Hydracarina taxa (watermites) (six in Poorginup Bwg including
Pseudohydryphantes doegi, Acercella poorgjnupuitfeldtia sp. and
crustacean€herax preissiandC. quinquecarinatus.

Storey (1998) found 219 taxa, 32 known to be endetmi south-westermn

Australia. Greatest numbers of endemic species Vimred in Poorginup

Swamp. At least 78 species of ostracods and cajzepere recorded, with

six ostracods and one cyclopoid only known in theirNUnicup area. New
species were recorded within the Rotifera and Glado families and twg
new species of dytiscid water beetfternopriscussp. nov. andAntiporus

pennifoldae were also found. Hygrobia wattsii sp. n (Coleoptera;

Hygrobiidae) found in Byenup Lagoon appears to dmtricted to peatlan
swamps/lakes and is likely to be impacted by digenand increased salinit
(Hendrich 2001).

Fish

7 fish species, including 6 endemic to soudstWWA (Western Pygmy
Perch, Balston’s Pygmy Perch, Nightfish, Westerniéiw, Black-stripe
Minnow and Mud Minnow) and introduced MosquitofisRoorginup Swamg
had the greatest number of native fish specieb(®wed by Mulgarnup
Swamp (4). Black-stripe Minnow and Mud MinndgRoorginup Swamp) an
Balston’s Pygmy Perch (Mulgarnup Swamp) are rdsilito south-west WA
Balston’s Pygmy Perch is listed as Vulnerable uridefEPBC Act, Black-
stripe Minnow and Mud Minnow are listed as LowesIRinear threatened
(IUCN Red List, 2009).

Frogs and reptiles

No comprehensive surveys, likelybe rich in reptile fauna due to th
presence of open woodland with sandy soils. Thiem@pbTortoise has bee
recorded at Tordit-Gurrup and is likely to be conmmthroughout the
wetlands. Tiger Snakes also occur (Department mfs€rvation and Lan
Management 1998). Also likely to be rich in frogs.

Mammals

The Byenup Lagoon System is believed tdatomany of the species foun
in the adjacent Perup Forest including Woylies, amand Chuditch
(Department of Conservation and Land ManagemenB)L99 he site alsd
contains suitable habitat for the Boodie and D&gyid it is also possible th
semi-aquatic Water Rat occurs (Department of Ceasen and Land
Management 1998).

Waterbirds

Tordit-Gurrup is used as a drought refog large numbers of waterbird
Open water is important for Australian Shelducktheir moulting phase
(over 12,000 in December 1992). Non-vegetated Hesaof Tordit-Gurrup
Lagoon and Byenup Lagoon provide habitat for waddusks and swans.
Poorginup Swamp, and Byenup and Tordit-Gurrup Lagocontain critical
habitat for Australasian Bitterns.

Little Bittern, Spotless Crake, Australasian Bittgr Black Swans an
Eurasian Coots breeding has been confirmed withen Byenup Lagoor
System. Local knowledge suggests Grebes, SwampieHaBlue-billed

Duck, Cormorants, Sea-eagles and Spoonbills alsedorat the site (H.

Taylor, pers. com.).
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3.21 Geology

Smith (2003) has summarised the geology of the yenup System Ramsar site. The
Ramsar site overlies the Proterozoic Albany-Fr&egen, between the Pemberton and
Northcliffe Faults (Figure 8). The Northcliffe Hawlivides the Albany-Fraser Orogen
into the northern Biranup and southern Nornalup mlemes. The Northcliffe and
Pemberton faults are associated with an east-westlihg shear zone between the
Archaean Yilgarn Craton (north-east of the Ramga) and the Albany-Fraser Orogen.

In the Proterozoic Albany-Fraser Orogen, the nortligranup Complex is an intensely

deformed metamorphic belt of layered gneissic rodtsaracterised by pronounced
layering and high total magnetism (Myers 1995). e T8outhern Nornalup Complex

consists of granitic orthogneiss and paragneisghwdre less deformed than rocks in the
Biranup Complex, intruded by a large volume of gen These Proterozoic granitic

rocks are also associated with migmatites. Mayiked are also present in the Albany-
Fraser Orogen.

Cainozoic sediments overlie Precambian basemeks riacthe area, many of which are
associated with paleodrainages, active in the Sier&etaceous (213-65 million years
ago (ma)), but possibly dating from the Permiar6¢283 ma) (Smith 2003). In the late
Eocene (42-<38 ma), prior to the Eocene marinestyassion which extended Bremer
Basin sediments northwards, these channels bedagged by mainly fluvial sediments

of the Werillup Formation.

The Eocene transgression (Tuketja transgressiod) sarmbsequent regression (Late
Tertiary <38 ma) may have been due to sea levehgdm resulting from global
interruption of subduction and from plate edgetslrerebound and sag, arising from
separation from Antarctica. Sediments from thdifkg) Formation have been found east
of Unicup Lake, however they have not been foundhm Ramsar site, likely due to
extensive erosion. Tuketja transgression left sprdead thin sediments at up to 300 m
AHD which formed various geological units throughterisation. As early as the
Oligocene, southward tilting of the RavensthorpenRded to partial dissection by new,
relatively short, south-flowing drainages.

Table 5 describes the origin, geologic and geonuggical characteristics and

stratigraphy and soils of the Muir-Byenup SystemmBar site (V & C Semeniuk
Research Group 1997).
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Table 5. Wetland suites of the Muir-Byenup SysterRamsar site (V & C Semeniuk Research Group

1997).

Muir Suite

Geologic/geomorphic
framework

Tertiary alluvial flats (Young Basin, isolated exation structure in Old Basin)

Wetland description

(@)

Megascale sumpland (Lake Muir), sumplands, seasfsaahwater leptoscale t
microscale creeks; vegetation bacataform (periploesger; mottled vegetation).

Stratigraphy

Underlain by a range of substrates. Eastern amthera sides of Lake Muir ar,
underlain by cream sand overlying mottled grey/greandy mud overlying mottle
orangel/yellow/grey mud overlying green muddy sand tepth of 1 m. Sumplarn
margin on western side composed of grey clay uagely a layer of white coars
sand to a depth of 1.5 m. Sediments underlyinglawds of the dune/swal
sequence are alternately quartz sand and gravaelytz with grains of CaCo
Creeks are underlain by a layer of humic sand givegimottled orange/grey muddy
sand overlying mottled sand with ferricrete nodules

O D ®

Origin of wetland

Lake Muir is a basin formed by geomorphic processssnging to a former arigd
period. At the time of its initial formation, unidtion in the plateau terrain in the
area, intersected the regional saline water tdbteing a wetland depression. This
basin was enlarged by salt weathering of the margaombined with aeoliap
deflation. The contact zone of the large basinhwilie older plateau surfage
underwent rill and creek erosion, resulting in dagje lines down the slope. Todgay
the basin continues to be a window to the wategtabl

Byenup Suite

Geologic/geomorphic
framework

Tertiary plateau and flat (Old Plateau and Old Bgasi

Wetland description

Lakes, sumplands, damplands, flats and severall scelke creeks. Microscale 1o
macroscale wetland basins which are rounded, sulidierd and ovoid, freshwater to
hyposaline; vegetation varies from complete to Ipageripheral cover. Freshwater
floodplains; vegetation maculiform (patchy coventtied vegetation).

Stratigraphy

Basins are underlain by peat or peaty sand ovet, ssrunderlain by peat over black
mud (clay) over sand, or underlain by peat or peatyd over cream/orange mottled
muddy sand (saprolite) with nodules of lateritelodélplains underlain by either
white sand over laterite or saprolite over laterite

Origin of wetland

Many of the basins are surrounded by beach ridugisdting a period of aridity i
the history of the wetlands. T
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3.2.2 Hydrogeology

This section presents results from a groundwategsiigation program undertaken by
DEC (unpublished, M. Smitlpers. conj.

Groundwater is present in two distinct hydrogeatagisettings in the Muir—Byenup

wetland system. These are the hard rock AlbangdfrBrovince, and the Late Eocene
sediments of the Eucla Basin, which overlies thbaAl—Fraser Province. The three
aquifers are the thin surficial aquifer, the seditaey aquifer and the fractured or
weathered bedrock aquifer.

The unconfined surficial aquifer is comprised ofir@aoic alluvial, colluvial, and
lacustrine sediments that overlie both the sediargnaquifer and the fractured or
weathered bedrock aquifer. Figure 9 shows a diagnatic cross section of the Lake
Muir paleochannel (after De Silva 2003) with typis&ratigraphic profiles for the Muir-
Byenup catchments (Smith 2003).

sSw NE

lake
evaporation

Legend 1-5 Type of stratigraphic profile

|:| Alluvium Gravel —— = Groundwater movement
I:‘ Clay :‘ Granitoid bedrock; Saprock

Sand ——-% \Watertable

Approd 10m

Aepose 10km
Vertical and Horizonial scalas SO LUZEI15 0008 mir] vl

Figure 9. Diagrammatic cross section of the Lake Mr paleochannel (after De Silva 2003) with
typical stratigraphic profiles for the Muir-Byenup catchments (Smith 2003).

The sedimentary aquifer is comprised of fluvial iseghts correlated with the Late
Eocene Werillup Formation. This aquifer is mosthnfined by the surficial aquifer, but
where exposed on the surface it is unconfined. sBd@ments consist of interbedded dark
grey to black carbonaceous clays, carbonaceous aill medium to coarse grained
quartz sand.

The aquifer is laterally extensive in the catchreend is developed over fresh granite and
gneiss. Within the valley and plains this aquigeoverlain by either the sedimentary or
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surficial aquifers. On the slope and crests d§iiie aquifer tends to be the upper most
aquifer and is capped by an situ ferruginous duricrust (commonly referred to as
laterite).

The Muir-Byenup System Ramsar site is part of allsim@rnally draining groundwater
basin and has groundwater TDS values ranging frétht6 90,000 mgt: (0.5-90 ppt)
(seawater ~35,000 mdi. 35 ppt). The groundwater flow direction chandesm
southwest (in the north of the area) to west amthmest in the south of the area. Where
the groundwater flows converge, the chain of weldaexist. Groundwater is mostly
discharged as evaporation through Lake Muir.

Groundwater in the catchment is marine in origid #ms is reflected in the sedimentary
aquifer where the water chemistry is dominated &gitsn and chloride ions. In the
aquifer, calcium and sodium ions make up about 8R®4he major cations with
magnesium making up the remaining 20%. Chloridsilsthe major anion. In all three
aquifers nitrate is generally less than 2 mglHigh levels of dissolved iron are present
with the soluble iron concentrations ranging froefow detection to about 100 mgL

The groundwater has mostly a net alkalinity, batugidwater with a net acidity (acidity-
alkalinity) has been identified with pH values beem 5.2 and 6.3. The acidity is due to
soluble metals such as iron, manganese and at ldwauminium. Where this
groundwater discharges on the surface, aluminium pnecipitate as alunite and iron as
jarosite or natrojarosite, and the pH values falbetween 2 and 4. Potential acidity is
present in the form of pyrite (metallic sulfidejatthas been identified in the sedimentary
and bedrock aquifers.

3.2.3 Surface hydrology

The Lake Muir-Unicup catchment is approximately 6@’ and shares imprecise

boundaries with the south-flowing drainages of Thee, Deep and Frankland rivers
(Smith 2003). Lake Muir, at approximately 41 kia the largest surface waterbody in
the catchment, and is almost exclusively internahaining (Smith 2003). Other

wetlands overflow to downstream wetlands or watgsasuch as the Tone or Frankland
rivers (Smith 2003). Water is derived from mineasonal streams of up to 5 km long
within a surface catchment that covers about 38t&B0(Department of Conservation and
Land Management 2003). There are also a humbeomdtructed channels that drain
adjacent farming land and divert runoff into wetlanor directly into the Tone River

(Smith 2003).

Depending on rainfall, evaporation and groundwatemectivity, wetlands in the Muir-
Unicup catchments are either; permanent or ephénmatarally fresh, naturally saline or
seasonally alternating (Smith 2003). These weHarah belong to groundwater systems
overlying poorly conductive clays or they may bendows’ to deeper regional aquifers,
depending on their position in the landscape (S20B3).
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The Lake Muir-Unicup catchment has been dividednmfially into a number of sub-
catchments, including: Lake Muir, Unicup and Yarrig&mure 10) (Smith 2003).

The Lake Muir catchment (370 Kjris a large flat area of internal drainage coirgisof
small to very large permanent and intermittent $ak@vamps and floodplains (Smith
2003). Surface water flows for the Muir-Byenup 8ys Ramsar site are shown in
Figure 11. Lake Muir is a major sink for grounderaand surface water in the region
(Smith 2003). Very infrequent overflow from LakeuM drains southwest through
swamps into the Deep River (Smith 2003). Inflowfate water is channelled into Lake
Muir from the north and east. From the north, wagaters via artificial channels
associated with peat mining activities (Departmeft Conservation and Land
Management 2003), which run beyond Red Lake thrd@mgverup Swamp (Smith 2003)
(Figure 11). On the eastern side of Lake Muidpwfenters at Mulgarnup Bridge fed by
the Mulgarnup Swamp complex (Smith 2003) (Figurg 11

Flows into the Mulgarnup Swamp complex, from untter Muirs Highway, originate
from three distinct sources; Pindicup Creek, Deca@peek and Noobijup Creek (Smith
2003). The Mulgarnup Swamp complex is also feBipgnup Lagoon, which overflows
to the north annually when full (Smith 2003) (Figutl), although Mulgarnup Swamp
itself is bypassed (R. Hearn, pers. com.). Bydragoon is fed by average to wet years
overflow from southern Tordit-Gurrup Lagoon and Nemip Swamp (Smith 2003)
(Figure 11).

Byenup Lagoon, Tordit-Gurrup Lagoon, Poorginup Swar@eordinup Swamp and
Neeranup Swamp are naturally freshwater wetlandslew ake Muir and Coorinup
Swamp are naturally occurring saline wetlands. elL&kir and Coorinup Swamp act as
shallow evaporating basins, drying up to salt pansummer (Smith 2003). Coorinup
Swamp is periodically freshened when flooded before-saturates with salts from the
regolith (R. Hearn, pers. com.). Byenup LagoonditeGurrup Lagoon and Poorginup
Swamp are peat swamps, formed by climatic condifieery slow water movement and
a shallow lake basin, and strongly influence wateality by providing an effective filter
and buffering capacity (Department of Environmerd &onservation 2008).

The Muir-Byenup System Ramsar site possibly coatéd to the maintenance of
groundwater in surrounding areas, however littl&knswn on the interactions between
shallow and deep groundwater systems and groundvwaéeactions with surface water

systems (Department of Conservation and Land Manage2003). These are currently
being investigated (Department of Conservation badd Management 2003). Smith
(2003) suggested that due to permeable lake fledmsents and/or large areal extent,
wetlands in the Ramsar site were likely to haveugdwater flow-through regimes,

although some could exhibit seasonal dischargedararge regimes.
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Figure 11. Surface water flows for the Muir-ByenupSystem Ramsar site.

Water levels

Surface water area and depth of wetlands in soeft-WVestern Australia varies
seasonally, with water levels rising in winter asioking and falling in summer and
autumn (Lane and Munro 1982). Mean annual watpthddata for the Muir-Byenup

System Ramsar site have been obtained from the ribegra of Environment and

Conservation (unpublished data from J. Lane, DEO820 This data is part of a
monitoring program of wetlands in WA in which watguality parameters have been
measured at least twice yearly for Lake Muir, Byeruagoon, Tordit-Gurrup Lagoon

and Poorginup Swamp since the late 1970s. Meanahmata are presented up until
2008 to allow determination of trends since list{@§01) and in context with historical
variation. Statistical analyses were also underiao determine significant differences
between years (One-way ANOVA).

Lake Muir

Lake Muir is often dry in autumn (nine out of the thst years 1998-2008) (R. Hearn,
pers. com.) and the maximum mean annual depth dedosince 1978 is 1.3 m
(November 1988) (Department of Conservation anddL&tanagement 2003) (Figure
12). Differences in mean annual depth betweensy&are highly significant (P<0.001).

Between 1988 and 2005 conditions were generallytewednd fringing vegetation

communities were flooded at peak levels in 1988naak not been flooded regularly since
(Froend and Loomes 2001). However, there has beesignificant change in mean
annual water depth at Lake Muir since the timastirnlg (2001).
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Figure 12. Mean annual depth for Lake Muir 1979 t02008 (unpublished data from J. Lane, DEC
2008).

Byenup Lagoon System
In the Byenup Lagoon System, differences in meamuahnwater depth between years
were significant for all three wetlands (P<0.001).

Byenup Lagoon is permanent (Department of Conservaind Land Management 2003)
with water levels varying between 0.4-2.8 m (Figd/®). Peat in Byenup Lagoon,

comprising one third of the total surface areaeslut in summer months when the
watertable drops (DeHaan 1987). Depth in Byenugoba was generally higher

between 1989 and 2000 compared to the periods 1988; and 2001-2007, with 1987
and 1988 having the lowest water depth (1.5 m)uifeid.3).

Tordit-Gurrup Lagoon has also never dried up duthmgperiod of records (Department
of Conservation and Land Management 1998) with nmeeamual water depths ranging
between 0.15-3.1 m. Peat in Tordit-Gurrup Lagamep about one third of the total
surface area, dries out seasonally while open watarins, fluctuating between 1.7 to
2.9 m (DeHaan 1987). Water depths at Tordit-Guiragoon have remained relatively
constant throughout 1977 to 2006, with the exceptibdrier years in 1987-88, 1995 and
2007 (Figure 13).

Historically, Poorginup Swamp, which is entirel{idd with peat, dried out annually
between March and May (DeHaan 1987). Artificiahids installed in the wetland
adjacent to Poorginup Swamp have reduced watetsldye0.5-0.75 m, altering local
hydrological systems and indirectly causing Poargiswamp to dry out more rapidly
than other wetlands in the Ramsar site (R. Hears. gom.). Mean annual water depths
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vary between 0-0.72 m and are significantly diffédeetween years, with lower depths in
1987 and 2007 (Figure 13).

Other wetlands are permanent or near permanentramol swamps are inundated or

waterlogged only in winter-spring (Department ofnServation and Land Management
2003).

Water depth for all three wetlands is highly valgabetween years, however, there has
been no significant change in mean annual watethd@pce the time of listing (2001).
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3.24 Water quality

Mean annual water quality data for the Muir-ByerfBpstem Ramsar site have been
obtained from the Department of Environment and<@ovation (unpublished data from
J. Lane, DEC 2008). This data is part of a momtpprogram of wetlands in WA in
which salinity and other surface water quality paegers have been measured at least
twice yearly for Lake Muir, Byenup Lagoon, TorditiBup Lagoon and Poorginup
Swamp since the late 1970s. Mean annual datarasemed up until 2008 to allow
determination of trends in water quality sinceitigt(2001) and in context with historical
variation. Trends for each parameter and any fsigmt changes since listing are
discussed. Statistical analyses were undertakedetermine significant differences
between years (One-way ANOVA). Results from thasalyses are also discussed for
each parameter.

Seasonal water quality data for wetlands samplédinvthe Byenup Lagoon System by
Wetland Research and Management in 1996/97 and@0@38e also discussed (Wetland
Research and Management 2005). These resultsaatnoé a study aiming to assess the
nature conservation values and physicochemistryvetfands within the Lake Muir-
Unicup Wetland Complex Natural Diversity Recovemgtéhment.

ANZECC/ARMCANZ 2000 guidelines for protecting agigatcosystems in south-
western Australia are shown in Table 6 and fomgglin Table 7. Thesguidelines are
used within this ECD as a guide only and to providatext, as they are generally not
applicable within the Muir-Byenup System Ramsae.siFor naturally occurring saline
wetlands such as Lake Muir and Coorinup Swamp (52003), and peat based wetlands
in the Byenup Lagoon System, ANZECC guidelineswater quality are not appropriate
due to the seasonal drying and concentration sffedtor example, drying of peat
releases nutrients, particularly organic nitrogeeHaan 1987). Indicator species such as
fringing vegetation and macroinvertebrates may jple@wseful guidelines for water
guality (see Section 7).

Table 6. Default trigger values for physical-chensitry stressors for slightly disturbed ecosystems,
applicable to south-west Western Australia. TP =dtal phosphorus, FRP = filterable reactive
phosphate, TN = total nitrogen, NOx = oxides of nibgen, NH," = ammonia, DO = dissolved oxygen
(ANZECC/ARMCANZ 2000).

Ecosystem TP FRP TN NOXx NH," DO % pH
Type mgL? | mgL™® | mgL? | mgL™? | mgL™ saturation®
Lower Upper | Lower | Upper
Lakes and 0.01 0.005 | 0.35 0.01 0.01 90 No | 6.5 8.0
Reservoirs data
Wetlands 0.06 0.03 15 0.1 0.04 90 120 7.0 8.5
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Table 7. Default trigger values for conductivity EC, salinity) for slightly disturbed ecosystems in
south-west Western Australia (ANZECC/ARMCANZ 2000).

Ecosystem type Salinity Explanatory notes
puScm™ ppt*
Lakes, reservoirs 300-1500 0.16-0.82 | Values at the lower end of tirge are observed
and wetlands during seasonal rainfall events. Values even highe

than 1,500 uS/cm are often found in saltwater lgkes
and marshes. Wetlands typically have conductiyity
values in the range of 500-1,500 uS/cm over winter.
Higher values (>3,000) are often measured| in
summer due to evaporative losses.

*ppt was approximated using a conversion factdk @Scm' = 0.0005 ppt

Table 8 presents a summary of water quality rarffgesimum and maximum annual
values for the period 1977-2008 for salinity, Tadald soluble N and P, and pH) for all
wetlands within the Muir-Byenup System Ramsar @itepublished data from J. Lane,
DEC 2008). Further discussion of each parametiwe in the sections below.

Table 8. Summary of water quality ranges (minimumand maximum annual values for the period
1979-2008) (depth, salinity, total and soluble N @hP, and pH) for all wetlands within the Muir-
Byenup System Ramsar site (unpublished data from Lane, DEC 2008).

Water quality Byenup Lagoon System
parameter Lake Muir Byenup Lagoon Tordit-Gurrup Poorginup

Lagoon Swamp

Salinity (ppt) 0.58 - 96 1.38-42.2 0.65 - 15.2 101.6

Total N (mgL?) 0.58-5.8 1.3-35 1-2.6 0.63-1.7

Soluble N (mgL®) 0.4-47 0.96 - 3.3 0.77-2.2 047-1.4

Total P (mgLh) 0.005 - 0.65 0.005-0.11 0.005 - 0.02 0.005360.

