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Introduction
This document is the first of three supporting documents to the NSW monitoring, evaluation and
reporting (MER) program technical report series: Wetlands (OEH 2011). These documents are as
follows:


Assessing the extent and condition of wetlands in NSW: Supporting report A –
Conceptual framework



Assessing the extent and condition of wetlands in NSW: Supporting report B –
Development of a condition assessment index



Assessing the extent and condition of wetlands in NSW: Supporting report C – Assessment
results for all regions.

The conceptual framework for NSW Wetlands MER underpins the approach to state-wide
monitoring of wetland condition and extent. This framework includes the identification of wetland
types for NSW, the development of three types of conceptual models of wetland function and
recommended field methods for monitoring wetland condition.

4

Section 1: Wetland (lacustrine and palustrine) typology
Purpose and requirements of the proposed typology
The NSW Wetlands MER program required a classification system which was broad enough to
allow for reporting on wetland extent and condition across the state, yet also included enough
detail to allow MER programs to be relevant at smaller (eg catchment and wetland) scales. The
classification system is used to derive appropriate wetland types which depict the range of
wetlands with similar functions and characteristics in the landscape and allow for the development
of indicators and conceptual models on a state-wide and regional scale.
The classification system for use in the NSW Wetlands MER program aims to:
 be appropriate to state-wide, catchment and wetland site scales
 group wetlands by the most appropriate ecological or physical features that determine how
the wetland functions
 show a clear link between the grouped levels
 have types that are descriptive and explanatory about the features of the wetlands that
belong to that type.
As the NSW MER program coordinates state agencies, catchment management authorities
(CMAs) and other natural resource managers, the classification system used for wetlands also
needs to be transparent and repeatable as well as overarching and/or complementary to other
classification schemes which are already in use (where possible).
Spatially, wetlands may contain a mosaic of different wetland habitat types, and be contiguous
over large areas (eg the Lowbidgee Floodplain). The classification system should be thought of as
a habitat description tool that divides the components of large wetland complexes into ecologically
meaningful units. Under this system, one large wetland complex may contain a number of different
wetland habitat types. In this report, the classification system refers to the attributes and categories
which are used to separate wetlands into classes. This system, as it is applied to wetlands based
on their attributes, is referred to as the wetland typology.

Existing classification systems
Classifications are simple representations of spatial and temporal complexity (Kingsford et al.
2004). There are a great number of classification systems in use around the world (Table 1), and
many have different principles, aims and uses. The process and methods used for wetland
classification can influence perceptions and precision of information regarding wetlands (Pressey &
Adam 1995). The aims of the particular program will therefore be important in determining how
wetlands will be grouped (Pressey & Adam 1995).
There are many different methods used for classifying wetlands, which relate to the aims of the
classification. Vegetation (Keith 2004), geomorphology (Semeniuk & Semeniuk 1995),
hydrogeomorphology (Brinson 1993), physical and geographical attributes (Jacobs unpublished)
have previously been used to describe wetland types. A combination of these methods can also be
used, as in Green (1997).
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Table 1: An overview of some of the wetland classification systems used around the world

Name
Worldwide
Ramsar

Principles

Classification details

Link (if available)

Provides a broad framework for
identification of main wetland types.

42 wetland types identified under categories of
marine and coastal zone, inland wetlands, and
human-made wetlands.

www.ramsar.org

Five wetland systems (marine, estuarine, riverine,
lacustrine, palustrine), 11 subsystems and 56
classes.

www.des.state.nh.us/Wetlands/pdf/Cowar
din.pdf

Overseas (outside of Australia)
Cowardin et al.
Hierarchical with system, subsystem
(1979) (US)
and classes. Modifiers (such as water
chemistry) are applied at the class
level.
Brinson (1993)
(US)

Based on hydrogeomorphology with
three components: geomorphic
setting, water source and transport,
and hydrodynamics.

Applied as needed.

http://el.erdc.usace.army.mil/wetlands/pdf
s/wrpde4.pdf

Canadian
wetland
classification
system

Three hierarchical levels based on
class, form and type.

Five broad wetland classes (bog, fen, marsh,
swamp and shallow water) which are then broken
down by form and type.

www.qc.ec.gc.ca/faune/atlasterreshumide
s/html/classification_e.html
or:
www.portofentry.com/Wetlands.pdf

South African
System (Dini et
al. 1998)

Based on Cowardin et al. (1979) and
adapted to suit Sth Africa.

Six wetland systems (marine, estuarine, riverine,
lacustrine, palustrine and endorheic), 16
subsystems and 49 classes.

www.environment.gov.au/ssd/publications
/ssr/pubs/south-africa-ssr161.pdf

New Zealand
Framework
(Johnson &
Gerbeaux 2004)

Emphasises functional aspects of
wetlands in a semi-hierarchical
system.

Nine broad wetland hydrosystems (marine,
estuarine, riverine, lacustrine, palustrine, inland
saline, plutonic, geothermal, nival), with modifiers:
water regime, substrate, vegetation.

www.doc.govt.nz/upload/documents/scien
ce-and-technical/WetlandsBW.pdf

Directory of
Important
Wetlands in
Australia (DIWA)

Based on Ramsar classifications with
some alterations.

40 wetland types under the same categories as
Ramsar (coastal and marine, inland and humanmade).

www.environment.gov.au/water/publicatio
ns/environmental/wetlands/directory.html

Queensland
Department of
Environment
and Resource
Management
(QLD DERM)

Based on a national wetland
description tool using attributes (eg
water regime, climate, water type,
topology) at increasingly specific
scales (non-hierarchical).

Two major systems (lacustrine and palustrine) and
45 wetland types.

Australia
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Name

Principles

Classification details

Link (if available)

Jacobs (1983)
(Australia)

Based on geographical and physical
characteristics.

Six broad types (coastal, mountain or upland lakes
and swamps, inland rivers, inland lakes, mound
springs, man-made storages), 14 classes.

Semeniuk &
Semeniuk
(1995)

Geomorphic classification of inland
wetlands based on host landform and
degree of wetness.

13 primary wetland types, can be further modified
by vegetation, water chemistry etc.

Wetlands of the
arid Northern
Territory (Duguid
et al. 2005)

Uses a semi-hierarchical set of
attributes with landform as the main
upper level attribute.

Six major landform groups (basins, flats, channels,
springs, subterranean, artificial) with 71 wetlands
types.

http://www.nt.gov.au/nreta/wildlife/nature/a
ridwetlands.html

Victorian Index
of Wetland
Condition

Based on Corrick & Norman (1980).

Nine categories based on water depth, water
permanency and salinity.

http://www.dse.vic.gov.au/DSE/nrence.nsf
/LinkView/3EA5B6AEFB53EE3DCA25708
B00145F44522C816829EBF3F7CA25700
C00240E63

(2011b)

New South Wales
Green (1997)
Based on geographic region (coastal,
(NSW)
tableland, inland) and water source
(estuarine, river or runoff/rainfall).
Further described by vegetation and
geomorphology.

19 wetland types.

Kingsford &
Porter (1999)
Paroo River,
QLD

Based on vegetation, geomorphology,
salinity and hydrology.

Seven wetland categories.

Kingsford et al.
(2004) (NSW)

Broad classification of wetland types.

Six broad types: freshwater lake, floodplain wetland,
estuarine wetland, saline lake, coastal lagoons and
lakes, reservoirs.

http://www.nationalparks.nsw.gov.au/npws
.nsf/Content/Distribution+of+wetlands+in+
NSW_new

Keith (2004)
(NSW & ACT)

Based on dominant vegetation
communities.

15 wetland vegetation community types.

http://www.nationalparks.nsw.gov.au/npws
.nsf/Content/wetland_plants_animals
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Structure of the classification system
Attributes used to classify NSW wetlands
QLD DERM developed a framework for the classification of wetlands (QLD DERM 2011b) based
on categories from the national wetlands description tool. The NSW Wetlands MER program has
used a similar approach to maintain consistency and ensure compatibility between states. The use
of a similar classification approach also assisted the development of similar conceptual models
between states.
A series of workshops were held in Queensland in 2008–2009 to further develop the framework,
and experts and regional representatives were consulted in NSW to adapt the QLD structure to the
NSW Wetlands MER program. During these workshops the definition of the attributes were
carefully considered, as well as the order in which they should be applied.
The categories used in the NSW Wetlands MER typology and the resulting attributes are shown in
Table 2 alongside the corresponding categories used for the QLD typology.
Table 2: Categories and related attributes used to classify NSW wetlands, with corresponding categories from
QLD typology

Category

Attributes in NSW
habitat typology

Wetland
System

Lacustrine
Palustrine

Climate

Arid
Semi-arid
Subtropical
Temperate inland
Temperate upland
Temperate coastal
Alpine

Climate

Water source

River-fed (floodplain)
Runoff/rainfall (non-floodplain –
eg depressional)

Geomorphology/topography

Water regime

Frequently wet
Periodically inundated

Water regime

Water type

Fresh
Saline

Water type

Vegetation

Forest/woodland
Shrubland
Grassland/sedgeland/herbs
Sphagnum-dominated

Dominant vegetation structure

Wetland

Corresponding category in
QLD lacustrine and palustrine
typology (QLD DERM 2011b)
Wetland system

Wetland systems
As discussed in Section 1, the NSW Wetlands MER program applies to lacustrine and palustrine
wetlands only. Thus the first category separates wetlands into one of these two attributes.
Lacustrine wetlands are large, open, water dominated systems (for example lakes) larger than 8
hectares (ha). They are often situated in a topographic depression or on a dammed river channel,
with less than 30% of the wetland surface covered by trees, shrubs, persistent emergents,
emergent mosses and lichens.
Lacustrine systems that are less than 8 ha may be included if the water depth in the deepest part
of the basin exceeds 2 m at low water. To be included in the NSW Wetlands MER the systems
must be non-tidal, and may be bounded by palustrine wetland systems (Cowardin et al. 1979).
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Palustrine wetlands include all non-tidal wetlands dominated by trees, shrubs, persistent
emergents, emergent mosses or lichens. Traditionally these wetlands have been known as
swamps, marshes, bogs and fens. These wetlands can occur on river floodplains, in conjunction
with lakes and rivers or in depressions on the landscape (Cowardin et al. 1979).
Climate
The climate category is a modified form of the Koppen climatic divisions (Peel et al. 2007) which
are based on long-term rainfall, temperature and humidity observations. This is consistent with the
approach used in Queensland (QLD DERM, 2011b).The climatic region of a wetland may affect the
amount and timing of rainfall, pressures on the system, and the flora and fauna communities that
are present.
The following modifications have been made to the Koppen system to better reflect the climatic
conditions within New South Wales:
 Desert has been renamed ‘arid’ and grassland has been renamed ‘semi-arid’
 Areas above 1800 m in elevation (using the Geoscience Australian National 250 m digital
elevation model [DEM]) were classed as ‘Alpine’
 Areas which fell within the elevation range of 700–1800m (using the Geoscience
Australian National 250 m DEM) were re-classed as ‘temperate upland’
 Temperate areas on the coastal side of the ‘temperate upland’ class were classed
‘temperate coastal’
 Temperate areas to the west of the ‘temperate upland’ class were classed as ‘temperate
inland’.
This resulted in the seven climatic attributes used for the climate category, as shown in Figure 1.

Arid
Semi-Arid
Subtropical
Temperate Inland
Temperate Upland
Temperate Coastal
Alpine

Figure 1: Climatic attributes used in the NSW Wetlands MER typology, modified from the Koppen climatic
divisions (Peel et al. 2007).
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Water source
Water can enter wetlands from a number of different sources, primarily from rivers (over bank flood
events), rainfall and associated runoff, groundwater and tidal flows.
The source of water may influence the amount of water a wetland receives, how often it receives it,
variability of water supply and the specific pressures that act on the wetland. As such the following
classes were used for the water source attribute:
1. River-fed (floodplain)
2. Runoff/rainfall (non-floodplain – eg depressional)
3. Groundwater.
Tidal flows were not included as they are considered under the NSW Estuaries MER theme.
Water regime
Water regime impacts upon all facets of wetland ecology and can be separated into five main
components (Table 3).
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Table 3: Features of the water regime of wetlands (modified from Boulton & Brock 1999)

Feature

Definition

Timing




When water is present
Within year-patterns are most important in seasonal wetlands
whereas among-year patterns and variability in timing are
relevant to temporary wetlands.

Frequency




How often filling and drying occur
Ranges from zero (permanent waters) to frequent filling and
drying in shallow wetlands many times throughout the year.

Duration




Period of inundation
Days to years, varying within and among wetlands. Rates of rise
and fall may be important.

Extent and depth




The area of inundation and depth of water
Water depth affects light penetration and other variables.

Variability



The degree to which these above features change at a range of
time scales.

