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PART 1: THIS GUIDE

Why was this guide produced?

Western Australia’s unique and diverse wetlands are rich in ecological and cultural values
and form an integral part of the natural environment of Western Australia.

A guide to managing and restoring wetlands in Western Australia (the guide) provides
information about the nature of Western Australia’s wetlands, and practical guidance on
how to manage and restore them for nature conservation.

Through the guide and other initiatives, the Western Australian Department of
Environment and Conservation (DEC) seeks to assist individuals, groups and organisations
to manage the state’s wetlands for nature conservation. It is a free online resource
produced by the DEC.

What are the contents of this guide?

The guide consists of multiple topics within five chapters.

Introduction
Introduction to the guide
Chapter 1: Planning for wetland management
Wetland management planning
Funding, training and resources

Chapter 2: Understanding wetlands
Wetland hydrology
Conditions in wetland waters
Wetland ecology

Wetland vegetation and flora

Chapter 3: Managing wetlands

Managing hydrology

Wetland weeds
Water quality
Secondary salinity
Phytophthora dieback
Managing wetland vegetation

Nuisance midges and mosquitoes
Introduced and nuisance animals

Livestock

Chapter 4: Monitoring wetlands

Monitoring wetlands

Chapter 5: Protecting wetlands
Roles and responsibilities

Legislation and policy
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Who is this guide for?

This guide is intended to be of assistance to anyone who is, or who is intending to,
manage or restore a wetland in WA. This includes landowners, land managers, and
natural resource managers, individuals, community members and employees of the
public and private sector. As much as possible, the information is written to be accessible
to this broad target audience.

This guide is not designed specifically for students or environmental consultants. The
guide does not prescribe the actions that should be taken in managing and restoring
wetlands and therefore is not suitable to be required to be followed as a condition of
approval of any form.

- -

Pink Lake, Lorna Glen Station, north of Wiluna in WA's Murchison/Gascoyne region.
Photo - © J Dunlop.

Distribution details

This guide has been produced in PDF format. Each individual topic is available online free
of charge as a PDF that can be downloaded. Please see the DEC website at www.dec.
wa.gov.au/wetlandsguide.

Each topic has a ‘version’ stamp on the front page. DEC recognises that there will be
the need to correct, update and improve the information in this guide over time, with
Version 1 reflecting the information and resources available to publish this document in
2012.

Updates to the guide (such as new versions) will also be posted on the webpage. You
can be notified of updates to the webpage via RSS (real simple syndication); see the
webpage for more information.

DEC welcomes your feedback and suggestions on the guide. A publication feedback
form is available from the webpage www.dec.wa.gov.au/wetlandsguide.

How was this guide produced?

The demand for this guide was formally recognised during the development of the
Wetlands Conservation Policy for Western Australia in the 1990s. The (then) Water
and Rivers Commission initiated this project in liaison with the (then) Department
of Conservation and Land Management in the 2000s with the ongoing support of
the Western Australian Wetlands Coordinating Committee, the state’s peak wetland
conservation policy coordinating body.
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The Department of Environment and Conservation has continued this work. Topics of
the guide have predominantly been prepared by the department’s Wetlands Section with
input from reviewers and contributors from a wide range of fields and sectors.

The information presented in this guide is the product of the research and endeavours
of many individuals in Western Australia and other areas of the globe. The authors have
sought to interpret and collate this into a guide that is relevant to Western Australia’s
wetlands, to promote their sound management and restoration.

The guide, where possible, contains information relevant to all of the state. While the
first version of this guide is Perth and south-west centric, the authors have endeavoured
to be inclusive of wetlands of the Kimberley, Pilbara, deserts, Goldfields, and South
Coast. It is hoped that future versions of the guide will better address statewide issues
over time. We appreciate feedback via the form available from www.dec.wa.gov.au/
wetlandsguide.

The development of the guide has received funding from the Australian Government,
the Government of Western Australia, the Department of Environment and Conservation
and the Department for Planning.

Acknowledgments

The following people prepared topics of the guide (in alphabetical order):
Tracey Bell Anya Lam Jacqui Nichol
Glen Daniel Natalie Landmann Anna Nowicki
Christina Denton Justine Lawn Joanne O’'Connor
Lorraine Duffy Vanda Longman Dr Lien Sim
Bronwen Keighery Romeny Lynch

Greg Keighery Christina Mykytiuk

This guide is the result of the effort and contribution of many people, including those
acknowledged below. The information presented in this guide is an attempt to capture
the essence of the collective years of research and on-ground work carried out by
many people in this state, in Australia and in wetlands in other parts of the globe. The
importance of the work carried out by all the people involved in wetland conservation
in WA and beyond, and their willingness to contribute and share their knowledge and
experience for the preparation of this guide, is gratefully acknowledged.

The contribution of the following people in particular is acknowledged:

Sharon Stratico (WRC), Jim Lane (CALM), Stephen White (CALM), Verity Klemm (WRC),
Roy Stone (WRC), Stuart Halse (CALM), Natalie Landmann (nee Thorning) (DEC), Ken
Atkins (DEC), Joanna Moore (DEC), Stuart Ridgway, Sonja Schott (DEC), Adrian Pinder
(DEC), Dr Brad Degens (DoW), Dr Steve Appleyard (DEC), Dr Michael Coote (DEC),
Gordon Wyre (DEC), Melissa Bastow (DEC), Jennifer Higbid (DEC), Amanda Fairs (DEC),
Marissah Kruger (DEC), Alisa Krasnostein (DEC), Susan Downes (DEC), the Wetlands
Section (WRC/DEWCP/DOE/DOWY/DEC) and especially Jarrah Rushton.
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The authors have drawn inspiration from the volunteers and land owners who care
tirelessly for WA's wetlands; wetland researchers, including those in DEC and Australia’s
universities; and other professionals with a love of wetlands, including but not limited to
the late Shirley Balla, the late Luke Pen, and Professor Phil Jennings.

What wetland information is not covered in this
guide?

Scientific methodologies and administrative policies of the state government are not
covered in this guide. For example:

e wetland mapping, delineation, classification and evaluation methodologies
¢ wetland buffer identification methodology
e wetland impact assessment methodology

For more information on these, please see the DEC wetlands webpage: www.dec.
wa.gov.au/wetlands.

What wetland types are covered in this guide?

The focus of the guide is natural ‘standing’, or non-flowing, wetlands that retain
conservation value. DEC is the Western Australian government agency with the lead role
in the protection and management of these wetlands. Examples of wetlands covered by
this guide are shown on the following page.
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Seasonally waterlogged wetlands, such as Hay Park in Bunbury Intermittently inundated wetlands, such as this one in the Great Western

Woodlands

Seasonally waterlogged slopes, such as this paluslope in the south-west Seasonally waterlogged highlands, such as this palusmont in the south-
corner of WA west corner of WA
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What wetland types are not covered in this guide?

The guide does not cover the management and restoration of flowing waters, such
as waterways, their floodplains, estuaries and peripheral estuarine wetlands. The
management of these wetlands is very important but they often require different
management strategies to non-flowing wetlands.

These wetland types are the responsibility of the Department of Water unless these areas
are, or are proposed to be, DEC managed estate.

Accordingly this guide does not cover:
® near-shore marine areas — for example, beaches and mangroves

¢ those wetlands that flow in channels — that is rivers, creeks, wadis and troughs —
collectively referred to as ‘waterways’

e estuaries or peripheral estuarine wetlands that are influenced by tidal flows
e artificial wetlands.

For more information on the management of waterways, refer to the Department
of Water’s River Restoration Manual (Water and Rivers Commission 2000) available
at www.water.wa.gov.au/Managing+water/Rivers+and+estuaries/Restoring/
River+restoration+manual/default.aspx

The focus of this guide is natural wetlands that retain conservation value. Artificial
wetlands, including dams, can support wildlife. Readers with an interest in the
management of artificial wetlands may find information in the guide to be of use. Other
sources of information include:

*  Planting wetlands and dams: a practical quide to wetland design, construction and
propagation (Romanowski 1998).

Examples of wetlands not covered by this guide are shown below.

Introduction

Near-shore marine areas, such as Roebuck Bay Waterways — all channel wetlands, including rivers, creeks, wadis, troughs —
and their floodplains, such as the Ord River and floodplain

the Midwest

Estuaries and peripheral estuarine areas, such as the Hill River Estuary in Avrtificial wetlands, such as this lake in the southern suburbs of Perth.
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What principles underpin this guide?
The principles applied during the preparation of this guide include:

- The objective of this guide is to promote the conservation of natural values of WA's
wetlands.

- Wetlands are assets to our society and their conservation is a priority. Raising
awareness about the significant values of our wetlands is critical to wetland
conservation.

- Ahigh proportion of wetlands in WA are located on private land. Additionally
many wetlands are located on publicly owned land for which the designated land
manager is not a wetland specialist. Initiatives such as this guide are an important
way of disseminating guidance to this broad spectrum of wetland managers.

- Although everyone values wetlands differently, they affect the lives of all Western
Australians. Wetlands help shape neighbourhoods, towns, cities, farms, stations,
properties and parks around the state and play an important role in our sense of
place and cultural identity.

- We can't protect, manage and restore all wetlands. WA's wetlands may have
competing land use pressures. They yield water, productive land, minerals, peat and
other products that help maintain our lifestyles. We also cannot afford to manage
and restore all of the remaining wetlands as our financial and human capital is
limited and there are many competing demands on these. The conservation of
natural biodiversity and geoheritage values should be a priority, and wetlands of
high conservation significance should be prioritised over wetlands that are heavily
degraded.

- On an on-going basis, decision-making authorities are making decisions about
whether activities that will impact wetlands are acceptable; and what investment
we will make in protecting, managing and restoring wetlands. The engagement of
Western Australians in decisions about wetland conservation is important, as these
decisions should reflect the informed position of our society broadly.

- The best nature conservation outcome is to maintain natural wetland processes
and values. Since European settlement, there has been ongoing alteration of
WA's wetlands to enhance certain features. These features are most commonly
habitat for waterbirds, water storing capacity and duration of inundation. Islands,
dredging, draining into and clearing have all been carried out to ‘enhance’
wetlands. Manipulating wetlands ‘for wildlife’ tends to result in degradation to
the wetland or to the broader landscape, as outlined in many of the topics of the
guide.

- Our community should be aware of the true cost of managing wetlands.
Substantial financial and human capital is often required to protect and manage
wetlands.

- Our community should be aware of the true cost of poorly-managed wetlands.
Poorly managed wetlands can be a significant liability. Prioritising our investments
also needs to be based on the cost of not managing wetlands and altering natural
wetlands. These include, but are not limited to, the cost of acidified groundwater
aquifers and infrastructure, the loss of water storage, the cost of mosquitoes and
midges at nuisance population levels as well as the diseases that mosquitoes are
vectors of, the cost of algal blooms, livestock poor health and deaths, and toxic air
quality due to peat fires.

- Maintenance of existing wetland values is more cost effective than re-creation of
those wetland values.
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Lake Argyle is Australia’s
largest artificial lake and res-
ervoir by volume, with a
storage capacity of 10,760
million cubic metres. It is up
to 2000 square kilometres
when in flood. At up to 50
metres deep, it is the
deepest wetland in WA, but

is insignificant compared to Lake Mackay is one
Lake St Clair in Tasmania, of the largest wet-
which reaches depths of 174 lands in Western

Australia. Located in
the Gibson Desert, it
extends east into the
Northern Territory.

metres.

The Shoemaker crater,
north east of Wiluna, is
30 kilometres in di-
ameter. It contains
wetlands which, when
inundated, are a stun-
ning array of colours.
At around 1.7 billion
years old, the crater is
Australia’s oldest
known impact
structure.

Carnegie Lake is
one of 75 places
on Earth chosen
by NASA to be on
display in its book
of striking satellite
images, Earth as
Art (2012). Lake
Disappointment
and Shoemaker
Crater in WA were
also chosen.

Although it is some distance from
the ocean, Lake Macleod receives
ocean water by subterranean

vents, making the water chemistry
of the lake unique.

Even the Nullarbor supports wetlands. Tiny
limestone rockholes, such as these, are one type of
Nullarbor wetland. The much larger ‘donga’
wetlands also form on limestone in the region.

lands. It is a striking wet-
land, coloured a deep pink
due to the presence of
algae. It is located on Mid-
dle Island on the
Recherche Archipelago.
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Bats are one of
the more elusive
wetland fauna.
They are
common in
wetlands of the
Pilbara and
Kimberley.

The Kimberley is home to the greatest diversity of frogsin
WA, and is considered to be a centre of frog endemism in
Australia. It boasts over forty species, out of a total of 216
in Australia.

The rakaliis a
rarely seen
mammal and
top-order
predator

¢ inhabiting

inundated
W::Lands in Birds breed in
24 ion al large humbers
. condition along when

the WA i i

: intermittently
coastline. i

inundated

wetlands in the
Incredible living rocks are formed by interior flood.
microbial communities of bacteria and
algae. These types of communities are
the earliest life forms, known to have
existed 3.5 million years ago—outliving
dinosaurs. They are now uncommon
world-wide but WA has many of the

remaining populations.

The prehistoric-looking shield

shrimp found in claypans have
not changed physically in almost *
300 million years.

Most of the fish

and crayfish of

the south west

are endemic to the region. The south

| west is home to remarkable burrowing
species fish and crayfish.

4 Perth is home to the most endangered tortoise in the world.
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PART 2: MANAGING AND RESTORING WETLANDS
IN WESTERN AUSTRALIA

What are the safety considerations when managing
and restoring wetlands?

All natural areas have a range of natural hazards; the following are those most relevant
to WA's wetlands which should be taken into account when visiting or working in
wetlands:

e animals: ticks, crocodiles, snakes and wild pigs in particular

e cyanobacteria: avoid all contact with water containing toxic cyanobacteria
e use of chemicals: pesticides should only be handled by people with training
¢ animal control: firearms, traps, electroshocking all pose risks

e machinery: chainsaws, boats etcetera all pose risks

e electricity: electricity poses a particular risk in proximity to water

o fire: in all wetlands, but particularly peat wetlands, where volatile organic
compounds and particulates can be inhaled, and where burning of sediments
underground can continue long after the above-ground fire has passed

e drowning
e getting bogged
e dehydration

e water: avoid contacting or ingesting polluted water or water with low pH, or high
levels of heavy metals or bacteria

What are the legal considerations when managing
and restoring wetlands?

Before embarking on management and restoration investigations and activities, it is
critical to ensure that any proposed actions are legal and safe. Key considerations are
outlined below.

Authority to enter land and carry out actions

Where you are not the landowner, you must have approval (preferably written) from
the landowner or vested land manager prior to entering onto the land containing the
wetland and carrying out activities on the land.

Your local government (that is, shire, town or city council) can provide you with the
ownership and vesting details of public lands. For information about privately owned
land, see Landgate www.landgate.wa.gov.au.

12 Introduction
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Environmental harm
You must ensure that the actions you take do not cause environmental harm or break
other laws. Actions with the potential to cause environmental harm include:

e Earthworks
This includes digging wetlands deeper and creating islands in wetlands

e Changes to the wetland’s water
This includes draining into, or out of wetlands; altering structures for the conveyance
of water, including pipes, weirs and floodgates

e  Addition of chemicals
This includes liming agents, salts, chlorines, and pesticides which may harm wetland
values, or when done in a manner that is not consistent with their approved use and
application rates

e  (learing of native vegetation
This includes burning of vegetation

¢ Introduction of non-native plants and animals

The relevant topics of this guide provide guidance and further resources to aid you in
determining whether your actions may cause environmental harm and what permits

or other authorisations you may need to carry out an activity. If you are ever in doubt,
seek guidance before initiating an activity. Good intentions can’t mitigate the impacts of
environmental harm!

Regulations that apply to the clearing of planted native
vegetation

When planning to plant native vegetation in wetlands, it is important to be aware of the
legal ramifications of doing so.

Under section 51A of the Environmental Protection Act 1986, "native vegetation” does
not include vegetation that is intentionally sown, planted or propagated unless:

e the vegetation was sown, planted or propagated as required under the
Environmental Protection Act 1986 or another written law; or

e itis declared to be native vegetation under the Environmental Protection (Clearing of
Native Vegetation) Regulations 2004.

Vegetation that is required to be sown, planted or propagated under a written law will
often be as a result of conditions of an authorisation or lease.

Regulation 4 prescribes the kinds of intentionally planted indigenous vegetation that are
“native vegetation” and which therefore require a clearing permit or exemption to clear
and includes:

(a) Planting that was funded (wholly or partly):
(i) by a person who was not the owner of the land; and
(i) for the purpose of biodiversity conservation or land conservation.
OR
(b) Intentionally planted vegetation that has one of the following:

(i) a conservation covenant or agreement to reserve under section 30B of the Soil and
Land Conservation Act 1945;

(i) a covenant to conserve under section 21A of the National Trust of Australia (WA)

13 Introduction
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Act 1964,

(iii) a restrictive covenant to conserve under section 129B of the Transfer of Land Act

1983,

(iv) some other form of binding undertaking to establish and maintain, or maintain,

the vegetation.

For the purposes of Regulation 4, biodiversity conservation includes conservation of

species diversity, genetic diversity or ecosystem diversity and land conservation includes

management of salinity, erosion, soil acidity or waterlogging. Planting includes to sow

and to propagate.

Authorisations for activities

Table 1 outlines the authorisations you may require prior to carrying out wetland
management and restoration activities.

Table 1. Activities that may require authorisation — a summary

Activity

Native fauna
surveys (including
macroinvertebrates)

- Use of traps for
 land-based non-
 native species

¢ Removal of

¢ introduced

¢ freshwater species
 of fish and

¢ crustaceans from
- wetlands

An exemption,
: approval,
 authority or

‘ licence

Relocation,
introduction or
reintroduction of
freshwater species
of fish and crayfish

i Use of bird traps

Use of firearm

¢ Culling of native
species for
conservation
purposes (e.g.
kangaroos,
Australian white
ibis).

i Use of pesticides
¢~ including baits and
1080

Licence Permit
(freshwater
species including
fish and crayfish)

: Permit; plus

¢ individual local
: government
 authorities

© may also have
 requirements

An exemption,
written authority
or licence

- Alicence may be
required

. Wildlife Conservation Act 1950

i Health Act 1911,
Health (Pesticides) Regulations 1956

Topic of
this guide
with more
information

Wildlife Conservation Act 1950
Fish Resources Management Act 1994,
Fish Resources Management Regulations 1995

Introduced
and nuisance
animals

i Agriculture and Related Resources Protection
CAct 1976

Agriculture and Related Resources Protection
¢ (Traps) Regulations 1982

i Introduced
- and nuisance
- animals

Introduction

 Fish Resources Management Act 1994;
 Fish Resources Management Regulations 1995

¢ Introduced
- and nuisance
. animals

Fish Resources Management Act 1994
Fish Resources Management Regulations 1995
Wildlife Conservation Act 1950

Introduced
and nuisance
animals

i Wildlife Conservation Act 1950Wildlife
¢ Conservation Regulations 1970

i Introduced
: and nuisance
; animals

¢ Introduced
- and nuisance
- animals

Wildlife Conservation Regulations 1970

" Introduced

and nuisance
animals

i Introduced
: and nuisance
; animals
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Activity

Shockwaves

'Take' flora

Clearing of native
vegetation

Use of herbicides

i Herbicides other

than as specified by

¢ the label

Burning of native
 vegetation

Earthworks in/ near
wetlands

. Construction of
 drains for saline
i water

Use of surface water

Abstract
groundwater

Affect an Aboriginal
site

Development
approval

Topic of
this guide
with more
information

Explosives and Dangerous Goods Act 1961,
: Western Australian Explosives Regulations 1963

¢ Introduced
- and nuisance
- animals

Legislation and
policy

Environmental Protection (Clearing of Native
Vegetation) Regulations 2004

Legislation and
policy

Health Act 1911,
Health (Pesticides) Regulations 1956

Wetland weeds

i Wetland weeds

Introduction

Environmental Protection (Clearing of Native
Vegetation) Regulations 2004;
© Bush Fires Act 1954

Legislation and
 policy, Wetland
- weeds

Legislation and
policy

i Legislation and
 policy

Legislation and

policy

Legislation and
policy

Legislation and
policy

15 Introduction



A guide to managing and restoring wetlands in Western Australia

PART 3: THE WETLANDS OF WESTERN AUSTRALIA

How are wetlands defined?

Globally, there are many definitions for the term ‘wetland’. These definitions differ in
scope, geographic origin and purpose. Some have been developed for the purpose of
inventory, some for specific legal application and some to describe habitats of groups of
plants or animals.

The Western Australian government uses a number of definitions of the term ‘wetland’
for various purposes (see text box below). All are inclusive of a broad spectrum of wet
land. Land where the presence of water gives rise to distinguishable features that can be
recognised as being distinct from the surrounding dry land, are identified as ‘wetland’.
As well as being identified by the presence of water, diagnostic features include the
presence of wetland soils (also known as hydric soils) and wetland vegetation.

Areas of permanently inundated land are the best-conserved wetland types in WA. This
can be attributed to their being more similar to wetlands of the northern hemisphere and
therefore familiar to European settlers. They have been valued for holding and providing
water and being habitat for waterbirds. They have also been afforded more protection
because they are relatively difficult to use for agricultural purposes or convert to dryland.

Seasonally inundated land is a familiar feature of WA's landscapes, and these tend

to be relatively well recognised as ‘wetlands’. They are often referred to as ‘seasonal
wetlands’ or ‘ephemeral wetlands’. These terms are not used in this guide, because
these ecosystems are wetlands all year round, with wet and dry phases, and should be
managed as such. Most of the distinguishable features that make them recognisable as
distinct ecosystems from surrounding drylands are present or leave diagnostic identifiers
during the dry phase.

Intermittently inundated land is often wet or dry for long periods. The vernacular ‘salt
lake" is one type of wetland readily recognised by many West Australians living in, or
familiar with, regional areas of WA, especially north of Perth. These have often been
protected by virtue of the fact that they are not suitable for use for agricultural purposes.

Seasonally waterlogged land is least recognised as wetland amongst the general
community, despite being a predominant wetland type in the south-west of the state,
and where intact, being of high conservation value. Basins, flats, slopes and highlands
may all support seasonal waterlogging. These areas are generally very productive
agricultural land and there has been widespread clearing and alteration of these wetland
types. Permanently waterlogged wetlands, such as mound springs, are generally well-
recognised but also used as a water source on rural properties and stations.

16 Introduction
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Definitions of ‘wetland’

The Australian government is a signatory to the Convention on Wetlands of
International Importance (the Ramsar Convention), which defines wetlands as
“areas of marsh, fen, peatland or water, whether natural or artificial, permanent
or temporary, with water that is static or flowing, fresh, brackish or salt,
including areas of marine water depth of which at low tide does not exceed six
metres”. The Western Australian Government applies this definition during the
course of business that relates to its obligations as a signatory to the Convention,
for example, when nominating Ramsar sites.

5
o
2
©
£
S
o
o
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©
S
=
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Schedule 5 of the Environmental Protection Act 1986 defines wetlands as “an
area of seasonally, intermittently or permanently waterlogged or inundated
land, whether natural or otherwise, and includes a lake, swamp, marsh, spring,
dampland, tidal flat or estuary. The Western Australian Government uses this
narrower definition in the course of most business.

The wetland types covered in this guide are wetlands in basins, flats, slopes and
highlands that do not have a tidal influence. This includes lakes, sumplands,
damplands, palusplains, palusmonts, paluslopes, barlkarras, playas and self-
emergent wetlands such as mound springs. Descriptions of each of these
wetlands are provided below, under the heading "Wetland classification’.

What do we know about WA's wetlands?

Compared to other states in Australia, the inventory (cataloguing) of WA's wetland is
relatively incomplete. This is a reflection of the size of the state and the number and
extent of wetlands in WA. DEC coordinates and maintains the wetland inventory of WA,
including spatial (mapping) and biological (surveying) inventory. The ultimate objective of
wetland inventory is to document wetland information to allow for informed decisions
about the use, management and preservation of wetlands.

Wetland mapping

Wetland mapping, as a general term, may encompass one or more of the following:
e the identification of wetlands in the landscape
¢ the delineation of wetland boundaries

e the identification of characteristics and the grouping of wetlands according to these
characteristics (classification)

¢ the identification of values (evaluation).

Wetland mapping, where available, is used in the processes of land use planning,
conservation planning, water planning, controlled burn planning, as well as wetland
inventory.

Decision-making authorities use wetland mapping to help prioritise the protection of
high value wetlands when making decisions about land, water, fires and investment in
wetland protection. However, other characteristics identified through wetland mapping
are also very important, for example, controlled burn planning is informed by the
location of all peat wetlands, whether or not they are of conservation value, because
they need to be carefully managed in relation to fire.
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The Environmental Protection Authority and the Western Australian Planning
Commission are two of the key decision making authorities in WA in respect of proposals
that affect wetlands. These authorities have established a framework for the use of
wetland mapping to help guide decisions about land use planning. Land use planning
refers to the process by which the government establishes the suitable uses of land, from
a regional scale down to the scale of individual properties. The Environmental Protection
Authority (EPA) states that, for the purposes of the environmental impact assessment
process, the wetlands listed in B.4.2.2 of the Environmental guidance for planning and
development (EPA 2008) are of high conservation significance and require a high level

of protection. The EPA also notes that comprehensive surveys have not been carried out
for all regions of the state, and further investigations are required when activities are
proposed.

In preparing wetland mapping and considering mapping by third parties, DEC applies a
draft framework for wetland mapping, entitled Framework for mapping, classification
and evaluation of wetlands in Western Australia. The purpose of this framework is

to produce coordination and consistency across the state in the approach to wetland
mapping, classification and evaluation; certainty that data is collected using valid
methodologies; avoidance of repetition in project planning; achievable aims in terms
of scope and detail; a mechanism for ensuring that data is made publicly available; and
a mechanism to endorse the results at a state level. The WA Wetlands Coordinating
Committee oversees the wetland mapping work produced, with the technical input of
one of its working groups, the Wetland Status Working Group. Both the Committee
and its working group are chaired by DEC. These groups review wetland mapping
methodologies and products, and following endorsement by the Wetlands Coordinating
Committee, these products can be used as a basis to guide decision-making and made
publicly available.

» For more information on the Wetlands Coordinating Committee, see the topic
‘Roles and responsibilities’ in Chapter 5 and the webpage www.dec.wa.gov.au/
wetlandscoordinatingcommittee.

Wetland identification

A range of identification tools can be used to identify wetlands at the sub-regional to
regional scale. Technological advances, particularly in relation to aerial photography and
satellite imagery, provide opportunities to refine and increase the efficiency of wetland
identification processes.

Desk top information that is typically used includes aerial and satellite imagery,
topographical maps, soil maps and where available, vegetation maps.

The wetland types that are often most difficult to identify from desk top data are
seasonally waterlogged wetlands, particularly those with a flat host landform. This
highlights the importance of field reconnaissance, verification and random sampling to
account for the limitations of desk top identification methods.

In the field, hydric soils and wetland vegetation are important features to identify for
diagnostic purposes.

» DEC is preparing information on WA's hydric soils and wetland vegetation to aid
wetland identification and delineation work. Once ready, it will be available from
www.dec.wa.gov.au/wetlands
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Wetland classification

Wetland classification is the identification of characteristics, and the grouping of
wetlands according to these characteristics. Different classification systems may be
applied, depending upon the purpose. The geomorphic wetland classification system
described by Semeniuk and Semeniuk (1995) has been adapted as the primary
classification system for wetland mapping in WA. Using the system, wetlands are
assigned to one wetland ‘type’. A complementary classification system, the Australian
National Aquatic Ecosystems framework, is also being used to classify wetlands in
addition to the geomorphic classification system. The geomorphic classification system
has been applied to wetlands in many areas of the state. It is based on the shape of the
host landform and the hydroperiod. Table 2 shows the types of wetlands identified via
this system. Wetland classification is primarily conducted using desk top information such
as aerial and satellite imagery and topographical maps. Field reconnaissance, verification
and random sampling are also important processes in wetland classification.

Table 2. Wetland types according to the global geomorphic classification system, adapted
from Semeniuk and Semeniuk (1995) and Semeniuk and Semeniuk (2011).

Water Landform

el Basin H H  Flat H H Channel H Slope H H Highlaund
Permanently  Lake N T T River R — R "
inundated
Seasonally Sumpland  Floodplain T Creek B e
inundated
Intermittently  Playa L Bailkarra T Wadi —— e
inundated
Seasonally Damp'l‘and H Palusb‘lain H Trougﬁ H Paluslépe H PaIusrﬁont """"""
watelogged ~

Wetland evaluation

Evaluation is the process of assessing and documenting a wetland’s values by considering
information about its attributes and functions.

Considerations include:

e flora
e fauna
e linkages

e water quality

e wetland processes (e.g. hydrological and sedimentological processes)
e geomorphology

e scientific and educational

e cultural

These can be considered in relation to:

e naturalness

e representativeness

e scarcity
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It is important to note that a wetland evaluation is not the same process as a wetland
condition assessment. The evaluation of naturalness encompasses wetland condition, but
it is not the only consideration when determining a wetland’s values.

Wetland values need to be interpreted in a regional context and for this reason,
evaluation of a region or sub-region should be conducted using a suitably designed
method endorsed by the Wetlands Coordinating Committee.

Detailed evaluations enable DEC to assign wetlands to a ‘management category’.
Decision-making authorities use these management categories to inform their
determinations.

Status of wetland mapping in WA

With significant areas of the state yet to be mapped (Figure 3), DEC continues to work
upon extending, improving and updating knowledge of wetland extent, distribution
and condition in priority areas of WA as resources allow. New mapping projects are
often developed in partnership with organisations such as regional and sub-regional
NRM organisations and other government departments. Table 3 and Table 4 outline the
available mapping datasets and datasets in preparation. Table 5 outlines regional and
sub-regional wetland mapping projects not digitised.
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Available wetland mapping in WA
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Figure 3. A summary of wetland mapping that is publicly available. See www.dec.wa.gov.au/management-and-protection/
wetlands/wetlands-mapping.html for more details.
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Table 3. Publicly available datasets of sub-regional spatlal wetland mapplng as at 2012

Introduction

Map/project name Scale Dataset lnformatlon
Cervantes South 1:25,000 Boundarles wetland types
Cervantes Eneabba 1:50,000 Boundanes, Wetland types.
Cervantes Coolimba 1:25,000 Boundaries, wetland types, management
¢ Coastal categories, consanguineous suites. :
Wheatbelt/Avon south : South Coast £1:100,000  : Locations, landforms. Evaluation methodology
¢ (Esperance) : :  to determine conservation significance is :
: available for application.
South Coast Based on S|gn|f|cance based on existing data sources
Significant wetlands existing data
Augusta to Walpole South West and 1:25,000 Boundaries, wetland types.
Warren
Darkan-Duranillin South West and 1:25,000 Boundaries, wetland types.
Wheatbelt
Swan Coastal Plain Swan 1:25,000 Boundaries, wetland types, management
categories, consanguineous suites.
Wheatbelt/Avon Wheatbelt & Swan 1:100,000 — Locations, landforms. Evaluation methodology
(central, east, west) © to determine conservation significance is g

| 1:250,000
:  available for application.

¢ Albany urban area, Esperance groundwater area,
© Hopetoun.

South Coast

South West

Areas of the south-west (Leeuwin Naturaliste Ridge,
¢ Donnybrook-Nannup, Margaret River east)

; DEC region
Ecological Assessment and Evaluation of Wetlands in the System 5 Region (V & C MidWest

¢ Semeniuk Research Group 1994). Report to the Australian Heritage Commission.

A Systematic Overview of Environmental Values of the Wetlands, Rivers and Estuaries of South West,
¢ the Busselton-Walpole Region (Pen, L. 1997). WRC Report # WRAP 7. ¢ Warren

Preliminary Delineation of Consanguineous Wetland Suites Between Walpole and Fltzgerald
Inlet, Southern Western Australia (V & C Semeniuk Research Group 1998). Unpublished
¢ report for the Water and Rivers Commission.

¢ Coast

Preliminary Delineation of Consanguineous Wetland Suites in the Pallinup-North Stirling
© Region, South Western Australia (V & C Semeniuk Research Group 1999). Unpublished
¢ report for the Water and Rivers Commission.

Wetlands of the northwestern Great Sandy Desert in the LaGrange hydrological sub-basin i Kimberley
¢ (V & C Semeniuk Research Group 2000). Unpublished report for the Water and Rivers

¢ Commission. :

* Wetlands of the Pilbara Region: description, consanguineous suites, significance (V Pilbara

& C Semeniuk Research Group 2000). Unpublished report for the Water and Rivers
i Commission.

¢ A Preliminary Evaluation of Wetlands in the Esperance Water Resource Region (Ecologia
¢ Environmental Consultants 2000). Unpublished report for the Water and Rivers
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The importance of wetland mapping
— the Swan Coastal Plain example

case study

The most detailed mapping has been produced for Perth and surrounds, encompassing the coastal
plain from Wedge Island to Dunsborough, which is part of the Swan Coastal Plain. The mapping

was originally produced by Hill, Semeniuk, Semeniuk and Del Marco (1996), with subsequent digital
updates by the custodial agency (Water and Rivers Commission, Department of Environment and now
Department of Environment and Conservation). The digital map of wetlands for this area is entitled
Geomorphic Wetlands Swan Coastal Plain dataset. DEC is custodian of this dataset. It is publicly
available online for both viewing and downloading (see below). It shows the location of wetlands, their
boundary and data describing each wetland'’s attributes. This includes a unique feature identifier (UFI)
assigned to each wetland. It also identifies the wetland type assigned to each wetland as a result of
the application of the geomorphic classification system, described previously. In addition it identifies
the wetland management category that is assigned to each wetland as a result of a wetland evaluation
process, also described previously.

The Geomorphic Wetlands Swan Coastal Plain dataset is used by local governments, the Western
Australian Planning Commission, the Environmental Protection Authority, the Department of
Environment and Conservation and the Department of Water to help guide decisions that may affect
these wetlands.

The wetlands of the Swan Coastal Plain are subject to change over time because Perth’s dense
population drives intensive land and water use and modifications to the natural environment. For this
reason, the Geomorphic Wetlands Swan Coastal Plain dataset is not static. It is maintained as a live
dataset with several updates per year. If the values of a wetland have changed over time, there is a
process by which an individual or party may provide sufficient information to enable DEC to review the
values of the wetland, and make changes as warranted to the dataset. This can apply where the values
of the wetland have declined, or if wetland management and restoration activities have resulted in an
increase in wetland values, or where it is believed that the evaluation is incorrect.

» For more information on this process, see the Protocol for proposing modifications to the Geomorphic
Wetlands Swan Coastal Plain dataset (DEC 2007), available from www.dec.wa.gov.au/management-and-
protection/wetlands/wetlands-mapping/geomorphic-wetlands-swan-coastal-plain-dataset.html
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Twenty-nine sites are identified as nationally
significant in the Swan Coastal Plain IBRA
region (some sites contain more than one
wetland).

Permanently inundated basins (lakes) are naturally very
scarce (3.9 percent by area of the total area of wetland).
They are shown in pink on this map. They are well-
conserved compared to other wetland types, with 87 p%
cent retaining values of high conservation significance.
Most occur on the western Swan Coastal Plain.

Thomsons Lake, Forrestdale Lake, the
Yalgorup wetlands system and the
Becher wetlands are all identified as
internationally significant under the
Ramsar convention.

Most wetlands in the area
are relatively fresh, though
a number are very saline,
including a number in the
Peel-Yalgorup wetlands
system.

A range of organic and mineral
components form wetland
sediments on the Swan Coastal
Plain. These include diatoma-
ceous earth, peat, calcilutite
and other matter of organic
origin.

Many of the wetlands north of the
Swan River are sustained by their
connection with the Gnangara
Mound groundwater system. Their
fate is intimately tied to that of
the mound and our use of the wa-
ter in the mound.

All of the area mapped in light
green is seasonally waterlogged
flats, or palusplains. They occur
on the eastern side of the
coastal plain.

Palusplains are the most
extensive in terms of area,
accounting for 66 per cent of
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terms of area: more than
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such that it no longer retains
conservation value.
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Biological and physico-chemical inventory

Biological and physico-chemical wetland inventory in WA is primarily conducted ad-hoc
and much of the data is in report form rather than being collated into databases. While
many of these reports are unpublished, many published reports can be found in DEC’s
library catalogue: http://science.dec.wa.gov.au/conslib.php.

WetlandBase (http://spatial.agric.wa.gov.au/wetlands) is a publicly available database that
provides data on WA wetlands. Point data from surveys and sampling is available, and
includes data on water chemistry, waterbirds, aquatic invertebrates and vegetation. Note
that DEC is preparing an alternative to WetlandBase, scheduled for release in 2013, that
will continue to make this data publicly available.

WetlandBase stores data from many of the significant wetland inventory projects
conducted over the last twenty years:

e Resource condition monitoring: surveys of forty-five significant wetlands across WA
by DEC in 2008. See www.dec.wa.gov.au/management-and-protection/wetlands/
wetlands-data/wetland-condition-monitoring.html

e South West wetlands monitoring: surveys at twenty-five wetlands between
Mandurah and Augusta between 2006 and 2008, conducted by DEC. See www.
dec.wa.gov.au/management-and-protection/wetlands/wetlands-data/south-west-
wetlands-monitoring.html

e 40 Wetlands Study, Murdoch University

¢ Jandakot Mound Monitoring Program, Murdoch University

e Gnangara Mound Monitoring Program, Edith Cowan University

e Aguatic Projects Database (Salinity Action Plan Survey), DEC

e Annual Waterfow! Counts in South West WA, DEC

e Waterbirds in Nature Reserves of South West WA, DEC

e South Coast Regional Wetland Monitoring Program, Department of Water
Other notable surveys with a wetland component include:

¢  Pilbara Region Biological Survey 2002-2012, in which over 1000 collections were
made in aquatic areas. See www.dec.wa.gov.au/our-environment/science-and-
research/biological-surveys/pilbara-biological-survey.html

Other databases with available data include:
e NatureMap www.naturemap.dec.wa.gov.au

NatureMap is a collaborative website of DEC and the Western Australian Museum.
It presents the most comprehensive and authoritative source of information on the
distribution of WA's plants and animals. It is an interactive tool designed to provide
users with comprehensive and up-to-date information on plants, animals, fungi and
other groups of biodiversity. It can be used to produce maps, lists and reports of
WA's plant and animal diversity.

e freshwater fish distribution in Western Australia database http://freshwater.fish.
wa.gov.au

This spatial dataset by the Department of Fisheries enables users to search all
available information on the distribution of native and introduced freshwater fish
and crustaceans in WA.
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What are the cultural values of Western Australian
wetlands?

Wetlands form a part of our cultural identity and history. Wetlands directly affect the
lives of millions of Western Australians, helping to shape neighbourhoods, towns, cities,
farms, stations, properties and parks around the state. They form part of our sense of
place.

Cultural values of wetlands include:
e spiritual values

*  recreation values

e commercial values

* resource values

e scientific values

Much has been written about these values, so they won’t be covered here in any detail.
The case study and profiles on the following pages provide examples of the scope and
diversity of cultural values.

Photo - Wetlands Section/DEC.
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Aboriginal values of WA wetlands - by melissa Bastow, DEc

Humans have valued and utilised wetlands in Western Australia for at least 40,000 years and many

of these traditional practices area still continuing today (Balla, 1994). Prior to European settlement,
Aboriginal people gathered in large groups around wetlands to take advantage of the rich diversity

of game, vegetables and building materials in substantial supply. Resources and materials commonly
consumed or collected by early Aboriginal people include water, fish, waterfowl, large mammals, frogs,
reptiles, roots, yams, nuts, fruit, fungi, fibre, paperbark and wood. Anthropological and archaeological
evidence has demonstrated that resource usage from Aboriginal populations was the densest around
wetlands and rivers (McGuire, 1996).

case study

Historically, wetlands were utilised as congregation points, camping sites, pathways and direct access
tracks for the migration of inland people (O’Connor et al, 1989 & 1995). Wetlands were also used as
access tracks to locate ceremonial places, for example, as occurred at Yanchep, Loch McNess, which was
used as a track and camping ground.

Many wetlands in Western Australia contain significant evidence of evolutionary and archaeological
past including fossils and Aboriginal remains. All fresh water sources, in particular wetlands and inland
rivers, were important to Aboriginal people, and there is a higher likelihood of finding artefacts around
freshwater sources (Goode).

A number of different archaeological site types and artefacts are discovered near wetlands, however,
the most common is surface artefact scatters, which are sites containing three or more artefacts together
in association (O’Connor et al. 1989 and 1995). Some of the other common artefacts discovered near
wetlands include marked trees, quarries, middens, seed grindings, habitation structures, engravings,
stone arrangements, structures and factory sites, paintings and quarries.

Aboriginal people viewed wetlands as an intricate part of their heritage, culture and way of life and
conducted many ceremonial and burial events in their proximity. Wetlands hold values which are
significant in the customs, folklore, traditional lifestyle and spiritual beliefs of Aboriginal groups. Of
special spiritual and cultural values to the Aboriginal people in the south-west of Western Australia is the
Waugal (WRC 2002).

The Waugal is an ubiquitous, dreaming ancestor referred to in the majority of past Aboriginal
mythological stories. The Waugal (also known as Wagal, Wagyl, Uocol, Beermarra, Warlu and Wompi) is
the serpent spirit of the water who, according to local Aboriginal tradition, created the rivers, wetlands,
valleys and other landscape features wherever it travelled (Goode). It has been noted (Bates 1985) that
places where the Waugal camped during its travels formed wetlands and deep river pools which have
become sacred and significant sites to Aboriginal people. Today, the Waugal is documented to be
sleeping in a variety of locations including the deep river pools (Mundrooroo) and at the foot of Kings
Park (Green 1979).

References to the Waugal are widespread throughout Australia, however, records are most abundant
from the Nyungar people who live in the southwest of Western Australia. Most of the major rivers,
creeks, pools, swamps and lakes which drain the Darling Escarpment on the Swan Coastal Plain, are
believed to be associated with the Waugal (O’Connor et al, 1989 and 1995).

Early mythological records of the Waugal focus on its creative and spiritual punitive force and the
connection between the land and people. Contemporary Nyungar people discuss the destructive and
healing powers of the Waugal and its bringing of clean water. Modern anthropologists document that
the Waugal is not just a spirit living in the watercourses, but a being which dies when a water source
dries up.

In contemporary times, Aboriginal people continue to value and use wetlands for traditional as well as
for modern uses including recreation and ecotoursim (McGuire, 1996). DEC recognises that Aboriginal
people are the traditional custodians of the lands and waters it manages, and supports Aboriginal
people connecting with country. The ability to carry out cultural activities on country is an important
part of Aboriginal culture and connection to the land. Recent changes to the Conservation and Land
Management Act 1984 have extended the opportunities for Aboriginal people to access DEC-managed
lands and waters for customary activities. For more information, see www.dec.wa.gov.au/aca. Aboriginal
groups are also active in the management, protection and conservation of wetlands.
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A raft of algal production projects are underway in the
Pilbara and the Wheatbelt to make commercial use of algal
products. In the Midwest, Hutt Lagoon is the world’s
largest microalgae production plant—a 250 hectare series
of artificial ponds used to farm Dunaliella salina. This
microalga gives the lagoon its colouring and is used to
produce beta-carotene, a source of vitamin A used in
vitamin supplements, and a food colouring agent used in
products such as margarine, noodles and soft drinks.

Bentonite is mined from
‘bentonite wetlands’ in
Watheroo and other loca-
tions. This clay has a num-
ber of applications.

Introduction

Gypsum is mined from
wetlands including some
in the Jurien area.
Gypsum has a number of
uses.

Diatomaceous earth has
been mined from a
number of wetlands,
including Lake Gnangara.

i@ BT
: '] » \-,\‘ 1Silic sand mining

- intjfe south-west

areas containing
waterlogged
wetlands.

Peat has been mined from many
wetlands in Perth and the south-west.
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Many wetlands in the inte-
rior are used as discharge
sites for mine waters.

Salt has been mined from
wetlands since settlement.
In Lake Lefroy it has been
harvested since 1945, It
was initially shovelled by
hand into hessian bags and
packed into horse-drawn
carts. Later on, trucks were
used, but sometimes sank
into the sediment under
their heavy loads. This
operation was later moved
to Lake Deborah in the
early 1970s.
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Recreational fishing is a popular pastime at Lake
Kununurra. Baby barramundi are being released in
the lake to ensure a sustainable fishing program.

An annual freshwater swim
event at Lake Argyle that
aims to promote a healthy
lifestyle through swimming
while encouraging visitors
to the East Kimberly.
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The Herdsman Lake
Wildlife Centre, in the
centre of the Perth metro
area, is involved in
environmental education
programs for schools and
the general community.

Lake Ballard has been
transformed into a
spectacular outdoor art
gallery. World renowned
artist Antony Gormley has
created 51 unique
sculptures that represent
the residents of the local
town, Menzies.

Lake Walyungup is a
shallow saline lake that
provides great canditions
for seasonal land yacht
sailing and model aircraft
flying.

Lake Towerrinning is a large freshwater lake
with sandy beaches. It's a popular holiday
destination for camping, swimming and
waterskiing.

: The Kepwari Wetland Trail is an interpretive trail
ﬁﬁ‘\ designed to highlight the importance of the

; internationally significant Lake Warden Wetland
System at Esperance.
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PART 4: GLOSSARY

This glossary is a compilation of glossary terms from each topic of this guide.

Accuracy: closeness to the true’ value of the parameter being measured

Acid sulfate soils: (also known as acid sulphate soils) all soils in which sulfuric acid is
produced, may be produced or has been produced in quantities that can affect the soil
properties

Actual/active acid sulfate soils: (also known as actual acid sulphate soils) soils in which
the sulfidic minerals have oxidised and the pH has fallen to very low levels

Acute toxicity: sublethal or lethal impacts resulting from a single or multiple exposures
to an agent in a short time (usually less than 24 hours)

Adaptive management: an approach that involves learning from management actions,
and using that learning to improve the next stage of management

Adventitious roots: roots that arise from mature plant tissue such as stems or trunks
and which take up oxygen and nutrients in inundated conditions

Aeration: the addition of oxygen to the water column of a wetland

Aerenchyma: interconnected air-filled spaces within plant tissue that transport air from
plant parts above the water or saturated soils to the roots

Aerobic: an oxygenated environment (organisms living or occurring only in the presence
of oxygen are aerobes)

Aestivating: being in a state of dormancy that occurs in some animals to survive a
period when conditions are hot and dry

Algae: a general term referring to the mostly photosynthetic, unicellular or simply
constructed, non-vascular, plant-like organisms that are usually aquatic and reproduce
without antheridia and oogonia that are jacketed by sterile cells derived from the
reproductive cell primordium; includes a number of divisions, many of which are only
remotely related to one another

Algal bloom: the rapid, excessive growth of algae, generally caused by high nutrient
levels and favourable conditions

Alkalinity: a solution’s capacity to neutralise an acid

Allochthonous: derived from outside a system, such as the leaves of terrestrial plants
that are carried into a wetland

Alluvial soil: soil deposited by flowing water on floodplains, in river beds, and in
estuaries

Amphibians: the class of animals to which frogs, toads and salamanders belong. They
live on land but develop by a larval phase (tadpoles) in water

Anaerobic: without air (organisms that live in these conditions are anaerobes)

Anaerobic respiration: respiration without oxygen (O,). Respiration is the process by
which organisms convert the energy stored in molecules into a useable form. In most
organisms, respiration requires oxygen, which is why breathing by animals is referred
to as respiration. However, some bacteria are capable of anaerobic respiration, in which
other inorganic molecules (such as sulfur, metal ions, methane or hydrogen) are used
instead of oxygen.

30 Introduction

Introduction



A guide to managing and restoring wetlands in Western Australia

Anoxic: deficiency or absence of oxygen

Annual: a plant that completes its life cycle within a single growing season (from
germination to flowering, seed production and death of vegetative parts)

Aquaculture: the keeping, breeding, hatching, or culturing of fish

Aquatic invertebrates: those animals without a backbone (such as insects, worms,
snails, molluscs, water mites and larger crustacean such as shrimps and crayfish) that live
in or on water for at least one phase in their lifecycle

Aquatic plant: a plant that grows for some period of time in inundated conditions and
depends on inundation to grow and, where applicable, flower

Aquiclude: an impermeable body of rock or stratum of sediment that acts as a barrier to
the flow of groundwater to or from an adjacent aquifer

Aquifer: a geological formation or group of formations capable of receiving, storing and
transmitting significant quantities of water

Aquitard: a low permeability body of rock or stratum of sediment that retards but does
not prevent the flow of groundwater to or from an adjacent aquifer

Artesian groundwater: groundwater confined under pressure

Australian Height Datum: is a fixed survey point from which the elevation of any point
in Australia may be measured

Authorisation: a licence, permit, approval or exemption granted, issued or given under
the Part VV environmental regulations

Bassendean Sands: (also known as the Bassendean Dunes) a landform on the
Swan Coastal Plain, comprised of heavily leached aeolian sands, located between the
Spearwood Dunes to the west and the Pinjarra Plain to the east

Benefit: the economic, social and cultural benefits that people received from an
ecosystem. These benefits often rely on the components and processes which make
up a wetland. This term is often used in conjunction with the term ‘services’. See also
‘services’.

Benthic: the lowermost region of a wetland water column; the organisms inhabiting it
are known as benthos

Benthic microbial communities: bottom-dwelling communities of microbes (living on
the wetland sediments)

Benthos: organisms living in or on the wetland substrate
Bentonite: a type of clay (aluminium phyllosilicate)
Bioavailable: in a chemical form that can be used by organisms

Biodiversity: encompasses the whole variety of life forms—-the different plants, animals,
fungi and microorganisms—the genes they contain, and the ecosystems they form. A
contraction of ‘biological diversity’

Biogeochemical: the chemical, physical, geological and biological processes and
reactions that govern the composition of the natural environment, and in particular, the
cycles in which material is transferred between living systems and the environment

Biogenic: produced by organisms
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Biological control: the control of an introduced plant or animal by the introduction
of a natural predator or pathogen, usually bacteria, viruses or insects, or by biological
products such as hormones

Biological oxygen demand: a measure of the oxygen in the water column or sediment
pore waters that is being used by organisms

Biofilm: bacteria, microalgae, fungi and unicellular microorganisms enmeshed in a
hydrated mucopolysaccharide secretion that sequesters ions and isolates microorganisms
from the water column. May be present on living and non-living surfaces and substrates.

Biomass: the total mass of biological material (living or dead), usually expressed as live or
dry weight per unit area or volume

Bioregion: a territory defined by a combination of biological, social and geographic
criteria rather than by geopolitical considerations; generally, a system of related,
interconnected ecosystems

Bioremediation: the use of microorganisms to break down environmental pollutants

Birrida: a local Aboriginal name for a seasonally inundated gypsum saltpan wetland in
sand dunes in the Shark Bay area. Some have a distinctive central raised platform and
moat feature.

Blank: a solution (usually deionised water) that has a value of zero for the parameter
being assessed. Used to calibrate meters.

Broadleaf: plants that possess relatively broad flat leaves rather than needle-like leaves
Blue-green algae: an older term for cyanobacteria

Bore: a narrow, normally vertical hole drilled into a geological formation, usually
fitted with a PVC casing with slots to allow interaction with the aquifer, to monitor or
withdraw groundwater from an aquifer

Botulism: a paralytic disease caused by ingestion or exposure to a toxin produced by the
bacteria Clostridium botulinum

Box-subsampler: a watertight box that is divided into a number of cells. A box-
subsampler is used when sorting aquatic invertebrates to eliminate observer bias.
Dividing the sample into a number of cells which are sorted individually, and in their
entirety, reduces the likelihood of preferential selection of larger or more conspicuous
taxa.

Brackish: subsaline or hyposaline waters, used in reference to estuarine waters, and
often in reference to inland waters

Bradley method: working from the most intact parts of a bushland area out towards
more degraded areas, to allow natural regeneration to occur, for example, when
weeding

Browse: to feed on leaves, twigs or bark from non-herbaceous (woody) plants, such as
trees and shrubs

Buffering capacity: a solution’s capacity to resist large or sudden changes in pH

Canopy cover: the proportion of ground surface covered by the leaves and branches of
plants when projected vertically downwards

Catchment: an area of land which is bounded by natural features such as hills or
mountains from which all surface runoff water flows downslope to a particular low point
or ‘sink’ (a place in the landscape where water collects)
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Causation: showing a relationship exists between two variables such that a change in
one (the cause) causes a change in the other (the effect). To be sure of the relationship
between cause and effect, it is also necessary to show that the effect will not occur if the
cause does not.

Charophytes: green algae of the Characeae family; complex algae that superficially look
like submerged flowering plants

Chemosynthesis: the process by which organisms such as certain bacteria and fungi
produce carbohydrates and other compounds from simple compounds such as carbon
dioxide, using the oxidation of chemical nutrients as a source of energy rather than
sunlight

Chlorophyll a: a light-capturing pigment found in plant and algal cells. Measurement of
chlorophyll a is used as a surrogate for cell counts of algae.

Chroma: the purity of a colour, or its freedom from white or grey

Chronic toxicity: sublethal or lethal impacts resulting from a single or multiple
exposures to an agent over a longer time period (months or years)

Clearing: any act that kills, removes or substantial damages native vegetation in an
area. This includes severing or ringbarking of trunks or stems, draining or flooding of
land, burning of vegetation and grazing of stock or any other act or activity that causes
damage to some or all of the native vegetation in an area.

Colony (algal): a closely associated cluster of cells, joined together or enclosed within a
common sheath or mucilage. A colony may incorporate thousands of cells.