Soluble P (mgL) 0.005-0.1 0.005 - 0.07 0.005 - 0.09 0.00510.1

pH 6.2-9.9 6.8-9.3 6.9-9.3 46-83

Salinity

Lake Muir

Lake Muir is a naturally occurring saline wetlanttiag as a shallow evaporating basin
(Smith 2003). Mean annual salinity is presented lfake Muir from 1979 to 2008
(unpublished data from J. Lane, DEC 2008) (Figute 1Salinity (ppt) ranged from 0.58
to 96 ppt. Differences in salinity between yeamravnot statistically significant, and
there is unlikely to have been any change in eccddbgharacter due to changes in
hydrology from surrounding land uses.
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Figure 14. Mean annual surface water salinity folLake Muir 1979 to 2008 (unpublished data from
J. Lane, DEC 2008).

Byenup Lagoon System

Coorinup Swamp is a naturally occurring saline amdl acting as a shallow evaporating
basin (Smith 2003). Byenup Lagoon, Tordit-Gurrupgbon, Poorginup Swamp,
Geordinup Swamp and Neeranup Swamp are natur@ghvrater wetlands (R. Hearn,
pers. com.). Byenup Lagoon is mostly fresh onlestern margins wherBaumea
grows, while the open water ranges from brackistsabne (R. Hearn, pers. com.).
Salinisation of Byenup Lagoon has been attributedecondary salinity (Storey 1998)
but may also be part of natural salt-cycles (R.rHgpers. com.). Tordit-Gurrup Lagoon
is not as saline as Byenup Lagoon, due in part lexla of clearing in the surrounding
catchment (R. Hearn, pers. com.). Geordinup aretddeip Swamps were both degraded
due to redirection from the north of stream flone@ampo Creek) for several years (R.
Hearn, pers. com.).

Seasonal salinity (ppt) for wetlands sampled witliie Byenup Lagoon System in
1996/97 and 2003/04 are presented in Table 9 arde TEO, respectively (Wetland
Research and Management 2005).

Table 9. Mean seasonal salinity (ppt) for wetlandsampled within the Byenup Lagoon System
1996/97 (Wetland Research and Management 2005).

Wetland Spring Summer Autumn
Poorginup Swamp 0.19 0.29 0.42
Tordit-Gurrup Lagoon 1.0 1.13 1.31
Mulgarnup Swamp 1.09 1.73 3.14
Byenup Lagoon 2.19 3.58 4.37
N end of Byenup Lagoon 1.08 3.03 4,92
Geordinup Swamp 1.25 2.96 4.8
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Table 10. Mean seasonal salinity (ppt) results fowetlands sampled within the Byenup Lagoon
System 2003/04 (Wetland Research and Management 200

Wetland Spring Summer Autumn
Poorginup Swamp 0.17 0.27 0.49
Tordit-Gurrup Lagoon 1.54 1.93 2.58
Mulgarnup Swamp 1.51 2.81 5.39
Byenup Lagoon 4.67 5.84 8.12
N end of Byenup Lagoon 1.34 2.67 6.66
Geordinup Swamp 1.44 2.66 6.04

Upper limits of ANZECC/ARMCANZ (2000) trigger valagTable 7) were exceeded in
all seasons for all wetlands except Poorginup Swemnigoth 1996/97 (Table 9) 2003/04
(Table 10). Increased salinity levels were mogiaagnt in summer and autumn months,
but could not solely be attributed to lower watevdls in wetlands during 2003/04
compared with 1996/97 (Wetland Research and Manege2005). Based on salinity
categories defined by the Department of Environnf2003) Byenup Lagoon was saline
(3-35 ppt), Poorginup Swamp was fresh (<1 ppt) mugsummer, autumn and spring,
while other Byenup Lagoon System wetlands were Kishc(1-3 ppt) in spring and
summer, and saline in autumn during both samplergds.

Mean annual salinity are presented for Byenup Lagokordit-Gurrup Lagoon and
Poorginup Swamp, 1979 to 2008 (Figure 15) (unpbbtisdata from J. Lane, DEC
2008). Salinity (ppt) ranged from 1.38-42.2 at Bype Lagoon, 0.65-15.2 at Tordit-
Gurrup Lagoon and 0.1-1.6 at Poorginup Swamp. nBallevels between years were
only significantly different in Poorginup Swamp @®€01) and were associated with
lower water depths in 1987 and 2007 (Figure 15).

For all three wetlands, mean annual salinity dataighly variable and there has been no

significant change since the time of listing (200Due to the high natural variability in
these wetlands the ANZECC guidelines are not censtlappropriate.
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Nutrients

Lake Muir

Mean annual surface water nutrient concentratiorspaesented for Lake Muir from
1979 to 2008 (Figure 16 and Figure 17) (unpublistiath from J. Lane, DEC 2008).
Total N and soluble N ranged from 0.58-5.8 andQ#ZmgL’, respectively. Total P and
soluble P ranged from 0.005-0.65 and 0.005-0.1 mgéspectively. Mean annual total
and soluble N and P were not significantly différbetween years for Lake Muir and
there are no apparent trends. ANZECC guidelinesat appropriate to for Lake Muir
and baseline data for phytoplankton biomass or onaegertebrate composition may be
more useful guidelines.
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Figure 16. Mean annual nitrogen concentrations (mg™) for Lake Muir 1979 to 2008 (unpublished
data from J. Lane, DEC 2008).
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Byenup Lagoon System

Table 11 and Table 12 show seasonal total nitregehtotal phosphorus concentrations

in surface waters of the Byenup Lagoon System wedfameasured in 1996/97 and
2003/04, respectively (Wetland Research and Managea005).

Table 11. Mean seasonal surface water nutrient coentrations (total N and total P; mgL?) for

wetlands sampled within the Byenup Lagoon System 88/97 (Wetland Research and Management

2005).
Wetland Spring Summer Autumn
Total N Total P Total N Total P Total N Total P

Poorginup Swamp 1.7 0.01 1.7 0.01 1.4 <0.01
Tordit-Gurrup Lagoon 1.8 <0.01 1.8 0.01 2.0 <0.01
Mulgarnup Swamp 1.7 <0.01 1.9 <0.01 2.2 <0.01
Byenup Lagoon 1.8 <0.01 1.9 0.01 2.7 <0.01
N end of Byenup Lagoon 1.6 <0.01 2.7 <0.01 4.0 10.0
Geordinup Swamp 1.3 0.01 1.6 <0.01 2.6 <0.01L

Table 12. Mean seasonal surface water nutrient coantrations (total N and total P) for wetlands
sampled within the Byenup Lagoon System 2003/04 (Wand Research and Management 2005).

Wetland Spring Summer Autumn
Total N Total P Total N Total P Total N Total P
Poorginup Swamp 1.5 <0.01 2 <0.01 1.9 <0.01L
Tordit-Gurrup Lagoon 1.8 <0.01 1.9 <0.01 1.2 <0.01
Mulgarnup Swamp 2.1 <0.01 3.6 <0.01] 5.5 <0.01L
Byenup Lagoon 2.8 <0.01 2.7 <0.01 1.7 <0.01
N end of Byenup Lagoon 1.6 <0.01 2.3 <0.01 3.9 0%0.
Geordinup Swamp 5.5 <0.01 5.5 <0.01 10 <0.01
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Seasonal patterns for surface water total nitrogeth total phosphorous were similar
between the 1996/97 and 2003/04 sampling periods. 1996/97, total nitrogen
concentrations were found to be consistently highast sites and seasons, except for
Geordinup Swamp in spring and Poorginup Swamp ituran.  In 2003/04, total N
concentrations were high in all seasons and aital$, except Tordit-Gurrup in autumn
and Poorginup Swamp in spring. Phosphorous wageltimat all sampling times in all
wetlands (Wetland Research and Management 200%)al growth within the Ramsar
site is likely to be minimised by limited phosphsmvailability and by coloured wetlands
(TCU >300) such as Poorginup and Mulgarnup Swaiahps,to reduced light penetration
(Wetland Research and Management 2005).

Historically, Byenup Lagoon has experienced algabims due to nutrient enrichment
(Department of Conservation and Land Managemen8)19%However, Storey (1998)
found that although nitrogen levels were relativieigh in 1996/97 the wetlands did not
behave as eutrophic and had no algal blooms. Tiay be due to the fact that
phytoplankton activity is phosphorus limited in @+Gurrup and Byenup Lagoons, with
increased chlorophylé concentrations in July (winter) when total phospisois high
(DeHaan 1987).

Seasonal patterns of nutrient concentrations indi<@urrup Lagoon and Byenup
Lagoon were also monitored by DeHaan between 18851886 (DeHaan 1987). Total
nitrogen levels in Tordit-Gurrup peaked in April, 80 ugl') and decreased in July
(mean 3,300 + 550 pgl). Total nitrogen in Byenup Lagoon remained stabieughout
the year (2,900-3,900 pgf) (DeHaan 1987). Organic nitrogen was responsdsléhese
patterns of total nitrogen (DeHaan 1987). Totabgghorus increased throughout the
year as water volumes were reduced and organigppboss accounted for most of the
total phosphorus (DeHaan 1987). Nutrient levelthese lagoons were seasonal, relating
to water levels and concentration effects. Dryiofgpeat also releases nutrients,
particularly organic nitrogen (DeHaan 1987).

Mean annual surface water nutrient concentratida dee presented for Byenup Lagoon,
Tordit-Gurrup Lagoon and Poorginup Swamp, 1979 @& (Figure 18 and 19)
(unpublished data from J. Lane, DEC 2008).

In Byenup Lagoon, total N and soluble N ranged fr@r8-3.5 and 0.96-3.3 mdi.
respectively, across all years. Total P and sel&branged from 0.005-0.11 and 0.005-
0.07 mglL!, respectively. Differences in mean annual totadl @oluble N were not
significant, however differences in mean annuakRveen years were significant. Total
P was significantly higher in 1991 and 1995 comgai@ all other years (P=0.005)
(Figure 18). Soluble P was significantly higherlif94 compared to all other years
(P<0.001) (Figure 18).

In Tordit-Gurrup Lagoon total N and soluble N raddeom 1-2.6 and 0.77-2.2 mgL

respectively, across all years. Total P and sel&branged from 0.005-0.02 and 0.005-
0.09 mgL?, respectively. Only differences in mean annuhilsle P between years were
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significant (P <0.001), with increased soluble R994 compared to all other years. This
also followed the pattern for soluble P in Byenwggbon (Figure 19).

In Poorginup Swamp, total N and soluble N rangembsscall years from 0.63-1.7 and
0.47-1.4 mgL', respectively. Mean annual total N was signiftbaower in 2000,
compared with 1995, 2001, 2004, 2005 and 2006 (®&). Mean annual soluble N was
lower in 2007 compared to 1995 and 2006, when THN kvghest (P=0.008) (Figure 18).
Total P and soluble P ranged from 0.005-0.36 aff330.11 mgL}, respectively. Mean
annual total P was significantly higher in 19853@mgL") compared to all other years
(P<0.001). Mean annual soluble P was significanigjer in 1995 compared to all other
years (0.11) (P<0.001).

There were no significant differences in total Nween years for Byenup Lagoon and
Tordit-Gurrup Lagoon. However, total N concentrat in Poorginup Swamp were
higher in 1995, 2001, and 2004-06, relating to lowater levels and concentration
effects (DeHaan 1987). Drying of peat also relgsasetrients, particularly organic
nitrogen (DeHaan 1987). As these wetlands do ebabe as eutrophic (Storey 1998)
limits of acceptable change could use algal bloama surrogate measure.

For all three wetlands there has been no significhange in mean annual water nutrient
concentrations (TN, SN, TP and SP) since the tihtisting (2001).
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Figure 18. Mean annual nitrogen concentrations (mg™) for Byenup Lagoon (A), Tordit-Gurrup
Lagoon (B) and Poorginup Swamp (C) 1977 to 2008 (poblished data from J. Lane, DEC 2008).
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Figure 19. Mean annual phosphorous concentrationémgL™) for Byenup Lagoon (A), Tordit-
Gurrup Lagoon (B) and Poorginup Swamp (C) 1977 to @08 (unpublished data from J. Lane, DEC
2008).
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Colour and Turbidity
Lake Muir
No information available.

Byenup Lagoon System

Seasonal colour (TCU) and turbidity (NTU) for Bygnuagoon System wetlands are
shown in Table 13 and Table 14. Wetlands aboveT3D0s are considered ‘coloured’
(Wetland Research and Management 2005) and inclvtbldgarnup Swamp during
spring, summer and autumn; and Poorginup Swampinmreer and autumn. This was
consistent between sampling periods and there kas bo significant change since
listing. Dark stained waters are probably due He presence of dissolved organic
compounds (such as gilvin) from the underlying radistrate of these wetlands (Pusey
and Edward 1990).

Table 13. Mean seasonal results for colour (TCU)mal turbidity (NTU) for wetlands sampled within
the Byenup Lagoon System 1996/97 (Wetland Researahd Management 2005).

Wetland Spring Summer Autumn
Colour | Turbidity Colour | Turbidity Colour | Turbidity
TCU NTU TCU NTU TCU NTU

Poorginup Swamp 180 1.9 390 1.1 350 3.8
Tordit-Gurrup Lagoon 68 1.6 81 0.9 38 0.9
Mulgarnup Swamp 310 2.7 530 1.0 460 1.5
Byenup Lagoon 21 2.0 42 1.2 31 2.0
N end of Byenup Lagoon 68 1.3 140 1.3 150 2.5
Geordinup Swamp 99 0.8 74 1.1 84 3.1

Table 14. Mean seasonal results for colour (TCU) ahturbidity (NTU) for wetlands sampled within
the Byenup Lagoon System 2003/04 (Wetland Researahd Management 2005).

Wetland Spring Summer Autumn
Colour | Turbidity Colour | Turbidity Colour | Turbidity
TCU NTU TCU NTU TCU NTU

Poorginup Swamp 290 54 370 0.7 340 45
Tordit-Gurrup Lagoon 47 0 25 0 15 22
Mulgarnup Swamp 420 17 680 18 730 22
Byenup Lagoon 33 0 38 0 27 16
N end of Byenup Lagoon 160 62 170 5.8 110 7.3
Geordinup Swamp 260 14 200 4.7 160 5.8

Horwitz (1994) measured surface chlorophglland gilvin in Poorginup Swamp and
found these to be 8.75 mgland 46.1 Abs/m, respectively. Increased chlorbphy
concentrations are not considered to be relatétsparency in acid peat flats in south-
western Australia (Pusey and Edward 1990).

Dissolved Oxygen
Lake Muir

No information available.
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Byenup Lagoon System

Seasonal results for dissolved oxygen (DO), sampligdin Byenup Lagoon System
wetlands between 1996/97 and 2003/04, are presentefiable 15 and Table 16
respectively (Wetland Research and Management 2005)996/97, DO values did not
meet the acceptable range (DO 90-120%) for ANZEGOWEANZ guidelines in
Poorginup Swamp (all seasons), Byenup Lagoon (sunameé autumn), north end of
Byenup Lagoon (autumn) and in Geordinup Swamp @fopater column in summer). In
2003/04, DO values exceeded the acceptable rang® (80-120%) for
ANZECC/ARMCANZ guidelines in all wetlands for alleasons, except for Byenup
Lagoon in summer. This contrasts with results frt986/97 where, with the exception
of Poorginup Swamp, lower DO concentrations weneegaly recorded during summer
and autumn (Byenup Lagoon (summer and autumn)hnend of Byenup Lagoon
(autumn) and in Geordinup Swamp (top of water columsummer).

However, the ANZECC/ARMCANZ guidelines are probahlysuitable for determining
acceptable limits for DO in peat wetlands of theByp Lagoon System as lower DO is a
result of the breakdown of organic matter to formatp by bacteria and benthic
invertebrates. This is particularly noticeablesiuimmer when decomposition rates and
microbial activity are higher and can result in x@ao (Wetland Research and
Management 2005). Anoxic conditions can resulb@alised extinction of aquatic fauna
and also mobilise nutrients and heavy metals fredinsents, reducing water quality
(Wetland Research and Management 2005). More pppte guidelines, using
macroinvertebrate indicators, are discussed ini@e8t

Table 15. Mean seasonal results for dissolved oxgig (%DO) within Byenup Lagoon System
wetlands 1996/97, sampled at the top and bottom dhe water column (Wetland Research and
Management 2005).

Wetland Spring Summer Autumn
DO% top DO% DO% top DO% DO% top DO%
bottom bottom bottom
Poorginup Swamp 54 42 35 23 75 51
Tordit-Gurrup Lagoon 90 90 98 98 91 89
Mulgarnup Swamp 51 48 35 18 53 53
Byenup Lagoon 80 78 127 135 99 99
N end of Byenup Lagoon 50 43 68 60 101 101
Geordinup Swamp 65 49 111 74 88 82

Table 16. Mean seasonal results for dissolved oxgm (%DO) within Byenup Lagoon System
wetlands 2003/04, sampled at the top and bottom dhe water column (Wetland Research and
Management 2005). (-) indicates missing data.

Wetland Spring Summer Autumn
DO% top DO% DO% top DO% DO% top DO%
bottom bottom bottom
Poorginup Swamp 39.9 17 35 24.8 84 -
Tordit-Gurrup Lagoon 82.3 82 85.8 - 80.7 80.3
Mulgarnup Swamp 32.2 4.3 41.5 - 44 -
Byenup Lagoon 64.9 65 84 91.4 77.7 -
N end of Byenup Lagoon 53 29.5 29.8 - 73.9 -
Geordinup Swamp 32.1 29.8 12.3 - 41.6 -
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pH

Lake Muir

Mean annual pH data are presented for Lake Muimfrt®77 to 2008 (Figure 20)
(unpublished data from J. Lane, DEC 2008). LewélsH at Lake Muir ranged from 6.2
to 9.9 and were significantly different betweenrge@<0.001). Levels of mean annual
pH were more elevated between 1989 and 2004 thawvebe 1982 and 1988, and 2005-
2006 (Figure 20). Lower pH levels from 1982-19&@m to be related to lower water
depths (Figure 14) and rainfall (Figure 5) and é¢f@me maybe a reflection of
groundwater pH levels (5.2-6.3) or of acid watdtomws (pH 3.68-6.73) from Cowerup
Swamp via Red Lake and artificial channels (seeti@ec/ on threats to ecological
character). There are no apparent trends in thefdtdke Muir and there have been no
changes since the time of listing (2001).
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Figure 20. Mean annual pH values for Lake Muir 192 to 2008 (unpublished data from J. Lane,
DEC 2008).

Byenup Lagoon System

Climatic conditions, very slow water movement anshallow lake basin has resulted in
the accumulation of peat deposits in Byenup Lagobordit-Gurrup Lagoon and
Poorginup Swamp (DeHaan 1987). Peat is formed digly decomposed organic
matter and associated inorganic minerals that aceinaulated in a saturated water
environment (DeHaan 1987). Levels of pH in peatflanels, such as Poorginup Swamp,
Tordit-Gurrup and Byenup Lagoons range between 84.8epending on calcium
availability (DeHaan 1987). Bicarbonate ions buffgd in natural waters with pH
ranging between 6 and 8. In peat based wetlandbeiabsence of bicarbonate, organic
acids leach from peat resulting in acidity (Pused &dward 1990). Peat may also
contribute significantly to acidity in south-wesiekustralian peat flats due to leaching of
organic compounds from submerged leaf-litter (Puseg Edward 1990). Acidity in
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these wetlands is seasonal with leaching occurdimgng rainfall events (Pusey and
Edward 1990).

The presence of water is also critical for the dtgwment and maintenance of anaerobic
peat environments (DeHaan 1987). Freshwater pedlands in the Muir-Byenup
System Ramsar site, dominated Bgumeaand Melaleucacommunities, contain high
concentrations of iron pyrite due to bacterial @hémical activity in the substrate (R.
Hearn, pers. com.). Acidification of these potanticid sulfate soils occurs under
aerobic conditions, due to draining or disturbangben iron oxidises and reacts with
sulfide in the presence of water to form sulfugdaDeHaan 1987).

Of the three peat wetlands in the Byenup Lagoorte®ysonly Poorginup Swamp is
acidic. Tordit-Gurrup and Byenup Lagoons are lslightly alkaline, fluctuating from

pH 6 to 9, and vary little from year to year (DeH&ak87). Levels of pH in Poorginup
Swamp are also constant and acidic (pH 5-6.6) (2eH&987). DeHaan (1987)
suggested that lower pH in Poorginup may be duactdification of acid sulfate soils
during annual drying of peat and slow drainage cedy the capacity for dilution.

ANZECC/ARMCANZ guidelines for pH 7-8.5 in wetlandse therefore inappropriate
for the peat based wetlands within the Byenup Lageystem.

Table 17 and Table 18 show seasonal pH resultsédands sampled within the Byenup
Lagoon System during 1996/97 and 2003/04 (WetlaeseRrch and Management 2005).
In 1996/97, low pH values were recorded in Poorgi®wamp, Tordit-Gurrup Lagoon
(spring only), Mulgarnup Swamp, north end of Byeruagoon (spring and summer) and
Geordinup Swamp (spring). In 2003/04, low pH valweere recorded in Poorginup
Swamp, Tordit-Gurrup Lagoon (summer only) and Mugg@ Swamp (in autumn).

Table 17. Mean seasonal pH results for wetlands sgled within the Byenup Lagoon System 1996/97
(Wetland Research and Management 2005).

Wetland Spring Summer Autumn
Poorginup Swamp 6.2 5.64 6.04
Tordit-Gurrup Lagoon 6.76 7.63 7.88
Mulgarnup Swamp 6.24 6.33 6.77
Byenup Lagoon 8.01 8.16 8.6
N end of Byenup Lagoon 6.13 6.77 7.5
Geordinup Swamp 5.91 7.26 7.8

Table 18. Mean seasonal pH results for wetlands mgled within the Byenup Lagoon System 2003/04
(Wetland Research and Management 2005).