In the NSW Wetlands MER typology, water regime is summarised as wetlands either being:
1. frequently wet
2. periodically inundated.
Frequently wet wetlands are those that are inundated on a frequent basis (> 80 per cent of the
time). Periodically inundated wetlands are those that are inundated either ephemerally or
seasonally (with these statistics drawn from best available data).
Water type
Wetland water chemistry is in part determined by the surrounding landscape, and in turn dictates
features of the wetland such as vegetation and fauna. There is known to be some temporal
variation in the salinity of some wetlands as part of their filling and drying cycles. For a broad level
classification system such as this one, water type can be divided into two coarse categories (based
on water type 80 per cent of the time):
1. Fresh: < 3 ppt
2. Saline: > 3 ppt
This attribute is used to classify lacustrine systems only. It is recognised that many wetlands may
alternate between fresh/brackish and saline systems during the wetting/drying cycle, and this is
presented in the conceptual models (see Section 3).
Vegetation
The vegetation present in a wetland can indicate features of the climate, water regime and water
and soil chemistry. By definition, lacustrine systems do not have emergent vegetation (although
some systems can have submerged macrophytes), so this attribute is only used for palustrine
systems.
Currently the NSW Wetlands MER typology uses four broad vegetation types based on Keith
(2004):
1. Forest/woodland
2. Shrubland
3. Grassland/sedgeland/herbs
4. Sphagnum-dominated.
Forested wetlands are generally restricted to riverine corridors and floodplains subject to periodic
inundation. These wetlands are dominated by trees such as eucalypts, tea trees, paperbarks and
casuarinas. Forested wetlands play an important role in cycling nutrients, and provide a habitat for
a wide variety of fauna including aquatic and terrestrial invertebrates, fish, reptiles, birds,
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amphibians and mammals (Keith 2004). Shrublands are typically dominated by plants such as
lignum, goosefoot, swamp oak, bottlebrush, tea tree, banksia and hakea (Keith 2004).
Grasslands, sedgelands and herbs are usually present in mosaics on the landscape. Grasses and
sedges include plants such as rushes, reeds, couch, cumbungi, weeping grass, tussock sedge and
cane grass. Wetland herbs include species of pennywort, joyweed, swamp dock, knotweed,
raspwort, buttercup, clover, ribbonweed and marshwort (Keith 2004).
Sphagnum is a moss that forms spongy hummocks and is found predominantly in extensive
colonies in alpine or sub-alpine bogs, although smaller areas of Sphagnum can be found at much
lower altitudes. Sphagnum provides a habitat for many plants and animals that have adapted to the
specialised conditions. It is capable of retaining large amounts of moisture and decomposes
gradually into peat (Keith 2004).
Peat is a distinctive substrate type, and has been used in several cases to distinguish between
these unique wetland habitats. Peat is the remains of plant and animal components accumulating
under essentially water-saturated conditions, leading to incomplete decomposition (Rydin &
Jeglum 2006). Peatland is the term used to describe peat-covered terrain. Peat is defined by the
Australian Soils Classification as an organosol (Isbell 2002).
Each wetland type has a more comprehensive description of vegetation accompanying the
conceptual models; please refer to Section 2 for further information.

How to use the typology
The attributes are used in a fixed hierarchical pattern, in the following order (see Figure 2 for more
information):
1. Wetland system
2. Climate
3. Water source
4. Water regime
5. Water type (used for lacustrine systems only)
6. Vegetation (used for palustrine systems only).
A series of typological diagrams have been constructed for each wetland system and climate
combination. Broad level wetland types (at the water source level) are given a code which
corresponds to whether the wetland is palustrine or lacustrine, and the climatic region. For
example a palustrine wetland in the temperate coastal region would be classed as PTC.
Numbers are then given to denote whether the water source is groundwater (1), river (2) or
rainfall/runoff (3) (ie a palustrine temperate coastal wetland fed by groundwater would be PTC 1).
All further classification under this level are assigned a letter to denote differences. So a palustrine
temperate coastal wetland fed by groundwater with peat would be PTC 1a.
The broad level types (eg PTC 1) are used as the highest level for conceptual model development.
It also allows a type to be given to wetlands that may not have adequate information available to
classify them at the lowest level. Once the broad level type is assigned it can be updated when
more specific information becomes available.
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WETLAND SYSTEM
Lacustrine

Palustrine

Estuarine

Riverine

Subterranean

Marine

CLIMATIC DIVISION
Equatorial

Tropical

Subtropical

Arid

Semi-arid

Inland

Temperate

Upland

Alpine

Coastal

WATER SOURCE
Groundwater

River-fed/
Floodplain

Rainfall/runoff

WATER REGIME
Periodic
inundation

Frequently wet

WATER TYPE
Saline

Fresh

VEGETATION

Figure 2: Typology hierarchy showing attributes at each level of classification (green boxes indicate those that are used in the NSW Wetlands MER typology)
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Typological diagrams
Typological diagrams have been created for each of the wetland type/climate combinations (Table
4). Each diagram shows the attribute at the top of the page and green boxes indicate the final level
of classification, as well as the allocated number of the wetland type.
Table 4: Wetland typology charts created

Wetland type

Climate

Palustrine

Arid

15

Semi-arid

16

Temperate

Lacustrine

Sub-climate

Page number

Inland

17

Coastal

18

Upland

19

Alpine

20

Arid

21

Semi-arid

22

Temperate

Alpine

Inland

23

Coastal

24

Upland

25
26

While including all possible combinations of the attributes would result in the description of
hundreds of classes, in practice not all wetlands contain representatives of each category of
wetland attribute. As such, there are a total of 54 wetland types to date (Table 5). These classes
are subject to review and can be modified or added to as required. Attributes and/or categories
within attributes may also be added as more is learned about wetlands in NSW. As NSW has a
very small sub-tropical region, these typological diagrams are being developed in conjunction with
Queensland and will be presented at a later date.

14

Figure 3: Typology diagram for palustrine arid wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland type)
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Figure 4: Typology diagram for palustrine semi-arid wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland type)
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Figure 5: Typology diagram for palustrine temperate inland wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland
type)
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Figure 6: Typology diagram for palustrine temperate coastal wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland
type)
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Figure 7: Typology diagram for palustrine temperate upland wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland
type)

19

Figure 8: Typology diagram for palustrine alpine wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland type)
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WETLAND
SYSTEM &
CLIMATE

WATER SOURCE

WATER REGIME

WATER TYPE

Saline

LA 1a

Fresh

LA 1b

Fresh

LA 2a

Saline

LA 3a

Fresh

LA 3b

Groundwater
LA 1

Lacustrine
ARID

River-fed/
floodplain

Periodically
inundated

LA 2

Rainfall/runoff
LA 3

Periodically
inundated

Figure 9: Typology diagram for lacustrine arid wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland type)
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WETLAND
SYSTEM &
CLIMATE

WATER SOURCE

WATER REGIME

WATER TYPE

Groundwater
Fresh

LSA 1a

LSA 1

Lacustrine
SEMI-ARID

Permanently wet

Fresh

LSA 2a

Periodically
inundated

Fresh

LSA 2b

Periodically
inundated

Fresh

River-fed/
floodplain
LSA 2

Rainfall/runoff
LSA 3

LSA 3a

Figure 10: Typology diagram for lacustrine semi-arid wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland type)
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Figure 11: Typology diagram for lacustrine temperate Inland wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland
type)
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Figure 12: Typology diagram for lacustrine temperate coastal wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland
type)
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WETLAND
SYSTEM &
CLIMATE

SUB - CLIMATE

WATER SOURCE

WATER REGIME

WATER TYPE

Groundwater
LTU 1

Lacustrine
TEMPERATE

Upland

Permanently wet

Fresh

LTU 2a

Periodically
inundated

Fresh

LTU 2b

Periodically
inundated

Fresh

River-fed/
floodplain
LTU 2

Rainfall/runoff
LTU 3

LTU 3a

Figure 13: Typology diagram for lacustrine temperate upland wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland
type)
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Figure 14: Typology diagram for lacustrine alpine wetlands (green boxes indicate the final level of classification as well as the allocated number of the wetland type)
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Table 5: NSW Wetland types and corresponding conceptual models

Climate

Type

Palustrine

Arid

Lacustrine

Water source

Code 1

Groundwater

PA 1

River-fed/floodplain

PA 2

Rainfall/runoff

PA 3

Groundwater

LA 1

River-fed/floodplain

LA 2

Rainfall/runoff

LA 3

Groundwater

PSA 1

Water regime

Veg/water type

Semi-arid

Lacustrine

Temperate
Inland

Palustrine

River-fed/floodplain

PSA 2

Rainfall/runoff

PSA 3

Groundwater

LSA 1

River-fed/floodplain

LSA 2

Rainfall/runoff

LSA 3

Groundwater

PTI 1

River-fed/floodplain

PTI 2

Conceptual model
Great Artesian Basin (GAB)
springs

Periodically
inundated

Sedgeland/
grassland

PA 2a

Shrubland

PA 2b

Forest

PA 2c

Inland floodplain swamp or
Inland billabong
Inland rainfall/runoff swamp

Periodically
inundated
Periodically
inundated

Saline

LA 1a

Fresh

LA 1b

Fresh

LA 2a

Saline

LA 3a

Inland saline lake

Fresh

LA 3b

Inland freshwater lake

PSA 2a

Inland billabong

Permanently wet
Palustrine

Code 2

Periodically
inundated

Sedgeland/
grassland

PSA 2b

Shrubland

PSA 2c

Forest

PSA 2d

Inland saline lake
Inland freshwater lake

Inland floodplain swamp or
Inland billabong
Inland rainfall/runoff swamp

Fresh

LSA 1a

Permanently wet

Fresh

LSA 2a

Periodically
inundated

Fresh

LSA 2b

Periodically
inundated

Fresh

LSA 3a

Permanently wet

PTI 2a

Inland freshwater lake

Inland billabong
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Climate

Type

Water source

Code 1

Water regime
Periodically
inundated

Lacustrine

Rainfall/runoff

PTI 3

Groundwater

LTI 1

River-fed/ floodplain

LTI 2

Rainfall/runoff

LTI 3

Groundwater

PTC 1

PTC 2

Palustrine

Temperate
Coastal

Rainfall/runoff

PTC 3

Groundwater

LTC 1

River-fed/ floodplain

LTC 2

Rainfall/runoff

LTC 3

Groundwater

PTU 1

Lacustrine

Temperate

Palustrine

Code 2

Sedgeland/
grassland/herbs

PTI 2b

Shrubland

PTI 2c

Forest

PTI 2d

Conceptual model
Inland floodplain swamp or
Inland billabong
Inland rainfall/runoff swamp

Permanently wet

Fresh

LTI 2a

Periodically
inundated

Fresh

LTI 2b

Periodically
inundated

Fresh

LTI 3a

Inland freshwater lake

Coastal dune swamp
Coastal heath swamp
Sedgeland/
grassland/herbs

PTC 2a

Sedgeland/
grassland/herbs

PTC 2b

Shrubland

PTC 2c

Forest

PTC 2d

Permanently wet

Sedgeland/
grassland/herbs

PTC 3a

Periodically
inundated

Sedgeland/
grassland/herbs

PTC 3b

Permanently wet

Fresh

LTC 2a

Periodically
inundated

Fresh

LTC 2b

Permanently wet

Fresh

LTC 3a

Periodically
inundated

Fresh

LTC 3b

Permanently wet
River-fed/floodplain

Veg/water type

Periodically
inundated

or

Coastal floodplain swamp

Coastal
rainfall/runoff
swamp or Coastal dune
swamp or Coastal heath
swamp

Coastal dune lake and
lagoon or Coastal freshwater
lake

Upland hanging swamp or
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Climate

Type

Upland
(700–1800 m)

Water source
Rainfall/runoff

Lacustrine

Palustrine
Alpine (>1800
m)
Lacustrine

Code 1
PTU 3

Groundwater

LTU 1

River-fed/floodplain

LTU 2

Rainfall/runoff

LTU 3

Groundwater

PAL 1

Rainfall/runoff

PAL 3

Groundwater

LAL 1

Rainfall/runoff

LAL 3

Water regime

Veg/water type

Permanently wet

Sedgeland/
grassland/herbs

Code 2
PTA 3a

Periodically
inundated

Sphagnum

PTA 3b

Permanently wet

Fresh

LTU 2a

Periodically
inundated

Fresh

LTU 2b

Periodically
inundated

Fresh

LTU 3a

Permanently wet

Sedgeland/
grassland/herbs

PAL 3a

Periodically
inundated

Sphagnum

PAL 3b

Permanently wet

Fresh

LAL 3a

Conceptual model
Upland bog or fen

Upland bog or fen

Upland freshwater lake

Alpine bog or fen

Alpine glacial lake
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How the typology aligns with DIWA classifications
As outlined in Table 1, the DIWA wetland classification system is based on the classification
system used for Ramsar wetland, which provides a broad framework for worldwide classification of
wetlands. The DIWA classification system is used to determine the important wetlands of Australia
through the criteria ‘It is a good example of a wetland type occurring within a biogeographic region
in Australia’.
As the NSW Wetlands MER typology has been developed specifically to describe NSW wetlands
(and to be compatible with QLD wetlands), it is at a finer scale than that used in DIWA, provides
greater detail, is more transparent in the application of attributes and is used in a hierarchical
manner. In addition, the DIWA classification system applies at a number of different spatial scales
whereas the typology presented here applies at a consistent habitat level. Most wetland types
derived by this typology fit below a broader DIWA type; these are identified for each wetland type
in Section 3. DIWA types that do not have corresponding wetland types under this typology and
reasons for their omission are summarised in Table 6.
Table 6: DIWA wetlands types omitted from the typology, and the reasons for omission

DIWA type

Reason for omission

A8 – Tidal freshwater
marshes

Wetlands with tidal influence are covered under the ‘Estuaries
and Coastal Lakes’ MER theme. This would be incorporated
into an estuarine classification scheme.

A9 – Tidal freshwater
swamp forests

Wetlands with tidal influence are covered under the ‘Estuaries
and Coastal Lakes’ MER theme. This would be incorporated
into an estuarine classification scheme.

B1 – Permanent rivers and
streams, includes
waterfalls

Rivers and streams are covered under the ‘Riverine’ MER
theme. This would be incorporated into a classification scheme
for rivers.