Colour: the concentration of dissolved organic materials and dissolved metals in water

Coloured wetlands: wetlands with dissolved organic materials and dissolved metals; on
the Swan Coastal Plain, nominally those wetlands with more than 52 g,, /m (gilvin)

Community: a general term applied to any grouping of populations of different
organisms found living together in a particular environment

Community composition: the plant taxa that occur in a given community

Community structure: the three-dimensional distribution (height and width of foliage)
and abundance of plant taxa and growth forms within a community

Confined aquifer: an aquifer deep under the ground that is overlain and underlain by
relatively impermeable materials, such as rock or clay, that limit groundwater movement
into and out of the aquifer

Consanguineous suite: area/s defining a group of wetland with common or
interrelated features

Consumer: an organism that feeds on other organisms, either dead or alive

Contributing offsets: complementary activities which, together with direct offsets,
meet the offset principles. These include education, research, removal of threats, and or
contribution to an approved credit trading scheme or trust fund.

Control: a subject that is identical to the experimental subject in every way, except that
the experimental subject receives the treatment and the control does not. This means
that if a change is observed in the experimental subject after the treatment, but not
observed in the control, that change could only have occurred due to the treatment.
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Corms, bulbs, tubers: specialised underground fleshy storage organs that allow plants
to flourish in nutrient deficient soils or to die back and enter a state of dormancy when
conditions are extreme, such as during fire or drought

Cosmopolitan: can be found almost anywhere in the world

Critical environmental assets: the most important environmental assets in the state
that should be protected and conserved

Critical threshold: a limit of disturbance of vegetation condition beyond which natural
wetland processes are unlikely to restore full ecological function

Crown cover: the vertical projection of the outer extent of the crown of a plant. A line
around the outer edge defines the limits of an individual canopy, and all the area within
is treated as ‘canopy’ irrespective of gaps and overlaps.

Crustaceans: a class of animals that have a hard exoskeleton (shell) and usually live in
the water, for example, crabs, lobsters, yabbies and microcrustaceans

Cyanobacteria: a large and varied group of bacteria which are able to photosynthesise

Cyanobacterial bloom: the rapid, excessive growth of cyanobacteria, generally caused
by high nutrient levels and favourable conditions

Data confidence: the degree of certainty with which it is possible to state that a change
has (or has not) occurred in a system and what the cause of the change is

Data quality: the degree to which the data set truthfully represents conditions at the
monitoring site. High quality data are achieved by eliminating errors from the dataset.

Data visualisation: the technique of summarising a dataset graphically

Datum: an established point on the globe that is used as the reference from which
other locations are calculated. Australia uses the Geographic Datum of Australia 1994
(GDA94).

Deciduous: a plant that sheds its leaves annually

Decision making authority: a public authority empowered to make a decision in
respect of a proposal. Often abbreviated to DMA.

Decomposer: organisms, mainly bacteria and fungi, which break down complex organic
molecules from detritus, liberating nutrients and assimilating carbon

Decomposition: the chemical breakdown of organic material mediated by bacteria and
fungi, while ‘degradation’ refers to its physical breakdown. Also known as mineralisation

Desmid: a member of the Desmidialies (Zygnemophyceae) within the Division
Chlorophyta (green algae)

Derived proposal: a proposal referred to the Environmental Protection Authority under
section 38 of the Environmental Protection Act 1986 that is declared by the EPA to have
been identified in a strategic proposal that has been assessed and granted approval
under Part IV of the EP Act

Detritivore: an animal that feeds on detritus

Detritus: organic material originating from living, or once living sources including
plants, animals, fungi, algae and bacteria. This includes dead organisms, dead parts of
organisms (e.g. leaves), exuded and excreted substances and products of feeding

Diatom: a microscopic, single-celled alga with cell walls made of hard silica, freely
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moving in the open water and forming fossil deposits

Diatomite, diatomaceous earth: siliceous deposits made up of the sedimentary build
up of diatom shells (frustules)

Dicotyledons (dicots): flowering plants that typically have seedlings with two
cotyledons (seed leaves), a tap root system, and they can form wood and have network
leaf venation. Dicots include a range of herbs, shrubs and trees.

Direct offsets: activities which counterbalance the environmental impact of a proposal
and are in addition to normal environmental management requirements. This includes
restoration (offsite), rehabilitation (offsite), re-establishment, sequestration and
acquisition of other land/s under threat for inclusion into conservation estate.

Discharge wetland: a wetland into which groundwater discharges
Disturbance opportunists: responding positively and rapidly to habitat disturbance

Diversity: a measure of the number of species of a particular type and their abundance
in @ community, area or ecosystem. It can refer to a particular group of organisms, such
as native plant diversity or frog diversity.

Dongas: playas (intermittently inundated basins) in the Nullarbor, usually 2-3 metres
deep and up to 800 metres in diameter, supporting trees. They hold water for a short
time after rain due to their hard clay surface.

Dormancy: a state of temporary inactivity when plants are alive but not growing

Dynamic environment: a process or system which is characterised by constant change
or activity

Dystrophic: wetlands that suppress increased algal and plant growth even at high
nutrient levels due to light inhibition

Ecological community: naturally occurring biological assemblages that occur in a
particular type of habitat

Ecological character: the sum of a wetland’s biotic and abiotic components, functions,
drivers and processes, as well as the threatening processes occurring in the wetland,
catchment and region

Ecological linkage: a network of native vegetation that maintains some ecological
functions of natural areas and counters the effects of habitat fragmentation; a series

of (both contiguous and non-contiguous) patches of native vegetation which, by virtue
of their proximity to each other, act as stepping stones of habitat which facilitate the
maintenance of ecological processes and the movement of organisms within, and across,
a landscape

Ecological water requirements (EWRs): the water regime needed to maintain the
ecological values of a water dependent ecosystem at a low level of risk

Ecosystem components: include the physical, chemical and biological parts of a
wetland (from large scale to very small scale, e.g. habitat, species and genes)

Ecosystem: a community of interdependent organisms together with their non-living
environment

Ecosystem processes: the complex interactions (events, reactions or operations) among
biotic (living) and abiotic (non-living) elements of ecosystems that lead to a definite result

Ecosystem services: benefits that people receive or obtain from an ecosystem, including
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provisioning services (such as food, fuel and fresh water), regulating services (such as
ecosystem processes such as climate regulation, water regulation and natural hazard
regulation), cultural services (such as spiritual enrichment, recreation, education and
aesthetics) and supporting services (such as the services necessary for the production of
all other ecosystem services such as water cycling, nutrient cycling and habitat for biota)

Ecotype: a genetically distinct geographic variety, population or race within a species
which is adapted to specific environmental conditions. Typically ecotypes exhibit
differences in morphology or physiology stemming from this adaptation, but are still
capable of breeding with adjacent ecotypes without loss of fertility or vigour

Electrical conductivity (EC): the ability of a solution to conduct an electric current, and
is measured as ‘specific conductance’; the rate of flow of ions between two electrodes at
a fixed distance apart, measured at a known temperature

Electrofishing: a technique in which an electric current is applied to the water in order
to temporarily stun fish

Emergent: plants that are rooted below the water surface, but with their shoots and/or
leaves above the water

Enacted: to make into law
Endemic: naturally occurring only in a restricted geographic area

Endorsed management plan: a management plan that has been approved and/or
modified by the Minister for Environment as he/she thinks fit

Environmental impact assessment: an orderly and systematic process for evaluating
a scheme or proposal, including its alternatives where relevant, and its effects on the
environment, including the mitigation and management of those effects

Environmental offset: an offsite action or actions to address significant residual
environmental impacts of a development or activity

Environmental protection policies: whole of government policies which have been
agreed to by Parliament and have the force of law as if part of the Act

Environmental water provisions (EWPs): the water regimes that are provided as a
result of the water allocation decision-making process taking into account ecological,
social and economic impacts. They may meet in part or in full the ecological water
requirements.

Environmental weeds: plants that become established in natural ecosystems, altering
natural processes and leading to the decline of the communities they invade

Ephemeral (plant): marked by short life cycles, usually a single season
Epiphyte: organisms such as bacteria, algae and plants that grow attached to plants

Erosion: the gradual wearing away and movement of land surface materials (especially
rocks, sediments, and soils) by the action of water, wind, or a glacier

Euphotic zone: (also known as the ‘photic zone’ and ‘photozone’) the section of a
water mass penetrated by light of sufficient intensity and of suitable wavelength to
promote photosynthesis by aquatic plants

Eutrophication: the nutrient enrichment of a water body, which can trigger prolific
growth of plant material (phytoplankton, macrophytes or both). May occur naturally over
geologic time or may be human-induced.
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Evaporation: the change of liquid water into water vapour in the atmosphere

Evapotranspiration: a collective term for the transfer of water, as water vapour, to the
atmosphere from both vegetated and un-vegetated land surfaces

Facultative wetland plants: plants that can occur in both wetlands and dryland in a
given setting

Feral animals: introduced animals that have escaped, or have been released, from
domestication and returned, partly or wholly, to their wild state

Ferns, fern allies: plants with stems, leaves and roots like other vascular plants, but
which reproduce via spores instead of seeds or flowers

Filament: cells in a linear series, usually abutting one another, creating threads or strands
Filamentous: a very fine thread-like structure

Fire-responsive: plants which have seed pods that open, seeds that germinate, or
epicormic buds or lignotubers that resprout in response to a fire event. Some of these
responses are triggered by the chemicals produced in smoke during the fire event.

First flush: the first rainfall for a period of time, resulting in stormwater dislodging and
entraining relatively high loads of sediments, particulates and pollutants that have built
up in the intervening period between rainfall events, and typically carrying a higher
pollutant load than subsequent events

Flocculation: the joining of particles (small objects) into loose masses (floc) in water
Flocculent: loosely massed
Flora: plant species, subspecies and varieties in a given area

Flow-through wetland: a wetland which receives groundwater inputs in some parts of
its area and discharges water to the groundwater in other areas

Flyway: a geographic region that supports a group of populations of migratory
waterbirds throughout their annual cycle. Up to nine flyways are recognised worldwide

Food chain: a diagram of who eats whom in a simple linear order, representing the flow
of energy or nutrients in ecosystems. Two basic food chains are the grazing and detrital
food chains.

Food web: a diagram that represents the feeding relationships of organisms within an
ecosystem. It consists of a series of interconnecting food chains.

Functioning ecosystem: a community of interdependent organisms together with their
non-living environment. A functioning ecosystem is one which has a full suite of these
normal resources and functions successfully, interacting within an ecosystem all of the
time to maintain a stable sustainable system over time.

Generalist: a species that can live in many different habitats and can feed on a variety of
different organisms

Geomorphology: landscape features and shape, at various spatial scales

Geology: the composition, structure and features of the Earth, at the surface and below
the ground

Gilvin: a measure of the absorbance of light by humic substances at a wavelength of
440 nm (after filtration through a 0.2 um filter), expressed in units of g,, /m (absorbance
at 440 nanometres per metre)
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Gnamma: a hole (commonly granite) that collects rainwater, forming a wetland. This
word is of Nyungar origin

Goal: a specific statement detailing the desired state of a wetland component or process

Grass: tufted or spreading plant from the family Poaceae. The leaf sheath is always split,
a ligule is present, the leaf is usually flat, a stem cross-section circular and all internodes
evenly spaced. Some grasses are called reeds (the Phragmites and Arundo genera).

Grazing: feeding on grasses and other low-growing herbaceous vegetation

Government Gazette: a government publication issued by the State Government which
includes details of statutory matters, available from the State Law Publishers

Groundcover: the percentage of ground covered by plant materials (alive or dead) and
leaf litter

Groundwater: water occurring beneath the ground surface in spaces between soil
grains and pebbles and in fractures or crevices in rocks

Groundwater capture zone: the area within which any recharge (infiltrating water)
eventually flows into the wetland

Groundwater dependent ecosystems: those parts of the environment, the species
composition and natural ecological processes of which are dependent on the permanent
or temporary presence or influence of groundwater

Groundwater model: a simplified representation of a groundwater system

Groundwater mound: convex regional mounding of the water table in an unconfined
aquifer. The top of the mound is where the water table is highest above sea level. Water
flows down gradient of this point.

Groundwater table: the upper surface of the groundwater in an unconfined aquifer
(top of the saturated zone). In technical terms, the surface where the water pressure
head is equal to the atmospheric pressure.

Guild: a group of species that exploit similar resources in a similar fashion

Gymnosperms: plants with unprotected seeds, often in cones, including the conifers
and cycads

Gypsum: dihydrous calcium sulfate (CaSO,2H,0)

Habitat: an area or environment where conditions are suitable for the survival of an
organism, taxon or community

Habitat type: ‘habitat’ is a species specific term, with every taxon having its own
environmental requirements. ‘Habitat type’ is used here to refer to areas where
environmental conditions are appreciably different from their surroundings. These
differences increase the likelihood that the area may support a distinctive flora or fauna
assemblage.

Halophile: a species that shows a preference for saline habitat such as salt lakes
Headwater wetland: a wetland at the top of the wetland chain where water originates

Heartwood: the central, woody core of a tree, no longer serving for the conduction of
water and dissolved minerals. Heartwood is usually denser and darker in colour than the
outer sapwood.
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Herbs: plants with non-woody stems that are not grasses or sedges. Generally under half
a metre tall. Most monocots are herbs.

Herbivores: animals that chiefly eat plants
Hybrids: the results of interbreeding between two animals or plants of different species

Hydraulic conductivity: a property of plant material, soil or rock that describes the
ease with which water can move through pore spaces or fractures. It depends on the
permeability of the material and on the degree of saturation.

Hydroecology: the study of the water regimes required to maintain and enhance
conservation values of ecosystems

Hydrogeology: the distribution and movement of groundwater

Hydrology: the properties of the Earth’s water, particularly the distribution and
movement of water between the land surface, groundwater and atmosphere

Hydroperiod: the periodicity (permanent, seasonal, intermittent) of waterlogging or
inundation of a wetland

Hue: the property of colours by which they can be perceived as ranging from red
through yellow, green, and blue, as determined by the dominant wavelength of the light

Humic: substances formed from the decomposition products of polyphenols such as
tannins, which are complex organic compounds derived from plant materials

Humus: the organic constituent of soil, usually formed by the decomposition of plants
by soil bacteria

Hypothesis: a concept that is not yet verified but that, if true, would explain certain
facts or phenomena

Impermeable: does not allow water to move through it

Indicators: the specific components and processes of a wetland that are measured in a
monitoring program in order to assess changes in the conditions at a site

Indigenous: a species that occurs at a place within its historically known natural range
and that forms part of the natural biodiversity of a place

Infiltration: the downward movement of water into the soil profile via spaces between
soil particles (called pores) and cracks and fractures in the ground

Inorganic: compounds that are not organic (broadly, compounds that do not contain
carbon)

Introduced animals: species of animals that have been intentionally or unintentionally
brought into a region where they did not historically occur, usually facilitated by humans

Interception: occurs when rainfall that falls over an area is captured on the surface of
vegetation (foliage, stems, branches, trucks or leaf litter). This water may evaporate to
the atmosphere or falling to the ground (throughfall).

Interflow: shallow lateral subsurface flow of water, which moves nearly parallel to the
soil surface, usually in response to a layer of soil that impedes percolation

Intermittent: present for variable periods with no seasonal periodicity

Interquartile range: the distance between the 25th and 75th percentile

39 Introduction

Introduction



A guide to managing and restoring wetlands in Western Australia

Inorganic carbon: (in a wetland) various forms of carbon in solution from non-organic
sources including dissolved carbon dioxide (CO,), bicarbonate (HCO,), carbonate (CO,*)
and carbonic acid (H,CO,).

Inundation: where water lies above the soil surface (also called surface ponding)
Invertebrate: animal without a backbone

lon: an atom with an electrical charge. Used to refer to dissolved salts such as sodium
(Na*) or chloride (CI) in solution.

lonic composition: the particular ions making up a solution, usually expressed in
terms of the relevant dominances of the major (most abundant) positively charged and
negatively charged ions in a solution

Juvenile: young or immature
Landform: a natural feature of a landscape such as a valley, mountain, basin or plain

Land capability: the ability of land to be used for a particular purpose or managed in a
particular way without becoming degraded

Larvae: juvenile insects (the singular being ‘larva’)

Leaf litter: dead plant matter including leaves, flowers, nuts, sticks and bark which
accumulates on the ground

Lentic: standing water
Lethal effect: where exposure to an agent such as a toxin results in death

Lichen: a composite organism consisting of a fungus and a cyanobacterium living in
symbiotic association

Life form: the shape or appearance of a plant that mostly reflects inherited or genetic
influences

Lignin: a material (a complex organic polymer) deposited in the cell walls of many plants,
making them rigid and woody

Lignotuber: a large woody swelling of the plant stem that occurs at and below the soil
surface. Regrowth from lignotubers can occur following fire, drought and grazing.

Limiting nutrient: the nutrient in an ecosystem which limits further growth because
it is available at proportionately lower levels with respect to other nutrients needed for
primary producers to increase their abundance

Livestock: introduced domestic ungulate (or hoofed) animals

Local planning scheme: a set of provisions that identifies the way land in a scheme
area is to be used and developed. It may comprise a scheme map(s), a scheme text and
an explanatory report.

Local provenance: local origin

Low-stress livestock handling: a method of herding livestock with prompts rather
than force

Luxury uptake: the process by which some organisms take up more nutrients than they
need for current growth, instead storing them for future growth

Macroalgae: algae large enough to be seen with the unaided eye
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Macroinvertebrate: an invertebrate that, when fully grown, is large enough to see with
the naked eye (larger than 0.25 millimetres)

Macropores: spaces in the soil (usually less than 2 millimetres diameter) that include
channels created by cracking, old plant roots and soil fauna (such as earthworms).
Macropores indicate good soil structure.

Mallees: plants with many trunks (usually 2—-5) arising from a lignotuber. The canopy is
usually well above the base of the plant. In Western Australia, most are from the genus
Eucalyptus.

Management planning: the process of setting management goals for a site and then
developing, implementing and reviewing management strategies to meet these goals

Management strategy: a set of actions that will be undertaken in order to achieve
goals relating to a wetland component or process

Mangrove: any of various tropical or semi-temperate trees or shrubs of the genera
Rhizophora, Bruguiera and Avicennia growing in intertidal shore mud with many tangled
roots above the ground

Marl: fine-grained calcareous material (usually from dead charophyte algae that are able
to biogenically precipitate calcium carbonate)

Mean: Representative of the values being summarised due to being intermediate
between the extremes of the dataset

Median: The value for which one-half (50%) of the observations (when ranked) will lie
above that value and one-half will lie below that value

Mesa: an isolated flat-topped hill with steep sides

Metabolic functions: the processes occurring within a living organism that are
necessary to maintain life

Metabolism: the chemical reactions that occur in living things that are necessary to
maintain life, including the digestion of food

Methanogenesis: the production of methane by microbes

Metropolitan Regional Scheme (MRS): the region planning scheme for the Perth
region

Microalgae: microscopic algae

Microbe: an organism that can be seen only with the help of a microscope for example,
bacteria, some algae (also referred to as microorganisms)

Microinvertebrate: an invertebrate that is too small to see with the naked eye (smaller
than 0.25 millimetres)

Midges: biting and non-biting species of a number of families within the true flies
(Diptera) including the Chironomidae and Ceratopogonidae

Migratory species: those animals that migrate to Australia and its external territories, or
pass through or over Australian waters during their annual migrations

Mode: The most commonly occurring value in a dataset
Monitoring: the systematic collection of data, over time, in order to test a hypothesis

Monocotyledons (monocots): flowering plants that typically have seedlings with
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one cotyledon (seed-leaf) and a fibrous root system. They do not form wood and have
strappy leaves with parallel veins. Some herbs and all grasses and sedges are monocots.

Monotypic: a genus with only one species
Motile: capable of motion
Mound spring: an upwelling of groundwater emerging from a surface organic mound

Mycorrhiza: a close physical association between a fungus and the roots of a plant,
from which both fungus and plant appear to benefit

Native vegetation: native aquatic or terrestrial vegetation, and includes dead
vegetation unless that dead vegetation is of a class declared by regulation to be excluded
from this definition but does not include vegetation in a plantation or which was
intentionally sown, planted or propagated unless that vegetation was sown, planted or
propagated as required under law

Naturalised: plants that spread and persist outside of their normal range of distribution

Niche: the role of an organism in a community, in terms of its presence, activity, habitat
and the resources it uses

Nocturnal: primarily active during the night

Non-residual herbicides: (or knockdowns) refer to herbicides that kill existing weeds
but have no effect on germinating seeds

Non-selective herbicide: (or broad spectrum) refers to herbicides that kill a wide range
of plants

Non-synthetic: of natural origin; not derived artificially by chemical reaction, and free
from chemical treatments or additives. Other terms commonly used to describe non-
synthetic herbicides include natural or organic herbicides.

Non-woody weeds: refer to weeds with a non-woody green stem

NTU: nephelometric turbidity unit is a measure of the clarity of water. Turbidity in excess
of 5 NTUs is just noticeable to most people.

Nuisance fauna: a population of native fauna occurring in densities such that it causes
harm to the environment or to humans

Nutrient cycling (wetlands): the transformation of nutrients between different
chemical forms, and their transport into and out of wetlands

Nymph: a juvenile insect that closely resembles the adult, but has poorly developed
wings

Objective: a statement detailing a short to medium-term result of a strategy, which may
relate to an output or outcome as it relates to the state of a threat

Obligate wetland plants: plants that are generally restricted to wetlands under natural
conditions in a given setting

Observation bore: a non-pumping well with a long slotted section that crosses the
water-table

Omnivorous: feeding on both plants and animals
Organic: compounds containing carbon and chiefly or ultimately of biological origin

Organic carbon: carbon existing in or derived from living organisms including all living
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and dead plant, animal and microbial material
Organism: any living thing

Osmoconformers: species who are not able to regulate the concentration of their
internal fluids, so their internal concentrations reflect that of the solution they are
immersed in

Osmoregulators: species that are able to regulate the concentration of their internal
fluids in relation to the environment

Outcome: a measurable consequence of the project’s activities

Outputs: activities undertaken, or products produced, by a particular project
Oxidation: the removal of electrons from a donor substance

Palatable: pleasant-tasting

Palaeochannel: a channel formed by a palaeoriver (ancient river), infilled with deposited
sediments and buried over time, often forming modern-day groundwater aquifers

Paluslope: a seasonally waterlogged slope wetland

Pan-tropical: distributed throughout the tropical regions of the earth
Particulate: in the form of particles (small objects)

Peat: partially decayed organic matter, mainly of plant origin

Percentile: The value below which a given percentage of the data values lie. The pth
percentile is the value in the dataset which p% of values is less than. The 25th, 50th and
75th percentile are called quartiles. The 50th percentile is the median.

Perched: not connected to groundwater

Perched aquifer: a local aquifer close to the land surface that receives direct recharge
from rainfall, but is above and disconnected from the regional unconfined aquifer

Percolation: flow of water down through soil, sediments or rocks without these being
completely saturated

Perennial: a plant that normally completes its lifecycle in two or more growing seasons
(from germination to flowering, seed production and death of vegetative parts)

Periphyton: organisms such as bacteria, fungi, algae and invertebrates that are attached
to underwater surfaces including sediment, rocks, logs and plants

Pesticide: any chemical or biological agent intended to kill plant or animal pests

pH: a soil or water quality measure of the concentration of hydrogen ions in a solution,
which indicates whether the water is acidic, neutral or alkaline; dissolved hydrogen ions
being responsible for giving a solution the properties of an acid

Photodegradation: chemical breakdown caused by UV light

Photosynthesis: the process in which plants and some other organisms such as certain
bacteria and algae capture energy from the sun and turn it into chemical energy in the
form of carbohydrates. The process uses up carbon dioxide and water and produces
oxygen.

Physiochemical environment: the physical and chemical environment
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Phytoplankton: aquatic organisms that photosynthesise and which float or are
suspended in water, drifting with water movements and generally having minimal ability
to control their location, such as algae

Piezometer: a non-pumping well, with a short length (often 2 metres) of slotted section
at the base often below the water table, which is used to measure the potentiometric
surface

Plankton: aquatic organisms floating or suspended in the water that drift with
water movements, generally having minimal ability to control their location, such
as phytoplankton (photosynthetic plankton including algae and cyanobacteria) and
zooplankton (animals)

Plant community: a discernable grouping of plant populations within a shared habitat.
A community develops due to a unique combination of geologic, topographic and
climatic factors and will be recognisable where those factors co-occur.

Playa: a wetland with a basin landform that is intermittently inundated

Population: in statistics, the term population refers to the entire aggregation of
components that are the subject of a study. This may be all the individuals in a biological
population, but it may equally relate to a non-biological entity such as quadrats.

Potential acid sulfate soils: (also known as potential acid sulphate soils) soils that can
contain significant sulfidic material, which on oxidation can cause the pH of the soil to
fall to very low levels

Precipitate: cause a substance to be deposited in solid form from a solution
Precision: minimal variability between measurements

Pre-emergent herbicides: refers to herbicides that kill germinating seedlings when
applied to the soil before germination

Primary producer: a photosynthesising organism. Primary producers, through
photosynthesis, harness the sun’s energy and store it in carbohydrates built from carbon
dioxide

Primary production: the production of organic compounds from atmospheric
or aguatic carbon dioxide, principally through the process of photosynthesis, with
chemosynthesis being much less important

Propagate: grow plant specimens from parent material

Propagule: a unit or a piece of an organism that facilitates the organisms’ reproduction.
Plant propagules primarily include seeds, spores and plant parts capable of growing

into new plants. Invertebrate propagules are usually eggs or, in the case of sponges,
gemmules. Protist propagules are usually cysts. Bacteria and algae propagules are usually
spores.

Property management plan: Also called a whole farm plan; a working plan for the
design and management of a property based on its natural resources, the activities
undertaken (such as horse breeding or beef production), the manager’s goals and
financial considerations

Proponent: the person who is responsible for the proposal, or the public authority on
which the responsibility for the proposal is imposed under a written law

Provenance: the place of origin

Pugging: depressions, hoof prints or ‘pug’ marks made in wet soil by trampling animals
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Pyritic sediments: sediments containing iron pyrite
Pyrite: FeS,, an iron sulfide mineral that is a common component of sulfidic material

Qualitative data: descriptive data; they are collected using techniques such as
estimation, categorisation, statements of type or condition, diagrams photographs and
maps

Quality assurance: the process of documenting data quality and data confidence by
describing how the dataset was collected, analysed and stored

Quality control: the process of detecting errors and determining their magnitude

Quantitative data: data that are measured or counted in some way, for example, the
number of plants in a plot or the pH of a water sample

Rainfall: a product of the condensation of atmospheric water vapour that is deposited
on the Earth’s surface

Ramsar Convention: an international treaty that focuses on the conservation of
internationally important wetlands, signed in Ramsar, Iran in 1971 (the Convention on
Wetland of International Importance Especially as Waterfowl Habitat)

Range: The difference between the maximum and minimum value in a dataset
Range ends: Populations at the margins of the area to which a species is native

Recharge: the physical process where water naturally percolates or sinks into a
groundwater basin

Recharge area: the land surface area over which recharge occurs to a particular
groundwater aquifer

Recharge wetland: a term used by geologists to describe wetlands from which water
flows out of into the groundwater, ‘recharging’ it

Recruitment: addition of new individuals to a population (usually through reproduction)

Red list criteria: developed by the International Union for the Conservation of
Nature (IUCN) to allocate species of flora and fauna into threat categories of critically
endangered, endangered and vulnerable, based on their likelihood of becoming extinct

Redox: the removal (‘oxidation’) or addition (‘reduction’) of electrons

Redox potential: the potential of chemical substances to undergo two (coupled) types
of chemical change: the removal (‘oxidation’) or addition (‘reduction’) of electrons

Reduction: the addition of electrons to an acceptor substances

Reference range: a quantitative and transparent benchmark appropriate for the type of
wetland

Reference wetland: a wetland used to provide a model for planning a management
project

Refugia: restricted environments that have been isolated for extended periods of time,
or are the last remnants of such areas

Region planning scheme (region scheme): a planning scheme prepared for matters
of state or regional importance to enable effective planning and coordination of land use
and development. Also known as a region scheme.

Regional open space: land defined under a region scheme, regional structure plant
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or sub-regional structure plant as a parks and recreation reserve or regional open space
reserve, to accommodate active and passive recreation such as major playing fields and/
or regional conservation and environmental features

Regulation: a law made under the authority of an Act of Parliament

Rehabilitation: the re-establishment of ecological attributes in a damaged ecological
community although the community will remain modified

Reintroduction: the deliberate release of a species in an area which is part of its natural
historical range but in which it no longer occurs

Replication: repeating an experiment several times and collating all the results. It allows
the error margin of the measurements and natural variations in the subjects to be
discounted from consideration.

Representativeness: how well a series of measurements reflect the full range of values
in the system being measured

Reserved: set aside for public purposes

Residual herbicides: refer to herbicides that remain active in the soil for some time and
may kill germinating seeds and susceptible plants

Resilience: capacity of a system to absorb disturbance and reorganise while undergoing
change so as to still retain essentially the same function, structure, identity, and
feedbacks

Respiration: the process in which oxygen is taken up by a plant, animal or microbe, and
carbon dioxide is released

Restoration: returning an ecological community to its pre-disturbance or natural state in
terms of abiotic conditions, community structure and species composition

Revegetation: return vegetation (indigenous or otherwise) to an area

Rhizome: a horizontal, underground stem which bears roots and leaves and can usually
persist, even if above-ground parts die back

Rhizosphere: the area of soil immediately surrounding plant roots, which is altered by
their growth, respiration, exchange of nutrients etc

Ringbark: to completely removing a strip of bark around the trunk or main stem of a
tree or shrub, causing its death

Riparian: habitats adjacent to waterways and estuaries

Rotational grazing: a type of controlled grazing system. Paddocks are usually
subdivided into smaller pastures and grazed at higher intensities for shorter periods (to
achieve more even grazing), then spelled (or rested).

Rush: see the definition of ‘sedge’
Salinisation: the process of accumulation of salts in soils, waters or sediments

Salinity: a measure of the concentration of ions in waters, soils or sediments. This
measurement is used to describe the differences by waters that are considered ‘fresh’
(with very low concentration of ions) and those that are considered ‘saline’ (with high
concentrations of ions)

Salts: ionic compounds comprised of cations (positively charged ions, such as sodium,
Na*) and anions (negative ions, such as chloride, CI)
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Salt scald: a bare area of ground caused by secondary salinisation, in which vegetation
has died and solid salt is visible

Samphire: the common name for a group of succulent sub-shrubs and shrubs including
Tecticornia, Halosarcia, Sarcocornia, Sclerostegia, Tegicornia and Pachycornia, belonging
to the family Chenopodiaceae

Sampling: the process of selecting a set of individuals that will be analysed to yield some
information about the entire population from which they were drawn

Sampling point: the precise place at which a sample is taken

Saprotroph: an organism that absorbs soluble organic nutrients from inanimate objects
(e.g. from dead plant or animal matter, from dung etc)

Sapwood tissue: specialised plant tissue that transports water and minerals upwards
from the roots to the stem, via capillary action

Saturated: the state in which all available spaces are filled with water

Savanna: a grassy woodland, grassland with small or widely spaced trees so that the
canopy is always open allowing a continuous layer of grasses underneath

Scalping: involves slicing off the top layer of soil which contains weeds and weed seeds,
leaving the surface bare in preparation for revegetation

Scheme: a redevelopment scheme, a region planning scheme, a local planning scheme
or a State planning policy to which section 32 of the Planning and Development Act
2005 applies, or an amendment to any of these

Scum: froth or floating matter on the water surface
Seasonal: present during a given period of the year, recurring yearly

Secondary salinisation: a human-induced process in which the salt load of soils, waters
or sediments increases at a faster rate than naturally occurs

Sediment: in general terms, the accumulated layer of mineral and dead organic matter
forming the earth surface of a wetland. Used interchangeably in this guide with the
terms ‘wetland soil’ and ‘hydric soil’, although all three of these terms have more specific
meaning in wetland pedology

Sedimentation: the process by which soil particles (sand, clay, silt, pebbles and organic
materials) suspended in water are deposited or settle to the bottom of a water column

Sedge: tufted or spreading plant from the families Cyperaceae, Centrolepidaceae,
Hydatellaceae, Juncaginaceae Restionaceae, Juncaceae, Typhaceae and Xyridaceae. In
these plants the leaf sheath generally not split, there is usually no ligule, the leaf is not
always flat and there is an extended internode below inflorescence. Some sedges are also
known as rushes.

Sediment pore water: water present in the spaces between wetland sediment grains at
or just below the sediment surface. Also called interstitial waters.

Seed dispersal mechanisms: the means by which plants distribute their seeds, for
example via wind, water, birds and insects, etc

Selective herbicide: refers to herbicides that have been developed to kill a particular
type of plant (e.g. grasses)

Semi-confined aquifer: an aquifer deep under the ground with leaky aquitards
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Senescence: the natural aging and subsequent death of an organism

Sensitivity: the ability to distinguish between different values in the parameter being
measured

Services: benefits that people receive or obtain from an ecosystem. This term is often
used in conjunction with the term ‘benefits’. See also ‘benefits’.

Shallow aquifer: another term for unconfined aquifer

Shelterbelts: belts or rows of trees and shrubs planted to provide protection against
prevailing winds

Shorebirds: those birds commonly found wading near the shores of wetlands, beaches,
mudflats and lagoons in search of food. They include plovers, sandpipers, stone-curlews,
snipes, pratincoles, oystercatchers, stilts and avocets.

Shrubs: plants with one or more woody stems and foliage all or part of the total height
of the plant

Significant proposal: a proposal likely, if implemented, to have a significant effect on
the environment.

Slightly disturbed: ecosystems that have undergone some changes but are not
considered so degraded as to be highly disturbed. Aquatic biological diversity may have
been affected to some degree but the natural communities are still largely intact and
functioning. An increased level of change in physical, chemical and biological aspects of
these ecosystems is to be expected.

Soil texture: the distribution of grain sizes of the mineral particles in a soil
Soluble: able to dissolve
Solubility: a measure of how soluble a substance is

Sorting (aquatic invertebrates): picking individual organisms from a sample to form a
sub-sample

Spatial scale: the minimum size of an area about which data are collected
Spawn: eggs surrounded by jelly; generally applied to a group of eggs

Species: a group of organisms capable of interbreeding and producing fertile offspring,
for example, humans (Homo sapiens)

Species richness: the total number of species (in a defined area)

Spelling: of a paddock or pasture, involves removing livestock grazing pressure for a
period of time so that vegetation can regenerate

Spicule: minute, needle-like body made of silica or calcium salts found in some
invertebrates

Spore: a reproductive structure that is adapted for dispersal and surviving for extended
periods of time in unfavourable conditions

Stable stratification: stratification which persists for much longer than a day (often
months)

Stakeholder: individuals, groups or institutions that have an interest in or will be
affected by a project’s activities.
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Standard deviation: A measure of how closely the values in a dataset are clustered
around the mean

Standard error: A measure of how close the sample mean is likely to be to the
population mean

State Environmental Policies (SEPs): non-statutory policies which are developed by
the EPA under provisions of Part Il of the EP Act through public consultation and are
adopted following Cabinet consideration and approval

Statute: a law enacted by the State or the Federal Parliament

Stocking rate: the number of livestock that can consistently be kept on an area of
pasture all year round with minor additional feed and without causing environmental
degradation

Stolons: stems that usually run horizontally along the soil surface
Stomata (plural of stomate): pores in leaves and stems used for gas exchange

Stonewort: a term applied to Chara species that precipitate and deposit calcium
carbonate on their surfaces

Stormwater: water flowing over ground surfaces, in natural streams and drains as a
direct result of rainfall over a catchment. It consists of rainfall runoff and any material
(soluble or insoluble) mobilised in its path of flow

Strategic proposal: a future proposal that will be a significant proposal; or future
proposals likely, if implemented in combination with each other, to have a significant
effect on the environment

Strategies: in the context of management planning, a set of actions that will be
undertaken in order to achieve goals relating to a wetland component or process

Stratify: separate the water column into distinct layers

Stratification: the division of the water column into distinct layers called the epilimnion
(top), the metalimnion (middle) and the hypolimnion (bottom), due to differences in
water density between these layers

Stratum: (plural strata) a visibly conspicuous layer of photosynthetic tissue within a plant
community

Stromatolite: a type of microbial structure formed by microbial communities
precipitating calcium carbonate (see also ‘thrombolite”)

Structure plan: a plan that provides a framework for the coordinated provision of land
use, development, infrastructure and allocation of services at either the regional, district
or local level. Not always a statutory requirement.

Study site: the wetland that is being monitored
Subdivision: the division of land into lots

Sublethal effect: where exposure to an agent such as a toxin is insufficient to cause
death, but may result in other adverse impacts

Submerged: a plant that is entirely underneath the surface of the water

Substrate: a generic term denoting the material forming the floor of a wetland and its
surrounds. It is used here because the term ‘soil” is not inclusive of organic substrates.
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Succession: progressive change in species composition and/or structure that occurs
following disturbance of a site

Succulent: plants which have specialised fleshy, soft and juicy tissues designed for the
conservation of water e.g. cacti

Sulfate reduction: the chemical process where sulfate is joined with hydrogen and
gains electrons

Summary statistics: measures that express the central tendency and variability of a
dataset; most commonly mean, median, mode, range, standard deviation, standard error
and percentile

Superficial aquifer: another term for unconfined aquifer

Surfactant: a substance that helps water or other liquid to spread or penetrate. Also
known as a wetting agent or penetrant.

Surficial aquifer: another term for unconfined aquifer

Surface run-off: water that flows down slope over the ground surface; also called
overland flow

Surrogate measure: another component of the system that shows a correlated
response to the management issue being evaluated

Survey location: the area of the wetland where a survey is completed

Swan Coastal Plain: a coastal plain in the south west of Western Australia, extending
from Jurien south to Dunsborough, and the Indian Ocean east to the Gingin, Darling and
Whicher Scarps

Symbiosis: a relationship in which dissimilar organisms live in close association, and
which is mutually beneficial to both organisms

Tannins: complex organic compounds (polyphenols) occurring in various plants

Taxa: a taxonomic group (the singular being taxon). Depending on the context, this may
be a species or their subdivisions (subspecies, varieties etc), genus or higher group.

Temporal: of or pertaining to time
Temporal variations: changes that occur over time

Terminal wetland: a wetland at the bottom of the wetland chain. It receives water from
other systems but water generally does not exit it other than through evaporation or
seepage into the ground (or occasional flooding overflow in large events).

Thermal water pollution: the excessive raising or lowering of water temperatures
above or below normal seasonal ranges as a result of the discharge of hot or cold
effluents

Thermocline: the narrow vertical layer within a body of water between the warmer and
colder layers where a rapid temperature change occurs

Threat: any factor that is currently or may potentially negatively affect wetland
components or processes. A threat can be currently active or present (such as weeds), or
a potential threat (such as a proposal to expand a picnic area into native vegetation in
good condition).
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Threatened ecological community: naturally occurring biological assemblages that
occur in a particular type of habitat that has been endorsed by the WA Minister for
Environment as being subject to processes that threaten to destroy or significantly modify
it across much of its range

Threatened flora: flora that has been assessed as being at risk of extinction or is rare
or otherwise in need of special protection and gazetted as such by the Minister for
Environment. These species are commonly referred to as declared rare flora.

Threatening process: processes that threaten the survival, abundance or evolutionary
development of a native species or ecological community

Thresholds: points at which a marked effect or change occurs

Thrombolite: a type of microbial structure formed by microbial communities
precipitating calcium carbonate (see also ‘stromatolite’)

Throughflow wetland: a wetland that lies between headwater wetlands and terminal
wetlands (or the sea) in a wetland chain. It receives water from upgradient wetlands and
supplies water to downgradient wetlands.

Total dissolved solids (TDS): a measure used to approximate the concentration of ions
in wetland water (that is, total dissolved salts/salinity). It will usually over-estimate these
as TDS includes dissolved organic compounds.

Total grazing pressure: describes the combined impact of all grazing animals —
domestic, wild, native and feral — on the vegetation, soil and water resources of a
particular area

Transparency: a measure of the degree to which light is able to penetrate the water
column

Transpiration: the process in which water is absorbed by the root systems of plants,
moves up through the plant, passes through pores (stomata) in the leaves and other
plant parts, and then evaporates into the atmosphere as water vapour.

Treatment: subjection to some agent or action. In the case of a monitoring program, the
treatment will be the management regime that is expected to cause some change in the
condition of the site

Trees: plants with a single trunk and a canopy. The canopy is less than or equal to two
thirds of the height of the trunk. No lignotuber is evident.

Trigger values: quantified limits that, if exceeded, would indicate a potential
environmental problem, and so ‘trigger’ a management response e.g. further
investigation

Tolerance limits: the upper and lower limit to the range of particular environmental
factors (e.g. light, temperature, salinity) within which an organism can survive. Organisms
with a wide range of tolerance are usually distributed widely, while those with a narrow
range have a more restricted distribution

Total nitrogen: the sum of all chemical forms of nitrogen
Total phosphorus: the sum of all chemical forms of phosphorus
Trophic: relating to nutrition, food or feeding

Trophic classification: the classification of an ecosystem on the basis of its productivity
or nutrient enrichment
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True colour: a measure of colour which includes the influence of humic substances and
other dissolved substances such as iron, measured in true colour units (TCU)

Tubers: specialised fleshy storage organs of the stem that are present in some plant
species, usually found underground

Tufa: a porous rock composed of calcium carbonate and formed round mineral springs
Tumulus mound spring: peat-formed mound spring
Turbid: the cloudy appearance of water due to suspended material

Turbidity: the extent to which light is scattered and reflected by particles suspended or
dissolved in the water column

Turn out location: the site at which livestock are released into a fresh pasture

Unconfined aquifer: an aquifer close to the land surface which receives direct recharge
from rainfall. Its upper surface is the water table. Also referred to as a superficial or
surficial aquifer.

Understorey: the layer of vegetation beneath the main canopy

Unstable stratification: layers form in the wetland water column each day (usually in
the afternoon) and mixing occurs over night

Vacuole: a storage compartment found within a cell

Value (soils): the property of a colour by which it is distinguished as bright or dark; also
known as luminosity

Values: the internal principles that guide the behaviour of an individual or group and
determine the importance that people place on the natural environment and how they
view their place within it

Vascular plants: plants with defined tubular transport systems. Non-vascular plants
include algae, liverworts and mosses.

Vegetation: combinations of plant species within a given area, and the nature and
extent of each area

Vegetation structure: the three-dimensional distribution of plant material. It includes
the horizontal spacing of plants and the vertical heights or layers

Vegetative: a stage or structure of a plant that is concerned with feeding, growth or
asexual reproduction, rather than sexual reproduction

Vegetative reproduction: a type of asexual reproduction found in plants. Also called
vegetative propagation or vegetative multiplication.

Vertebrate: animal with a backbone

Vision: the desired state or ultimate condition that a plan is working to achieve which is
usually expressed in the form a statement

Water budget: the balance of all of the inflows and outflows of water

Water column: the water within an inundated wetland that is located above the
surface of the wetland soils (as distinct from sediment pore waters of inundated and
waterlogged wetlands)

Water cycle: Continual circulation of water between the land, the oceans and the
atmosphere. Also called the hydrological cycle.

52 Introduction



A guide to managing and restoring wetlands in Western Australia

Waterlogged: saturation of the soil
Water quality: the quality of water relative to its natural, undisturbed state

Water regime: the specific pattern of when, where and to what extent water is present
in a wetland. The components of water regime are the timing, frequency, duration,
extent and depth and variability of water presence.

Water requirements: the water required by a species, in terms of when, where and
how much water it needs, including timing, duration, frequency, extent, depth and
variability of water presence

Water table: the upper surface of the groundwater in an unconfined aquifer (top of the
saturated zone). In technical terms, the surface where the water pressure head is equal
to the atmospheric pressure.

Waterbirds: birds that have specialised beaks and feet that allow them to swim, dive
and feed in water. Examples include egrets, crakes, herons, ducks, swans and grebes.

Weed: a plant that requires some form of action to reduce its harmful effects on the
economy, the environment, human health and amenity, and can include plants from
other countries or other regions in Australia or Western Australia

Wetland: an area of seasonally, intermittently or permanently waterlogged or inundated
land, whether natural or otherwise, and includes a lake, swamp, spring, dampland, tidal
flat or estuary

Wetland buffer: an interface adjoining a wetland that is designated to assist in
protecting the wetland's natural values from the threats posed by the surrounding land
use(s)

Wetland conceptual model: a simplified diagram that expresses ideas about
components and processes that are important to the ecosystem

Wetland components: the physical, chemical and biological parts of a wetland, from
large-scale to very small scale e.g. habitat, species and genes and include the physical
form of the wetland, wetland soils, physicochemical properties of the water and the
wetland flora and fauna

Wetland flora: wetland plant species, subspecies and varieties in a given area
Wetland hydrology: the movement of water into and out of, and within a wetland
Wetland plants: plants that inhabit wetlands

Wetland processes: the dynamic physical, chemical and biological forces within a
wetland, including interactions that occur between wetland organisms, within the
physical/chemical environment, and the interactions of these

Wetland state: the ecological characteristics of a wetland as they exist at a particular
time

Wetland typology: a process of classifying wetlands according to characteristics of their
hydrological, morphological, chemical and biological factors

Wetland vegetation: combinations of wetland plants in a given area, and the nature
and extent of each area

Wetting agent: a substance that helps water or other liquid to spread or penetrate (also
known as a surfactant or penetrant)
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Woody weeds: perennial weeds with woody stems including shrubs, trees and some
vines

Zooplankton: tiny invertebrates and protozoans floating or suspended in the water
that drift with water movements, generally having little or minimal ability to control their
location
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Introduction to the guide

Western Australia’s unique and diverse wetlands are rich in ecological and cultural values
and form an integral part of the natural environment of the state. A guide to managing
and restoring wetlands in Western Australia (the guide) provides information about the
nature of WA's wetlands, and practical guidance on how to manage and restore them for
nature conservation.

The focus of the guide is natural ‘standing’ wetlands that retain conservation value.
Wetlands not addressed in this guide include waterways, estuaries, tidal and artificial
wetlands.

The guide consists of multiple topics within five chapters. These topics are available in
PDF format free of charge from the Western Australian Department of Environment and
Conservation (DEC) website at www.dec.wa.gov.au/wetlandsguide.

The guide is a DEC initiative. Topics of the guide have predominantly been prepared by
the department’s Wetlands Section with input from reviewers and contributors from a
wide range of fields and sectors. Through the guide and other initiatives, DEC seeks to
assist individuals, groups and organisations to manage the state’s wetlands for nature
conservation.

The development of the guide has received funding from the Australian Government, the
Government of Western Australia, DEC and the Department of Planning. It has received
the support of the Western Australian Wetlands Coordinating Committee, the state’s
peak wetland conservation policy coordinating body.

For more information about the guide, including scope, purpose and target audience,
please refer to the topic ‘Introduction to the guide’.

DEC welcomes your feedback and suggestions on the guide. A publication feedback
form is available from the DEC website at www.dec.wa.gov.au/wetlandsguide.
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Contents of the guide

Introduction

Introduction to the guide

Chapter 1: Planning for wetland management

(Wetland management planning )

Funding, training and resources

Chapter 2: Understanding wetlands
Wetland hydrology

Conditions in wetland waters

Wetland ecology

Wetland vegetation and flora

Chapter 3: Managing wetlands
Managing hydrology

Wetland weeds

Water quality

Secondary salinity

Phytophthora dieback

Managing wetland vegetation
Nuisance midges and mosquitoes
Introduced and nuisance animals
Livestock

Chapter 4: Monitoring wetlands

Monitoring wetlands

Chapter 5: Protecting wetlands

Roles and responsibilities
Legislation and policy

These topics are available in PDF format free of charge from the DEC website at

www.dec.wa.gov.au/wetlandsguide.
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@ N

Before you begin

Before embarking on management and restoration investigations and
activities, you must consider and address the legal requirements, safety
considerations, cultural issues and the complexity of the ecological
processes which occur in wetlands to ensure that any proposed actions
are legal, safe and appropriate. For more guidance, see the topic
‘Introduction to the guide’

\_ /

INTRODUCTION

This topic is intended to assist technical officers in local, state government and non-
government organisations, landholders, community groups and others working in the
field of wetland management and conservation to develop, implement and evaluate the
effectiveness of wetland management plans. It aims to provide guidance on wetland
management planning in a simple and user-friendly manner.

There are many methods for undertaking the process of management planning, each
of which is slightly different and uses different terms. The process provided and the
terminology utilised in this topic draws upon many widely-used methods.

Due to the variability of the situations in which management planning may occur, it is
not possible to provide a detailed step-by-step methodology that will suit all situations.
Instead this document will present the key steps in the process and will refer readers to
other sources of information for methodologies to assist in completing these steps. In the
topic the management planning processes has been broken down into four main stages
(each with multiple steps). These stages are:

e Stage A: Pre-planning
e Stage B: Planning
e Stage C: Implementing

e Stage D: Evaluating and adapting.
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Assumptions and limitations of this document

It is important to note that this document is for general guidance

only. If you are required to undertake a management planning

process or prepare a wetland management plan as a requirement or
legal obligation, you must follow any guidance provided under that
requirement or obligation. Please also note that the terminology used in
this document differs slightly from that used in the Guidelines checklist
for preparing a wetland management plan.’

Although management planning can be undertaken at a range of
different scales from region to individual species, this document deals
with management planning at the scale of individual wetlands. This
document also assumes that the wetland has already been identified

as a priority for management. Providing advice regarding prioritising
management between multiple wetlands or between different assets such
as wetlands and adjacent dryland vegetation is beyond the scope of this
document.

Examples of prioritisation processes include:

e Local government biodiversity planning guidelines?, and additional
associated resources including a case study and guidance on
prioritising locally significant natural areas.

® Recovery catchments with multiple wetlands, for example, see the
Buntine-Marchagee natural diversity recovery catchment recovery
plan: 2007-2027 (Department of Environment and Conservation,
2008).2
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What is management planning and why Adaptive management. an
.. . approach that involves learning
IS |t |mp0rtant? from management actions, and
using that learning to improve
Management planning is the process of setting management goals for a site and then the next stage of management*

planning, implementing and evaluating management strategies to meet these goals. It
must be emphasised that it is a process and is not just about preparing a plan, although
documenting information in a written plan is an essential part of the process. Successful
management planning processes can be seen as an on-going cycle of plan-implement-
evaluate (Figure 1). This cycle is also referred to as adaptive management.

Plan Implement

Evaluate

Figure 1. The adaptive management cycle; plan, implement, evaluate.

There are a number of benefits of undertaking management planning that can include:

e  establishing a long-term vision and clear goals and objectives for the site to guide
management

e gaining consensus amongst stakeholders on the management of the site, minimising
potential for future conflict

¢ engaging with and working effectively with stakeholders to improve the
management of the site

e ensuring that management actions undertaken will contribute to achieving the
vision, goals and objectives for the site, resulting in efficient usage of time, money
and human resources

¢ having an adequate monitoring program to enable the success or failure of
management actions to be evaluation, improving future management

* maintaining effort and consistency in the management of the site and

e utilising the prepared management plan to secure funding for the site.

Principles of successful management planning

There are a number of essential principles to successful wetland management planning
including:

e  custom-made - as no two wetlands are the same, the management planning process
and the outcomes will be unique for each wetland

e adaptive management — management is modified as conditions at the site change or
new information becomes available regarding the success or failure of management
strategies
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¢ on-going stakeholder consultation and involvement — stakeholder consultation and ~ Stakeholder: an individual,

involvement is an on-going process and should be initiated from an early stage in group or institution that has an
the process interest in or will be affected by

a project’s activities
e don't postpone the process until all the information is available — although as much
information should be collected as possible, don’t allow a lack of information to
delay the management planning process, it is unlikely that all the information will
ever be available. Build the collection of more information into the management
planning process, where appropriate.

Custom-made

All wetlands are unique; as such the management planning processes and outcomes of
the process will be different for each wetland. Wetland management planning needs
to be tailor-made for individual wetlands and it is unlikely that a management plan
prepared for one wetland will be suitable for another.

Adaptive management

Adaptive management is at the heart of successful management planning. The key

to adaptive management is continual evaluation of the effectiveness of management
strategies and adapting them accordingly. Management strategies may be adapted if
conditions at the site change or if a strategy is not achieving the outcome it was selected
to achieve.

» For additional detail on evaluating and adapting a management plan see the section
‘Stage D: Evaluating and adapting’ in this topic.

On-going stakeholder consultation and involvement

There are a number of benefits of on-going stakeholder consultation and involvement in
a management planning process including:

e improving the quality of the planning process and outcomes of it
e gaining new perspectives and solutions

¢ forming beneficial partnerships to assist in project implementation
e promoting confidence in the process

¢ fostering a sense of ownership amongst stakeholders

e increasing the understanding of the wetland’s values

¢ reducing the potential for conflicts.

Stakeholders may include neighbours, nearby land managers and landowners,
community groups or organisations and local and state government agencies and utility
providers if there are overhead or underground services located within or adjacent to the
management planning area.

It is important that stakeholder consultation and involvement is initiated as early as
possible and continues throughout the management planning process.
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Stakeholder consultation and involvement

For information on incorporating Aboriginal cultural heritage into a wetland
management plan see:
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Swan Catchment Council (2008). Aboriginal cultural heritage management
plan template 2008°

For more information on stakeholder consultation and involvement see:
Community involvement framework (Department of Environment, 2003)¢

Interim industry quide to community involvement (Department of Environment
and Environmental Protection Authority, 2003)’

Facilitation toolkit: A practical guide for working more effectively with people
and groups (Keating, Colma DM, 2003)?

Consulting citizens: A resources guide (Department of Premier and Cabinet
Citizens and Civics Unit, 2003)°

Consulting citizens: Planning for success (Department of Premier and Cabinet
Citizens and Civics Unit, 2003)'°

Consulting citizens: Engaging with Aboriginal Western Australians (Department
of Premier and Cabinet Citizens and Civics Unit, 2004)"

Don’t postpone the process until all the information is available

In any management planning process, all the information will never be available.

Rather than waiting for all the information to be available, which may never happen,
management planning should proceed using the best available information and wherever
possible expert advice to verify and add to the available information. Expert advice can be
very valuable and can often be used in lieu of documented information. The collection of
baseline surveys and other information can be built into the management plan.