Wetland Spring Summer Autumn
Poorginup Swamp 6.41 6.31 6.0
Tordit-Gurrup Lagoon 8.71 9.06 8.49
Mulgarnup Swamp 7.18 7.01 6.88
Byenup Lagoon 8.36 8.55 8.45
N end of Byenup Lagoon 6.82 7.17 7.12
Geordinup Swamp 7.09 7.11 7.37
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Mean annual pH data from 1977 to 2008, are predefe Byenup Lagoon, Tordit-
Gurrup Lagoon and Poorginup Swamp (Figure 21) (bhghed data from J. Lane, DEC
2008). Levels of pH ranged from 6.8 to 9.3 at Bymihagoon, 6.9 to 9.3 at Tordit-
Gurrup Lagoon and 4.6 to 8.3 at Poorginup Swamgvels of pH were not significantly
different between years for Byenup and Tordit-Gpritagoons, however, pH levels
between years were significantly different in Paoug Swamp (P=0.012). In Poorginup
Swamp pH levels were significantly lower in 198987, 2001 and 2007 and generally
corresponded with lower water depths (Figure 15).

Overall, there are no apparent trends in the leskfsH in the Byenup Lagoon System
and there have been no changes since the timgtiofyl(2001).
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Figure 21. Mean annual pH values for Byenup Lagoon(A), Tordit-Gurrup Lagoon (B) and
Poorginup Swamp (C) 1977 to 2008 (unpublished dafeom J. Lane, DEC 2008).
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3.2.5 Phytoplankton and agquatic macrophytes

Lake Muir

Aquatic macrophytes found in Lake Muir includeuppia polycarpa Lepilaena
cylindrocarpa, Crassula helmsiCotula coronopifolia Triglochin proceraandZygnema
sp. (Brock and Shiel 1983). The stonewatnprothamniunsp. also occurs in the free
water of Lake Muir but dies from desiccation as tlae dries out in summer
(Environmental Resources of Australia Pty Ltd atad@im Mining Pty Ltd 1971).

Brock and Lane (1983) assessed the distributiomoufatic macrophytes in naturally
saline wetlands of south-western Australia and douhat Ruppig Lepilaena and
Lamprothamniunspecies were tolerant of both salinity fluctuateomd drying. These
species are able to tolerate adverse conditiotisegscomplete their life-cycles within a
few months (Brock and Lane 1983). In south-westfaustralian wetlands, onlRuppia
LamprothamniunandLepilaenawere found where salinity exceeded 5 ppt TDS (Brock
and Shiel 1983). The salinity ranges of submergadrophyte species found within the
Muir-Byenup System Ramsar site are shown in (TaB)e

Table 19. Salinity ranges of submerged macrophytspecies recorded within the Muir-Byenup
System Ramsar site (adapted from Brock and Lane 133.

Location within the Muir-

Salinity range of

Salinity range at site

SJEEEES Byenup System Ramsar site species (ppt) (ppt)
Ruppia polycarpa Lake Muir 1.4-125 0.58 - 96
Lepilaena Lake Muir 2-27 0.58 - 96
cylindrocarpa
Utricularia sp. Byenup Lagoon System 0.8-2.5 1.38-42.2
Lamprothamnium Lake Muir 9-125 0.58 - 96
papulosum
Chara fibrosa Byenup Lagoon System 5-9 1.38-42.2

Byenup Lagoon System

Phytoplankton activity is phosphorus limited in @it#Gurrup and Byenup Lagoons, with
increased chlorophykh concentrations in July when total phosphorus ghHDeHaan
1987).

Stoneworts Chara sp., C. fibrosaand C. preissi) occur as sub-surface meadows in
freshwater wetlands of the Byenup Lagoon Systemvi(Bnmental Resources of
Australia Pty Ltd and Cladium Mining Pty Ltd 1971).

Notable aquatic macrophytic flora inclu&ehoenus natapan aquatic sedge which was
previously listed as Declared Rare Flora under\ihigllife Conservation Act 195®ut
has been de-listed due to a large population withi@ Ramsar site and several
populations in nearby Nature Reserves. Previotishas believed to be restricted to the
Swan Coastal Plain. Bo® natansndVillarsia spp. are widespread in wetlands during
early spring, giving way to herbs as wetlands @ipbson and Keighery 2000V illarsia
submersas an uncommon aquatic herb occurring within tlaenRBar site (Pen 1997).
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Montia australasicaUtricularia spp. and mats of floating native grasses have toesrd
in Byenup Lagoon (Hendrich 2001).

3.26 Fringing vegetation

The Muir-Byenup System Ramsar site is highly digews total of 649 indigenous flora
have been recorded in Nature Reserve 31880, widast 600 species within the Ramsar
site (Gibson and Keighery 1999). This diversitypi®bably due to complexes of soll
types and hydrological patterns, which are founer@hort distances and are reflected in
vegetation patterning (Gibson and Keighery 1998)particular, vegetation patterning at
the site is related to inundation, groundwater &rel history (Gibson and Keighery
1999). Structural vegetation mapping at the sii® defined a complex mosaic of over 30
vegetation types (Gibson and Keighery 1999).

At a regional mapping scale, the site falls intcaBks Kwornicup vegetation system
(Gibson and Keighery 1999). The Kwornicup systemcharacterised by a poorly
drained swampy plain between the headwaters ofkér, Hay and Gordon Rivers
(Gibson and Keighery 1999). Vegetation in thisteys is a mosaic oEucalyptus
marginata/Corymbia calophyll&orests, paperbark low forest and reed swamp#$, Buit
decipiensoccurring on sandy swampy sites as either the damhior understorey species
(Gibson and Keighery 1999). Sandy swamps may l#se dense stands blelaleuca
cuticularis grading into reed swamps, while clay swamps usuadlye stands oE.
occidentaliswith M. cuticularis and M. violaceaunderstorey (Gibson and Keighery
1999). Thirty-one vegetation units have been mdpipethe Nature Reserve, with
predominately wet heaths and scrubs in the nortkeation of the site, and eucalypt
woodland in the south (Gibson and Keighery 19989¢e Appendix B for the vegetation
description of the Muir-Byenup System Ramsar sB#gon and Keighery 1999).

Noteworthy flora at the site (Table 20) includeseth species of wetland dependent
orchids;Caladenia christinegeCaladenia harringtoniaeand Diuris drummondii which
occur on the margins of Lake Muir and elsewherahia site (Gibson and Keighery
1999). These orchids are listed as Vulnerable utideEPBC Act. 21 other DEC listed
‘priority taxa’ are also found within site, incluudj:

o Stylidium rhipidiumand Wurmbeasp. Cranbrook, found in winter-wet swamps,
which are poorly known and may be declared raee $tate level (Department of
Conservation and Land Management 2003).

* Eryngiumsp. Lake Muir, which appears to be endemic to wintet clay flats of
Lake Muir and is currently known only from the Ransite (Department of
Conservation and Land Management 2003).

» Euphrasia scabrawhich has been recommended for national listingraally
endangered, as the two populations at the sitetlaeonly known extant
populations in Western Australia (Department of €wwmation and Land
Management 2003).

» Caladenia lodgeana a species previously known from a few restricted
populations in the Augusta area (Department of €magion and Land
Management 2003).
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» Lilaeopsis polyanthawith the State’s only known population found imging
vegetation surrounding Lake Muir (Department of €mwation and Land
Management 2003).

» Tribonanthessp. Lake Muir, a previously unrecognised taxoresnic to winter-
wet clay flats of the Ramsar site and nearby NaRegerves.

Table 20. Notable flora within the Muir-Byenup Sysem Ramsar site.

Information taken from FloraBase (Department of iEstyment and Conservation and Western Australian

Herbarium 2008).

Species EPBC Act Wildlife Habitat Description
listing Conservation
Act and DEC
priority listing
Caladenia Vulnerable| Declared rare Margins of winter-wet | Tuberous perennial
christineae flats, swamps and herb, 0.25-0.4 m
freshwater lakes. high, flowering Sept-
Nov.
Caladenia Vulnerable| Declared rare Winter-wet flats, margin$ uberous perennial
harringtoniae of lakes, creek lines and | herb, 0.2-0.4 m high
granite outcrops. flowering Oct-Nov.
Caladenia lodgeana Priority two Tuberous perennial
herb, flowering Oct.
Diuris drummondii | Vulnerable| Declared rare Low-lying depressions| Tuberous perennial

and swamps.

herb, 0.5-1.05 m
high, flowering Nov-
Jan.

Eryngiumsp.Lake Priority one Black peaty, silty soils, | Near prostrate herb,
Muir winter-wet swamps. flowering Jan.
Euphrasia scabra Priority two Erect annual herb,
0.15-0.5 cm high,
flowering Oct.
Lilaeopsis polyantha Priority two Sandy mud, lake margins. Rhizomatous
perennial herb, 0.02
0.25 m high,
flowering Nov.
Stylidium rhipidium Priority three Wet creek flats, swamps Slender annual herb
and granite outcrops. 0.05 cm high,
flowering Oct-Nov.
Tribonanthesp. Priority three Brown clay over clay, | Tuberous perennial
Lake Muir winter-wet flats. herb, flowering Oct.
Wurmbeasp. Priority two Valley floors. Cormous perennial
Cranbrook herb, 0.25 cm high,
flowering Sept.
Lake Muir

The vegetation structure of Lake Muir is shown able 21. The margins of Lake Muir
support a narrow zone of open-scrub, sedgelandl@andshrubland (Department of
Conservation and Land Management 2003). Wetlanthss dominated by tall tea-tree
shrubsMelaleuca vimineandM. cuticularis with M. rhaphiophyllaalso present. Low
shrublands are dominated by samphir8sycocornia quinquefloraand Tecticornia
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lepidosperma Other plants near the lake margins includpidosperma effusyr@ahnia
trifida, Schoenus submicrostachyarsdWilsonia backhousei

Table 21. Vegetation structure of Lake Muir (Halse1993).

Vegetation Height m % Area % cover
Samphires 0.2 80 30
Sedges 0.6 20 20
Shrubs 0.6 20 2
Trees 4.0 20 10

Two vegetation transects were measured throughlifignand emergent vegetation by
Froend and Loomes (2001). Along transect 1, véigetacommunities changed
sequentially from the lake margin; samphire flés,cuticulariswoodland oveiGahnia
trifida flats, Gahniasedgeland anM. rhaphiophylla In this transect, hydrological data
indicated that only the samphire flats @idcuticulariscommunities had been inundated
since 1979. These communities were flooded at pmas in 1988 but had not been
flooded regularly (Froend and Loomes 2001).

In lower lying transect 2, vegetation communitidsmged sequentially from the lake
margin; samphire flatd\l. cuticulariscomplex,M. cuticulariswoodland ovelG. trifida
sedgeland and YateE(calyptus occidentaljswoodland (Froend and Loomes 2001).
Hydrological data indicated that samphires werendated during most years and tle
cuticulariscomplex was completely flooded in 1988, but agiggding events were not
frequent (Froend and Loomes 2001).

Within the Ramsar site, freshwater adapted fringemgd emergent trees such as
Melaleucaspecies andeucalyptus rudiswith salinity thresholds of 5-10 pptay be
affected by increased salinity (Wetland ResearchManagement 2005)M. cuticularis
found on the fringes of Lake Muir has been foundolerate up to 29 ppt (Cartet al.
2006).

Byenup Lagoon System

Wetlands within the Ramsar site support extensedgslands and fringing or scattered
areas of low-closed forest or closed-scrub, witbrepeathland over open-sedgeland on
the wet flats. Sedgelands are dominated@aymea articulatavhich are also associated
with Baumeaspp. andrriglochin huegelii

B. articulatacharacterises the peat swamps of the Muir-Byerygbe$ Ramsar site and
is responsible for the thick peat deposits in thestlands (Wetland Research and
Management 2005).Baumeaalso provides critical habitat for Bitterns and ®ah’s
Pygmy Perch.B. articulatais a salt sensitive species (threshold of appratety 3 ppt).
Within Baumegpeat wetlands at the site, salinity ranges betv@ekmand 42.2 ppt, which
may indicate that it is seasonally tolerant of @ased salinity.

At Poorginup Swampyleeboldina scariosaB. vaginalisandG. trifida also occur. The
dominant wetland tree in these freshwater lakessaramps isVl. rhaphiophylla with M.
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lateritia, Astartea leptophyllaA. scopariaand Taxandria juniperinaalso occurring in
some wetlands.

Morphological characteristics and vegetation cowérwetlands within the Byenup
Lagoon System measured by Wetland Research andgdargat (2005) are shown in
Table 22.

Table 22. Morphological characteristics and vegetin cover of the Byenup Lagoon System
wetlands (adapted from Wetland Research and Manageemt 2005)

Wetland Open water % | Sedges/rushes %4 Melaleuca % | Macrophyte %
Poorginup Swamp 35 50 15 0
Tordit-Gurrup Lagoon 45 54 1 20
Mulgarnup Swamp 0 71 29 0
Byenup Lagoon 25 72 3 1
N end of Byenup Lagoon 0 90 10 0
Geordinup Swamp 15 84 1 0

Although species composition varies little betweBpenup Lagoon, Tordit-Gurrup
Lagoon and Poorginup Swamp, the extent of fringregetation does differ (DeHaan
1987). Poorginup Swamp is entirely surrounded égetation while some clearing for
pastures has occurred around Tordit-Gurrup Lagand,almost all of the fringing forest
vegetation around Byenup Lagoon has been cleareddBn 1987).

Vegetation structure of Byenup Lagoon, Tordit-Gpritagoon and Poorginup Swamp is
shown in Table 23. At Byenup Lagoon, vegetatiansects were measured through
fringing and emergent vegetation by Froend and Le®n2001). In transect 1,
vegetation communities changed sequentially fBanmeasedgeland\. rhaphiophylla
forest to JarrahEucalyptus marginajdyate woodland (Froend and Loomes 2001).
Samolus junceuspen herbs are also associated \Bitlarticulatasedges on black peaty
sands at Byenup Lagoon (Gibson and Keighery 1989}his transect, hydrological data
indicated thaBaumeasedgeland anil. rhaphiophyllawere flooded annually along with
the lower half of the Jarrah/Yate woodland (Froeand Loomes 2001). In the steeper
elevational gradient of transect 2, the Jarrah/Mat®dland was absent (Froend and
Loomes 2001). Baumeasedgeland anM. rhaphiophyllaare not annually flooded in this
transect (Froend and Loomes 2001).

In North Byenup Lagoon, emergdat rudisopen woodland occurs ovkft. rhaphiopylla
low woodland, Acacia cyclopsand M. densaopen scrub, andB. juncea and
Lepidosperma longitudinaldense tall sedges on black peat soils (Gibson aghiéry
1999).
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Table 23. Vegetation structure of Byenup Lagoon, drdit-Gurrup Lagoon and Poorginup Swamp
(Halse 1993).

Vegetation | Height | % Area | % cover
Byenup Lagoon
Sedges 2.0 95 100
Sedges 1.0 5 100
Trees 5 5 50
Tordit-Gurrup Lagoon
Sedges 1.0 85 100
Sedges 2.0 15 100
Trees 4.0 5 5
Poorginup Swamp
Sedges 15 100 100
Sedges 2.5 20 30
Trees 4.0 20 2
Trees 8.0 10 60

Three vegetation communities were identified atditeGurrup Lagoon: closeBaumea
sedgeland, M. rhaphiophylla woodland and Jarrah/MarriCorymbia calophyllx
woodland (Froend and Loomes 2001B. junceaopen low sedges occur on gentle
washline slopes of yellow sand and coffee rock atdif-Gurrup Lagoon (Gibson and
Keighery 1999). Hydrological data indicated tfB&umeasedgeland is frequently
inundated,M. rhaphiophyllawoodland is dry except for peak flooding events #mel
Jarrah/Marri woodland does not experience floodifrgend and Loomes 2001).

At Poorginup Swamp, opeBaumeasedgeland occurred across the 30 m of the transect
closest to the wetland anél. rhaphiophyllaforest dominated the remaining 30 m
(Froend and Loomes 2001). Hydrological data ineidathatBaumeasedgeland is
frequently inundated and only the lower partshMf rhaphiophyllaforest are flooded
(Froend and Loomes 2001). EmergAstartea leptophyllaapen scrub also occurs with

B. articulataandMeeboldina scarios#all sedges on black clayey peat soils at Poorginup
Swamp (Gibson and Keighery 1999).

In Geordinup Swampk. rudis and M. rhaphiophyllaopen low woodland occurs over
Meeboldina tephrinaall sedges on flat, brown sandy soils,Brarticulatatall sedges
occur on black peat soils (Gibson and Keighery 1999

3.2.7 Aquaticinvertebrates

Lake Muir
Aquatic invertebrate surveys have not been undemntak Lake Muir.

Byenup Lagoon system

South-western Australian aquatic fauna is highlgesnic but depauperate in richness
(Horwitz 1997), possibly due to: great age andibtalof the landscape; strong climatic

gradients; high diversity of aquatic habitats witlihe region; adaptation to salinity and
aridity; and genetic isolation from eastern Aus&rgPinderet al. 2004). Kayet al

54



(2001) found that macroinvertebrates in south-wasfaistralia were able to tolerate a
broad range of environmental conditions (see Appeij

Rainfall influences macroinvertebrate biota in ewest WA by regulating water quality
through dilution and flushing, and by determinihg fjuantity and permanence of surface
water (Kayet al. 2001). In south-west WA, macroinvertebrate famityness has been
found to increase with increasing rainfall and éase with increasing salinity (Kay al.
2001). The environmental variables which influefemily distribution and structure of
aguatic macroinvertebrate communities in the agitical zone is shown in Figure 22
(Kay et al.2001).

Geology

T Altitade
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~Latisde " Land use pH

Alkalinity
Conductivity
Total N
DO

Rainfall ~— ™ Water quality/chemistry Instream habitat

% mineral substrate
Yo detritus
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Figure 22. Environmental variables which influencefamily distribution and structure of aquatic
macroinvertebrate communities in the agricultural 2ne (Kayet al. 2001)

Peat wetlands in the Byenup Lagoon System are tséar maintaining the endemic
macroinvertebrate and fish communities. Peat wdHaare important habitat for
invertebrates, as peat remains wet and providegedbr invertebrates even in dry times
(Department of Conservation and Land Managemen8)19@ccording to Campgt al.
(1981) in terms of aquatic fauna, the two most irtggt hydrologic characteristics of
peat wetlands are:

1. Watertable height — affects water levels; and,
2. Quantity and timing of runoff events — influencesiter levels in receiving
waters.

DeHaan (1987) described the aquatic invertebratéheoByenup Lagoon System and
found that species richness varied seasonally atifGurrup Lagoon, Byenup Lagoon
and Poorginup Swamp. Species richness in Torditpuand Byenup Lagoons
decreased in April when water levels were low amdingy levels increased. In
December, Tordit-Gurrup Lagoon was dominated byematerans, hemipterans,
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dipterans and trichopterans. In April, dipterand &richopterans were still dominant, but
Coleoptera and Hemiptera were replaced by Mollusc@€oleoptera and Diptera
dominated Byenup Lagoon in December, while Aprimposition was dominated by
Mollusca, Decapods and Diptera. Molluscs, diptsrdnicopterans and crustaceans are
more salt tolerant taxa. In fresher Poorginup Spjakdydracarina were the most
dominant, although Coleoptera and Diptera were falgod in high numbers.

DeHaan (1987) recorded 103 invertebrate taxa inif-@urrup Lagoon, Byenup Lagoon
and Poorginup Swamp. Of these, only eight spag® common between the three
wetlands.  Tordit-Gurrup Lagoon had the higheshréss, with 60 species, and
Poorginup Swamp the lowest with 39 species. Thesclnsecta accounted for 73% of
the total invertebrate fauna, consistent with losamity levels of the three wetlands. Of
particular interest zoogeographically, due to thesstricted distributions, were 11
Hydracarina taxa (watermites), six of which wereorded in Poorginup Swamp,
including Pseudohydryphantes doegnd the Poorginup Swamp watermitédercella
poorginup, both of which are listed by DEC as Priority Z2ejes. Huitfeldtia sp. was
also recorded at the site, and is the second krspeaies in its genus; the other occurring
in northern Europe and Canada (DeHaan 1987). DanHd987) recorded the
crustacean€herax preissiand C. quinguecarinatusvithin the site and Horwitz (1994)
also foundCherax preissiat Poorginup Swamp. Crustaceans become morelgné\zes
salinity increases in wetlands (Kayal.2001).

Storey (1998) also surveyed macroinvertebrate comitres within the Ramsar site at;
Byenup Lagoon, Tordit-Gurrup Lagoon, Mulgarnup Swan®Geordinup Swamp and
Poorginup Swamp. A total of 219 taxa were recoraath 32 known to be endemic to
south-western Australia (Storey 1998). The greatambers of endemic species were
recorded in Poorginup Swamp. Horwitz (1994) atsantl a high number of endemics in
Poorginup Swamp relative to other shrublands anat peetlands in south-western
Australia. Overall the site contained a rich amkibe fauna. At least 78 species of
ostracods and copepods were recorded at the sitesiw ostracods and one cyclopoid
only known in the Muir-Unicup area (Department oforServation and Land
Management 2003). New species were recorded witienRotifera and Cladocera
families. Within Rotifera there were 11 new recfdr Western Australia, one new
record for Australia and one new species not ystrileed. Within the Cladocera there
were two new species and a second recorded of aindescribed genus (Department of
Conservation and Land Management 2003). Southewe#ustralia has more endemic
cladocerans than any other region and it is liklelt taxonomic revision of the Cladocera
will reveal other new taxa in the Muir-Unicup ar@@epartment of Conservation and
Land Management 2003).

Two new species of dytiscid water beet®ternopriscussp. nov. andAntiporus
pennifoldaewere also recorded at the site (Storey 1998jernopriscussp. nov. was
widespread throughout the Muir-Unicup catchmentjleviAntiporus pennifoldaevas
recorded at Poorginup Swamp and one other locé&8torey 1998). Watts and Pinder
also found a new species of dytiscid in the MuieByp area (Kodjinup Swamp, outside
of the Ramsar site).
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Hygrobia wattsiisp. n (Coleoptera: Hygrobiidae) was recorded inrBypelLagoon and
appears to be restricted to peatland swamps ams,l@nd is the sixth species in this
genus identified globally, and the fourth specaentified in Australia (Hendrich 2001).
Hygrobia wattsiisp. n is a relict species, which is likely to bepanted by swamp
drainage and increased salinity (Hendrich 2001).