B2 – Seasonal and
irregular rivers and
streams

Rivers and streams are covered under the ‘Riverine’ MER
theme. This would be incorporated into a classification scheme
for rivers.

B3 – Inland deltas

This level of classification is broader than a habitat type level;
all wetlands which fall under this category (eg Gwydir) are
classified in more detail and fall into one or more of the other
categories.

B4 – Riverine floodplains

This level of classification is broader than a habitat type level;
all wetlands which fall under this category (eg Lowbidgee
Floodplain) are classified in more detail and fall into one or
more of the other categories.

B11 – Permanent saline/
brackish marshes

Wetlands with tidal/saline influence are considered under the
‘Estuaries and Coastal Lakes’ MER theme.

B12 – Seasonal saline
marshes

Wetlands with tidal/saline influence are considered under the
‘Estuaries and Coastal Lakes’ MER theme.

B18 – Geothermal
wetlands

Examples of geothermal wetlands have not yet been identified
for NSW; these wetlands can be incorporated into the typology
as more information becomes available.

B19 – Inland subterranean
karst wetlands

Subterranean ecosystems
‘Groundwater’ MER theme.

are

considered

under

the

30

Development and review of the typology
Strengths
Users from a wide range of organisations may use this typology, or apply it to existing systems
such as DIWA. The strengths of the system are the following:
 It is comprehensive and the classification process is transparent
 The wetland types can readily be translated to other classification systems, provided the
other classification systems have used clearly defined attributes as the basis for their
classification and the attributes are measurable
 The system has been developed in conjunction with South Australia and Queensland, and
the attributes have been adopted at a national level (NLWRA), so there is likely to be
widespread support for the system
 The attributes are simple to understand and measure, and in most cases can be
determined from mapping or existing data
 Other wetland systems (such as rivers or estuaries) could be classified in the same manner
(using attributes based approach)
 Systems can be further regionalised if required, adding more attributes at the lowest level of
state classification
 The structure of the system means that it can be constantly reviewed and modified if
needed
 All attributes relate explicitly to the conceptual models
 The resulting wetland types can form the basis for many wetland management activities.

Developing the framework
Over the course of the NSW Wetlands MER program the typology will be applied and reviewed as
necessary, particularly as mapping is updated and further wetland types and distributions are
determined. Its hierarchical and transparent nature allows additions and changes to be clearly
documented and disseminated. The most important aspect of the NSW Wetlands MER typology is
that it expands and develops with increasing information and does not remain static.
If the scale of mapping is improved, or a greater level of information is included in the GIS layers,
more detailed attributes may be used to describe wetland types (such as more specific inundation
types or salinity regimes). Conversely, attributes and categories may be aggregated to correspond
to different wetland typologies and allow comparison at international, national and state levels.
Eventually, as availability and resolution of spatial data improves, the NSW Wetlands MER
typology should be used with their associated conceptual models to inform type-based condition
assessment of wetlands across NSW.
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Section 2: Conceptual models to support the NSW Wetlands
MER program
What are conceptual models?
Conceptual models provide a representation of the current knowledge and understanding of a
resource, in this case a wetland type. They integrate the current understanding of ecosystem
dynamics, identify crucial processes and threats, and illustrate connections between indicators and
ecological processes (Gross 2003). Models can be used as a basis for discussion or planning
(Roman & Barret 1999), and can also help to illustrate gaps in knowledge and prioritise areas that
require further research or monitoring.
Conceptual models can be presented in many forms such as diagrams, tables and flowcharts and
may have accompanying narratives or contextual information. In many cases, it may be useful to
use a combination of different conceptual model formats.

Conceptual model – information types
There are different types of information that can be represented in a conceptual model. Some
examples are control, stressor and state-and-transition models. Control models conceptualise the
actual influences, feedbacks and interactions responsible for system dynamics (Gross 2003). This
type of model can help crystallise our understanding of the way in which systems operate, and how
different ecosystem components are linked.
Stressor models can be used to communicate the relationship between pressures, ecosystem
components, effects and indicators (Gross 2003). The purpose of this type of model is to illustrate
the key sources of stress on a system, along with the ecological responses of that system (and in
some cases how we can monitor these responses).
State-and-transition models are management-oriented tools for presenting information and posing
hypotheses about ecological thresholds, irreversible transitions among states and the effects of
management activities on transition probabilities (Gross 2003). These models can include
trajectories of change and/or predictions about an ecosystems resilience or recovery potential.

Developing conceptual models
Conceptual models should be constrained by the types of questions that they intend to answer
(Hierl et al. 2007). Although it will be tempting to try to include everything on one model, in many
cases less is more. When developing models to guide a monitoring program, excessive detail can
often complicate the choice of indicators and interpretation of data. The models should also be
scale-appropriate (Table 7). For example if the models are for a broad-scale monitoring program,
the details presented in the models should also be broad. If however the models are for a
comprehensive, site-specific study, the models should be in-depth and include all the relevant
information. Good models should strike a balance between over-simplification and oversophistication (Fischenich 2008). Often it may be necessary to produce more than one model to
cover the necessary level of detail and scale.
Table 7: Different scales and context of conceptual models

Scale of model

What it communicates

Generalised environmental model

Sets the stage; global and regional scale drivers
and responses

Landscape-scale model

Environmental gradients; broad-scale drivers;
linkages between systems; broad scale stressors

Ecosystem model

System dynamics, broad- to fine-scale factors;
ecosystem stressors

Species; site or habitat models

Detailed mechanisms and feedbacks; specific
stressors; lifecycles.
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Steps in constructing conceptual models
Before developing a conceptual model, it is important to define a clear purpose. There are a
number of initial steps that were taken in the development of NSW Wetlands MER conceptual
models (adapted from Gross 2003; Fischenich 2008):
1. State the goals and objectives of the conceptual model
2. Identify the audience (who will use the models; who will they be presented to?)
3. Identify the bounds of the system of interest (spatial and temporal scale)
4. Identify and state the critical model components, subsystems and interactions within the
system of interest (which ecosystem components/processes will be included? Are there
different sub-systems that may require separate models? What are the interactions
between the components)
5. Develop control models of key systems/subsystems
6. Identify natural and anthropogenic stressors and pressures
7. Describe the relationship between ecosystem components/processes and stressors
8. Develop stressor models
9. Identify key knowledge gaps and assumptions
10. Review, revise and refine models.
Table 8 provides a summary of how these steps were applied for the NSW Wetlands MER
program.
Table 8: Steps taken in the development of conceptual models for NSW Wetlands MER program

Step

Application

Stated the goals and objectives of the conceptual
model

To synthesise understanding of ecosystem-level
dynamics, provide a firm conceptual foundation for
selecting and interpreting condition indicators,
illustrate the relationship between ecosystem
processes, stressors and management actions.

Identified audience

Wetlands
MER
team,
Natural
Commission (NRC) and CMAs

Identified the bounds of the system of interest
(spatial and temporal scale)

Ecosystem level models, taking into account wetting
and drying phases of wetlands (temporal aspects)

Identified and stated the critical model components,
sub-systems and interactions within the system of
interest

Components include vegetation, broad-scale biota,
hydrology,
soils
and
broad-scale
trophic
relationships.
Each broad-wetland type had two models
constructed: one control model and one stressor
model.

Developed control models of key systems/subsystems

These were initially developed as flowcharts and
then developed into a pictorial model.
Consultation with experts and CMAs was
undertaken.

Identified natural and anthropogenic stressors and
pressures

Catchment disturbance, hydrological disturbance
and habitat disturbance, sediment, nutrients, pests,
pH, salinity.
For each wetland type specific stressors and
pressures were assigned.

Described the relationship between ecosystem
components/processes and stressors

Consultation
undertaken.

Developed stressor pictorial models

Flowcharts were translated into pictorial models.

Identified key knowledge gaps and assumptions

Key knowledge gaps and assumptions were
identified when the draft models were completed.

with

experts

and

Resources

CMAs

was
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Reviewed, revised and refined models

Reviews were and will continue to be undertaken as
the MER report cards are completed and further
research (within and outside of OEH) is presented.

Reviewing the conceptual models
Conceptual models should be dynamic and be reviewed by experts and end-users periodically.
Reviews should be undertaken to incorporate any new information, or to meet changing goals and
audiences (Gross 2003).
The following questions may be useful when reviewing conceptual models (adapted from Gross
2003; Fischenich 2008):
1. Is the model easily understood, clearly presented and useful for the audience?
2. Is the information presented accurate, up to date and linked to references?
3. Have any of the knowledge gaps been filled since construction of the model?
4. Are there any ecosystem components or linkages missing?
5. Is the format appropriate for the audience?
It is intended that the models in this document will be periodically reviewed and updated.

Conceptual models for monitoring, evaluation and reporting
A well-constructed conceptual model provides a scientific framework for a monitoring program and
justification for the choice of indicators (Gross 2003) (Figure 15). In the case of a multi-stakeholder
monitoring program such as NSW MER, a conceptual model can also provide a forum for
stakeholders to come to a common understanding of the system that is being investigated (Hierl et
al. 2007).
Having a conceptual model of how the system works not only helps identify which elements of the
ecosystem are likely to respond in the anticipated way, but will also help to identify changes that
might be detrimental (and therefore also require monitoring). Conceptual models can also illustrate
linkages between activities (management-related and otherwise), processes and pressureresponse relationships, which is a large component of MER.
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Set goals and
objectives

Knowledge
gaps

Research

Conceptual
Model

Model revision

Select
Indicators &
Measures

Interpretation

Management
Actions

Monitoring

Monitoring
Results

Figure 15: Linkages between conceptual models and the wider monitoring program (adapted from Fischenich
2008)

NSW MER uses for conceptual models
The NSW Wetlands MER program uses a combination of control and stressor conceptual models
to underpin the implementation of the monitoring and reporting program. NSW currently does not
have enough information to construct broad-level state-and-transition models; however, these
could be constructed as outputs of an ongoing monitoring program as evaluation and further
research are completed.
State-wide, the models may be used to:
 identify key links between drivers, stressors, and system responses
 identify understanding of how the processes, threats and system dynamics differ
between wetland types (and climatic regions)
 facilitate selection and justification of indicators
 help interpret monitoring data (specific to different wetland types) and identify
acceptable levels of change
 simplify complex environmental systems
 communicate results to CMAs and other technical and non-technical audiences
 highlight knowledge gaps.
In addition to this, conceptual models can inform the development of quantitative, predictive
models, which relate pressure indicators to condition.
A workshop was held with regional CMAs to identify ways in which they envisage using the
conceptual models. The main regional uses identified from this workshop were the following:
 As a tool for justifying monitoring and on-ground works within the CMA (to the Board,
managers etc.), by other natural resource managers and local councils
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To identify knowledge gaps relating to wetland systems within a CMA region, which
may help to prioritise research or funding allocations
To show linkages between state-wide programs and CMA activities
For education of the wider community, local councils and CMA staff
To guide management actions, and to use as a supplement to numerical models to
assess project benefits and impacts
To show where endangered ecological communities (EECs) and threatened species
may occur by identifying wetland types and ecosystem processes which support them
To help in interpreting the catchment report cards produced by state themes under
MER.

Types of conceptual models
Wetland type models
Conceptual models were developed to correspond to the wetland types outlined in the NSW
Wetlands MER typology (Section 1). The conceptual models, with their corresponding wetland
types are listed in Table 9.
Table 9: Conceptual models and their corresponding wetland types under the NSW Wetlands MER typology.

Wetland conceptual model type

Wetland type codes

Inland floodplain swamp

PA2a, PA2b, PA2c, PSA2b, PSA2c,
PSA2d, PTI2b, PTI2c, PTI2d

Inland rainfall/runoff swamp (developed by the PA3, PSA3, PTI3
MDFRC)
Inland billabong

PA2a, PA2b, PA2c, PSA2a, PSA2b,
PSA2c, PSA2d, PTI2a, PTI2b, PTI2c,
PTI2d

Inland GAB spring

PA1

Inland freshwater lake

LA1b, LA2a, LA3b, LSA1a, LSA2a,
LSA2b, LSA3a, LTI1LTI2a, LTI2b, LTI3a

Inland saline lake

LA1a, LA3a

Inland clay pan

LA1a, LA3a

Coastal floodplain swamp

PTC2a, PTC2b, PTC2c, PTC2d

Coastal rainfall/runoff swamp

PTC3a, PTC 3b

Coastal heath swamp

PTC1, PTC3a, PTC 3b

Coastal dune swamp

PTC1, PTC3a, PTC 3b

Coastal freshwater lagoon

LTC1, LTC2a, LTC 2b, LTC 3a, LTC 3b

Coastal dune lake or lagoon

LTC1, LTC2a, LTC 2b, LTC 3a, LTC 3b

Alpine bog and fen

PAL1, PAL3a, PAL3b

Alpine glacial lake

LAL1, LAL3a

Upland bog and fen

PTU1, PTU3, PTA3b

Upland hanging swamp

PTU1, PTU3

Upland freshwater lake

LTU1, LTU2a, LTU2b, LTU3a

36

For each wetland conceptual model type (listed in Table 9), the following conceptual models have
been developed:
 A flowchart describing the ecosystem drivers and physiological/biological features that
result in these habitat components. Links between ecosystem drivers and other systems
are also included (eg influences of riverine systems on floodplain wetlands)
 A conceptual diagram where ecosystem processes are related to ecosystem response. In
addition, each diagram shows the key pressures for the wetland type (eg agriculture, point
sources) with the stressors they influence (eg pest species, nutrients).
Some wetland types include additional conceptual diagrams to describe the different hydrological
phases of the wetland system (eg inland floodplain swamps) or pressures and stressors, which are
particular to the system (eg alpine glacial lakes).
In addition to the conceptual models, the following contextual information has been provided for
wetland types:
 Photographs of representative wetlands
 Indicative plant species
 Threatened species, populations and communities listed under the Threatened Species
Conservation Act 1995 (TSC Act).