KEY STEPS IN THE MANAGEMENT PLANNING
PROCESS

The key stages and specific steps in the management planning process are outlined in
Table 1 and then described in more detail in the sections below. The key stages of the
process are: pre-planning, planning, implementing and lastly evaluating and adapting.
Although management planning is being presented as a linear process, in practice, it may
be far from linear with many steps overlapping and at the completion of some steps,
previous steps may need to be revisited and revised. The process may be a relatively
straightforward one or it may be complex and time consuming. The complexity of the
process will depend on a number of factors including:

e the size of the site being considered

¢ the number of landowners and land managers

¢ the numbers of other stakeholders

e the complexity of the site in terms of the values to protect and the threats to address
¢ requirements for the plan and the level of detail stipulated in these requirements

e consultation and approvals processes.
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As previously mentioned, because of the variability of the situations in which
management planning may occur, it is not possible to provide a detailed step-by-step
methodology that will suit all situations. Instead this document presents the key steps in
the process and refers readers to other sources of information for methodologies to assist
in completing these steps. Table 1 shows the key steps in the management planning
process. Figure 2 shows the same steps in diagrammatic form.

Table 1. Key steps in the management planning process.

Stage B: Planning Step 1: Identifying values and developing a&ision

Step 2: Identifying key components and processes,
assessing condition and setting goals

Stage C: Implementing Implementing management strategies and monitoring
activities
Stage D: Evaluating and adapting Auditing the results of the plan, and re-assessing the
plan itself
2
= A1: Defining the process <
&
) v
-
< :
o A2: Understanding the wetland
& . 7
/ I
B1: Identifying values and developing a vision ~ <€—
N 7
v
B2: Identifying key components and processes, | 4 'Stage D: :
assessing condition and setting goals Evaluating and adapting
=2 oy
= v " Auditing the results of
= the plan and reassessing
o~ B3: Identifying and ranking threats ] the plan itself
e ‘
(<)
& v _
(%] . .
B4: Selecting ma?nagen_wen_t strategies
and setting objectives J
N 4
v
B5: Preparing an implementation plan «—
7
@\
£
5
g \
E’ C1: Implementing management strategies
= and monitoring activities
| & J
(%)
g
%]
</

Figure 2. Key steps in the management planning process.
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STAGE A: PRE-PLANNING

This is the stage at which the decision is formally made to undertake a management
planning process. At this stage important decisions are made on how the planning
process will proceed. It is also at this stage that information will begin to be collected to
gain an understanding of the management area. Gaining this understanding is critical to
being able to undertake a successful management planning process. There are two steps
in the pre-planning stage:

1. defining the process

2. understanding the management area.

Step 1: Defining the process

The aim of this stage is to clarify a number of key aspects of the process including the
project team, any requirements for the plan and importantly the scope of the plan in
terms of the geographic area it will cover and broad timeframes for its preparation,
implementation and review.

Project team

Regardless of whether the process is being undertaken by professionals or volunteers,
it is important that the roles and functions of project team members are established
during the early stages of project definition. There may be a number of different roles
in the project team as outlined in Table 2. While a management planning process may
be triggered by a third party, such as a community group, the process should ideally
be managed by the owner or manager of the land. If a consultant is to going to be
employed to write the plan on behalf of the owner or manager, it will be necessary
to prepare and agree upon a project brief and nominate an individual as ‘contract
manager’. In this case a project team will be assembled by the contractor.

Table 2. Potential roles and functions of a management planning project team.

Role . Function

Project manager Although leadership may be shared between team members, one individual
should be appointed as overall leader for the project.

Core project team A small group who are ultimately responsible for overseeing the management
planning process.

Full project team Complete group of people involved in preparing, implementing and, evaluating
and adapting the management plan.

Project advisors People not on the project team, but who may provide advice or feedback at any
stage of the process.

Stakeholders Individuals, groups, or institutions who have a vested interest in the
management area and/or who will potentially be affected by the management
strategies. If someone is a key stakeholder it may be appropriate to include
them as a member of the project team. For more information on stakeholders
see the ‘On-going stakeholder consultation and involvement' section above.
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f \ Ramsar Convention: an

international treaty that
focuses on the conservation

of internationally important
wetlands signed in Ramsar, Iran
Many successful management plans have been based on a strong in 1971

partnership between different stakeholder groups, including government
and community organisations. Strong partnerships can be achieved by
either party inviting the other to become a member of the core project
team, a project advisor or stakeholder.

Successful stakeholder partnerships

Such partnerships between organisations are effective as long as there is
a clear understanding on roles, responsibilities and funding contributions,
which can be established through a formal, written partnership
agreement.

\_ /

Contextual information

It is important to identify any contextual information which will guide or inform the
management planning process. Specifically, this will include any requirements for the
plan as well as any other information that provides context to the plan such as regional
catchment plans and previous management plans for the site.

Requirements for the plan

It will be important to identify if there are any requirements for the plan as these may
influence the process and guide the contents of the plan. In particular this information
will inform the scope of the plan, any requirements for consultation approvals and
potentially the project team and stakeholders. There are a number of situations in which
the preparation of a wetland management plan may be required through a statutory
process such as a condition of development, subdivision or scheme amendment
approvals. In the case of wetlands of international significance listed under the Ramsar
Convention, the development of wetland management plans are not statutory but are a
tool for achieving obligations of the international treaty.

In such situations it will be necessary to follow the relevant requirements or frameworks.
For instance, for management plans developed for wetlands listed under the Ramsar
Convention, it is a requirement that they describe the benefits that humans gain from
that wetland, and management strategies associated with these benefits.

» For more information on wetland management plans required to be prepared as a
condition of a development, subdivision or scheme amendment approval, or local
government development application see Guidelines checklist for preparing a wetland
management plan (Department of Environment and Conservation, 2008).!

» For more information on the preparation of wetland management plans for wetlands
of international significance listed under the Ramsar Convention see:

e the Australian Government’s Australian Ramsar management principles webpage:
www.environment.gov.au/water/topics/wetlands/managing/aust-ramsar-

management-principles.html

e Ramsar Handbook18 Managing wetlands: Frameworks for managing wetlands of
international importance and other wetland sites'?
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Supporting information

There is a wide range of information which may provide context to the management
planning process or the contents of the plan including:

¢ relevant international, national or state plans
e relevant regional or catchment plans
e previous versions of the plan or other management plans for the site.

» For more information on relevant plans contact the relevant local government,
regional natural resource management organisation or local DEC office. See the topic
‘Funding, training and resources’ in Chapter 1 for contact details for these groups.

Scope of the plan and the process

Defining the scope of the plan and the process will assist in keeping it focused and
preventing it from getting out of hand. There are a number of elements of the scope that
need to be defined including:

e geographic — the physical area that the management plan will cover

e temporal — the timeframe for the planning process as well as the term of the plan
itself and

* resources — the resources that are available for both the planning process
implementation of the plan. Key resources include money, staff, skills and
equipment.

Geographic

The management plan area typically includes the wetland(s), wetland buffer and any
other adjacent areas, such as dryland vegetation, where activities will be controlled in
accordance with the plan.

The buffer adjoining a wetland assists in maintaining the ecological processes associated
with the wetland, and aims to protect the wetland from potential adverse impacts

such as contaminated surface water flows caused by adjacent land uses. A buffer can
also assist in protecting the community from potential nuisance insects, for example,
midges. To maintain wetland values, it is important to determine, protect and manage
an adequate buffer. If the wetland buffer is outside of the management plan area,
potentially because it is under the control of a different land manager or owner, careful
consideration should be given to how the plan will influence the management of the
wetland buffer.

» For more information on wetland buffers see Chapter B4 of Environmental guidance
for planning and development.’® A new methodology for determining wetland
buffer requirements is in preparation. Refer to the DEC website www.dec.wa.gov.au/
wetlands for more information.

Areas adjacent to the buffer are often also included in wetland management plans. If
not appropriately managed, land uses in these adjacent areas can change the wetland’s
natural water, soil and biotic regimes (e.g. grazing, parkland, housing and picnic areas).

In some instances the inclusion of numerous wetlands in one management plan may
be considered. This may be a wise decision if a number of wetlands are inter-connected
through surface or groundwater and hence are part of a single system. An example of
this is the wetlands in the Buntine-Marchagee Catchment, the management of which
has been addressed in the Buntine-Marchagee natural diversity recovery catchment
recovery plan: 2007-2027 (Department of Environment and Conservation, 2008).3
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In some instances, the wider geographic area that the plan will seek to influence should
also be defined. For example, a land development company may influence activities
within the boundary of a new residential or industrial subdivision in which the wetland
is located. In this instance the plan should address strategies for the new subdivisions. A
farmer may choose to identify management strategies for the paddocks surrounding the
wetland, or even for the entire farm.

Temporal
Preparing the plan

There are a number of factors that will potentially influence the timeframe for the
preparation of a management plan, the extent of some of these factors will not be
known until late in the process. As such, although a timeframe for the preparation of the
plan will be set, it may need to be revised later in the process. Factors that will potentially
influence the timeframe of the plan’s preparation include:

¢ the size of the site being considered

¢ the number of landowners and land managers

¢ the numbers of other stakeholders

¢ the complexity of the site in terms of the values to protect and the threats to address
e requirements for the plan and the level of detail stipulated in these requirements

e consultation and approval processes

¢ the format of the final product, whether it be a map accompanied by a couple of
pages of text or a document hundreds of pages in length.

Implementing and reviewing the plan

There is no standard length of time a plan should last for (that is, a term or timeframe).
Some wetland management plans are applicable for a single year while others are for
twenty or more years. The important thing to keep in mind when deciding upon a time
period for a management plan is the realistic length of time that will be required for

the goals of the plan to be achieved. For example, if one of the goals of a management
plan is: ‘By July 2019, the extent and cover of native vegetation and native plant species
richness at the site is equal to or greater than levels in 1999" and the threat which needs
to be mitigated to achieve this is weeds, you would expect it to take at least five years
before any results are achieved.

Financial

When making the decision to undertake a management planning process and prepare,
implement and, evaluated and adapt a management plan it is important to be aware of
the costs involved in undertaking this process from start to finish. Potential costs involved
in preparing, implementing and reviewing the management plan may include:

e employment of staff and contractors

e cost of holding meetings

e undertaking surveys of the site (flora, fauna etc)
e materials and labour for implementation.

At this early stage it is unlikely that the full cost of each stage will be known but it is
important to budget for each stage and recognise early in the process any potential
shortfalls in funding.
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Step 2: Understanding the management area

In order to successfully manage a wetland it is essential to have an understanding of the
management area including the wetland itself. The aim of this step is to begin to gain
this understanding and to gather enough information to inform the subsequent steps of
the management planning process including:

¢ identifying key values

¢ identifying key wetland components and wetland processes

e  setting goals for the condition of key components and processes
¢ identifying and ranking threats

¢ selecting management strategies.

Table 3 provides a guide for the type of information that should be collected during this
stage of the process. Importantly, this step of the process is about what is and is not
known about the site. Undertaking this step towards the beginning of the management
planning process will allow any knowledge gaps to be identified and addressed early.
Subsequent steps in the process, including identifying values, identifying key wetland
components and processes and identifying and ranking threats will enable further detail
to be added to the information collected during this step.

There will be a range of sources for this information including:

e written documents including reports and plans (both published and unpublished)
e electronic databases and datasets

e expert advice

¢ anecdotal information

e on-ground investigations.

Although there may seem to be an infinite amount of information that can be collected
at this stage of the process, the information gathered should be limited to that which

is relevant to the management of the wetland(s). At this stage it can be very useful to
carry out an initial, broad assessment of the management area to gather much of this
information.

Table 3. Information that will assist in undertaking a management planning process.

Administrative information : e a description of the geographic extent of the management area (as defined in
Stage A, Step 1)
i e |ocation, name and description of the wetland

e current tenure, ownership, vesting, purpose and management arrangements,
including adjacent reserves and properties

e local and regional scheme zoning and land use (existing and proposed) within
and adjacent to the management area

- o infrastructure such a fences, pathways, boardwalks and buildings (existing and
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Ty

: Examples

Administrative information

o wetland boundary, classification (wetland type) and, if available, the assigned
wetland management category and unique feature identifier number (UFI)
e natural wetland group (e.g. consanguineous suite).

; ® recognised conservation significance of the site

o representation of the wetland within an international, national, regional and
local context

o bioregion values (e.g. Interim Biogeographic Regionalisation for Australia;
biodiversity hotspot)

‘e requirement for the plan (e.g. WAPC subdivision condition)

e subdivision and/or development plans (as identified in Stage A, Step 1)
e regional, sub-regional and catchment plans which provide context for the plan
(as identified in Stage A, Step 1)

e legislation and government policies that apply to the management area.

Gather any available information on previous or current management actions that
have been undertaken at the site.

At this stage it is only necessary to gather any existing information on the values
of the site as the values of the site will be examined further in the next stage of
the process. For additional detail and specific examples of wetland values see ‘Step
1: Identifying values and developing a vision' in Stage B.

Components & processes
of the wetland

Gather any available information regarding the historic, current or predicted future
state of each component and process. For additional detail and specific examples
of wetland components and processes see ‘Step 2 Identifying key components and
processes, assessing condition and setting goals' in Stage B.

Components Process types
e Physical form e Climate
e Wetland soils e Geomorphology
e Hydrology e Hydrology
o Water physicochemistry e Energy and nutrient processes
e Biota (animals, plants, algae, e Processes that maintain animal and plant
fungi, bacteria etc) populations
e Species interactions
o Physical processes

Gather any available information regarding the historic, current or predicted
¢ threats to the site. For additional detail and specific examples of threats see ‘Step
© 3 Identifying and ranking threats’ in Stage B.

12 Wetland management planning
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STAGE B: PLANNING

This is the most critical stage of the management planning process. At this stage the
goals and objectives for a site are determined and the strategies for achieving these
selected. It is also at this stage that methods and timeframes for the implementation and
review of these strategies are decided. This stage of the management planning process
can be broken down into five steps:

1. identifying values and developing a vision

2. identifying key components and processes, assessing condition and setting goals
3. identifying and ranking threats

4. selecting management strategies and setting objectives

5. action planning.

Step 1: Identifying values and developing a vision
Identifying values

Values are the internal principles that guide the behaviour of an individual or group.
Values determine the importance that people place on the natural environment and how
they view their place within it."* Associated with values are the benefits and services that

people receive from the natural environment; these are often called ecosystem services.

Differing values may result in people pursuing different objectives in relation to wetland
management and restoration, having different reasons for desiring a commonly agreed
outcome or favouring different mechanisms to achieve it. Because of this, it is important
to be explicit about the values that are driving wetland management and restoration

to ensure that the identified values are not incompatible.' For example, although two
people may value a wetland because its water can sustain animals, one person may want
to dig out the wetland so that it supports a particular group of animals while another
person may want it to remain the way it is to support a different group of animals. These
values may be incompatible. Table 4 provides examples of wetland ecosystem services.

Table 4. Ecosystem services of wetlands.''®

: Biodiversity (including connected habitat and provision of vital flow regimes).
Nutrient dispersal and cycling

Soil formation

. Seed dispersal

Habitat to support primary production

E Supporting

Recreational opportunities
Provision of destinations for tourism

Aesthetic values translating into utility for visitors and changes in land values close
to wetlands

Provision of cultural values

Provision of historical values

Source of intellectual and spiritual inspiration
Scientific discovery

Cultural
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Ecosystem services: benefits
that people receive or obtain
from an ecosystem, including
provisioning services (such as
food, fuel and fresh water),
regulating services (such as
ecosystem processes such

as climate regulation, water
regulation and natural hazard
regulation), cultural services
(such as spiritual enrichment,
recreation, education and
aesthetics) and supporting
services (such as the services
necessary for the production
of all other ecosystem services
such as water cycling, nutrient
cycling and habitat for biota)
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Regulating Hydrological flow regulation and groundwater recharge/discharge (where water is
used for consumptive uses)

Carbon sequestration

 Climate regulation (macro)

Local climate regulation and influence on precipitation

Water flow regulations and potential mitigation of flood risk

Storm and storm surge protection

Purification of water as part of a multi-barrier water treatment train
Prevention of saline intrusion

Purification of air quality

: Other waste decomposition and detoxification

Crop pollination through the provision of habitat for pollinators
Pest and disease control through the provision of filtering services and buffers etc

Provisioning Food (e.g. fish, crustaceans, game, crops (e.g. rice), wild foods, spices etc.)

Water (both for consumption and as inputs to other production such as irrigation)
Water storage (wetlands can be a substitute for dams)

Water transport

Fibre, fuel and other raw materials used in economic production

Provision of other industrial inputs (e.g. pharmaceuticals)

Genetic material (e.g. ornamental species)

Energy (e.g. input to hydropower, or biomass fuels)

The identification of key values is an important step in the management planning process
as the purpose of each subsequent step is to contribute to the protection of these

values. All values of the management area should be identified and described in detail. If
multiple values are identified, as is likely to be the case, the project team (in consultation
with stakeholders if appropriate) should rank the values in order of priority and
determine which values are a priority for protection. In identifying these priority values it
should be ensured that all of the selected values are compatible with each other. If some
values are considered to be incompatible with each other, this issue needs to be resolved
before the management planning process can proceed any further.

An example: Values

Table 5. Example of key wetland values and their associated benefits and services.

example

Value enefits and services

abitat for migratory and local waterbirds

ttractive natural landscapes

'i‘rd WatcHing, bushwalking and hofée riding'.‘

Developing a vision

A vision is the desired state or ultimate condition that a plan is working to achieve which
is usually expressed in the form a statement. There is no hard and fast rule on what a
vision should or should not include. As a suggestion it may articulate the desired state
of the natural environment as well the values driving the management and restoration
of a site (e.g. ecosystem service values, opportunity values etc). A good vision should be
relatively general, inspirational and simple so that it can be remembered by all members
of the project team."’
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An example: Vision

A vision reflecting the values identified in the previous step and the
desired state of the natural environment.

example

To be recognised by the community for its international significance as
a habitat for migratory waterbirds and be maintained for its aesthetic
and recreation values to be enjoyed by present and future generations.
Where natural wetland components and processes are able to function
and evolve.

Developing a vision is essential to ensure that all involved in the management planning
process are working towards achieving the same thing. Going through the process of
developing a vision can also assist in building common ground and language among
stakeholders. A vision will also ultimately guide management goals and actions and can
be useful to refer back to when facing difficult problems or decisions. In some cases,
instead of a vision a set of ‘guiding principles’, ‘principle management objectives’, ‘broad
goal’ or similar will be prepared.

Step 2: Identifying key components and processes, assessing
condition and setting goals

Key components and processes

After the values of the site have been identified, the next part of the process is to identify
the key ‘components’ and ‘processes’ that need to be managed to maintain these
values. Wetland components are physical, chemical and biological parts of a wetland,
from large to very small scale and include the physical form of the wetland, wetland

soils, physicochemical properties of the water and wetland flora and fauna (see Table

6). Wetland processes are the forces within a wetland and include those processes

that occur between organisms and within and between populations and communities
including interactions with the non-living environment and include sedimentation,
nutrient cycling and reproduction (see Table 7).'®

Table 6. Wetland components. Adapted from Department of the Environment, Water, Heritage
and the Arts, 2008.'®

. Component Examples

Physical form Area of the wetland
Wetland form (e.g. depth, shape and bathymetry)

Wetland soils Site and soil profile characterisation
Soil profile classification

¢ Soil physical properties (e.g. constituents, structure, texture, consistency and
profile)

Soil chemical properties (e.g. organic content, nutrients, sulfides, acid neutralising
capacity, salts and pH)

Soil biological properties (e.g. soil organisms such as bacteria and fungi,
invertebrates — shellfish, mites and worms)

© Physicochemical soil © Nutrients (e.g. nitrogen, phosphorus)
§ Electrical conductivity

Cations and anions

PH
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.Eomponent

Examples

Physicochemical water

Nutrients (e.g. nitrogen, phosphorus)
Electrical conductivity

Cations and anions

Turbidity

Temperature

Dissolved oxygen

pH

Nutrient cycling

Light attenuation

Biota

Plants

: Vertebrate fauna (e.g. fish, amphibians, reptiles, waterbirds, mammals)
Invertebrate fauna (e.g. insects, crustaceans, worms)

Algae

Fungi

Bacteria

Table 7. Wetland processes. Adapted from Department of the Environment, Water, Heritage
and the Arts, 2008."® Original source DSE (2005)."°

Example

Rainfall
Temperature
Evaporation
- Wind

Geomorphology*

Topography/morpholo'gy

¢ Connectivity of surface waters
: Water source
¢ Soils

Sedimentation
Erosion

Hydrology*

extent and depth, and variability of water presence)

Water balance/budget (water flowing in, water flowing out)

. Groundwater infiltration and seepage

Surface—groundwater interactions

Water regime (the pattern of when, where and to what extent water is present in
a wetland. The components of water regime are the timing, duration, frequency,

: Energy and nutrient
dynamics

: Primary production

Nutrient cycling (nitrogen, phosphorus)
Carbon cycling

: Decomposition
¢ Oxidation—reduction

 Processes that maintain
animal and plant
populations

: Reproduction

Regeneration
Dispersal

: Migration
: Pollination

© Species interactions

: Competition

Predation
Succession

¢ Herbivory
 Diseases and pathogens
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Example

Physical processes

Stratification

i Mixing
Sedimentation
 Erosion
Evaporation
Infiltration

*For some wetlands these processes may be viewed as components or broken down into their

components.

The challenge of this step is to identify the ‘key’ components and processes. To achieve
this, a two stage process is recommended:

1) Identify as many components and processes as possible.

2) Identify and describe the most critical components or processes that need to be
managed to maintain the values, benefits and services of the site.

Expert advice will almost certainly be needed to complete this step of the process.

An example: Key components and processes

example

Examples of key wetland components and processes required to
maintain the values, benefits and services previously identified.

Table 8. Example of key wetland components and processes and their link to

values, benefits and services.

Value Benefits and : Key components : Reasoning for selection of
services and processes component or process
Intrinsic value : Habitat for Waterbirds Value directly dependent on
migratory presence of waterbirds
and local Wetland and dryland Direct source of food and shelter for
waterbirds vegetation waterbirds and source of food and
shelter for other fauna on which
waterbirds feed
Hydrology Critical for maintaining all other
components and processes
i Aesthetic : Attractive i Wetland and dryland  : Presence of wetland and dryland
 value  natural  vegetation  vegetation contributes significantly
:  landscape ¢ to attractiveness of the landscape
: Hydrology Presence of water contributes
¢ significantly to attractiveness of the
: : :  landscape
Recreation Bird watching, : Birds (including water : Value directly dependent on
“ value - bushwalking birds) presence of birds
: and horse Wetland and dryland  : Presence of vegetation critical for
riding. vegetation undertaking ‘bush ‘walking and

indirectly to maintain presence of
birds
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Setting goa|5 Indicators: the specific
components and processes of

The ultimate aim of wetland management and restoration is to maintain or restore a wetland that are measured

wetland components and processes which sustain the reasons we value the wetland. In in @ monitoring program in

order to assess whether or not management is being successful, ‘goals’ for key wetland Order_ to assess Chaﬂges in the
components and processes will need to be set. In this context a goal is a specific conditions at a site
statement detailing the desired state of a wetland component or process. Goals should

be ‘smart’:

e specific — the component or process is clearly defined as it its desired state
e measurable — there is some way of measuring what will be achieved

e achievable — the goal is realistic given the resources available

e relevant — the goal is relevant to the vision for the wetland

e time-bound - there is a time by which the goal is met that is realistic, feasible and
meaningful.

When setting goals it is important to keep in mind that the components and processes to
which these goals relate will form a set of ‘indicators’ which will need to be measured
as part of a monitoring program.

It may not always be possible or realistic to be able to measure all key components and
processes. Instead goals may be set for a limited number of components and processes,
or it may be necessary to set goals for surrogates instead. There are times when it is not
practical to measure a component or process. This may be because it is cryptic, slow

to respond to environmental change, expensive to assess, poorly understood or simply
difficult to quantify. In such cases a surrogate measure may be used. This is another
component or process of the system that shows a correlated response. An example of
a surrogate measure is the use of aquatic invertebrate community composition to draw
conclusions about water quality.

» For additional detail on surrogates see the topic ‘Monitoring wetlands’ in Chapter 4.

If the current and desired state of key components and processes is not known, it will
be necessary to obtain this information to be able to set and assess progress towards
achieving goals. An excellent understanding of wetland components and processes will
be needed to undertake this step of the processes, as such in most instances expert
advice will be required.

An example: Goals

Examples of goals for selected components and processes previously
identified.

example

Component: Waterbirds

By July 2019, the number of species (species richness) of waterbirds at
the site is equal to or greater than 1999 levels.

Note: this goal assumes that the number of species of waterbirds at the site in
1999 is known.

Component: Vegetation

By July 2019, the extent and cover of native vegetation and native plant
species richness at the site is equal to or greater than levels in 1999.

Note: this goal assumes that the extent and cover of native vegetation and native
plant species richness in 1999 is known.
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Distinguishing between outputs and outcomes

When setting project goals and objectives there is often some confusion between
outputs and outcomes. Outputs are activities undertaken, or products produced, by

a particular project. An outcome, on the other hand, is a measurable consequence

of the project’s activities. For example, a project may output 20 kilometres of stock
exclusion fencing around a wetland. The outcome of this may be a 10 per cent increase
in native vegetation biomass within the fenced area, due to reduced grazing pressure.
Outputs are steps along the way to achieving the desired outcome. In the context of the
management planning process being presented in this topic, goals should always relate
to an outcome while objectives (which are discussed later in the document) may relate to
an output or outcome.

Step 3: Identifying and ranking threats

This step involves identifying current and potential threats to key wetland components
and processes and then assessing how critical each threat is to determine whether
there is a need for a management strategy. In this context a threat is considered to be
any factor that is currently or may potentially negatively affect wetland components or
processes. A threat can be currently active or present (such as weeds), or a potential
threat (such as a proposal to create a picnic area within an area of native vegetation in
excellent condition).

Identifying threats

When discussing threats it is useful to make a distinction between two elements of
threat; the source of the threat and the actual stress it causes.?’ For example foxes
(threat) eat waterbird eggs resulting in reduced breeding success of the birds (stress). This
distinction isn’t always easy to make but is an important one to make when it comes to
selecting management strategies. When identifying threats it is important to focus on
those impacting on the key wetland components and processes identified Step 2. Some
common threats to wetlands are shown in Table 9.

» For additional detail on a number of common threats to wetlands see the topics in
Chapter 3 "Managing wetlands'.

Table 9. Common threats to wetlands.

Threat : Stress on wetland component or process

“‘A‘Itered hydrology """"""""" Death of native vegetation due to‘earcessrve/rnsuffrcrent water,
change in the ecologlcal character of the wetland

Acrd sulfate sorls """""""""" Death of plants and animals due r‘o'acrdrfrcatron of wetland waters

m\‘/'\‘leeds """""""""" Reduction in extent and cover of n'a't‘rve vegetation due to
competition by weeds

m\‘lk\‘/ater and soil pollutron/contamrnatron '''''''' Death of plan't; and animals

Nbrseases such as Phytophthora dreback '''''''' Decline and or death of native veoeratron

mlntroduced fauna '''''''' Reduction in anrmals diversity duemto predation and competrtron

with |ntroduced animals

Lrvestock grazrng Reduction in extent and cover of native vegetation due to physical
damage and competition by weeds

Secondary salrnrty Decline and or death of native vegetation and reduced rrchness
and abundance of aquatic animals

Inapproprrate frre regrme Reduction in extent and cover of native vegetation and reductron
in richness and abundance of animals
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An example: Identifying threats

Table 10. Example of key component and processes and the identified threats.

example

It is common to find that many threats are inter-connected and that multiple threats may be contributing
to a single stress. For example over-abstraction of groundwater may result in a decrease in the duration,
extent and depth of inundation (altered water regime) which may in turn result in a decline in the extent,
cover and diversity of vegetation. A decrease in the duration, extent and depth of inundation may allow
for an increase in the extent and cover of arum lily, contributing to decline in the extent, cover and
diversity of native vegetation (see Figure 3). The interrelationships between threats can be very complex
and it is wise to seek expert opinion for this part of the management planning process. To unravel these
relationships, it may be useful to create a web diagram as shown in Figure 3. These diagrams can also help
you to understand the synergies and cumulative nature of existing and potential threats on the wetland.

J

Over abstraction of
groundwater

Altered water regime — decreased |
,ijuranon, extent and de;ith of inundation

i

Hydrology
(water balance and water regime)

“

) Decline in extent, coverand f : )
Weeds - arum lily > diversity of vegetation Wetland and dryland vegetation
" J \41 | ————— —
f . . \
Dedl o : :
Introduced predators > & 'gié?sisuor}d;?ﬁ S | E— Birds (including waterbirds)
. — N . J < — —
Threat Stress Component or
L ) . process

Figure 3. Web diagram illustrating the inter-connectedness of the threats ‘weeds’ and ‘over-extraction of groundwater’.

Threat ranking

If more than one threat has been identified, as will nearly always be the case, a process
of ‘threat ranking’ needs to be undertaken to determine which threats are a priority
for management. Threat ranking can be undertaken for a site as a whole or applied to
each key wetland component and process (as identified in Step 2). There are numerous
threat ranking (sometimes also called risk assessment) methodologies available using
different assessment criteria (effect, scope, severity etc.) and different scoring systems
(e.g. quantitative versus qualitative and absolute versus relative ranking). Regardless of
which methodology is selected, the most important thing is that the methodology is well
document and clearly explained so that other can repeat the process. It is also critical
that any assumptions or decisions made whilst applying the threat ranking are also
documented.

The key aim of assessing the significance of the threat to the wetland is to determine
whether there is a need for management for this specific threat to a wetland value(s),
and therefore the development of a management strategy.
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An example of a threat ranking methodology is presented below.

An example: Threat ranking

This methodology utilises a relative scoring system where for each
criteria; ‘scope’, ‘severity’ and ‘likelihood’ each threat is given a rank
relative to the other threats.

example

1. Rank each threat for ‘scope’

Scope: refers to the proportion of the overall area likely to be affected
by a threat in a given timeframe (for example, ten years).

2. Rank each threat for ‘severity’

Severity: attempts to quantify or categorise the level of damage to the
site in the specified time frame.

3. Rank each threat for ‘irreversibility’

Irreversibility: is the degree to which the effects of a given threat can be
reversed.

4. Add up the ranking scores

Record any recommendations, assumptions or knowledge gaps
identified during the threat ranking process.

Table 11. Example of a ‘relative’ threat ranking for a site as a whole using the
criteria ‘scope’, ‘severity’ and ‘likelihood'.

Introduced
¢ predators

i Weeds - arum lily

: Over-extraction of
© groundwater

As a result of the threat ranking process, managers should have a clear idea of which
threats are a priority for management as well as any knowledge gaps that may require
the formulation of a management strategy.

Step 4: Selecting management strategies and setting objectives

In the context of this management planning process the term strategy is used to
describe a set of actions that will be undertaken in order to achieve goals relating to a
wetland component or process. Normally strategies will focus on addressing the threats
to components and processes however, it may also be necessary to develop strategies

to directly improve the condition of a component or process. Strategies formulated

to address a threat may for example include ‘weed control’ or an ‘awareness-raising
campaign’ whilst strategies formulated to directly improve the condition of a component
or process may include a ‘captive breeding program’ or ‘revegetation’.

It is paramount that any threats causing a decline in the condition of the component
or process are addressed before any strategies are implemented to directly improve its
condition of a component or process.

» For additional detail and guidance on management strategies for specific threats see
individual topics in Chapter 3 ‘Managing wetlands’.
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Selecting management strategies

The following methodology for identifying and ranking management strategies has been
adapted from WWF Project and Programme Standards.?’

In order to identify management strategies for each of the high-ranked threats, the
following steps should be undertaken (repeat steps 1-3 separately for each high ranked
threat):

1. Identify all of the factors affecting the threat including both positive and
negative factors.

For example for the threat ‘weeds’ look at how weeds are entering and spreading
within the site e.g. livestock, machinery used for firebreak maintenance, overland

flow of water as well as any positive factors such as a neighbouring landholder
implementing a weed control program. A useful way of completing this step is to draw
a web diagram or a chain for each threat (see Figure 4 below).

Figure 4. Web diagram showing the threat ‘weeds’ and the factors affecting weeds.

Neighbouring land
manager implementing
weed control program

Disturbance to native l
vegetation through —
clearing
Poor hygiene ) > Weeds - arum lily
management practices
Introduction of seeds on J
machinery tyres and — - -
footwear
Proliferation of tracks
and trails throughout
reserve
Livestock

(grazing and trampling)

Positive Negative
factor factor

Threat
2. Brainstorm strategies that could be used to counter the threat and the factors
affecting it.

Using the weeds example above, weed control could be undertaken to remove weeds,
fencing could be erected to prevent stock access, hygiene procedures implemented to
prevent seeds entering via machinery used for firebreak maintenance and unnecessary
tracks could be closed (see Figure 5 below). When brainstorming strategies focus on
the causes of a problem, rather than the symptoms. For example, while weed mapping
and control is important, you are going to be forever weeding, unless you identify and
address the sources of weeds.
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Figure 5. Web diagram showing the threat ‘weeds’ and the factors affecting weeds and
potential management strategies.

™
Awareness N
raising campaign \
regarding illegal
clearing

Neighbouring land
manager implementing
weed control program

Develop and
implement hygiene
procedures

y

Disturbance to native J
vegetation through —

Awareness \ clearing

raising campaign

regarding weed hygiene

*\_Management practices

Poor hygiene

> Weeds - arum lily «— Implement
management practices

Introduction of seeds on

machinery tyres and —
footwear
Close N\ Proliferation of tracks
and trails throughout

.‘ unnecessary tracks

Livestock
(grazing and trampling)

/ Positive Negative T
"@ factor factor Uit

Fencing to prevent

3. Narrow down the list of strategies by eliminating those that are not likely to be
effective or feasible.

It is at this stage that some tough decisions may need to be made regarding the
feasibility of tackling some threats particularly those such as secondary salinity or
altered catchment hydrology which require considerable technical expertise to fully
understand the threats and develop appropriate management strategies, require
management strategies to be implemented beyond the geographic scope of the
management area and will require significant resources for successful management.

4. Repeat the above steps for all other high-ranked threats.
5. Rank potential strategies for all high-ranked threats.

Even after narrowing down the list of potential strategies by eliminating those that are
not likely to be effective or feasible, it is likely that there will be more strategies than
can be realistically addressed. To narrow down the number of strategies it may be a
good a idea to rank strategies according at a set of criteria such as:

e Likelihood — how likely is the strategy in being successful in countering the
threat/s?

e Feasibility — are the necessary skills and resources (political, financial and human)
available to undertake the strategy?

e Cost —even if the necessary resources are available, what is the cost of the
strategy in comparison to others that may have similar benefits.

e How many threats will the strategy address — it may be possible that a single
strategy will it address a number of threats.

e Gap - does the strategy fill a gap that isn't already been address by another
project? Is there another project already undertaking this strategy?
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6. Select strategies and document any assumptions and decisions.

Using the ranking, select the strategies to be implemented. For each selected strategy
document any assumptions regarding how the strategy will counter the threat it is
selected to address particularly in terms of any awareness-raising or education related
strategies (see Figure 6). For each selected strategy, document the threat it will address,
and the components and processes that will be maintained or improved by addressing
the threat (see Table 12).

Figure 6. Example of an awareness-raising strategy and the assumed steps that need to occur
in order for the strategy to be successful.

Increased numbers

Awareness \ Landowners of landowners o
raising campaign informed i Reduction in
g @ ImpEg) ] implement weed Reduced number of
regarding weed hygiene > of weed hygiene > hygiene sources of weeds new weed
‘. management practices management management infestations
practices practices

Table 12. Example of relationships between strategies, threats, wetland components and
processes and associated goals.

: Strategy : To address omponents * Associated goal/s
3 * threat/s - and processes :
maintained or
improved
Awareness raising Weeds Native vegetation By July 2019, the extent, cover and
campaign regarding weed species diversity of native vegetation
hygiene management is equal to or greater than levels in
practices 1999.
Fox control strategy Foxes Birds (including By July 2019, the number of species
waterbirds) (species richness) and abundance of
waterbirds at the site is equal to or
greater than 1999 levels.

7. Assess whether any strategies to directly improve the condition of key components
and processes are required.

Once strategies to address key threats have been developed, it may be necessary to
look at each key component and process and decide if any management strategies
are required to directly improve the condition of the component or process. If such
strategies are required, repeat steps 3 — 6 as described above, relating each step to
strategies to directly improve the condition of key wetland components are processes
(rather than strategies to address key threats).

» For additional detail and guidance on management strategies for specific threats see
individual topics in Chapter 3 ‘Managing wetlands’.
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g N

Feasibility of addressing threats

The feasibility of addressing threats needs to be carefully considered
when developing and selecting management strategies. Addressing a
threat may not be feasible if any of the following are required in order to
address it:

e considerable technical expertise to fully understand the threat and
develop appropriate management strategies

* management strategies to be implemented beyond the geographic
scope of the management area

e significant resources for successful management.

Common threats for which the feasibility of management needed to be
carefully considered include altered hydrology and introduced fauna.
Both of these issues require specialised expertise, the implementation

of management strategies over a large geographical area (usually
greater than one manager has control over) and significant resources for
successful management.

In such circumstances it may be best to make use of the planning process
to define the scope of a further study or plan. Care should be taken to
ensure that if issues are deferred or subject to a parallel planning process,
their links to the primary management plan are clearly stated and can be
incorporated back into the management plan at a later date.

For example the topic ‘Managing hydrology’ in Chapter 3 describes
how the hydrological regime of a wetland is directly affected by land
use within a catchment, and drainage and groundwater extraction that
occurs. Trying to address catchment management issues within a wetland
management plan is likely to be of limited success unless you are in the
fortunate position of being able to control and/or influence activities
within the entire catchment. An effective approach to addressing
catchment-scale issues, without getting caught up in them, is to support
the preparation of a catchment management plan for the wetland
catchment, or the incorporation of the wetland catchment into a wider
natural resource management plan or catchment plan. Alternatively,
where a relevant catchment plan exists, refer to it in the current plan,
and highlight proposed strategies that address the threats faced by

the wetland. Identify management strategies that will complement
those in the catchment plan. Identify links between the plans and seek
opportunities for investment and external support.
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Setting objectives

As previously mentioned, the ultimate aim of wetland management and restoration is to
maintain or restore wetland components and processes (which support wetland values).
The purpose of the management strategies that have now been selected is to address
the threats affecting the wetland components and processes or directly improve the
condition of key components and processes. The goals that were previously set will allow
the effectiveness of these strategies to be monitored in the long term however, objectives
should also be set to monitor the progress of strategies in the short to medium-term.

Objectives are a statement detailing a short to medium-term result of a strategy, which
may relate to an output or outcome as it relates to the state of a threat. Objectives
should be SMART:

e specific — the desired output or outcome as it relates to the state of a threat is clearly
defined

® measurable- there is some way of measuring what will be achieved

e achievable — the objective is realistic given the resources available

¢ relevant — the objective is relevant to achieving the goals for key components and
processes

e time-bound - there is a time by which the objective is met that is realistic, feasible
and meaningful.

For each management strategy, at least one management objective should be set so
that the effectiveness of the strategy in the short to medium-term can be evaluated.
Where a number of assumptions have been made regarding how the strategy will result
in reducing a threat, objectives to monitor these assumptions should also be set (see
following example).

An example: Objectives

Strategy: Awareness raising campaign regarding weed hygiene
management practices

example

0Obj 1 0Obj 2 Obj 3
— Increased numbers
Awareness N Landowners of landowners o
raising campaign informed implement weed Reduced number of Reduction in

regarding weed hygiene ,4’ of weed hygiene hygiene oS 6 ek | T new weed

. Management practices management management infestations
practices practices

Figure 7. Example of an awareness-raising strategy, the assumed steps that need
to occur and the objectives that need to be met in order for the strategy to be
successful.

Objective 1: By July 2010 two training events held, informing 100 land
managers, living within the Lake Quenda catchment, of weed hygiene
management practices.

Obijective 2: By July 2011 there has been a 10 per cent increase in the
number of land managers, living within the Lake Quenda catchment,
implementing weed hygiene management practices compared to the
number in 2009.

Objective 3: By July 2011, no new weed infestations as compared to the
number in July 2010.
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Step 5: Action planning

The final step in preparing a management plan is working out how all of the planning
will be put into practice. In this step of the process, management strategies will be
broken down into specific actions and for each action, who, when and how much will
be determined. Similarly each goal and objective will be broken down into the indicators
that will be monitored and for each of these how, when, where and who will be
determined.

Implementing management strategies

For each management strategy, the goals and objectives that the strategy will directly or
indirectly contribute to achieving should be outlined to make it clear what the particular
strategy is trying to achieve. For each management strategy, a series of actions should
then be presented to detail the specific works or projects that will be carried under that
strategy. At this stage it is important to stick to major activities rather than going into
detail of individual tasks. For example stick to ‘Obtain quotes for weed control work'
rather than ‘compile a list of local weed control contractors’, ‘prepare request for quote
documentation’ etc. For each action, it is recommended that the following are identified:

e who will undertake the action (including any external parties)
*  when the action will be completed
e how much it will cost to implement the action.

It is recommended that the above information be summarised in a table in the plan so
that readers can easily gain an understanding of what, who and when actions will be
undertaken and how much they will cost (see Table 13). If required, additional detail for
each action can be presented. For example ‘approximate cost’ can be further separated
into ‘internal funding’ and ‘external funding required’. This process should then be
repeated for each management strategy.

An example: Strategy implementation plan

Table 13. Example of an implementation plan for the strategy ‘Implement weed (arum lily) control’.

example

: Who? : When?  : How much? Comments
© Activity 1. Identify priority areas for arum lily control Sam Jones August Internal staff costs not
- based on vegetation and weed mapping (produced as : Jenny Smith - 2009  applicable — already

¢ part of monitoring plan)

: : covered by core funds
Activity 2. Prepare detailed weed control program SamJones  : November NA

for areas A, and B - Jenny Smith 2009
Activity 3. Obtain quotes for weed control workin ~ : Sam Jones February NA
areas A and B and award contract 2010
External August $3,000 Herbicide application between June and
contractor 2010 September
Sam Jones August NA
2010
External August $1,500 Herbicide application between June and
contractor 2010 September
¢ Activity 7. Inspect weed control works and assess ¢ Sam Jones “NA ¢ If revegetation is required, develop
 need for revegetation  Jenny Smith * implementation plan for ‘Revegetation’
] : : : strategy
Total budget: $4,500
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Once each strategy has been broken down into individual actions with timeframes, it
may be useful to compile this information into a Gantt chart for the entire project (see
Table 14 for an example). It is also advisable to incorporate monitoring activities and
their timeframes into this chart as they are an integral part of any wetland management
project. Displaying this information in a Gantt chart will allow for the start and finish
dates of tasks to be seen as well as any overlap in the timeframe of tasks. By listing

the sequence of actions under each strategy you will be able to check the feasibility

of achieving the objective/s of the strategy within the given timeframe and schedule
activities into a works program.

Table 14. Example of a Gantt chart for a wetland management project showing all management and monitoring activities
and their associated timeframes.

example

Strategy: Weed (arum lily) control

i Activity 1. Identify priority areas for arum lily control
* based on vegetation and weed mapping (produced as
¢ part of monitoring plan)

Activity 2. Prepare detailed weed control program for
areas A, and B

Activity 3. Obtain quotes for weed control work in
areas A and B and award contract

Activity 4. Weed control works undertaken by
contractor

Activity 5. Inspect weed control works

Activity 6. Follow up weed control works

for revegetation

Monitoring

Activity 1. Compile information on weed hygiene
© management practices

Activity 2. Organise two training events

Activity 3. Deliver two training events

Monitoring
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Implementing monitoring activities

During the planning process, goals and objectives have been set in order to measure the
success of management strategies in the short, medium and long term. It is now time
to determine the what, how, where, when and who for the measurement of each goal
and objective. For each goal and objective it is recommended that the following are
identified:

e what will be measured (indicator)

e how will it be measured (method)

e where will the measurement be taken
e when will it be measured

e who will measure.

It is recommended that the above information be summarised in a table so that
readers can easily gain an understanding of what, how, where, when and who for the
measurement of each goal and objective (see Table 15).

An example: Monitoring implementation plan

Table 15. Example of a monitoring implementation plan.

Strategy: Awareness raising campaign regarding weed hygiene management practices

Objective 1: By July 2010 two training events held, informing 100 land mangers, living within the Lake Quenda catchment, of weed hygiene
: management practices.

Objective 2: By July 2011 there has been a 10 per cent increase in the number of land managers, living within the Lake Quenda catchment,
© implementing weed hygiene management practices compared to the number in 2009.

Objective 3: By July 2011, no new weed infestations as compared to the number in July 2010.
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The first and most important step in measuring goals and objectives is to determine what
will be measured or the ‘indicator’. Take for example the goal ‘By July 2019, the extent
and cover of native vegetation and native plant species richness is equal to or greater
than levels in 1999'. The indicator to be measured in this example is native vegetation.
This is a relatively straightforward indicator as it is natural component of the wetland
which is relatively easy to measure. For a more complex example take the objective ‘By
July 2011 there has been a 10 per cent increase in the number of land managers, living
within the Lake Quenda catchment, implementing weed hygiene management practices
compared to the number in 2009'. In this example the indicator is land managers, living
within the Lake Quenda catchment, implementing weed hygiene management practices.
This indicator may require some further definition particular in terms of determining
what is considered to be a ‘weed hygiene management practice’.

» For additional detail on selecting and monitoring indicators that are natural wetland
components and processes see the topic ‘Monitoring wetlands’ in Chapter 4.
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STAGE C: IMPLEMENTING

This is the most satisfying stage of the management planning process: putting the
planning into action. With sound planning, this stage of the process should be relatively
straightforward. When implementing a management plan it is important to keep in mind
that monitoring, evaluating and reviewing the plan is an integral part of implementation
and should be an on-going component of the implementation process.

STAGE D: EVALUATING AND ADAPTING

Regular evaluation of a management plan is essential for adaptive management and as
mentioned above should be an on-going component of the implementation process.
There are three type of evaluation:

e progress - reviewing what has been implemented
e performance - auditing the implementation of the plan
e complete — re-assessing and adapting the plan itself.

The three types of evaluation should be undertaken at different stages of the
management planning process. The three types of evaluation are outlined Table 16.

Table 16. The different types of management plan evaluations.

Progress Performance Complete
Stage of Throughout term of plan i Throughout term of plan  § When circumstances or
implementation conditions at the site change

considerably or at end of the
term of the plan

Frequency Weekly to monthly Quarterly to annually As required
Level of detail : Basic Detailed Comprehensive
Components Progress of: Performance of: Complete re-assessment of:
: for review : o Strategy i e Completed strategies : @ Values and vision
' implementation plan, . e Progress towards : o Key components and
and objectives and goals. processes and goals for their
e Monitoring conditions
implementation plan. e Key threats

¢ Management strategies and
¢ objectives to measure their
success.

Progress evaluation

Reviewing the implementation of the plan is important to ensure that it is progressing
as scheduled. The progress of both the ‘strategy implementation plan’ and ‘monitoring
implementation plan’ should be reviewed. These should be reviewed on a regular basis,
weekly to monthly, depending on the frequency at which the project activities are being
implemented. If either of these plans is behind or ahead of schedule, the following
guestions should be considered:

e What is the cause for the departure from the schedule?
e Are further changes to the schedule expected?
e Does the schedule need to be amended?

If necessary the ‘strategy implementation plan’ and ‘monitoring implementation plan’
should be amended accordingly.
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Performance evaluation

Auditing the result of a management plan is critical to ensuring that a plan is achieving
what it set out to achieve. To audit the result of a management plan, both goals and
objectives need to be examined. Progress towards achieving goals and objectives
should be reviewed in addition to auditing after the timeframe for the goal or objective
has passed. Take for example the goal ‘By July 2019, the extent and cover of native
vegetation and native plant species richness at the site is equal to or greater than levels
in 1999’, the progress towards achieving this goal may be reviewed annually in addition
to an audit in July 2019. If the progress towards goals or objectives is not occurring as
expected or goals or objectives have not been met, the following questions should be
considered:

1. Why is progress towards goals or objectives not occurring as expected or goals or
objectives not being met?

a. Is the selected strategy not achieving what it was meant to achieve?
b. Is there an issue with goal/objective (e.g. it wasn't achievable)?
c. Is there an issue with both the strategy and the goal/objective?

2. Do any goals, objectives or strategies need to be amended?

If necessary the ‘strategy implementation plan’ and ‘monitoring implementation plan’
should be amended accordingly.

Complete evaluation

A re-assessment of a management plan should occur if conditions or circumstances
at the site change considerably or at the end of the term of a plan. Changes to the
circumstances or conditions at the site which may warrant the re-assessment of a
management plan may include:

* new legislation is enacted which affects the management of the site
¢ change of land ownership

e change in the values that the site it being managed, for example, no longer being
managed for recreation or a new component or process is identified as being key to
maintain values

e new threat identified
e scope or severity of an existing threat increases.

If any considerable changes to the circumstance or conditions at the site occur, all
components of the plan should be re-assessed (see Table 1). Similarly at the end of the
term of a plan all components of a management plan should be reviewed, and it is likely
that many will need to be adapted accordingly.

32 Wetland management planning



A guide to managing and restoring wetlands in Western Australia Chapter 1: Planning for wetland management

SOURCES OF MORE INFORMATION ON WETLAND MANAGEMENT
PLANNING

Websites

Foundations of Success

Foundations of Success is a not-for-profit organization committed to working with
practitioners to learn how to do conservation better through the process of adaptive
management.

www.fosonline.org/

WWEF Standards of Conservation Project and Programme Management
www.panda.org/what_we_do/how_we_work/conservation/programme_standards/

Standards of practice for planning and implementing conservation projects and
programmes.

The Nature Conservancy: Nature by design
www.nature.org/aboutus/howwework/cbd/science/art19228.html

The basic concepts of Conservation by Design are simple: setting goals and priorities,
developing strategies, taking action and measuring results.

Conservation Management System Consortium

www.cmsconsortium.org/

The CMS Consortium (CMSC) is a group of conservation organisations whose aim is to
raise standards in conservation and countryside management

Publications
Chatterjee A, Phillips B, and Stroud DA (2008). Wetland management planning. A quide
for site managers?

Department of Environment and Conservation (2008). Guidelines checklist for preparing
a wetland management plan.’

Environmental Protection Authority (2008). Guidance statement no. 33 Environmental
guidance for planning and development??

Parks and Wildlife Service Tasmania (2000). Best practice in protected area management
planning*

Ramsar Convention Secretariat (2010). Ramsar Handbook 18: Managing wetlands:
Frameworks for managing wetlands on international importance and other wetland sites,
4th edn, vol. 182

Salafsky, N and Margoluis, R (1998). Measures of success: Designing, managing, and
monitoring conservation and development projects?®

Thomas, L and Middelton, J (2003). Guidelines for Management Planning of Protected
Areas?®

Tizard, B 2000, Reality, dreams and pathways: A manual for preparing and implementing
management plans?’

Worboys, GL, Lockwood, M, and De Lacy, T (2009). Protected area management:
Principles and practice, 2 edn?®
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GLOSSARY

Adaptive management: an approach that involves learning from management actions,
and using that learning to improve the next stage of management

Consanguineous suite: area/s defining a group of wetland with common or
interrelated features?®

Ecosystem services: benefits that people receive or obtain from an ecosystem, including
provisioning services (such as food, fuel and fresh water), regulating services (such as
ecosystem processes such as climate regulation, water regulation and natural hazard
regulation), cultural services (such as spiritual enrichment, recreation, education and
aesthetics) and supporting services (such as the services necessary for the production of
all other ecosystem services such as water cycling, nutrient cycling and habitat for biota)

Goal: a specific statement detailing the desired state of a wetland component or process

Indicators: the specific components and processes of a wetland that are measured in a
monitoring program in order to assess changes in the conditions at a site

Management planning: the process of setting management goals for a site and then
developing, implementing and reviewing management strategies to meet these goals

Management strategy: a set of actions that will be undertaken in order to achieve
goals relating to a wetland component or process

Objective: a statement detailing a short to medium-term result of a strategy, which may
relate to an output or outcome as it relates to the state of a threat

Ramsar Convention: an international treaty that focuses on the conservation of
internationally important wetlands signed in Ramsar, Iran in 1971

Stakeholder: individuals, groups or institutions that have an interest in or will be
affected by a project’s activities

Strategies: in the context of management planning, a set of actions that will be
undertaken in order to achieve goals relating to a wetland component or process

Threat: any factor that is currently or may potentially negatively affect wetland
components or processes. A threat can be currently active or present (such as weeds), or
a potential threat (such as a proposal to expand a picnic area into native vegetation in
good condition)

Values: the internal principles that guide the behaviour of an individual or group and
determine the importance that people place on the natural environment and how they
view their place within it

Vision: the desired state or ultimate condition that a plan is working to achieve which is
usually expressed in the form a statement

Wetland components: the physical, chemical and biological parts of a wetland, from
large-scale to very small scale and include the physical form of the wetland, wetland
soils, physicochemical properties of the water and wetland flora and fauna

Wetland processes: the forces within a wetland and include those processes that occur
between organisms and within and between populations and communities including
interactions with the non-living environment and include sedimentation, nutrient cycling
and reproduction
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Introduction to the guide

Western Australia’s unique and diverse wetlands are rich in ecological and cultural values
and form an integral part of the natural environment of the state. A guide to managing
and restoring wetlands in Western Australia (the guide) provides information about the
nature of WA's wetlands, and practical guidance on how to manage and restore them for
nature conservation.

The focus of the guide is natural ‘standing’ wetlands that retain conservation value.
Wetlands not addressed in this guide include waterways, estuaries, tidal and artificial
wetlands.