Wetland Research and Management (2005) identibeteschanges in macroinvertebrate
communities in the Byenup Lagoon System between tétee sampling periods of

1996/97 and 2003/04 including: altered communitydtire in Byenup Lagoon and
Poorginup Swamp; reduced macroinvertebrate spetiveysity in Byenup Lagoon,

Tordit-Gurrup and Poorginup Swamp (Table 23); aedidr south-west and locally
restricted endemic species in Byenup Lagoon, PnopgBwamp and Mulgarnup Swamp
(Table 24 and 25). These changes are discusskddi in Section 5.

Table 23. Species richness for Byenup Lagoon Systewetlands 1996/97 and 2003/04 (Wetland
Research and Management 2005).

Wetlands No. taxa 1996/97 | No. taxa 2003/04
Poorginup Swamp 68 58
Tordit-Gurrup Lagoon 56 34
Mulgarnup Swamp 51 50
Byenup Lagoon 59 38
N end of Byenup Lagoon 56 57
Geordinup Swamp 65 68

Table 24. Total number of south-west Australian edemic species for Byenup Lagoon System
wetlands 1996/97 and 2003/04 (Wetland Research akthnagement 2005).

Wetlands No. endemics 1996/97 | No. endemics 2003/04
Poorginup Swamp 16 12

N end of Byenup Lagoon 11 11
Mulgarnup Swamp 11 9

Byenup Lagoon 10 4
Geordinup Swamp 9 8
Tordit-Gurrup Lagoon 8 3

Table 24. Number of south-west Australian endemispecies with restricted distributions in Byenup
Lagoon System wetlands for 1996/97 and 2003/04 (Waetd Research and Management 2005).

Wetlands No. restricted 1996/97 | No. restricted 2003/04

Mulgarnup Swamp 4 1

Poorginup Swamp

Byenup Lagoon

Geordinup Swamp

2 1
2 1
N end of Byenup Lagoon 2 3
2 1
1 1

Tordit-Gurrup Lagoon
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3.28 Fish

Lake Muir
Fish surveys have not been undertaken in Lake Muir.

Byenup Lagoon System

Seven freshwater fish species, including six endetoi south-west WA and one
introduced species, the MosquitofisBambusia holbrookj have been recorded in the
Byenup Lagoon system (Storey 1998). In 1996/9et$ were undertaken at; Byenup
Lagoon, Tordit-Gurrup Lagoon, Mulgarnup Swamp, @earp Swamp and Poorginup
Swamp (Storey 1998). The native fish species ifledtduring this survey included:
Western Pygmy Perclieflelia vittatg, Balston’s Pygmy PerctiNannatherina balstoij
Nightfish [Bostockia porosgp Western Minnow Galaxias occidentalls Black-stripe
Minnow (Galaxiella nigrostriatg, and the Mud Minnow Galaxiella munda (Storey
1998). Balston’s Pygmy Perch is listed as Vulnkraimder the EPBC Act, Black-stripe
Minnow and Mud Minnow are listed as Lower Risk/néareatened on the IUCN Red
List (2009). All six endemic fish species foundtire Byenup Lagoon System require
freshwater, although Western Minnow and WestermByBerch are tolerant of brackish
conditions (FishBase 2009). Fish species tolavhacidic conditions include: Balston’s
Pygmy Perch (as low as pH 3); Black-stripe Minn@i @.5-6.5) and Mud Minnow (pH
3-6) (FishBase 2009).

Poorginup Swamp had the greatest number of naisle dpecies (five), followed by
Mulgarnup Swamp (four). Black-stripe Minnow and dMinnow were only found at
Poorginup Swamp and Balston’s Pygmy Perch was tmind at Mulgarnup Swamp
within the Ramsar site (Storey 1998). These thiilske species are scarce, with
distributions restricted to the south-western ast\Western Australia (Storey 1998).
Information on fish habitat preferences can be toumnAppendix C.

Additional surveys in 2003/04 found temporal changefish communities, including the
absence of several species, since sampling in 299¢Wetland Research and
Management 2005). The fish species not recordethen2003/04 sampling in the
Byenup Lagoon System include; Western Pygmy PeRdlston’s Pygmy Perch,
Nightfish and Western Minnow from Mulgarnup Swanamd, Nightfish from Byenup
Lagoon (Wetland Research and Management 2005)seTtieanges may be a result of
sampling effort or seasonality and may not be pesng as Nightfish and Balston’s
Pygmy Perch were recorded again within the RamtsaasMyalgelup Swamp (between
Tordit-Gurrup Lagoon and Poorginup Swamp) in 20B8 learn, pers. com.). These
changes are discussed in detail in Section 5.

Anecdotal reports indicate that the native Freshw@&obbler Tandanus bostockiand

introduced Redfin PerchPérca fluviatilig were present in the area (R. Hearn, pers.
com.), however, further investigation is requirecconfirm these reports.
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3.29 Frogsand reptiles

No systematic surveys have been undertaken in thie-Byenup System Ramsar site.
The Ramsar site is likely to be rich in reptiledawdue to the presence of open woodland
with sandy soils. The Oblong TortoiSeéhelodina oblongphas been recorded at Tordit-
Gurrup and is likely to be common throughout thelavels. Tiger SnakedNptechis
ater) also occur (Department of Conservation and Lanandgement 1998).
Observations indicate that some frog species anadant in certain wetlands (R. Hearn
pers. com.).

3.2.10 Mammals

The Muir-Byenup System Ramsar site is believed datain many of the mammal
species found in the adjacent Perup Forest inajidiioylies Bettongia penicillatg
Numbat Myrmecobius fasciatysand Chuditch Dasyurus geoffroji (Department of
Conservation and Land Management 1998). The ksitecantains suitable habitat for the
Boodie (or Burrowing Bettond3ettongia lesuegrand the Dalgyte (or BilbyMacrostis
lagotis) (Department of Conservation and Land Managem8@8)L It is also possible
that the semi-aquatic Water Rafydromys chrysogasteioccurs in the Muir-Byenup
System Ramsar site (Department of ConservatiorLand Management 1998).

3.2.11 Waterbirds

Forty-nine waterbird species have been recordeumihe Muir-Byenup System Ramsar
site, and 10 of these species are listed undematienal migratory bird agreements (see
Table D1, Appendix D) (Department of Conservatiod dand Management 1998).
Waterbirds were surveyed annually between 19811894 (Halseet al. 1990; Halseet

al. 1995; Halseet al. 1992; Jaensch and Vervest 1988), however, there haen no
comprehensive waterbird surveys since. Recentcéimber 2008 to September 2009),
waterbirds have been surveyed at Lake Muir, Bydragoon and Tordit-Gurrup Lagoon
by Peter Taylor (Birding South West), however ttasa has not yet been analysed.

Baumed#peat freshwater wetlands and saline wetlandsharenain habitat for waterbirds
within the Muir-Byenup System Ramsar site. The banof waterbirds inhabiting these
wetlands is strongly influenced by local and regilowater availability and varies from
year to year (Department of Conservation and Laaddgement 1998).

Lane and Munro (1982) studied waterfowl breedinganth-west Western Australia and
identified that nest construction and egg-layingnomences as early as June and
continues through to November/December. Peakngeattivity for most species occurs
during August and September with breeding duringngpand early summer, at peak
water levels and when food is most abundant. Dogkliare commonly seen from

September to November and better than averageallamgsults in high numbers of

young.

Following breeding, all species of ducks and swamesflightless for a month or so while
feathers are shed and new feathers grow (moul{ibgpartment of Conservation and
Land Management 1998). During this period, largmbers of birds may congregate on
undisturbed waters (Department of Conservation laaad Management 1998). The
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Muir-Byenup System Ramsar site is one of the magbortant moulting sites for
Australian Shelduck in south-west WA (Department ©bnservation and Land
Management 2003).

Waterbird feeding strategies are used to claskéywaterbirds that use the Ramsar site
into broad groups including:

* Ducks and allies (Anatidae) — ducks and swans.d leeeboth plant and animal
material and require fresh drinking water.

* Grebes (Podicipedidae) — diving waterbirds thatdfeeainly on animals,
including fish, and are associated with both frast saline wetlands.

* Pelicans (Pelicanidae), cormorants (Phalacrocaaagiddarters (Anhingidae) —
piscivorous waterbirds (fish eating), although tlaso eat invertebrates such as
crustaceans, typically feed in water <1 m.

» Herons and egrets (Ardeidae), ibises and spoor{@iliseskiornithidae) — forage
in the shallows feeding on fish and invertebrates.

» Hawks and eagles (Accipitridae) — raptors thaffishtand waterbirds, and nest in
wetlands.

» Crakes, rails, coots and waterhens (Rallidae) ag®ron open water by diving
(coots) or in the shallows and amongst inundategktation, feed on plants and
animals.

» Shorebirds (Scolopacidae, Recurvirostridae, Chadad) — forage in the
shallows and on exposed mud flats for benthic ahdranvertebrates.

* Gulls and terns (Laridae) — feed mainly on animaggecially fish, both in the
shallows and in water >1 m deep, some are omnigosoavengers.

Table 25 shows the number of breeding species aadinmm bird numbers for
monitored wetlands in the Muir-Byenup System Rams#e related to salinity,
permanence, water depth and phosphorus concensdtitalseet al. 1993). Jaensch
(2002) developed a series of guilds that group seatés based on common ecological
requirements or behaviour patterns. Waterbirdsroed in the Muir-Byenup System
Ramsar site have been grouped according to thélsis ¢g&ppendix D), which includes:

* Feeding habitats (Table D2)

» Dietary preferences (Table D3)
» Nesting sites (Table D4)

» Other behaviour (Table D5)
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Table 25. Environmental variables (September 19885) associated with waterbirds in the Muir-
Byenup System Ramsar site (Halset al. 1993).

36

Wetland | Salinity | Veg. type | Perm | Depth | pH | P MgL" | Size No. No. High-
MgL ™ m ! ha | ofsp.| breed- | est
(class) ing sp. | count
Byenup 3.0(2) Extensivg P 2.4 8.1| 0.02 572 5 838
sedges
Tordit- 1.1 (1) Extensive| P 2.7 7.7| 0.01 686 0 1203
Gurrup sedges
Poorginup| 0.38 (1) Extensive S 0.6 6.1| 0.15 50 0 11
sedges
Lake Muir | 6.5 (2) Samphire| S 0.3 74 0.2 4600 17 1 3012

Note: salinity classes: (1) fresh TBS3 ppt; (2) brackish TDS < 10 ppt. P denotes peang S denotes

seasonal.

Discussion in the ECD focuses on wetland depenteds, however, the site also
supports non-wetland dependent birds, includingjriluCorella Cacatua pastinator
pastinato), Baudin’s Black-CockatooQalyptorhynchus baudiniiand Forest Red-tailed
Black-Cockatoo Calyptorhynchus banksii nagowhich are listed as Vulnerable under
the EPBC Act. The site also supports Carnaby's KBackatoo Calyptorhynchus
latirostris) which is listed as Endangered under the EPBC Act.

Lake Muir

Diversity and abundance

The number of waterbird species recorded withineL&kuir (1981-91) and information
on feeding and foraging are shown in Table 26. éMigtailed information on waterbird
feeding habitat guilds can be found in Appendixi@ble D2.

Table 26. Number of waterbird species recorded whiin Lake Muir in the Muir-Byenup System
Ramsar site (1981-1991). Ramsar site total includehe Byenup Lagoon System.

opportunistic feeders in a wide range of habitat

Waterbird group Typical feeding and foraging information No. spp. Ramsar site
total
Ducks and allies Shallow or deep water open fasageegetarian 7 11
(Black Swan) or omnivorous with diet including
leaves, seeds and invertebrates
Herons, Ibis, Egrets} Shallow water or mudflats, feeding mainly on fisg 7
Bitterns and and invertebrates
Spoonbills
Hawks and Eagles Shallow open or vegetated wiaied, on fish and 1 1
occasionally waterbirds and carrion
Crakes, Rails, Coots Coots in open water, others in shallow water with 4
and Waterhens or without vegetation
Shorebirds Shallow water mudflats, feeding maioty fish | 8 8
and invertebrates
Gulls and terns Terns over open water feeding ish, fgulls| 2 3

Up to 52,000 waterbirds were recorded on Lake MuiMarch 1989, and the most
abundant species were Pacific Black Duskds superciliosd 8,450), Grey TealAnas
gracilis 16,000), and Eurasian Coétulica atra9,630) (Department of Conservation and
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Land Management 1998). Migratory shorebirds as®liake Muir, such as Red-necked
Stints Calidris ruficollis 517 in November 1985) (Department of Conservadiot Land
Management 2003). Open water areas in Lake Mwie lh@en observed to be especially
important for feeding and moulting of waders durthg final stages of drying through
evaporation (R. Hearn, pers. com.), and are relgulesed in spring for the moulting of
thousands of Australian Shelduck (Department ofS8oration and Land Management
2003).

Lake Muir is used as a drought refuge by large remnlof waterbirds. In March 1989,
51,600 waterbirds were recorded on Lake Muir (Depant of Conservation and Land
Management 2003). While this was an unusually kigsity due to high winter rainfall,

depth data suggests that Lake Muir is capable gb@ting more than 20,000 waterbirds
regularly (Department of Conservation and Land Mgnaent 2003).

Breeding
Nests and broods of Black Swans and Australasianebérs were recorded at Lake Muir

in 1989-1991 (Halset al. 1994; Halseet al. 1990; Halseet al. 1995; Halseet al. 1992).
Silver Gulls Larus novaehollandigealso breed at the lake (Department of Consemvatio
and Land Management 2003). Nesting requirementwatérbirds found breeding at
Lake Muir are shown in Table 27.

Table 27. Requirements of waterbirds recorded breding at Lake Muir (adapted from Jaensch
2002).

Species Breeding behaviour nesting sites
Australasian Shoveler Limited dispersal in firsayaway from nest (Suttaat al.2002).
Black Swan Nest mound built in open water, on dani or in swamp vegetation.

Requires minimum water depth of 30-50 cm until a@tgn are
independent. First flight at approximately 8 weeks
Silver Gull Nest on ground surface (Gillham 1961).

Byenup Lagoon system

Diversity and abundance

The number of confirmed waterbird species foundhiwiByenup Lagoon, Tordit-Gurrup
Lagoon, Poorginup Swamp and Neeranup Swamp (1984r€112008-09) and feeding
and foraging information is presented in Table Rfore detailed information on
waterbird feeding habitat guilds can be found irp&pdix D, Table D2.

Byenup Lagoon is used as a drought refuge by langebers of waterbirds. Open water
in smaller lakes, such as Tordit-Gurrup Lagoon iarportant for Australian Shelduck
moulting, with over 12,000 recorded in December2l@@epartment of Conservation and
Land Management 1998). During 1992, Lake Muir waasshallow to be used by birds
for moulting due to lower than average rainfall pfagment of Conservation and Land
Management 1998).

Non-vegetated beaches on the eastern side of F@uliup Lagoon and Byenup Lagoon
provide habitat for waders, ducks and swans (R.ridegers. com.). Tordit-Gurrup

62



Lagoon supports more waterbird species than Bydragwon due to its larger beach
expanse and greater variety of habitats (R. Hexars. com.).

Poorginup Swamp provides important habitat for Aalasian Bitterns in the Muir-
Byenup System Ramsar site (R. Hearn, pers. com.).

Table 29. Number of waterbird species recorded wltn the Byenup Lagoon System in the Muir-
Byenup System Ramsar site (1981-1991). Ramsar diteal includes Lake Muir (1981-91).

Waterbird Typical feeding and Byenup | Tordit- | Poorginup | Neeranup | Ramsar
group foraging information Lagoon | Gurrup Swamp Swamp site
Lagoon total
Ducks and Shallow or deep water opgnl0 7 1 5 11
allies foragers, vegetarian (Black

Swan) or omnivorous, with
diet including leaves, seeds
and invertebrates

Grebes Deeper open waters, feeding 1 0 2 4
mainly on fish
Pelicans, Deeper open waters, feedindg 6 0 2 5

Cormorants mainly on fish
and Darters

Herons, Ibis, | Shallow water or mudflatg, 7 5 0 4 7
Egrets, feeding mainly on animals
Bitterns and | (fish and invertebrates)
Spoonbills
Hawks and Shallow open or vegetatedl 1 0 1 1
Eagles water, feed on fish and
occasionally waterbirds and
carrion
Crakes, Rails, | Coots in open water, others4 2 1 4 4
Coots and in shallow water with of
Waterhens without vegetation
Shorebirds Shallow water mudflats1l 6 0 4 14

12}

feeding mainly on animal
(fish and invertebrates)

Gulls and Terns over open water3 1 0 1 3
terns feeding on fish, gulls
opportunistic feeders in a
wide range of habitats

Breeding
Baumeacommunities in freshwater lakes, including Toi@it¥rup and Byenup Lagoons

and Poorginup Swamp, provide habitat for breediagspof Little Bittern [xobrychus
minutug and Spotless Crak®orzana tabuensjgDepartment of Conservation and Land
Management 2003). These sedge dominated wetldsmp@vide important habitat for
the Australasian Bittern (Department of Conservatamd Land Management 2003),
which is listed as Endangered at the global levelen the IUCN Red List (2008).
Possibly ten Australasian Bitterns, are supportgdthese wetlands, and behaviour
suggests that breeding occurs at the site (Depattroé Conservation and Land
Management 2003). The latest south-western papnola&stimate for the Australasian
Bittern is 500 birds (Wetlands International 20Q6égrefore the Ramsar site exceeds the
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1% population threshold for this species. The MByenup System Ramsar site is one of
the five remaining refuges for the south-westerrsthalian population of Australasian
Bitterns.

Nests and broods of Black Swans (Byenup Lagoon)Emdsian Coots (Byenup Lagoon
and Tordit-Gurrup) were recorded in 1989-1991 (Blads al. 1994; Halse et al. 1990;
Halse et al. 1995; Halse et al. 1992). Local kmulgk also suggests that Swamp
Harriers, Blue-billed Ducks, Cormorants, Sea Eagimoonbills and Grebes also breed
in the Byenup Lagoon System (P. Taylor, pers. comlpble presents the nesting
requirements of Australasian Bitterns, Black Swamd Eurasian Coots.

Table 30. Requirements of waterbirds recorded breding at the Byenup Lagoon System
(Department of Environment 2000; Jaensch 2002).

Species Breeding behaviour nesting sites
Australasian Bittern Tall and short sedges, wetistaucted cup-shaped nests.
Black Swan Nest mound built in open water, on dani or in swamp

vegetation, requires minimum water depth of 30-60 until
cygnets are independent, first flight at approxaha8 weeks.

Eurasian Coot Nests in or over open water in veigeta(shrubs, treeg,
sedges) or in a partly floating mound, young leagst soon
after hatching, but are dependent on adults foramately
5 weeks.

4. SYSTEM SERVICES AND BENEFITS

Ecosystem benefits and services are defined asb#reefits that people receive from
ecosystems” (Ramsar Convention 2005, Resolutiod Xnnex A), including direct
benefits such as food and water provision, andéetliecological benefits.

There are four main categories of ecosystem serviaefined by the Millennium
Ecosystem Assessment (Millennium Ecosystem Asse¥s?ieb):

1. Provisioning services- the products obtained from the ecosystem sudbaas
fuel and fresh water;

2. Regulating services- the benefits obtained from the regulation ofsystem
processes such as climate regulation, water regulaand natural hazard
regulation;

3. Cultural services— the benefits people obtain through spiritualictnment,
recreation, education and aesthetics; and,

4. Supporting services- the services necessary for the production ofotier
ecosystem services such as water cycling, nutdgeltng and habitat for biota.
These services will generally have an indirect Bierne humans or a direct
benefit over a long period of time.
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The critical ecosystem services and benefits fer Muir-Byenup System Ramsar site
have been determined in accordance with Nla¢ional Framework and Guidance for
Describing the Ecological Character of AustraliaarRsar wetland¢Department of the
Environment, Water, Heritage and the Arts 2008)e Tritical services and benefits have
been identified as they:

» are important determinants of the site’s uniqueattar

» are important for supporting the Ramsar Criteriasbich the site is listed

» are likely to change over short or medium timees#k100 years)

» will cause significant negative consequences ihgeaoccurs.

Table outlines the critical ecosystem benefits saxyices for the Muir-Byenup System

Ramsar site. The interactions between theses semsybenefits and services and
ecological processes and components are discusSztiion 6.

Table 31. Ecosystem benefits and services for tMuir-Byenup System Ramsar site.

CATEGORY | DESCRIPTION

PROVISIONING SERVICE — PRODUCTS OBTAINED FROM THECBSYSTEM SUCH AS FOO[
AND FRESH WATER

Wetland products | No commercial products are obtair@m the site

REGULATING SERVICES — BENEFITS OBTAINED FROM THE RBJLATION OF ECOSYSTEM
PROCESSES SUCH AS CLIMATE REGULATION, WATER REGULFIN AND NATURAL
HAZARD REGULATION

Pollution control and Wetlands act as sinks for sediment and nutrienten fthe catchment

detoxification (DeHaan 1987).
Climate regulation Plausible but not documented.
Flood control The site acts as a receiver of dgenaater from the surrounding floodplain.

CULTURAL SERVICES — BENEFITS PEOPLE OBTAIN THROUGHPIRITUAL ENRICHMENT,
RECREATION, EDUCATION AND AESTHETICS

Recreation and tourism The bird observatory on Buitighway is used for passive natyre
study/appreciation activities such as bird watchiplgotography, landscape
painting, drawing and writing.

Spiritual and inspirational | The wetlands are spiritually significant for the digar people and at least
one Aboriginal site occurs within the Muir-Byenups&m Ramsar site. The
Mulgarnup Swamp complex is known to be an importaet for Aboriginal
women (R. Hearn pers. com.).

European historical sites also exist within the Ransite

The Ramsar site is included within the Lake Muiedrsite (9556), which i
registered on the Register of the National Estate.

12}

Scientific and educational| The Muir-Byenup System Ramsar site has been meditdor severa
decades. Peat wetlands, rare in Western Austraha, primary saline
wetlands are found within the Ramsar site and suppoientifically
important flora and fauna. The Ramsar site is afsimterest for scientifig
research of past climatic regimes (peat recordlle® and charcoal foss
records from Byenup Lagoon peat profiles have pledi insights intd
Holocene vegetation and fire history (Dodson and2000). Analysis of
lignite obtained during drilling investigations Havalso contributed to
understanding late Eocene history of the area @R2003).

An information bay and interpretive facility at LlekMuir provides
conservation education. Education also occursutiirothe Perup Fores
Ecology Centre.