Disturbance and stressor models
Three overarching disturbance indicators were identified as important to NSW wetlands in general:

For each disturbance, a conceptual diagram was developed to identify and communicate important
pressures on the wetland ecosystem and ecosystem responses. The following pressures were
identified as important to NSW wetlands:
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Finally, the pressures identified in the conceptual diagram for the disturbance group were used to
link pressures to their effects, the subsequent ecosystem response and resulting changes in
condition, in a flowchart. These changes in condition informed selection of appropriate indicators
for each disturbance group.
Five stressors were identified which are likely to impact on wetland ecosystems when influenced
by pressures:

For each stressor, a conceptual flow chart was developed to relate stressors to ecosystem
responses and resulting changes in wetland condition. These were used to develop indicators
relevant to each stressor. A conceptual diagram was also produced for each stressor to show the
main ecosystem processes which are influenced by the stressor.
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Dry-phase models
Wetlands are dynamic ecosystems that experience wetting and drying cycles over different
temporal scales. A wetland can have very different characteristics and may consequently require
different indicators when dry, particularly if the period between inundation periods is long.
As such, a conceptual diagram and flowchart were developed to outline important ecosystem
processes operating in the dry wetland system, and to select potential indicators to monitor them.
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Wetland type models
Inland floodplain swamps
Inland floodplain swamps (Figure 16 and Figure 17) extend through the active floodplains of the
Murray–Darling Basin in NSW. Typically, they are found at the end of river systems, in extensive
braided floodways or overflows associated with the rivers of central and western NSW. They rely
on shallow seasonal or intermittent flooding from a river as their main source of water. Between
floods, groundwater and rainfall can help maintain water levels in wetlands.

Figure 16: Inland floodplain swamp, Macquarie Marshes (source: S. Imgraben, OEH)

Figure 17: Inland floodplain swamp, Macquarie Marshes (source: S. Imgraben, OEH)

Inland floodplain swamps are comprised of a mosaic of grass/sedge swamps, shrublands,
woodlands and forests and support diverse waterbird populations and other fauna. Dominant grass
species include spiney mud grass, barnyard grass, mat grass and water couch. Associated tree
species include coolibah, black box, river red gum, yapunyah and river cooba. These often occur at
the margins of the wetlands or scattered throughout shrubs. Lignum can be a dominant species,
often forming large rounded plants up to 2 m in height and forming a dense cover where inundation
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is more frequent. Table 10 lists the indicative vegetation species in grassland/sedgeland/herbs,
shrubland and forest dominated inland floodplain swamps.
Table 10: Indicative vegetation species of inland floodplain swamps dominated by Grassland/sedgeland/herbs

Common name

Scientific name

Shrubs (scattered)
Nitre goosefoot

Chenopodium nitrariaceum

Lignum

Muelenbeckia

Herbs (amphibious)
Hairy joyweed

Alternanthera nana

Small water-fire

Bergia trimera

Starfruit

Damasonium minus

Round leaved pigface

Disphyma crassifolium

Mudmat

Glossostigma diandrum

Water primrose

Ludwigia peploides subsp. Montovidensis

River mint

Mentha australis

Smooth minuria

Minuria integgerrima
Monocharia cyanea

Small knotweed

Polygonum plebeium

Darling pratia

Pratia darlingensis

Sesbania pea

Sesbania cannabina var. cannabina

Swamp starwort

Stellaria angustifolia

Herbs (floating)
Muskgrass

Chara australis

Red water-milfoil

Myriophyllum verrucosum
Najas sp

Stonewort

Nitella sonderi

Wavy marshwort

Nymphoides crenata

Grasses and grass-like plants (emergent and
amphibious)
Marsh club-rush

Bolboschoenus fluviatilis
Bolboschoenus medianus

Brown beetle grass

Diplachne fusca

Common spike-rush

Eleocharis acuta

Pale spike-rush

Eleocharis pallens

Ribbed spike-rush

Eleocharis plana

Canegrass

Eragrostis australasica
Juncus aridicola
Juncus continuus
Juncus flavidus

Umbrella canegrass

Leptochloa digitata

Native millet

Panicum decompositum

Warrego grass

Paspalidium jubiflorum

Water couch

Paspalum distichum

Common reed

Phragmites australis

Narrow-leaved cumbungi

Typha domingensis

Broad-leaved cumbungi

Typha orientalis

Ferns (floating)
Red azolla

Azolla filiculoides

Thin leafed nardoo

Marsilea angustifolia

Common nardoo

Marsilea drummondii
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Indicative vegetation species of inland floodplain swamps dominated by Shrubland

Common name

Scientific name

Shrubs (scattered)
Nitre goosefoot

Chenopodium nitrariaceum

Lignum

Muelenbeckia

Rive cooba

Acacia stenophylla

Golden goosefoot

Chenopodium auricomum

Black roly poly

Sclerolaena muricata

Herbs (amphibious)
Twin-leaved bedstraw

Asperula gemella

Lagoon saltbush

Atriplex suberecta

Native carrot

Daucus glochidiatus

Speedy weed

Flaveria australasica

Smooth minuria

Minuria integerrima

Red water-milfoil

Myriophyllum verrucosum

Ferny buttercup

Ranunculus pumilio

Shiny dock

Rumex tenax

Bushy groundsel

Senecio cunninghamii var. cunninghamii

Coopers Clover

Trigonella suavissima

Water pepper

Periscaria hydropiper

Ferns
Common nardoo
Grasses
and
(amphibious)

Marsilea drummondii
grass-like

plants

Plains grass

Austrostipa aristiglumis

Trim sedge

Cyperus concinnus

Marsh millet

Echinochloa inundata

Pale spike-rush

Eleocharis pallens

Curly windmill grass

Enteropogon acicularis

Canegrass

Eragrostis australasica
Eragrostis leptocarpa

Neverfail

Eragrostis setifolia
Homopholis proluta

Tussock rush

Juncus aridicola
Juncus flavidus

Hoary rush

Juncus radula

Blown grass

Lachnagrostis filiformis

Umbrella canegrass

Leptochloa digitata

Native millet

Panicum decompositum

Warrego grass

Paspalidium jubiflorum
Poa fordeana

Rats tail couch

Sporobolus mitchellii

Indicative vegetation species of inland floodplain swamps dominated by Forests

Common name

Scientific name

Trees
River Red Gum

Eucalyptus camaldulensis

Black Box

Eucalyptus largiflorens

Yellow Box

Eucalyptus melliodora

Grey Box

Eucalyptus microcarpa

Shrubs
Cooba

Acacia salicina
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Common name

Scientific name

River Cooba

Acacia stenophylla

Nitre goosefoot

Chenopodium nitrariaceum

Dwarf cherry

Exocarpus strictus

Lignum

Muehlenbeckia florulenta

Ferns
Common Nardoo

Marsilea drummondii

Herbs
Lesser joyweed

Alternanthera denticulate

Common sneezeweed

Centipeda cunninghamii

Caustic weed

Chamaesyce drummondii

Common cotula

Cotula australis
Glinus lotoides
Oxalis perennans

Poison pratia

Pratia concolor

Common buttercup

Ranunculus lappaceus

Swamp dock

Rumex brownii

River bluebell

Wahlenbergia fluminalis

Grasses and grass-like plants
Tussock sedge

Carex appressa
Crex inverse

Giant rush

Juncus ingens

Hoary rush

Juncus radula

Blown grass

Lachnagrostis filiformis

Knottybutt grass

Paspalidium constrictum

Warrego Grass

Paspalidium jubilforum
Poa fordeana

Common reed

Phragmites australis

When flooded, inland floodplain swamps are an important feeding habitat for a variety of
waterbirds, particularly ibis, herons, egrets, spoonbills and some ducks. Inland floodplain swamps
potentially contain a large number of threatened species and EEC (Table 11).
Table 11: Inland floodplain swamp threatened species and EECs

Common name

Scientific name

Status

Saltbush

Atriplex infrequens

Vulnerable

Saltbush

Atriplex sturtii

Endangered

Aponogeton queenslandicus

Aponogeton queenslandicus

Endangered

Austral Pillwort

Pilularia novae-hollandiae

Endangered

Australasian Bittern

Botaurus poiciloptilus

Vulnerable

Australian Bustard

Ardeotis australis

Endangered

Australian Salt-grass

Distichlis distichophylla

Endangered

Barking Owl

Ninox connivens

Vulnerable

Bindweed

Convolvulus tedmoorei

Endangered

Black-breasted Buzzard

Hamirostra melanosternon

Vulnerable

Black-chinned Honeyeater (eastern subspecies)

Melithreptus gularis gularis

Vulnerable

Black-necked Stork

Ephippiorhynchus asiaticus

Endangered

Black-tailed Godwit

Limosa limosa

Vulnerable

Blue-billed Duck

Oxyura australis

Vulnerable

Bluegrass

Dichanthium setosum

Vulnerable

Booroolong Frog

Litoria booroolongensis

Endangered

Braid Fern

Platyzoma microphyllum

Endangered
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Common name

Scientific name

Status

Brolga

Grus rubicunda

Vulnerable

Claypan Daisy

Brachycome muelleroides

Vulnerable

Cyperus conicus

Cyperus conicus

Endangered

Davies Tree Frog

Litoria daviesae

Vulnerable

Dentella minutissima

Dentella minutissima

Endangered

Desert Cow-Vine

Ipomoea diamantinensis

Endangered

Diamond Firetail

Stagonopleura guttata

Vulnerable

Dysphania platycarpa

Dysphania platycarpa

Endangered

Fan Flower

Scaevola collaris

Endangered

Fleshy Minuria

Kippistia suaedifolia

Endangered

Flock Bronzewing

Phaps histrionica

Endangered

Forrest's Mouse

Leggadina forresti

Vulnerable

Freckled Duck

Stictonetta naevosa

Vulnerable

Gilbert's Whistler

Pachycephala inornata

Vulnerable

Glandular Frog

Litoria subglandulosa

Vulnerable

Glossy Black-cockatoo

Calyptorhynchus lathami

Vulnerable

Grass Owl

Tyto capensis

Vulnerable

Greater Long-eared Bat (south eastern form)

Nyctophilus timoriensis

Vulnerable

Green and Golden Bell Frog

Litoria aurea

Endangered

Grey Falcon

Falco hypoleucos

Vulnerable

Grey Grasswren

Amytornis barbatus barbatus

Endangered

Inland Forest Bat

Vespadelus baverstocki

Vulnerable

Large-footed Myotis

Myotis adversus

Vulnerable

Lesser Sand-plover

Charadrius mongolus

Vulnerable

Little Pied Bat

Chalinolobus picatus

Vulnerable

Long-haired Rat

Rattus villosissimus

Vulnerable

Magpie Goose

Anseranas semipalmata

Vulnerable

Masked Owl

Tyto novaehollandiae

Vulnerable

Murray hardyhead

Craterocephalus fluviatilis

Endangered

Olive Perchlet population in Western NSW

Ambassis agassizii

Endangered
Population

Painted Burrowing Frog

Neobatrachus pictus

Endangered

Painted Snipe

Rostratula benghalensis

Endangered

Pale-headed Snake

Hoplocephalus bitorquatus

Vulnerable

Pied Honeyeater

Certhionyx variegatus

Vulnerable

Pink Cockatoo

Cacatua leadbeateri

Vulnerable

Purple Spotted Gudgeon population in Western
NSW

Mogurnda adspersa

Endangered
Population

Red-tailed Black-Cockatoo

Calyptorhynchus banksii

Vulnerable

Redthroat

Pyrrholaemus brunneus

Vulnerable

Regent Parrot (eastern subsp.)