The guide consists of multiple topics within five chapters. These topics are available in
PDF format free of charge from the Western Australian Department of Environment and
Conservation (DEC) website at www.dec.wa.gov.au/wetlandsguide.

The guide is a DEC initiative. Topics of the guide have predominantly been prepared by
the department’s Wetlands Section with input from reviewers and contributors from a
wide range of fields and sectors. Through the guide and other initiatives, DEC seeks to
assist individuals, groups and organisations to manage the state’s wetlands for nature
conservation.

The development of the guide has received funding from the Australian Government, the
Government of Western Australia, DEC and the Department of Planning. It has received
the support of the Western Australian Wetlands Coordinating Committee, the state’s
peak wetland conservation policy coordinating body.

For more information about the guide, including scope, purpose and target audience,
please refer to the topic ‘Introduction to the guide’.

DEC welcomes your feedback and suggestions on the guide. A publication feedback
form is available from the DEC website at www.dec.wa.gov.au/wetlandsguide.
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Introduction
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Disclaimer

While every effort has been made to ensure that the information contained in this
publication is correct, the information is only provided as a guide to management and
restoration activities. DEC does not guarantee, and accepts no liability whatsoever arising
from, or connected to, the accuracy, reliability, currency or completeness of any material
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may have come to light between the completion date and publication date may not have
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INTRODUCTION

This topic provides information on funding, training and resources related to wetland
management and restoration.

Funding and training programs change in response to government and non-government
priorities and demand, and new resources regularly become available. For this reason,
the information in this topic may be updated at regular intervals. If you know of funding,
training or resources relevant to WA wetlands that should be listed in this topic, or
changed details for listed programs, we would appreciate you letting us know by
emailing us at wetlands@dec.wa.gov.au or via the publication feedback form, available
from the DEC website at www.dec.wa.gov.au/wetlandsguide.

Users should check the currency of program information before planning on accessing
support from the programs featured in this topic.

HOW TO USE THIS TOPIC

This topic has been arranged in three sections:
1. funding

2. training

3. resources

» For information on the roles and responsibilities of stakeholders, including
government and non-government organisations, see the topic ‘Roles and
responsibilities’ in Chapter 5.

FUNDING

This section provides an overview of the main funding opportunities for wetland
management and restoration activities. The list is not exhaustive and individuals will need
to investigate each option further for more details. There are various funding and grant
‘search engines’ available on the internet and the most relevant to wetlands are listed in
this section.

Funding opportunities are listed under the following headings:
¢ funding programs

e funding directories

¢ labour programs

e land sale, purchase or donation

e legal protection

e management agreements
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Funding programs

There are many funding programs available for a range of environmental projects and
activities. The following funding programs are useful for sourcing funds for wetland
management activities.

Realihy '\Vetlam [RebjiElE

Figure 1. Some of the sites and activities funded by DEC's Healthy Wetland Habitats program.
Photos — (top) A Fairs/DEC, (below) A and M Elliott.
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A guide to managing and restoring wetlands in Western Australia

Funding directories

There are many funding directories and websites providing details of funding for a range
of environmental projects and activities. The following are links to some of the most
comprehensive grant directories and websites that can be used to identify funding and
grants programs for wetland protection and management activities.

Table 2. Funding directories useful for sourcing funds for wetland management.

Fundmg .......................
di

DAFF grants and
assistance

DSEWCaP grants
and funding

EasyGrants
: newsletter

© Guide to
¢ Community
. Grants

Department of Sustainability, Environment, Water,
Population and Communities (DSEWCaP)

: Our Community
© (note: there is a subscription fee)

Department of Local Government and Regional
| Development

Department of Regional Australia, Local Government,
Arts and Sport

Labour programs

: www.aph.gov.au/About_Parliament/Parliamentary_Departments/Parliamentary_ :
 Library/Browse_by_Topic/community :

Chapter 1: Planning for wetland management

There are a variety of labour programs that can provide private landowners and local
governments with labour, tools and other resources required to undertake bushland and
wetland management activities.

Table 3. Labour programs available in Western Australia

i Better Earth,
Conservation
Volunteers Australia

Earth Assist,
Conservation

. Employment
Services, Green
Skills Inc (Ecojobs)

¢ Green Corps,
© Greening Australia
WA

: Volunteers Australia :

: Resource management
 organisations Catchment
: groups

 Indigenous organisations/
 corporations

Local councils and shires

What the program provides

For further information

¢ Community groups

Park rangers
Landcare coordinators

¢ Environmental officers
Park maintenance staff

 Provides a managed volunteer task

force under the supervision of a fully
trained team leader.

' Free call 1800032501

(08) 9335 2777
perth@conservationvolunteers.com.au

§ Www.conservationvolunteers.com.au

Supervised volunteering of students in

years 10 to 12

(08) 9335 2777

perth@conservationvolunteers.com.au

¢ www.conservationvolunteers.com.au/

about-us/our-partnerships/rio-tinto-earth-
assist

 Provides skilled environmental

¢ personnel for natural resource

: management contracts and paid casual
© employment.

© Annabelle Newbury (08) 9360 6667
anewbury@greenskills.org.au.
ecojobs@greenskills.org.au
www.greenskills.org.au

: Greening Australia delivers the national
© Green Corps training initiative for the
 Federal Government’s Department of
 Education, Employment and Workplace :
* Relations (DEEWR). :

Claire Hudson (08) 9335 0120,
. (08) 6488 6699
: chudson@gawa.org.au.

6 Funding, training and resources

! State-wide

State-wide

metropolitan area
- South Coast NRM
¢ Region ‘

: State-wide rural
- and remote
 areas (excluding
: Rangelands NRM
 Region)
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RESOURCES

This section provides an overview of key resources including:

e conferences and other activities

e DEC information centre

e general contacts and sources of advice

e technical advice

e wetland mapping

¢ online data sources with information about WA's wetlands

e websites and newsletters

Conferences and other activities

World Wetlands Day: World Wetlands Day is celebrated internationally each year on
2 February. It marks the anniversary of the signing of the Convention on Wetlands of
International Importance (Ramsar Convention) in Ramsar, Iran, on 2 February 1971.

In celebration of World Wetlands Day, state governments, community organisations
and non-government organisations hold various activities across the country. For more
information see www.environment.gov.au/water/topics/wetlands/world-wetlands-
day/index.html and www.dec.wa.gov.au/management-and-protection/wetlands/
internationally-recognized-wetlands-ramsar.html

Annual WA Wetland Management Conference: the Cockburn Wetlands Education
Centre holds a conference annually on/close to 2 February each year, marking World
Wetlands Day. The conference provides an annual opportunity to exchange information
and ideas between wetland practitioners, with a focus on the latest developments
about how to effectively manage and restore wetlands. For more information see http:/
cockburnwetlandscentre.wordpress.com/

DEC Information Centre

Visitors to DEC’s Information Centre have access to a wide range of library resources
suitable for professionals, teachers, students, community groups and the general public.
These can be viewed at the DEC Information Centre, located at The Atrium, Level 4, 168
St Georges Terrace, Perth WA 6000 (08) 6467 5226. For more information, see

www.dec.wa.gov.au/about-us/about-dec/3369-information-centre.html.

To search the DEC Conservation Library catalogue, see http://science.dec.wa.gov.au/
conslib.php. Loans and article copies are available through the interlibrary loan/document
delivery service provided by institutional and public libraries.

General contacts and sources of advice
DEC regions

The following table contains the current contact details for DEC regional headquarters.
People can be directed to the appropriate district office, work centre or DEC officer
through these contacts. WA DEC Regions are shown in Figure 2. Note that these details
can change, see www.dec.wa.gov.au/index.php?option=com_content&view=article&id=
6518&Itemid=1563 for current listings.
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Table 8. DEC regional headquarters and phone numbers

DEC regions and regional headquarters Phone number
Atrium (central administration) (08) 6467 5000
Goldfields Region, Kalgoorlie (08) 9080 5555
Kimberley Region, Kununurra (08) 9168 4200
Midwest Region, Geraldton (08) 9921 5955
Pilbara Region, Karratha (08) 9143 1488
South Coast Region, Albany (08) 9842 4500
South West Region, Bunbury (08) 9725 4300
Swan Region, Bentley (08) 9423 2900
Warren Region, Manjimup (08) 9771 7988
Wheatbelt Region, Narrogin (08) 9881 9222

Swan Coastal

Figure 2. Boundaries of DEC regions and locations of regional headquarters.

13 Funding, training and resources



A guide to managing and restoring wetlands in Western Australia

Chapter 1: Planning for wetland management

Regional NRM organisations

Regional natural resource management (NRM) organisations coordinate a range of
resources and information relevant to wetlands. Regional NRM organisations can provide
assistance and details of relevant sub-regional organisations. They are outlined in Table 9
and the boundaries are shown in Figure 3.

Table 9. Regional NRM organisation contacts

NRM regional organisation

i Northern Agricultural Catchments Council © Greenough
WWW.Nacc.com.au Moore River
- (08) 9938 0100 . West Midlands
Yarra Yarra
Perth Region NRM . North
www.perthregionnrm.com North-East
 (08) 9374 3333 | East

: South

; Coastal
 Rangelands NRM WA © Kimberley
www.rangelandswa.com.au Pilbara

- (08) 9485 8930

Gascoyne-Murchison
: Goldfields-Nullarbor

: www.southcoastnrm.com.au
£ (08) 9845 8537

South Coast Natural Resource Management Inc.

Albany Hinterland

: Esperance Mallee
Esperance Sandplain

: Fitzgerald Biosphere
Kent Frankland

North Stirlings Pallinup

South West Catchments Council Blackwood
§ Www.swcenrm.org.au : Cape to Cape
 (08) 97806193 - Geographe
: * Leschenault
Peel-Harvey
Warren
Wheatbelt NRM
: www.wheatbeltnrm.org.au
. (08) 96703100
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Catchments Cou

Figure 3. Regional NRM organisation boundaries

Local Government

The Western Australian Local Government Association (WALGA) is a non-government
organisation that lobbies and negotiates on behalf of the 142 local governments of WA:
http://walga.asn.au

It also provides a list of all of WA's local government websites: http://walga.asn.au/
AboutLocalGovernment/CouncilWebsites.aspx

Environment centres

Western Australia’s environmental education centres are very important and greatly
increase community awareness and the capacity of individuals to make decisions and
implement positive management actions for wetlands on their property, or the public
properties they are involved in managing through Friends-of groups or other associations.
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Education centres that incorporate nearby wetlands into their activities include:

e Canning River Eco Education Centre: www.canning.wa.gov.au

e Cockburn Wetlands Education Centre: www.cockburnwetlands.org.au

e Henderson Environment Centre: www.stirling.wa.gov.au

e Herdsman Lake Wildlife Centre (WA Gould League Inc): www.wagouldleague.com.au

e Naragebup Rockingham Environment Centre: www.naragebup.org.au

e Piney Lakes Environmental Education Centre: www.melvillecity.com.au

e South West Environment Centre: www.swecwa.org

Volunteering

Volunteering WA www.volunteeringwa.org.au

Technical advice and expertise

The following programs can provide landholders and community groups with technical
advice in order to gain an understanding of wetlands on their land and the management
practices they need to employ to protect them. The programs outlined below currently
deliver technical assistance through a variety of mechanisms ranging from education
materials to one-on-one advice from trained staff.

Table 10. Programs available to provide technical advice on wetland management

For further information

Program Who is eligible/ Advice provided Geographic spread
supported
Bush Brokers. World Conservation- Manual for buyers, sellers and ¢ info@bushbrokers.com State-wide
Wildlife Fund (WWF) minded groups and realtors WWE Australia
Australia, Real Estate individuals Checklist and information (08) 9387 6444
Institute of Western Buyers and sellers of  : brochures for buyers and REIWA
QZSEZ!;:ET'TX\{Q;W bush sellers of bush (08) 9755 5123
Australia (WA) Case study documents Naturall Heritage Manager at National Trust of
Australia (WA)
(08) 9321 6088
www.bushbrokers.com.au
* Environmental ¢ Community groups : Legal advice and © Environmental Defenders Office (WA) Inc. ¢ State-wide
Defenders Office (WA) : and individuals who : representation on public (08) 9221 3030, 1
Inc. cannot otherwise interest environmental law 800 175 542
afford assistance issues edowa@edowa.org.au
www.edowa.org.au
 Healthy Wetland Private landholders Wetland management advice Healthy Wetlands Coordinator  Jurien-Dunshorough,

. Habitats, DEC

 (08) 92198788
www.dec.wa.gov.au/hwh
- hwh@dec.wa.gov.au

ncluding Perth

Bushland and wetland
i management advice

DEC Land for Wildlife Senior Project Officer
- (08) 9334 0427
: www.dec.wa.gov.au/landforwildlife

State-wide
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Services, Greening
Australia WA

clients in government,
industry, the private
sector and community

training on best practice seed
collection and rehabilitation
methods

Advice on suitable native
species

Technical advice on
revegetation planning and
direct seeding

(08) 9335 8933
bsmith@gawa.org.au

Program Who is eligible/ Advice provided For further information Geographic spread
supported
Seed Management Commercial service to : Direct technical advice and Seed Management Services Co-ordinator State-wide

Urban Nature, DEC

Land managers,

Technical advice relating

Urban Nature Coordinator

DEC's Swan Region

associated community : to wetland and bushland (08) 9423 2900 and beyond
groups management urban.nature@dec.wa.gov.au.
Wetlands Section, DEC : Land managers Advice on managing wetlands@dec.wa.gov.au State-wide

Community groups wetlands

Wetland mapping

Wetland mapping has been undertaken, to varying degrees, in some regions of WA (Figure 4). Mapping scale and type

of information collected varies with each project but ranges from 1:25,000 to 1:250,000 and information may include
wetland location, boundary, type and values. Additional mapping projects, particularly in the midwest and south-west, are
in development. As mapping projects are finalised, datasets containing this information are made publicly available. Public
access for viewing and downloading datasets is outlined in the next section ‘Online data sources with information on WA's
wetlands’. For more information about wetland mapping in WA, see the topic ‘Introduction to the guide’.
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Online data sources with information on WA's wetlands

The Australian Wetlands Database provides online access to information on
internationally important wetlands, that is, Australia’s Ramsar wetlands; and nationally
important wetlands, that is, sites listed in the online directory of important wetlands of
Australia. http://environment.gov.au/water/topics/wetlands/database/index.html

Landgate’s WA Atlas is a basic map viewer enabling users to see what WA data is
available and to do some simple mapping functions. The following wetland datasets are
available via https://www2 landgate.wa.gov.au/slip/portal/home/home.html:

e Geomorphic Wetlands Swan Coastal Plain dataset

e Geomorphic Wetlands Augusta to Walpole dataset

e South Coast Significant Wetlands dataset

e Ramsar Sites Western Australia dataset

e lakes Environmental Protection Policy dataset

e South West Agricultural Zone Wetlands Environmental Protection Policy dataset

It also provides cadastral information (for example, property boundaries and numbers).

For information and instructions on how to view these datasets go to: www.dec.wa.gov.
au/management-and-protection/wetlands/wetlands-mapping.html. Additional mapping
projects, particularly in the midwest and south-west, are in development. As mapping
projects are finalised, datasets containing this information are made publicly available.

DEC's NatureMap enables users to produce maps, lists and reports of WA's flora and
fauna diversity. Wheatbelt wetland mapping is also available on NatureMap. http://
naturemap.dec.wa.gov.au/

DEC’s WetlandBase is an interactive database by DEC, with web hosting by the
Department of Agriculture and Food WA, available via www.dec.wa.gov.au/
management-and-protection/wetlands/wetlands-data/wetlandbase.html or via http:/
spatial.agric.wa.gov.au/wetlands. WetlandBase provides a comprehensive online
resource of information and data about Western Australian wetlands. It provides spatial
data, such as wetland mapping, and point data, such as water chemistry, waterbirds,
aquatic invertebrates and vegetation sampling results. DEC is preparing an alternative to
WetlandBase, scheduled for release in 2013, that will continue to make this data publicly
available.

Google Earth enables viewing of aerial photography and, where available, aerial
photography over time (time series) www.google.com/earth.

Landgate’s Map Viewer enables viewing of aerial photography and, where available,
aerial photography over time (time series). It also provides cadastral information (for
example, property boundaries and numbers). https:/Avww.landgate.wa.gov.au/bmvf/app/
mapviewer/

Websites and newsletters

ASSAY (acid sulfate soil newsletter) is provided by the NSW Department of Primary
Industries and funded by the Australian Government. To subscribe contact Simon Walsh
simon.walsh@dpi.nsw.gov.au or see www.dpi.nsw.gov.au/aboutus/resources/periodicals/
newsletters/assay.

Australian Society for Limnology (ASL) is a professional association for scientists and
managers of inland waters, including rivers, streams, lakes, reservoirs and estuaries. See
www.asl.org.au
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Bushland news is the newsletter of DEC’s Urban Nature Program, produced quarterly
to support community involvement in bushland conservation. To subscribe, email urban.
nature@dec.wa.gov.au. Current and archived issues are available at www.dec.wa.gov.au/
management-and-protection/programs/urban-nature/bushland-news.htmi

COOEEads provides a weekly email listing of jobs, conferences and training
opportunities in the outdoor education/ recreation; environmental education/extension;
and conservation/park management fields in Australia and New Zealand. To subscribe
visit www.cooeeads.com.au.

DEC wetlands webpage www.dec.wa.gov.au/wetlands provides information on WA's
wetlands and details of DEC programs.

DSEWCaP wetlands webpage http://environment.gov.au/water/topics/wetlands/
index.html provides information on Australia’s wetlands and details of the Australian
Department of Environment, Sustainability, Water, Communities and Population
programs.

Small Landholder Information Service (AgWA) provides a specialised website for
landholders wishing to manage land sustainably. To subscribe see www.agric.wa.gov.au/
PC_92609.html

WATSNU newsletter by DEC is a newsletter about the conservation of WA's threatened
species and ecological communities, many of which are wetlands. To subscribe, email
Gemma.Grigg@dec.wa.gov.au or Jill.Pryde@dec.wa.gov.au. For current and archived
issues see www.dec.wa.gov.au/management-and-protection/threatened-species/watsnu-
newsletters.html

WetlandCare Australia (WCA) is a national not-for-profit, non-government science-
based organisation with a mission to support the community in the protection and
repair of Australia’s wetlands through action-based partnerships with governments,
landholders, natural resource managers, researchers and the community www.
wetlandcare.com.au. Their email bulletin is WetlandLink, subscribe from www.
wetlandcare.com.au/index.php/news/wetlandlink-newsletter

Wetlands Australia magazine is a twice-yearly publication by the Department of
Sustainability, Environment, Water, Population and Communities. It brings together
information and resources from across Australia relating to wetlands conservation,
management and education. To subscribe and for current and archived issues go to
http://environment.gov.au/water/publications/environmental/wetlands/wetlands-australia/
index.html
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Introduction to the guide

Western Australia’s unique and diverse wetlands are rich in ecological and cultural values
and form an integral part of the natural environment of the state. A guide to managing
and restoring wetlands in Western Australia (the guide) provides information about the
nature of WA's wetlands, and practical guidance on how to manage and restore them for
nature conservation.

The focus of the guide is natural ‘standing’ wetlands that retain conservation value.
Wetlands not addressed in this guide include waterways, estuaries, tidal and artificial
wetlands.

The guide consists of multiple topics within five chapters. These topics are available in
PDF format free of charge from the Western Australian Department of Environment and
Conservation (DEC) website at www.dec.wa.gov.au/wetlandsguide.

The guide is a DEC initiative. Topics of the guide have predominantly been prepared by
the department’s Wetlands Section with input from reviewers and contributors from a
wide range of fields and sectors. Through the guide and other initiatives, DEC seeks to
assist individuals, groups and organisations to manage the state’s wetlands for nature
conservation.

The development of the guide has received funding from the Australian Government, the
Government of Western Australia, DEC and the Department of Planning. It has received
the support of the Western Australian Wetlands Coordinating Committee, the state’s
peak wetland conservation policy coordinating body.

For more information about the guide, including scope, purpose and target audience,
please refer to the topic ‘Introduction to the guide’.

DEC welcomes your feedback and suggestions on the guide. A publication feedback
form is available from the DEC website at www.dec.wa.gov.au/wetlandsguide.

i Wetland hydrology
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Contents of the guide

Introduction

Introduction to the guide

Chapter 1: Planning for wetland management
Wetland management planning
Funding, training and resources

Chapter 2: Understanding wetlands

(Wetland hydrology )
Conditions in wetland waters

Wetland ecology
Wetland vegetation and flora

Chapter 3: Managing wetlands
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Before you begin

Before embarking on management and restoration investigations and
activities, you must consider and address the legal requirements, safety
considerations, cultural issues and the complexity of the ecological
processes which occur in wetlands to ensure that any proposed actions
are legal, safe and appropriate. For more guidance, see the topic
‘Introduction’.

\_ /

Introduction

Over time, wetlands have formed where water has accumulated at or close to the
ground surface for periods sufficient to form wetland characteristics. Water creates
and defines wetlands and distinguishes them from dryland ecosystems, affecting every
physical, chemical and biological process in wetlands and, in doing so, shaping their
ecological character. An understanding of the natural patterning of water in a wetland,
and the role it plays in shaping the wetland, is essential when managing it, particularly
when the natural water patterns have been, or have the potential to be, affected by
human-induced changes.

Wetland water regime has been identified as the highest priority issue in the
management of Western Australian wetlands by the WA Environmental Protection
Authority.’ Changes to natural wetland water regimes have resulted from widespread
changes to the landscape of WA, such as clearing, development and drainage, as well as
water abstraction and climate change.

Managing the natural water regime of a wetland of conservation value is the most
essential activity a wetland manager can undertake. Where the purpose of wetland
management is nature conservation, the role of a wetland manager is generally to
minimise potential human-induced changes to intact natural water regimes. If altered by
human activities, restoration and management of a wetland may involve reinstating or
improving the water regime, or, if this is not feasible, managing a changing ecosystem.
These tasks can be challenging for wetland managers without expertise in hydrology, and
in many circumstances it can be essential for wetland managers to liaise with relevant
qualified professionals such as hydrologists and hydrogeologists.

This topic provides information on the natural hydrological characteristics of WA
wetlands. This understanding forms the basis for managing wetland hydrology. The topic
‘Managing hydrology’ in Chapter 3 provides more detailed information on the actions
that can be taken to manage or restore wetland hydrology.

WHAT ARE THE HYDROLOGICAL CHARACTERISTICS
OF WESTERN AUSTRALIA'S WETLANDS?

Water is naturally variable across the Earth, but especially so in Australia, a land ‘of
droughts and flooding rains’.? Its variability in terms of presence and absence, timing,
duration, frequency, extent, depth and chemical properties makes each wetland unigue.

There is no typical wetland water pattern in WA wetlands, but rather a wide range of
naturally occurring patterns. Most, but not all, wetlands in WA dry for a period of time.
Across the state wetlands wet and dry at different times and frequencies, for different
durations, and wet to different extents and depths. Some receive water at predictable
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times, while others receive extremely unpredictable inflows. Many of WA's wetlands are
very dynamic (changeable). Water depth and extent may change from season to season,
year to year, and over the long term. This variability is both normal and natural for most
wetlands in WA. Recognising that wetlands are highly dynamic systems is fundamental to
their understanding and management.?

Wetland water patterns are often described using three terms:
e wetland hydrology

e wetland hydroperiod

¢ wetland water regime.

It is important to note that these terms mean different things to different people, and
are sometimes used interchangeably. The terms, as they are used in this document, are
defined below and described in the context of WA wetlands.

Wetland hydrology

Hydrology is the study of the properties of the Earth’s water, particularly the distribution
and movement of water between the land surface, groundwater and atmosphere.
Hydrology can be studied at a range of scales (such as catchment, regional or global)
and from different perspectives (for example, focusing on a particular wetland, a river
catchment or a groundwater aquifer) depending on the questions being asked. The term
has also come to mean, more generally, the properties of water, rather than the actual
study of it. The term wetland hydrology is used in this more general sense to refer to
the movement of water into and out of, and within a wetland.

Hydroperiod

The term hydroperiod describes the long-term prevailing hydrological characteristics

of a wetland in terms of whether it is predominantly waterlogged or inundated, and

the duration (permanent, seasonal or intermittent). Table 1 shows the wetland
hydroperiods that have been identified via a number of wetland mapping projects in WA.

Table 1. Wetland hydroperiods recorded in Western Australia. Adapted from Semeniuk
and Semeniuk.*

: Water presence

Period of dﬁ;étion

H Waterlogged Inundated

 Intermittent © Not applicable ¢ Intermittently inundated

 Seasonal  Seasonally waterlogged  Seasonally inundated

: Permanent ¢ Permanently waterlogged ¢ Permanently inundated

Inundated wetlands are those which have free-standing water (a water column) above
the soil/substrate surface. Waterlogged wetlands are those in which the soils/substrate
are saturated with water, but where the water does not inundate the soil surface across
the majority of the wetland (at their most wet under prevailing conditions). They are
saturated to the extent that they develop wetland characteristics, such as wetland soils,
wetland plants, and distinct communities from surrounding dryland. The water is present
in between sediments as interstitial waters, also known as sediment pore waters
(Figure 1). These wetlands may waterlog permanently or seasonally. Intact waterlogged
wetlands tend to be densely vegetated. Vast expanses of waterlogged wetland in WA
have been cleared and used for agricultural and urban land uses.
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Seasonal: present during
a given period of the year,
recurring yearly

Intermittent: present for
variable periods of time with no
seasonal periodicity

Inundation: where water lies
above the soil surface (also
called surface ponding)

Water column: the water
within an inundated wetland
that is located above the
surface of the wetland soils
(as distinct from sediment
pore waters of inundated and
waterlogged wetlands)

Waterlogged: saturation of
the soil

Sediment pore waters: water
which is present in the spaces
between wetland sediment
grains at or just below the land
surface. Also called interstitial
waters.
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(a) Inundated basin (b) Waterlogged basin Swan Coastal Plain: a

A coastal plain in the south
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Figure 1. Water columns and sediment pore waters. Image —J Higbid/DEC.

Permanently inundated wetlands (lakes) are familiar landscape features, and there is a
general acceptance of their value as habitat for wetland animals. They support surface
water in all years excepting extreme drought conditions.

In contrast, other wetland types do not have the same recognition. Wetlands that are
inundated on a seasonal or intermittent basis are often called ‘seasonal wetlands’ or
‘ephemeral wetlands’. These phrases are not used here because these wetlands are
always wetlands, not just each period of inundation; they exist as ecosystems over the
long term, not just when they are inundated. The broad lack of awareness in WA about
these wetland types, and the corresponding value placed upon them, is considered to be
one of the most significant barriers to their management and conservation.

To an even greater degree, many people in WA are not familiar with waterlogged
wetlands. This is evident in relatively low numbers of these wetland types that are
championed by groups and individuals in comparison to inundated areas. These
under-appreciated wetland types in fact tend to be naturally very significant for their
biodiversity and the role they play in capturing water and nutrients in the landscape.

A change in hydroperiod from one type to another is a significant ecological change to
a wetland. A change of hydroperiod changes a wetland’s soil and water chemistry and
the suite of organisms that can inhabit or make use of a wetland. For example, when a
new suburb is built around a seasonally inundated wetland, new residents often wish
to see it permanently inundated, to enjoy the views and the experience of being by the
water in warm weather. They may also like to see the wetland being used by waterbirds
year-round. To achieve this outcome, water needs to be diverted from another part of
the landscape or from groundwater. A common outcome is that a few common species
of waterbird will be advantaged by the change, while the full, natural suite of waterbirds
(and other animals) will no longer use the wetland because it no longer supports the
conditions they need for breeding, feeding or roosting. A range of other problems
associated with the change in chemical conditions often occur, such as algal blooms,
nuisance populations of midge and emissions of gas causing a ‘rotten egg’ odour.

The following examples provide some insight into the different types of wetlands of WA,
based on hydroperiod, and why water is such a driving force in wetland diversity across
the state.

Seasonally waterlogged wetlands

Seasonally waterlogged wetlands are common in areas of the north-west, midwest,
south-west and south coast. They are best documented in Perth and the surrounding
Swan Coastal Plain between Moore River and Dunsborough. Of all of the wetland
types present in this area, seasonally waterlogged areas are the most prevalent.> They
are waterlogged in winter and spring and dry in summer. In the event of a very large
rainfall event, they may contain surface water for a few hours or days, but waterlogged
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conditions over the wet season prevail. One type of seasonally waterlogged wetland Palusplain: a seasonally
that covers hundreds of hectares across the eastern side of the Swan Coastal Plain and waterlogged flat wetland

on the Scott Coastal Plain is palusplain - seasonally waterlogged flats (with ‘palus’, Latin
for marshy, used in reference to the waterlogging).® On the Swan Coastal Plain, 66 per
cent of the area of wetland is palusplain, most of which has been cleared and used for
rural land uses. Figure 2 (a) shows an intact, densely vegetated palusplain while Figure
2 (b) shows a degraded palusplain. Other types include seasonally waterlogged basins
(damplands) and seasonally waterlogged slopes (paluslopes).

f e | R i i b i

B 2 ] ol iy | LR . 5
Figure 2. (a) an intact seasonally waterlogged flat at Hay Park, Bunbury. Photo — J Lawn/DEC;
(b) a degraded seasonally waterlogged flat near Dunsborough. Photo — R Lynch/DEC.

4 Wetland hydrology



A guide to managing and restoring wetlands in Western Australia

Seasonally waterlogged wetlands support a high diversity of wetland vegetation units
and often flora. They support a mosaic of vegetation units, especially woodlands,
shrublands and herblands (rarely grasslands). These mosaics of often dense vegetation
provides habitat for small ground-dwelling mammals, reptiles and birds. The biological
diversity of these wetlands is still being discovered; for example, in 2010, in the Perth
suburb of Jandakot, a new species of bee was discovered in a seasonally waterlogged
wetland in Jandakot Regional Park. This fascinating bee—the ‘megamouth’ due to the
remarkably large jaws of the males—nests in the soil and pollinates wetland plants
including the paperbark (Melaleuca preissiana) and spearwood (Kunzea glabrescens).”
Residential development is occurring near the only known habitat of this bee.

Permanently waterlogged wetlands

Permanently waterlogged areas also occur in areas of WA. Mound springs are a type of
permanently waterlogged wetland fed by deep, continuously discharging groundwater
sources. The area where groundwater discharges is elevated above the surrounding
landscape. It is elevated through the build up of sediment such as clay and/or calcareous
(calcium) material brought to the surface, and by the accumulation of peat as a result

of the wetland vegetation, forming a mound around the area of discharge. These
mounds can rise up to two metres above the surrounding landscape and be up to several
hundred metres across, and many have a moat of fresh or brackish water surrounding

the mound.® Mound springs are found in the Kimberley, Pilbara and Midwest regions, the

arid interior and Swan Coastal Plain (Figure 3), and include the Mandora Marsh Mounds,

Dragon Tree Soak, Bunda Bunda, Big Springs, Black Spring, the North Kimberley Mounds,

Mount Salt (calcareous) and Three Spring suite. WA's peat mound springs, often known
as tumulus mound springs, differ to those of eastern Australia, which are comprised of
calcareous tufa rather than peat mounds.®

Mound springs support a variety of
vegetation types, including sedgeland-
herbfields, forests, woodlands, monsoon
vine thickets and even mangroves.
Because they are permanently damp,
mound springs have significant
conservation value as refuges for plants
and animals from the surrounding

dry landscape, and they support both
endemic species and isolated outliers
(that is, populations outside of the

main distribution of that species).® Over
geological time, species have had to
adapt to changing conditions driven by
rising and falling sea levels, aridity and
ice ages; most of those that did not
change significantly have become extinct
or remain only in refugia including
mound springs and permanently

Figure 3. A mound spring. Photo — J Lawn/DEC.

inundated wetlands.™ For example, the fern Cyclosorus interruptus appears to be found

only where permanently wet peaty habitat is present.® It is found in the Gingin Brook
area north of Perth, and in mound springs in the Kimberley, with no records in between.

Seasonally inundated wetlands

In the north and south of WA there are many seasonally inundated wetlands. Lake Eda
near Broome is an example (Figure 4). In the north of the state, the wet season usually
falls between October and April and these wetlands typically have their maximum water
levels in March following high rainfall between January and March (Figure 5).
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Mound spring: an upwelling
of groundwater emerging from
a surface organic mound

Peat: partially decayed organic
matter, mainly of plant origin

Tumulus mound spring: peat-
formed mound spring

Tufa: a porous rock composed
of calcium carbonate and
formed around mineral springs

Endemic: naturally occurring
only in a restricted geographic
area

Refugia: restricted
environments that have been
isolated for extended periods of
time, or are the last remnants
of such areas
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Figure 4. Lake Eda, near Broome, is a seasonally inundated wetland in northern WA. Photo —
Wetlands Section/DEC.
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Figure 5. Hydrograph showing the estimated water levels in Lake Eda from January 2005 to
December 2007. Water levels estimated from local rainfall data.

Seasonally inundated wetlands typically support a diversity of plants and animals, of
which a relatively high proportion of plants are endemic.” In addition to perennial
species of plants, they typically support a suite of annually renewed species that make
many of these wetlands species-rich. They are also important breeding areas for many
waterbirds. Small, poorly defined wetlands inundated for a few months account for
more than half of the breeding by ducks.’ On the Swan Coastal Plain, these wetlands
are of extreme importance for breeding Pacific black duck and grey teal in south-western
Australia.'* Additionally, in the north these areas are used by crocodiles. Wherever these
wetlands occur, they are habitat for frogs adapted to the cyclic wet and dry conditions.
A number of seasonally inundated wetlands in the south-west and south coast of the
state are inhabited by endemic crayfish adapted to the cyclic wet and dry conditions. For
example, the seven Engaewa species of crayfish burrow down into the soil as the water
recedes, remaining in the damp soil below during the summer dry season. Three of the
species are either endangered or critically endangered, due to either the loss of these
wetlands or as a result of them becoming drier to the extent that the crayfish cannot
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survive. Other crayfish, such as gilgies and koonacs, also survive drying by burrowing
into damp soils. This burrowing life strategy, an incredible adaptation to WA's seasonally
inundated wetlands, is also shared by two species of wetland fish that occur in the south
west: the salamanderfish Lepidogalaxias salamandroides and the black-stripe minnow
Galaxiella nigrostriata. Only twenty-two other fish world-wide are known to employ this
life strategy.™

Intermittently inundated wetlands

Many wetlands in WA are intermittently inundated, including those in the arid interior,

as well as some in the south-west. Mungkili Claypan near Wiluna is one such wetland
(Figure 6, Figure 7). Some may remain dry for years at a time. These wetlands rely on
cyclonic rainfall for inundation. In the arid parts of the state, cyclonic rainfall generally
occurs between January and March, however, this may vary from year to year and is likely
to continue to do so with climate change.

Intermittently inundated wetlands tend to be subject to high evaporation rates. The
sediments tend to accumulate the salts that remain following evaporation of wetland
water, meaning that these wetlands can have very saline sediments.

Figure 6. Mungkili Claypan, near Wiluna, is an intermittently inundated wetland in the arid
interior of WA. Photos — G Daniel/DEC
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Figure 7. Hydrograph showing the estimated water levels in Mungkili claypan from January
2005 to December 2007. Water levels estimated from local rainfall data.
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Intermittently inundated wetlands may seem devoid of life when dry. However, they tend
to support resting eggs of small animals, seeds of plants, and spores and cysts of algae
and bacteria that can withstand hot, dry conditions. When wet, these wetlands often
support an abundance of life, particularly of macroinvertebrates and algae, that while
often species-poor, can help drive boom populations of larger animals. Arid zone frogs
rapidly respond to the presence of water in these wetlands, with breeding followed by
rapid development of tadpoles as water levels fall. More than twelve frog species occur in
the arid zone, from a total of eighty-one known in WA. The flat-shelled turtle, Chelodina
steindachneri, inhabits the most arid region of any Australian turtle: intermittently
inundated wetlands in the Pilbara and midwest, extending into the desert. It aestivates
for periods of years at a time and can migrate long distances to find water.

Intermittently inundated wetlands can be extremely important waterbird breeding
habitat. For example, Lake Ballard (Figure 8), north of Menzies, is inundated once every
five or so years on average, usually by single major, summer-autumn rain events of
tropical origin; a shallow level of water may persist six to nine months.'™ Brine shrimps,
Parartemia sp., which survive as cysts during the dry phase, are abundant when the

lake fills. These are the main food of the Australian endemic banded stilt Cladorhynchus
leucocephalus adults and chicks. Lake Ballard is one of the most important breeding sites
in Australia for the banded stilt as well as an important migration stopover for many
other species of waterbird. Breeding is thought to occur whenever depth over most of
the lake reaches 0.3 metres or more. Nests are prepared, typically ten per square metre,
on small low islets in colonies of hundreds to tens of thousands. Eggs may be laid within
weeks of the lake filling."

Figure 8. Lake Ballard is an intermittently inundated wetland north of Menzies.
Photo — Wetlands Section/DEC.

Permanently inundated wetlands

Permanently inundated wetlands are the wetland type that most people think of when
they think of wetlands. Permanently inundated wetlands, or lakes, are common in many
areas of the world, and have traditionally been the focus of wetland studies in the
northern hemisphere. By international standards, WA's lakes are very shallow, and do
not freeze over, and as such many aspects of these studies are not as applicable to WA's
lakes. In number and area, lakes make up a relatively small proportion of WA's wetland
types, but they are often extremely important habitats for specialised wetland species

as well as many mobile species that visit wetlands in times of need. In addition to most
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species of fish, turtles and many species of waterbird, the iconic yet cryptic rakali or
water rat, Hydromsy chrysogaster, relies on permanent water, including permanently
inundated wetlands for its survival. In WA this fascinating mammal occurs in isolated
coastal populations in the Pilbara and Kimberley and from Moore River in the midwest to
the Fitzgerald River on the south coast.

Lakes are most prevalent on the south coast (Figure 9) and south west but do occur

in other regions. They account for less than 5 per cent of the wetlands on the Swan
Coastal Plain.'® They fluctuate in depth and extent of inundation but naturally almost
always retain a water column (Figure 10). Most are not more than a few metres deep',
although a few reach depths greater than 10 metres, such as Lake Jasper on the south
coast. Some of the deepest wetlands are artificial (for example, Lake Argyle in the
eastern Kimberley, which is 45 metres deep'®) and many have been artificially deepened
(for example, Herdsman Lake in Perth, which has been dredged to a depth of 9 metres
in some areas'®, and Lake Richmond in Rockingham, which receives stormwater from
the surrounding urban catchment). Countless seasonally waterlogged and inundated
wetlands have been dug out, lined or flooded to create permanently inundated wetlands,
causing a loss of habitat for the species that originally inhabited these wetlands.

Figure 9. Lake Gore, a permanently inundated wetland east of Esperance. Photo — Wetlands
Section/DEC.
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Figure 10. Hydrograph showing the recorded water depths in Lake Gore from November 1979 to November 1985.
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Wetland water regime

The water regime of a wetland is the specific pattern of when, where and to what
extent water is present in a wetland.'” The components of water regime are the timing,
frequency, duration, extent and depth and variability of water presence.'® These are
outlined in Table 2. Wetland water regime is also referred to as ‘hydropattern’ or
‘hydrological regime’ in many texts.

Table 2. Features of the water regime of wetlands. Adapted from Bunn et al., 1997."7

Definition

Timing The timing of a wetland being waterlogged or inundated. Within-year patterns are
: : most important in seasonally waterlogged or inundated wetlands (that is, what time
¢ of year) whereas between-year patterns and the variability in timing may be more
important to intermittently inundated wetlands.

: Frequency © How often wetting and drying occur. Ranging from not at all in wetlands that are
: ¢ permanently inundated (lakes) to wetting and drying many times a year. The rate at
¢ which wetting and drying occur can also be important.

Duration The length of time of waterlogging and/or inundation. Duration in days, weeks or
even years, varying within and between wetlands

The area of waterlogging or inundation a

 The degree to which the features mentioned above change at a range of time scales
¢ (variability in timing mentioned above). Variability is recognised as a significant part
© of wetland water regime.

Wetland water regime is another term that is used in different ways by different people.
Sometimes it is used interchangeably with the term ‘hydroperiod’. Although wetland
water regime and hydroperiod both relate to when and how much water is present

in a wetland, the wetland water regime encompasses much more detailed, specific
characteristics of a wetland than its hydroperiod, such as frequency, extent, depth and
variability. Knowledge of these specific characteristics can be used by wetland managers
when designing wetland management objectives for wetlands of conservation value.

For example, Lake Warden, a permanently inundated wetland near Esperance, naturally
fluctuates in depth each year, each dry season exposing a shoreline that is used by
wading birds. With clearing of surrounding agricultural land, rising groundwater has
resulted in increasing water levels in the wetland, submerging the natural summer
shoreline used by waders and slowly killing the dryland vegetation. With their knowledge
of Lake Warden’s natural wetland water regime, wetland managers have implemented

a plan to reinstate the natural hydrology in order to recover the summer shoreline to
maintain the wetland’s natural values. This accounts for the timing of inundation of the
shoreline, how rapidly it is exposed, how long it is exposed, how much is exposed and
how much these factors vary naturally from year to year.

Another example relates to the protection of the habitat of burrowing crayfish (species
of Engaewa and most Cherax) in seasonally inundated wetlands in the south-west and
south coast. While these wetlands may still remain seasonally inundated, they may

not retain the wetland water regime needed for the crayfish to survive. In addition to
ensuring that these wetlands inundate to the depth, extent and duration required by
the crayfish during winter and spring, it is necessary to ensure that the soil below the
wetland remains damp during the dry season, for a given depth and duration, to ensure
the crayfish survive the hot, dry summers of the south of the state.

Water regimes can be characterised using a range of parameters which define features
of the water regime (timing, frequency, duration, extent, depth and the variability in
these). The water regime parameters used might vary between wetlands, because a
parameter that is meaningful to describe one water regime may be irrelevant in another.
For example, ‘season of maximum inundation’ might be a meaningful parameter to
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define a predictable, seasonally inundated wetland, but is irrelevant for a wetland that
could contain surface water in any season, or for a wetland that naturally experiences
waterlogging but not inundation.

Some of the parameters used to characterise water regimes at wetlands are:

e timing (season or month) of driest and wettest conditions

e frequency of driest and wettest conditions

e duration of driest and wettest conditions

e maximum and minimum depth of inundation or waterlogging/depth to groundwater
e extent (area and location) of inundation or waterlogging

e rate of change in water depth or extent

Extensive studies of wetlands on the Gnangara Mound carried out by wetland scientists
of Edith Cowan University, Perth, provides details of wetland water regime at a

number of wetlands. The data collected are being used to help develop wetland and
groundwater management strategies. For example, Carine Swamp, in the northern
Perth suburb of Carine, used to be permanently inundated up until 1996. It now dries
out each summer. It reaches its maximum water level, on average 0.89 metres, between
August and November. However, it is showing a progressive trend of drying earlier and
quicker in the years since 1996. Compounding this, it is showing a progressive trend of
greater seasonal variation in surface water levels. This has been attributed to increased
stormwater run-off from the surrounding suburbs.’

Water regime parameters are best described by a range of values rather than a definitive
value. For example, the recorded maximum water depth of a seasonally inundated
wetland might vary ‘between X and Y metres’ in a 10, 20 and 100 year period. When
characterising the water regime, the extremes should be recognised as natural to the
wetland, unless there is evidence to suggest that the extremes have been caused by
altered hydrology. The natural variability should therefore be taken into account when
deciding whether a wetland’s water regime (and therefore its hydrology) has been
altered.

» For more information on altered hydrology see the topic ‘Managing hydrology’ in
Chapter 3.

HOW DOES A WETLAND'S HYDROLOGICAL
CHARACTERISTICS AFFECT IT?

Water is commonly referred to as the ‘driver’ of wetland ecosystems. This is because it
has such a significant influence on the ecological character of a wetland, from its physical
characteristics, to its chemical makeup, to the life that inhabits it.

In particular, water has the following effects on wetlands:

e All life on Earth has particular water requirements, and how much water is present
and when it is present in a wetland is one of the factors that determine whether
particular plants, animals, fungi, algae and bacteria can inhabit it at a given point in
time.

e Water in the environment is physically variable in terms of properties, such as the
amount of light it will transmit to plants living in it and the amount of oxygen
available in it for animals. These properties are another factor that determines
whether particular plants, animals, fungi, algae and bacteria can inhabit a wetland
at a given point in time.
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e The chemically variable properties of water make it a variable habitat. How salty,
acidic or nutrient-laden a wetland is are all factors that determine whether particular
plants, animals, fungi, algae and bacteria can inhabit a wetland at a given point in
time.

Figure 11 summarises how water shapes the ecological character of wetlands.

The biological, chemical and physical effects of water in a wetland create unique
environments. In managing wetlands, it is important to maintain the natural water
regime, in order to conserve the biological, physical and chemical diversity they support.

Climate

eomorpholog

Hydrology
Water regime Water budget
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Figure 11. Conceptual model of wetland ecology, illustrating climate and geomorphology as the ‘drivers’ of wetland hydrology and
the inter-relationship between wetland hydrology, physical and chemical components of wetlands and wetland plants and animals.
Adapted from Mitsch and Gosselink (2007)."

Water availability

One of the most important effects of water regime is determining the availability of
water for wetland species to live in, on or in proximity to. In this way, water affects the
species composition, richness and abundance of organisms in a wetland.

The presence or absence of species at any given wetland can be explained, in part, by
wetland water regime. This is because plant, animal, fungi, algae and bacteria species all
have their own water requirements that dictate whether they can survive and flourish in
a given water regime. As Jacques Cousteau (1910-1997) noted, the water cycle and life
cycle are one.

At a basic level, WA's wetland organisms can be grouped into one of five extremely
broad groups:

1. those that inhabit, or need permanent access to a wetland water column

2. those that inhabit, or need access to a wetland water column for a period sufficient
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to fulfil part of their annual cycle or life cycle

3. those that inhabit, or need permanent access to saturated wetland soils (without an

overlying water column)

4. those that inhabit, or need access to saturated wetland soils for a period sufficient to

fulfil part of their annual cycle or life cycle

5. those that, due to an association with other wetland species, preferentially occur in

wetlands

Some examples are shown in Figure 12.

Fish, such as Balston's pygmy perch, live in the water
column and so require a permanent water column
(with the exception of the salamanderfish and the
black-stripe minnow).

Although rakali, Hydromys chrysogaster, can breathe
air, they require permanent water and are highly
adapted to a semi-aquatic life.

Almost all of WA's 81 species of frogs need surface
water on a seasonal basis to breed and provide
habitat for tadpoles. Some need access to a water
column year-round and a few don't need it at all.

Verticordia plumosa subspecies pleiobotrya is just one
of countless plants that live in seasonally inundated
wetlands.

The ancient reedia, Reedlia spathacea, inhabits
permanently waterlogged areas in the South Coast. It
is a relict from much wetter periods.

Burrowing crayfish, such as those in the genera
Engaewa, inhabit seasonally inundated wetlands.

As the water recedes, they burrow into the sediment
and remain in the damp soil until the wetland is once
again inundated.

13 Wetland hydrology
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L
The majestic modong, Melaleuca preissiana, inhabits i Although they don't rely on them for a specific part
seasonally waterlogged areas in the south-west. of their life cycle, wetlands in the southern Kimberley
and Pilbara are part of the habitat of bilbies, Macrotis
lagotis.

Figure 12. Examples of broad water requirements of some wetland plants and animals.

Many organisms do not fit neatly into one of these groups; they are useful as broad
generalisations only. In reality, each wetland species has specific water requirements
that determine where and how it lives and reproduces. For example, burrowing crayfish
require surface water for a period of the year, as well as saturated soils for the remaining
period.

If the water regime of its habitat changes beyond its tolerance, an organism must move
to a new habitat on either a temporary, seasonal or permanent basis, or it will die (Figure
13); many smaller animals and annual plants do, typically reproducing first.

Species water requirements explain, for example, why fish are not as prevalent in WA
wetlands as in those of the eastern states. The majority of fish need a water column
year-round for survival, yet a relatively small proportion of the state’s wetlands are
permanently inundated. In addition, many of WA's wetlands are not connected to
waterways and therefore do not provide a route for fish migration when wetlands dry

up.

Most of Western Australia’s wetlands are not permanently wet. In response to this
transience of water, wetland organisms have many adaptations for surviving or avoiding
drought, and this is part of the reason for the uniqueness of our wetland flora and
fauna. ‘Boom and bust’ cycles are a natural part of the population dynamics of many
wetland species in Western Australia. When a dry wetland wets, water seeps through the
soil and soaks the resting eggs, seeds, spores and cysts, which begin to develop.? The
influx of water releases a pulse of nutrients from the soil that, together with light and
water, provide the resources for germination and growth of algae and plants. Algae and
bacteria proliferate, providing food for consumers. A succession of small animals hatch,
grow, reproduce and die. Emergent plants flourish, and in inundated wetlands, aquatic
plants grow in submerged or floating habits, and both types of plant provide habitats for
other organisms. As water recedes, new plants germinate on the exposed soil, flourishing
on the nutrients released by anaerobic bacteria on drying. If water recedes through
evaporation, concentration of the salts may result in increases in salinity. The smaller
water volume may also lead to increases in temperature. These types of cues trigger
plants, algae, bacteria and animals to prepare for another dry period.?® Those that cannot
tolerate dryness leave, burrow down, or die, first replenishing seed or egg banks.
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water required by a species, in
terms of when, where and how
much water it needs, including
timing, duration, frequency,
extent, depth and variability of
water presence
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Anaerobic: without air
(organisms that live in these
conditions are ‘anaerobes’)

Figure 13. Tadpoles in a Holocene dune swale wetland near Mandurah, in the Peel region,
perished when the water level receded before they had developed into adults.

The life history of an individual organism at any given wetland can also be explained, in
part, by wetland water regime. Individuals are adapted to the specific wetting and drying
conditions of that wetland. For example, the life history of a submerged plant living in

a wetland that is permanently inundated with water is likely to be very different to that
of a submerged plant living in a wetland that only holds water for a few months a year.
The plant in the wetland that is permanently inundated can rely on the presence of water
all year and can put its energy into growing leaves and stems, and becoming larger. The
plant in the wetland that is seasonally inundated has strategies to survive dry periods and
reproduces quickly before the wetland dries, leaving seeds that can tolerate drying and
will grow when there is water in the wetland once more.

In these ways, the water regime influences the composition of the plants, animals,
fungi, algae and bacteria found in a particular wetland, and if significant changes to the
water regime occur, a change in species composition is likely to follow. 2 Unfortunately
the knowledge of the water requirements of wetland species tends to be incompletely
known.'® Conserving all wetland species necessitates protecting the naturalness and
diversity of the water regime of WA's wetlands.

Over time, some wetlands develop sediments that help to maintain the water regimes
needed to maintain them. For example, the silica left behind in wetlands which support
diatoms (a type of tiny algae with glass-like cell walls made of silica) can slowly build

up in the sediment, over hundreds to thousands of years, when diatoms die. This
diatomaceous earth has a high water holding capacity, which helps maintain soil
wetness. Other wetland sediments, such as highly organic substrates like peat, as well as
coffee rock and ironstone also serve this function.

» For more information on species water requirements, refer to the topic ‘Wetland
ecology’ in Chapter 2.
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Oxygen availability

One of the most fundamental differences between wet and dry environments is the
availability of oxygen. Oxygen, which is essential to most forms of life, is available in
very low concentrations in water. Despite this, a range of specialised plants, animals,
fungi, algae and bacteria adapted to reduced oxygen conditions are able to flourish in
inundated or waterlogged conditions. The water columns of permanently inundated
wetlands tend to have relatively low oxygen levels, particularly deep lakes and those in
which the water column develops layers with distinct physical and chemical properties
(stratification). In contrast, intermittently inundated wetlands are dry a lot of the time,
only intermittently supporting a water column, which may be present for periods of
months to years. How deep a wetland is, and how long it is inundated or waterlogged
for, influences how much oxygen is available, which in turn affects which species can
inhabit it, from fish (which need about 30 per cent oxygen saturation?’) and birds to
bacteria.

Even in water, plants, algae and some bacteria need oxygen to survive. These life forms
are known as primary producers because they create food and energy using sunlight,
carbon dioxide and nutrients through the process of photosynthesis. Animals need
the food and energy sources that primary producers make available. In this way, oxygen
levels affect the composition, richness and abundance of life in wetlands, and oxygen
levels are affected by wetland water regime.

Oxygen levels also affect the rates of organic matter accumulation in wetlands, as the
decomposition of detritus is most efficient when carried out by aerobic (oxygen-
dependent) bacteria. The alternative is decomposition by anaerobic bacteria, and it is
under these conditions that peat and other organic-rich sediments develop most rapidly.
The type of sediment present in turn affects the plants and animals and the water-
holding capacity of the wetland.

» Refer to the topic ‘Wetland ecology’ for information on oxygen requirements of
wetland species, and adaptations to low oxygen conditions.

Another critical function of oxygen availability is that it significantly affects the chemical
characteristics of an environment. In particular, it influences nutrient availability, pH, and
toxicity. For example, the availability of oxygen influences the availability of nutrients
including nitrogen, phosphorus, iron and sulfur (via pH and redox potential).'® Over

the long term, the habitat and chemistry of intermittently and seasonally inundation/
waterlogged wetlands varies much more than that of permanently inundated wetlands
(Figure 14).

Significant changes in oxygen availability in a wetland can cause major shifts in the
ecological character of a wetland, and this is an important reason to maintain natural
water regimes. For example, the drying of wetlands that have been inundated for very
long periods of time exposes their sediments to oxygen, which can lead to chemical
reactions that result in the development of acid sulfate soils, which can have serious
harmful effects to the ecosystem (Figure 15).

» For further information on oxygen in wetlands refer to the topic ‘Conditions in
wetland waters’ in Chapter 2.

» For additional detail on altered water regimes and acid sulfate soils, see the topic
‘Water quality’ in Chapter 3.
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Photosynthesis: the process
in which plants and some
other organisms such as certain
bacteria and algae capture
energy from the sun and turn
it into chemical energy in the
form of carbohydrates. The
process uses up carbon dioxide
and water and produces
oxygen.