—
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SUPPORTING SERVICES — SERVICES NECESSARY FOR THEOPRICTION OF ALL OTHER
ECOSYSTEM SERVICES SUCH AS WATER CYCLING, NUTRIENTYCLING AND HABITAT
THESE SERVICES WILL GENERALLY HAVE AN NDIRECT BENEFIT TO
HUMANS OR A DIRECT BENEFIT OVER A LONG PERIOD OF WIE

FOR BIOTA.

Biodiversity

As evidenced by the listing of theesibs a wetland of internation
importance. Biodiversity values include:

Supporting a wide range of ecological communities;

Supporting a number of regionally, nationally anateinationally
threatened species;

Supporting a high diversity of species (flora aadrfa); and,
Supporting an important representative of a rabétag(peat wetlands)
Supporting numerous short range endemic species.

ol

Nutrient cycling

The Ramsar site plays a role in the recycling ofrieats from the
surrounding catchment.

Carbon sequestration — data deficient but plausible

Habitat

Habitat types that are important for thelegical character of the Rams
site include:

Open water — key biota: fish, macroinvertebratestevbirds (foraging);
Mudflats — key biota: macroinvertebrates, waders;

Peat wetlands — key biota: macroinvertebrates, nvatts (foraging);
Baumeasedgeland — key biota: fish, macroinvertebrateatexbirds
(nesting, foraging and protection from predators);

Gahniasedgeland — key biota: waterbirds;

Samphire — key biota: waterbirds (foraging, nestimgosting and
protection from predators);

Melaleucacommunities — key biota: waterbirds (nesting asakting);

Eucalyptusvoodlands — key biota: waterbirds (nesting andtings
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5. CHANGES IN THE ECOLOGICAL CHARACTER OF THE MUIR-BYE NUP
SYSTEM RAMSAR SITE: CURRENT STATE OF CRITICAL
COMPONENTS AND PROCESSES

5.1 Changes since listing

The Muir-Byenup System Ramsar site was first listeder the Ramsar Convention as a
wetland of international importance in 2001. Thaikable data indicates that there have
been some changes to aquatic macroinvertebrate goitdes composition and
distribution of some fish species in the ByenupdaySystem, since the time of listing.
Some changes have also been noted in the conditidrextent of fringing vegetation.
As well as being important for maintaining the egptal character of the site, these
components also contain species which supportisterd|Ramsar Criteria. It should be
noted that these changes may be a result of sagneffart (i.e. only two surveys have
been conducted for macroinvertebrates and fisi,996/97 and 2003/04) and further
investigation is required to confirm the changeBased on available evidence, it is
considered that there has not been a change exthegical character of the Ramsar site
since the time of listing.

5.1.1 Aquaticinvertebrates

Wetland Research and Management (2005) identibeteschanges in macroinvertebrate
communities in the Byenup Lagoon System wetlandwden the two sampling periods
of 1996/97 and 2003/04 including: altered commusityicture in Byenup Lagoon and
Poorginup Swamp; reduced macroinvertebrate spetiveysity in Byenup Lagoon,
Tordit-Gurrup and Poorginup Swamp; and fewer soutlst and locally restricted
endemic species in Byenup Lagoon, Poorginup Swardgvaillgarnup Swamp.

Increased salinity levels from 1996/97 to 2003/G& been correlated with reduced
macroinvertebrate species diversity in Byenup Lagobordit-Gurrup and Poorginup
Swamp (Wetland Research and Management 2005). Vowas differences in mean
annual salinity between the years from 1978-200&wet statistically significant, these
changes may not be permanent. Overall, fewer seagt and locally endemic species
were recorded in 2003/04 than in the 1996/97 swv@yetland Research and
Management 2005). The north end of Byenup Lagoas the only wetland area
sampled where a decrease in the number of southemeemics and restricted south-
west endemics was not observed between the twolisgngeriods (Wetland Research
and Management 2005). However, in all other Byebagoon System wetlands, either
the same number of restricted endemics (Tordit«@Guidragoon) or reduced numbers
(Byenup Lagoon, Poorginup Swamp and Mulgarnup Svwangre recorded (Wetland
Research and Management 2005).

Frequency of taxa collected between 1996/97 an@/R@0during summer and autumn
also differed, with reduced frequencies of speare2003/04 (Wetland Research and
Management 2005). Species which were found to haveeduced frequency of
occurrence in autumn included chironomidBaramerina levidensjs Limnophyes
pullulus and Tanytarsus sp.) and odonataP(¢ocordulia affinis and Austrothemis
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nigresceny (Wetland Research and Management 2005). Themegeb were possibly
due to elevated salinities and nutrient levels yefip Lagoon System wetlands during
autumn 2003/04 compared with 1996/97 (Wetland Rekeand Management 2005).
Species which increased in frequency of occurréancautumn included Hydracarina
(Limnochares australiga a chironomid Procladius villosimanus ceratopogonids,
tabanids, a zygopteraAistrolestes anal)sand dytiscid beetlesegaporus soliduand
Sternopriscussp.) (Wetland Research and Management 2005). d&tagl. (2001)
measured salinity tolerances associated with nm@awediebrates in south-western
Australia and found that chironomid and Hydracarfamilies were generally salt-
tolerant.

5.1.2 Fish communities

Temporal changes in fish communities have beentifcah in the Byenup Lagoon
System wetlands between the sampling periods o6/999and 2003/04 (Wetland
Research and Management 2005). Fish species escand 1996/97 but absent in
2003/04 included: Western Pygmy Perch, BalstongnyPerch, Nightfish and Western
Minnow from Mulgarnup Swamp; and Nightfish from Byg Lagoon (Wetland
Research and Management 2005). As these wetlaeagseemanent the changes may be
related to water quality, particularly increasetinsty levels from 1996/97 to 2003/04.
However, as differences in mean annual salinity ¢ive long term (1978-2008) were not
significant it is possible that these changes anepbrary and within natural variation.
Wetland Research and Management (2005) recograsenitreased salinity of wetlands
within the Muir-Byenup System Ramsar site may resuthe loss of salt-sensitive fish
larvae and juveniles. However, the absence oéicespecies could also be influenced by
fish breeding season and whether juvenile fishpaesent during high salinity seasons
(autumn) (Wetland Research and Management 2005).

Disappearance of fish, may also be due to droughtitons and failure of fish to

recolonise wetlands during more favourable cond#i(R. Hearn, pers. com.). Temporal
changes in fish distributions will need to be mored in the longer term as Balston’s
Pygmy Perch and Nightfish were observed in MyalgelRoad) Swamp (Site 44) in

2008 (R. Hearn, pers. com.). Recolonisation ofs®al’'s Pygmy Perch in 2008 may
have been due to its ability to aestivate in dampomn sediments during periods of
drought (FishBase 2009).

5.1.3 Fringing vegetation
Since the time of listing (2001), Storey found tBauumeasedgeland health and density
had substantially increased in Geordinup Swam@®08204 relative to 1996/97 (Wetland
Research and Management 2005). However, largs aféa articulatain Yarnup and
Unicup wetlands, north of the Byenup Lagoon Systead, been degraded since 1996/97
(Wetland Research and Management 2005). GibsorKargthery (1999) also observed
Baumeasedgeland decline at Byenup Lagoon from 1980 t&®,188ough comparison of
aerial photographs. These changes could be rdiatedreased salinity levels over that
period, however, changes Baumeain West Kodjinup Nature Reserve were likely due
to fire damage (Wetland Research and Manageme) 200
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6. HOW THE MUIR-BYENUP SYSTEM RAMSAR SITE WORKS:
INTERACTIONS BETWEEN COMPONENTS, PROCESSES, BENEFITS

AND SERVICES

Table presents a summary of the interactions kestwke components and processes,
and the services and benefits for the Muir-Byenyst&n Ramsar site. For each service
and benefit, the following associations have beentified:

» Location within the Muir-Byenup System Ramsar &itewhich the service and

benefit applies;

» Components and processes that are directly redperisr the provision of the
service and benefit;
* Influencing biotic components and processes thatiradirectly related to the
service and benefit by supporting or impacting area components and

processes,

* Influencing abiotic components and processes fifttadhe service and benefit;
e Threatening activities that are or have potent@laffect components and
processes that provide service and benefit.

Table 32. Muir-Byenup System Ramsar site benefitand services, and components and processes
(adapted from Hale and Butcher 2007)

BENEFIT/SERVICE DIRECT INFLUENCING ABIOTIC THREATS AND
COMPONENTS BIOTIC COMPONENTS | THREATENING
COMPONENTS ACTIVITIES
Pollution control Nutrient Phytoplankton and| Nutrient Increased
concentrations in macrophyte concentrations. catchment nutrient
water and sediment | biomass. Denitrification. loads from
(entire Ramsar site). DO concentrations] fertiliser inputs
Nutrient storage leading to

and release from

eutrophication.

sediments. Any actions that
disturb drainage
flows and
interactions
between wetlands.
Cultural services: Waterbird Habitat extent Hydrology Increased
Recreation and tourism populations. (saline and peat Water quality: catchment nutrient
Spiritual and inspirational | Aboriginal sites. wetlands) and Nutrients loads from
Scientific and educational | Rare flora and fauna, distribution. Dissolved oxygen | fertiliser inputs
Peat pollen record Primary production| Water clarity leading to
(entire Ramsar site). | (balance between | Salinity eutrophication.
productivity and pH Dryland salinity.
eutrophication). Disturbance of acid
Ecological service: Byenup Lagoon Vegetation, Hydrology sulfate soils.
Supports an important System peat waterbird, fish and | Water quality: Any actions that
representative of a rare wetlands. Primary | macroinvertebrate | Nutrients disturb hydrology
habitat saline wetlands (Lake communities. Dissolved oxygen | (drainage,
Muir and Coorinup Water clarity groundwater
Swamp). Salinity extraction).
pH
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Ecological service:
Supports a high diversity 0

Byenup Lagoon

f System peat wetland

Vegetation,
5 waterbirds, fish ang

Hydrology
Water quality:

species (flora and fauna) | and naturally saline | macroinvertebrate | Nutrients
Lake Muir. communities. Dissolved oxygen
Water clarity
Salinity
pH
Ecological service: Waterbirds, flora and| Habitat diversity Hydrology
Supports a number of fish. and extent Water quality:
regionally, nationally and Nutrients
internationally threatened Dissolved oxygen
species (flora and fauna) Water clarity
Salinity
pH
Ecological service: Waterbirds Macrophytes Hydrology Increased
Regularly supports 20,000 Phytoplankton Water quality: catchment nutrient
or more waterbirds Macroinvertebrateg Nutrients loads from
Habitat extent and | Dissolved oxygen | fertiliser inputs
distribution Water clarity leading to
Primary production| Salinity eutrophication.
pH Dryland salinity.
Disturbance of acid
Ecological service: Waterbirds Macrophytes Hydrology sulfate soils.
Supports plant and-or (Australasian Bittern,| Phytoplankton Water quality: Disturbance of
animal species at a critical| Australian Shelduck | Macroinvertebrateg Nutrients birds and nests.
stage in their lifecycles, or| moulting, migratory | Habitat extent and | Dissolved oxygen | Introduced
provides refuge during shorebirds, breeding| distribution Water clarity predators.
adverse conditions of 6 species). Salinity Any actions that
pH disturb hydrology
Ecological service: Australasian Bitterns| Macrophytes Hydrology (drainage,
Regularly supports 1% of Phytoplankton Water quality: groundwater
the individuals in a Macroinvertebrateg Nutrients extraction).
population of one species Habitat extent and | Dissolved oxygen
or subspecies of waterbird distribution Water clarity
Salinity
pH

The interactions between the critical components@ncesses, and services and benefits
determine the ecological character of the Muir-Byeisystem Ramsar site. Conceptual
models have been provided to illustrate the ecolgiharacter of Lake Muir (Figure 23)
and the Byenup Lagoon System (Figure 24). Theseetamlso show the species and
communities that support the listing criteria of tMuir-Byenup Ramsar System Ramsar
site including; flora, waterbirds, fish and macrartebrates.
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Figure 23.
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Groundwater pH 5.2-3.6
Potential acidity (pyrite in aquifers)

Wetland ecosystem

Hydrology (C)
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Inflow from artificial channels and Mulgarnup Swamp
Shallow evaporating basin
Surface water area and depth seasonal (0-1.31m)
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Waterbirds:
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waterbirds and up to 52,000
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Shelduck moulting (C4)

» Breeding (Black Swans, Silver
Gulls and Australasian
Shoveler)

Flora (habitat):

 Salt tolerant macrophytes

* Gahnia trifida sedgelands

* Low shrublands (samphires)

» Wetland scrub (Melaleuca
viminea, M. cuticularis, M.
densa)

» Eucalyptus occidentalis

* Wetland dependent orchids
(C2)

« Priority/endemic species (C3)
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Biochemical
processing (P)

nt and
cycling
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associated with evaporation
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Services and benefits (S)

Regulating services (pollution and flood control)
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inspirational; scientific and educational)
Supporting services (biodiversity, nutrient cycling and habitat)

met.
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Bitterns and Eurasian Coots) (C4) Other wetlands (pH 7-9)

* >1% Australasian Bitterns (C3)

Flora (habitat):

« Fresh water macrophytes

« Baumea sedgelands

¢ Melaleuca rhaphiophylla, M.
lateritia, Astartea leptophylla and
Taxandria juniperina shrublands

¢ Eucalyptus marginata
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Services and benefits (S)

Regulating services (pollution and flood control)
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Figure 24. Conceptual model of the Byenup LagoonyStem showing the critical components (C),
processes (P) and services (S) for maintaining eogical character . C1 etc. denote Ramsar criteria
met.
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7. THREATS TO THE ECOLOGICAL CHARACTER OF THE MUIR-BYE NUP
WETLAND

Threatening processes identified in the Muir-ByeB8yptem Ramsar site include:

» Secondary salinity;

» Disturbance of potential acid sulfate soils;
» Eutrophication;

» Grazing;

* Introduced species;

» Pathogens and pests;

* Inappropriate fire regimes; and,

» lllegal vehicle access.

7.1 Secondary salinity

Wetlands, due to their low position in the lands;agre considered to be one of the first
habitats to be impacted by rising groundwater aatinity (Gibson et al. 2004).
Secondary salinisation has been identified as amithjeat to the conservation values
(Gibson and Keighery 1999) and the ecology of therNByenup peat wetlands (Wetland
Research and Management 2005).

Land clearing for agriculture is the major causéaofl and water secondary salinisation
in south-western Australia. In the Lake Muir caient during the 1960s and 70s, more
than 20,000 hectares were cleared for pasture anicuitural crops (Clews 1999).
Replacing deep-rooted perennial vegetation withllehaooted annual crops and
pastures, alters the water balance, causing rigiatgrtables and mobilisation and
concentration through evaporation of ancient saltdhe soil profile (Smith 2003).
Wetland systems can become saline through incressethden runoff, and rising saline
watertables (Smith 2003). These processes canledsbto intermittent wetlands or
swamps becoming permanently inundated or watertb¢8mith 2003).

Salinisation due to shallow water levels, variesnfrno risk to high risk within the
Ramsar site depending on geology, topography anéala(Smith 2003). Wetlands on
broad flats, such as Lake Muir, and wetlands adjate cleared land, have the highest
risk of land salinisation due to poor drainage ahd presence of shallow saline
groundwater (Smith 2003). However, it is still lear as to the extent to which saline
water has been released by land clearing into dWhiace waters of the Ramsar site (R.
Hearn, pers. com.). Drainage works also contributlinisation of wetlands (Gibsen

al. 2004).

In 1996, the Lake Muir-Unicup Wetland Complex wasmmated as a high-priority
catchment for recovery under the State SalinityokcPlan and its successor, the Salinity
Strategy (Government of Western Australia 1996 &@®0). While a recovery
catchment plan has not been written to date, regaetions have included reforestation
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and revegetation through tree plantations and pekaorops and pastures (Clews 1999).
However, plantations may also be responsible foremsed salinity of wetlands. Water
use by plantations reduces freshwater runoff tdands and valley floor groundwater
recharge, and may be responsible for lowering whdeels in the Ramsar site by
reducing dilution and flushing effects, which rdésuin an increase in surface water
salinities. Plantation harvesting may also leadsatinisation of wetlands by saline
groundwater intrusion through lake floors assodat&h rising regional watertables (R.
Hearn, pers. com.). Long-term data indicates ttite have been no significant changes
in salinity between years for all monitored wetlanexcept for Poorginup Swamp.
Increased salinisation in some years in Poorginuan® was related to low water levels
during the 1980s and there was no evidence foeasad salinisation in the last 10 years.

In naturally saline wetlands in south-western Aalgdr salinity levels do not appear to
affect vegetation species richness (Halse 1993)weier, secondary salinisation does
reduce vegetation species richness and composgiromgipally from increased salinity
levels and waterlogging (Halse 1993). Peat b&mdneawetlands are very narrowly
distributed and are threatened by increased sal{Diepartment of Conservation and
Land Management 1998). Gibson and Keighery (1388%ervedBaumeasedgeland
decline at Byenup Lagoon through comparison ofahghotography from 1980 to 1995.
This decline coincided with an eight year peak atingty levels in the lagoon (Gibson
and Keighery 2000). Increased salinity of peatbagetlands has also been found to be
negatively correlated with both aquatic invertebrapecies richness and waterbird
richness (Calet al. 2004). Effects of salinity on aquatic macrophyes also likely to
have adverse effects on aquatic invertebrates,diigh waterbirds, through removal of
food sources and habitat (Hattal.1991).

Increasing salinisation is likely to have directandirect impacts on waterbirds within
the Ramsar site (Wetland Research and Managem@sj).26iartet al. (1991) found that
the salinity tolerance of waterbirds varies gredibBtween species. Most waterbirds
require freshwater to drink and there is evidentéw breeding success above 3,000
mgL™* (3 ppt). Indirectly, increased salinities are ljke affect waterbirds through loss
of habitat for feeding, nesting and food sourcg.(ehanges in invertebrate composition),
vegetation degradation and death (Wetland Reseadianagement 2005).

Salinisation dramatically alters the compositiond afichness of freshwater aquatic
invertebrate communities, with salt-sensitive spearadually replaced by salt-tolerant
or halophyllic species (Pindeet al. 2004). Salinised communities are relatively
homogenous compared with naturally saline or fregbmwetlands (Pindest al. 2004).
Naturally saline wetlands are also threatened ghadd salinity due to altered hydrology
(increased streamflow and wetland inundation, cedngegetation and formation of new
wetlands) and water chemistry (changed ionic coitipo (Pinderet al.2004). DeHaan
(1987) suggested that increased salinity in thenBgelLagoon System would alter
macroinvertebrate community structure, with crustexrs becoming more dominant than
insect taxa. This will also adversely impact oshfispecies such as Balston’s Pygmy
Perch whose larvae feed on Cladocera (FishBase).2009
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Naturally saline wetlands, such as Lake Muir as®o affected, as plants and animals
cannot tolerate the increased hydroperiod andealtsalinity regime associated with
secondary salinity (Cramer and Hobbs 2002). Irsmdasalinity is likely to adversely
impact the ecological character of the RamsartBitgugh changes in macroinvertebrate
and fish composition, and subsequent impacts oariatls through loss of food source.

7.2 Disturbance of potential acid sulfate soils

Increased acidity may impact the ecological charactf the Muir-Byenup System
Ramsar site, by altering macroinvertebrate and dmmposition, and reducing food for
waterbirds. Disturbance of potential acid sulfatéssshould be investigated prior to
activities such as drainage (Smith 2003). Lowetewéevels in wetlands may expose
peat to oxidation, causing acidification of natlyraccurring acid sulfate soils. Potential
acid sulfate soils within the Ramsar site are agacerbated by disturbance of peat
wetlands by feral animals, illegal vehicle use Andses (McKenziet al.2002).

The Ramsar site is adjacent to a peat mining dveKénzie et al. 2002). Wetlands
north of Lake Muir, including Red Lake and Cowefsywamp, have been subject to peat
mining and drainage activities (Department of Coveton and Land Management
2003). Cowerup Swamp has been mined for peataaide water drains (pH 3.68-6.73)
(DeHaan 1987) via artificial drainage channels BRed Lake, into Lake Muir (R. Hearn,
pers. com.). Currently, Lake Muir has sufficientffering capacity due to high levels of
carbonates from snail shells. Closure of thisrdmaould return anoxic conditions to
Cowerup Swamp and help re-establish peat commarfReHearn, pers. com.).

Artificial drains installed in the wetland adjacetat Poorginup Swamp have reduced
water levels by 0.5-0.75 m, altering local hydratad) systems and indirectly causing
Poorginup Swamp to dry out more rapidly than otletlands in the Ramsar site (R.
Hearn, pers. com.). In addition to changes in blgdsic properties, drainage of peat
wetlands can also cause subsidence from erosiankafge, oxidation, compression and
compaction of the peat surface (DeHaan 1987). &iad occurs either by the

acceleration of aerobic decomposition or by firesks, which can be spontaneous in
drained peat (DeHaan 1987). Subsidence increasess runoff and potentially reduces
groundwater recharge (DeHaan 1987).

Acidity of wetlands may also occur following platiten harvesting from acid and ferrous
ion rich groundwater intrusion via rising waterl&(R. Hearn, pers. com.).

DeHaan (1987) suggested that low pH in the Byeragobn System was likely to reduce
macroinvertebrate species richness, diversity &noh@ance. Increased acidity has been
shown to detrimentally affect macroinvertebrate edsity (Petrinet al. 2007) with
depauperate communities in south-western Australiagatbelt lakes where pH was less
than 4 (Pindert al. 2004). Stewartt al. (2009) suggests that pH levels of about 5
indicate a level for concern in south-western Aalgir Macrophytes and algae are also
known to be sensitive to acidification (Farmer 108@d loss of these species would
further impact on macroinvertebrates in the Byebagoon System.

75



7.3 Eutrophication

Increased nutrient levels, nitrogen and phospheoargentrations and availability, can
directly influence aquatic ecosystems through ftbxior indirectly via excessive plant

growth and eutrophication (Wetland Research andagament 2005). Nutrients enter
the Ramsar site from the release of phosphorusdramage associated with mining
activities and agriculture (DeHaan 1987). Histaltiz Byenup Lagoon has experienced
algal blooms due to nutrient enrichment (DepartmehtConservation and Land

Management 1998). Excessive nitrogen and phosphaomay have changed invertebrate
composition (R. Hearn, pers. com.) and therefooeeimsed nutrient concentrations are
likely to adversely impact the ecological characteChanges in macroinvertebrate
composition will also impact on fish and waterbitdsough reduction of food source.