Polytelis anthopeplus monarchoides

Endangered

River snail

Notopala sublineata

Endangered

River Swamp Wallaby-grass

Amphibromus fluitans

Vulnerable

Round-leafed Wilsonia

Wilsonia rotundifolia

Endangered

Salt Pipewort

Eriocaulon carsonii

Endangered

Sanderling

Calidris alba

Vulnerable

Shy Heathwren

Hylacola cauta

Vulnerable

Silver perch

Bidyanus bidyanus

Vulnerable

Southern Bell Frog

Litoria raniformis

Endangered

Spike-Rush

Eleocharis obicis

Vulnerable

Spiny Peppercress

Lepidium aschersonii

Vulnerable

Spotted-tailed Quoll

Dasyurus maculatus

Vulnerable
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Common name

Scientific name

Status

Square-tailed Kite

Lophoictinia isura

Vulnerable

Squatter Pigeon

Geophaps scripta

Endangered

Stackhousia clementii

Stackhousia clementii

Endangered

Stimson's Python

Liasis stimsoni

Vulnerable

Superb Parrot

Polytelis swainsonii

Vulnerable

Swamp She-oak

Casuarina obesa

Endangered

Trout cod

Maccullochella macquariensis

Endangered

Turquoise Parrot

Neophema pulchella

Vulnerable

Violet Swainson-Pea

Swainsona adenophylla

Endangered

Western Water-starwort

Callitriche cyclocarpa

Vulnerable

Winged Peppercress

Lepidium monoplocoides

Endangered

Woma

Aspidites ramsayi

Vulnerable

Yellow-bellied Sheathtail-bat

Saccolaimus flaviventris

Vulnerable

Yellow-Keeled Swainsona

Swainsona flavicarinata

Endangered

Aquatic ecological community in the natural drainage system of the lower Murray River
catchment

EEC

Aquatic ecological community in the natural drainage system of the lowland catchment of
the Darling River

EEC

River regulation has severely decreased the amount of water available to these wetlands and their
extent has decreased significantly.
Inland floodplain swamps correspond to the following DIWA types depending on the vegetation
present:
B4: Riverine floodplains, includes river flats, flooded river basins, seasonally flooded grassland,
savannah and palm savannah
B10: Seasonal/intermittent freshwater ponds and marshes on inorganic soils; includes sloughs,
potholes, seasonally flooded meadows, sedge marshes
B13: Shrub swamps; shrub-dominated freshwater marsh
B14: Freshwater swamp forest; seasonally flooded forest, wooded swamps on inorganic soils.
Key habitat components of inland floodplain swamps are summarised in Figure 18, and flooding
dynamics are summarised in Figure 19. Conceptual diagrams for different flooding phases of
inland floodplain swamps are presented in Figure 20, Figure 21 and Figure 22.
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Figure 18: Flowchart describing the key habitat components of inland floodplain swamps
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Figure 19: Flowchart of the flooding dynamics and ecosystem processes of inland floodplain swamps
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Figure 20: Conceptual diagram of an inland floodplain swamp during a wet phase
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Figure 21: Conceptual diagram of an inland floodplain swamp during a drying phase
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Figure 22: Conceptual diagram of an inland floodplain swamp during a dry phase
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Inland rainfall/runoff swamps
Conceptual models have been developed for this wetland type by the MDFRC on behalf of the
Murray–Darling Basin Commission (MDBC) (Price & Gawne 2009).
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Inland billabong
Inland billabongs (Figure 23) are usually formed when the path of a creek or river changes, leaving
the former branch with a dead end. Inland billabongs are generally located within the zone of
riverine woodland adjacent to the river and are subject to a cycle of flooding and drying. Between
floods, rainfall and local runoff may result in brief inundation of the wetlands. The vegetation of
Inland billabongs is commonly restricted to the margins of the wetland where river red gums are
supported along their banks, often in association with black box or coolibah. Understorey species
commonly include lignum or nitre goosefoot.
Inland billabongs are also valuable and productive areas for waterbird breeding and feeding and
are sheltered nursery areas for the survival of juvenile fish species.

Figure 23: Inland billabong on the Darling River (source: Tim Ralph, OEH)

Inland billabongs correspond to the following DIWA types depending on the vegetation present:
B5: Permanent freshwater lakes (> 8 ha); includes large oxbow lakes
B6: Seasonal/intermittent freshwater lakes (> 8 ha), floodplain lakes
B10: Seasonal/intermittent freshwater ponds and marshes on inorganic soils; includes sloughs,
potholes, seasonally flooded meadows, sedge marshes.
Key habitat components of inland billabongs are summarised below in a flowchart (Figure 24) and
a conceptual diagram (Figure 25).

52

Figure 24: Flowchart describing the key habitat components of inland billabongs
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Figure 25: Conceptual diagram of inland billabongs
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GAB springs
The GAB is a vast aquifer comprised of porous sandstone spanning a large portion of Australia.
Natural discharge from the GAB may feed a range of types of springs, including mound springs,
mud springs, boggomoss springs, spring pools or groundwater seeps (Figure 26 and Figure 27).
The surface expressions of these springs may be palustrine, lacustrine or riverine systems. The
GAB springs occur naturally in the landscape where groundwater (generally fresh, not saline)
escapes to the surface under hydrostatic pressure from cracks and faults in rocks. The springs of
the GAB range in size from a few centimetres to about 100 metres in diameter. Individual springs
may be separated from the next spring by tens of kilometres of unwatered land, leading to a high
degree of isolation for plants and animals dependent on spring discharges. Table 12 lists the
indicative vegetation species in GAB springs. These wetlands provide oases in Australia’s arid and
semi-arid zones.

Figure 26: GAB spring, Peery Lake (source: Alison Curtin, OEH)

Figure 27: GAB spring, Peery Lake (source: Richard Kingsford, University of NSW)
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Table 12: Indicative vegetation species in GAB springs

Scientific name
Abutilon otocarpum
Acacia victoriae
Alternanthera denticulata
Alternanthera angustifolia
Atriplex spp.
Boerhavia coccinea
Calandrinia ptychosperma
Centipeda minima
Centipede thespidoides
Chamaesyce drummondii
Chenopodium cristatum
Chenopodium melanocarpum
Chloris pectinata
Cyperus bulbosus
Cyperus difformis
Cyperus gymnocaulos
Cyperus iria
Cyperus laevigatus
Cyperus squarrosus
Dactyloctenium radulans
Diplachne fusca
Dodonaea viscose subsp. angustissima
Einadia nutans subsp. Nutans
Eragrostis spp.
Eremophila deserti
Eremophila sturtil
Eucalyptus largiflorens
Eucalyptus populnea
Geijera parviflora
Glinus lotoides
Marsilea spp
Myoporum montanum
Oxalis sp
Pimelea microcephala subsp. Microcephala
Portulaca oleracea
Sclerolaena spp
SClerastegia sp
Solanum esuriale
Sporobolus caroli
Sporobuls mitchellii
Stemodia florulenta
Swainsona spp
Trianthema triquetra

GAB springs correspond to the following DIWA wetland types:
B17: Freshwater springs, oases.
Key habitat components of GAB springs are summarised below in a flowchart (Figure 28) and a
conceptual diagram (Figure 29).
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e.g. Phragmites
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Provides
structural habitat
for terrestrial
fauna
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Figure 28: Flowchart describing the key habitat components of GAB springs
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Figure 29: Conceptual diagram of GAB springs
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Inland freshwater lakes
Large freshwater lakes (Figure 30) occur on the alluvial sandplains and dunefields of western
NSW. Duration of inundation (wetting) is variable depending on inflows and seasonal evaporation
rates, although characteristically these lakes have very high rates of evaporation and experience
extended dry periods. A few receive enough inflow almost yearly to be permanent, despite large
losses from high evaporation.
Lakes are naturally treeless, but fertile soils support species of native shrubs, grasses and herbs.
When flooded the inland freshwater lakes provide habitats in which plants, macro and
microinvertebrates, fish, amphibians and waterbirds live and breed. These lakes are important
refuges for biota in the arid and semi-arid regions and can support extremely high waterbird
populations when flooded. As they dry, the soils develop deep cracks which are colonised by
terrestrial invertebrates, small mammals and reptiles.

Figure 30: Inland freshwater lake, Lake Pamamaroo (source: Dayle Green, DoP)

Inland freshwater lakes correspond to the following DIWA types depending on their water
regime/permanency:
B5: Permanent freshwater lakes (>8 ha); includes large oxbow lakes
B6: Seasonal/intermittent freshwater lakes (>8 ha), floodplain lakes.
Key habitat components of inland freshwater lakes are summarised below in a flowchart (Figure
31) and a conceptual diagram (Figure 32).
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Figure 31: Flowchart describing the habitat components of inland freshwater lakes
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Figure 32: Conceptual diagram of inland freshwater lakes
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Inland saline lakes
Many pans in the sandy landscapes of arid and semi-arid Australia become temporary lakes after
rain (Figure 33). Some are isolated from large river systems and are filled mostly from local rainfall.
These lakes may accumulate large amounts of salt although their salinity may vary in response to
cycles of inundation and drying. Inland saline lakes are restricted to small patches in the
landscape, and in NSW are scattered mainly in the north-west of the state (Keith 2004).

Figure 33: Inland saline lake (source: Peter Clarke, OEH)

Inland saline lakes are characterised by ephemeral aquatic vegetation when the lake is filled and
terrestrial vegetation grows around the lake margins. The clear water of saline lakes allows light
penetration and enables stands of submerged plants to develop, including charophytes and Ruppia
spp. The submerged plants survive for extended periods when the lake is dry by producing seeds,
or algal spores, that are resistant to heat and salt. Rain releases seeds from dormancy by reducing
salt concentrations in the soil. The fringes of the inland saline lakes are dominated by samphire,
saltbushes, copperburs and bluebush. Table 13 lists the indicative vegetation species in inland
saline lakes.
Table 13: Indicative vegetation species in inland saline lakes

Common name

Scientific name

Shrubs
Bristly sea-heath

Frankenia serpyllifolia
Gunniopsis quadrifida

Grey samphire

Halosarcia halocnemoides subsp. longispicata

Brown-headed samphire

Halosarcia indica subsp. Leiostachya
Halosarcia pergranulata

Tangled poverty bush

Sclerolaena intricate

Slender glasswort

Sclerostegia tenius

Herbs (terrestrial)
Pop saltbush

Atriplex spongiosa

Water-fire

Bergia ammannioides

Round-leaved pigface

Disphyma crassifolium

Mulka

Eragrostis dielsii
Glinus sp
Glycine canescens
Lawwrencia glomerata
Lotus cruentus

Creeping monkey-flower

Mimulus repens

Water weed

Osteocarpum acropterum
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Common name

Scientific name

Fleshy groundsel

Senecio gregorii
Stemodia floribunda

Herbs (submerged – deeper than 2 m)
Algal

Lemprothamnium palpulosum

Small-fruited water mat

Lapilaena bilocularis

Stonewort

Nitella Ihotzkyii
Ruppia maritima

Herbs (submerged – shallower than 2 m)
Lamprothamnium papulosum
Lamprothamnium preisii
Ruppia tuberosa

Inland saline lakes potentially contain a large number of threatened species and EECs (Table 14).
Table 14: Inland saline lake threatened species and EECs

Common name

Scientific name

Saltbush

Atriplex infrequens

Status
Vulnerable

Saltbush

Atriplex sturtii

Endangered

Australian Bustard

Ardeotis australis

Endangered

Australian Salt-grass

Distichlis distichophylla

Endangered

Black-tailed Godwit

Limosa limosa

Vulnerable

Brolga

Grus rubicunda

Vulnerable

Buchanans fairy shrimp

Branchinella buchananensis

Vulnerable

Dentella minutissima

Dentella minutissima

Endangered

Dysphania plantaginella

Dysphania plantaginella

Endangered

Dysphania platycarpa

Dysphania platycarpa

Endangered

Fan Flower

Scaevola collaris

Endangered

Fleshy Minuria

Kippistia suaedifolia

Endangered

Great Knot

Calidris tenuirostris

Vulnerable

Grey Falcon

Falco hypoleucos

Vulnerable

Kultarr

Antechinomys laniger

Endangered

Long-haired Rat

Rattus villosissimus

Vulnerable

Menindee Nightshade

Solanum karsense

Vulnerable

Mossgiel Daisy

Brachycome papillosa

Vulnerable

Painted Snipe

Rostratula benghalensis

Endangered

Pied Honeyeater

Certhionyx variegatus

Vulnerable

Pink Cockatoo

Cacatua leadbeateri

Vulnerable

Redthroat

Pyrrholaemus brunneus

Vulnerable

Ringed Brown Snake

Pseudonaja modesta

Endangered

Southern Scrub-robin

Drymodes brunneopygia

Vulnerable

Stackhousia clementii

Stackhousia clementii

Endangered

Stimson's Python

Liasis stimsoni

Vulnerable

Stripe-faced Dunnart

Sminthopsis macroura

Vulnerable

Woma

Aspidites ramsayi

Vulnerable

Yellow-bellied Sheathtail-bat

Saccolaimus flaviventris

Vulnerable

Aquatic ecological community in the natural drainage system of the lower Murray
River catchment

EEC

Aquatic ecological community in the natural drainage system of the lowland
catchment of the Darling River

EEC
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Inland saline lakes
regime/permanency:

correspond

to

the

following

DIWA

types

depending

on

water

B7: Permanent saline/brackish lakes
B8: Seasonal/intermittent saline lakes.
Key habitat components of inland saline lakes are summarised below in a flowchart (Figure 34)
and a conceptual diagram (Figure 35).
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Figure 34: Flowchart describing the key habitat components of inland saline lakes
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Figure 35: Conceptual diagram of inland saline lakes
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Inland clay pans
Many clay pans in the sandy landscapes of arid and semi-arid Australia become shallow temporary
lakes after rain (Figure 36 and Figure 37). Clay pans fill predominantly from rainfall and
groundwater. They experience very high rates of evaporation and extended dry periods.
Erosion by wind (deflation) is an important force in maintaining and developing clay pans, with the
bare surfaces allowing acceleration of winds across them. Wind erosion cuts through permeable
surface soils to expose less permeable surfaces and thus form water holding pans.
Inland clay pans have shallow, flat, hard-bottoms of heavy, non-cracking clays and are therefore
poorly drained, which leads to anaerobic conditions for vegetation roots.
When inundated, clay pans have a unique fauna dominated by crustaceans and are characterised
by canegrass (Eragrostis australasica). Some clay pans may support fringing lignum swamps;
other floodplain species such as river red gum, river cooba, black box, yapunyah and coolibah also
occur around the margins of the inland clay pans.