Decomposition: the chemical
breakdown of organic material
mediated by bacteria and
fungi; degradation refers to

its physical breakdown.® Also
known as mineralisation.

Detritus: organic material
originating from living, or
once living sources including
plants, animals, fungi, algae
and bacteria. This includes
dead organisms, dead parts of
organisms (e.g. leaves), exuded
and excreted substances and
products of feeding.

Aerobic: an oxygenated
environment (organisms
living or occurring only in
the presence of oxygen are
aerobes)
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Figure 14. The availability of oxygen has a major influence upon wetland chemistry. In this
wetland north of Wiluna, the cracking of clays allows for further diffusion of oxygen into the
sediment during the dry phase. Photo — J Dunlop.

Figure 15. Oxygen availability determines many of the chemical properties of a wetland. In
Gnangara Lake, drying of sediments that have been saturated over the long term has led to
the exposure and oxidation of normally inert pyrite materials, causing harmful acid sulfate
soils. Image — Google Earth™.
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Light availability

Light availability in wetlands with a water column is quite different to that of drylands,
because once sunlight reaches wetland waters it is rapidly altered and reduced, so that
both the quality and quantity of light available is quite different to what first reached the
surface of the water. This affects which organisms can inhabit wetland water columns.
Wetland waters that are deep, heavily shaded, turbid or coloured (such as tannin-stained
waters) tend to have reduced light levels compared to other wetlands.

Plants and algae are particularly affected by light availability. All plants and algae need
light for photosynthesis and in wetlands with a water column they need to remain

within the euphotic zone (also known as the photic zone). Put simply, this is the area of
the water column penetrated by light of sufficient intensity and of suitable wavelength
to enable photosynthesis by aquatic plants. In deep, permanently inundated wetlands,
plants are generally limited to the lake margins; whereas algae that can remain
suspended and cyanobacteria that can retain buoyancy in the water column can inhabit a
much larger area of the wetland.

» For more information on the conditions that influence light levels in wetlands, refer to
the topic ‘Conditions in wetland waters’ in Chapter 2.

» For more information on the light requirements of wetland species, see the topic
‘Wetland ecology’ in Chapter 2.

Salt availability

Water entering and leaving wetlands carries with it a range of materials, including salts.
Sources of water, such as rainwater, surface water and groundwater can have very
different amounts and types of salts.

Salts are compounds comprised of elements such as sodium, potassium, calcium and
magnesium, combined with other elements such as chloride, sulfate and bicarbonate.
Australian wetlands tend to be dominated by sodium and chloride, and sometimes
bicarbonate, whereas in many other regions of the world calcium and bicarbonate
dominate.

The availability and concentration of salt in a wetland helps to shape its ecological
character. The type and concentration of salts in a wetland has a very strong bearing on
the wetland, and particularly on the life forms which will inhabit it. Wetland species are
adapted to particular ranges and types of salts in their environment; some saline wetland
species may rely on a high level of salinity to function. Wetland species are physiologically
adapted to particular ranges or concentrations of salinity meaning that if these
concentrations change too much or too rapidly, this can cause a decline in health and
even result in mortality. Salinity also affects water clarity, dissolved oxygen concentration,
pH and other chemical equilibria in wetland waters.

In general, rainfall has low concentrations of dissolved materials, such as carbon, salts
and nutrients. The water quality and chemical processes of a wetland with a rainfall-
dominated water budget will reflect this relatively pure water source.>?? However, in
WA where much of the rainfall is derived from water evaporated out of the Indian and
Southern Oceans, rainfall closer to the coast contains significant amounts of salts derived
mainly from ocean spray? (Figure 16).

The dominant salts in groundwater are sodium, potassium, calcium, magnesium,
chloride, sulfate, bicarbonate and carbonate.?* These salts come principally from rainfall,
concentrated by evaporation and often further modified by soils and weathered rocks as
the water percolates through these. The salinity of inflowing and outflowing waterways
also affects the salinity of wetlands. Seawater intrusion is another potential source of

salts to a wetland.
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Figure 16. A wetland close to the coast near Preston Beach in south-west WA. Rainfall loaded
with salts (due to the proximity to the ocean) combined with a direct input of seawater from
seawater intrusion are a source of salts accumulating over a long period of time, resulting in
high level of salts and a pH of around 8. Photo - M Morley/DEC.

The water regime of wetlands can have a significant influence on the concentration of
salts. In drying wetlands, such as ‘evaporative wetlands’, the salinity increases due to a
concentration of salts in the decreasing volume of water.'®

Chemically and biologically diverse conditions arise when predominantly saline wetlands
receive freshwater inflows at seepage points, which can create complex habitats within

a wetland. Similarly a mosaic of saline and freshwater wetlands provide a complex range
of habitats. Eatha Spring, for example, discharges fresh to brackish water on the eastern
side of Leeman Lagoon near Leeman in the midwest of WA. In many saline intermittently
inundated wetlands, smaller lunette wetlands occur that have a low enough salinity to
support tadpoles and other species that would not normally be found in saline lakes.?>

In Lake Macleod, seawater upwelling is responsible for maintaining saline, permanently
inundated areas (described in the case study ‘Hydrology of Lake MaclLeod’ near the end
of this topic).

» For more information on the salt requirements and thresholds of wetland species,
refer to the topics ‘Wetland ecology’ and ‘Conditions in wetland waters' both in
Chapter 2.

Nutrient availability

A ‘nutrient’ is any substance that provides essential nourishment for the maintenance

of life’.2® A whole range of substances are nutrients, but in wetlands nitrogen and
phosphorus (with the chemical symbols ‘N" and 'P’), are usually the two main nutrients of
interest. The type and amount of nutrients available in a wetland influence which living
things will inhabit it and how abundant those species will be.

Nutrients are carried into wetlands through rainfall as well as surface and groundwater
flows. The export of nutrients from wetlands is also largely controlled by the outflow of
water. Groundwater tends to have a higher concentration of most dissolved materials,
which are picked up as the water moves across and through soils and rocks and delivered
to wetlands. The greater the input of water, the higher the input potential of associated
nutrients and carbon external to the wetland, which drive wetland productivity.'

Fluxes in water levels affect nutrient concentrations. For example, when water levels
fall in an inundated wetland, nutrient concentrations increase. In such conditions, algae
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populations often flourish as do algae consumers such as water fleas including the
Daphnia species.

The water regime also has an extremely significant effect on the transformations of
nutrients into different chemical forms within a wetland.' The availability of nutrients to
plants and other primary producers depends on their chemical form. The importance of
water regime in this regard is related to associated conditions such as redox potential,
oxygen availability and habitat for bacteria that are responsible for mediating most
nutrient transformations in wetlands.

» For more information on the conditions that influence nutrient levels in wetlands,
refer to the topic ‘Conditions in wetland waters’ in Chapter 2.

Organic carbon availability

All plants, animals and microbes must consume carbon in order to survive and grow.
The movement of water can often be a major means of transporting carbon contained
within organic material from one location to another. Other than mobile animals, there
are two sources of organic carbon in wetlands: carbon generated by photosynthesis
within the wetland (autochthonous carbon); and carbon imported into the wetland by
wind or water movement, including groundwater transporting leached humic substances
and overland flow transporting material such as leaf litter from the surrounding land. In
practice, the carbon in most WA wetlands is a combination of both internal and external
sources. Much of the export of organic matter from a wetland also occurs through
outputs of water. If a wetland experiences a large volume of water moving though it
(into and then out of it), it is likely to export organic matter at a higher rate.

» For further information on the organic carbon availability in wetland waters refer to
the topic ‘Conditions in wetland waters’ in Chapter 2.

pH (acidity/alkalinity)

The pH of water sources to wetlands influences the pH of wetland waters. Rainwater
is naturally slightly acidic (as low as pH 5.5), due to dissolved atmospheric carbon
dioxide'?’, but the pH may be rapidly modified by chemical and biological processes
once the water enters the wetland (e.g. carbonate buffering, photosynthesis). In
wetlands with little biological activity and few reactive minerals, the pH may remain
mildly acidic.

The pH of inflowing surface water can be influenced by the characteristics of the
catchment. For example, wetlands that receive surface water from granite-dominated
catchments may be acidic.™

The natural pH of groundwaters in Western Australia is poorly known, due partly to a
lack of data, and partly to high variability between sites. However, inflow of highly acidic
or alkaline groundwater would have a major influence on the pH of wetland waters.
Groundwater discharging from coastal dunes tends to be alkaline due to the carbonate
minerals within the aquifer sediments, so wetlands that receive this groundwater are
often alkaline. Groundwater in the valley floors of the Goldfields, eastern, central and
southern Wheatbelt is thought to be naturally acidic (pH less than 4) and has resulted in
the formation of naturally acidic wetlands.?8?° Rising groundwater due to the clearing of
Wheatbelt landscapes has resulted in increased discharge of this water to waterways and
wetlands, resulting in the acidification of wetlands in some inland areas.*°

Wetlands can also be acidified by acid sulfate soils.3' These soils contain acidity stored
as sulfide minerals in permanently waterlogged sediments that, if exposed to the air
by falling water levels, can result in generation of strongly acidic soils and waters.3"3233
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Acid sulfate soils generally occur in coastal regions of WA in association with estuaries

and groundwater systems in sand dunes. Wetlands in southern WA have been acidified
by lowering of groundwater levels by decreased rainfall, pumping of groundwater and

increased interception of rainfall by land uses such as plantations. Fires after drying can
rapidly accelerate the release of acidify from these soils.

» For further information on pH of wetland waters refer to the topic ‘Conditions in
wetland waters’ in Chapter 2.

The pH of groundwater can be determined by installing groundwater bores but the
origin of the acidity may require further investigation of subsoil geology and historical
events such as fires and drought.

Creating fluxes in the availability of materials

Wetlands that wet and dry tend to have more variation in water chemistry than
permanently inundated wetlands. Extreme fluctuations in water chemistry can
occur soon after wetting due to the first flush of dissolved material and release
of chemicals from the sediment, and just before the water dries completely, due
to concentration by evaporation and the reduction in water volume.'® Changes
in water quality during drying and wetting depend on:
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1. sediment properties (sediment composition and structure, nutrient and
organic content)

2. type of drawdown (gravity or evaporative)

3. extent and timing of drawdown (proportion of drying area, rate of drying,
temperature, weathering, timing of drying

4. conditions on rewetting (origin of water, degree of sediment disruption).'34
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WHAT DETERMINES A WETLAND'S NATURAL Evaporation: the change of

liquid water into water vapour

HYDROLOGICAL CHARACTERISTICS? in the atmosphere

. . . . , o . Transpiration: the process
Climate is the most important determinant of a wetland’s hydrology, and it interacts with by which water (in the form

the landscape to determine where wetlands form and their hydrological characteristics. of water vapour) is lost to the
atmosphere by plants across

The climate determines the incoming and outgoing water in natural landscapes, driving the surfaces of leaves (through

water gains due to rainfall and water losses due to evaporation and transpiration. How small openings called stomata).

the water reaches, moves within, and leaves a wetland is influenced by the landscape Transpiration drives the

which the wetland is part of, as well as the landform of the wetland. Figure 17 shows movement of water from the

. . - . ts to the | disth
how climate and landscape shape the natural hydrological characteristics of a basin 00t TO The feaves and 1> the
primary process by which water

wetland situated low in the landscape, receiving both surface water and groundwater. is lost from subsurface soils to
the atmosphere

Evapotranspiration: a
collective term for the transfer
of water, as water vapour, to
the atmosphere from both
vegetated and un-vegetated
land surfaces
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Figure 17. Aspects of wetland hydrology.

Climate

Climate has a primary influence on the development and characteristics of wetlands,
through its effects on the availability of water.

A wetland’s hydrological characteristics reflect the balance between gains of water

from rainfall, run-off or groundwater inflows and losses of water via evaporation,
transpiration, run-off and groundwater outflows, as shown in Figure 17. Collectively,
these are known as components of the water balance. Climate determines the main
driving components of wetland water balance—rainfall, evaporation and transpiration—
and determines factors such as patterns of recharge to groundwater systems and
therefore variation in groundwater discharge and run-off from catchments.

Rainfall provides a direct input of water to wetlands. It is also the source of surface water
flows (such as waterways and other, non-channelised overland flow) that may enter
wetlands, as well as groundwater that may enter wetlands. The processes of evaporation
and transpiration (collectively ‘evapotranspiration’) cause the loss of water from the
land to the atmosphere. Temperature, wind and vegetation influence these processes.
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When rain falls on vegetation, it has two possible fates:

¢ throughfall — which occurs when rain passes through the vegetation to the surface
below

e interception — which occurs when rain is captured on the surfaces of the vegetation
(foliage, stems, branches).

The amount of rainfall that is intercepted by the vegetation is dependent on a number
of factors including the total amount of rainfall, the intensity of the rainfall and the
characteristics of the vegetation (such as the type of vegetation and the strata (or
levels)).™ Rain that is intercepted by vegetation often evaporates to the atmosphere.
Some water that reaches the ground infiltrates the soil, may be taken up by roots and
returned to the atmosphere through evapotranspiration.® In these ways, vegetation can
have a substantial effect on the natural hydrologic balance of a catchment.

Evapotranspiration is an important component of the hydrological balance across
Australia, because almost 90 per cent of precipitation (rainfall, snow and hail) is returned
to the atmosphere by this process.3® The extent and rates of evaporative losses are highly
variable according to season and latitude. Rates of transpiration and evaporative losses
to the atmosphere vary greatly with different physical parameters including wind velocity,
humidity, and temperature. Generally, evaporation and transpiration are enhanced by
increased temperature and wind speed and lower humidity. The rate of transpiration may
also affected by the structural and metabolic characteristics of the vegetation.?’

Wetlands are more common in cool or wet climates than in hot or dry climates, because
in cool climates less water is lost from the land via evapotranspiration and wet climates
have excess rainfall (rainfall that exceeds evaporative losses'®). Most of WA is dry and hot
for at least part of the year. Rainfall ranges from more than 1,000 millimetres, with low
variability, in the extreme south-west and northern areas to less than 250 millimetres per
year, with high variability, over most of the interior (Figure 18). Temperatures can be very
high (Figure 19) and evaporation rates reflect this, ranging from around 1,200 millimetres
per year on the south west coast to over 4,000 millimetres per year in the Pilbara and
exceeding average annual rainfall over most of the state. However, at times, rainfall

rates exceed infiltration and evaporation, to generate surface run-off, which is a critically
important source of water in wetlands as well as other ecosystems including waterways.

WA has three main climate regimes. In the south-west of WA, the regime is described as
Mediterranean, with warm to hot dry summers and cool wetter winters. Many wetlands
are wet in winter and spring, and dry during summer and autumn. However, major
summer storm events can generate very high daily rainfall events.

In contrast, the north of the state is monsoonal with hot and wet summers known as the
‘wet season’ and warm dry winters known as the ‘dry season’. Many wetlands fill during
the wet season from October to April and dry out through the dry season.

The rest of the state is characterised by hot dry summers and cool to warm dry winters.
Wetlands are relatively less common in the central areas of the state, which are
characterised by low rainfall, high temperatures and the highest evaporation rates. In
the arid interior, rainfall and surface water flows can be highly unpredictable, and may
not occur within the same season in consecutive years. Rainfall in these areas is highly
variable and falls on very few days. However, when it does rain, large amounts can fall in
a single event causing widespread flooding. For example, in February 1995, very heavy
rainfall from a weakened Tropical Cyclone Bobby fell over the Goldfields region. Surface
run-off inundated Lake Boondaroo to a depth of 12 metres, with water persisting for
several years (Jim Lane pers comm).

Events such as cyclones, major floods and droughts play a major role in the
determination of water regimes in some areas, particularly in the north-west and interior
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of the state, resulting in many wetlands in these areas have highly variable hydrology
from year to year.

“When Europeans arrived in Australia... they called the dry times ‘drought’ and the
wet times ‘flood” and the times of perfect pasture growth ‘normal’. The extremes
were regarded as aberrations of the ‘normal’ conditions. However, as records show,
extremes of wet and dry are not abnormal — they are part of the natural pattern.”
— Brock et al. (2000).2°
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Figure 18. Average annual rainfall for Western Australia. Courtesy Bureau of Meteorology.
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Figure 19. Average annual daily maximum temperature for Western Australia. Based on a
standard 30-year climatology (1961-1990). Image - courtesy Bureau of Meteorology.

» The Bureau of Meteorology provides an extensive range of information and data
about Western Australia’s climate and weather: www.bom.gov.au
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Water in the landscape - surface water and Infiltration: the downward
movement of water into the
groundwater soil profile via spaces between

soil particles (called pores) and
Rainfall that, upon reaching the Earth, is not evaporated or transpired may soak into the ~ cracks and fractures in the
soil, run off the soil, or fall directly into a wetland. If rainwater soaks into the soil or runs ~ 9round
off it, it may take one of a number of pathways that may lead to the water entering a
wetland via surface flows or via groundwater. Water can also leave a wetland by surface
or groundwater flows.

Surface water flows
Run-off

Rainfall is a direct input common to all wetland types described in this document but it
is very rarely the only water input into a wetland. Wetlands very high in the landscape
(such as on hill tops) may receive no other surface water or groundwater inputs, relying
solely on direct rainfall inputs. These wetlands often fare better than other wetlands in
the catchment because the likelihood of human modification to their hydrology is less,
notwithstanding climate change. Most wetlands receive surface or groundwater flows,
both of which are dependent on run-off.

The generation of surface run-off is linked to the process of infiltration. The proportion
of rainfall that becomes surface run-off depends on many variables, but is strongly
influenced by the rainfall patterns and soils. In cool wet regions and in cool wet seasons,
a greater proportion of rainfall is converted to run-off. Conversely, at hot times of the
year, surface run-off is generally reduced.

The percentage of rainfall that becomes run-off is generally higher in areas where

the annual rainfall is higher.3> Run-off is generated in areas where the rate of rainfall
exceeds the rate that this can infiltrate into soils, or when soils reach saturation point. In
a wetter region, more of the soil pores are already saturated and it takes less rainfall to
generate run-off.® In arid areas, where annual rainfall is low, the percentage of rainfall
that becomes run-off is generally very low, although it can be high as a result of intense
storms when rainfall rates exceed infiltration into soils. The percentage of average annual
rainfall that becomes run-off on the Swan Coastal Plain is 25-40 per cent compared with
the low rainfall areas of the eastern Wheatbelt which are less than two per cent.?> For
individual rainfall events, however, the percentage that becomes run off can vary around
this.

The other factor that influences run-off quantity is the physical features of the land

itself. When rainfall falls on the land it enters a catchment. A catchment is an area of
land which is bounded by natural features such as hills or mountains from which surface
water flows downslope to a particular low point or ‘sink’ (a place in the landscape where
water collects).3® The low point in the catchment can be a wetland, dam, reservoir,

creek, river, an estuary or the ocean. The term catchment is mostly used in reference to
surface water. The area of the land that captures water by infiltration and delivers it to a
groundwater aquifer is called a recharge area (described in the ‘Groundwater’ section).

The term ‘catchment’ can be applied at various scales, including wetland or river
catchment. The catchment of a wetland includes all the points of land that shed surface
water into the wetland. The wetland catchment boundary (or watershed) is a continuous
line connecting the highest points of land that contribute water to the wetland (Figure
20). Human modifications can artificially alter the catchment area or the volume of water
a catchment receives.
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Figure 20. The catchment of this wetland, near Albany in the south coast, is bounded by the
ridges that can be seen in the background of this image. Photo — S Randall/DoW.

The shape of the landscape defines the catchment boundary. Convex landforms, such

as hills and ridges, promote water flow down slope, such as into different catchments.
Concave landforms, such as basins, promote water flows coming together, focusing
surface and subsurface run-off. Steep terrain tends to have fewer wetlands than gently
sloping or flat landscapes.' The steeper the slope, the faster water will flow down slope,
causing erosion of the underlying substrate, leading to the waterways, such as creeks
and rivers. In basins and on flats, the water slows or stills, forming wetlands.

Catchment size influences surface water flows, because the larger the catchment, the
more rainfall it can capture.®> Catchments vary considerably in size, with the largest
catchments belonging to river systems. These catchments include major drainage
networks of creeks and rivers and are made up of hundreds of smaller ‘sub-catchment’
areas, which can be bordered by low hills and ridges and drained by only a small creek or
gully. Large catchments may be very complex. The Swan-Avon catchment is the largest
catchment in WA. At 12 million hectares, it is roughly the size of Tasmania, with 134
recognised sub-catchments.®

Some of the largest wetland catchments in WA lie in the central inland areas. Lake Barlee
in the Shire of Menzies (Figure 21) is approximately 80 kilometres long by 100 kilometres
wide, covering an area of around 194,380 hectares." Its catchment is larger, covering

L 20 lom

Figure 21. Lake Barlee, west of Leonora in the Goldfields, is 195,000 hectares and has a surface
water catchment of almost 1.79 million hectares. Image — Google Earth™.
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Tannins: complex organic
compounds derived from plant
materials

Figure 22. Small rock pool wetlands known as gnammas, such as this wetland at Yorkrakine
Rock, form in depressions on granite outcrops in south-west WA, particularly the Wheatbelt.
Photo — DEC.

1.79 million hectares. Rainfall is low and surface run-off is only generated after rare
heavy rain events, and as a result Lake Barlee may only be inundated across its entire
extent once every ten years or so.'> At the other extreme, the catchment of a seasonally
inundated ‘rock pool’ wetland on a granite outcrop (Figure 22) may measure a few
square metres.

The surface and sub-surface features of the landscape affect the movement of water in
the catchment. Geomorphology, which includes the composition of both surface soils
and sub-surface materials as well as the shape of the land surface, influences how water
moves over or through the soil and other substrates such as rock.#° It is a particularly
important factor controlling surface and groundwater flow and accumulation.*® As such
it influences the nature of water movement into and out of wetlands. The characteristics
of surface soils strongly influence infiltration rates across a catchment and can have a
major effect on the flow of water into wetlands.*' Other factors include vegetation type
and density. Overland flow is less common in forested areas where interception and soil
infiltration rates are high, but may be common in naturally sparsely vegetated areas or
areas where vegetation and leaf litter are removed and soil is compacted.*!

The nature of the catchment also influences the ‘quality’ of run-off that reaches a
wetland. It can determine the amount of sediments, nutrients, salts, acid, tannins and
other matter that reaches a wetland, which can influence what organisms can inhabit a
wetland.

Soils and geology also influence where water accumulates and persists at the surface.
Areas where infiltration of water into the land’s surface is low favour the development
of wetlands in basins and on flats. This occurs where there are basins in impermeable
bedrock. For example, in the Pilbara and Kimberley, many rock pools have formed in
rocky basins (Figure 23) and in the Wheatbelt, many small seasonally inundated wetlands
form in shallow depressions on granite outcrops.
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Perched: not connected to
groundwater

Impermeable: does not allow
water to move through it

Hydraulic conductivity: a
property of plant material,

soil or rock that describes the
ease with which water can
move through pore spaces or
fractures. It depends on the
permeability of the material and
on the degree of saturation

Figure 23. A rock pool in a basin in the Kimberley.

In addition to the landscape features which affect how water is distributed in the
landscape, the shape or ‘host landform’ of a wetland can determine the size and shape
of the wetland and in many cases, the water depth.> Host landforms are shown in Figure

24 below.
Basins Flats slope Highlands, hills Channels

Figure 24. Landforms that become host to wetlands (basins, flats, slopes and highlands) and waterways (channels). Other
wetlands, such as mound springs, are self emergent rather than developing in a host landform. Source: adapted from Hill
etal. 1996.°

Wetlands that receive run-off and rainfall, but not groundwater, are often referred to as
perched wetlands.” Perched wetlands have a layer of impermeable or low permeability
layer of rock or soil that retains the rainwater and prevents it from infiltrating deeper
into the ground (Figure 25). Perching can be caused by various layers, including clays
(claypans, clayflats, bentonite wetlands), ironstone, calcrete and granite. A sufficiently
thick layer of fine textured soils, such as clays, near the land surface can trap water on or
close to the surface because they have a low capacity for water to move through them
(low hydraulic conductivity; gravels and sands tend to have a higher permeability).
Water loss in perched wetlands occurs mainly through evapotranspiration and surface
outflows, although perched wetlands formed over a layer of low permeability soils

may also have a small amount of leakage into lower layers.' In many areas of the

state, notably the Pilbara and Wheatbelt, clay soils have resulted in the formation of
claypan wetlands (Figure 26). Perched wetlands are not to be confused with perched
groundwater (covered in the next section, ‘Groundwater’).
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Throughflow wetland: a
wetland that lies between
headwater wetlands and
terminal wetlands (or the

sea) in a wetland chain. It
receives water from upgradient
wetlands and supplies water to
downgradient wetlands.

Terminal wetland: a wetland
at the bottom of the wetland
chain. It receives water from
other wetlands but water
generally does not exit it other
than through evaporation or
seepage into the ground (or
occasional flooding overflow in
large events).

Figure 25. A perched wetland, which receives water from rainfall and overland flow. In this
case, although there is groundwater in the vicinity of the base of the wetland, the thick
impermeable sediment layer is a barrier between the wetland and the groundwater.

Headwater wetland: a
wetland at the top of the
wetland chain where water
originates

Figure 26. A claypan wetland in the Wheatbelt. Clay has an important role in such wetlands,
with the clay lens impeding downward percolation and small particulates being suspending in
the water, creating turbid conditions. Photo — DEC.

Flows from other wetlands and waterways

Many wetlands are linked to other wetlands by surface flow. A wetland may form part
of a chain in which they receive water from another wetland higher up in the chain as it
fills and overflows, and may also output water to the next wetland as it overflows. They
may also be at the top of the chain. These wetlands can be described as throughflow,
terminal and headwater wetlands respectively. This may be a seasonal occurrence

or a rare occurrence after exceptionally high rainfall causing wetlands to link up and
flow. Chains of wetlands that naturally flow only after exceptionally high rainfall are
common in the Wheatbelt. The water and other materials are held in these wetlands for
long periods and only flushed or substantially diluted when water next flows through
the chain. Although these wetlands can be quite close to each other, when they are

not connected by flows they can have quite distinct physical, chemical and biological
characteristics from each other (Figure 27).
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Figure 27. The distinctly different physical and chemical characteristics of these wetlands
located close to one another is evident even from aerial photography. This wetland chain is
west of Miamoon in the Wheatbelt. Image - Google Earth™.

Wetlands may also be hydrologically linked to waterways; this is relatively common in
many areas of WA. For example, in the Pilbara the Rudall River flows to Lake Dora in the
Great Sandy Desert while Savory Creek flows to Lake Disappointment. In the Kimberley
the Sturt Creek flows to Lake Gregory. In the Wheatbelt the Coblinine River and
Dongolocking Creek drain into Lake Dumbleyung, and the Lockhart River flows through
Lake Kondinin (Figure 28).

Figure 28. The Lockhart River flows through many wetlands, including Kondinin Lake.
Image - Google Earth™.
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Waterways that flow through wetlands can ‘flush’ these wetlands, transporting water Percolation: flow of water
and associated matter (such as sediments, nutrients, salts, acid and tannins) into and down through soil, sediments
out of them. By depositing or scouring sediment in these wetlands, waterways can also ~ ©" "0cks without these being
create changes in the wetland shape and bathymetry. These hydrological influences can completely saturated

determine the ecological character of these wetlands. Recharge: the physical

process where water naturally
percolates or sinks into a

In some areas of the state, it can be hard to distinguish dryland, wetlands and waterways ,
groundwater basin

in times of heavy rains (Figure 29).

Figure 29. A mosaic of ecosystems: braided channels, floodplains, basin wetlands and dryland
in WA's Great Western Woodland region. Photo — J Dunlop.

Groundwater

Groundwater is the name given to water occurring beneath the ground surface

in spaces between soil grains and pebbles and in fractures or crevices in rocks.
Groundwater is surface water that has infiltrated beyond the soil zone (where plant roots
generally occur) and percolated down to the saturated zone. The percolation of water
depends on the nature of the landscape and underlying geology, including the type of
soil and rock layers present, and how permeable they are, due to pores between grains
and fractures in rock. Anything from none to half of the annual rainfall in a given area
may recharge the groundwater. Rates of nearly 50 per cent recharge are recorded from
areas of pasture in the wetter south-west of WA, to a fraction of a per cent in desert
areas.*

Groundwater flows very slowly from areas of high water levels (where infiltration is
highest) to areas of low water levels (wetlands, waterways and the ocean). It may
be present at depths of kilometres below the land surface, and can accumulate very
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slowly. Some of the deep groundwater below Perth is more than 40,000 years old, and
groundwater in the centre of the state may be hundreds of thousands of years old—and
yet this is quite young compared to groundwater in an ancient Syrian aquifer, recently
found to be close to a million years old. Hydrogeologists have identified a number of
major ‘sedimentary basins’ in WA—~Perth, Carnarvon, Canning, Officer-Eucla—while
the Pilbara, Kimberley and Yilgarn have mostly local aquifers and fractured rock valleys
(Figure 30).
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Figure 30. The general location of WA's surficial, sedimentary and fractured rock aquifers.
Image - Allen (1997).%
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The distribution and movement of groundwater encompasses the fields of hydrology and  Hydrogeology: the

geology and is called hydrogeology, and it is studied by hydrogeologists. distribution and movement of
groundwater

Groundwater is a dominant input to some wetlands, whereas other wetlands may receive  Goundwater dependent

no groundwater inputs at all. All of the wetlands that receive groundwater inflows are ecosystems: those parts

groundwater dependent ecosystems (GDEs). Not all wetlands are GDEs (for example,  of the environment, the
perched wetlands) and not all GDEs are wetlands (for example, GDEs may be waterways, ~ SPecies composition and

natural ecological processes
cave ecosystems and so on). of which are ?}Ieper?dent on

the permanent or temporary
presence or influence of
groundwater

Groundwater is often discussed in terms of aquifers, which are geological formations
or groups of formations beneath the land’s surface capable of receiving, storing and
transmitting significant quantities of water. There are two main types of aquifers:
confined and unconfined (Figure 31), with both types having an important influence on
the creation and maintenance of wetlands.

condaing bed Water in the emironmant

Figure 31. Confined and unconfined aquifers. Diagram — courtesy of Department of Water.*

Groundwater depth and flow vary spatially in three dimensions with the sub-surface
geology as well as with seasons and over longer time scales. Groundwater flow systems
can exist at different scales?*:

e regional — typically transport groundwater long distances through confined or semi-
confined aquifers in sedimentary deposits hundreds of metres thick

e intermediate — typically transport water 5-10 kilometres and may occur in broad
shallow valleys, in the sedimentary aquifers of palaeochannels and fractured rock
aquifers
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e local — typically transport water down slope through an unconfined aquifer that is
relatively thin and close to the surface. Recharge and discharge occurs within a few
kilometres. This type of flow system is common and widespread in the south-west
of WA and is found under 60-70 per cent of the landscape, usually associated with
hilly terrain.

At each of these scales, these groundwater systems can determine where wetlands form
and how they function in the Western Australian landscape. This is explained further
below.

Confined aquifers

Confined aquifers are those aquifers that are overlain by relatively impermeable
underground materials, such as clay or rock, which stop water from rising indefinitely.
The material that stops the water from moving up or down is an aquiclude if it excludes
water and an aquitard if it merely retards water flow. Aquifers with leaky aquitards

are known as semi-confined aquifers. The confining layer of an aquifer may be very
uniform across its area, or vary in thickness and extent, being thinner or absent in some
area. These areas are known as ‘windows’ and may receive or discharge water to the
overlying land surface or unconfined aquifers. Areas where percolating waters enter an
aquifer are known as recharge areas.

Where groundwater pressures in a confined aquifer is above the top of the aquifer
materials, it is described as artesian. These pressures can sometimes be above ground
level in some areas of the aquifers, resulting in flowing bores or springs. The Great
Artesian Basin, across a large area of the eastern states, is the largest groundwater
aquifer in the world.

Sometimes barriers within confined or semi-confined aquifers restrict the flow of
groundwater, causing local mounding and discharge of groundwater at the surface.
Wetlands can form in these receiving areas. The barriers may be faults, intrusions or
outcrops of dolerite, siltstone, silcrete or other formations. For example, in the Midwest
region, a chain of springs and soaks discharge from the Parmelia aquifer along the
Dandaragan Scarp, stretching from near Mingenew to east of Eneabba.*

Mound springs are examples of wetlands formed by groundwater discharge, often

from confined aquifers. Mound springs are areas where groundwater discharges. The
discharge point or area is elevated above the surrounding landscape through the build up
of material such as calcarenites or peat, forming a mound around the area of discharge.
In WA tumulus (peat-formed) mound springs in the Kimberley, Pilbara, Midwest, arid
interior and a restricted area on the Swan Coastal Plain and include the Mandora Marsh
Mounds, Dragon Tree Soak, Bunda Bunda, Big Springs, Black Spring, the North Kimberley
Mounds, Mount Salt (calcareous) and Three Spring suite. Tumulus mound springs are
formed around areas of continuous water discharge and may issue from a discrete vent
on top of the mound or seep from the whole surface of the mound without a main
outflow channel.?. In WA, mound springs occur singularly or in clusters of up to around
twenty separated by several metres to tens of kilometres.®

Unconfined aquifers

Unconfined aquifers are those that are directly recharged by water from the land
surface. They are generally relatively close to the land surface, and because of this are
known as shallow, superficial or surficial aquifers. The upper surface of an unconfined
aquifer, the point between the completely saturated aquifer material and the partially
saturated aquifer material, is known as a water table or groundwater table. The area
above the water table is known as the unsaturated zone. The water table fluctuates up
and down with various influences, such that it can be pictured as a table floating up and
down over time. Technically, hydrogeologists identify the water table as the point where
the water pressure head (or hydraulic head) is equal to the atmospheric pressure.
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Confined aquifer: an aquifer
deep under the ground that

is overlain and underlain

by relatively impermeable
materials, such as rock or

clay, that limit groundwater
movement into and out of the
aquifer

Aquiclude: an impermeable
body of rock or stratum of
sediment that acts as a barrier
to the flow of groundwater to
or from an adjacent aquifer

Aquitard: a low permeability
body of rock or stratum of
sediment that retards but
does not prevent the flow of
groundwater to or from an
adjacent aquifer

Semi-confined aquifer: an
aquifer deep under the ground
with leaky aquitards

Recharge area: the land
surface area over which
recharge occurs to a particular
groundwater aquifer

Artesian groundwater:
groundwater confined under
pressure

Unconfined aquifer: an
aquifer close to the land surface
which receives direct recharge
from rainfall. Its upper surface
is the water table. Also referred
to as a superficial or surficial
aquifer.

Shallow aquifer: another term
for unconfined aquifer

Superficial aquifer: another
term for unconfined aquifer

Surficial aquifer: another term
for unconfined aquifer

Water table: the upper surface
of the groundwater in an
unconfined aquifer (top of the
saturated zone). In technical
terms, the surface where the
water pressure head is equal to
the atmospheric pressure.
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Unconfined aquifers are relatively well known in coastal WA, particularly because Groundwater mound: convex
Perth is dependent upon groundwater from two of them (the Gnangara and Jandakot regional mounding of the water
systems). Their role in forming wetlands varies across WA, the understanding of this table in an unconfined aquifer.

leisi . local water i tigati iod out. F | 2005 The top of the mound is where
role Is Improving as more [oCal water investigations are carried out. ror exampie, a the water table is highest above

study determined that the superficial aquifer supported more than 80 per cent of all sea level. Water flows down

groundwater dependent ecosystems in the Northern Perth Basin in the midwest, with gradient of this point.

very small areas attributable to the major confined aquifers (Leederville-Parmelia and Perched aquifer: a local

Yarragadee Aquifer).# aquifer close to the land surface
that receives direct recharge

Groundwater mounds occur in unconfined aquifers where the water table forms the from rainfall, but is above and

shape of a mound (convex or dome shape). Mounds develop in areas of an aquifer where  disconnected from the regional
the topography is high, because the rate at which rainwater infiltrates through soil to the unconfined aquifer
watertable is greater than the rate at which groundwater flows horizontally. The rate at
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mound. Well-known mounds include the ¥
Gnangara and Jandakot mounds on the
Swan Coastal Plain (described in more
detail later); lesser-known mounds occur
in other areas of the state, including the
Broome aquifer (Figure 32).

In some areas, localised perched
groundwater sits above the regional
water table. These are known as
perched aquifers and are localised
areas where an aquiclude or aquitard
occurs below the surface of the land but
above the regional water table. They

are hydraulically disconnected from
unconfined aquifers and form as a result
of percolating water being impeded
either seasonally or perennially by soil
materials, leading to perching. These
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perched aquifers are generally shallow F_,f’f
and local in extent and can be important e M auls
in the formation of wetlands. There are e et it e -eprl T
many wetlands either known or thought R et T T 'r;h
to be formed from perched unconfined o s
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aquifers. For example, on the Swan

Coastal Plain, a sandy clay layer known as  Figure 32. A map of the Broome area, showing multiple aquifers, inferred
Guildford Clay is an aquitard responsible regional groundwater contours and groundwater flow direction. The circle in
for perching water and forming wetlands the centre represents the top of the mound, and the arrows indicate the inferred

direction of groundwater flow. Source - courtesy of the Department of Water.*®
(for example, Lake Muckenburra® and

Tangletoe Swamp®?).
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Groundwater inflow to a wetland can occur when the water level in a wetland is lower
than the water table of the surrounding land, resulting in a flow of water from an
unconfined aquifer into the wetland.' Such wetlands often occur in low-lying areas
(topographic lows). These wetlands are surface expressions of the water table and
provide ‘windows’ into the groundwater. The fluctuations in the aquifer are mirrored by
the fluctuations in the wetland (Figure 33). These wetlands wet and dry on an annual
basis, reflecting the seasonal fluctuation of the water table in response to rainfall. When
in contact with the groundwater, the wetland water chemistry more closely matches that
of the groundwater. In contrast, when the groundwater disconnects from the wetland
during the dry season and evaporation causes the loss of water, the remaining dissolved
matter (such as salts and nutrients) becomes concentrated in the smaller volume of
water. These groundwater-fed wetlands can experience large variations in both water
quantity and quality over a single year.
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Figure 33. A simplified diagram of groundwater flux; (a) when the water table is far below the
wetland, the wetland is disconnected from the groundwater; (b) when the water table is as
high as the base of a wetland, water may flow into the wetland. Such wetlands are often said
to be ‘groundwater fed’. The flux in the height of the water table is mirrored in the wetland.
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These groundwater-fed wetlands are also known as discharge wetlands, because Paluslope: a seasonally
groundwater is discharging into the wetland (these terms were coined by groundwater waterlogged slope wetland
hydrologists, viewing movement from a groundwater perspective rather than a wetland

perspective). When at certain times of year the water level in a wetland is higher than

the water table of its surroundings, water will flow out of the wetland and into the

groundwater.' These are recharge wetlands which contribute to the groundwater.

Some wetlands will act as discharge wetlands at some times of the year, then become
recharge wetlands when the surrounding water table falls below the water level in the
wetland. Some wetlands are flow-through wetlands which receive groundwater
inputs in some parts of their area and discharge water to the groundwater in other
areas. Research carried out in the 1990s found that most of the permanently inundated
wetlands in Perth and the broader Swan Coastal Plain were flow-through lakes which
‘capture’ groundwater on their upgradient side (the groundwater capture zone) and
release it on the downgradient side (the release zone)*! (Figure 34, Figure 35, Figure 36).
The chemical characteristics of the water flowing out of these wetlands can be quite
different to the water flowing into them. The groundwater capture zone of a wetland

is the area within which any recharge eventually flows into the wetland.>' Research on
permanently inundated wetlands on the Swan Coastal Plain found the width of the
groundwater capture zone to be roughly twice the width of the wetland.>’

Flow-through lake surrounded
Capture by mini piezometers

Unconfined
Aquifer -
Dividing Streamlines (DSL) ™
9 ) H...H B k‘*& regional aquifer
- . flow direction
Lake level 3-D sketch adapted from Townley et al|{19825) p39
Piezometer Response
‘HHH H‘ o
DsL DsL D5L

Release Zone —— =
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Figure 34. A schematic diagram showing the local capture and release zone of a flow-through
wetland relative to the regional groundwater flow. Image - Integrated Mass, Solute, Isotopic
& Thermal Balances of a Coastal Wetland: Wetland Research at Perry Lakes, Western Australia
1993-1998%2
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Figure 35. Schematic view of a wetland natural (prior to human modification) surface water
catchment and groundwater capture zone, based on North Lake in Perth’s southern suburbs.
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Figure 36. Predicted capture zones for seven lakes on the Jandakot Mound. Source — Townley

et al.»?
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Palaeochannel: a channel
formed by a palaeoriver
(ancient river), infilled with
deposited sediments and
buried over time, often forming
modern-day groundwater
aquifers

Figure 37. Wetlands can form on slopes, by Figure 38. A paluslope in the south-west of
seepages at the break of slope. WA. Photo — Wetlands Section/DEC.

In Figure 33 and Figure 34, the vertical flux of the water table has reached the land
surface at a depression in the landscape. In many areas, it reaches a slope rather than a
depression. At the maximum water table level, following rainfall, groundwater discharges
on to such slopes and paluslope wetlands may form due to the seasonal waterlogging
of the soil (Figure 37, Figure 38).

Figure 39. Bedrock highs trap water and force it to the surface, creating wetlands.

Sometimes local mounding and discharge of groundwater from an unconfined aquifer is
caused by vertical barriers underground; these are generally localised geological features
(for example, bedrock highs, where water is trapped behind the bedrock high and forced
to surface; Figure 39).

Many wetlands across WA are fed by groundwater from ancient palaeochannel/
palaeovalley groundwater aquifers. These are a variant of wetlands controlled by water
table flux in unconfined aquifers, differing in that groundwater flow and occurrence is
dominated by the aquifers that have formed in ancient in-filled river channels. Rivers
flowing millions of years ago formed river channels in valleys. As the climate became
much drier, and the slope of entire geological blocks tilted as the massive Gondwanan
continent split, these rivers filled with gravel and sand sediments and ceased to flow.
These sediment-filled channels and valleys, which can be more than 60 metres thick,
are known as palaeochannels and palaeovalleys respectively (palaeo meaning ‘old’).
Over the millennia, these were buried, covered by sediments deposited by erosion, wind
and water, and filled with water in the spaces between gravels and sands, resulting in
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confined, semi-confined and even unconfined aquifers in some cases® (Figure 40). These
palaeovalleys systems are widely distributed across WA, and are a notable feature of

arid WA."2 However, they are completely concealed and must be found with geophysical
methods.
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Figure 40. A stylised depiction of Wheatbelt valley geology including a palaeochannel. Image -
Commander (2001).5*

At the modern-day surface, high above the palaeovalleys, these areas are often linear
topographic lows, often supporting wetlands, usually elongate chains of wetlands
(commonly referred to as playas, salt lakes and clay pans)(Figure 41).%3 It is common

for groundwater from the buried palaeochannels to discharge into these wetlands,
possibly because of changes in depth to bedrock. This water typically evaporates to form
wetlands commonly referred to as salt lakes and salt flats. Figure 30 provides a general
indication of the location of palaeodrainage deposits in WA.

. ¥ C.oogle
Figure 41. The groundwater discharged from a palaeochannel into these wetlands, near
Wagin, tends to be rapidly evaporated. Image — Google Earth™.

» For more background information on palaeochannel aquifers, see The Wheatbelt's
ancient rivers.>> More detailed information for all regions of WA can be found in
Palaeovalley groundwater resources in arid and semi-arid Australia: a literature review.>
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The Gnangara groundwater system

The Gnangara mound is 2,200 square kilometres. At its highest point it is about 70 metres above sea level and
slopes away in all directions—east to Ellen Brook, south to the Swan River, west to the Indian Ocean and north
to Gingin Brook (Figure 42). On the crest of the mound there is fresh groundwater in the shallowest (superficial)
aquifer, up to 60 metres deep. This interacts with the deeper confined Leederville and Yarragadee aquifers and
collectively make up the Gnangara groundwater system.
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The superficial aquifer occurs in the superficial geological formations, which vary in complexity in an east-west
pattern. In an east to west direction the aquifer typically grades from being predominantly clayey, near the Darling
Fault (Guildford Clay) to sandy in the central plains (Bassendean Sand and Gnangara Sand) through to sand and
limestone on the coastal belt (Tamala Limestone and Safety Bay Sand).

Underneath the superficial aquifer are two other geological formations containing the confined Leederville aquifer
(up to 600 metres thickness) and Yarragadee aquifer (greater than 2000 metres thickness). These interact in the
Gnangara area but are broad, extending and interacting at least 100 kilometres north and south of the Gnangara
groundwater system. There are also a number of smaller aquifers such as the Mirrabooka and the Kings Park
aquifer that occur between the superficial and Leederville aquifers.

The Gnangara Mound supports wetlands of local, regional and national significance, as well as wetland species
of international significance. Many wetlands receive groundwater discharge from the regional unconfined
aquifer, although perched localised aquifers are also very important. The Gnangara Mound is also the source of
much of Perth’s water supply.

Gnangara Groundwater System

Figure 42. The Gnangara groundwater system in plan view. Image - courtesy of the Department of Water.
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The Gnangara groundwater system (contd)
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Figure 43. A map of the Gnangara (northern) and Jandakot (southern) groundwater mounds. Source — courtesy of the
Department of Water.>

» The Gnangara Mound is a fascinating groundwater system. More information can be found at the webpage:
www.water.wa.gov.au/Understanding+water/Groundwater/Gnangara+Mound/default.aspx

» It has been the subject of many detailed studies. For more information see the Gnangara Sustainability
Strategy webpage: www.water.wa.gov.au/sites/gss/index.html. Chapter Four: Wetlands and Groundwater-
Dependent Ecosystems'® and Chapter Five: Biodiversity values and threatening processes of the Gnangara
groundwater system®’ is of particular relevance.

» For more information on the Jandakot Mound, see www.water.wa.gov.au/Understanding+water/
Groundwater/default.aspx
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INVESTIGATING SURFACE AND GROUNDWATER Bore: a narrow, normally

vertical hole drilled into a

INTERACTION WITH WETLANDS geological formation, usually

fitted with a PVC casing with

Surface water interaction with wetlands is relatively easy to account for and measure. slots to allow interaction with
Rainfall monitoring occurs at sites around WA and monitoring stations are present on the aquifer, to monitor or

. . . . . . . . . withdraw groundwater from an
many rivers in WA. These provide information on river levels over time, including rainfall aquifer
from telemetered sites that allows data to be downloaded remotely. It is possible to
measure the surface water levels in a wetland manually via a staff gauge (Figure 44) or
via telemetered sites. More information on these measurements is provided in the next

Observation bore: a non-
pumping well with a long

. slotted section that crosses the
section. water-table

Piezometer: a non-pumping
well, with a short length (often
2 metres) of slotted section at
the base often below the water
table, which is used to measure
the potentiometric surface

Australian height datum
(AHD): a fixed survey point
from which the elevation of
any point in Australia may be
measured

Figure 44. A staff gauge used to measure the level of inundation at Manning Lake, Cockburn.
Photo - J Lawn/DEC.

Groundwater measurements can be more involved, particularly where the properties of the
aquifer are not uniform. A lot of groundwater measurements focus upon how close the
watertable is to the land surface. Measurements are made with groundwater monitoring
bores, which include observation bores for the water table or piezometers for water
levels deeper in aquifers. To get accurate readings, it is essential that monitoring bores are
installed to industry standards, to ensure that construction is known and that the bores
operate well (for example, do not silt up or collapse). It is important to have sound records
detailing the construction of a bore, particularly with regard to which part of the aquifer

a bore is providing information about. Accurate readings are also achieved by measuring
water levels in a consistent way in relation to a point where relative elevation is known. The
data collected from a monitoring bore can be graphed to show patterns and trends over
time. The hydrograph in Figure 45 is an example.

Watertable data can be reported in various ways, most commonly:

e as the height of the watertable relative to the ground surface of the location. For
example, it can be reported that “at location X, the groundwater was 2 metres below
ground level on 12 January 2013". This is useful for basic purposes.

e as the height of the watertable relative to a fixed survey point known as Australian
height datum or AHD, which is at sea level. Most land surfaces in Australia are
higher than the sea. Land surfaces along the coast, and other low points may be
close to sea level, such as only one or two metres higher, and would be reported as
“2 metres AHD", for example. Watertable level can also be reported using this unit of
measurement and requires that the point from which water level measurements are
taken (usually the top of the bore casing) is surveyed to a land-survey datum point.
This allows water levels as metres below the top of the bore casing to be converted
to AHD. For example: “at location X, the land surface is 23 metres AHD and on 12
January 2013 the watertable was 21 metres AHD". This means the groundwater was
2 metres lower than the ground surface on the date of monitoring at location X.
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Figure 45. Groundwater measurements can be plotted in the form of hydrographs to show
trends over time. Image - courtesy of Department of Water.>®

This data can also be used to develop averages, for example, the average annual
maximum groundwater level (AAMGL) and average annual minimum groundwater
level at a bore. Additionally, the data from a network of bores across an area can be
used to make generalisations about groundwater patterns and trends across the area.
In particular, this data is used to ‘map’ the height of the watertable. The height of the
watertable is presented as groundwater ‘contours’, as shown in Figure 46. They look
similar to land elevation contours. These contours represent points of equal elevation in
the water table, in this case the known or inferred historic maximum groundwater levels.
These contours also show the direction of groundwater flow, which is perpendicular to
the contours from the highest area of groundwater to the lowest area (that is, down
gradient).

The sub-surface geological characteristics and associated groundwater systems of

many areas of Western Australia can be complex (Figure 47). Interpreting the way

these systems work just using groundwater measurements from piezometers can be
difficult. In some circumstances it has been necessary to carry out specialist investigations
including analysis of chemical isotopes and airborne electromagnetic surveying to
develop a better understanding of the conditions. These methods have been used to
analyse the Lake Warden catchment, near Esperance.* Similarly the Northern Gnangara
airborne electromagnetic survey has been initiated because, despite the large number of
bores within the Gnangara Mound, the high spatial variability of water retentive layers
means that geophysical surveys are a more accurate and efficient method of mapping
this critical groundwater resource. This survey will determine the distribution of water
retentive layers in the superficial aquifer, map the contact between the superficial and
the underlying Leederville and Yarragadee aquifers and define the water table surface.®°
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Figure 46. Mapping of the height of groundwater (contours) in the southern Perth area. The
arrows indicate the direction of groundwater flow. Image — courtesy of Department of Water.

Figure 47. Complex below-ground layering can lead to complex groundwater conditions.
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Models are also used to describe groundwater and groundwater-surface water systems.
A groundwater model is a simplified representation of a groundwater system and

it captures and synthesise all of the known information, and where information is not
known, identifies any assumptions being made about how the system is thought to
work. They may be conceptual, analytical or numeric. Conceptual models are used as
visual tools to display the relationships between parts of the groundwater system. They
may be simple or more complex, such as shown in Figure 48. Numeric models assign
actual quantities to each part of the system. Perth regional aquifer modelling system,
or PRAMS, is a regional model of Perth’s groundwater. It is used by the Department of
Water to manage groundwater in the region and to help predict cause and effect under
different scenarios (for example, more or less groundwater abstraction).

While regional groundwater models tend to be useful in understanding regional trends,
they are often unsuitable for use at the scale of individual wetlands. In the case of
PRAMS, its calibration and resolution are based on a 500 by 500 metre grid size and
therefore cannot provide detailed information for local scale management objectives,
such as managing individual wetlands, which require smaller grid sizes, higher resolution
conceptual models and higher quality calibration. To gain a better understanding of the
role of the Gnangara groundwater system’s effect on wetlands, the Department of Water
have developed local area models (LAMs) at a refined level of detail (50 to 100 metre
grid) for five wetlands (Lake Mariginiup, Lake Nowergup, Melaleuca Park, Lake Bindiar
and Lexia) have been developed. These local area models provide quantitative tools

to assess land and water use impacts on the environment and groundwater systems.
These local area models will be used to refine and improve PRAMS so that the impact on
wetlands due to changes in the superficial aquifer can be determined.

Modelling of surface water-groundwater interaction sometimes involves the coupling of
surface hydrological models with groundwater models.

Models are often used to help determine the potential environmental impacts of
proposals assessed by the Environmental Protection Authority under the Environmental
Protection Act 1986. It is important to be aware that models reflect the information they
are based on, and it is possible for them to be wrong. For example, if a model is based
upon one year's monitoring data, its predictive capability about how a system works
over the long term and how it may respond to events is likely to be extremely limited.
Important factors include the type of model used and its suitability for the task at hand,
the assumptions built into the model, the integrity of the data, calibration and the stated
uncertainty of its outputs.

» For more information on groundwater modelling, see the Australian groundwater
modelling guidelines.®’

» The eWater toolkit www.toolkit.net.au/Default.aspx is a source of software tools and
information related to the modelling and management of water resources provided by
the eWater Cooperative Research Centre.

» For more information on local area models, see the reports listed under ‘Local area
modelling” at: www.water.wa.gov.au/sites/gss/reports.html

At the wetland scale, the complexity of groundwater flows can be compounded by the
complexity of wetland sediments. For example, Figure 49 shows the wetland sediments
of Lake Mariginiup on the Gnangara Mound, in the suburb of Mariginiup north of Perth.
In winter/ spring, groundwater flows into the wetland on its eastern side, then up to 92
per cent is removed by evapotranspiration; a small amount is recharged to groundwater
from the western side of the wetland.®
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Figure 48. A conceptual hydrogeological model of the Perth groundwater system. Source —
Department of Water. 2
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Figure 49. Many wetland sediments are not uniform across a wetland, such as those of Lake
Mariginiup, represented here in cross-section. Image — Department of Water.