7.4 Grazing

Currently, areas of the Ramsar site are being bgatkighbouring landholders to graze
cattle. Cattle adversely impacts wetlands throwgimpling, vegetation degradation, soil
erosion and degradation of water quality (Horwi®94). Grazing was found to have a
detrimental impact on emergent and fringing plamcges in a study of wetlands in
nature reserves of south-western Australia (HaB@3)l Domestic cattle also cause
degradation of aquatic macrophytes, which resuitsraduction of the number of

invertebrate species (Halse 1993).

Grazing in the Muir-Byenup System Ramsar site kaslted in increased weed diversity
in the Jarrah/Yate woodlands aid rudis woodlands (Gibson and Keighery 2000).
Grazing may impact the ecological character ofRaensar site by altering waterbird and
aquatic fauna habitat, and result in the loss aofamd dependent orchids and priority
endemic floral species.

7.5 Introduced species
Feral animals have caused land degradation and weegsion (Department of
Conservation and Land Management 1998) in wetlarehsa and watering points
throughout the Muir-Byenup System Ramsar site.alF@nimals are likely to adversely
impact the ecological character of the Ramsarlsgitaltering habitat for waterbirds and
aquatic fauna, and reducing the extent of key fapracies. Introduced animals known to
occur in the Ramsar site, include:

* Fox (Vulpes vulpes

* Red deer and Fallow deeZ€rvus elaphus, Dama dajna
» Cat (Felis catuy

* Dog (Canis familiaris familiari

* Pig (Sus scrofa

* Rabbit Oryctolagus cuniculys

* Horse Equus asinus

* House mouseMus musculus

» Black rat Rattus rattup

* HoneybeeApis melliferg
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» Laughing Kookaburra¥facelo novaeguinede
* Mosquitofish Gambusia holbrooki

Foxes pose direct threats to waterbirds througllgtien. Horses, deer and pigs also
pose direct threats to waterbirds through habiéstrdction. Horses and pigs can also
spread Phytophthora (Department of Conservation and Land Management8)199
Vegetation around wetlands and the presence ofrwadke the wetlands highly suitable
for feral pigs, which are difficult to eradicate €partment of Conservation and Land
Management 1998). Deer also exacerbate acid sulfasits inBaumeasedgelands by
oxygenating peat and mobilising acid groundwatergd aause tree death through
ringbarking (R. Hearn, pers. com.). Methods oftoaninclude baiting and trapping
programs and opportunistic shooting of foxes, cdisgs and pigs (Department of
Conservation and Land Management 1998).

The Laughing Kookaburra is not native to WesterrstAalia and was introduced from
the eastern states in 1896, however, it is pradeateler thewildlife Conservation Act
1950(Department of Conservation and Land Manageme®8)LMosquitofish have also
been recorded in the Ramsar site (Wetland ReseardhManagement 2005). Redfin
Perch Perca fluviatilig were introduced to the Ramsar site as part ohtoimatisation
program and may still persist in the area (R. Hepars. com.) More investigation is
required to determine whether Redfin Perch areeath

Exotic weeds \(Vatsonia Cape Tulip, east coast wattles, exotic grasskg ums,
various clovers and their allies) are found witthie Ramsar site. Matsoniapopulation
has also been found north of the Ramsar site (covere spread by bulldozers) which
needs eradication (R. Hearn, pers. com.).

Typhaorientalispopulations have been found in Tordit-Gurrup Lagaod in Geordinup
Swamp. Both of these populations are being manbgegraying programs (since 2006)
and seed removal (R. Hearn, pers. com.). Grazingeedlings by kangaroos and
flooding early in their life-cycle also helps ereation (R. Hearn, pers. com.J.yphaon
private properties and reserves north of the Rasgigaare also being managed to reduce
the risk of spreading (R. Hearn, pers. com.).

7.6 Pathogens and pests

Pathogens are likely to adversely impact the eccédbgharacter, by affecting key flora
species. Dieback, caused Blgytophthoracinnamomi is identified as one of the major
threats to the conservation values of the Muir-Bye®ystem Ramsar site (Gibson and
Keighery 1999). Dieback hazard of low-lying aredghe Ramsar site is moderate to
high (Gibson and Keighery 2000) amhytophthoraspread has been correlated with
drainage and road works (Gibson and Keighery 1998)rses and pigs can also spread
Phytophthora(Department of Conservation and Land Manageme®8)1 Phytophthora
currently affectsBanksia ilicifolia woodlands along the Muirs Highway (Gibson and
Keighery 2000). Phytophthorais likely to change the composition of sand-plain
communities through selectively targeting Proteacaad Epacridaceae families (R.
Hearn, pers. com.). However, &hytophthoraspread is compounded by rising
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watertables (McKenziet al. 2002) it is difficult to separate the effects fraalinity or
acidity (R. Hearn, pers. com.).

Armillaria luteobubalinais an indigenous species of mushroom-producingusmghich
causes infection by root-root contact and occadlipnay aerial spore dispersal
(Department of Conservation and Land ManagemenB)199%roteaceae, Myrtaceae,
Papilionaceae, Epacridaceae and Mimosaceae aremibs&t susceptible families
(Department of Conservation and Land Managemen8)198rmillaria is common in
eastern Jarrah and Wandoo forests (Department ngePeation and Land Management
1998) and in the Ramsar site has infected parh@Melaleuca preissiana — Kunzea
sulphureawoodland north of Poorginup Swamp (Gibson and Keigl2000).

Insect attacks by Marri Spitfird>érgasp., family Pergidae) have caused defoliation and
death of Marri trees in the south-east part ofRaensar site (R. Hearn, pers. com.). This
is likely to affect the balance of Jarrah and M@aommunities and may also result in
Jarrah deaths due to changed hydrology, as Jaralolerant of inundation (R. Hearn,
pers. com.).

Pathogens and pests can alter vegetation compuditipacting the ecological character
of the Ramsar site by changing waterbird and aqdiatina habitat.

7.7 Inappropriate fire regimes

Lake Muir Nature Reserve has had a history of nooeemwildfires, with most fires
originating from adjacent farmland (Department @inServation and Land Management
1998). The last significant fire in the peat wetla (Tordit-Gurrup Lagoon) occurred in
1988, as a result of burning off in adjacent pevatoperty (Department of Conservation
and Land Management 1998).

Fires have resulted in a depauperate understor&yested areas east of Tordit-Gurrup
Lagoon and south-east of Byenup Lagoon. In pdaicithe removal of litter and
nitrogen fixing Acacia species and Papillionaceae families from the wstdexy has
reduced ecosystem health (R. Hearn, pers. comapptopriate burning regimes (such as
frequent lethal or infrequent intense fire regimean have a range of impacts on
sensitive flora and fauna species and can alsdtrasuhe destruction of peat and
retardation of regeneration of wetland shrub thigkerhich are important for waterbird
breeding (Department of Conservation and Land Mamegt 2003).

7.8 lllegal vehicle access
lllegal vehicle access has resulted in the degi@uadbf some wetland shorelines,
including Lake Muir (Department of Conservation abhdnd Management 1998).
Impacts from vehicles may threaten key flora speaied degrade waterbird and aquatic
fauna habitat.
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8. LIMITS OF ACCEPTABLE CHANGE

Limits of acceptable change are linked to the ratvariability of parameters from which

limits are set. Both temporal and spatial varigbibccurs in wetland processes and
components, however the limits of acceptable chaigmild go beyond the levels of
natural variability (Figure 25). Phillips (2006¢fthed the limits of acceptable change as:

“...the variation that is considered acceptable iparticular measure or feature of the
ecological character of the wetland. This may uide population measures, hectares
covered by a particular wetland type, the range@ftain water quality parameter, etc.
The inference is that if the particular measureparameter moves outside the ‘limits of
acceptable change’ this may indicate a change olaggical character that could lead to
a reduction or loss of the values for which the sitas Ramsar listed. In most cases,
change is considered in a negative context, leatbragreduction in the values for which
a site was listed”.

Natural Limnits of Acceptable
Variability Change

Variation in Parameter
(e.g. salinity, population)

Figure 25. Example of natural variation and limitsof ecological change (Phillips 2006).

In the absence of complete knowledge, conservéitivies of acceptable change are set,
which can be reviewed in light of monitoring anddéinal information. Components
and processes for which limits of acceptable chaagebe established are those where:
* Information is adequate to form a baseline agaimkich change can be
measured,
* Information is sufficient to characterise naturafiability; and
* Management and monitoring can occur (Hale and But2B807).

Where these criteria cannot be met, limits of atai@p change are set using a
hierarchical approach (Hale and Butcher 2007).s HBpproach uses key abiotic factors
and primary responses to abiotic conditions (supmprbiological components and

habitat) to set limits for species and communitéthin the wetland system (Hale and
Butcher 2007) (Figure 26). The limits of accepeatthange for Lake Muir are shown in
Table and for the Byenup Lagoon System in Table .
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Critical components and

processes
Abiotic components Supporting biological components
a Water quality » *Phytoplankton \
«Salinity and depth *Macroinvertebrates

opH
_< *Nutrients

«Dissolved oxygen

Key species and communities

Hydrology
N Endemic macroinvertebrates o
*Surface water flows Monitoring to
- «Priority and endemic flora inform Limits
*Permanence
*Fish community (incl. Balston’s Pygmy of Acceptable

Perch) Change
*Waterbirds

*Waterbird populations (regularly
supports 20 000 individuals)

Habitat

1 *Open water +Shelduck moulting

*Mudflats « Breeding: Black Swans, Silver
«Peat wetlands > Gulls, Australasian Shovelers,
. Eurasian Coots, Spotless Crakes, /
—< *Aquatic plants Australasian and Little Bitterns

*Baumea sedgeland «>1% Australasian Bitterns

*Gahnia sedgeland

N *Samphire
*Melaleuca communities

*Eucalyptus woodlands

Figure 26. Hierarchical system for setting limitsof acceptable change in the Muir-Byenup System
Ramsar site (adapted from Hale and Butcher 2007).

As ANZECC/ARMCANZ (2000) guidelines for water quglido not seem to be

appropriate for the Muir-Byenup System Ramsar ¢see Section 3.2.4 for further

information), limits of acceptable change have bbarsed on historical variation and
changes in composition or presence/absence of pegies (e.g. macroinvertebrates)
dependent on maintenance of current water quatibditions. These species are also
important for maintaining the ecological charackthe Ramsar site.

Limits of acceptable change are a tool by which legioal change can be
measured. However, Ecological Character Descriptimr@ not management plans and
limits of acceptable change do not constitute aagament regime for the Ramsar site.
Exceeding or not meeting limits of acceptable cleadges not necessarily indicate that
there has been a change in ecological charactdéinwihe meaning of the Ramsar
Convention. However, exceeding or not meeting Bnoit acceptable change may require
investigation to determine whether there has begraage in ecological character.

While the best available information has been usegrepare this Ecological Character
Description and define limits of acceptable charige the site, a comprehensive
understanding of site character may not be possblen many cases only limited
information and data is available for these purpos$ée limits of acceptable change may
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not accurately represent the variability of theicai components, processes, benefits or
services under the management regime and natunditams that prevailed at the time
the site was listed as a Ramsar wetland.

Users should exercise their own skill and care wepect to their use of the information
in this Ecological Character Description and cdhgfevaluate the suitability of the
information for their own purposes.

Limits of acceptable change can be updated as néwmation becomes available to

ensure they more accurately reflect the naturabkdity (or normal range for artificial
sites) of critical components, processes, benefitervices of the Ramsar wetland.

Table 33. Limits of acceptable change for Lake Mui

COMPONENT BASELINE SUPPORTING EVIDENCE LIMIT OF ACCEPTABLE
CHANGE*

Abiotic components

Depth Depth ranges from 0 - 1.31 m. Depth was Depth maintained less than or
significantly different between years during drier | equal to 1.31 m.

conditions 1979-87 and 2006-07. Peak water levels

occurred in 1988.

Salinity Salinity ranges from 0.58 - 96 ppt anffedences in| Salinity < 125 ppt.
salinity were not significantly different between
years.

Some waterbirds require fresh drinking water (<3
ppt) (Hartet al.1991), however this is provided
nearby in the Byenup Lagoon System.

Salinity tolerances of macrophytes occurring in
Lake Muir range up to 125 ppt f&uppia
polycarpaandLamprothamniunsp (Brock and

Lane 1983).
pH Baseline conditions indicate pH typically betwee | In the absence of baseline data
6.2 and 9.9 and mean annual pH is 8.64. Levels|ofor surrogates such as
pH were significantly different between years. macroinvertebrate diversity,
maximum pH levels should not
exceed 9.9.
Nutrients Baseline conditions indicate total N tglly 0.58- | In the absence of baseline data
5.8 and soluble N 0.4-4.7 mgL for surrogates such as

Total P 0.005-0.65 and soluble P 0.005-0.01 thgll phytoplankton biomass or
Total and soluble N and P were not significantly | macroinvertebrate composition

different between years. no limits of acceptable change
can be set.
Supporting biological components and habitat
Phytoplankton Current extent and biomass unknoMmo.records | Presence of algal blooms.
of algal blooms in Lake Muir
Macrophytes Current extent and biomass unkn@precies Baseline must be set before

include:Ruppia polycarpalLepilaena cylindrocarpg limits can be set.
Crassula helmsjiCotula coronopifolia Triglochin
proceraandZygnemasp.Lamprothamniunsp.

Samphire Current extent and biomass = 80% are&@#d Maintain current extent of
cover. samphire.

Gahniasedgeland | Current extent and biomass = 20% ackaG#b Maintain current extent of
cover. Gahniasedgeland.

81



Fringing shrubs
and trees

uidA
i

includes; wetland scr
(Melaleuca  viminea, M. cuticularis, M
rhaphiophylla and M. densd Eucalyptus
occidentalisoccurs at increased elevations.
Notable flora includes wetland dependent orchids.
Current extent and biomass (shrub) = 20% area and
2% cover.

Current extent and biomass (tree) = 20% area an
10% cover.

Fringing vegetation

o

EPBC listed wetland dependen
orchids.

aintain current extent of
nging vegetation, including

Key species and communities

Macroinvertebrates

No data for baseline.

limits can be set.

Basetinst be set before

Fish No data for baseline. Baseline must be detde
limits can be set.
Waterbirds Regularly supports 20,000 waterbirds Regularly support >20,000

Up to 52,000 waterbirds were recorded on Lake
Muir in March 1989, the most abundant species
were Pacific Black Duck (up to 18,450), Grey Ted
(16,000), and Eurasian Coot (9,630) Migratory
shorebirds also use Lake Muir, including Red-
necked Stints (up to 517 in November 1985) and
Silver Gulls (up to 700).

Lake Muir is used as a drought refuge by large
numbers of waterbirds.

Lake Muir is used for breeding by Black Swans,
Silver Gulls and Australasian Shoveler.

As waterbird data have not been collected since
1992, it is recommended that the limit of accepta
change is revised as more data becomes availab)

th
M
in
G

in

G

Dl
le.

waterbirds (in accordance with

| ‘regularly’).

and migratory shorebirds

and Silver Gulls.
Breeding by Black Swans, Silveg

e Ramsar definition of

aintain presence of waterbird
cluding; Pacific Black Duck,
rey Teal, and Eurasian Coot

Uy

cluding; Red-necked Stints

1}

=

ulls and Australasian Shovele

Table 34. Limits of acceptable change for Byenup Lgoon system.

COMPONENT

BASELINE SUPPORTING EVIDENCE

LIMIT OF ACCEPTABLE
CHANGE

Abiotic components

Depth

Depth ranged from 0.4-2.8 at Byenup Lagoadth w
increased water levels between 1989 and 2000.

Depth ranged from 0.15-3.1 at Tordit-Gurrup, with
water levels relatively constant 1977-2006, excef]
for lower water levels in 1987-88, 1995 and 2007,
Depth ranged between 0-0.72 at Poorginup Swamp
with lowest water levels in 1982 and 1987

Wetlands should not dry out to
avoid acidification of acid

n sulfate soils and to maintain

t macroinvertebrate communities.

Salinity

Salinity concentrations peak in autumn.

Salinity (ppt) ranges from 0.65-15.2 (Tordit-
Gurrup), 1.38-42.2 (Byenup) and 0.1-1.6
(Poorginup). Salinity was not significantly difésnt
at Byenup or Tordit-Gurrup, however, salinity was
higher at Poorginup Swamp in 1982 and 1987 an
was related to low water levels.

Some waterbirds require fresh drinking water (<3
ppt) (Hartet al.1991).

Macroinvertebrates and aquatic macrophytes are
likely to be adversely affected by salinities 1{8 p
(Hartet al.1991). However ostracods and
cladocera are likely to be more sensitive. Watt

N

>73% class Insecta in
macroinvertebrate composition

82



tolerances range from 4.9-12.9 (Ketyal.2001) and
Baumeas 3 ppt (Wetland Research and
Management 2005). Currently Insecta make up
73% of invertebrate composition, increased salin
is likely to increase dominance of crustaceans
(DeHaan 1987), making this a useful surrogate
measure.

ty

pH

Baseline conditions indicate pH typically betwee
6.8-9.3 for Tordit-Gurrup and Byenup Swamp 4.6
8.3 for Poorginup Swamp. There was no signific
difference in pH for Tordit-Gurrup or Byenup
Lagoon. However, in Poorginup Swamp pH was
significantly lower in 1981, 1987, 2001 and 2007
compared with other years. Lower pH in 1987 ar
2007 corresponded with reduced water levels.
Low pH in Poorginup Swamp may be due to
acidification of acid sulfate soils.

Maintain the presence of peat
- wetland endemic
amhacroinvertebrates, including;
watermites Acercella

doegi Huitfeldtiasp.),
dcrustaceansGherax preissiand
C. quinquecarinatysand
Hygrobia wattssi{Byenup
Lagoon).

poorginup Pseudohydryphantes

]

Nutrients

Current baseline suggests peaks in Total
autumn. However wetlands do not behave as
eutrophic. Phosphorous is limited in all seasons.
Baseline conditions for Byenup and Tordit-Gurrug
indicate total N typically 1-3.5 and soluble N 0.77

3.3 mgL™. Values for Poorginup Swamp TN 0.63}

1.7 and SN 0.47-1.4 mgL

Total P 0.005-0.11 and soluble P 0.005-0.07 in
Byenup Lagoon. TP 0.005-0.02 and SP 0.005-0.(
in Tordit-Gurrup. TP 0.005-0.36 and SP 0.005-0
in Poorginup Swamp. In this system nutrient leve
are seasonal, related to lower water levels and
concentration effects. Drying of peat also releast
nutrients (DeHaan 1987).
Historically, algal blooms have occurred in Byeny
Lagoon due to high nutrient concentrations.

As these wetlands do not beha
as eutrophic (Storey 1998) the
presence of algal blooms can b
) used as an interim limit.

D9
11
S

D

Ve

Supporting biological components and habitat

Phytoplankton Increased chlorophglconcentrations in July whenBaseline must be set before
total P is high. limits can be set.
Current extent and biomass unknown.

Macrophytes Macrophyte cover = 20% Tordit-Gurrui 1 Maintain current extent of

Byenup Lagoon. Macrophytes are absent from
Poorginup Swamp.

Baumea articulataMontia australasica
Utricularia spp. and mats of floating native grasse
have been found in Byenup Lagoon.

Notable aquatic macrophytic flora inclu8ehoenus
natans (previously listed as a Declared Rare Flor
andVillarsia submersaBoth S. natanandVillarsia
spp. are widespread during early spring, giving w
to herbs as wetlands dry.

macrophytes.

S

)

ay

Baumeasedgeland

Current % extent = 95% Byenup Lagoon and
Tordit-Gurrup; and 100% Poorginup Swamp, with

Maintain current extent of
Baumeasedgeland.

100% cover.
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Fringing shrubs
and trees

Fringing vegetation include®elaleuca
rhaphiophylla, M. lateritisandAstartea
fascicularis, Agonis juniperinghrublands with
Jarrah/Yate oE. rudiswoodlands at higher
elevations.

Current % extent dflelaleucaspp. = 5% Byenup
Lagoon and Tordit-Gurrup; and 20% Poorginup
Swamp.

Maintain current extent of
fringing vegetation.

Key species and communities.

Macroinvertebrates

DeHaan (1987) recorded 103 fekeate taxa in
Tordit-Gurrup  Lagoon, Byenup Lagoon a
Poorginup Swamp. Tordit-Gurrup Lagoon had
highest richness Poorginup the lowest. CI
Insecta accounted for 73% of total invertebrates.
Species richness in Tordit-Gurrup and Byen
lagoons decreases in April (low water levels 3
increased salinity). Species of interest include
watermites (six in Poorginup swamp); crustacearn
Storey (1998) found 219 taxa, 32 endemic to so
western Australia (most in Poorginup Swamp).
least 78 species of ostracods and copepods
ostracods and one cyclopoid restricted to M
Unicup area. New species of Rotifera and Clado
families and two dytiscid water beetleslygrobia
wattsii sp. n appears to be restricted to peatl
swamps/lakes

Maintain the endemic
nanacroinvertebrate taxa,
thecluding: watermitesAcercella

ag®orginup Pseudohydryphantes

doegi Huitfeldtia sp.),
ugrustaceansgdherax preissiand
nd. quinquecarinatuand
Hygrobia wattssii
s
Uth-
At

Six
ir-
cera

and

D

Fish 6 fish species endemic to south-west WA (Whaste Insufficient information to set
Pygmy Perch, Nightfish, Balston’s Pygmy Perch,| baseline. As an interim limit
Western Minnow, Black-striped Minnow and Mud| maintain the EPBC listed
Minnow). Poorginup Swamp had the greatest Balston’s Pygmy Perch.
number of native fish species (5) followed by
Mulgarnup Swamp (4). Black-striped Minnow and
Mud Minnow (Poorginup Swamp) and Balston’s
Pygmy Perch (Mulgarnup Swamp) are restricted to
south-west WA.

Waterbirds Tordit-Gurrup is used as a drought refbg large| Support breeding of Little

numbers of waterbirds. Open water is important
Australian  Shelduck moulting (over 12,00
December 1992).

Non-vegetated beaches of Tordit-Gurrup Lagg
and Byenup Lagoon provide habitat for wade
ducks and swans

Poorginup Swamp has been found to be signifig
for Australasian Bittern.