Figure 36: Inland clay pans, dry phase (source: OEH)

Figure 37: Inland clay pans, wet phase (source: OEH)

Inland clay pans correspond to the following DIWA types depending on water regime/permanency:
B8: Seasonal/intermittent saline lakes
Key habitat components of inland clay pans are summarised below in a flowchart (Figure 38) and a
conceptual diagram (Figure 39).
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Figure 38: Flowchart describing the habitat components of inland clay pans
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Figure 39: Conceptual diagram of inland clay pans
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Coastal floodplain swamps
Overbank flooding from rivers is a major source of water to coastal floodplain swamps, although
local rainfall is often sufficient to fill these swamps. Coastal floodplain swamp soils are often
composed of a thin layer of fluvial deposits underlain by extensive deposits of estuarine muds that
contain sulfides.
Areas on coastal floodplains not often inundated are dominated by grassland and trees, including
broad-leaved paperbark, sweet-willow bottlebrush, swamp mahogany and casuarina. Trees
typically grow to 15–20 m tall and may be so dense that they shade out the development of
sclerophyllous shrub understorey (Figure 40). Areas on coastal floodplains that are subject to
regular inundation are dominated by sedges, rushes and floating and submerged aquatic
vegetation (Figure 41). Table 15 lists the indicative vegetation species in coastal floodplain
swamps.

Figure 40: Coastal floodplain swamp, Bundjalung National Park (source: Jamie Plaza Van Roon, OEH)

Figure 41: Coastal floodplain swamp (source: Michael Murphy, OEH)
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Table 15: Indicative vegetation species of coastal floodplain swamps

Common name

Scientific name

Trees
Rough-barked apple

Angophora floribunda

Broad-leaved apple

Angophora subvelutina

Cabbage gum

Eucalyptus amplifolia

Flooded Gum

Eucalyptus grandis

Swamp Mahogany

Eucalyptus robusta

Sydney Blue Gum

Eucalyptus saligna

Forest Red Gum

Eucalyptus tereticornis

Swamp oak

Casuarina glauca

Cabbage palm

Livistona australis

Prickly-leaved teatree

Melaleuca styphelioides
Melaleuca linarifolia

Shrubs
Cheese trees

Glochidion ferdinandi

Swamp paperbark

Melaleuca ericifolia
Myoporum acuminatum

Vines and creepers
Common silkpod

Parsonsia straminea

Grasses and grass like plants
Bare twig-rush

Baumea juncea

Tussock sedge

Carex appressa

Couch

Cynodon dactylon

Forest hedgehog grass

Echinopogon ovatus

Bordered panic

Entolasia marginata

Tall saw sedge

Gahnia clarkei
Hemarthria unicata

Blady grass

Imperata cylindrical var major

Sea rush

Juncus kraussii subsp. australiensis

Common rush

Juncus usitatus

Spiny-headed mat-rush

Lomandra longifolia

Weeping grass

Microlaena stipoides var. stipoides
Oplismenus imbecillis

Common reed

Phragmites australis

Prickly couch

Zoysia macrantha

Herbs
Lesser joyweed

Baumea juncea

Scurvy weed

Commelina cyanea

Kidney weed

Dichondra repens

Angled lobelia

Lobelia alata

Slender knotweed

Persicaria decipiens

White root

Pratia purpurascens

Eastern nightshade

Solanum pungetium

Ivy-leaved violet

Viola hederacea
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Indicative vegetation species of coastal floodplain swamps dominated by Forests

Common name

Scientific name

Trees
Sweet willow bottlebrush

Callistemon salignus

Swamp mahogany

Eucalyptus robusta

Broad-leaved paperbark

Melaleuca quinquenervia

Swamp oak

Casuarina glauca

Shrubs
Banksia oblongifolia
Narrow-leaved bottlebrush

Callistemon linearis

Prickly tea tree

Leptospermum juniperinum
Melaleuca nodosa
Melaleuca sieberi
Xanthorrhoea fulva

Herbs
Creeping raspwort

Gonocarpus micranthus

Grasses and grass-like plants
Tassel rush

Baloskion tetraphyllus subsp. meiostachyus
Baumea athrophylla

Soft twig-rush

Baumea rubiginosa
Chorizandra sphaerocephala

Spreading rope-rush

Empodisma minus

Tall saw-sedge

Gahnia clarkei
Hemarthria unicata

Zig-zag bog-rush

Schoenus brevifolius

Ferns
Blechnum camfieldii
Gristle fern

Blechnum cartilagineum

Swamp water fern

Blechnum indicum

Harsh ground fern

Hypolepis muelleri

Coastal floodplain swamps potentially contain a large number of threatened species and EECs
(Table 16).
Table 16: Coastal floodplain swamp threatened species and EECs

Common name

Scientific name

Status

Adam's Emerald Dragonfly

Archaeophya adamsi

Vulnerable

Australasian Bittern

Botaurus poiciloptilus

Vulnerable

Australian Pillwort

Pilularia novae-hallandiae

Endangered

Barking Owl

Ninox connivens

Vulnerable

Barred Cuckoo-Shrike

Coracina lineata

Vulnerable

Beccari's Freetail-Bat

Mormopterus beccarii

Vulnerable

Biconvex Paperbark

Melaleuca biconvexa

Endangered

Black Bittern

Ixobrychus flavicollis

Vulnerable

Black Flying Fox

Pteroptus alecto

Vulnerable

Black Grass-Dart

Ocybadistes knightorum

Endangered

Black-eyed Susan

Tetratheca juncea

Vulnerable

Black-necked Stork

Ephippiorhynchus asiaticus

Endangered

Black-tailed Godwit

Limosa limosa

Vulnerable

Blue Billed Duck

Oxyura australis

Vulnerable

Broad-billed Sandpiper

Limicola falcinellus

Vulnerable
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Common name

Scientific name

Status

Brolga

Grus rubicunda

Vulnerable

Brown Pomaderris

Pomaderris brunnea

Vulnerable

Brown Treecreeper

Climacteris picumnus victoriae

Vulnerable

Brush-tailed Phascogale

Phascogale tapoatafa

Vulnerable

Bush Stone-Curlew

Burhinus grallarius

Endangered

Bush-Hen

Amaurornis alivaceus

Vulnerable

Camden White Gum

Eucalyptus benthamii

Vulnerable

Charmhaven Apple

Angophora inopina

Vulnerable

Collared Kingfisher

Todiramphus chloris

Vulnerable

Comb-crested Jacana

Irediparra gallinacea

Vulnerable

Common Blossom-bat

Syconycteris australis

Vulnerable

Common Planigale

Planigale maculata

Vulnerable

Cumberland Land Snail

Meridolum corneovirens

Endangered

Dense Cord-rush

Baloskion longpipes

Vulnerable

Doubletail Buttercup

Diuris aequalis

Endangered

Dwarf Heath Casuarina

Allocasuarina defungens

Endangered

Eastern Australian Underground Orchid

Rhizanthella slateri

Vulnerable

Eastern Bentwing-bat

Miniopterus schreibersii oceanensis

Vulnerable

Eastern Chestnut Mouse

Pseudomys gracilicaudatus

Vulnerable

Eastern False Pipstrelle

Falsistrellus tasmaniensis

Vulnerable

Eastern Freetail-bat

Mormopterus norfolkensis

Vulnerable

Eastern Ground Parrot

Pezoporus wallicus wallicus

Vulnerable

Eastern Long-eared Bat

Nyctophilus bifax

Vulnerable

Eastern Pygmy-possum

Cercartetus nanus

Eucalyptus
decadens

parramattensis

subsp.

Eucalyptus
decadens

parramattensis

Vulnerable
subsp.
Vulnerable

Floyd's Grass

Alexfloydia repens

Endangered

Fraser's Screw Fern

Lindsaea fraseri

Endangered

Freckled Duck

Stictonetta naevosa

Vulnerable

Gang-Gang Cockatoo populations in the
Hornsby and Ku-ring-gai LGA areas

Gang-Gang Cockatoo populations in the
Hornsby and Ku-ring-gai LGA areas

Endangered
Population

Giant Barred Frog

Mixophyes iteratus

endangered

Giant Burrowing Frog

Heleioporus australiliacus

Vulnerable

Giant Dragonfly

Petalura gigantea

Endangered

Glossy-black Cockatoo

Calyptorhynchus lathami

Vulnerable

Golden tipped Bat

Kerivoula papuensis

Vulnerable

Great Knot

Calidris tenuirostris

Vulnerable

Great Sand-plover

Charadrius leschenaultii

Vulnerable

Greater Broad-nosed Bat

Scoteanax ruepellii

Vulnerable

Green and Golden Bell Frog

Litoria aurea

Endangered

Green-thighed Frog

Litoria brevipalmata

Vulnerable

Grey-headed Flying-fox

Pteroptus poliocephalus

Vulnerable

Koala

Phascolartcos cinerus

Vulnerable

Kowmung Hakea

Hakea dohertyi

endangered

Laced Fritillary

Argyreus hyperbius

Endangered

Lady Tankerville's Swam Orchid

Phaius tankervilleae

Endangered

Large-eared Pied Bat

Chalinolobus dwyeri

Vulnerable

Large-footed Myotis

Myotis adversus

Vulnerable

Leafless Tongue Orchid

Cryptostylis hunteriana

Vulnerable

Lemon Scented Grass

Elyonurus citreus

Endangered

Lesser Sand-plover

Charadrius mongolus

Vulnerable

Little Bentwing-bat

Miniopterus australis

Vulnerable
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Common name

Scientific name

Status

Little Whip Snake

Suta flagellum

Vulnerable

Long-footed Potoroo

Potorous longpipes

Endangered

Long-nosed Potoroo

Potorous tridactylus

Vulnerable

Magenta Lilly Pilly

Syzygium paniculatum

Vulnerable

Masked Owl

Tyto novaehollandiae

Vulnerable

Mitchell's Rainforest snail

Thersites mitchellae

Endangered

Narrow-leafed Wilsonia

Wilsonia backhousei

Vulnerable

Netted Bottle Brush

Callistemon linearifolius

Vulnerable

Olongburra Frog

Litoria olongburensis

Vulnerable

Osprey

Pandion haliaetus

Vulnerable

Oxleyan Pygmy Perch

Nannoperca ocleyana

Endangered

Painted Snipe

Rostratula benghalensis

Endangered

Pale-headed Snake

Hoplocephalus bitorquatus

Vulnerable

Parris' Bush-Pea

Pultenaea parrisiae subsp. Parrisiae

Vulnerable

Pink Nodding Orchid

Geodorum densiflora

Endangered

Powerful Owl

Ninox strenua

Vulnerable

Purple-crowned Lorikeet

Glossopsitta porphyrocephala

Vulnerable

Red-tailed Black-banksil

Calyptorhynchus banksii

Vulnerable

Regent Honeyeater

Xanthomyza phrygia

Endangered

Ripple-leaf Muttonwood

Rapanea sp. 'Richmond River'

Endangered

River Red Gum population in the Hunter
Catchment

River Red Gum population in the Hunter
Catchment

Endangered
Population

River swamp Wallaby-grass

Amphibromus fluitans

Vulnerable

Rose-crowned Fruit-dove

Ptilinopus regina

Vulnerable

Rosenberg's Goanna

Varanus rosenbergi

Vulnerable

Rough Double Tail

Diuris praecox

Vulnerable

Round-leafed Wilsonia

Wilsonia rotundifolia

endangered

Rufous Bettong

Aepyprymnus rufescens

Vulnerable

Sanderling

Calidris alba

Vulnerable

Silver Leaf Gum

Eucalytpus pulverulenta

Vulnerable

Slender Screw Fern

LIndsaea incisa

Endangered

Small Flower Grevillea

Grevillea parviflora subsp parviflora

Vulnerable

Small Snake Orchid

Diuris pendunculata

Endangered

Sooty Owl

Tyto tenebricosa

Vulnerable

Southern Brown Bandicoot

Isoodon obesulus obesulus

Endangered

Southern Swamp Orchid

Phaius australis

Endangered

Speckled Warbler

Pyrrholaemus sagittatus

Vulnerable

Spider Orchid

Dendrobium melaleucaphilum

Endangered

Spotted-tail Quoll

Dasyurus maculatus

Vulnerable

Square Raspwort

Haloragis exalata subsp exalata

Vulnerable

Square-stemmed Spike-rush

Eleocharis tetraquetra

Endangered

Square-tailed Kite

Lophoictinia isura

Vulnerable

Squirrel Glider

Petaurus norfolcensis

Vulnerable

Stephen's Banded Snake

Hoplocephalus stephensii

Vulnerable

Superb Fruit-dove

Ptilinopus superbus

Vulnerable

Swamp Foxglove

Centranthera cochinchinensis

Endangered

Sweet False Galium

Hedyotis galioides

Endangered

Swift Parrot

Lathamus discolor

endangered

Sydney Plaisn Greenwood

Pterosylis saxicola

Endangered

Tall Knotweed

Persicaria elatior

Vulnerable

Terek Sandpiper

Xenus cinerus

Vulnerable

Trailing Woodruff

Asperula asthenes

Vulnerable
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Common name

Scientific name

Status

Wallum Froglet

Crinia tinnula

Vulnerable

Waterwheel Plant

Aldrovanda vesiculosa

Endangered

Weeping Paperbark

Melaleuca irbyana

Endangered

White-crowned Snake

Cacophis harriettae

Vulnerable

White-eared Monarch

Monarcha leucotis

Vulnerable

White-flowered Wax plant

Cynanchum elegans

endangered

Yellow -bellied Sheathtail-bat

Saccolaimus flaviventris

Vulnerable

Yellow Flowered King of the Fairies

Oberonia complanata

Endangered

Yellow Loosestrife

Lysimachia vulgaris var. davurica

Endangered

Yellow-bellied Glider

Petaurus australis

Vulnerable

Castlereagh Swamp Woodland

EEC

Freshwater wetlands on coastal floodplain of the NSW Nth Coast, Sydney Basin and
Sth East Corner Bioregions

EEC

River-flat Eucalypt forest on Coastal floodplains of NSW North Coast, Sydney Basin
and SE Corner bioregions

EEC

Sub-tropical Coastal Floodplain Forest of the NSW North Coast Bioregion

EEC

Swamp oak floodplain forest of the NSW North Coast, Sydney Basin, and SE Corner
bioregions

EEC

Swamp schlerophyll forest on coastal floodplains of the NSW North Coast, Sydney
Basin and SE Corner bioregions

EEC

Sydney freshwater wetlands in the Sydney Basin Bioregion

EEC

The periodically inundated coastal floodplains of NSW have been extensively drained and cleared
for agricultural and urban development since European settlement. Only fragments of floodplain
wetland habitats remain, which support a mosaic of grasses, sedges, shrubs and trees. Due to the
extensive drainage and clearing, acid sulfate soils (ASS) are now a major problem for coastal
floodplain swamps.
Coastal floodplain swamps correspond to the following DIWA types:
B11: Freshwater lagoons and marshes in the coastal zone (includes delta lagoon and marsh
systems).
Key habitat components of coastal floodplain swamps are summarised below in a flowchart (Figure
42) and a conceptual diagram (Figure 43).
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Figure 42: Flowchart describing the key habitat components of coastal floodplain swamps
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Figure 43: Conceptual diagram of coastal floodplain swamps
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Coastal rainfall/runoff swamp
These coastal swamps often fringe estuarine wetlands, and are fed by local runoff and rainfall.
They form in landscape depressions and provide habitat for invertebrates, fish and waterbirds
(Figure 44 and Figure 45).