QUANTIFYING WETLAND HYDROLOGY

Understanding the hydrology of wetlands requires quantifying the main hydrological
components of wetlands, namely gains of water via rainfall, surface inflows and
groundwater discharge and losses by evapotranspiration, groundwater recharge
and surface water outflow (Figure 17). These form elements of the water budget for
wetlands and contribute to defining the water regime.
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Water budget

The water budget of a wetland is the balance of all of the inflows and outflows of
water.™

Each of these inputs and losses varies seasonally, from year to year and geographically
and is governed by the characteristics of a particular wetland including the climate,
geomorphology and other characteristics of its catchment.?’

The water budget can be described by the following equation:
DSt) =P+ Qi+ Gi—E-Ev-Qo-Go

Where:

DS = change of water quantity stored in the wetland

(t) = specified time interval

P = rain falling on the wetland

Qi = surface water flowing into the wetland

Gi = groundwater flowing into the wetland

E = evaporation from the water’s surface

Ev = evapotranspiration from vegetation and soil

Qo = surface water flowing out of the wetland

Go = groundwater flowing out of the wetland

It is important to use the same units for each parameter e.g. measuring all units in litres.

Determining water budget and associated information

The water budget indicates how important each source of water loss and gain is to the
wetland balance.™ Understanding these contributions allows wetland managers to assess
the impacts of alterations to any water inputs or outputs. For example, if it is determined
that groundwater is the primary source of a wetland’s water, managers can assess the
impact that groundwater abstraction is likely to have on the wetland. This information
also enables managers to assess other impacts such as the likelihood of contamination of
groundwater and surface waters by dissolved pollutants.

A water budget can be quantitative or qualitative. Although rainfall may be easy enough
to measure, the other components of evaporation, evapotranspiration and surface and
groundwater flows can be much more complicated. Obtaining regular measurements
over a long period of time to enable both short-term and long-term trends to be
observed can also be challenging.

Techniques range from simple reconnaissance methods, to detailed field measurements
(Figure 50), to sophisticated mathematical models. Detailed field studies to quantify the
various components are often difficult, expensive and time consuming.

Determining standing water levels and volume

In the case of wetlands that have a water column, the first step is to work out how much
water is required to fill a wetland and how this relates to water depth, so that changes in
water levels can be used to determine changes in water volumes in a wetland.

Documenting the inundation level of a wetland requires a surveyed depth gauge and
some knowledge of the shape and depths (bathymetry) of the wetland. A depth gauge
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should be positioned at the deepest point of a wetland and should be surveyed to
Australian height datum (AHD) or a suitable local height datum.

Figure 50. Understanding of the hydrology of a claypan in Drummond Nature Reserve, in the
Northern Jarrah Forest region, is being aided by detailed field measurements. Photo - J Lawn/
DEC.

The water level on the depth gauge is recorded regularly to monitor seasonal changes.
A bathymetric survey of the wetland will allow a correlation between the depth of water
measured on the gauge and the total volume in the basin.

Bathymetric survey involves constructing a three dimensional model of a wetland’s floor
by taking depth measurements along a number of transects. The measurements must
be calibrated to AHD or a suitable local height datum, so that they are relative to a fixed
datum, rather than to water level at the time of survey.

The Department of Water has an extensive surface water monitoring network in WA,
which forms part of its water information network (WIN). Its records are available online
at its water information resources catalogue (WRIC): http://kumina.water.wa.gov.au/
waterinformation/wric/wric.asp

Hydrographs are available for many sites, available at: http://kumina.water.wa.gov.au/
waterinformation/wrdata/wrdata.cfm

Long-term data on water levels has been collected by the state government for a number
of wetlands in the south-west via the South West Wetlands Monitoring Program. A
number of reports are available via the DEC library: http:/science.dec.wa.gov.au/conslib.

php

Determining soil saturation

Soil moisture sensors measure moisture levels in soils, and can be used in wetlands.
They are particularly useful for helping to determine the water balance of seasonally
waterlogged wetlands, by helping to measure evaporative losses for these wetlands.
They are usually designed for agricultural purposes and vary considerably in price.
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Estimating rainfall and evaporation

The Bureau of Meteorology has extensive weather and climate records that can be used
to estimate rainfall and evaporation rates at a wetland, available at www.bom.gov.au. It
is also possible to obtain interpolated climate data for wetlands of interest from the SILO
data drill: www.longpaddock.qgld.gov.au/silo. This is particularly useful where climate data
for a nearby site is not available.

Where a very accurate measure of rainfall or evaporation is required, a rain gauge and
an evaporation pan respectively are used. Instructions for measuring these parameters
are provided in the topic ‘Monitoring wetlands’ in Chapter 4. Evapotranspiration is a
complex measurement and proxies such as modelling and remote sensing are used if
approximations are not suitable.

Estimating waterway inflows and outflows

The Department of Water has an extensive surface water monitoring network in WA,
which forms part of its water information network (WIN). Its records are available online
at its water information resources catalogue (WRIC): http://kumina.water.wa.gov.au/
waterinformation/wric/wric.asp

If records are unavailable or unsuitable, spot measurements of channelised inflows

and outflows can be made using a hand-held flow meter, or engineered in-stream
device. These devices can be instrumented with water level sensors to determine more
continuous estimates of flow volumes. More information is available on these methods
from the topic ‘Monitoring wetlands’ in Chapter 4.

Estimating overland flows

Overland flow is very difficult to measure in the field. If it is important that overland
inflow is included in a water balance equation, it will be necessary to use modelling
software to calculate the run-off from surrounding land. This will be affected by many
factors including rainfall duration, quantity and intensity, topography, soils and geology,
land use in the catchment and the nature of surrounding vegetation. Such modelling will
require assistance from a professional hydrologist.

Estimating groundwater inflows and outflows

Groundwater levels can be used to estimate groundwater flow, providing that properties
of the aquifer such as gradient, direction of flow and hydraulic conductivity are
understood. Measuring groundwater fluxes is, however, a difficult task that requires
both expertise and specialised equipment. In brief, piezometers and observation bores
are sunk into the groundwater at designated locations in the landscape. Existing

bores can be used but only if the construction of these can be determined. The depth

to groundwater can be measured in an ad-hoc or regular pattern by people, or by
automated dataloggers (electronic devices that record and transmit data over time or in
relation to location either with a built in instrument or sensor via external instruments
and sensors) (Figure 51).

The Department of Water has an extensive groundwater monitoring network in WA,
which forms part of its water information network (WIN). Its records are available online
at its water information resources catalogue (WRIC): http://kumina.water.wa.gov.au/
waterinformation/wric/wric.asp

Hydrographs are available for many sites, available at: http:/kumina.water.wa.gov.au/
waterinformation/wrdata/wrdata.cfm

If records are unavailable or unsuitable, simple measurements can be readily conducted
using existing bores where these are available. One method is to lower a weighted string,
known as a ‘plopper’, down the bore. When the weight can be heard to hit the water,
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a reading of the depth below surface is taken from the string. Alternatively a water level
meter can be used. Regular measurement of the height of groundwater in these bores
allows a hydrogeologist to calculate the position of the water table and its direction

and rate of flow. Establishing a suitable piezometer or observation bore network and
analysing the data require specialised knowledge.

» Groundwater sampling and analysis — a field guide® provides guidance on standard
approaches to groundwater measurements.

» Minimum standards for the construction of monitoring bores is outlined in Water
Quality Protection Note no. 30, Groundwater monitoring bores.

Figure 51. A DEC hydrologist showing onlookers a datalogger at a nature reserve. Photo - J
Lawn/DEC.
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case study

The hydrology of the Mandora Marsh system

The Mandora Marsh wetland (Figure 52) lies across the border between the shires of Broome and East Pilbara in
northern Australia and is part of the Eighty-mile Beach Ramsar site.%® Although no detailed study of the hydrology
of Mandora Marsh has been undertaken, anecdotal evidence suggests that there are three main components of
the wetland water budget (Figure 53). The most important input of water is surface run-off during periods of
cyclonic activity.®” A lesser contribution to the hydrology of the wetland is the input of channelised flow from Salt
Creek. This waterway appears to be fed through a series of springs from a saline groundwater aquifer which may
be connected to the ocean.®® Salt Creek is an important wetland in its own right, as it supports a unigue mangrove
community. Freshwater springs are the third component of the wetland’s hydrology. A shallow, freshwater aquifer
is thought to occur within a palaeochannel that discharges into the wetland. Mound springs, such as Saunders
Spring (Figure 54), occur where the water from the aquifer reaches the surface. This aquifer is recharged by water
from the wetland when it fills following rain, making the hydrology of the wetland important to the persistence of
Saunders, and other, springs.

Figure 52. Mandora Marsh near Shay Gap in the Kimberley region of WA. Photo - M Coote/DEC.
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Figure 53. A conceptual model of the water inputs and outputs to Mandora Marsh.%®
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The hydrology of the Mandora Marsh system (cont'd)
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Figure 54. Saunders spring, a freshwater mound spring that is part of the Mandora Marsh system. Photo - M Coote/
DEC.

Periodic wide-scale flooding of the Mandora Salt Marsh and surrounding area following heavy rainfall are
important. Wetland scientists have identified that it is important that the extent and duration of inundation be
maintained, with no additional barriers to flow or extraction of floodwaters occurring. It has been recommended
that investigations be undertaken into the hydrogeology of the Mandora Marsh and the environmental water
requirements of the groundwater dependant ecosystems.”®
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The hydrology of Lake Gore

Lake Gore (Figure 55) is located approximately 34 kilometres west of Esperance, on the south coast

of Western Australia. It was designated as a Wetland of International Importance under the Ramsar
Convention in 2001, because of its significance as waterbird habitat and refuge. The main input of
water into Lake Gore is from the Dalyup River catchment which contributes over 11,000 megalitres
annually (Figure 56). Other hydrological inputs to Lake Gore come from the Coobidge Creek wetlands
system (which includes Carbul, Kubitch and Gidong lakes); direct rainfall over the lake surface; and
freshwater from a perched aquifer in sand dunes to the south and south-east of the lake. There is also
some groundwater seepage which dominates water flow in drier times, however, the amounts are not
quantified.”

case study

Figure 55. Lake Gore near Esperance in the south west of WA. Photo - S White/DEC.
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Figure 56. A conceptual model of inputs and outputs of Lake Gore. Image - Watkins (2008).7
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The hydrology of Lake MacLeod

Lake MacLeod lies approximately 100 kilometres to the north of Carnarvon. It is approximately 120
kilometres long, for most of its length is around 10 kilometres wide and covers an area of approximately
2000 square kilometres.”? The surface of the lake is normally dry from September to June, though

winter or summer rains can result in the lake being wholly or partially covered by surface run-off from
the Lyndon and Minilya rivers and other tributaries. Major flooding from the Gascoyne River occurs
infrequently, with significant historical flows to the lake occurring in 1960, 1961, 1980, 1995 and 2000.
The 2000 flood was the largest recorded over this period with water contributed by all rivers and local
rainfall. Most floods occur during the cyclone season (February March) and in mid winter (May June).
Surface inflow from the smaller rivers is intermittent and may affect only the vicinity of the river mouths.

case study

In the north west of the normally dry bed of Lake MacLeod lies a unique permanently inundated

saline wetland system and its sinkholes and channels which are collectively referred to as the ‘Northern
Ponds'’?(Figure 57). They are fed by seawater from the Indian Ocean which passes underground through
18 kilometres of coastal limestone and rises up in the site’s sinkholes, which are slightly below sea

level. Seawater upwelling is continuous, but the discharge rate varies during the day, apparently under
influence of twice-daily tides. Consequently the sinkholes, outflow channels and lakes are permanently
inundated. Water flows southwards from several main points within the sinkhole network, through

a channel system to the main body of water and periodically overflows across a broad mudflat to the
terminal wetland. Water discharging from minor sinkholes flows into adjacent saline marshes. Water in
the sinkholes may be several metres deep while water in the Northern Ponds system can be in the order
of 1 metre in depth.

Figure 57. Part of the permanent ‘northern ponds’ area of Lake MacLeod. Photo - S Kern/DEC.
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SOURCES OF MORE INFORMATION ON WETLAND
HYDROLOGY

Websites

Bureau of Meteorology
www.bom.gov.au

Perth Groundwater Atlas Online

www.water.wa.gov.au/ (Tools/Maps and Atlases/Perth Groundwater Atlas)

Shows the depth to water table, groundwater contours and depth of the superficial
aquifer and an indication of salinity.

WA Atlas (through the Shared Land Information Portal or SLIP portal)
https://www?2.landgate.wa.gov.au/slip/portal/services/wa-atlas.html

Shows mapped wetlands according to geomorphic classification/hydroperiod (choose
‘Add layers'>"WMS layers'>'Biology and Ecology’).

ABC Science Catchment Detox Game

http://catchmentdetox.net.au/

An interactive online game which shows the impacts of development on catchment
condition. The challenge is to repair a damaged river catchment and create a sustainable
and thriving economy.

Publications — groundwater investigations
Kimberley

Searle, J.A. (2012). Hydrogeological record series 57: groundwater resource review
Dampier Peninsula. Department of Water, Perth, Western Australia. www.water.wa.gov.
au/PublicationStore/first/101814.pdf

Pilbara

Johnson, S.L. and Wright, A.H. (2001). Hydrogeological record series 8: Central Pilbara
Groundwater Study. Water and Rivers Commission, Perth, Western Australia.

Midwest

Rutherford, J., Roy, V., and Johnson, S.L. (2005) Hydrogeological record series 11: The
hydrogeology of the groundwater dependent ecosystems in the Northern Perth Basin.
Department of Water, Perth, Western Australia.

South-west

Irwin, R. (2007). Hydrogeology record series 19: Hydrogeology of the eastern Scott
Coastal Plain. Department of Water, Perth, Western Australia.
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GLOSSARY

Aerobic: an oxygenated environment (organisms living or occurring only in the presence
of oxygen are aerobes)

Anaerobic: without air (organisms that live in these conditions are ‘anaerobes’)

Aquiclude: an impermeable body of rock or stratum of sediment that acts as a barrier to
the flow of groundwater to or from an adjacent aquifer

Aquifer: a geological formation or group of formations capable of receiving, storing and
transmitting significant quantities of water

Aquitard: a low permeability body of rock or stratum of sediment that retards but does
not prevent the flow of groundwater to or from an adjacent aquifer

Artesian groundwater: groundwater confined under pressure

Australian height datum (AHD): a fixed survey point from which the elevation of any
point in Australia may be measured

Bore: a narrow, normally vertical hole drilled into a geological formation, usually
fitted with a PVC casing with slots to allow interaction with the aquifer, to monitor or
withdraw groundwater from an aquifer

Catchment: an area of land which is bounded by natural features such as hills or
mountains from which all surface run-off water flows down slope to a particular low
point or ‘sink’ (a place in the landscape where water collects)

Confined aquifer: an aquifer deep under the ground that is overlain and underlain by
relatively impermeable materials, such as rock or clay, that limit groundwater movement
into and out of the aquifer

Decomposition: the chemical breakdown of organic material mediated by bacteria and
fungi; degradation refers to its physical breakdown. Also known as mineralisation.

Detritus: organic material originating from living, or once living sources including
plants, animals, fungi, algae and bacteria. This includes dead organisms, dead parts of
organisms (e.g. leaves), exuded and excreted substances and products of feeding.

Discharge wetland: a wetland into which groundwater discharges
Evaporation: the change of liquid water into water vapour in the atmosphere

Evapotranspiration: a collective term for the transfer of water, as water vapour, to the
atmosphere from both vegetated and un-vegetated land surfaces

Flow-through wetland: a wetland which receives groundwater inputs in some parts of
its area and discharges water to the groundwater in other areas

Geomorphology: landscape features and shape, at various spatial scales

Groundwater: water occurring beneath the ground surface in spaces between soil
grains and pebbles and in fractures or crevices in rocks

Groundwater capture zone: the area within which any recharge (infiltrating water)
eventually flows into the wetland

Groundwater dependent ecosystems: those parts of the environment, the species
composition and natural ecological processes of which are dependent on the permanent
or temporary presence or influence of groundwater
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Groundwater model: a simplified representation of a groundwater system

Groundwater mound: convex regional mounding of the water table in an unconfined
aquifer. The top of the mound is where the water table is highest above sea level. Water
flows down gradient of this point.

Groundwater table: the upper surface of the groundwater in an unconfined aquifer
(top of the saturated zone). In technical terms, the surface where the water pressure
head is equal to the atmospheric pressure.

Headwater wetland: a wetland at the top of the wetland chain where water originates

Hydraulic conductivity: a property of plant material, soil or rock that describes the
ease with which water can move through pore spaces or fractures. It depends on the
permeability of the material and on the degree of saturation.

Hydrogeology: the distribution and movement of groundwater

Hydrology: the properties of the Earth’s water, particularly the distribution and
movement of water between the land surface, groundwater and atmosphere

Hydroperiod: the periodicity (permanent, seasonal, intermittent) of waterlogging or
inundation of a wetland

Impermeable: does not allow water to move through it

Infiltration: the downward movement of water into the soil profile via spaces between
soil particles (called pores) and cracks and fractures in the ground

Interception: occurs when rainfall that falls over an area is captured on the surface of
vegetation (foliage, stems, branches, trucks or leaf litter). This water may evaporate to
the atmosphere or falling to the ground (throughfall).

Interflow: shallow lateral subsurface flow of water, which moves nearly parallel to the
soil surface, usually in response to a layer of soil that impedes percolation

Intermittent: present for variable periods with no seasonal periodicity
Inundation: where water lies above the soil surface (also called surface ponding)
Mound spring: an upwelling of groundwater emerging from a surface organic mound

Obligate wetland plant: generally restricted to wetlands under natural conditions in a
particular setting

Observation bore: a non-pumping well with a long slotted section that crosses the
water-table

Palaeochannel: a channel formed by a palaeoriver (ancient river), infilled with deposited
sediments and buried over time, often forming modern-day groundwater aquifers

Paluslope: a seasonally waterlogged slope wetland
Peat: partially decayed organic matter, mainly of plant origin
Perched: not connected to groundwater

Perched aquifer: a local aquifer close to the land surface that receives direct recharge
from rainfall, but is above and disconnected from the regional unconfined aquifer

Percolation: flow of water down through soil, sediments or rocks without these being
completely saturated
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Photosynthesis: the process in which plants and some other organisms such as certain
bacteria and algae capture energy from the sun and turn it into chemical energy in the
form of carbohydrates. The process uses up carbon dioxide and water and produces
oxygen.

Physiochemical environment: the physical and chemical environment

Piezometer: a non-pumping well, with a short length (often 2 metres) of slotted section
at the base often below the water table, which is used to measure the potentiometric
surface

Rainfall: a product of the condensation of atmospheric water vapour that is deposited
on the Earth’s surface.

Primary production: the production of organic compounds from atmospheric
or aquatic carbon dioxide, principally through the process of photosynthesis, with
chemosynthesis being much less important

Recharge: the physical process where water naturally percolates or sinks into a
groundwater basin

Recharge area: the land surface area over which recharge occurs to a particular
groundwater aquifer

Recharge wetland: a term used by geologist to describe wetlands from which water
flows out of into the groundwater, ‘recharging’ it

Salinity: measure of the concentration of dissolved salts
Saturated: the state in which all available spaces are filled with water
Seasonal: present during a given period of the year, recurring yearly

Sediment pore waters: water which is present in the spaces between wetland
sediment grains at or just below the land surface. Also called interstitial waters.

Semi-confined aquifer: an aquifer deep under the ground with leaky aquitards
Shallow aquifer: another term for unconfined aquifer

Superficial aquifer: another term for unconfined aquifer

Surficial aquifer: another term for unconfined aquifer

Surface run-off: water that flows down slope over the ground surface; also called
overland flow

Swan Coastal Plain: a coastal plain in the south west of Western Australia, extending
from Jurien south to Dunsborough, and the Indian Ocean east to the Gingin, Darling and
Whicher Scarps

Tannins: complex organic compounds derived from plant materials

Terminal wetland: a wetland at the bottom of the wetland chain. It receives water from
other systems but water generally does not exit it other than through evaporation or
seepage into the ground (or occasional flooding overflow in large events)

Throughflow wetland: a wetland that lies between headwater wetlands and terminal
wetlands (or the sea) in a wetland chain. It receives water from upgradient wetlands and
supplies water to downgradient wetlands.
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Transpiration: the process by which water (in the form of water vapour) is lost to

the atmosphere by plants across the surfaces of leaves (through small openings called
stomata). Transpiration drives the movement of water from the roots to the leaves and is
the primary process by which water is lost from subsurface soils to the atmosphere.

Tufa: a porous rock composed of calcium carbonate and formed around mineral springs
Tumulus mound spring: peat-formed mound spring

Unconfined aquifer: an aquifer close to the land surface which receives direct recharge
from rainfall. Its upper surface is the water table. Also referred to as a superficial or
surficial aquifer.

Water budget: the balance of all of the inflows and outflows of water

Water column: the water within an inundated wetland that is located above the
surface of the wetland soils (as distinct from sediment pore waters of inundated and
waterlogged wetlands)

Water cycle: Continual circulation of water between the land, the oceans and the
atmosphere. Also called the hydrological cycle.

Waterlogged: saturation of the soil

Water regime: the specific pattern of when, where and to what extent water is present
in a wetland. The components of water regime are the timing, frequency, duration,
extent and depth and variability of water presence.

Water requirements: the water required by a species, in terms of when, where and
how much water it needs, including timing, duration, frequency, extent, depth and
variability of water presence

Water table: the upper surface of the groundwater in an unconfined aquifer (top of the
saturated zone). In technical terms, the surface where the water pressure head is equal
to the atmospheric pressure.

Wetland hydrology: is generally used to refer to the movement of water in and out of,
and within a wetland

PERSONAL COMMUNICATIONS

Name Date Position Organisation

Jim Lane Principal Research Scientist  Department of Environment and Conservation
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Introduction to the guide

Western Australia’s unique and diverse wetlands are rich in ecological and cultural values
and form an integral part of the natural environment of the state. A guide to managing
and restoring wetlands in Western Australia (the guide) provides information about the
nature of WA's wetlands, and practical guidance on how to manage and restore them for
nature conservation.

The focus of the guide is natural ‘standing’ wetlands that retain conservation value.
Wetlands not addressed in this guide include waterways, estuaries, tidal and artificial
wetlands.

The guide consists of multiple topics within five chapters. These topics are available in
PDF format free of charge from the Western Australian Department of Environment and
Conservation (DEC) website at www.dec.wa.gov.au/wetlandsguide.

The guide is a DEC initiative. Topics of the guide have predominantly been prepared by
the department’s Wetlands Section with input from reviewers and contributors from a
wide range of fields and sectors. Through the guide and other initiatives, DEC seeks to
assist individuals, groups and organisations to manage the state’s wetlands for nature
conservation.

The development of the guide has received funding from the Australian Government, the
Government of Western Australia, DEC and the Department of Planning. It has received
the support of the Western Australian Wetlands Coordinating Committee, the state’s
peak wetland conservation policy coordinating body.

For more information about the guide, including scope, purpose and target audience,
please refer to the topic ‘Introduction to the guide’.

DEC welcomes your feedback and suggestions on the guide. A publication feedback
form is available from the DEC website at www.dec.wa.gov.au/wetlandsguide.
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K \ Ecological character: the sum
of a wetland’s biotic and abiotic

components, functions, drivers
and processes, as well as the
threatening processes occurring

Before you begin

Before embarking on management and restoration investigations and in the wetland, catchment and
activities, you must consider and address the legal requirements, safety region

considerations, cultural issues and the complexity of the ecological processes Physico-chemical: relating
which occur in wetlands to ensure that any proposed actions are legal, safe to physical chemistry. In this

and appropriate. For more guidance, see the topic ‘Introduction to the guide’. quide, used in reference to
the physical and chemical

K j characteristics of wetland

waters.

INTRODUCTION

The natural physical and chemical conditions in wetland waters significantly influence
the characteristics of wetlands, including the living conditions for plants, animals and
microbes that live in or visit them. These conditions determine the ability of these
organisms to produce or seek out energy sources, and to get, or be exposed to, suitable
amounts of light, oxygen, salts, heavy metals and other important substances from water
and sediment.

Important physical and chemical conditions in wetland waters include:

e light availability (including shade, turbidity and colour)
e water temperature

¢ dissolved oxygen

e salinity, conductivity and ionic composition
e stratification

e acidity/alkalinity

e redox potential

e carbon

e nitrogen

e phosphorus

e sulfur

These conditions are an important determinant of a wetland’s ecological character. The
natural variety in these conditions amongst wetlands contributes to the diversity of WA
wetlands and their biodiversity.

In order to manage a wetland, whether it is relatively natural or altered, it is important to
understand these physical and chemical conditions and the processes driving them.

» Managers of wetlands with altered wetland conditions will find this topic a useful
foundation for management techniques outlined in the topics ‘Water quality’ and
‘Secondary salinity’ in Chapter 3.

The physical and chemical characteristics of a wetland are often referred to as its
‘physico-chemical environment'. The way in which the physico-chemical environment
interacts with other aspects of a wetland is illustrated in Figure 1.
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Figure 1. The physico-chemical environment has an important effect on the living conditions of a wetland (adapted from Mitsch

and Gosselink 2007)."

The plants, animals and microbes of a particular wetland are adapted to specific
chemical and physical conditions, which can be critical to their ability to survive, grow
and reproduce. They may not be able to adjust readily if these conditions change. For
example, if water salinity levels get too high, many freshwater wetland plants and
animals can no longer survive, or if dissolved oxygen levels become too low, animal
deaths such as fish kills may result.

The physico-chemical conditions of wetland waters vary naturally. As shown in Figure 1,
this is due to a wetland’s hydrology and setting, which influences the types and qualities
of inflow waters and whether the wetland holds water on a permanent, seasonal or
intermittent basis. It is also influenced by plants, animals and microbes that inhabit

the wetland, for example, the composition and structure of the vegetation in and
surrounding the wetland. Changing any of these factors can alter the physical and
chemical characteristics of wetland waters.

In this topic, two main types of wetland waters are referred to:

¢ those with free standing water columns, which are present in wetlands subject
to inundation — these water columns can be either permanently present (in lakes),
seasonally present (in sumplands) or intermittently present (in playas and barlkarras)
(Figure 2a, <)

¢ sediment pore water (also called interstitial waters) — water which is present
in the spaces between sediment grains at or just below the surface and occur in
all wetland types including those that are only subject to waterlogging but not
inundation, and therefore never develop a distinct water column (in damplands,
palusplains, paluslopes and palusmonts) (Figure 2b, d).

2 Conditions in wetland waters

Microbe: an organism that
can be seen with a microscope,
including bacteria and fungi

Water column: the water
within an inundated wetland
that is located above the
surface of the wetland soils
(as distinct from sediment
pore waters of inundated and
waterlogged wetlands)

Sediment pore waters: water
which is present in the spaces
between wetland sediment
grains at or just below the land
surface. Also called interstitial
waters.
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(a) Inundated basin (b) Waterlogged basin

—

\

Water column

Interstitial water

Sediment grain

(c) Inundated flat (d) Waterlogged flat

Figure 2. Water columns and sediment pore waters of different types of wetlands: (a) inundated basins; (b) waterlogged basins;
(c) inundated flats; and (d) waterlogged flats (also applicable to slopes and highlands). Image —J Higbid/DEC.

Wetland pore waters and the solid sediments the pore waters surround are closely
related but may have quite different chemistries. Substances that are very soluble

may end up in pore waters, while some substances will be attached to (adsorbed on

to) sediment particles. This topic focuses on the conditions occurring in wetland water
columns and pore waters, but in some cases, where conditions in pore waters are

most strongly influenced by those in the sediments, or where a parameter is commonly
measured in the sediments rather than the pore waters, some discussion of sediments is
also included.

The characteristics of pore waters and sediments can be more difficult to measure

than those of the water column, and therefore they tend to be sampled less often.
Consequently, recognised and feasible methods for the characterisation of waterlogged
wetland types such as damplands and palusplains may not be available. Despite this,
an effort to summarise approaches for the sampling and measurement of both water
column and pore waters have been described, except where sampling techniques are
very complex or expensive. More detailed descriptions of sampling techniques are
presented in the topic ‘Monitoring wetlands’ in Chapter 4.

Water column chemistry, and less commonly the chemistry of sediment pore waters, is
used to measure the condition of wetlands and to monitor their state or characteristics
over time. Understanding the physical and chemical conditions in wetland waters and
the way they vary between wetland types is critical to understanding how the ecosystem
operates and how to restore or rehabilitate degraded wetlands. Effective management
or restoration of wetland ecosystems is not possible without an understanding of what
these physical and chemical conditions mean and how they interact.

The following sections describe some of the key chemical and physical characteristics of
natural wetland waters and the factors that influence these characteristics in Western
Australian wetlands.

3 Conditions in wetland waters

Sediment: in general terms,
the accumulated layer of
mineral and dead organic
matter forming the earth
surface of a wetland. Used
interchangeably in this guide
with the terms ‘wetland soil’
and ‘hydric soil’, although all
three of these terms have more
specific meaning in wetland
pedology

Soluble: able to dissolve
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Sources of general information on wetland water
characteristics

ANZECC & ARMCANZ (2000) ‘8.2 Physical and chemical stressors in Volume 2 Aquatic
ecosystems — rationale and background information (Chapter 8)' of Australian and New
Zealand guidelines for fresh and marine water quality.?

Boulton A and Brock M (1999) Australian freshwater ecology: processes and
management.?

Chambers J, Davis J and McComb A (2009) ‘Inland aquatic environments — wetland
diversity and physical and chemical processes’ in Environmental Biology.*

Davis J et al. (1993) Wetlands of the Swan Coastal Plain Volume 6 ‘Wetland classification
on the basis of water quality and invertebrate data.®

Wrigley T, Rolls S and Davis J (1991), ‘Limnological features of coastal-plain wetlands
on the Gnangara Mound, Perth, Western Australia’ in Australian Journal of Marine &
Freshwater Research.®
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LIGHT AVAILABILITY (INCLUDING SHADE,
TURBIDITY AND COLOUR)
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What is meant by light availability in wetlands?

Light availability is considered in terms of the quality, quantity and timing of light
reaching wetland waters. Light availability in aquatic ecosystems is quite different to
that of terrestrial systems, because once light reaches wetland waters it is rapidly altered
and reduced, so that both the quality and quantity of light available is quite different to
what first reached the surface of the water. Light availability is really only an important
parameter in wetland water columns, since it is only able to penetrate to 0.2-2
millimetres into the sediments.’

Why is light availability important in wetlands?

Light plays several critical roles in wetland ecosystems. It is the primary source of energy

that is captured, assimilated and flows through wetland food webs, and is also the major

source of heat.? The availability of light therefore influences the degree to which these
modes of energy capture and heat transfer can occur, and this controls the productivity
of the ecosystem, and the suite of metabolic processes taking place in it.?

Photosynthesis

Light is critical for photosynthesis; the process of energy capture by ‘primary
producers’: photosynthetic algae, plants and some bacteria. Plants and photosynthetic
algae and bacteria contain light-capturing pigments within their cells (such as the
chlorophylls) which use the energy from light to generate biochemical energy and to
convert carbon dioxide and water to carbohydrates.? This process directly or indirectly
supports the rest of the wetland food chain through its conversion to biomass, as a
food source for secondary consumers (herbivores), as food for the predators that feed
on the lower order consumers, and ultimately for the detritivores that break down

and decompose dead organic matter (as described in the topic "Wetland ecology’ in
Chapter 2). Some wetlands, usually those in ‘extreme’ environments (such as very high

temperature, very acidic) are driven by ‘chemosynthesis’ (a process of energy capture that

does not rely on light) rather than photosynthesis, but this is much less common.?

The ‘euphotic’ zone of wetlands (Z, ) is the section of a water mass that is penetrated
by light of sufficient intensity and of suitable wavelength to enable photosynthesis by
aquatic plants. It approximates the minimum light intensity required for photosynthesis
and is delineated by the depth to which 1 per cent of the surface incident light can
penetrate*> (Figure 3). It is also known as the "photic zone'.

100% Incident Light

Euphotic Zone

Figure 3. The euphotic zone of an inundated wetland.
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Metabolic: the processes
occurring within a living
organism that are necessary to
maintain life

Photosynthesis: the process
in which plants, algae and
some bacteria use the energy
of sunlight to convert water
and carbon dioxide into
carbohydrates they need for
growth and oxygen

Biomass: the total quantity or
weight of organisms in a given
area or volume
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Trigger values: quantified
Heat limits that, if exceeded,

would indicate a potential
environmental problem, and
so ‘trigger’ a management

The role that solar radiation plays in providing heat to wetland waters is also critical to
wetland ecosystem function, since infra-red radiation, together with visible light (both

from the sun), are the primary sources of heat to wetlands.?? This radiation warms response, e.g. further

wetland waters and can control wetland ecology directly, for example by influencing investigation

which species can occur in an ecosystem (due to physiological tolerances, the limits on Epiphyte: a plant or algae that
an organism'’s ability to function), and the rate at which metabolic processes (such as grows upon or attached to a
enzyme activity) are able to occur (see "“Temperature’ in this topic for more information). larger, living plant

In addition to its direct effects on organisms, water temperature also influences many
other physico-chemical parameters including dissolved oxygen and pH (see ‘Dissolved
oxygen' and ‘pH’ in this topic for more information).

What are acceptable levels of light availability in
Western Australian wetlands?

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality*
(known as ‘the ANZECC guidelines’ in reference to the author institute) trigger values
for light in wetlands are focused on the depth of the euphotic zone (depth to which
photosynthesis can occur), rather than the quality of light. They recommend that where
reference information on the wetland (or a similar site) exists, that the euphotic zone
depth should not change by more than 10 per cent.* Trigger values for turbidity and
colour are addressed later in this section.

What affects the light availability in wetland
waters and how variable is it?

Four of the major factors involved in controlling the amounts and type of light that is
able to penetrate wetland waters are:

e geographic location of the wetland and time of year

e the amount of shading of/in the wetland

o the level of water turbidity (caused by suspended particles including algae)
e the ‘colour’ of the water.

The availability of light within an aquatic system is a product of these combined factors
and varies between geographic regions, wetland types, and over time, and is influenced
strongly by land use and degrading processes occurring at or near wetlands.

Geographic location and time of year

The incidence of light to wetlands varies depending on latitude and season, as both of
these factors affect the sun’s angle relative to the earth, and therefore alter the amount
of radiation reaching wetlands.? The large size of WA means that it covers a wide range
of latitudes, and different regions are subject to different amounts of solar radiation as a
result. Light availability to wetlands also varies dramatically over a 24 hour cycle.?

Shading

Shading of wetland waters can occur both from within and outside a wetland, and
is not always facilitated by large objects or organisms such as shrubs or trees (Figure
4a); for example, shading of submerged wetland plants by epiphytic (attached to the
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plant surface) microalgae (Figure 4b). This can cause aquatic plant decline by decreasing Plankton: aquatic organisms
the amount of light reaching the plant’s photosynthetic pigments.® Floating wetland floating or SUSF’ef"ded. n
vegetation (such as waterlilies, Nymphaea; duckweed Lemna; floating fern, Azolla) the water that drift with

| v red | limi h . flight | h land water movements, generally
can also greatly reduce or almost eliminate the penetration of light into the wetlan having minimal ability to

(Figure 4c). Almost all wetland vegetation and planktonic organisms shade the benthic  ontro| their location, such as
(bottom) areas of wetlands, reducing the light available for photosynthetic benthic phytoplankton (photosynthetic
microbes’ and low-growing wetland vegetation. Algal blooms are one of the most well-  plankton including algae and
known and problematic forms of shading in wetlands with a water column (Figure 4d).

cyanobacteria) and zooplankton
(animals)

Benthic: the lowermost region
of a wetland water column

Phytoplankton:
photosynthetic plankton
including algae and
cyanobacteria

s Ol
(a) overstorey vegetation (b) epiphytes on Vallisneria australis
(an introduced macrophyte)

i - A
(c) floating macrophyte Azolla filiculoides (d) phytoplankton bloom (North Lake)

Figure 4. Shading of wetland waters. Photos - (a) J Higbid/DEC, (b) P Novak, (c) C Prideaux/DEC
and (d) J Davis.

The primary effects of shade on wetland waters are:
e adecrease in the amount of light reaching underlying waters

¢ achange in the dominant wavelengths of available light (particularly if the wetland
is being shaded by wetland vegetation as opposed to inorganic objects such as rocks
or buildings)

¢ alowering of the temperature of receiving waters.°2

The reduction of light and alteration of dominant wavelengths caused by shading means
that the more shaded the environment, the more that surface-dwelling organisms (such
as floating wetland vegetation and phytoplankton) are advantaged, and conversely, the
more benthic (bottom)-dwelling organisms (such as many submerged wetland vegetation
species or microalgae) are disadvantaged.
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A guide to managing and restoring wetlands in Western Australia Chapter 2: Understanding wetlands

Turbldlty Particulates: in the form of

particles (small objects)

The availability of the light penetrating into wetland waters also depends on the Turbidity: the extent to which
amounts and types of substances present in the water to absorb or reflect it.* Suspended ~ ight is scattered and reflected
particulate materials have a major influence on light availability as they can change both b.y pamclgs suspended or

, i ) ) dissolved in the water column
the scattering and absorption of light.2 The cloudy appearance of water (turbid water)
can be caused both by suspended inorganic (non-biological) particles such as sediment,
or by biological materials such as phytoplankton.' Varying degrees of inorganic
turbidity occurs naturally in many Australian wetland systems.> In some ecosystems in
WA such as claypans, high turbidities occur naturally almost all of the time because of
the clay soils (Figure 5a). ‘Biogenic’ turbidities, such as phytoplankton blooms, are more
commonly an effect of human-induced change to wetlands through increased nutrient
loading (Figure 5b). Many introduced species of animals promote turbid conditions. Feral
pigs like to wallow in water in hot weather, livestock stir up the sediment when drinking
and cooling off, and carp and goldfish vigorously stir up sediment while feeding. Fire can
also increase turbidity in the short term in catchments where burning of vegetation is
followed by a large increase in catchment erosion.™

Biogenic: produced by
organisms

Cyanobacteria: a large and
varied group of bacteria which
are able to photosynthesise

@) ' (b)

Figure 5. Turbid wetland waters: (a) inorganic (sediment/particle) turbidity (b) biogenic
(biological/algal) turbidity. Photos - L Sim.

High turbidities have a number of effects on the light environment in wetland
ecosystems, and these effects are closely related to shading. Turbidity restricts growth
of wetland vegetation by decreasing the amount and quality of light available for
photosynthesis. Due to the different photosynthetic adaptations to light and shade of
different plant and algal species, high levels of turbidity or shade can change species
dominance, especially in phytoplankton. For example, cyanobacteria are quite often
moderately shade-tolerant, and are also problem species in algal blooms due to the
toxins produced by many species.> On the other hand, aquatic plants that grow close to
the sediment can be severely disadvantaged by turbid conditions.

In addition to the effects on photosynthesis, high turbidities reduce the ability of visual
predators to see prey, and therefore may also change habitat use by prey animals, since
they no longer need to seek shelter to avoid visual detection.'? For example, the naturally
high turbidity of many claypans in the Avon region protects tadpoles and crustaceans
such as clam shrimp, fairy shrimp and shield shrimp from predation by waterbirds, so
these wetlands are particularly important for these animals'? (Figure 6). The Wheatbelt
frog, Neobatrachus kunapalari, mates in milky pools (Figure 7) in which the resulting
tadpoles are usually hidden from view.
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Figure 6. Shield shrimp in turbid water in Miamoon Lake, near Wubin in the northern
Wheatbelt.

Figure 7. Turbid pools provide protection for tadpoles of the Wheatbelt frog, Neobatrachus
kunapalari. Photo — courtesy of FrogWatch http:/frogwatch.museum.wa.gov.au/

The low light conditions caused by high turbidities may prevent the establishment of
bottom-dwelling (benthic) communities (for example, submerged wetland vegetation,
benthic microbes), or lead to the loss of previously-established communities. This can
often lead to ‘positive feedback loops’ in which sediments are not consolidated by
benthic communities, leading to further turbidity and so on (Figure 8). This continual
resuspension of inorganic sediments can also lead to elevated water column nutrient
levels, since nutrients in the sediments are constantly resuspended, and sequestration
(taking up) by rooted plant material does not occur. This feedback process forms part of
the mechanism for maintaining a ‘turbid, phytoplankton-dominated state’.

High turbidity

Unconsolidated Lowlight
sediment

No benthic
community

Figure 8. Feedback loop promoting turbid conditions in wetlands. Image — M Bastow/DEC.
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Turbidity caused by human-induced processes can have additional effects on ecosystems  Colour: the concentration of

beyond its influence on light, such as the increased sedimentation of benthic surfaces diSSOWGd Organi§ materials and
and organisms. dissolved metals in water

Humic: substances formed from
» For more information on human-induced sedimentation and siltation, refer to the the decomposition products of

topic ‘Water quality’ in Chapter 3. polyphenols such as tannins, which
are complex organic compounds
derived from plant materials

Guidelines for turbidity in Western Australian
wetlands

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality* (known
as ‘the ANZECC guidelines’ in reference to the author institute) provide very broad
ranges for turbidity (Table 1) and include the following explanatory text:

‘Most deep lakes and reservoirs have low turbidity. However, shallow lakes and
reservoirs may have higher turbidity naturally due to wind-induced resuspension of
sediments. Lakes and reservoirs in catchments with highly dispersible soils will have high
turbidity. Wetlands vary greatly in turbidity depending upon the general condition of
the catchment or river system draining into the wetland and to the water level in the
wetland.’

Table 1. Default trigger values for turbidity (risk of adverse effects) from ANZECC &

ARMCANZ.*
Ecosystem type Nephelometric turbidity units (NTUs)
Tropical Australia Lower limit Upper limit
Wetlands 2 200
South-west Australia
Wetlands 10 100

. ”F;- 4
5 \ i 5 " 1 ' i T i v i
Figure 9. During a 2009 study, Lake Guraga near Cataby was found to have elevated turbidity
levels (290 NTU) attributed to suspension of clay sediments by wind.* Photo — G Daniel/DEC.

Colour

When used in reference to wetland waters, the term “colour’ has a more specific
meaning than its everyday meaning. It is used to refer to dissolved substances that impart
colour to wetland water, rather than other sources of colour such as phytoplankton
blooms.™ Most commonly it refers to dissolved organic materials such as humic and
fulvic acids derived from plant material that in high concentrations can impart a yellow
or tea colour to wetland waters'® (Figure 10). Humic substances are formed from the
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decomposition products of polyphenols such as tannins, which are complex organic
compounds derived from plant materials.”” However, water ‘colour’ technically refers to
more than dissolved organic materials and also includes dissolved metals such as iron,
manganese and copper.'®

e

Figure 10. A groundwater-fed wetland near Yarloop in the south west of WA. The water is
highly coloured and has a pH of around 5, due to the concentration of tannins (humic acid).
Photo - M Morley/DEC.

Colour plays another important role in the availability of light in wetland waters. The
presence (particularly in high concentrations) of humic materials or dissolved metals

in wetland waters affects which wavelengths of light are able to penetrate to deeper
waters (humic materials absorb light at the blue end of the spectrum?, and also

reduces the total incidence of light reaching aquatic photosynthesisers>3). This reduced
photosynthetic capability has led coloured systems to be referred to as ‘dystrophic’
(compare with the terms ‘oligotrophic’, ‘mesotrophic’ and ‘eutrophic’) in indicating that
instead of supporting increased algal and plant growth as nutrient levels increase, they
are able to suppress this production, even at high nutrient levels, due to light inhibition.
This natural suppression can be altered by clearing of wetland and surrounding dryland
vegetation, which reduces the input of organic material into the wetland. Clearing of
vegetation that provides shade can also speed up the chemical breakdown of humic
substances. Many humic substances may be susceptible to chemical breakdown caused
by UV light, called ‘photodegradation’ or ‘photo-oxidation’, which is likely to occur more
quickly in shallow wetlands.?

Coloured water does not appear to occur in saline systems although the reasons for this
are unclear.202

Guidelines for colour in Western Australian
wetlands

Levels of colour vary naturally depending on the type of wetland. Researchers have
proposed that the wetlands on the Swan Coastal Plain are considered ‘coloured’

beyond 52 g,,/m (gilvin).?° Given the natural variation, the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality* (known as ‘the ANZECC guidelines’ in
reference to the author institute) have not published guidelines for ‘acceptable’ levels of
colour in wetland waters.

12 Conditions in wetland waters



A guide to managing and restoring wetlands in Western Australia

How is light availability measured, and what
units are used?

Many different aspects of ‘light’ in wetland water columns can be measured including
clarity, wavelength, irradiance, reflectance, absorbance (including colour), and each
of these factors provides different information about the light climate.'® The most
commonly measured parameters are clarity (including turbidity), irradiance and colour.

i Clarity or visibility is often measured

using a Secchi disc (Figure 11). This is a
simple technique and can quickly provide
an estimate of the depth (in metres)

of the euphotic zone (the zone within
which photosynthesis occurs), since Z_,

is approximately equal to three times the
Secchi depth.> In highly turbid or coloured
lakes, the photic zone may be very small
(not far below the surface of the water).

Another surrogate for water clarity is
turbidity, which measures the extent to
which light is scattered and reflected by
particles suspended or dissolved in the
water column. A water sample is taken and
the light penetration through the sample is
measured using a turbidity meter.?! Turbidity
is measured in ‘nephelometric turbidity
units’ (NTU) or the roughly equivalent

Figure 11. A Secchi disk being lowered into . o . .
wgter. Photo — DEC. 9 ‘formazine turbidity units’ (FTU) (depending

on the type of calibration used).

Total suspended solids (TSS) can also be measured by filtering a water sample through
filter paper to determine the weight of sediment per unit volume of water.

The amount of light available at different water column depths is usually measured as
irradiance (‘radiant flux’ per unit area) with a light meter.? Irradiance is used to calculate
the depth of the euphotic zone. This is a more accurate means of determination than
Secchi disk depth. Light meters are expensive and accurate readings can be difficult to
obtain, since they are affected by wave action, clouds and other shading.?

Water colour can be measured in a number of different ways, depending on which
component of colour is perceived to be most important in a particular wetland. ‘Gilvin’
measures the absorbance of light by humic substances at a wavelength of 440 nm (after
filtration through a 0.2 pm filter) and is expressed in units of g,, /m (absorbance at 440
nanometres per metre). However a more comprehensive standard measure of colour
(which includes the influence of other dissolved substances such as iron) is ‘true colour’
(measured in true colour units, TCU)." The pH of the water may influence the colour of
the sample, therefore pH should be recorded at the same time as TCU.'® Measurements
in gilvin cannot be converted to true colour units (or vice versa), because the two
measures account for different suites of dissolved substances and therefore do not
represent the same thing.

» For more information on monitoring transparency, colour, turbidity and suspended
solids in wetlands, refer to the topic ‘Monitoring wetlands’ in Chapter 4.
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Sources of more information on light availability
in wetlands

ANZECC & ARMCANZ (2000) ‘8.2 Physical and chemical stressors in Volume 2 Aquatic
ecosystems — rationale and background information (Chapter 8)' of Australian and New
Zealand guidelines for fresh and marine water quality.*

Kirk, JTO (1994) Light and photosynthesis in aquatic ecosystems. 2nd edition.?

Water on the Web (2004) ‘Water on the Web, monitoring Minnesota lakes on the
internet and training water science technicians for the future, a national on-line
curriculum using advanced technologies and real-time data’.'°

Wetzel, R (2001) Limnology. Lake and river ecosystems.?

Glossary

Benthic: the lowermost region of a wetland water column

Biogenic: produced by organisms

Biomass: the total quantity or weight of organisms in a given area or volume

Colour: the concentration of dissolved organic materials and dissolved metals in water

Coloured wetlands: wetlands with dissolved organic materials and dissolved metals; on
the Swan Coastal Plain, nominally those wetlands with more than 52 g,,/m (gilvin)

Dystrophic: wetlands that suppress increased algal and plant growth even at high
nutrient levels due to light inhibition

Epiphyte: a plant or algae that grows upon or attached to a larger, living plant

Euphotic zone: (also known as the ‘photic zone' and ‘photozone’) the section of a
water mass penetrated by light of sufficient intensity and of suitable wavelength to
promote photosynthesis by aquatic plants

Gilvin: a measure of the absorbance of light by humic substances at a wavelength of
440 nm (after filtration through a 0.2 um filter), expressed in units of g,, /m (absorbance
at 440 nanometres per metre)

Humic: substances formed from the decomposition products of polyphenols such as
tannins, which are complex organic compounds derived from plant materials

Metabolic: the processes occurring within a living organism that are necessary to
maintain life

Particulates: in the form of particles (small objects)
Photodegradation: chemical breakdown caused by UV light

Photosynthesis: the process in which plants, algae and some bacteria use the energy of
sunlight to convert water and carbon dioxide into carbohydrates they need for growth
and oxygen

Phytoplankton: photosynthetic plankton including algae and cyanobacteria

Plankton: aquatic organisms floating or suspended in the water that drift with
water movements, generally having minimal ability to control their location, such
as phytoplankton (photosynthetic plankton including algae and cyanobacteria) and
zooplankton (animals)
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Trigger values: quantified limits that, if exceeded, would indicate a potential
environmental problem, and so ‘trigger’ a management response, e.g. further
investigation

True colour: a measure of colour which includes the influence of humic substances and
other dissolved substances such as iron, measured in true colour units (TCU)

Turbid: the cloudy appearance of water

Turbidity: the extent to which light is scattered and reflected by particles suspended or
dissolved in the water column
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WATER TEMPERATURE
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What is meant by water temperature?

‘Water temperature’ refers to the in situ (field) temperature of wetland waters (usually
surface waters) and is usually measured in degrees Celsius (°C).

Why is water temperature important in wetlands?

Water temperature is critical to the survival and functioning of wetland plants, animals
and microbes as:

e it directly affects metabolism

e higher temperatures can be fatal, while low temperatures may slow physiological
(mechanical, physical, and biochemical) processes

e temperature may be a cue for spawning or reproduction.’

The low temperatures experienced in Western Australian wetlands are unlikely to

be lethal, although they can have more severe effects in areas of the world in which
wetlands freeze over winter. Instead, the high temperatures that wetland waters may
reach in the Western Australian arid zone are of more concern. As is the case for many

Chapter 2: Understanding wetlands

Metabolism: the chemical
reactions that occur within
living things that are necessary
to maintain life, including the
digestion of food

Organism: an individual living
thing

Biogeochemical: the chemical,
physical, geological, and
biological processes and
reactions that govern the
composition of the natural
environment, and in particular,
the cycles in which material

is transferred between living
systems and the environment

Trigger values: quantified
limits that, if exceeded,
would indicate a potential
environmental problem, and
so ‘trigger’ a management
response, e.g. further

physical or chemical parameters, the tolerance limits of plants and animals to different investigation

water temperature ranges may depend on their life stage, with juveniles often being
more susceptible to large changes than adults.?

In addition to the direct effects on organisms, water temperatures also significantly
influence chemical processes in the wetland, such as oxygen solubility?, leading

to secondary impacts on the plants, animals and microbes of wetlands (for more
information see the ‘Dissolved oxygen’ section of this topic). The activity of microbes is
directly influenced by temperature, which in turn has a critical effect on biogeochemical
processes.** Its strong influence on other physico-chemical parameters means that water
temperature must be measured to allow accurate determination of factors such as pH,
electrical conductivity (EC) or dissolved oxygen (DO).%7

The ecological effects of natural temperature changes can be quite dramatic if a wetland
is also suffering from other kinds of degradation, for example, warm water temperatures
during low rainfall season in nutrient enriched wetlands are likely to lead to an increased
chance of algae growing to nuisance proportions (algal ‘blooms’).

What is the natural temperature range of wetlands
in Western Australia?

Due to the variability in temperatures across seasons, times of day and with water
level, even within the one wetland, it is difficult to set acceptable ranges for wetlands
with regard to temperature. No specific guidelines for acceptable changes in water
temperature exist for Australian wetlands. The Australian and New Zealand Guidelines
for Fresh and Marine Water Quality (known as ‘the ANZECC guidelines’ in reference to
the author institute)* water quality guidelines state that:

*...salinity, pH and temperature are three toxic direct-effect stressors that are naturally
very variable among and within ecosystem types and seasonally, and natural biological
communities are adapted to the site-specific conditions. This suggests that trigger
values for these three stressors may need to be based on site-specific biological effects
data.’

The ANZECC guidelines suggest that where reference information is available,
temperatures should not drop below the 20th percentile (bottom 20 per cent of values)
or rise above the 80th percentile (top 20 per cent of values), based on seasonal data.*
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What affects the temperature of wetland waters and sediment pore waters: water

which is present in the spaces

how variable is it? between wetland sediment
grains at or just below the land

The natural factors that can affect the temperature of wetland waters include: surface. Also called interstitial
waters.

e change in air temperature over the 24 hour day/night cycle
e seasonal changes in temperature (particularly in temperate areas of the state)
e changes in water level.

These are discussed below. The temperature of wetland water can also be affected by
human activities including thermal pollution, clearing of wetland vegetation or clearing
of vegetation of waterways that feed into a wetland, and global climate change.

» Human-induced changes in temperature and their management are discussed in the
topic "Water quality’ in Chapter 3.

Much of the warmth of wetland waters originates from solar energy, and is derived

from the infrared portion of the sun’s rays being absorbed by the water itself and the
suspended and dissolved material it contains.®3 Water temperature is also affected by
ambient air temperature.® Solar inputs also vary greatly over the daily 24 hour cycle, with
wetland waters warming during the day, and cooling at night.'°

During the day (and during the warm season(s) of the year) the water column warms
up and may either form layers (see the ‘Stratification’ section in this topic) or be mixed
(usually by wind). Regular mixing prevents the surface layers from becoming too warm,
and allows bottom layers to increase in temperature, but even without the development
of distinct stratification, the water is often warmest at the top of the water column.

Daily temperature fluctuations are greatest in the top layers of the water column or
sediment pore waters (if the sediments are exposed). In contrast to water columns,
sediment pore waters remain largely unmixed, causing temperatures to be different in
deep versus surface sediments. Sediment pore water temperatures stabilise quickly with
depth and daily 24 hour fluctuations are very small below the top 50 centimetres of
sediment.”” Temperature changes in sediment pore waters may be buffered further if
there is a layer of surface water on top of the sediments.