Supports breeding of Little Bittern, Spotless Cra
globally threatened Australasian Bitterns, BI3
Swans and Eurasian Coots.

As waterbird data have not been collected since
1992, limits of acceptable change should be revig

f@ittern, Spotless Crake, globall

Othreatened Australasian Bittern

Black Swans and Eurasian
dboots.
r§jaintain presence and

abundance of Australian
aBhelducks.

Maintain the 1% population
kéhreshold (5 birds) for
cRustralasian Bittern.

ed

as more data becomes available.

Uy
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9. SUMMARY OF KNOWLEDGE GAPS

Table summarises key knowledge gaps and recommescieons for maintaining the
ecological character of the Muir-Byenup System Ramste. Key knowledge gaps
include understanding the interactions between oompts and processes where data is
insufficient or lacking. More detail on monitoringf knowledge gaps is provided in

Table .

Table 35. Knowledge gaps and recommended actions

COMPONENT KNOWLEDGE GAP RECOMMENDED
PROCESS ACTION
Hydrology Understanding of interactions between Continued investigations of

groundwater and wetlands. Effect of
plantations on groundwater levels, salinity an
acidity. Water depth, salinity and pH importa
to maintain key species, supporting biologica
components and habitat at the Ramsar site.

bores and depth gauges
dlocated within the wetlands.
nt

Water quality

Effect of surrounding land-uses (dlegaand
plantations) on water quality (salinity and
acidity). Maintenance of current water quality
important to maintain key species, supporting
biological components and habitat at the
Ramsar site.

Continued monitoring of
water quality sites.

Aquatic plants

Community composition, distributiand
temporal patterns. Aquatic plants important t
maintain key species including
macroinvertebrates and waterbirds through
provision of food and habitat. Knowledge of
distributions and abundances will also assist
setting limits of acceptable change for nutrien
concentrations.

Community composition,
pdistribution and temporal
patterns of the Ramsar site.

—

Fringing
vegetation

Community composition and distribution of
fungal and non-vascular flora.

Community composition,
distribution and temporal
patterns of the Ramsar site.

Vegetation response to salinity and acidity
(groundwater and acid sulfate soils). Transe
near wetlands last monitored in 2001 (Froend
and Loomes 2001) and permanent plots last
measured 2002 (Gibsat al.2004).
Vegetation includes key flora which meet
Ramsar criteria and habitat for waterbirds.
Response of vegetation to salinity and acidity
will also assist in setting limits of acceptable
change.

Continued monitoring of
ctgansects and quadrats withir
the Ramsar site.

Macroinvertebrates

D

Response of macroinvertebratealinisation,
acidity and altered hydrology. Last sampled
2004 (Wetland Research and Management
2005). Macroinvertebrate communities inclug
key species which meet Ramsar criteria and
provide food for waterbirds. Response of
macroinvertebrates to salinity and acidity will
also assist in setting limits of acceptable char

Continued monitoring of
sampling sites. Also, need tg
establish baseline informatio
ldor Lake Muir.

ge.

Fish

Response of fish to salinisation, acidity and

Continued monitoring of
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Research and Management 2005). Includes
species (Balston’s Pygmy Perch, Mud Minno

criteria and provide food for waterbirds.
Response of macroinvertebrates to salinity a
acidity will also assist in setting limits of
acceptable change. Lack understanding of
distribution and migration patterns.

altered hydrology. Last sampled 2004 (Wetlg

rghmpling sites. Also, need tg
kegtablish baseline informatio
wfor Lake Muir.

and Black-stripe Minnow) which meet Ramsalr Research of fish lifecycles,

mechanisms for drought

n@voidance and salt tolerance
to determine fish community
resilience. Determine
distribution and migration
patterns.

Waterbirds

Current waterbird data. Last compreivens
surveys undertaken 1992 (Haksteal. 1995).

Continued monitoring of
sampling sites.

Waterbirds are critical for meeting Ramsar
criteria and monitoring will also assist in setting
limits of acceptable change. T

Data is also lacking for the following:

» Systematic mammal surveys — The Muir-Byenup NaReserve are believed to
contain many of the mammal species found in theacaujt Perup Forest,
including; Woylies, Numbat and Chuditch (Departmeh€onservation and Land
Management 1998). The Nature Reserve also consaiitgble habitat for the
Boodie (or Burrowing Bettong,) and the Dalgyte @iby) (Department of
Conservation and Land Management 1998). It is ptssible the semi-aquatic
Water Rat occurs in the Muir-Byenup System Ramsta @©epartment of
Conservation and Land Management 1998).

* Reptile or amphibian fauna — The Ramsar site ®iko be rich in reptile fauna
due to the presence of open woodland with sandy.s®he Oblong Tortoise has
been recorded at Tordit-Gurrup and is likely to csemmon throughout the
wetlands. Tiger Snakes also occur (Department oms€rvation and Land
Management 1998).

10. RECOMMENDATIONS FOR MONITORING / RESEARCH
10.1 Existing monitoring programs

10.1.1 Historical and current monitoring in the Muir-Byenup System Ramsar
site
Paleontological studies
Core samples have been taken from the bed of Lakie (@hurchill 1968) and Byenup
Lagoon (Dodson and Lu 2000) for paleontologicasgfbpollen) studies.

DEC water quality, depth and salinity

Depth, salinity and other surface water qualityapaeters have been measured at least
twice yearly for Lake Muir, Byenup Lagoon, TorditBup Lagoon and Poorginup
Swamp by the Department of Environment and Consiervaince the late 1970s.
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Geology and hydrogeol ogy

Magnetic and radiometric survey data have beened®itl to improve geological
knowledge of the area (Chakravartula and StreeDR00Recently, airborne electro-
magnetic survey data has been acquired and borgeolghysical logging undertaken.
Geological logging of boreholes was undertakerhattime of drilling and records are
due for publication in the near future (R. Hearersp com.). Limnological surveys,
analysis and mapping are also being done to impkowavledge of groundwater and
surface systems (Department of Conservation and Management 2003).

A hydrogeological study is ongoing within the Mlricup catchment. This study aims
to improve knowledge of groundwater and surface ewatystems and gain an
understanding of salinity and acid sulfate soilsitg 2003).

Waterbirds

Waterbirds were surveyed annually between 1981189d. These surveys focused on
wetland use by Bitterns and ducks (Ha¢@l. 1990; Halseet al. 1995; Halseet al. 1992;
Jaensch and Vervest 1988). Waterbird surveys &e Muir, Byenup Lagoon and
Tordit-Gurrup Lagoon were also undertaken from Daoer 2008 to September 2009 by
Peter Taylor (data to be analysed).

Flora and fauna

Intensive surveys of flora and fauna were conduet@d funding from Environment

Australia Biodiversity Group (Natural Heritage Ttusand the Western Australian
Government (Salinity Action Plan). Reports on fislquatic macroinvertebrates,
physiochemistry (Storey 1998), flora and vegeta(i@ibson and Keighery 1999) were
prepared. These were resurveyed in 2003 and 2Gf#sdn et al. 2004; Wetland

Research and Management 2005).

Aquatic macroinvertebrates and physiochemistry hage been surveyed by DeHaan
(1987) and Horwitz (1997). Other small collectiarfsaquatic invertebrates have been
made by the WA Museum (Harvey 1987; 1996) and G@utfiniversity students
(Department of Conservation and Land Managemer$)199

Vegetation monitoring plots and transects have hestalled at Tordit-Gurrup Lagoon,
Mulgarnup Swamp, Byenup Lagoon, Geordinup Lagoaur§inup Swamp, Lake Muir
and two other locations within the Ramsar site §8iband Keighery 1999). At six of
the monitoring points within the Ramsar site, tledationships between water level,
salinity and emergent/fringing vegetation was stddn 2001 (Froend and Loomes 2001)
and 2003.

10.2 Monitoring of ecological character

Table outlines the recommended monitoring of therNByenup System Ramsar site to
identify any changes, or potential changes, inagioal character. Priorities have been
given to each monitoring component to assist wiskrithution of available funds.
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Detailed monitoring program design is beyond thepscof an ECD, however, the
Ramsar framework for monitoring wetlands shouldused as a guide for developing
monitoring programs at the site (Annexure to Resmiu VI.1: available at

http://www.ramsar.org). The framework includes:

* Problems/issues- State clearly and unambiguously — State the knextent and
most likely cause — ldentify the baseline or refiesesituation.
» Objective — Provides the basis for collecting the informatioMust be attainable
and achievable within a reasonable time period.
* Hypothesis— Assumption against which the objectives areetestUnderpins the
objective and can be tested.
* Methods and variables— Specific for the problem and provide the infotioa to
test the hypothesis — Able to detect the presendeassess the significance of any
change — Identify or clarify the cause of the cleang
» Feasibility/cost — Determine whether or not monitoring can be dmwularly,
effectively and continually — Assess factors thafluence the sampling

programme (availability of trained personnel;

asce® sampling sites;

availability and reliability of specialist equipntenmeans of analysing and
interpreting the data; usefulness of the data afutrmation; means of reporting in
a timely manner) — Determine if the costs of datquésition and analysis are
within the existing budget.
* Pilot study — Time to test and fine-tune the method and spstcequipment —
Assess the training needs for staff involved — @onthe means of analysing and
interpreting data.
» Sampling — Staff should be trained in all sampling methedsll samples should
be documented (date and location; name of staffipfag methods; equipment

used; means of storage or transport; all changetmethods) — samples should
be processed within a timely period and all dateudwented — (date and location;
name of staff, processing methods; equipment used; all changes to the
protocols) — Sampling and data analysis should dree dby rigorous and tested

methods.
* Reporting — Interpret and report all results in a timely auost effective manner
— The report should be concise and indicate whetherot the hypothesis has
been supported — The report should contain recordatiems for management
action, including further monitoring.

Table 36.

Byenup System Ramsar site.

Recommended monitoring actions to mainta the ecological character of the Muir-

COMPONENT PURPOSE INDICATOR LOCATIONS FREQ. PRIORITY
/PROCESS
Lake Muir
Hydrology Detection of Lake and aquifer| Historical bores | Weekly High
change levels
Water quality Detection of pH, salinity, DO, | Historical water | Weekly High
change total and soluble | quality sites (spring/summer)
nutrients, and monthly
chlorophylla (winter)
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Phytoplankton Establishment of | Identification Historical water | Weekly Medium
baseline and then | and enumeration| quality sites (spring/summer)
detection of change and monthly

(winter)

Aquatic plants Establishment of | Distribution, Across the lake Seasonally Medium
baseline and then | composition and
detection of change biomass

Fringing Detection of Extent and At historical 2-5 years High

vegetation change condition transects (Froend

(habitat) and Loomes

2001) and
permanent plots
(Gibson and
Keighery 1999)

Invertebrates Establishment of | Composition and| Historical water | Annually in High
baseline and then | abundance quality sites spring
detection of change (protocol of

Storey 1996)

Fish Establishment of | Composition and| Historical water | Annually High
baseline and then | abundance quality sites
detection of change (protocol of

Storey 1996)

Waterbirds Establishment of | Ground surveys | Historical Bi-annual High
baseline and of species and | sampling sites | surveys. Weekly|
detection of change abundance. (e.g. Jaensch and within critical

Targeted surveys Vervest 1988) periods for

of breeding (e.g. species specific
Jaensch and information
Vervest 1988)

Frogs Establishment of | Composition and| Lake margins Annually Low
baseline and then | abundance
detection of change

Mammals Establishment of | Composition and| Lake margins Annually Low
baseline and then | abundance
detection of change

Feral animals Establishment of | Composition, Across the Seasonally High

and weeds baseline and then | distribution and | wetland areas
detection of change¢ abundance

Byenup Lagoon system

Hydrology Detection of Lake and aquifer| Historical bores | Weekly High
change levels

Water quality Detection of pH, salinity, DO, | Historical water | Weekly High
change total and quality sites (spring/summer)

dissolved and monthly
nutrients, (winter)
chlorophylla

Phytoplankton Establishment of | Identification Historical water | Weekly Medium
baseline and then | and enumeration| quality sites (spring/summer)
detection of change and monthly

(winter)

Aquatic plants Establishment of | Distribution, Across the Seasonally Medium

baseline and then | composition and | wetlands

detection of changge

® biomass
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Fringing Detection of Extent and At historical 2-5 years High

vegetation change condition transects (Froend

and Loomes
2001) and
permanent plots
(Gibson and
Keighery 1999)

Invertebrates Detection of Composition and| Historical Annually in High
change abundance sampling sites | spring

(protocol of
Storey 1996)

Fish Detection of Composition, Historical Annually High

change abundance and | sampling sites
migration (Storey 1998)
patterns
(protocol of
Storey 1996)

Waterbirds Establishment of | Ground surveys | Historical Bi-annual High
baseline and of species and | sampling sites | surveys. Weekly|
detection of change abundance. (e.g. Jaensch and within critical

Targeted surveys Vervest 1988) periods for

of breeding (e.g. species specific
Jaensch and information
Vervest 1988)

Frogs Establishment of | Composition Across the Seasonally Low
baseline and then wetland areas
detection of change

Mammals Establishment of | Composition and| Across the Bi-annual Low
baseline and then | abundance wetland areas surveys
detection of change

Feral animals Establishment of | Composition, Across the Seasonally High

and weeds baseline and then | distribution and | wetland areas
detection of change abundance

In addition to the recommended monitoring detaitdzbve,

knowledge gaps which also need further investigaiiecluding:

1. Acid sulfate soils — High Priority
* How to manage and dispose of acid groundwater (H2@05).
* Vegetation community robustness to acidity and ahium toxicity.
2. Salinisation — High Priority

* Vegetation community robustness to salinity and ewatemoval

plantations.
3. Phytophthora- High Priority

» Lack detailedPhytophthoramapping and limited available data on impacts on

individual species and communities (McKeneteal.2002).
« Armillaria mapping (Gibson and Keighery 2000).
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11. COMMUNICATION, EDUCATION AND PUBLIC AWARENESS

Within the Ramsar Convention, the Outreach Prograr899-2002, calls upon nations
to raise awareness of wetland values and functimesighout the world. In Australia, a
national plan has been developed to bring togethidevels of government, statutory
authorities, community, industry and conservationugs to develop and implement
wetland communication, education and public awase€EPA).

11.1 Current CEPA

The Lake Muir observatory on the Muirs Highway isegionally important and popular
nature-based tourism site, with an estimated 15)y@€ifbrs in 2006-07 (Department of
Environment and Conservation 2008). The Lake Moibservatory provides
opportunities for visitor education and interprigmatof wetland and fauna conservation
through signage displays (Department of Environmentd Conservation 2008).
Opportunities for passive nature study and apptieaieactivities are provided by the
elevated boardwalk and the viewing platform withn@a@amic views of Lake Muir.
Recreational activities include; bird watching, fgyaphy, landscape painting, drawing
and writing.

11.2 CEPA messages arising from the ECD
Possible communication and education messages@risom identification of the
ecological character of the Ramsar site and theeptithreatening processes outlined in
this ECD include:

* International significance of the Muir-Byenup SystRamsar site.

» Hydrological processes within the Ramsar site,uidiclg interactions between
wetlands.

* Importance of Lake Muir as an example of a reldyivendisturbed primary
saline wetland.

» Peat formation and acidification processes of theenBp Lagoon System
wetlands.

* The importance oBaumeasedgelands for Australasian Bitterns

» Ecological relationships between water quality #och and fauna found within
the Ramsar site.

» The impact of threatening processes such as salimitid sulfate soils,
Phytophthoraand land use (eutrophication) on biodiversity ealwaterbirds,
vegetation and macroinvertebrates) of the Muir Bye8ystem Ramsar site.
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Appendix A: Method
The method for compiling the Muir-Byenup System Ransite ECD was as follows:

Task 1: Review and compilation of available data

Claire Farrell undertook a thorough review of d@rgtinformation on the Muir-Byenup
System Ramsar site. Data reviewed included pudisind unpublished sources. This
process also included a field tour of the Ramgarsith Roger Hearn, regional ecologist
with DEC. Water quality data was also sourced fdom Lane, DEC for analysis.

Task 2: Development of a draft ECD

Table Al (adapted from Hale 2008) details the stepdertaken to complete the ECD.
These steps are consistent with Naional Framework and Guidance for Describing the
Ecological Character of Australian Ramsar WetlaipgEWHA 2008)

Table Al: Steps taken to complete the Muir-Byenup ytem Ramsar site ECD

Steps Activities

1. Document introductory details Prepared basicailet including: site details,
purpose and legislation

2. Describe the site Based on the Ramsar RIS antltéhature review

the site (location, tenure, Ramsar criteria, and
wetland types) was described. New criteria xuet
since time of listing were also added.
3. Identify and describe the critical component§ritical components, processes and services

processes and services responsible for determining ecological charagter
were identified.
4. Develop a conceptual model of the system Conet¢phodels were developed for both Lgke

Muir and Byenup Lagoon System to show criti¢al

components and processes for maintaining
ecological character at the site. These modets |als
showed key species and communities that support
the Ramsar Criteria. These include: aquatic and
fringing flora; waterbirds and macroinvertebrates
5. Set limits of acceptable change Limits of acablget change were set for critical
components and processes for maintaining
ecological character at the Muir-Byenup System

Ramsar site

6. Identify threats to the site Both actual anceptal threats were identified.

7. Describe changes to ecological character sjrntleis section described any changes to the ecologica

listing character of the site that have occurred sincmgjst
in 2001.

8. Summarise knowledge gaps Knowledge gaps weratifidel for ecological
character and management of the site.

9. Identify site monitoring needs Monitoring needsere developed based on
knowledge gaps, threats and limits of acceptable
change.

10. Identify communication, education and publiBroad communication, education and puhlic

awareness messages awareness messages included key points from

components, processes and services, threatening
processes and what makes the site unique.
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Task 3: Stakeholder engagement and consultation
DEC formed a Technical Advisory Group (TAG) spemfly for the Muir-Byenup
System Ramsar site ECD. This group was comprisétedollowing stakeholders:

Mr Roger Hearn, Department of Environment and Crvag®n, Manjimup
Mr Paul Roberts, Department of Environment and €oragion, Manjimup
Ms Jennifer Higbid, Department of Environment arah€ervation, Perth
Ms Margaret Smith, Curtin University, Perth

Dr Peter Taylor, Birding South West, Manjimup

Ms Emily Lewis, Warren Catchments Council

Ms Lee Fontanini, Warren Catchments Council

The TAG met in Manjimup 16 December 2008 to discaisg review the components,
processes, services and benefits of the Ramsaassitatlined in the draft ECD. Threats
and limits of acceptable change were also discussed

A community presentation of the ECD and managenmgwning process was also
presented on 16 December 2008.

Task 4: Revision of the Ramsar Information Sheet (F5)
Following completion of the draft ECD and stakelssldngagement and consultation the
RIS was revised to include new information and ieteria met since listing.

Task 5: Finalising the ECD and RIS

The draft ECD and RIS were reviewed by DEC, the TAG the Department of
Environment, Water, Heritage and the Arts (DEWHAAIl feedback and comments
were integrated into revised documents.

Consultant team

Dr Barbara Cook (team leader)

Dr Barbara Cook is an aquatic taxonomist and ecstlogth over 25 years of experience
in aquatic ecosystems, and is a lecturer in resboreecology at the University of

Western Australia (UWA). Barbara has authored mpagers on the biodiversity and
water quality of waterways and wetlands in the Baugst of WA, and has experience in
monitoring environmental and biological parameterRamsar sites.

Dr Claire Farrell

Dr Claire Farrell is an experienced botanist andlagist who recently completed her
PhD on the sustainability of salt-land rehabilgatin the agricultural wheatbelt of WA.

She has also had extensive experience in a rangeosfstems, including; rehabilitated
jarrah forests; forest remnants in plantations;iserd rangelands; wetlands and sub-
tropical rainforests. Claire has a broad undediiten of aquatic ecology, including

macrophytes, fringing vegetation and macroinvedts. Most recently Claire has been
involved in a wide range of water-based projectsuiing; waterway management
prioritisation frameworks; sediment and nutrientention basins and buffer strips;
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macroinvertebrate diversity in saline drains, ariféots of timber mill effluent on
macroinvertebrate diversity. Claire also lectlaeEWA in restoration ecology.

Dr Peter Speldewinde

Dr Speldewinde has extensive experience in datat@sgdopment and management and
he has developed relational databases for Geograptiormation Systems (GIS). His
experience in GIS ranges from farm planning fordeare through to modelling potential
habitat locations for endangered species. He l@shtly completed a PhD incorporating
spatial analysis of the effects of environmentagrddation on human health using
Bayesian spatial modelling techniques, a componénthich involved the analysis of
health risks to the Aboriginal and Torres Straliansler population in Western Australia
(PhD title-Ecosystem health: the relationship betwealryland salinity and human
health).
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Appendix B: Vegetation description of the Muir-Byerup System Ramsar site
(Gibson and Keighery 1999)

1. Jarrah-Marri forest and woodland on laterite artdriaic gravels cover a small
area in the south-eastern corner of the reservhe understorey is typically
diverse in shrubs, herbs and grasses. Typical ratwtey shrubs include
Hibbertia spp., Leucopogorspp. and peas such Bsssiaeaspp.,Daviesiaspp.
andGompholobiunspp.

2. Jarrah-Marri open woodland on sandy soils occudelyiin the southern half of
the reserve, common understorey species indHitdbertia racemosaHibbertia
subvaginataAstroloma baxteriLeucopogorspp.,Phyllanthus calycinysAcacia
pulchella and Jacksonia furcellata There is generally a very rich and diverse
herb layer and orchids are numerous early in thegp Toward the northern part
of the reserve this vegetation unit is replaceddayah-Yate woodlands (unit 4).

3. Jarrah-Marri woodland ovekgonisscrub occurs along seasonally-wet drainage
lines and in the swales between the dunes to #teoéhake Muir. Typically the
Agonisscrub is very dense with little or no other undmnesy.

4. Jarrah-Yate woodland occurs on the large dune bogithe eastern side of Lake
Muir and sandy flats in the northern part of theerge. Elsewhere on the reserve
it is replaced by vegetation unit 3. Both unitssdavery similar composition.
Where Jarrah-Yate community has been grazed, weedsdy is high.

5. Jarrah woodland ovéiakea oleifoliaheath occurs on the red dunes to the east of
Poorginup Swamp. This soil unit was not seen digegon the reserve.