Figure 44: Coastal rainfall/runoff swamp, Kooragang

Figure 45: Coastal rainfall/runoff swamp, Pambalong Nature Reserve (source: Pavel German, OEH)

Coastal rainfall/runoff swamps correspond to the following DIWA types:
B11: Freshwater lagoons and marshes in the coastal zone (includes delta lagoon and marsh
systems).
Key habitat components of coastal rainfall/runoff swamps are summarised below in a flowchart
(Figure 46) and a conceptual diagram (Figure 47).
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Figure 46: Flowchart describing the key habitat components of coastal rainfall/runoff swamps
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Figure 47: Conceptual diagram of coastal rainfall/runoff swamps
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Coastal heath swamps
Coastal heath swamps are generally restricted to poorly drained depressions associated with
swales on coastal sand sheets or the headwaters of creeks on coastal sandstone up to 600 metres
in elevation. These swamps contain a diverse mosaic of plant communities, related to the soil
moisture gradients, typically dominated by dense sedges and water tolerant herbs with an open
layer of emergent schlerophyllous shrubs (Figure 48 and Figure 49). Table 17 lists the indicative
vegetation species in coastal heath swamps.

Figure 48: Coastal heath swamp in Royal National Park (source: Rob Jung, OEH)

Figure 49: Coastal heath swamps at Barren Grounds (source: David Keith, OEH)

Abundant rainfall generates substantial surface water flows and groundwater seepage into the
depressions maintaining a watertable perched above the impermeable sandstone bedrock or hard
sand dune subsoil. Flow of water and sediment over thousands of years has led to an
accumulation of infertile sandy peats and blackened sandy loams several metres deep.
Table 17: Indicative vegetation species of coastal heath swamps

Common name

Scientific name

Shrubs
Heath Banksia

Banksia ericifolia
Banksia oblongifolia

Swamp Banksia

Banksia robur
Bauera capitata
Bauera microphylla

Crimson bottlebrush

Callistemon citrinus

Egg and bacon pea

Dillwynia floribunda
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Common name

Scientific name

Coral heath

Epacris microphylla

Blunt-leaved heath

Epacris obtusifolia
Epacris paludosa

Dagger hakea

Hakea teretifolia

Prickly teatree

Leptospermum continentale

Prickly teatree

Leptospermum juniperinum
Leptospermum liversidgei

Scented paperbark

Melaleuca squarrosa

Pink swamp heath

Sprengelia incarnate
Sprengelia sprengelioides

Swamp symphionema

Symphionema paludosum

Native broom

Viminaria juncea
Xanthorrhoea fulva
Xanthorrhoea resinifera

Herbs
Christmas bells

Blandifordia grandiflora

Christmas bells

Blandifordia nobilis

Milkmaids

Burchadia umbellate
Dampiera stricta

Sundew

Drosera binata

Sundew

Drosera spathulata

Creeping raspwort

Gonocarpus micranthus
Gonocarpus tetragynus
Goodenia dimorpha

Vanilla plant

Sowerbaea juncea

Fringe-lily

Thysanotus juncifolius

Tall yellow-eye

Xyris operculata

Ferns
Pouched coral-fern

Gleichenia dicarpa

Scrambling coral-fern

Gleichenia microphylla

Swamp selaginella

Selaginella uliginosa

Grasses and Grass-like plants
Aristida warburgii
Baumea acuta
Soft twig-rush

Baumea rubiginosa
Chorizandra sphaerocephala

Spreading rope-rush

Empodisma minus

Wiry panic

Entolasia stricta
Eurychorda complanata

Red-fruited saw-sedge

Gahnia sieberiana

Button grass

Gymnoschoenus sphaerocephalus
Lepidosperma limicola
Lepidosperma neesii
Lepidosperma scariosa

Wallaby grass

Plinthanthesis paradoxa
Ptilothrix deusta

Zig-zag bog-rush

Schoenus brevifolius
Sporadanthus interruptus
Sporadanthus muelleri
Tetrarrhena turfosa
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Coastal heath swamps correspond to the following DIWA types:
B11: Freshwater lagoons and marshes in the coastal zone (includes delta lagoon and marsh
systems).
Key habitat components of coastal heath swamps are summarised below in a flowchart (Figure 50)
and a conceptual diagram (Figure 51).
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Figure 50: Flowchart describing the key habitat components of coastal heath swamps
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Figure 51: Conceptual diagram of coastal heath swamps
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Coastal dune swamps
Coastal dune swamps occur on coastal sand dunes or plains behind the present beach and
foredune. Perched swamps occur on the top of dunes, watertable-window swamps occur in dune
swales, upland contact swamps occur between a sand dune and adjacent bedrock. Coastal dune
swamps are dependant on groundwater and runoff from local catchments with the waters often
tea-coloured and acidic as a result of dissolved organic matter from peat soils.
Vegetation of coastal dune swamps is distinctive although some species also occur on coastal
floodplain swamps. Seasonally flooded areas with a high watertable support a woodland or forest
of broad-leaved paperbark. Paperbarks may also be found in swamps behind the foredune and
sporadically around the perched swamps. Other vegetation typical of dune swamps includes
sedges, rushes and wet heathland (Figure 52).

Figure 52: Coastal dune swamp, Coomonderry swamp (source: Pavel German, OEH)

Coastal dune swamps correspond to the following DIWA types:
B11: Freshwater lagoons and marshes in the coastal zone (includes delta lagoon and marsh
systems).
Key habitat components of coastal dune swamps are summarised below in a flowchart (Figure 53)
and a conceptual diagram (Figure 54).
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Figure 53: Flowchart describing the key habitat components of coastal dune swamps
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Figure 54: Conceptual diagram of coastal dune swamps
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Coastal freshwater lagoons and lakes

Figure 55: Coastal freshwater lake, Thirlmere Lakes (source: Dayle Green, DLWC)

Coastal freshwater lagoons and lakes correspond to the following DIWA types:
B11: Freshwater lagoons and marshes in the coastal zone (includes delta lagoon and marsh
systems).
Key habitat components of coastal freshwater lagoons and lakes are summarised below in a
flowchart (Figure 56) and a conceptual diagram (Figure 57).
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Figure 56: Flowchart describing the key habitat components of coastal freshwater lagoons and lakes
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Figure 57: Conceptual diagram of coastal freshwater lakes and lagoons
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Coastal dune lake or lagoon
Coastal dune lakes and lagoons occur on coastal sand dunes or plains. Coastal dune lakes occur
along the entire NSW coastline but are most numerous between Myall Lakes and the Queensland
border.
Dunal lakes and lagoons can be found in a variety of situations with different hydrological
characteristics. Most are perched above the general water-table in dune hollows created by wind
action and sealed by organically cemented sand. They range from large, relatively deep lakes to
small ephemeral ponds, with the majority being close to sea level, small (< 12 ha) and shallow (<
2 m) (Figure 58 and Figure 59).

Figure 58: Coastal dune lake (source: www.flickr.com)

Figure 59: Coastal dune lake (source: www.flickr.com)

Coastal dune lakes and lagoons correspond to the following DIWA types:
B11: Freshwater lagoons and marshes in the coastal zone.
Key habitat components of coastal dune lakes or lagoons are summarised below in a flowchart
(Figure 60) and a conceptual diagram (Figure 61).
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Figure 60: Flowchart describing the key habitat components of coastal dune lakes and lagoons
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Figure 61: Conceptual diagram of coastal dune lake and lagoons
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Alpine bogs and fens
The alpine region of NSW has long been recognised for its unique aquatic ecosystems. Both
altitude and rainfall influence the unique plant communities of the alpine regions in NSW, which
support many rare and threatened animal species.
Bogs are dominated by hummocks of moss (eg Sphagnum) and typically accumulate peat. They
also have a low pH and low nutrients. Fens are permanently wet, more open than Bogs with herbs
and sedges. They have more nutrient-rich soil and are more alkaline than bogs (Figure 62 and
Figure 63). Table 18 lists the indicative vegetation species in alpine bogs and fens.

Figure 62: Alpine bogs and fens in Kosciusko National Park (source: Rob Jung, OEH)

Figure 63: Alpine bogs and fens (source: http://threatenedspecies.environment.nsw.gov.au)
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Table 18: Indicative vegetation species of alpine bogs and fens

Common name

Scientific name

Shrubs
Alpine baeckea

Baeckea gunniana

Alpine grevillea

Grevillea australis

Alpine daisy bush

Olearia algida

Common shaggy pea

Oxylobium ellipticum

Candle heath

Richea continentis
Epacris glacialis

Herbs
Mountain aciphylla

Aciphylla simplicifolia

Mountain woodruff

Asperula gunnii

Pineapple grass

Astelia alpina var. novae-hollandiae

Silver snow daisy

Celmisia sp.
Chionogentias muelleriana
Craspedia lamicola
Euchiton fordianus

Creeping raspwort

Gonocarpus micranthus subsp. micranthus
Microseris lanceolata

Gunn’s alpine buttercup

Ranunculus gunnianus
Scleranthus biflorus

Variable groundsel

Senecio lautus subsp. alpinus

Grasses and grass-like plants
Baloskion australe
Carex gaudichaudiana
Small flower rush

Carpha alpine

Tufted hair grass

Deschampsia caespitosa

Spreading rope-rush

Empodisma minus
Isolepis subtilissima
Luzula australasica subsp dura

Fan tuft-rush

Oreobolis distichus
Poa costiniana

Mosses
Sphagnum cristatum

Alpine bogs and fens potentially contain a large number of threatened species and EECs (Table
19).
Table 19: Alpine bogs and fens threatened species and EECs

Common name

Scientific name

Status

Alpine Tree Frog

Litoria verreauxii alpina

Endangered

Anenome Buttercup

Ranunculus anemoneus

Vulnerable

Austral Toadflax

Thesium australe

Vulnerable

Leafy Anchor Plant

Discaria nitida

Vulnerable

Mueller's Eyebright

Euphrasia collina subsp. Muelleri

Endangered

Northern Corroboree Frog

Pseudophryne pengilleyi

Vulnerable

Painted Snipe

Rostratula benghalensis

Endangered

Raleigh sedge

Carex raleighii

Endangered

Rough Eyebright

Euphrasia scabra

Endangered

Southern Corroboree Frog

Pseudophryne corroboree

Endangered

Swamp Everlasting

Xerochrysum palustre

Vulnerable

Montane Peatlands and Swamps

Montane peatlands of NSW Nth Coast,

EEC
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Common name

Scientific name

Status

Syd Basin, SE Corner, SE Highlands,
Aust Alps

Alpine bogs and fens correspond to the following DIWA types:
B16: Alpine and Tundra wetlands; includes alpine meadows, tundra pools and temporary waters
from snow melts
B15: Peatlands; forest, shrubs or open bogs
Alpine areas were historically used seasonally by the pastoral industry; however, they today
support a large snow-based recreation industry. The major threats to alpine bogs and fens are
climate change, recreation, grazing (mostly historical) and fire.
Key habitat components of alpine bogs and fens are summarised in the form of a flowchart (Figure
64) and a conceptual diagram (Figure 65). Key pressures and stressors are presented separately
for alpine bogs and fens in Figure 66, as they differ from the general wetland pressure and stressor
processes outlined in the Disturbance and stressor models section.
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Figure 64: Flowchart describing the key habitat components of alpine bogs and fens
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Figure 65: Conceptual diagram of alpine bogs and fens
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Figure 66: Key pressures and stressors impacting on alpine bogs and fens
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Alpine glacial lakes
There are very few alpine glacial lakes on mainland Australia; therefore, these wetlands represent
a rare and unique wetland type in NSW. Formed by the gouging actions of glaciers during the last
ice age, a retreating glacier often left behind large deposits of ice in hollows between ridges or hills.
As the ice age ended, these melted to create glacial lakes (Figure 67 and Figure 68). Glacial lakes
are permanent as a result of high inflows from snowmelt and rainfall runoff combined with low
evaporation. The glacial lakes in NSW are considered to be in good condition, due to the high
conservation status of the alpine areas. Table 20 lists the indicative vegetation species in alpine
glacial lakes.