Water temperature and related parameters (including pH, dissolved oxygen, salinity)

all change markedly with wetland water level, partly because temperature varies more
widely when water levels are low.® When the volume of water is smaller, its capacity

to absorb energy is reduced, and it heats and cools more rapidly. The presence of
dissolved (for example, tannins) or suspended material in the water column increases the
absorption of heat.? In seasonally-drying wetlands, the annual drying phase can lead to
extremely high water temperatures and the yearly decline of plants and animals.® Low
temperatures could cause slowing of processes and inhibition of reproduction in some
cases (such as occurs in many wetland plants). The temperature of most WA waters
would not often drop below 0°C, so freezing is not commonly an issue.

Temperature interacts with other aspects of climate (for example, rainfall and
evaporation) and geology to determine the dominant physical conditions within
wetlands.
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How is water temperature measured, and what units
are used?

Water temperature can be measured both in water columns and in sediment pore
waters, but it is not often measured in wetland sediment pore waters except in
conjunction with related parameters such as pH. Nevertheless, even small changes

in sediment temperatures can significantly affect microbial processes and impact

on biogeochemical cycling.'? In Australia, water temperature, like air temperature is
measured in degrees Celsius (°C), with zero degrees indicating the freezing point of
water. Water column and sediment pore water temperatures can be measured very
simply and easily using a thermometer. In stratified systems, the water temperature may
be different at the top and bottom of the water column, and may need to be measured
at regular depth intervals (for details see ‘Stratification” in this topic and the topic
‘Monitoring wetlands’ in Chapter 4). Depth interval measurements may also need to be
made in pore waters, where temperature is likely to be more stable with depth.

Where possible, wetland water temperatures within a wetland should always be
measured at the same time of day to allow comparisons over time. Temperatures taken
at different times of day may vary widely due to daily temperature changes. Due to the
potentially severe physiological effects of the daily cycle temperature fluctuations on
wetland plants, animals and microbes, temperature extremes within a system may need
to be monitored using a min—-max thermometer or temperature sensor and datalogger (a
device that records data over time or in relation to location, which can be left unattended
to automatically measure and record information on a 24-hour basis).

» For more information on monitoring temperature in wetlands, refer to the topic
‘Monitoring wetlands’ in Chapter 4.

Sources of more information on wetland water
temperature

ANZECC & ARMCANZ (2000) ‘8.2 Physical and chemical stressors in Volume 2 Aquatic
ecosystems — rationale and background information (Chapter 8)' of Australian and New
Zealand guidelines for fresh and marine water quality.*

Florida LAKEWATCH (2004) ‘A beginner’s guide to water management - oxygen and
temperature’.?2

IFAS (2005) ‘Temperature in the aquatic realm, plant management in Florida waters'.?

Wetzel, R (2001) Limnology. Lake and river ecosystems.?

Glossary

Biogeochemical: the chemical, physical, geological, and biological processes and
reactions that govern the composition of the natural environment, and in particular, the
cycles in which material is transferred between living systems and the environment

Organism: an individual living thing

Sediment pore waters: water which is present in the spaces between wetland
sediment grains at or just below the land surface. Also called interstitial waters.

Trigger values: quantified limits that, if exceeded, would indicate a potential
environmental problem, and so ‘trigger’ a management response, e.g. further
investigation
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What is meant by dissolved oxygen? Photosynthesis: the process

in which plants, algae and

‘Dissolved oxygen’ refers to the very small bubbles of oxygen gas that occur in wetland some bactena use the energy
of sunlight to convert water

waters, and which are derived from the atmosphere and photosynthesis by wetland and carbon dioxide into
plants, algae and cyanobacteria. Oxygen exists in much lower proportions in water carbohydrates they need for
(about 1 per cent) than in air (@about 21 per cent).’ growth and oxygen

Cyanobacteria: a large and

Why is dissolved oxygen important? varied group of bacteria which

are able to photosynthesise

Oxygen is critically important for the function of wetland ecosystems, as it controls and Metabolic: the chemical
interacts with a wide range of biological and chemical processes. The concentration of reactions that occur within
. . . . living things that are necessary
dissolved oxygen in wetland waters can determine whether or not plants and animals S .
) : ) ; i to maintain life, including the
and different groups of bacteria are able to survive there and what species can survive, as

digestion of food
well as influencing many of the chemical characteristics of the aquatic environment. s .
Respiration: the process in

which oxygen is taken up by a
plant, animal or microbe, and
carbon dioxide is released

Oxygen is essential to the basic metabolic processes of almost all wetland organisms,
since it is needed for respiration. Respiration is a process that consumes oxygen and
releases carbon dioxide, through which all plants and animals, including humans, and
the aerobic (oxygen-dependent) microbes break down nutrients and generate energy.?
Deoxygenation of waters can therefore quickly result in mortality of oxygen-dependent
organisms, since they are unable to undertake basic energy-generating processes.

The levels of tolerance of particular species to different dissolved oxygen concentrations
may differ depending on whether the organisms are adapted to cold or warm waters,
with cold water species often requiring higher levels of dissolved oxygen than warm
water species.>! In addition, the life stage (for example, adult or juvenile, reproductive or
growing) also changes an organism’s oxygen requirements.? Low-oxygen conditions pose
a problem for large animals; for example, fish cannot survive in water with less than 30
per cent oxygen saturation.? On the other hand, aquatic worms (oligochaetes) and midge
larvae (chironomids) can be common in low oxygen conditions.®> Many wetland plants
have adaptations that allow them to survive in low oxygen conditions (Figure 12).

e F

Figure 12. Schoenoplectus validus is one of a number of sedges of south-western WA that use
pressurised gas flow to transport air from the surface to the roots, allowing them to survive
in deeper water than other species. Photo — J F Smith. Images used with the permission of the
Western Australian Herbarium, DEC.

» For more information on the oxygen requirements of wetland plants and animals, and
adaptations to low-oxygen conditions, see the topic ‘Wetland ecology’ also in Chapter 2.
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In addition to its direct effects on organisms, dissolved oxygen concentrations also

affect the solubility of many nutrients and other chemicals in wetland waters and
sediments.* The effect of dissolved oxygen levels on nutrient availability is significant, and
is covered in detail in the ‘Nutrients’ section later in this topic. When dissolved oxygen
concentrations are low, the toxicity of heavy metals and pesticides may also increase,
compounding the stress on plants and animals.?

What is the natural dissolved oxygen level of
Western Australian wetlands?

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (known
as 'the ANZECC guidelines’ in reference to the author institute) for freshwater systems
are presented in Table 2. These trigger values apply only to water columns, since
sediments are naturally variable and are also often naturally anoxic.

Table 2. Default trigger values for dissolved oxygen (DO) (risk of adverse effects) from
ANZECC & ARMCANZ.?

Ecosystem type DO per cent saturation

Freshwater Ial;és """"" No dota
Tropical Ausﬁalia """ LoGler limit Uﬁ)er limit
Wetlands B 00
South-west Australia """"""""""""""
Wetlards . 9 . 12 -

Note: dissolved oxygen values were derived from daytime measurements

These trigger values should be used with caution because they have been derived from
a limited set of data from a small area. The trigger values for the south-west of WA have
been derived from two years of data collected at forty wetlands within and near Perth
and are only representative of basin wetlands of this region that are permanently or
seasonally inundated®, rather than wetlands across the entire south-west of the state.
The trigger values from the north-west of the state are derived from an even more
restricted study (less than one year) in the Pilbara region.?

The lower acceptable limits of dissolved oxygen in wetland waters are relatively high

to protect wetlands from reaching low dissolved oxygen saturation, which can rapidly
result in mortality of animals. Upper limits for wetland waters are also given, because
elevated saturation or concentrations may affect wetland animals or may indicate high
rates of photosynthesis, such as those generated by an algal bloom. Florida LAKEWATCH
suggests that ‘normal’ dissolved oxygen concentrations for freshwater environments
range from 6 to 10 mg/L, with 3-4 mg/L likely to be stressful for animals.®

What affects the dissolved oxygen of wetland
waters and how variable is it?

Dissolved oxygen varies widely over time (over a daily 24 hour cycle and across the year)
and depends on water regime, biological activity, temperature, salinity and altitude

(air pressure).* In the lower water column and upper sediment pore waters, it is also
strongly affected by the movement of the overlying waters (degree of mixing). These are
described in more detail below.

Water regime

The dissolved oxygen levels fluctuate in wetlands that wet and dry. The sediments of dry
wetlands are exposed to atmospheric oxygen. As these sediments wet up, the sediment-
air interface is replaced with a sediment-water column interface, and the dissolved
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Solubility: a measure of how
soluble a substance is

Trigger values: quantified
limits that, if exceeded,
would indicate a potential
environmental problem, and
so ‘trigger’ a management
response, e.g. further
investigation

Anoxic: deficiency or absence
of oxygen
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oxygen that is initially present in the water column typically rapidly decreases due to
oxygen consumption by organisms during respiration, notably microbial consumption in
the initial wetting-up phase.

Biological activity

Variations in the dissolved oxygen concentration in wetlands occur on two different
temporal scales; daily and seasonally. The dissolved oxygen concentration of water tends
to be higher during the day (due to net photosynthesis, which produces oxygen) and
lower at night (due to net respiration, which consumes oxygen), and in some wetlands
can reach very low levels over night.” The rise in concentration begins again as soon as
the sun rises and wetland plants, algae and cyanobacteria can photosynthesise.* In fact,
it is often possible to see oxygen beading on benthic mats during the middle of the day
when photosynthesis is highest.?

Emergent wetland plants improve the dissolved oxygen levels within wetland sediments
by transferring oxygen from their leaves to their roots. The area around the roots
where oxygen leaks out and aerates the sediment is called the ‘rhizosphere’ and this
environment is important for sustaining microbes important for cycling materials in
wetlands.?

These effects of oxygen generation and consumption tend to override any diurnal (night
and day) influence of temperature on solubility caused by the warming of waters during
the day.

Temperature

As stated above, there may be some diurnal (night and day) influence of temperature on
solubility caused by the warming of waters during the day. However, in temperate areas
of the state, seasonal temperature changes have a noticeable effect on dissolved oxygen
concentrations, since oxygen dissolves much more readily in colder water*, making
oxygen concentrations in wetlands generally higher in winter and lower in summer,
except when there are algal blooms present. This also means that water is more likely to
be well-oxygenated in cooler climates®' (Figure 13).

Figure 13. Angove wetland, on the South Coast, is an example of a high oxygen wetland in
WA (cool climate, freshwater, clear water). Photo - K Hopkinson/Department of Environment,
Green Skills Inc.
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Dissolved or suspended solids Colour: the concentration of
. . ) ) ) ) dissolved organic materials and
Oxygen is less soluble in waters with high levels of dissolved or suspended solids’ dissolved metals in water

meaning that highly saline, highly coloured or highly turbid waters may pose several .

) - ) ) - ; ] Turbid: the cloudy appearance
interacting stresses for the plants and animals (Figure 14). In addition, dissolved oxygenis ¢ \vater due to suspended
often present in lower concentrations in the water column of coloured lakes, due to the material

reducing properties of the humic substances dissolved in the water.* In many seasonally Humic: substances formed
inundated Western Australian wetlands, as the wetland dries down the stresses of higher  from the decomposition
temperatures, lower dissolved oxygen, higher salinity and possibly also higher light levels  products of polyphenols such

may occur together.® as tannins, which are cqmplex
organic compounds derived

from plant materials

Aerobic: an environment in
which oxygen is present; an
organism living in or a process
occurring only in the presence
of oxygen

Biological oxygen demand:
the amount of oxygen required
by microbes to break down
organic matter in a sample over
a five day period

Figure 14. This salt lake near Jurien is an example of a lower oxygen wetland in WA (warm
climate, saline coastal wetland). Photo - J Davis.

Rapid deoxygenation of wetland water columns, driven by microbial processes, can occur
if large amounts of decaying organic matter enter a wetland, such as through the decay
of an algal bloom or the inflow of sewage.! This can also occur seasonally, when annual
wetland vegetation dies at the end of autumn, but is more likely if a wetland is nutrient-
enriched.? This deoxygenation occurs because the aerobic microbial decomposition of
organic matter consumes oxygen.® This relationship is so important that often when
monitoring wetland condition, the ‘biological oxygen demand’ (BOD) of waters may
be measured in addition to the level(s) of dissolved oxygen.'™ The biological oxygen
demand refers to the amount of oxygen required by microbes to break down organic
matter in a sample over a five day period, and is a measure used to estimate how
polluted the wetland is.?'°

Altitude

The concentration of dissolved oxygen in water decreases with increasing altitude (height
above sea level) due to lower air pressure.* This effect is more applicable in areas of high
altitude such as alpine regions. As most of WA sits between about 300 metres and 450
metres above sea level' there are few high altitude locations in the state, so the effects
of altitude on dissolved oxygen in WA are considered to be minor.
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How is dissolved oxygen measured, and what units
are used?

Dissolved oxygen can be measured in both water columns and sediment pore waters
using a dissolved oxygen meter for water columns or a specialised ‘microelectrode’ or
oxygen chamber for the sediments. Note that not all oxygen meters are designed for
use in salt water.> Water column dissolved oxygen is a commonly used parameter for
monitoring wetland condition, but sediment pore water dissolved oxygen is rarely used,
since redox is often a more useful measure in this context.

Dissolved oxygen in water columns is usually measured in either concentration (for
example, parts per million, ppm or milligrams per litre, mg/L) or percent saturation, which
is the water concentration measured relative to both the atmospheric concentration

at a particular altitude (air pressure) and water temperature.® This means that the
concentration of oxygen that represents 100 per cent saturation is lower at higher
temperatures.’ To convert per cent saturation to a concentration (such as milligrams

per litre, mg/L) requires knowledge of the barometric pressure (or altitude) and water
temperature. If these were not measured at the time of sampling, then values cannot be
converted.!

The temporal variability of dissolved oxygen in wetland waters and its rapid response to
biological processes means that snapshot measurements are not particularly useful, and
regular monitoring is required to understand and characterise the dissolved oxygen of a
particular wetland’s waters.?

» For more information on monitoring dissolved oxygen in wetlands, refer to the topic
‘Monitoring wetlands’ in Chapter 4.

Sources of more information on wetland
dissolved oxygen

ANZECC & ARMCANZ (2000) ‘8.2 Physical and chemical stressors in Volume 2 Aquatic
ecosystems — rationale and background information (Chapter 8)' of Australian and New
Zealand guidelines for fresh and marine water quality.?

Boulton, A & Brock, M (1999) Australian freshwater ecology: processes and
management.®

Murphy, S (2005¢), ‘General information on dissolved oxygen’.”

Water on the Web (2004) ‘Water on the Web, monitoring Minnesota lakes on the
internet and training water science technicians for the future, a national on-line
curriculum using advanced technologies and real-time data’.!

Wetzel, R (2001) Limnology. Lake and river ecosystems.*

Glossary

Aerobic: an environment in which oxygen is present; an organism living in or a process
occurring only in the presence of oxygen

Anoxic: deficiency or absence of oxygen

Biological oxygen demand: the amount of oxygen required by microbes to break
down organic matter in a sample over a five day period, and is a measure used to
estimate how polluted the wetland is
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Colour: the concentration of dissolved materials (including organic materials and metals)
in water

Cyanobacteria: a large and varied group of bacteria which are able to photosynthesise

Humic: substances formed from the decomposition products of polyphenols such as
tannins, which are complex organic compounds derived from plant materials

Metabolic: the chemical reactions that occur within living things that are necessary to
maintain life, including the digestion of food

Photosynthesis: the process in which plants, algae and some bacteria use the energy of
sunlight to convert water and carbon dioxide into carbohydrates they need for growth
and oxygen

Respiration: the process in which oxygen is taken up by a plant, animal or microbe, and
carbon dioxide is released

Saline: water that has a high concentration of ions
Turbid: the cloudy appearance of water due to suspended material

Trigger values: quantified limits that, if exceeded, would indicate a potential
environmental problem, and so ‘trigger’ a management response, e.g. further
investigation
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What are SaItS? lon: an atom that has acquired

an electrical charge by the
loss or gain of one or more

Common table salt, or sodium chloride (NaCl), is a well-known salt. In chemical terms, clectrons

salts are ionic compounds comprised of cations (positively charged ions) and anions
(negative ions). Cations that are commonly present in wetland waters include sodium:
Na*, potassium: K*, calcium: Ca* and magnesium: Mg?*. Anions include chloride: CI,
sulfate: SO, and bicarbonate: HCO_~. Australian wetlands tend to be dominated by
sodium and chloride, and sometimes bicarbonate, whereas in many other regions of the
world, calcium and bicarbonate dominate."? The dominance of sodium and chloride in
Australian inland wetlands is due to the inland transport of sea spray on rain and dust.?

What is meant by salinity, conductivity and ionic
composition?

Salinity and total dissolved salts (TDS) are equivalent measures of the concentration

of ions in wetland water.” These measurements are used to describe the differences
between waters that are considered ‘fresh’ (with very low concentrations of ions) and
those that are considered ‘saline’ (with high concentrations of ions). A salinity scale

is given in Table 5. Total dissolved solids (confusingly also called TDS) is a measure
used to approximate the concentration of ions in wetland water, but which will usually
over-estimate salinity since it also accounts for dissolved organic compounds.' lonic
composition refers to the particular ions making up a solution, usually discussed in
terms of the relevant dominances of the major (most abundant) positively charged and
negatively charged ions in the water of a particular wetland.?

Electrical conductivity (EC) is the ability of a solution to conduct an electric current,

and is measured as ‘specific conductance’; the rate of flow of ions between two
electrodes a fixed distance apart, measured at a known temperature.4 Conductivity is
generally only used to measure salinity of less than 5000 millisiemens per centimetre (mS/
cm).? A relationship between salinity and conductivity can be derived but it is not always
accurate in very fresh waters (due to the influence of organic acids)' or in very saline
waters.®

Why are salinity and ionic composition important in
Western Australian wetlands?

Effects on wetland species

Salinity (and therefore electrical conductivity) is a natural part of wetlands, although

the concentrations and compositions of salts may vary widely between wetlands.>> All
wetland species are adapted to particular ranges and types of salts in their environment;
some, such as salt marsh or saline wetland species may actually rely on a high level of
salinity to function.®” Many of the ions dissolved in wetland water columns and pore
waters are essential to life and play important roles in the functioning of particular
species and the ecosystem.

In particular, dissolved ions have important functions in the cells and membranes of
plants and animals.®” Some species, such as the brine shrimp Parartemia, are able

to regulate the concentration of their internal fluids in relation to the environment
(osmoregulators), while others have no ability to do this, and their internal
concentrations reflect that of the solution they are immersed in (osmoconformers).®
Many of the common ions (such as sodium: Na*, chloride: CI-, potassium: K*, calcium:
Ca?*) and some of the less common ones are important as mineral nutrients for plant
and animal growth.®” This applies both to organisms in wetland water columns, and
also to those in the sediments that are bathed in saline pore waters and/or ingesting salt
associated with waters and sediments.
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Wetland plants, animals and microbes tend to be physiologically adapted to particular
ranges or concentrations of salinity meaning that if these concentrations change too
much or too rapidly, this can cause a decline in health and even result in mortality.8°

Effect on physico-chemical conditions

In addition to the effects on the physiology of wetland plants and animals, salinity levels
affect other physico-chemical conditions in wetland waters including:

e water clarity (salinity can cause aggregation and settling of particles out of solution,
increasing water clarity)'

e dissolved oxygen concentration (saline waters have a lower capacity for dissolved
oxygen)'

e pH (high salinity waters can often have a low pH)

e other chemical equilibria (for example, the influence of sulfate on phosphorus
cycling').

The composition of the ions that make up a salinity reading may vary from wetland to
wetland, although in Australia, saline wetland waters usually have an ionic composition
similar to seawater (dominated by sodium, Na* and chloride, CI- ions).> Nevertheless,
even relatively small differences in ionic composition may lead to large differences in the
toxicity of saline waters for plants and animals.? For example, chloride ions are believed
to be much more toxic than carbonate (CO,%) ions, making it easier for organisms such
as invertebrates to tolerate high salinities in carbonate-dominated systems.

» For information on the effects of secondary salinity, refer to the topic ‘Secondary
salinity’ in Chapter 3.

What is the natural salinity range of wetlands in
Western Australia?

The natural salinity levels of WA wetlands range from fresh to hypersaline.'>'3 Definitions
of these salinity categories vary significantly from source to source, but often general
usage in Australia refers to ‘freshwater’ as extending from 0 to about 3,000 milligrams
per litre (mg/L), ‘saline’ from 3,000 mg/L to about seawater (approximately 35,000 mg/L)
and hypersaline above this (greater than 35,000 mg/L). Salt lakes can display salinities up
to saturation point (Figure 15). The most widely used (international) classification system
for natural salt lakes' defines a wider a range of categories (Table 3). The use of the
word ‘brackish’ varies; some researchers reserve it solely for reference to estuarine waters
and do not use it in reference to inland waters (instead using terms such as ‘subsaline’ or
‘hyposaline’), on the basis that "brackish’ refers to a mix of fresh and marine water, rather
than inland saline water.'* Others use it to describe the range between around 3,000 to
10,000 mg/L regardless of whether the water is estuarine or not.

Table 3. Salinity ranges in Western Australian wetlands

Common usage in : Salt lake category™ : Minimum total Maximum total dissolved
Western Australia dissolved salts (TDS) salts (TDS) (milligrams per
(milligrams per litre, litre, mg/L)
mg/L)
F U S
F ST v
Salme ................. Hyposaliné .......
Sallne """"""""""""""" Mesosaliné ......
Hypersaline Hypersaline
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N .
Figure 15. Salt crystals in a wetland in Jurien in the midwest of WA. Photo - J Lawn/DEC.

There are therefore no ‘acceptable’ limits for salinity change across wetland ecosystems
generally, although the Australian and New Zealand Guidelines for Fresh and Marine
Water Quality'> (known as the ‘ANZECC guidelines’ in reference to the author institute)
specify guidelines for conductivity in freshwater wetlands and lakes (Table 4). The
difficulty in setting acceptable limits occurs because the natural salinity level of the
wetland determines whether salinity (or conductivity) levels are considered to be high or
low. As mentioned earlier, changes to either higher or lower salinities can have adverse
effects, depending on the physiology of the different plants and animals.

Table 4. Default trigger values for conductivity (risk of adverse effects to freshwater
systems) from ANZECC & ARMCANZ."

Ecosystem type Electrical conductivity (microsiemens per centimetre, uS cm)
Tropical Australia Minimum Maximum

Lakes, reservoirs and [other] 90 900

wetlands

South-west Australia

Lakes, reservoirs and [other] 300 15002
wetlands

2Higher values (greater than 3000 uS cm) are often measured in wetlands in summer due to
evaporative loss.

The usual ionic composition of Western Australian saline wetlands is similar to seawater
(dominated by sodium, Na* and chloride, Cl-ions), but in some cases, especially in
fresher systems, other ions such as carbonate (CO,*) may be more dominant.?* There
are no usual or acceptable ranges of ionic composition in Western Australian wetlands,
although as described earlier, changes in ionic composition can potentially be stressful to
animals.""3
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What affects the salinity, conductivity and ionic
composition of wetland waters and how variable
are they?

The natural salinity of a wetland depends on factors such as:
e geographic location

e rainfall patterns

e evaporation rate

e geology

e source of inflow water.

In WA, naturally saline wetlands are often associated with coastal areas, where they
are influenced by direct seawater intrusion or salt spray, and inland arid areas, where
evaporation rates exceed rainfall, and soils are not well-flushed and consequently salts
accumulate (Figure 16).

(a) Lake Coogee, a coastal saline wetland, Munster

b) Lake Goorly, an intermittently inundated inland saline wetland, Dalwallinu

Figure 16. Naturally saline wetlands in Western Australia. Photos — (a) L Sim and (b) Wetlands
Section/DEC
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The primary’ salinisation of wetland waters is a natural process, and occurs very
slowly.'® Many naturally-saline Western Australian wetlands are saline due to inputs of
saline groundwater or seawater intrusion, and in many cases the geological conditions
underlying the wetlands also influence whether they are naturally saline or fresh.'®

In contrast, claypans are ‘perched’ (not connected to groundwater) due to a layer of
impermeable clay, and they therefore tend to be filled with rainwater, so many, but not
all, are fresh (Figure 17).

Chapter 2: Understanding wetlands

Playa: a wetland with a basin
landform that is intermittently
inundated

Secondary salinisation: a
human-induced degrading
process in which the salt load
of waters or soils increases at a
faster rate than naturally occurs

(a) (b)

Figure 17. (a) In a 2009 study, Muggon claypan in the Murchison was found to be fresh (TDS 80
mg/L) while (b) the nearby Muggon lake was found to be saline (TDS 3300 mg/L)."” Photos - G
Daniel/DEC.

In contrast, many of the saline intermittently inundated wetlands (playas) of the south-
west occur in the ancient river channels (paleochannels) where saline groundwater seeps
up through the permeable sediments.'®

Wetland water salinity does not vary appreciably over a 24 hour cycle or due to biological
activity, but is largely linked to water level (dilution and evapoconcentration) and the
salinity of the inflowing and outflowing water. Over much longer time scales, the
weathering of rocks and the influx of airborne marine salts also have an influence.’®

‘Secondary’ salinisation occurs over much shorter time scales and is driven by large-
scale hydrological change within a landscape. The agricultural zone of south-western
WA has experienced large increases in wetland salinity levels since clearing of the deep-
rooted native vegetation for agricultural production caused water tables to rise, bringing
salts to the surface, and many of the wetlands in this region are now secondarily salinised
(see the topic ‘Secondary salinity” in Chapter 3). Both waterlogged and inundated
wetland types have been affected.

It is important to note that while the adverse effects of secondary salinisation on
freshwater systems are relatively well-known, the sudden freshening of naturally saline
wetlands, although less common, is equally stressful for the plants and animals of the
wetland.®”

How are salinity, conductivity and ionic
composition measured, and what units are used?

Salinity is expressed as a concentration and is usually measured in mass per unit volume
(for example, milligrams or grams per litre; mg/L, g/L) or parts per thousand or million
(ppt/ppm). These measures are roughly equivalent but at salinities of greater than about
7 ppt, density or specific gravity also needs to be taken into account’: ppt = g/L + specific
gravity.
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An understanding of the limitations of each measure can be useful when choosing a

form of measurement, and when interpreting results (Table 5).

Table 5. Key salinity measurements

Chapter 2: Understanding wetlands

Direct measurement or surrogate In-situ or Water Limitations
(substitute) laboratory columns and/
measurement : or pore water
measurement
Total dissolved : Surrogate for total dissolved salts In-situ or Both Can over-estimate salinity, as dissolved
solids (TDS) laboratory organic compounds are also included in the
measurement. As such not suitable for turbid
wetlands.
Electrical Surrogate for total dissolved salts In-situ Both Less accurate in very fresh (due to the
conductivity influence of organic acids) and very saline
(EC) wetlands.
lonic Direct measurement of ionic composition; the : Laboratory Both Very accurate but the cost of laboratory
composition sum total provides a direct measure of total analysis may be prohibitive.
dissolved salts.

There are many models of electronic
meter that can be used to measure salinity
or electrical conductivity in situ (Figure

18). Conductivity is a simple surrogate
(substitute) for the measurement of salinity,
which is particularly useful in fresher
wetlands. It is easily measured and allows
a rapid assessment of whether a wetland
has crossed the boundary between fresh
and saline. Salinity and conductivity can
both be measured in water columns and
pore waters. The technique for sediments
involves adding sediment to water and
mobilising the salts so that they can be
measured in the same way.

Figure 18. An electronic meter used to
measure electrical conductivity in wetlands,
with the probe attached and a solution
used to calibrate the meter. This model also
measures a number of other parameters.
Photo - J Lawn/DEC.

Salinity data is often presented together
with water depths as it is directly affected by
evapoconcentration, and water level gives
perspective on the time of the hydrologic
cycle that the sample was taken.

How to convert between conductivity and salinity

To convert between conductivity and salinity the following conversion is usually
used:

extra information

mS/m x 5.5 =mg/L = ppm.

This equation assumes that sodium chloride is the only salt present; the
multiplication factor of 5.5 increases with the addition of other common salts
and may be as high as 6.

» Technigues for measuring salinity, conductivity and ionic composition are presented in
the topic ‘Monitoring wetlands' in Chapter 4.
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Sources of more information on wetland salinity,
conductivity and ionic composition

Department of Agriculture and Food (2004) ‘Salinity measures, units and classes’.'®
Department of Agriculture and Food (2004) ‘Salinity in Western Australia’.”®

Hammer, UT (1986) ‘Chapter 2 The saline lake concept’, Saline lake ecosystems of the
world."

Radke, L, Juggins, S, Halse, S, Deckker, P & Finston, T (2003) ‘Chemical diversity in south-
eastern Australian saline lakes II: biotic implications’, Marine & Freshwater Research.?

Williams, W (1966) ‘Conductivity and the concentration of total dissolved solids in
Australian lakes’, Australian Journal of Marine & Freshwater Research.®

Glossary
Brackish: a mix of fresh and marine water (thus not applicable to inland saline water)

Electrical conductivity (EC): the ability of a solution to conduct an electric current, and
is measured as ‘specific conductance’; the rate of flow of ions between two electrodes a
fixed distance apart, measured at a known temperature

lonic composition: the relevant dominances of the major (most abundant) positively
charged and negatively charged ions in the water of a particular wetland

Osmoconformers: species who are not able to regulate the concentration of their
internal fluids, so their internal concentrations reflect that of the solution they are
immersed in

Osmoregulators: species that are able to regulate the concentration of their internal
fluids in relation to the environment

Playa: a wetland with a basin landform that is intermittently inundated

Salinity: a measure of the concentration of ions in wetland water. This measurement
is used to describe the differences between waters that are considered ‘fresh’ (with
very low concentrations of ions) and those that are considered ‘saline’ (with high
concentrations of ions).

Salts: ionic compounds comprised of cations (positively charged ions, such as sodium,
Na*) and anions (negative ions, such as chloride, CI)

Secondary salinisation: a human-induced degrading process in which the salt load of
waters or soils increases at a faster rate than naturally occurs

Total dissolved solids (TDS): a measure used to approximate the concentration of ions
in wetland water (that is, total dissolved salts/salinity). It will usually over-estimate these
as TDS includes dissolved organic compounds.

Trigger values: quantified limits that, if exceeded, would indicate a potential
environmental problem, and so ‘trigger’ a management response, e.g. further
investigation
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What iS Stratiﬁcation? Stratification: the division of

the water column into distinct
layers called the epilimnion (top),
the metalimnion (middle) and
the hypolimnion (bottom), due

‘Stratification’ in wetlands refers to the division of the water column into distinct layers
called the epilimnion (top), the metalimnion (middle) and the hypolimnion (bottom),

and results from differences in water density between these layers' (Figure 19). Most to differences in water density
commonly, the differences in density are due to temperature, but stratification can also between these layers

be caused by pressure (due to altitude), salinity, and suspended or dissolved particles.’ Epilimnion: the top layer of a
Stratification is not relevant to wetlands without a water column, that is, waterlogged stratified water column
wetlands.

Metalimnion: the middle layer of a
stratified water column

Hypolimnion: the bottom layer of
'Epilimnion a stratified water column

! Anoxic: deficiency or absence of

: | Metalimnion oxygen
1

1
: Hypolimnion

Figure 19. Stratification of a wetland into epilimnion, metalimnion and hypolimnion.

When a wetland is thermally-stratified (stratified due to temperature), the top layer is
usually the warmest layer of the water column as it absorbs most of the solar radiation.
Its position also allows it to remain well-mixed and oxygenated.? The bottom layer is
the coldest layer and oxygen often becomes depleted (anoxic), if no photosynthesis is
occurring there to replenish the dissolved oxygen. The middle layer is where the most
rapid temperature change with depth occurs.'?

Why is stratification in wetlands important?

The importance of stratification is directly related to its effects on other parameters

such as temperature and dissolved oxygen. The creation of distinct layers of water with
very different physical and/or chemical properties within one wetland can affect the
processes occurring within each layer, and in the wetland as whole, as well as on the
survival of plants and animals in these layers.'? For example, if the bottom layer becomes
depleted of oxygen, oxygen-dependent animals and bacteria will no longer be able to
survive there. Carbon dioxide levels will rise and the pH will fall* and anaerobic chemical
processes such as increased organic matter decay via methanogenesis (a kind of bacterial
breakdown described in the ‘Carbon’ section of this topic), or the release of phosphate
from the sediments will start to occur.®> Nitrogen and phosphorus may become more
abundant in the bottom layer.*

Stratification can cause primary productivity to become focused in the top layer of the
wetland, instead of occurring as far down in the water column as light can penetrate.’
As a result, stratification can lead to the development of algal blooms, with rapid
population growth taking place in the high light, warm conditions of the top layer,
and anoxic conditions in the bottom layer promoting the release of nutrients from

the sediments. Regular mixing of the water column (by wind or artificial aeration) can
prevent the formation of algal blooms in the surface waters, as well oxygenating the
bottom layer.!
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What is the natural stratification regime of Western
Australian wetlands?

There are no guidelines for the acceptable ranges or limits for stratification of waters
in natural Western Australian wetlands. Water quality guidelines have instead been set
for related parameters such as temperature, salinity and turbidity, as outlined in these
respective sections of this topic.

What affects the stratification of wetland waters
and how variable is it?

Stratification can be caused by a number of different physico-chemical factors including
temperature, salinity, suspended particulate matter, dissolved substances or pressure,
which all cause the creation of distinct layers of water that differ in density.”® In all cases,
the preservation of these layers relies on a lack of mixing between the layers, and the
stratification is more ‘stable’ (less likely to mix) if larger density differences exist between
the layers.?

The influence of wetland depth

Stable stratification, which persists for much longer than a day (often months), is only
likely to occur in deeper waters. Researchers concluded that of the forty-one wetlands
they surveyed on the Swan Coastal Plain, only wetlands greater than 3 metres deep

or strongly coloured would stably stratify.” Most natural wetlands in WA are shallow by
world standards, and therefore stable stratification due to temperature is likely to be
uncommon. It is likely to be more common in man-made waterbodies such as large dams
that are deeper than 3 metres. In south-west WA, stable temperature stratification is
most likely to occur in summer when more of a temperature differential between surface
and benthic (bottom) waters is likely to develop, and there is not as much wind mixing."

Stratification is rarely measured in very shallow waterbodies, as it is often assumed that
wind mixing prevents the development of stable layers (Figure 20), but there have been
records of regular daily stratification in shallow wetlands in WA, the eastern states of
Australia and overseas.>®¢ This type of unstable stratification, where layers form in the
water column each day (usually in the afternoon) and mixing occurs over night, has not
been studied extensively in shallow wetlands, and may be more common than previously
thought. It makes sense, that since changes in solar radiation and the heating of wetland
waters occur over a day or across seasons, this can also cause stratification. In temperate
zones, such as the south-west of WA, stratification over a 24 hour daily cycle appears

to be most common in summer—early autumn, where a few hours of solar radiation

can lead to a significant differential in temperature between top and bottom waters.>®
In these same wetlands in late autumn—winter, the waters do not warm sufficiently to
cause this difference in temperature.>® In equatorial areas, such as the north-west of
WA, where the incidence of solar radiation does not vary much across the seasons, this
seasonal difference does not occur; stratification may occur all year round, and its loss is
more likely to be due to wind mixing® (Figure 20).
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Figure 20. Wind mixing of Rushy Swamp, a shallow wetland near Woodanilling, in the South
Coast region. Photo - L Sim.

The influence of water chemistry

Natural salt lakes may undergo salinity stratification when fresh rainwater entering the
wetland in late autumn or winter sits on top of the highly saline water left at the end

of summer! (Figure 21a). Unlike temperature-driven stratification (Figure 21b), the salty
lower layer often becomes warmer than the fresh top layer." Stratification due to salinity
may occur in quite shallow systems as long as there is not too much wind disturbance.
Salinity-driven density differences are much greater than temperature-driven differences.*

Highly turbid waters, caused by the suspension of inorganic particles (such as clays) in
the water column are common in WA (Figure 21¢); (see ‘Light availability’ in this topic).
Shallow, turbid wetlands can undergo temporary stratification on hot days, when the top
layer of water heats up due to the absorption of heat by suspended particles.’

The surface waters of tannin-stained wetlands can also heat up rapidly during the
morning but tend to then undergo complete mixing once heat is lost overnight.*
Researchers have identified this process as an important determinant of habitat for

the endemic black-striped minnow, Galaxiella nigrostriata, at Melaleuca Park in Perth’s
northern suburbs.® The darkly stained water heats up in the daytime, creating a warm
surface layer and cooler water beneath. These cooler benthic waters provide the black-
stripe minnow with suitable habitat in hot weather.
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Figure 21. Diagrams of Western Australian stratified wetlands: (top) salinity-stratified; (middle)
thermally-stratified; and (bottom) stratified due to suspended particulates.

How is stratification measured, and what units are
used?

Stratification can only be measured in water columns and is not relevant to sediment
pore waters. The type of measurements taken to determine whether stratification is
occurring depend on the type of stratification (that is, temperature or salinity driven), but
since all types of stratification usually lead to a temperature differential between top and
bottom waters, the quickest and simplest measurement used to determine stratification
is usually temperature. To record the presence of an epilimnion and hypolimnion,
sampling needs to include both top and bottom measurements, or for very deep systems,
measurements at a number of depths in the water column. If the intention is to plot a
thermocline, dissolved oxygen profile or halocline (types of graphs which show how
temperature, dissolved oxygen or salinity change with depth, see Figure 22 for example),
measurements are often much more regular; every 5 or 10 centimetres depending on the
depth of the wetland.
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Figure 22. Example of a thermocline, showing difference between temperatures at the top (0
metres) and bottom (0.6 metres) of the water column

Sources of more information on wetland
stratification

ANZECC & ARMCANZ (2000) ‘8.2 Physical and chemical stressors in Volume 2 Aquatic
ecosystems — rationale and background information (Chapter 8)' of Australian and New
Zealand guidelines for fresh and marine water quality.°

Boulton, A & Brock, M (1999), Australian freshwater ecology: processes and
management.’

Florida LAKEWATCH (2004), ‘A beginner’s guide to water management - oxygen and
temperature’.?

Glossary

Anoxic: deficiency or absence of oxygen
Epilimnion: the top layer of a stratified water column

Halocline: a sharp vertical gradient in salinity between a relatively fresh water mass and
a more saline water mass

Hypolimnion: the bottom layer of a stratified water column
Metalimnion: the middle layer of a stratified water column
Particulates: in the form of particles (small objects)

Stable stratification: stratification which persists for much longer than a day (often
months)

Stratification: the division of the water column into distinct layers called the epilimnion
(top), the metalimnion (middle) and the hypolimnion (bottom), due to differences in
water density between these layers
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Swan Coastal Plain: a coastal plain in the south west of Western Australia, extending
from Jurien south to Dunsborough, and the Indian Ocean east to the Gingin, Darling and
Whicher Scarps

Thermocline: the narrow vertical layer within a body of water between the warmer and
colder layers where a rapid temperature change occurs

Unstable stratification: layers form in the wetland water column each day (usually in
the afternoon) and mixing occurs over night.
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What are acidity and alkalinity? lon: an atom that has acquired

electrical charge by the loss or gain

Acidity and alkalinity are chemical properties of water that directly affect the ability of of one or more electrons

organisms to function, breed and survive in water and soil water. Acidity and alkalinity
also have an influence on many chemical reactions in wetlands which help shape their
ecological character.

In chemical terms, acidity is characterised by a high concentration of dissolved hydrogen
in water. Hydrogen has the chemical symbol ‘H’, while the shorthand for the dissolved,
ionic form of hydrogen that produces acidity is ‘H*'.

Alkalinity, on the other hand, is often measured by the amount of carbonate (CO,%) in
solution.®> Carbonate and other bases, such as bicarbonate (HCO,), react with and in
effect ‘absorb’ hydrogen ions when the water is acidic and release them when the water
becomes basic. This chemical property means that large or rapid changes due to an influx
of acidity are resisted (buffered).>' This property is also referred to as ‘buffering capacity’
and ‘acid neutralising capacity’. Stable conditions can be maintained unless the supply of
carbonate and bicarbonate ions is exhausted.

What is pH?

‘pH" is a soil or water quality measure that indicates whether water is acidic, neutral or
alkaline.” The term "pH’ is shorthand for ‘the potential of hydrogen’.

pH is usually shown on a scale ranging from 0 to 14 (Figure 23). A pH of 0 is extremely
acidic; a pH of 7 is neutral and a pH of 14 is extremely alkaline or basic. While a pH of 7
is neutral, the term ‘circumneutral’ describes the range between mildly acidic and mildly
alkaline conditions between roughly pH 5.5 and 7.4.2 pH can also be a negative value
and greater than 14, although this does not occur in wetlands in WA. Some examples of
everyday materials of different pH are shown in Figure 23.

pH is a straightforward and commonly used measure. In some circumstances, it is more
informative to use measures of total acidity or total alkalinity, as outlined later.

4
ALKALINE —

BASIC
[[CIH]] | I pH 13 household bleach
| — pH 12 drain cleaner fluid

pH 10.5 laundry powder

[ 3
L E: |
NEUTRAL f———T7  pH 7 distilled water t ]
|
T
| | & |
ACID [H'] _ "

Figure 23. pH scale from acid to alkaline showing examples of acidic and alkaline solutions.
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Why are acidity and alkalinity important in
wetlands?

Wetland animals, plants and microbes are adapted to particular ranges of acidity/
alkalinity for survival, breeding and normal function.® Acidity/alkalinity directly affects
organisms by affecting the function of cells — specifically, the functions of enzymes and
membranes. It also has strong effects on wetland organisms by affecting the quality

of the water, especially by influencing how soluble materials are in water®* including
nutrients, carbon dioxide and heavy metals. The availability and toxicity of these materials
in a wetland can affect the function and survival of wetland organisms.

While some wetlands in WA are naturally very acidic or alkaline, most have circumneutral
or mildly to moderately acidic or alkaline waters, and accordingly most WA wetland
plants, animals and microbes are adapted to within this range of acidity/alkalinity. For
wetlands in an unaltered state, an aim of management should be to maintain the natural
physico-chemical conditions, including the natural range of acidity/alkalinity.

An understanding of the acidity/alkalinity of a wetland, whether it is natural or altered,
and whether it is changing over time, can provide insights regarding living conditions
and dominant processes in the wetland. However it is important to note that acidity/
alkalinity is only one of many factors influencing how suitable a wetland is as habitat for
a species. It may only become a dominant factor at very high or low pH, at which point
the productivity of most plants and animals is limited.”

Importantly, wetland scientists consider that small changes in acidity/alkalinity rarely
have large effects on biological systems.” A large increase or decrease in pH can result
in adverse effects to wetlands, although large decreases are likely to cause more serious
problems.® Human-induced changes are most commonly an increase in acidity.

Broadly speaking, at a high or low pH, the community structure of aquatic
macroinvertebrates, which are a very important part of wetland ecosystems, may be
affected. Extremes in acidity/alkalinity can influence the presence and abundance of
those macroinvertebrates that are either acid or alkaline tolerant, sensitive or specialists
(such as ‘acidophiles’). This in turn can have an influence on the food web of the
wetland. For example, studies also indicate that many species of diatoms are sensitive

to acidity/alkalinity.® Diatoms are a type of algae that occur in many Western Australian
wetlands and they play an important role in food webs.

In more acidic wetland soils nutrients such as phosphorus, nitrogen, magnesium and
calcium may be less soluble and therefore less bioavailable to organisms (Figure 24).°
This may limit biological productivity in very acidic wetlands resulting in low wetland
metabolism.” In particular, decomposition processes may be slow’, meaning that
more organic material is stored in forms that can’t be used by plants and algae (and
so by extension, animals). While cyanobacteria are found in many diverse and extreme
environments, they are not found in low pH waters.® Researchers noted this during

a study of forty-one wetlands on the Swan Coastal Plain (the coastal area between
Jurien and Dunsborough), when it was observed that cyanobacterial blooms rarely
occurred in those wetlands with a pH of less than 6.5.7° In some very acidic wetlands,
chemosynthesis, a much less common form of energy capture, may be prevalent rather
than photosynthesis.

With calcium being less soluble, species which need calcium to develop shells may be

less prevalent in very acidic wetlands.* It has been observed that gastropods (which have
a shell) are rare in inland waters with a low pH."" On the other hand, species that appear
to be acid-tolerant such as the sandfly (Ceratopogonidae) larvae' and some mosquitoes’
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insects, worms, molluscs, water
mites and larger crustacea such
as shrimps and crayfish

Food web: the feeding
relationships of organisms
within an ecosystem. Usually
depicted as a diagram of a
series of interconnecting food
chains

Species: a group of organisms
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for example, humans (Homo
sapiens)

Bioavailable: in a chemical
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Metabolism: the chemical
reactions that occur within
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to maintain life, including the
digestion of food

Decomposition: the chemical

breakdown of organic material

mediated by bacteria and fungi,
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its physical breakdown.'®* Also
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certain bacteria and fungi
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other compounds from simple
compounds such as carbon
dioxide, using the oxidation of
chemical nutrients as a source
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may be present, and some wetlands may support acidophiles such as the brine shrimp Benthic microbial

Parartemia contracta, which inhabits naturally acidic salt lakes.™ Acidic lakes may be communities: bottom-dwelling
structurally dominated by benthic microbial communities' rather than by plants or communities of microbes (living
algae (for more information, see the topic "Wetland ecology’ in Chapter 2). on the wetland sediments)

Naturally occurring amounts of arsenic and heavy metals in sediments and underlying
rocks, such as aluminium, iron, lead, cadmium and mercury, are more soluble at a pH

of 5 or less, and can be ‘mobilised’ under acidic conditions, and manganese availability
can also increase.”® These heavy metals in the water may then be taken up by plants

or animals in contact with the wetland* and this may cause toxic and sometimes fatal
effects. Fish are often very susceptible to mobilised aluminium and mass fish kills can be
a result of toxic levels. Similarly mobilised aluminium and manganese may cause wetland
plants to die.”?

At high pH levels, the availability of iron, manganese, copper and zinc and the nutrient
phosphorus is limited.? Meanwhile there is more conversion of the nutrient nitrogen from
the chemical form of ammonium (NH,*) to ammonia (NH,).” While ammonium is a form
that can be taken up and used by plants, ammonia can be toxic in large amounts, and
sensitive species, such as fish, may not be able to function optimally or survive in these
conditions.*
pH
45 50 55 60 65 70 7.5 8.0

‘-----

Magnesium

‘ Sulfur

Manganese

Molybdenum

Figure 24. The effect pH has upon nutrient availability under general soil conditions.
Image — University of Minnesota.
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What is the natural acidity/alkalinity of Western
Australian wetlands?

The pH of most Western Australian wetlands is naturally between roughly 6.5 and 8,

but there are many exceptions to this. Acidity/alkalinity is naturally very variable among
and within ecosystem types and seasonally.® Due to the existence of a wide range of
natural maximum and minimum pH levels (as well as range between the two) in Western
Australian wetlands, there is no definitive range for pH in WA waters.

The guidelines available for pH are only relevant to a sub-set of Western Australian
wetlands. These are the Australian and New Zealand Guidelines for Fresh and Marine
Water Quality (known as ‘the ANZECC guidelines’ in reference to the author institute).®
The ANZECC guidelines indicate that the pH in most permanently or seasonally
inundated wetlands in WA should not drop below pH 6.0 or exceed pH 8.5 if no
negative impact to the ecosystem is to occur (Table 6). These limits provide guidelines for
the maintenance of acceptable conditions for plants and animals and default ‘trigger
values’ which indicate when further investigations may be required to determine the
possible causes for pH not being within these desirable ranges.

Table 6. Default trigger values for pH (risk of adverse effects) from ANZECC & ARMCANZ®

Ecosystem location, type ” p 7 e
Tropical Australa G ftee Upperliniit pr—
Wetlands D 6.0 T o SUR——
S
N ——

2 In highly coloured wetlands (gilvin greater than 52 g,,,m™)"° typical pH range 4.5-6.5.
b Amalgamated values, “freshwater lakes” and “reservoirs”: 6.5-8,; “wetlands”: 7-8.5.

However, the trigger values for the south-west of WA have been derived from a limited
set of data (two years) collected at forty-one wetlands within and near Perth'® and are
only representative of basin wetlands of this region that are permanently or seasonally
inundated rather than wetlands across the entire south-west of the state.® The trigger
values from the north-west of the state are derived from an even more restricted study
(less than one year) in the Pilbara region.® All trigger values should therefore be used with
caution.

Therefore, it is important to consider how relevant these guidelines are for a particular
wetland, and to identify, or have professional assistance to identify, an appropriate
range in pH for the wetland, taking into consideration the natural factors affecting pH
in wetlands outlined in this topic. Where possible, the aim of management should be to
maintain the natural conditions of a wetland, including the natural range in pH.

Researchers have established references ranges for pH of inundated wetlands of the
Wheatbelt region."” These reference ranges have been developed by analysing existing
pH data from the region. Firstly, permanently or seasonally inundated wetlands in the
region with monitoring data were identified as either saline basins, freshwater basins
or turbid claypans. Following this, the least disturbed wetlands of each group were
identified using expert opinion, and then the data of the least disturbed wetlands were
analysed in order to establish a range in pH that may approximate the natural range.
Excluding naturally acidic wetlands, the reference ranges are as follows:

e naturally saline basins: 7.8-8.7
e freshwater basin wetlands: 6.8-8.1

e turbid claypans: 8.6-8.9.
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that, if exceeded, would indicate a
potential environmental problem,
and so ‘trigger’ a management
response, e.g. further investigation

Reference range: a quantitative
and transparent benchmark
appropriate for the type of wetland
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As per the ANZECC trigger values, these reference ranges should be used as a guide only
and should be supported by site-specific studies if needed, due to the natural variability
in pH between wetlands in WA.

pH - an indicator of wetland condition?

An understanding of a wetland’s pH, and pH trends over time, can be very
informative for wetland managers. However, initial investigations into the use
of pH as an indicator of wetland condition in WA suggest that it could be more
meaningful when paired with data of the total alkalinity and/or acidity at sites
where the scale of change in pH is beyond that expected.'®
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Sources of data on pH of WA wetlands

Some data on the pH of wetlands in WA is available from WetlandBase',

the Western Australian Wetlands Database, available online. WetlandBase

is an interactive database by DEC, with web hosting by the Department

of Agriculture and Food WA, available via http://spatial.agric.wa.gov.au/
wetlands. WetlandBase provides an online resource of information and data
about Western Australian wetlands. It provides spatial data, such as wetland
mapping, and point data, such as water chemistry, waterbirds, aquatic
invertebrates and vegetation sampling results. Note that DEC is preparing an
alternative to WetlandBase, scheduled for release in 2013 that will continue to
make this data publicly available.

extra information

What affects the acidity/alkalinity of wetland
waters?

The natural factors that can affect the pH of wetland waters include:
e carbon dioxide levels

e sediment type

e quality of incoming water

e variation over time.

With an understanding of these factors, it is often possible to infer the reasons for a
wetland’s acidity/alkalinity. However, for some wetlands, the reasons can be complex
and the investigations required to determine the causes can require research into the
chemistry of groundwater, subsoil sediment and geology and an understanding of
historical events such as drought, excavation and fire.

The acidity/alkalinity of wetland water can also be affected by human activities including
agriculture, industry-causing acid rain, drainage of acid waters into wetlands, and
drainage of wetlands leading to acid sulfate soils. All of these typically cause increased
acidity.

» Human causes and their management are discussed in the topic ‘Water quality” in
Chapter 3.
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Carbon dioxide

The amount of carbon dioxide (CO,) in wetland waters strongly influences the natural
acidity/alkalinity of the water because it reacts chemically with hydrogen (for a brief
technical explanation, see the text box ‘Why acidity/alkalinity is influenced by carbon
dioxide’ below).

Carbon dioxide is a gas that is readily available in the atmosphere, and it enters wetland
waters directly from the atmosphere as it is quite soluble in water and dissolves easily.*
Carbon dioxide is also produced by wetland plants, algae, animals and microbes during
respiration. Once dissolved, it may then be taken up and used during the day by
wetland plants, algae and cyanobacteria for photosynthesis.*'° As a decrease in carbon
dioxide tends to increase the pH, elevated rates of photosynthesis in highly productive
wetlands may lead to very high pH values. The concentration of CO, in wetland water
fluctuates in response to these biological processes.

Why acidity/alkalinity is influenced by carbon dioxide

When carbon dioxide (CO,) chemically combines with water (H,0), it forms
carbonic acid (H,CO,). Most of the hydrogen ions in the waters of natural
wetlands are derived from the chemical process in which carbonic acid

(H,CO,) breaks down (dissociates) into hydrogen (H*) and carbonate (CO_*) or
bicarbonate (HCO,) ions.* In the form of a chemical equation, this is shown as:
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CO, +H,0 = H,CO, dissociatesinto H,CO, = CO,* + HCO, + H*

Since this process is a major source of H*, and the effective concentration of H*
determines pH, the dynamics of pH in water are dependent on those of CO,.4

The relationship between CO, and pH also applies in sediment pore waters, but gas
exchange in this environment is more limited, particularly in submerged sediments, and
is not promoted by water movement as it is in surface waters. As a result, a major source
of dissolved CO, in pore waters is from respiration by animals (such as midge larvae) and
microbes living in the sediment pore waters.

Wetland sediment type

The natural acidity/alkalinity of wetland waters in WA is strongly influenced by the
chemistry and physical characteristics of the wetland’s sediments.? In particular:

*  Wetlands with calcium-carbonate (CaCO,) dominated sediments tend to be alkaline.
They also tend to be buffered against large, rapid changes in pH.

e Wetlands on sandy soils with a lot of organic material may release humic
substances (typically ‘coloured’ wetlands), and this can cause acidic waters
(typically 4.5-6.5 pH).

e Wetlands with sediments which contain iron pyrite and which dry may be acidic.