6. Eucalyptus decipiensvoodland, similar to those occurring in Galamupd an
Cobertup Nature Reserves, is found in a small anethe wet clayey flats north
of the Muirs Highway.Allocasuarina lehmannianallocasuarina microstachya,
Leucopogon australis, Darwinia vestitand Aotus intermediaare common
components of the understorey. There is alsolaamd diverse herb and sedge
layer.

7. Eucalyptus rudisvoodland occurs in small patches on wet flats andllsrises.
The understorey is typical of seasonally-inundagtiations and includes
Anigozanthos flavidus, Taxandria parviceps, Kunzeeifolia, Viminaria juncea,
Hakea ceratophyllaand Hakea varia Orchids were common in this unit early
spring.

8. Eucalyptus rudisvoodland on sand dunes occurs on the eastern Sithe@si of
the basin wetlands. These woodlands tended touite weedy reflecting a
history of past grazing. E. rudis woodland is replaced by Yate woodland
(vegetation unit 31) on the fringing dunes of Lakeir, understorey composition
is essentially similar.

9. Banksia ilicifoliawoodland occurs in small patches along and to tréhrof the
Muirs Highway. Extensive areas of dieback are egga In dieback free areas a
diverse understorey of peas, epacrids and Myrtaiegeesent. Schoenuspp.
andMesomelaena tetragorae also common.

10.Melaleuca cuticularicomplex. The wet flats in the northern half of teserve
are mostly covered bielaleucashrublands and/or woodlands in a complex
mosaic. One of the most variable is telaleuca cuticulariscomplex, which
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ranges from woodland to very open woodland to wetth with occasional
Melaleuca cuticularistrees. Understorey is also variable apparentigted to
period of inundation, but generally includéstartea spp., Melaleuca densa,
Hypocalymma angustifolium, Hakea varia, Harperi¢elilora and Meeboldina
cana. The Lake Muir endemiEryngiumsp. Lake Muir is also found in this unit.

11.Melaleuca cuticularis woodland overGahnia sedgeland is a distinct unit
occurring on the flats along the edge of Lake Muirhis unit is quite species
poor.

12.Melaleuca cuticularisvoodland over wet heath forms a distinct unithia south-
eastern part of the reserve. The substrate isrgignelayey and this unit has a
very rich and diverse annual herb layer. The Asteae, Centrolepidaceae,
Cyperaceae, Orchidaceae, Stylidiaceae are weksepted. Common perennial
taxa include Melaleuca spp., Kunzea micranthaand the rushe®#Apodasmia
ceramophila, Meeboldina coangustaadMeeboldina cana.

13.Melaleuca preissiana-Kunzea sulphurgaodland occurs as a small unit on
drainage lines on the southern boundary of thavese

14.Melaleuca preissianavoodland over wet heath occurs extensively northhef
Muirs Highway. The understorey is variable andhie wettest sites is generally
dominated byPericalymma ellipticum On drier sites the understorey is diverse
with peas and Myrtaceae dominating.

15. Melaleuca rhaphiophylldorest forms dense stands around basin wetlandsnand
the wettest parts of the flats. The understoreygeserally dominated by
Lepidospermapp. andBaumeaspp. but where the canopy is more open a variety
of shrubs such asHypocalymma angustifolium, Pericalymma ellipticum,
Callistachys lanceolata, Banksia littoralis, Haksalcatabecome common.

16.Melaleuca—Kunzeascrub occurs on the clay flats near Wimbalup Swamp,
dominantMelaleucaspp. includeM. viminalis, M. densa, M. spathulataThe
annual herb layer is again very diverse with aratigdlora Schoenus natarend
Villarsia submerspa giving way to a sequence of annual Asteraceae,
Centrolepidaceae, Cyperaceae and Stylidiaceae agetttands dry.

17.Melaleuca densa-M. vimindaeath was a widespread unit in the northern area of
the reserve occupying both sandy and sandy clagtrsibs. These areas are
winter-wet and dry slowly in late spring and easlynmer. Aquatic taxa such as
Schoenus natanand Villarsia submersaare widespread in early spring giving
way to herbs as the wetlands dry. It was in thimmunity thatEuphrasia scabra
was found. Two large populations were locatedrance populations may occur.

18.Melaleuca densa-M. viminethicket can develop on long-inundated sites where
diversity drops as the canopy closes over.

19.Mixed Melaleucaheath occurs in low lying flats in the southernfhafl the
reserve. Composition is variabl&phaerolobium vimineum, Eutaxia virgata,
Hakea ceratophylla, Aotus intermedsnd Calothamnus lateralimre common.
On small rises this unit integrades with the saddgrah unit (unit 2). In the
wettest areas it gives way to the wet heath (ud} @ften dominated by
Pericalymma ellipticum. Units 17, 18 and 19 occupy similar positions in the
landscape and may reflect differences in fire agd/a period of winter
inundation.
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20.Hakea prostrataheathis a very small unit in Lake Muir but has essetttigthe
same species composition to that of the samem@aiamup Nature Reserve.

21.Wet heath occupies very wet sandy sites and is rgiyedominated by
Pericalymma ellipticumand Lepidosperma longitudinale. On more clayey
substrates this community grades into Melaleucashrublands (units 16-19).
This is most common in the northern part of themnes.

22.Gahnia sedgeland occurs in the shallow swales along tlge e Lake Muir.
This community is very species poor, being domithdig Gahnia trifida This
unit grades into unit 11.

23.0OpenBaumeasedgeland occupies basin wetlands. In the deeptar Baumea
articulata is the sole dominant, closer to the shBrgunceaandB. arthrophylla
occur. Around the edge of these wetlands taxa sisdbtricularia australis,
Cotula coronopifolia, Centrolepis polygyna, Jundugonius, Villarsia albiflora
andMicrotis atratacan also be found.

24.ClosedBaumeasedgeland occupies basin wetlands and is essgmdiatlilar to
unit 23, however, thBaumea articulatdends to be denser.

25.Dying Baumeasedgeland. ThBaumea articulatan Byenup Lagoon appears to
be dying on the aerial photography taken on th8 @8tober 1995 (WA3619-
5051). This photo shows most of the sedgelandetdrimht orange in colour,
generally indicative of stress. Recent aerial @sipn found a recovery of the
sedgeland but that the sedgeland now appears rperetban in 1995. It is not
clear as to the cause of this apparent declinet lwdes coincide with an 8-year
peak in salinity levels in the Lagoon (JAK Lanetgmnal communication).

26.Riparian vegetation (not mapped). Incised crealesli had a narrow but
distinctive vegetation unit associated with thethis unit was too small to map.
The overstorey wasAgonis or Callistachys with a dense shrub layer of
Gastrolobium melanopetalunihe poorly collected orchiGastrodia lacistavas
found in these habitats.

27.Samphire flats occur along the shore of Lake M@tween the shore and the
Gahnia sedgeland. Common species inclubBecticornia indica, Tecticornia
leptoclada, Sarcocornia quinqueflora, Suaeda adsttandWilsonia backhousei.

28.Cleared land occurs on a portion of the reservéhneest of Byenup Lagoon.
This area is largely covered by pasture grasses vesells, although some
revegetation of the shrub and tree layer is oaegrriA block of private land west
of Poorginup Swamp has previously been clearedistalso slowly revegetating.

29.Armillaria affected shrubland. Part of thblelaleuca preissiana-Kunzea
sulphureawoodland north of Poorginup Swamp appears to el by canker,
possiblyArmillaria. This needs further investigation.

30.Openwater occurs on most of the larger basin wetlands.

31.Yate woodland on sand dunes replaces the more pvigls fringingE. rudis
woodland (unit 8) on the eastern shore of Lake Muir
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Appendix C: Fish

Table C1. Native fish species recorded in the MuiByenup Ramsar site. Information from FishBase
(www.fishbase.org. All species breed in freshwater. Byenup Lagoorsystem includes Byenup

Lagoon, Tordit-Gurrup Lagoon, Mulgarnup Swamp, Geordinup Swamp and Poorginup Swamp.

Family Species Common Habitat Listing Occurrence
name IUCN | EPBC
Percichthyidae | Edelia vittata | Western | Benthopelagic Byenup Lagoon
Pygmy Freshwater System
Perch
Nannatherina | Balston’s | Benthopelagic \% Mulgarnup
balstoni Pygmy Freshwater Swamp
Perch
Bostockia Nightfish | Demersal Byenup Lagoon
porosa Potamodromous System
Freshwater
Galaxiidae Galaxias Western | Benthopelagic Byenup Lagoon
occidentalis Minnow Freshwater System
Galaxiella Black- Demersal, LR, Poorginup
nigrostriata stripe Freshwater NT Swamp
Minnow
Galaxiella Mud Benthopelagic LR, Poorginup
munda Minnow Freshwater NT Swamp

Notes: LR = lower risk; NR = near threatened; Vuinerable.
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Appendix D: Waterbirds

Table D1: Waterbird species present in the Ramsairite.
Note that only species considered to be wetlanémldgnt are included.
Key: X = species present.

Migratory (CAMBA, JAMBA, ROKAMBA, CMS) and IUCN RedList Status

Listed
species

Lake
Muir

Byenup
Lagoon

Tordit-
Gurrup
Lagoon

Neeranup
Swamp

Poorginup
Swamp

Waterfowl

Musk Duck

X

Black Swan

X

Australian Shelduck

X

Australian Wood Duck

Pink-eared Duck

Australasian Shoveler

X
X
X
X
X
X

Grey Teal

Chestnut Teal

Pacific Black Duck

X
X
X

Hardhead

Blue-billed Duck

Grebes

Australasian Grebe

Hoary-headed Grebe

Great Crested Grebe

<[> | X

Pelicans, Cormorants and Darters

Australasian Darter

Little Pied Cormorant

Great Cormorant

Little Black Cormorant

X

Australian Pelican

X[ X || X[

Herons, lbis, Egrets, Bitterns and Sp

oonbills

Australasian Bittern

IUCN
Endangered

Little Bittern

White-necked Heron

Eastern Great Egret

CAMBA
JAMBA

White-faced Heron

Little Egret

Australian White Ibis

Straw-necked lbis

Yellow-billed
Spoonbill

Hawks, Eagles and Falcons

White-bellied Sea-
Eagle

CAMBA

Swamp Harrier

Crakes, Rails, Waterhens and Coots

Purple Swamphen

Spotless Crake
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Eurasian Coot | X | X | | X
Shorebirds
Black-winged Stilt X X X
Red-necked Avocet
Banded Stilt X
Grey Plover CAMBA X
JAMBA
CMS
ROKAMBA
Red-capped Plover X X
Black-fronted Dotterel X X
Common Sandpiper CAMBA X
JAMBA
ROKAMBA
CMS
Common Greenshank CAMBA | X X X
JAMBA
ROKAMBA
CMS
Red-necked Stint CAMBA X X X
JAMBA
ROKAMBA
CMS
Long-toed Stint CAMBA X
JAMBA
ROKAMBA
CMS
Sharp-tailed Sandpiper CAMBA | X X
JAMBA
ROKAMBA
CMS
Curlew Sandpiper CAMBA X X
JAMBA
ROKAMBA
CMS
Gulls and Terns
Whiskered Tern X X
Silver Gull X X X X
Clamorous Reed CMS X X X
Warbler
Little Grassbird X X

Table D2: Waterbird feeding habitat guilds.
Data refer to principal or commonly used habitatsféeding. Birds may roost or loaf in certain iats
but not feed there (Hale and Butcher 2007).

F1 F2 F3 F4 F5 F6
dense Shallows Deepwater | Away from | Saline | Fresh
inundated (<0.5 m) (>1 m) wetland water water
vegetation | &or mud habitats
Waterfowl
Musk Duck X X X
Black Swan X X X X X
Australian Shelduck X X
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Australian Wood Duck

Pink-eared Duck

Australasian Shoveler

Grey Teal

Chestnut Teal

Pacific Black Duck

Hardhead

><><><><><><

Blue-billed Duck

><><><><><><><

<
XXX | X oo |

Grebes

Australasian Grebe

Hoary-headed Grebe

Great Crested Grebe

x| > |[X

x| X | X

Pelicans, Cormorants and Darters

Australasian Darter

Little Pied Cormorant

Great Cormorant

Little Black Cormorant

Australian Pelican

XX [ X<

XX [X| <

X[ X x| X

Herons, Ibis, Egrets, Bitterns and Spoonbills

Australasian Bittern X

X

x

Little Bittern X

X

White-necked Heron

Eastern Great Egret

White-faced Heron

Little Egret

Australian White Ibis

X
x ><><

Straw-necked Ibis

X
X
X
X
X
X

| X

><><><><><><

Yellow-billed
Spoonbill

X

Hawks, Eagles and Falcons

White-bellied Sea-
Eagle

Swamp Harrier X

Crakes, Rails, Waterhens and Coots

Purple Swamphen X

Spotless Crake X

Eurasian Coot

XX |

X |

Shorebirds

Black-winged Stilt

Banded Stilt

Grey Plover

Red-capped Plover

><><><><

Black-fronted Dotterel

Common Sandpiper

Common Greenshank

Red-necked Stint

Sharp-tailed Sandpiper

Curlew Sandpiper

><><><><><

X ne| X< || X[

Gulls and Terns

Whiskered Tern

Silver Gull
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Table D3: Waterbird d

ietary guilds.

O = Occasionally may eat this item (some recorosifgut analyses); not scored in total.

Note that information on diets of waterbirds isamplete, best known for certain groups, poorly knder

others and not necessarily based on studies frisniRmsar site (Hale and Butcher 2007).

D1
Plants and
animals

D2
Mainly
plants

D3 D4
Mainly Fish
plants

D5
Freshwater
crayfish

Waterfowl

Musk Duck

X

X

Black Swan

Australian Shelduck

Australian Wood Duck

Pink-eared Duck

Australasian Shoveler

Grey Teal

Chestnut Teal

Pacific Black Duck

Hardhead

X[ X|x

Blue-billed Duck

XU X ¢ | X oo [ |

Grebes

Australasian Grebe

Hoary-headed Grebe

Great Crested Grebe

|| X
x| XX

Pelicans, Cormorants

and Darters

Australian Pelican

Darter

X

Great Cormorant

Little Black Cormorant

Little Pied Cormorant

X | X%

XX

Herons, lbis, Egrets, Bitterns and Sp

oonbills

Australasian Bittern

Little Bittern

White-necked Heron

Eastern Great Egret

White-faced Heron

Little Egret

Australian White Ibis

Straw-necked lbis

><><><><><><
X

Yellow-billed
Spoonbill

Hawks, Eagles and Falcons

White-bellied Sea-
Eagle

Swamp Harrier

Crakes, Rails, Waterhens and Coots

Purple Swamphen

Possibly

Spotless Crake

Eurasian Coot

Shorebirds

Black-winged Stilt

Banded Stilt

Grey Plover

Red-capped Plover
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Black-fronted Dotterel

Common Sandpiper

Common Greenshank

Red-necked Stint

> X <[> >

Sharp-tailed Sandpiper

Curlew Sandpiper X X

Gulls and Terns

Whiskered Tern X X

Silver Gull X X X

Table D4: Waterbird nesting guilds.

N1 N2 N3 N4 N5 N6
Inundated Inundated Infunder Ground Away Mainly in
dead trees | live trees Inundated next to from colonies
shrubs or water or | wetlands | (in Aust.)
low island
vegetation | inlet
Waterfowl
Musk Duck X
Black Swan X X X (0]
Aust. Wood Duck X X X
Grey Teal X X X X
Pacific Black Duck X X X X X
Grebes
Great Crested Grebe | | X | | | O
Pelicans, Cormorants and Darters
Australasian Darter X X X
Little Pied X X X
Cormorant
Little Black X X X
Cormorant
Australian Pelican X X
Herons, Ibis, Egrets, Bitterns and Spoonbills
Australasian Bittern X
Little Bittern X
Crakes, Rails, Waterhens and Coots
Purple Swamphen X
Spotless Crake X
Eurasian Coot X X X X O
Shorebirds
Banded Stilt X X
Black-fronted X X
Dotterel

Table D5: Waterbird guilds: other critical life stages or habits

B1 B2
Flightless at times each year | Uses daily communal roost or loafing sites
due to moulting

Waterfow!
Musk Duck X Seasonal aggregations on open water
Black Swan X X

Seasonal aggregations on open water
Australian Shelduck X X

Seasonal aggregations on open water

109




Australian Wood Duck X X

Pink-eared Duck X X

Australasian Shoveler| X X

Grey Teal X X

Chestnut Teal X X

Pacific Black Duck X X

Hardhead X Seasonal aggregations on open water
Blue-billed Duck X Seasonal aggregations on opetewa
Grebes

Australasian Grebe X Seasonal aggregations on wpter

Hoary-headed Grebe X

Seasonal aggregations onvegien

Great Crested Grebe X

Seasonal aggregations onvegien

Pelicans, Cormorants and Darters

Australasian Darter

Little Pied Cormorant

Great Cormorant

Little Black Cormorant

Australian Pelican

XX || X|x

Herons, lbis, Egrets, Bitterns and Spoonbills

Australasian Bittern

White-necked Heron

Eastern Great Egret

White-faced Heron

Little Egret

Australian White lbis

Straw-necked Ibis

><><><><><><><

Yellow-billed
Spoonbill

Hawks, Eagles and Falcons

White-bellied Sea-
Eagle

Swamp Harrier

Crakes, Rails, Waterhens and Coots

Purple Swamphen X

X

Spotless Crake X

Eurasian Coot X

X
Seasonal aggregations on open water

Shorebirds

Black-winged Stilt

Banded Stilt

Grey Plover

Red-capped Plover

X

X

X
X

Black-fronted Dotterel

Common Sandpiper

Common Greenshank

Red-necked Stint

Sharp-tailed Sandpiper

Curlew Sandpiper

X< [X]x [

Gulls and Terns

Whiskered Tern

Silver Gull
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Appendix E: Macroinvertebrates and water quality toerances

Table E1. Ranges of water chemistry variables fothe 30 most common aquatic macroinvertebrate

families collected in south-western Australia durilg spring 1997. Limits of detection for colour, toth

N and total P were 5 TCU, 0.02 mg/L, and 0.01 mg/lespectively. DO = dissolved oxygen (Kay et al.

2001).
Alka-
linity Avg, DO
Conductivity Color (mg/L  Turbidity Total N Total P (% satur-

Family group Families " pH {mS/cm) (TCLu) CaCo,) (NTU) {mg/L) (mg/L) ation)
1 Aeshnidae 32 59-93 0.2-30.2 <5-230 8-200 1-66 0.05-1.70 <0.01-0.13 20-180
Palaemonidae 39 61-88 0.2-34.1 8-190 13-350 1-22 0.16-1.70 <0.01-0.20 28-174
Parastacidae 43  59-8.8 0.1-29.2 <5-500 10-280 1-66 0.08-3.90 <0.01-0.36 20-146

Perthiidae 26 54-9.0 0.2-7.6 <5-210 8-120 2-66 0.05-1.10 <0.01-0.13 20-132

Scirtidae 28 5.9-12.9 0.1-36.7 <5400 10-230 1-66 0.08-2.60 =<0.01-0.25 20148

3 Baetidae 20 69-87 0.2-19.6 <5-120 8-300 2-32 0.5-2.60 <(.01-0.37 84-132
Caenidae 46 64-9.0 0.1-18.6 <5-320 10-300 1-32 0.10-2.60 <0.01-0.37 31-142
Gyrinidae 26 64-9.0 0.3-18.6 <5-120 20-280 1-32 0.30-2.60 <0.01-0.37 66-142
Libellulidae 30 6.4-9.3 0.4-30.2 <5320 18-290 1-30 0.31-17.0 = 0.01-9.00 20-279
Simuliidae 55 59-12.9 0.2-14.8 <5400 8-290 1-32 0.5-2.60 =0.01-0.37 42-180

Tipulidae 43 54-129 0.2-192.0 <5-400 8=290 1-290 0.08-2.60 <0.01-0.25 62-180

4 Acarina 93 46-129 0.1-33.6 <5-500 3-490 1-120 0.05-25.0 <0.01-540 0-236
Ceinidae 115 49-12.9 0.1-69.1 <5400 8490 1-42 0.25-25.0 =0.01-5.40 0-279
Ceratopogonidae 143 4.6-12.9 0.1-192.0 <5400 3490 1-290 0.08-25.0 =<0.01-9.00 0-279
Chironominae 166 4.6-12.9 0.1=192.0 <5-400 3490 1=290 0.05=25.0 <0.01-9.00 0=279
Coenagrionidae 36 6.7-93 0.2-30.2 <5-190 10-300 1-22 0.09-25.0 <0.01-5.40 (=236
Corduliidae 83 53-129 0.1-33.6 <5-320 8-300 1-66 0.05-17.0 <0.01-9.00 0-279

Corixidae 56 6.1-12.9 0.2-23.1 <5230 10-290 2-32 0.10-17.0 <0.01-9.00 4-279
Drytiscidae 163 49-129 0.1-192.0 <5-500 8-490 1-120 0.05-25.0 <0.10-9.00 0-279
Hydrophilidae 107 6.1-129 0.1-192.0 <5-320 10-320 1-120 0.09-25.0 <0.01-5.40 0-279
Leptoceridae 117 49-129 0.1-69.1 =5-320 8490 1-120 0.05-25.0 <0.01-9.00 0-180
Motonectidae 41 53-93 0.1-26.9 =5-230 13-290 2-23 0.38-17.0 <0.01-5.00 4-279
Oligochaeta 117 54-129 0.1-69.1 <5-400 8-490 1-290 0.05-25.0 <0.01-9.00 0-236
Orthocladiinae 115 4.6-129 0.1-74.4 <5-500 3490 1-290 0.05-25.0 <0.01-5.40 0-250
Tanypodinae 141 53-129 0.1-192.0 <5400 8-490 1-290 0.05-25.0 <0L01-9.00 0-279

5 Culicidae 56 4693 0.1-192.0 <5-500 3-370 1-290 0.10-17.0 <0.01-9.00 4-279
Dolichopodidae 21 4691 1.1-192.0 <5-300 3-490 1-42 0.38-2.00 <0.01-0.18 4-167
Ephydridae 39 46-93 0.6-69.1 <5-300 3-370 1-290 0.25-25.0 <(.10-5.40 0-279
Hydraenidae b.L 53-9.0 0.4-192.0 <5180 13-260 1-66 0.29-1.90 <0.01-0.11 20-279

Lestidae 33 5393 3.4-36.7 5-230 13-300 1-66 0.31-25.0 <0.01-5.40 0-279
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