These influences of sediment type generally affect pore waters first and extend to surface
waters through diffusion. It could be expected that the acidity/alkalinity of the soil pore
waters will typically be more extreme than the water column. The acidity/alkalinity of
sediment pore waters may also be strongly influenced by the release of oxygen by plant
roots, which may alter redox conditions (for more information, see the section ‘Redox
potential’).

Wetlands with calcium carbonate (limestone, CaCO,) dominated sediments tend to be
naturally alkaline (Figure 25). For this reason, many coastal wetlands are alkaline.
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Respiration: the process in which
oxygen is taken up by a plant,
animal or microbe, and carbon
dioxide is released

Photosynthesis: the process in
which plants, algae and some
bacteria use the energy of sunlight
to convert water and carbon
dioxide into carbohydrates they
need for growth and oxygen

Sediment pore waters: water
which is present in the spaces
between wetland sediment grains
at or just below the land surface.
Also called interstitial waters.
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Humic: substances formed
from the decomposition
products of polyphenols such
as tannins, which are complex
organic compounds derived
from plant materials

Bassendean Sands: (also
known as the Bassendean
Dunes) a landform on the
Swan Coastal Plain, comprised
of heavily leached aeolian
sands, located between the
(a) (b) Spearwood Dunes to the west
and the Pinjarra Plain to the

Figure 25. Naturally alkaline wetlands: (a) Thomsons Lake, Beeliar. Photo - J Davis. east
(b) A seasonally waterlogged wetland in Port Kennedy. Photo - J Lawn/DEC. Swan Coastal Plain: a

coastal plain in the south
west of Western Australia,

In addition, these wetland sediments containing calcium carbonate are often ‘buffered extending from Jurien south to

(stabilised) against rapid changes in pH*>' due to their alkalinity. Carbonate acts as a Dunsborough, and the Indian
‘buffer’ by taking up excess hydrogen ions, and high carbonate concentrations can Ocean east to the Gingin,
prevent large or sudden changes in the pH of wetland waters from occurring.’ Darling and Whicher Scarps

. . ) ) o ) Oxidation: the process of
Wetland waters can be naturally acidic (pH of 4-67) if their sediments are rich in organic combining with oxygen causing

matter and release humic substances (tannic, humic and fulvic acids) from decaying a chemical reaction in which
vegetation. Humic substances leach out of the organic matter (mostly decaying plant atoms or molecules gain
material) occurring in the top layers of sandy wetland sediments (such as in Bassendean ~ ©xygen or lose hydrogen or
sands on the Swan Coastal Plain) and become dissolved in the wetland waters.?° These electrons

wetlands are also highly coloured (see the ‘Light availability’ section of this topic for more ~ Actual acid sulfate soils: (also
information). knlown as actual aC|d.su|phf3te
soils) naturally occurring soils
and sediments containing iron
sulfides that are disturbed or
exposed to oxygen, causing the

Wetland waters can also be naturally acidic if they are rich in iron pyrite (FeS,, a yellow
lustrous form of iron disulfide also known as ‘fool’s gold’) and release sulfuric acid

(H,S0,) from the oxidation of this iron pyrite. Pyritic sediments occur in many coastal iron sulfides to be oxidised to
wetlands throughout Australia'®, making many of the seasonally-drying wetlands produce sulfuric acid, causing
naturally-acidic?' (Figure 26). However, wetlands may become much more acidic the soil to become strongly
when they are exposed to particularly long or severe periods of drying, leading to the acidic (usually below pH 4)

development of actual acid sulfate soils (AASS).?"?2 Significant fire events can also
cause oxidation and drying of sediments, leading to the development of AASS.?

(a) T " (b)

Figure 26. Naturally acidic wetlands: (a) a seasonally waterlogged wetland on a slope in
Bayonet Head, Albany, slightly acidic due to humic soils. Photo - L Sim/DEC; (b) Lake Gnangara,
acidic due to iron pyrite sediments. Photo - J Davis.
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Quality of incoming water

The acidity/alkalinity and quality of water entering wetlands also influences wetland
waters. Rainwater is naturally slightly acidic (as low as pH 5.5), due to dissolved
atmospheric CO,*?, but the acidity/alkalinity may be rapidly modified by chemical and
biological processes once the water enters the wetland (for example, by carbonate
buffering or photosynthesis).* In wetlands with little biological activity and few soluble
minerals, the ecosystem may remain mildly acidic.

The acidity/alkalinity of inflowing surface water can be influenced by the characteristics
of the catchment. For example, wetlands that receive surface water from granite-
dominated catchments may be acidic.®

The natural acidity/alkalinity of groundwaters in WA is poorly known, due partly to a lack
of data, and partly to high variability between sites. However, inflows of highly acidic or
alkaline groundwaters would have a major influence on the acidity/alkalinity of wetland
waters. Groundwater bores can be installed in order to determine groundwater acidity/
alkalinity but its cause may require further investigation of subsoil geology and historical
events such as fires and drought.

Groundwater discharging from coastal dunes tends to be alkaline due to the carbonate
minerals within the aquifer sediments, so wetlands that receive this groundwater are
often alkaline.

Deep groundwater in the Wheatbelt is thought to be naturally acidic?*?> with high

iron concentrations and limited amounts of neutralising minerals such as carbonates in
the relevant strata. It is most prevalent in the eastern (mainly Avon) and south-eastern
(Esperance coastal) zones.?® Rising groundwater is creating a number of problems in
wetlands in these areas including salinity and acidity, particularly in wetlands low in the
landscape; those not affected are likely to be at very high risk over the coming decades.?®
These groundwaters contain high concentrations of dissolved aluminium, iron and trace
metals like lead, copper and zinc leached from local geological materials by the acidic
waters. Dissolved iron and aluminium in particular pose a threat because they represent
a major store of hidden acidity not measured by pH alone, by reacting with water and
releasing additional hydrogen ions into solution.?> The presence of organic matter and
neutralising minerals like carbonates in the wetlands will affect the degree and timeframe
of acidification of such wetlands.

» The management of wetlands subject to acidification is covered in the topic ‘Water
quality’ in Chapter 3.

Variation over time

A wetland’s pH can naturally vary over time due to:
e the day/night cycle
e water temperature

e wetland water regime

Day/night cycle

pH varies over a 24 hour day/night cycle. The daily fluctuations occur due to two
processes; during the day, photosynthesis by algae and submerged wetland vegetation
takes up large amounts of CO, from the water and raises the pH, making it more
alkaline. Respiration (which is predominant at night) by aquatic algae, plants, animals
and microbes releases CO, and lowers the pH.* The alkalinity or buffering capacity of the
wetland has an effect on how large this daily fluctuation is. A shallow, densely vegetated
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lake in central Victoria varied by up to 2 pH units across a day, in response to the Salinity: a measure of
processes of photosynthesis and respiration.’® Wetland species are adapted to normal 2* Fhe concentration Of“ons
hour cycle variations in pH. The main implication of daily changes in pH is for surveys and " wetland water. This

o . . . . measurement is used to
monitoring of wetland water quality. A clearer picture of the natural pH fluctuations in a describe the differences

wetland is gained if time of day is recorded and accounted for when measuring pH. between waters that are
considered ‘fresh’ (with
Water temperature very low concentrations

. L o of ions) and those that are
Water temperature also influences acidity/alkalinity; increased water temperature leads to considered ‘saline’ (with high

an increase in pH.?® This means that pH is likely to fluctuate over the year in many areas concentrations of ions).
of the state.

Water dynamics

The acidity/alkalinity of the water in the wetland, and the acidity/alkalinity of
groundwater and surface water entering a wetland can vary throughout the year
because of seasonal hydrological dynamics and processes. These include dilution of the
wetland water by progressive rainfall over the wet season; groundwater rise; downward
saturated flow; concentration by evapotranspiration; and interactions with sediments
such as leaching, ionic mobility and precipitation.

In wetlands that are seasonally or intermittently wet, the pH may vary between the wet
and dry phases. In many wetlands pH will typically rise during the ‘wetting up’ phase
(with a brief decline during filling if there is eucalypt leachate in the first runoff) and then
fall during the drying phase.*

Other physical and chemical factors

Salinity

There is some evidence to suggest that pH decreases as salinity increases, but this
appears to vary depending on the water chemistry (the relationship may be more

prevalent where there are high concentrations of calcium ions, Ca**)?” and biotic
processes (for example, photosynthesis may raise the pH of saline systems).*

Fire

Fire in a wetland or its catchment can have an effect on pH, although its influence
depends on many factors. In many, but not all wetlands, fire can produce a short-term
increase in pH, due to flushing of alkaline ash from the catchment and the combustion
of organic soils.?®> A decrease in pH is also possible; the oxidation of sulfur following a fire
can result in the development of actual acid sulfate soils, which can have a medium to
long term effect on the pH of a wetland.

How is acidity/alkalinity measured?

pH is a straightforward and commonly used measure that is often, but not always,
suitable for monitoring trends. Total titratable acidity better approximates total acidity by
accounting for stored acidity, as outlined below.

‘pH’ is a measure of the effective concentration of hydrogen ions in water. The more
hydrogen ions (symbol: H*) in the water, the more acidic the water and the lower the
pH reading.? As stated earlier, an ion is an atom that has acquired an electrical charge
by the loss or gain of one or more electrons; it is used to refer to substances dissolved in
solution.

The term ‘effective concentration’ is used to refer to the concentration of hydrogen ions
that ‘seem’ to be present in a solution. The actual concentration is difficult to measure
because hydrogen ions are constantly interacting with water (H,0) molecules. The
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effective concentration measures the amount of chemical ‘effect’ they are having in the
solution.

As pH is represented on a log scale, a difference of one pH unit represents a tenfold
change.* For example, a wetland water sample with a pH of 4 is ten times more acidic
than one with a pH of 5. A difference of 2 units, from 6 to 4, reflects acidity one
hundred times greater, and so on.

pH is straightforward to measure in both surface waters and sediment pore waters

using a pH meter with different types of probes (Figure 27), depending on whether it is

a surface or pore water measurement. In both cases, this requires water to be present,
that is, a water column or saturation of the sediments. Since pH varies with temperature,
most pH meters also measure temperature to take this into account. If a specialised pore
water probe is not available, a ‘suspension’ of one part sediment to five parts water (or
for potentially more accurate results, calcium chloride, CaCl,) can be made, and a surface
water probe used instead.?®

Figure 27. A meter that measures pH. Photo — J Lawn/DEC.

Calculating the mean (average) pH

pH is represented on a log scale*? and the scale runs from pH 0 to pH 14. The
log scale means that each change in one pH unit (for example, from pH 4 to
pH 3), represents a change in 10 times the concentration of hydrogen ions

(for example, pH 3 has 10x greater [H*] than pH 4).# This means that when
calculating the mean (average) of pH values, it is not correct to just add the
values and divide by the numbers of recordings, i.e. the mean of pH 6 and pH 8
is not pH 7.% Instead, the pH values need to be converted to anti-logs, the mean
calculated and the result converted back to a log value, as shown:

extra information

To calculate the mean of pH 6 and pH 8:

The anti-log of pH 6 = 10° = 1,000,000

The anti-log of pH 8 = 10" = 100,000,000

The mean of these two values is (1,000,000+100,000,000)+2 = 50,500,000

Convert the anti-log back to a log scale: log'°(50,500,000) = pH 7.7

A cheaper but less accurate alternative for the measurement of surface or pore water pH
is to use a soil or water testing kit, which involves mixing a reactive agent to the sample
(water or soil suspended in water), then measuring the colour of the solution.
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Since pH changes over time, and with temperature and biological activity, measurements
are only representative of field conditions at the time of sampling, therefore pH samples
cannot be stored for later analysis. As described, time of day also affects pH, often quite
markedly, via the interaction of photosynthesis and respiration with CO, dynamics.

pH is usually measured directly and there are no commonly used surrogate measures.
In some cases, vegetation composition or diatom community composition may be

used as biological indicators of broadly acidic or alkaline conditions but these are

not precise measures of pH.?%? As diatom valves can be well preserved in soils, fossil
diatom assemblages have the potential to be used in palaeolimnological studies to help
reconstruct past conditions in wetlands.®

» For detail on how to monitor pH, refer to the topic ‘Monitoring wetlands’ in Chapter 4.

Total titratable acidity

In wetlands with acid sulfate soils, both pH and titratable acidity is measured to account
for the total acidity values. It is very important to understand that the pH of water
measures the available amount of acid in an instant of time. It does not measure acidity
that is stored in the water in the form of dissolved iron and aluminium that can later
react with water and release additional hydrogen ions into solution. Total acidity, on the
other hand, accounts for this. In most natural waters, about 90 per cent of the acidity is
stored in the form of dissolved iron and aluminium.

Total titratable acidity is a better approximation of total acidity than pH alone. It may

be important to monitor this along with pH if a wetland is at risk of acidification.
Commercially produced kits are available for purchase, or can be made using items from
the supermarket and pharmacy.

» For more information on total acidity and step by step instructions on how to make

field kits, see the topic ‘Water quality’ in Chapter 3.

Total alkalinity

Total alkalinity is a measure of a solution’s capacity to neutralise an acid, expressed as the
amount of hydrochloric acid needed to lower pH of a litre of solution to pH 4.5. It can be
a useful measure of how sensitive a wetland is to acidification. It can be measured in the
field or in the lab.

> See the topic ‘Water quality’ in Chapter 3 for the US EPA's classification of wetland
sensitivity to acidification on the basis of total alkalinity.

Sources of more information on wetland acidity/
alkalinity

The topic "Water quality’ in Chapter 3.

ANZECC & ARMCANZ (2000) ‘8.2 Physical and chemical stressors in Volume 2 Aquatic
ecosystems — rationale and background information (Chapter 8)" of Australian and New
Zealand guidelines for fresh and marine water quality.®

Boulton A and Brock M (1999) Australian freshwater ecology: processes and
management.*

Murphy, S (2005a) ‘General information on pH'.3

Murphy, S (2005b) ‘General information on alkalinity’.!
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Glossary

Actual acid sulfate soils: (also known as actual acid sulphate soils) naturally occurring
soils and sediments containing iron sulfides that are disturbed or exposed to oxygen,
causing the iron sulfides to be oxidised to produce sulfuric acid, causing the soil to
become strongly acidic (usually below pH 4)

Alkalinity: a solution’s capacity to neutralise an acid
Bioavailable: in a chemical form that can be used by organisms

Bassendean Sands: (also known as the Bassendean Dunes) a landform on the
Swan Coastal Plain, comprised of heavily leached aeolian sands, located between the
Spearwood Dunes to the west and the Pinjarra Plain to the east

Benthic microbial communities: bottom-dwelling communities of microbes (living on
the wetland sediments)

Buffering capacity: a solution’s capacity to resist large or sudden changes in pH

Chemosynthesis: the process by which organisms such as certain bacteria and fungi
produce carbohydrates and other compounds from simple compounds such as carbon
dioxide, using the oxidation of chemical nutrients as a source of energy rather than
sunlight (see ‘photosynthesis’)

Decomposition: the chemical breakdown of organic material mediated by bacteria
and fungi, while ‘degradation’ refers to its physical breakdown.'®* Also known as
mineralisation.

Humic: substances formed from the decomposition products of polyphenols such as
tannins, which are complex organic compounds derived from plant materials

lon: an atom that has acquired an electrical charge by the loss or gain of one or more
electrons

Metabolism: the chemical reactions that occur within living things that are necessary to
maintain life, including the digestion of food

Organism: an individual living thing

pH: a soil or water quality measure of the hydrogen ion concentration, which indicates
whether water is acidic, neutral or alkaline

Photosynthesis: the process in which plants, algae and some bacteria use the energy of
sunlight to convert water and carbon dioxide into carbohydrates they need for growth
and oxygen.

Pyritic sediments: sediments containing iron pyrite
Redox: the removal (‘oxidation’) or addition (‘reduction’) of electrons

Reference range: a quantitative and transparent benchmark appropriate for the type of
wetland

Respiration: the process in which oxygen is taken up by a plant, animal or microbe, and
carbon dioxide is released

Salinity: a measure of the concentration of ions in wetland water. This measurement
is used to describe the differences between waters that are considered ‘fresh’ (with
very low concentrations of ions) and those that are considered ‘saline’ (with high
concentrations of ions).
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Sediment pore waters: water which is present in the spaces between wetland
sediment grains at or just below the land surface. Also called interstitial waters.

Soluble: able to dissolve
Solubility: a measure of how soluble a substance is

Species: a group of organisms capable of interbreeding and producing fertile offspring,
for example, humans (Homo sapiens)

Swan Coastal Plain: a coastal plain in the south west of Western Australia, extending
from Jurien south to Dunsborough, and the Indian Ocean east to the Gingin, Darling and
Whicher Scarps

Trigger values: quantified limits that, if exceeded, would indicate a potential
environmental problem, and so ‘trigger’ a management response, e.g. further
investigation
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What is meant by redox potential? Redox potential: the potentia|

of chemical substances to

Redox potential refers to the potential of substances in wetland sediment pore waters undergo two (coupled) types
of chemical change: the

to undergo two types of chemical change — specifically, the addition (‘reduction’) or removal (‘oxidation’) or addition
removal (‘oxidation’) of electrons. Redox is a coupled reaction in which one substance is (‘reduction’) of electrons
oxidised by another which, in turn, is reduced.' The term redox is a combination of the

first parts of each chemical change: reduction and oxidation.

Gaining a detailed understanding of reduction and oxidation reactions requires a
background understanding of chemistry. However it is possible to gain a general
understanding of the overall effect of these reactions without such a background. In
summary, if a substance is oxidised or reduced, its chemical form is changed, meaning
that it may be more or less useful to living things, more or less toxic, and more or less
reactive to other substances. Its physical form may change from dissolved in solution to a
solid precipitated out of solution, or vice versa.

The reduction and oxidation of substances is an extremely common, extremely important
process in wetlands, particularly the sediment pore waters. This form of chemical change
affects many substances that play an important role in wetlands, including nitrogen,
phosphorus, carbon and sulfur.

What is oxidation?

Oxidation is the removal of electrons from a ‘donor’ substance, which is a reaction that
occurs:

e when oxygen is added to a substance
¢ when hydrogen is removed from a substance
e when electrons are removed from a substance.

Oxidation is a common reaction that causes effects such as the browning of an apple
when cut and left exposed to air and the rusting of iron. A very important oxidation
reaction is the oxidation of carbohydrates (CH,O)n to carbon dioxide (CO,) by living
things.

What is reduction?

Reduction is the addition of electrons to an ‘acceptor’ substance; the opposite reaction
to oxidation. It occurs:

e when oxygen is removed from a substance
e when hydrogen is added to a substance
e when electrons are added to a substance.

The addition of hydrogen and electrons to oxygen gas (O,) is an example of the reduction
of oxygen to water (H,0).

Why is redox potential important?

Redox conditions influences the availability of energy and concentrations of chemical
compounds in wetlands. This in turn affects the types and health of bacteria, plants,
algae and animals that live in wetlands.

The physical and chemical form of many substances is a result of being oxidised or
reduced. Solid substances may become soluble, and dissolve in solution. For example,
iron (ferric iron) in solid form can be reduced to a soluble form (ferrous iron). A nutrient
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may be changed from a chemical form that cannot be used by plants and algae to one
that can be used, creating flow-on effects through the wetland food web. It also affects
the extent to which toxins such as heavy metals (like mercury and cadmium) will be
available to be taken up by plants and animals (they are more available under reducing
conditions).

Even those substances that are not directly affected by oxidation and reduction may

be affected if they interact with other substances that do undergo oxidation and
reduction. For example, phosphate (PO,*, a form of phosphorus important for plants,
algae and some bacteria) is influenced by the chemical form(s) and abundance of iron
and aluminium." This occurs by adsorption of the phosphate to compounds such as
Fe(OH), (iron (lll) hydroxide) at low redox potential (oxidising conditions)?, forming
insoluble materials which settle out of the water column. Under reducing conditions, the
phosphate becomes soluble and is released into solution in wetland waters, making it
available for use by primary producers.

What affects the redox potential of wetland
sediment pore waters?

The determinants of redox potential are the presence or absence of oxygen and the pH.

The presence or absence of oxygen strongly affects the redox potential. Redox potential
is higher with oxygen. Whether or not a wetland dries out seasonally or intermittently
affects whether the upper layers of the sediment will become oxic (that is, oxygen will
be present). Similarly, in the water column of a wetland, the oxygenation and mixing of
surface waters influences whether the top layers (~ 5 millimetres) will become oxic or
anoxic, while the deeper layers of sediment tend to be anoxic. Oxygen availability tends
to be higher when a wetland is shallow, dries out regularly, has wind or wave action or
there are wetland plants that ‘leak’ oxygen into the sediments via their roots.

Redox potential is also greatly influenced by pH. As pH increases (that is, the pore water
becomes more alkaline), the redox potential falls.

Many oxidation and reduction reactions are facilitated by photosynthesis and by different
types of bacteria. Organic compounds provide the source of oxidisable material for

most wetland bacteria. These bacteria use electron acceptors to oxidise organic material
in order to make use of its energy (common inorganic electron acceptors include O,,
Fe¥*, Mn*, SO,** and CO,). The availability of electron acceptors besides oxygen allows
bacteria to respire and grow when and where oxygen is not present.>

How is redox potential measured, and what units
are used?

Redox potential is most commonly measured in the sediments but can also be measured
in the water column. It is measured using a redox meter with a probe adapted for use in
either water or sediments. These meters are generally fitted with a hydrogen electrode
for use in the laboratory or a platinum electrode and a calomel electrode for use in the
field.2 The chemical symbol for redox potential is E, or E, and measured in millivolts (mV).
It can be difficult to obtain reliable measurements in the field due to lack of chemical
stability between chemical forms or at electrodes and for this reason it is often not
measured. However, the usefulness of measuring redox potential is to enable the broad
distinction between oxic, anoxic and reducing conditions.®> Anoxic (oxygen-deficient)
conditions suggestive of reducing conditions are often inferred by the presence of black
sediments and the characteristic ‘rotten egg’ smell of hydrogen sulfide. However, it
should be noted that the fact that a sediment is anoxic does not necessarily mean that
the conditions in it are also reducing.?
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There are no usual ranges of redox potential in Western Australian wetlands, nor are
there recognised acceptable limits. Redox potential can change rapidly within a wetland
over a short period of time, particularly with changes in a wetland’s water regime and
water mixing. The classification of redox potentials is shown in Table 7.

Table 7. Redox conditions and cutoffs in sediments (Bohn 1971)*

Description of conditions

Oxidising Greater than +400

Moderately reducing s T
Reducing T
Highly reducing Upto—100 ,,,,,,,,,,,,

Sources of more information on redox potential

Boon, PI 2006, ‘Biogeochemistry and bacterial ecology of hydrologically dynamic
wetlands’, in DP Batzer & RR Sharitz (eds), The ecology of freshwater and estuarine
wetlands, University of California Press, New York.3

Boulton, A & Brock, M 1999, Australian freshwater ecology: processes and management,
Gleneagles Publishing, Glen Osmond, South Australia.?

Kalff, J 2002, Limnology. Inland water ecosystems, Prentice Hall, New Jersey.'

Wetzel, R 2001, Limnology. Lake and river ecosystems, Academic Press, San Diego.®

Glossary

Anoxic: deficiency or absence of oxygen

Oxidation: the removal of electrons from a donor substance
Reduction: the addition of electrons to an acceptor substance

Redox potential: the potential of chemical substances to undergo two (coupled) types
of chemical change: the removal (‘oxidation’) or addition (‘reduction’) of electrons
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What is carbon?

Carbon is often referred to as ‘the building block of life” as it is a part of all living tissue.
Carbon is a key chemical element required for the growth and reproduction of wetland
plants, animals and microbes." It is often referred to by its chemical symbol ‘'C".

As well as being present within organisms, carbon is present in the atmosphere as the
gas carbon dioxide (chemical symbol "CO,") and in soil and water. Carbon in wetland
ecosystems can be divided into two main groups: organic and inorganic. Organic carbon
relates to carbon existing in or derived from living organisms, including all living and
dead plant, animal and microbial material in a wetland. It is distinct from inorganic
carbon, which in a wetland takes various forms in solution including dissolved carbon
dioxide (CO,), bicarbonate (HCO,), carbonate (CO,*) and carbonic acid (H,CO,).?

Why is carbon important in wetlands?

Carbon is a source of energy

All plants, animals and microbes must consume carbon in order to survive and grow. It is
a major component of plant and animal tissue and microbial cells.?

Plants, algae and some species of bacteria (collectively known as ‘primary producers’)
can use inorganic carbon (such as carbon dioxide, CO,, or bicarbonate, HCO3') to create
energy through the process of photosynthesis (with the exception of some bacteria
which instead do so via the process of chemosynthesis). All other organisms take up
the carbon they need in an organic form, that is, in the form of living or dead tissue
(these organisms are ‘consumers’ and ‘decomposers’ respectively).

» For more information on primary producers, consumers, decomposers and the food
webs they form, see the topic ‘Wetland ecology’ in Chapter 2.

Dissolved and particulate forms of organic matter are important food sources for
invertebrates and microbes (including some bacteria and algae) in wetlands.? They
consume this carbon in a variety of ways:

e some animals filter their food, in the form of particulate organic matter, out of the
water column

e some absorb dissolved compounds
e some graze on algae and fungi colonising the larger particles

e others eat the larger particles themselves.?

Carbon affects water conditions

Wetlands with high levels of organic material in their waters may function differently to
those which retain little organic material.

For example, wetland waters that are coloured due to high levels of dissolved organic
carbon do not support algal/cyanobacterial blooms even at high nutrient concentrations,
because there is insufficient light penetration into the water column to allow algal
blooms to develop.* These wetlands are often referred to as ‘dystrophic’ (for more
information, see the section on colour within ‘Light availability’ in this topic).

‘Humic’ wetlands are often acidic with natural pH levels as low as 4.5 due to the
prevalence of organic carbon compounds (humic, tannic and fulvic acids) dissolved in
the waters.>3 Major physico-chemical influences such as these have flow-on effects
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Photosynthesis: the process
in which plants, algae and
some bacteria use the energy
of sunlight to convert water
and carbon dioxide into
carbohydrates they need for
growth and oxygen

Chemosynthesis: the process
by which organisms such as
certain bacteria and fungi
produce carbohydrates and
other compounds from simple
compounds such as carbon
dioxide, using the oxidation of
chemical nutrients as a source
of energy rather than sunlight

Particulate: in the form of
particles, which are very small
portions of matter

Dystrophic: wetlands that
suppress increased algal and
plant growth even at high
nutrient levels due to light
inhibition
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for other parameters such as dissolved oxygen, which is lower in waters with high

levels of dissolved compounds, and photosynthesis, which may be suppressed both by
low light and low pH.® Semeniuk (2007) reported that in some Becher wetlands (near
Rockingham, south of Perth) the water is calcium carbonate saturated and has a pH of
8-8.5 when residing in the underlying dune sand and in the carbonate mud deposits of
the wetland, but as it travels through the humic material of the wetland its pH can fall to
7-7.87

Particulate organic matter also has a strong influence on light and temperature within

Chapter 2: Understanding wetlands

Detritus: organic material
originating from living, or
once living sources including
plants, animals, fungi, algae
and bacteria. This includes
dead organisms, dead

parts of organisms (such as
leaves), exuded and excreted
substances and products of
feeding.

the aquatic environment, as it absorbs and refracts light, causing the water to heat up

more quickly, and may cause it to stratify.

Carbonate, an inorganic form of carbon, buffers wetland waters from large changes in
pH.

Humus: the organic constituent
of soil, usually formed by the
decomposition of plants and
leaves by soil bacteria

Peat: partially decayed organic
matter, mainly of plant origin

The movement of carbon can influence the cycling of other important chemical elements

such as nitrogen and phosphorus due to their incorporation into organic compounds

Anoxic: deficiency or absence
of oxygen

and subsequent movement through food webs. Another reason that carbon plays

an important role in ecosystems is because it frequently forms chemical bonds with
other elements including hydrogen, oxygen, nitrogen and sulfur (creating ‘organic
compounds’), and therefore becomes involved with the cycling processes of these other
elements through wetland ecosystems.®

Carbon forms part of wetland soils

In wetlands with a water column, the less soluble compounds in the water column
often aggregate into larger particles and settle out from the water column, and along
with larger plant and animal debris, form part of the soil material of a wetland. This
soil material also develops in waterlogged wetlands, through the breakdown and
‘sedimentation’ of plant and animal detritus, although generally to a lesser extent.
This material may form soil such as carbonate muds or calcilutite, or humus or peat,
depending on the pattern of wetting and drying in the wetland (its hydroperiod) and
various other processes and conditions, such as acidity. Some plants contribute a lot

of litter that forms part of the organic sediment fraction, such as the common Perth
sedge, Baumea articulata.® Once the sedimented organic material becomes covered by
further sediment and forms part of the anoxic zone, its breakdown is extremely slow.
If a wetland’s sediments dry, the exposure of the organic carbon to oxygen speeds up
its decomposition by microbes, and as a result, much less organic soil material tends to
accumulate in regularly-drying wetlands.'® Associated factors that may affect the rate
of decomposition of organic material are the pH of the detritus itself and the buffer
capacity of the surrounding water."
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Carbon rich soils of the Becher wetlands

Wetland scientist Dr Christine Semeniuk undertook a
detailed study of the Becher wetlands, located on the
coast between Rockingham and Mandurah on the Swan
Coastal Plain.” Dr Semeniuk found these wetlands to be
carbon rich, with some of the carbon derived from beach
shell material, and fossil shell material from the freshwater
gastropods Gyraula sp. and Glyptophysa sp. which in the
past inhabited many of these wetlands. Shells and shell
fragments were found either scattered in the wetland
soils or forming shell laminae beds. Highly disintegrated
shell material was also present in the form of small grains,
forming part of the wetland sediment, along with other

sources of carbon from fragments of algae (charophytes),
molluscs and crustaceans including seed shrimp
(ostracods). Plant material was also found to contribute
significantly to the carbon content of the wetland
sediment, in particular, the remains of the grass tree
(Xanthorrhoea preissii), coast sword-sedge (Lepidosperma
gladiatum), jointed rush (Baumea articulata), Typha sp.
and coast saw-sedge (Gahnia trifida). Trees including
banbar (Melaleuca teretifolia) and swamp paperbark
(Melaleuca rhaphiophylla) and the herb Centella asiatica
were also found to contribute to the carbon content of
the sediment.
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What are the main forms of carbon in wetlands?

Table 8 outlines the main forms of carbon in wetlands. The table shows carbon in
two main groups: organic and inorganic. The cycling of these two types of carbon
compounds directly represents the way that energy and living material is moving through

the wetland ecosystem.

There are two main sources of carbon in wetlands:

e allochthonous carbon, that is, carbon originating outside the wetland, for example,
leaf litter from vegetation in the catchment

e autochthonous carbon, originating from within the wetland, for example, vegetation

and algae growing within the wetland.

Table 8. Forms of carbon and implications for wetland management

Chapter 2: Understanding wetlands

Description

Implications for management

A gas that dissolves in water. It is ten times more soluble in water than oxygen,
and is derived from the atmosphere and respiration by wetland organisms.2
Carbon dioxide is able to be ‘fixed" (used) by plants, algae and microbes to
create organic materials via photosynthesis or chemosynthesis.?® It is the major
source of inorganic carbon to wetlands.

A critical component of wetlands as it is
needed for photosynthesis. However it
rarely limits plant growth as it is freely
available from the atmosphere.'

The "hydrated" form of CO, (i.e. water has been added). As a weak acid, it

 lowers the pH of wetland water by dissociation (breaking up) into H* and :
¢ HCO, ions (see 'pH’ section). Carbonic acid is not directly utilised by organisms, :

although its component ions are.?

Lowers the pH of wetland waters.

One of the ions resulting from the dissociation (breaking up) of carbonic

: acid, and is most abundant in neutral to slightly alkaline waters (pH 7-9).
¢ Bicarbonate is utilised by some aquatic plants and macroalgae as a carbon

source for photosynthesis. ?

Used by some aquatic plants and

: macroalgae for photosynthesis.

A further dissociated form of HCO,’, which occurs most abundantly at alkaline
¢ pH.2 At high pH (often resulting from photosynthesis), carbonate reacts with

© calcium ion (Ca?*) and precipitates out of the water (becomes an insoluble
 solid) as calcium carbonate (calcite, CaC0,).2 Where abundant, carbonate has
- an important role as a chemical ‘buffer’ of wetland waters; preventing them
 from changing pH too rapidly.™

Important in providing buffering capacity
 to wetlands. Knowledge of a wetland's

. buffering capacity is useful if there is the
 potential for threatening processes or

¢ restoration activities to alter the pH.

Carbon dioxide Co,
Carbonic acid H,CO,
Bicarbonate HCO,
Carbonate oz
Methane ' CH

' Methane is produced by one type of bacteria and used by a different type of

bacteria.
Methane is produced by bacteria known as ‘methanogens’. They are prevalent

¢ in the sediments of freshwater wetlands. Methanogens produce methane by
i decomposing organic material in anaerobic conditions (that is, in the absence

of oxygen). This process is called ‘methanogenesis’. It is not as prevalent in
saline wetlands, where it tends to be out-competed by sulfate reduction. Sulfate
is more abundant in saline wetlands and its reduction yields more energy for

 sulfate-reducing bacteria than carbon dioxide does for methanogens. ' Together :
with CO,, methane is a significant greenhouse gas. ' Freshwater wetlands that

have large stores of organic carbon in their sediments (such as peat-containing
wetlands along the south coast of WA) tend to contribute more methane to the

: atmosphere. :
The methane-using bacteria are known as ‘methanotrophs’. They require oxygen

and as such are limited to areas where oxygen is available, such as around
plant roots in inundated soils. Methanotrophs limit the transfer of methane to

¢ the atmosphere (for example, a study in Florida found that half of the methane
¢ produced was oxidised by methanotrophs)."

Importa'ht for the prc;duction of énergy by

methanogens in anoxic conditions.
Used by methanotrophic bacteria for

i chemosynthesis in aerobic conditions.

70 Conditions in wetland waters




A guide to managing and restoring wetlands in Western Australia

Chapter 2: Understanding wetlands

Name Chemical : Description Implications for management
form
Biological Includes carbohydrates, lipids, proteins and nucleic acids. These are carbon- Essential food for animals (consumers) and
molecules containing chemicals manufactured by plants and microbes. These biological microbes (decomposers).
molecules are included broadly in the categories of dissolved and particulate
organic carbon. Used by plants, animals and microbes for a wide range of
functions including the production of energy, cells and tissues, plant and animal
hormones, enzymes and genetic material." Animals often need to source theirs
by eating living or dead biological material.
Polyphenols Are dissolved organic carbon chemicals produced during plant metabolism. Important for water colour and pH.
¢ (including : Tannins are complex polyphenols, derived from plant material.' Dissolved :
organic matter (DOM) is the dominant form of organic carbon in almost all

 tannins)

© aquatic ecosystems with a water column.'® May protect plants against grazers
© by making them toxic or unpalatable, and may also give plants colour.”® Tannins
¢ contribute to the colour of wetland waters, and may also lower the pH. :

Humic substances
¢ (humic and fulvic
¢ acids)

Decomposition products of polyphenols.’ Along with living plants, humic
 substances are often the dominant form of organic carbon in waterlogged
¢ systems. Dissolved humic substances impart colour and acidity to wetland
: waters and can be an important source of carbon to microbes.” Humic
 substances may also have inhibitory and regulatory roles in wetlands.'”

Important for water colour, pH and
: microbial activity.

How is carbon transformed and transported?

Carbon in wetlands is converted into different forms, and can be transported into and
out of wetlands. These transformations and sequences are part of the carbon cycle, with
the wetland components of the cycle shown in Figure 28.

Key parts of the carbon cycle include:

e import
e dissolution

e dissociation

e photosynthesis and chemosynthesis

e consumption
e excretion/secretion

e degradation

e aerobic and anaerobic decomposition

e photodegradation
e  precipitation
e adsorption

e storage

These are described below.
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Figure 28. Simplified depiction of the wetland carbon cycle.
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Import of inorganic carbon - dissolution

The major source of inorganic carbon to wetlands is atmospheric carbon dioxide (CO,).
Second to this is the CO, produced through plant, animal and microbial respiration.
Carbon dioxide dissolves readily in water, and for this reason carbon is generally not a
limiting factor in wetlands. A small amount of dissolved carbon dioxide joins with water
to become carbonic acid.?

Global climate change may lead to alterations in the amount of dissolved organic matter
in wetlands due to increased concentrations of atmospheric CO, and CH,, and warmer
temperatures encouraging algal growth.®

Import of organic carbon

Other than mobile animals, there are two sources of organic carbon in wetlands: carbon
generated (fixed) by photosynthesis within the wetland, and carbon imported into the
wetland by wind or water movement, including groundwater transporting leached humic
substances. The movement of water can often be a major means of transporting organic
material from one location to another. In practice, the carbon in most WA wetlands is

a combination of both internal and external sources. The concentration of dissolved
organic carbon (DOC) increases in direct proportion to decreasing water level (and vice
versa) in wetlands."®

The timing, amount and quality of organic carbon imported into a wetland has a major
driving influence on wetland metabolism. The origin of organic material determines
the type of carbon input, which has significant flow-on consequences. For example, it
influences the wetland’s structure (such as the types of species present) and functions
(such as the dominance of processes such as decomposition or methanogenesis).'3
Clearing of either wetland or dryland vegetation may lead to a decrease in the input of
carbon to wetlands.'®

Changes to species composition of near by terrestrial vegetation can alter the timing
and quality of carbon inputs into wetlands. For example, in southern temperate areas
Eucalyptus species have their main period of leaf fall in summer, while introduced
deciduous species have theirs in autumn. As deciduous species drop most of their leaves
in a very short period, this can produce a large ‘spike’ in carbon and nutrients in the
wetland (and clog stormwater systems). The chemical and nutritional composition of
these species also differs. While leaves from some introduced deciduous species are
soft and easily decompose, a lot of native dryland plant material, and some wetland
plants are very tough due to lignin, unpalatable due to antiseptic tannins?, and of less
nutritional value. These traits makes these plants less attractive foods for consumption
and more resistant to decomposition.

These sorts of changes to the amount, timing and quality of carbon inputs can affect

the rates at which organic carbon is converted to other forms, and may alter the relative
dominance of ecological processes (such as the production of methane) or wetland
species (such as insect larvae that rely on summer leaf litter inputs for their development).

Changes in the chemical form of carbon in solution -
dissociation

Carbon dioxide dissolves readily in water, and for this reason carbon is generally not a
limiting factor in wetlands. A small amount of dissolved carbon dioxide joins with water

to become carbonic acid.? Carbonic acid (H,CO,) breaks up (dissociates) into bicarbonate
(HCO,) and hydrogen (H*) ions, then bicarbonate breaks up further into carbonate
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(CO,? and hydrogen ions.? Depending on the pH of the water, different amounts of CO,,
H,CO,, HCO, and CO,* are present, with mostly carbonic acid at low pH and mostly
bicarbonate ions at high pH.?

Photosynthesis and chemosynthesis — turning
inorganic carbon into organic carbon

Plant, algae and microbes underpin the productivity of wetland ecosystems by converting
carbon into organic form. Plants, algae and bacteria mostly use atmospheric or dissolved
CO, for photosynthesis and chemosynthesis, although aquatic plants and macroalgae
are also able to use bicarbonate (HCO,) if CO, concentrations are low.® In areas where
little detrital carbon is preserved in the sediments or water column, this autochthonous
production is even more critical. The majority of CO, ‘fixed’ (converted to biological
materials) in wetlands is a result of photosynthesis rather than chemosynthesis.®? The
process of methane oxidation by methanotrophic bacteria is a form of chemosynthesis
that can use large amounts of the greenhouse gas methane (CH,).2' Methanotrophic
bacteria may therefore play an important role in carbon cycling, and influencing the
release of greenhouse gases.?

Enrichment of wetlands with nitrogen and phosphorus may lead to increased growth of
algae or wetland plants, and increase the importance of these sources of carbon within
wetlands. Both algae and submerged aquatic wetland plants have strong influences

on other aspects of water quality (such as dissolved oxygen concentration and light
penetration), therefore multiple effects on carbon cycling may result.

Consumption of organic carbon

Animals, fungi and microbes that consume living or dead plant, algal and bacterial
material take their carbon in organic form, for example, as carbohydrates, lipids and
proteins.

Many forms of dissolved organic material are consumed by bacteria (the ‘microbial
loop’).%*8 The 'microbial loop’ describes the way in which bacteria can decompose and
incorporate matter (such as humic acids) that other organisms cannot; allowing these
substances to enter the food chain.? Bacteria play an important role in consuming humic
substances, thereby ensuring this carbon remains biologically available.

Excretion/secretion of organic carbon

Dissolved organic compounds such as carbohydrates and polyphenols may enter wetland
waters as by-products of the metabolism of wetland plants, forming a food source for
bacteria.'®"” Other dissolved organic compounds such as urea [(NH,),CO] are released as
waste products excreted by animals. These all add to the total pool of dissolved organic
carbon in wetlands.

Degradation of organic carbon

An extremely important part of the cycling of carbon is its breakdown from more
complex to simpler physical and chemical forms. When organisms die and become
detritus, both degradation and decomposition of the detrital material occur.
‘Degradation’ refers to the physical breakdown of organic matter.'%?

Organic carbon in the form of dead, excreted and secreted matter can undergo
degradation, leaving smaller pieces. The breakdown of large pieces of detritus into small
pieces can occur through physical processes such as wind or wave action or biological
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processes such as grazing for example, by invertebrates such as aquatic snails. Eventually ~ Respiration: the process in

the pieces become so small as to be close to the size of dissolved materials. which oxygen is taken up by a
plant, animal or microbe, and

carbon dioxide is released

Respiration (aerobic decomposition)

Like degradation, decomposition is an extremely important part of the carbon cycle as it
results in the breakdown of matter from more complex to simpler physical and chemical
forms. Decomposition is the chemical breakdown of organic matter mediated by
bacteria and fungi. Decomposition occurs via several main processes in wetlands; aerobic
(respiration) and anaerobic (methanogenesis and sulfate reduction) processes.'® The
chemical breakdown (decomposition) of organic matter into inorganic compounds is also
known as ‘mineralisation’, as it results in the production of minerals.°

Animals, plants and microbes respire, that is, consume oxygen (O,) and generate carbon
dioxide (CO,)." This process is known as aerobic (oxygenated) respiration and its purpose
is to decompose of detrital organic matter by all animals and plants and many microbes.
The carbon dioxide generated from aerobic respiration is a major source to wetland
waters.

In wetlands with a water column (as compared to those in which the sediments are
waterlogged), dissolved organic matter (DOM) is the dominant form of organic carbon,
and are driven by detrital material.’®

Decomposition is the major fate of organic matter in wetlands.??* Changes to the
water regime of a wetland and increases in nutrients can upset the natural rate of
decomposition in the wetland?' and ultimately change the way the wetland functions
and the values it supports.

Anaerobic decomposition

The decomposition of organic material in the absence of oxygen carried out by
specialised bacteria. The dominant processes of anaerobic decomposition of organic
material in wetlands are methanogenesis and sulfate reduction. Methanogenesis
generates methane gas (CH,) and is the dominant process in freshwater wetlands, while
sulfate (SO,*) reduction is dominant in saline waters.

Anaerobic processes are much less dominant in waterlogged than inundated wetlands,
because without a water column, the surface sediments are open to the air, and
therefore oxygenated. However, anaerobic processes do take place in the deeper,
anoxic portion of the sediments, trapping by-products such as methane, which are then
only released to the atmosphere if the sediments are disturbed, or through emergent
vegetation, such as sedges, which act as channels for gases.' In Western Australian
wetlands that dry, anaerobic processes occur when they are wet (waterlogged or
inundated) on either a seasonal or intermittent basis, since methanogens are obligate
anaerobes (require anoxic conditions) making them very sensitive to exposure to air.?®
There is evidence to suggest that when seasonally-drying wetlands re-wet, they can
produce methane at similar rates to permanently wet wetlands.'

Salinisation of wetlands can lead to a shift from methanogenesis to sulfate reduction,
due to increased sulfate (SO,*) concentration. This may cause an alteration in the
dominant processes of organic matter breakdown in these wetlands.

Changes to wetland wetting and drying such as increased or decreased periods of
inundation or waterlogging can affect bacterial processes by changing redox conditions
and sediment characteristics.?® This can affect factors such as phosphate (PO,?*) release
from wetland sediments.
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Global climate change may lead to increases in the methane generated by wetlands
globally, due to increased ambient temperatures and increased microbial activity
(especially in the northern hemisphere).?’

Photodegradation

Humic and fulvic acids are subject to photodegradation, that is, decomposition by light.®
If a wetland is to remain coloured, these acids must be continually replaced by the
breakdown of decaying plant material. Increased light penetration (for example, through
the removal of shading vegetation) can increase the rate of photodegradation. In these
ways, the clearing of vegetation can significantly reduce wetland colour, which in turn
can dramatically affect the ecological character of a wetland.

Precipitation of carbon

‘Precipitation’ occurs when solid (insoluble) substances form and settle out of solution. In
the case of carbon, carbonate (CO,?) often precipitates out of wetland waters as calcium
carbonate (CaCO,) at high pH (often due to photosynthesis).®

Adsorption (attaching to the surface of a particle)

Dissolved organic materials such as humic acids and fatty acids may come out of solution
when they adsorb (attach) onto particles of clay or calcium carbonate (CaCO,).2

Storage

Peat-containing wetlands such as peatlands contain large reserves of carbon.?®

They are not a predominant wetland type in WA, occurring most commonly in the
wetter temperate regions such as the south coast. They occur mostly in the northern
hemisphere. Factors such as altered water regime and fire can diminish carbon stores.

What affects the concentration of carbon in
wetlands?

In general, Australian wetlands tend to be relatively rich in dissolved organic carbon, with
the mass of dissolved organic matter being far greater than the mass of living organisms
in many cases.>® The type and quantity of both dissolved and particulate organic
materials varies greatly between wetlands and is influenced by the following factors:

e degree of waterlogging or inundation and period when water is present
(intermittently, seasonally or permanently)

e  setting within the catchment; for example low-lying basin versus slope-side
e the amount of aquatic and other wetland vegetation
e connection with groundwater?®3

The flow of energy and carbon through wetlands can vary greatly between systems.
For example, the food webs of some wetlands may be driven by allochthonous carbon
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sources (such as lakes that receive organic debris from surrounding terrestrial vegetation)
while others by autochthonous carbon (such as arid zone saline wetlands driven by
in-basin production by algae). In practice, there is rarely a distinct division of wetlands
driven by either allochthonous or autochthonous carbon, and most receive a mixture of
both types of sources.

How is carbon measured, and what units are
used?

In wetland waters, inorganic forms of carbon are rarely measured; as such the following
section focuses on the measurement of organic carbon.

Concentrations of dissolved and particulate organic carbon in surface waters are
sometimes used as monitoring parameters for wetland condition, but not those of
sediment pore waters. The organic carbon content of sediments, combining dissolved
and particulate forms, is often measured. Total organic carbon in the water column is
measured by laboratory analysis, and must be collected in a dark brown glass container
to prevent photodegradation. Sediment organic carbon is determined by oven drying
then combusting samples.

Both dissolved and particulate organic carbon are usually expressed as concentrations;
mass (of carbon) per volume (for example, milligrams of carbon per litre; mg C/L) for
surface waters or per weight (milligrams of carbon per gram; mg C/g) for sediments.
These values include a whole range of substances and do not distinguish between
compounds that break down readily and those that resist decomposition and become
humus. The dissolved organic compounds that contribute to ‘colour’ (and affect the light
climate of the water column) can also be measured using ‘absorption spectrometry’. The
measurement of gilvin concentration could be seen as a partial surrogate for dissolved
organic carbon concentration, but it is really only used to infer changes to the light
climate of a wetland (see the ‘Light availability’ section).

Information on organic matter content is often not collected as part of a routine
monitoring program. It may provide valuable insight about the functioning of wetland
food webs, but is relatively expensive to determine.

Sources of more information on carbon in
wetlands

Boon, P (2006) ‘Biogeochemistry and bacterial ecology of hydrologically dynamic
wetlands’, in DP Batzer & RR Sharitz (Eds), The ecology of freshwater and estuarine
wetlands.

Boulton, A & Brock, M (1999) Australian freshwater ecology: processes and
management.

Robertson, A, Bunn, S, Boon, P & Walker, K (1999) ‘Sources, sinks and transformations of
organic carbon in Australian floodplain rivers’.

Sommer, B & Horwitz, P (2000) ‘Predicting wetland response to environmental change:
using carbon cycling as a surrogate for wetland function’, Edith Cowan University,
Western Australia.

Wetzel, R (2001) Limnology. Lake and river ecosystems.
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Glossary

Anoxic: deficiency or absence of oxygen

Chemosynthesis: the process by which organisms such as certain bacteria and fungi
produce carbohydrates and other compounds from simple compounds such as carbon
dioxide, using the oxidation of chemical nutrients as a source of energy rather than
sunlight

Dystrophic: wetlands that suppress increased algal and plant growth even at high
nutrient levels due to light inhibition

Humus: the organic constituent of soil, usually formed by the decomposition of plants
and leaves by soil bacteria

Inorganic carbon: (in a wetland) various forms of carbon in solution from non-organic
sources including dissolved carbon dioxide (CO,), bicarbonate (HCO,), carbonate (CO,?)
and carbonic acid (H,CO,)

Organic carbon: carbon existing in or derived from living organisms including all living
and dead plant, animal and microbial material

Particulate: in the form of particles, which are very small portions of matter
Peat: partially decayed organic matter, mainly of plant origin
Photodegradation: chemical breakdown caused by UV light

Photosynthesis: the process in which plants, algae and some bacteria use the energy of
sunlight to convert water and carbon dioxide into carbohydrates they need for growth
and oxygen

Respiration: the process in which oxygen is taken up by a plant, animal or microbe, and
carbon dioxide is released
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What are nitrogen and phosphorus? Metabolic processes: the

chemical reactions that occur
within living things, including

A ‘nutrient’ is defined as ‘any substance that provides essential nourishment for the _
the digestion of food

maintenance of life’." A whole range of substances are nutrients, but in wetlands
nitrogen and phosphorus (with the chemical symbols ‘N" and ‘P’), are the two main " ,

. £ h . ired by ol hi ; i th photosynthesising organism.
nutrients of interest. The nutrlehts required by plant growth in aqua.’uc systems in the Primary producers, through
greatest amounts are carbon, nitrogen, phosphorus, sulfur, magnesium, calcium and photosynthesis, harness the

potassium.? sun’s energy and store it in
carbohydrates built from
carbon dioxide

Primary producer: a

Why are nitrogen and phosphorus important in

Sediment pore water: water

WetlandS? present in the spaces between
wetland sediment grains at
Nutrients are essential for life. Nitrogen and phosphorus are ‘macronutrients’, meaning or just below the sediment

surface. Also called interstitial

that they are required in relatively large amounts by organisms to develop and maintain
waters.

living tissue and for their metabolic processes. Nitrogen is needed by organisms to
make amino acids, proteins and enzymes, which are essential for living cells. Nitrogen
is also used to create genetic material (DNA and RNA), and even the photosynthetic
pigment chlorophyll.3 Phosphorus forms an important part of biological molecules such
as DNA and RNA, and is used to generate energy.?

The availability of nutrients influences how suitable a wetland is as habitat for organisms,
particularly plants, algae and some bacteria, and this has flow-on effects for the animals
that rely on these primary producers for food. For example, Australia has relatively few
native floating plants (that is, plants that do not have roots in the soil) and this has been
linked to the limitations that naturally nutrient-poor water columns pose to these plants?,
as they do not have direct access to nutrients within sediments. Rooted wetland plants
tend to get most of their nitrogen and phosphorus from sediment pore water rather
than the water column, where the concentration of nutrients is, in general, naturally
often much greater than that of the water column. Most aquatic plants have root

‘hairs’ or lateral root projections that increase their ability to take up nutrients from the
sediment pore water.’

This is not to say nutrient-poor wetlands are poor habitats for all plants, algae and
bacteria. Generally speaking, the soils of WA are relatively nutrient-poor compared

to those in the northern hemisphere and even eastern Australia. This soil infertility is
considered to be one of the strongest influences driving the evolutionary diversity of
plants in its ancient soils®, contributing to the extremely high biological diversity in
regions such as the southwest Australian floristic region. An increase in the availability
of nutrients can decrease the competitive ability of species that are adapted to severely
impoverished sites® resulting in a loss of biodiversity and invasion of weeds.

In extremely nutrient-poor wetlands, such as those on granite outcrops, specialist

plants have ways of overcoming a lack of nutrients in the soil and water. For example,
carnivorous plants including sundews (Drosera) and bladderworts (Lentibulariaceae)
consume small animals such as small insects and crustaceans.*’ Similarly, the Albany
pitcher plant (Cephalotus follicularis) (Figure 29) is an insectivorous plant inhabiting peat
wetlands of the south coast of WA, and its ability to acquire extra nutrients in this way
confers it a competitive advantage over other plant species that rely entirely on soil and
water mediums for nutrients.
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Cyanobacteria: a large and
varied group of bacteria which
are able to photosynthesise

in its environment by luring, trapping and digesting insects. It inhabits peat wetlands on the
south coast of WA. Photo — A Matheson/DEC.

WA is also home to two species of Azolla (Figure 30). These floating aquatic ferns are
reliant on nutrients in the water column. To supplement their nutrition, they support the
cyanobacterium Anabaena azollae in their fronds. This bacterium is able to convert
nitrogen present in the air into a form that can be used; this is referred to as ‘fixing
nitrogen’.®

Figure 30. The floating water fern Azolla filiculoides (a) and (b) close up in green and red
varieties; (c) at a Kemerton wetland. Photos — C Prideaux/DEC.

Wetland plants adapted to low levels of nutrients tend to reinforce these conditions by
producing leaf litter that is less