Figure 67: Alpine glacial lakes, Blue Lake

Figure 68: Alpine glacial lakes, Lake Albina

Table 20: Indicative vegetation species of alpine glacial lakes

Common name

Scientific name

Herbs (floating)
Nardoo

Marsilea sp

Entire marshwort

Nymphoides geminata

Floating pondweed

Potamogeton tricarinatus

Herbs (emergent and amphibious)
Brachyscome radicans
Slender bittercress

Cardamine tenuifolia

Swamp stonecrop

Crassula helmsii
Epilobium billardierianum subsp cinereum

101

Common name

Scientific name

Small mudmat

Glossostigma elatinoides

Pennywort

Hydrocotyle tripartita
Juncus fockei

Native sea lavender

Limonium australe

Creeping knotweed

Persicaria prostrate

Mud pratia

Pratia surrepens
Ranunculus diminutus

Swamp starwort

Stellaria angustifolia

Herbs (submerged)
Muskgrass

Chara sp

Small-fruited water mat

Lepilaena bilocularis
Myriophyllum simulans

Water milfoil

Myriophyllum variifolium
Nitella sp

Grasses and grass-like
(emergent and amphibious)
Blown grass

plants
Lachnagrostis filiformis
Carex bichenoviana

Common spike-rush

Eleocharis acuta

Small spike-rush

Eleocharis pusilla

Tall spike-rush

Eleocharis sphacelata

Australian sweetgrass

Glyceria australis

Common reed

Phragmites australis

Common bog-rush

Schoenus apogon

Alpine glacial lakes correspond to the following DIWA types:
B16: Alpine and Tundra wetlands (includes alpine meadows, tundra pools and temporary waters
from snow melts).
Key habitat components of alpine glacial lakes are summarised in a flowchart (Figure 69) and as a
conceptual diagram (Figure 70).
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Figure 69: Flowchart describing the key habitat components of alpine glacial lakes
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Figure 70: Conceptual diagram of alpine glacial lakes
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Upland bogs and fens
Upland bogs and fens occur in shallow basins located in low hills or mountains, predominantly on
or adjacent to the tablelands (Figure 71). They occur in areas where there is a seasonally high
watertable and where there is a constant supply of surface or seepage water. They rely on
groundwater, rainfall and runoff from a small local catchment for their source of water. Table 21
lists the indicative vegetation species in upland bogs and fens.

Figure 71: An upland bog and fen at Gilbraltar (source: Elizabeth Tasker, OEH)

Table 21: Indicative vegetation species of upland bogs and fens

Common name

Scientific name

Trees (scattered)
Broad-leaved sally

Eucalyptus aquatica

Mountain Gum

Eucalyptus dalrympleana
Eucalyptus latiuscula

Small-leaved gum

Eucalyptus parvula

Black sally

Eucalyptus Stellulata

Shrubs
Alpine baeckea

Baeckia gunniana

Mountain baeckea

Baeckia utilis
Baeckia linifolia
Boronia deanei

Alpine bottlebrush

Callistemon pityoides
Epacris breviflora

Coral heath

Epacris microphylla

Swamp heath

Epacris paludosa
Grevillea acanthifolia

Small-fruited hakea

Hakea macrocarpa

Woolly teatree

Leptospermum grandifolium
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Common name

Scientific name

Grey teatree

Leptospermum myrtifolium
Leptospermum obovatum

Herbs
Mountain woodruff

Asperula gunnii
Epilobium billardierianum

Mountain willow-herb

Epilobium gunnianum

Creeping cudweed

Euchiton gymnocephalus
Geranium neglectum

Creeping raspwort

Gonocarpus micranthus
Hydrocotyle penduncularius

Matted St Johns wort

Hypericum japonicum

Pennywort

Hypericum tripartita
Mitrascame serpyllifolia
Oreomyrrhis ciliate

Short purple-flag

Ranunculus fragilis

Mud pratia

Pratia surrepens
Ranunculus pimpinellifolius

Ladies tresses

Spiranthes sinensis

Grass triggerplant

Stylidium graminifolium

Ferns
Pouched coral-fern

Gleichenia dicarpa

Grasses and Grass-like plants (fens)
Hooker’s fescue

Austrofestuca hookeriana

Tussock Sedge

Carex appressa
Carex gaudichaudiana
Deyeuxia gunniana

Tussock

Poa labillardeieri

Snow grass

Poa sieberiana

Grasses and Grass-like plants (bogs)
Button grass

Gymnoschoenus sphaerocephalus
Lepidosperma filiforme
Baloskion australe
Baloskion stenocoleum

Spreading rope-rush

Empodisma minus
Juncus falcatus
Juncus planifolius
Lepryodia anarthria

Common bog-rush

Schoenus apogon

Mosses
Sphagnum

Sphagnum cristatum

Upland bogs and fens correspond to the following DIWA types:
B15: Peatlands: forest, shrub or open bogs.
Key habitat components of upland bogs and fens are summarised in a flowchart (Figure 72) and as
a conceptual diagram (Figure 73).
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Figure 72: Flowchart describing the key habitat components of upland bogs and fens
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Figure 73: Conceptual diagram of upland bogs and fens
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Upland hanging swamps
Upland hanging swamps of sedge and heath occur on valley sides, along cliff edges, on valley-fill
deposits eroded from the surrounding ridges or within shallow depressions formed through erosion
of the underlying bedrock. Hanging swamp soils are very unstable and are loose, highly erodible,
nutrient-poor and often dry on the surface.
Hanging swamps form in depressions, where water and organic matter have built up over time.
They soak up water like massive sponges and release it gradually, providing life-sustaining
moisture to a variety of threatened plants in their downstream catchments. Streams fed by hanging
swamps will continue to run for weeks after rainfall.
Hanging swamps are dominated by a mix of sedges, grasses and shrubs, generally with sedges
occurring in the wettest areas. Sedge swamps tend to be dominated by members of the
Cyperaceae family (commonly, razor sedge, button bog-rush, fringed cord-rush and slender
yellow-eye). Common shrub species include teatrees, bottlebrush, hakea, banksia and melaleuca
(Figure 74). Table 22 lists the indicative vegetation species in upland hanging swamps.

Figure 74: Blue Mountains Hanging Swamp (source: www.bmlivingcatchments.com.au/ )

Table 22: Indicative vegetation species of upland hanging swamps

Common name

Scientific name

Sunshine wattle

Acacia terminalis
Almalaea incurvata

Flax-leaf Heath Myrtle

Baeckea linifolia

Heath-leaved banksia

Banksia ericifolia

Hairpin Banksia

Banksia spinulosa

Crimson Bottlebrush

Callistemon citrinus

Blue dampiera

Dampiera stricta
Drosera binata
Empodisma minus

Wiry panic

Entolasia stricta

Blunt-leaf Heath

Epacris obtusifolia

Coral Heath

Epacris pulchella

Red-fruit saw-edge

Gahnia sieberiana

Pouched Coral-fern

Gleichenia dicarpa

Coral fern

Gleichenia microphylla
Gonocarpus teucrioides
Goodenia bellidifolia
Grevillea acanthifolia

Button Grass

Gymnoschoenus sphaerocephalus
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Common name

Scientific name

Dagger Hakea

Hakea teretifolia

Guinea Flower

Hibbertia riparia
Lepidosperma limicola
Leptocarpus tenax

Mountain Teatree

Leptospermum grandifolium
Leptospermum juniperinum
Leptospermum polygalifolium
Lepyrodia scariosa

Spiny-headed Mat-rush

Lomandra longifolia

Heathy Mirbelia

Mirbelia rubiifolia
Ptilothrix deusta
Pultenaea divaricata

Pink Swamp Heath

Sprengelia incarnata
Symphionema montanum
Tetrarrhena turfosa
Xyris ustulata

Upland hanging swamps correspond to the following DIWA types:
B9: Permanent freshwater ponds (<8 ha), marshes and swamps on inorganic soils, with emergent
vegetation waterlogged for at least most of the growing season
B15: Peatlands: forest, shrubs or open bogs.
Key habitat components of upland hanging swamps are summarised below in a flowchart (Figure
75) and a conceptual diagram (Figure 76).
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Figure 75: Flowchart describing the key habitat components of upland hanging swamps
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Figure 76: Conceptual diagram of upland hanging swamps
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Upland freshwater lakes
Upland freshwater lakes consist predominantly of open water, with vegetation confined to the
margins (Figure 77 and Figure 78). They occur predominantly on the tablelands, between 700 and
1800 m above sea level. Upland freshwater lakes are found in depressions formed by erosion of
the underlying bedrock and in depressions associated with past fault activity. The water source for
upland freshwater lakes is groundwater, rainfall and/or runoff from local catchments.
For the most part, upland freshwater lakes do not support extensive aquatic vegetation although at
times may have submerged growths of sea tassel, ribbonweed, Lepilaena spp. and water milfoils.
Marginal vegetation is usually sparse and restricted to common reed, cumbungi, sedges and
rushes. In the smaller upland lakes tall spikerush is a common species in the more permanently
inundated parts of the lake. A variety of species may be found growing around the less frequently
inundated edges, including blown grass, knotweeds and water milfoil. Table 23 lists the indicative
vegetation species in upland freshwater lakes.

Figure 77: Upland freshwater lake, Llangathlin Lake (source: Chris Cooper, OEH)

Figure 78: Upland freshwater lake, Mother of Ducks Lagoon (source: Foundation for National Parks and Wildlife)
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Table 23: Indicative vegetation species of upland freshwater lakes

Common name

Scientific name

Herbs (emergent and amphibious)
Bracyscome radicans
Slender bittercress

Cardamine tenufolia

Swamp stonecrop

Crassula helmsii
Epilobium billardierianum

Small mudmat

Glossostigma elatinoides

Pennywort

Hydrocoytle tripartite
Juncus fockei

Native sea lavender

Limonium australe

Creeping knotweed

Persicaria prostrate

Mud pratia

Pratia surrepens
Ranunculus diminutus

Swamp starwort

Stellaria angustifolia

Herbs (floating)
Nardoo

Marsilea sp.

Entire marshwort

Nymphoides geminata

Floating pondweed

Potamogeton tricarinatus

Herbs (submerged)
Muskgrass

Lachnagrostis filiformis

Small-fruited water-mat

Lepilaena bilocularis
Myriophyllum simulans

Water milfoil

Myriophyllum variifolium
Nitella sp.

Grasses and Grass-like
(emergent and amphibious)
Blown grass

plants
Lachnagrostis filiformis
Carex bichenoviana

Common spike-rush

Eleocharis acuta

Small spike-rush

Eleocharis pusilla

Tall spike-rush

Elecharis sphacelata

Australian sweetgrass

Glyceria australis

Common reed

Phragmites australis

Common bog-rush

Schoenus apogon

An assessment of present day vegetation (Keith 2004) has estimated that 70 per cent of upland
freshwater lakes have been cleared or drained. Grazing, lakebed cropping, sedimentation and
drainage are all significant threats to these wetlands.
Upland freshwater lakes correspond to the following DIWA types depending on water
regime/permanency:
B5: Permanent freshwater lakes (>8 ha), including large oxbow lakes
B6: Seasonal/intermittent freshwater lakes (>8 ha), floodplain lakes.
Key habitat components of upland freshwater lakes are summarised in a flowchart (Figure 79) and
a conceptual diagram (Figure 80).
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Figure 79: Flowchart describing the key habitat components of upland freshwater lakes
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Figure 80: Conceptual diagram of upland freshwater lakes
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Disturbance and stressor models
The disturbance conceptual models show the current understanding of the effects of the main
pressures and stressors on wetland ecosystems and the relevant pressure and condition indicators
required to monitor wetlands.
A pressure is the activity (anthropogenic or natural) that causes a change to the stressor. The
ecosystem response and condition is how the ecosystem responds to the change in the stressor. A
stressor is identified as something that when changed, directly affects the wetland. The indicators
are measures of either ecosystem condition, or measures of the pressures on the ecosystem, that
may help us to assess the condition of and pressure to a wetland. Management actions are actions
that may improve the condition of, or reduce pressure on, a wetland.
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Catchment disturbance

The catchment of a wetland comprises landscape features that transport water to the wetland via
surface or groundwater movements (Papas et al. 2008). Catchment disturbance in this report is
defined as modifications or changes to the catchment structure or processes, which in turn affect
the wetland. In the following conceptual model the focus is primarily on the surface water
catchment. The most important catchment disturbances affecting wetlands in NSW include
urbanisation, agriculture, vegetation clearing, infrastructure and fire; however, these vary
depending on where the wetland is situated
Catchment disturbance pressures are related to wetland ecosystem response and condition in
Figure 81 and Figure 82. Potential indicators are illustrated in Figure 83 and appropriate
management action in Figure 84.
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Figure 81: Effects of catchment disturbance on general wetland ecosystem processes
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Figure 82: Conceptual diagram for catchment disturbance
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Figure 83: Indicators used to assess ecosystem pressure and condition in relation to catchment disturbance
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Figure 84: Management actions in relation to catchment disturbance
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Hydrological disturbance

The surface and groundwater regimes of a wetland are vital to aquatic ecosystem function and
ecology (Eamus et al. 2006). The water regime of a wetland strongly influences the amount of
nutrients entering and leaving a wetland, the water and soil chemistry of a wetland, the vegetation
patterns and biota that inhabit a wetland, and the productivity of a wetland.
Water supply to a wetland may be a combination of one or more sources including rainfall, runoff
from land, overflow from rivers or streams and groundwater. Dependent of wetland type, water can
be lost through evapo-transpiration, runoff from the wetland, channels or rivers that drain the
wetland, artificial drainage, and groundwater outflow.
Drainage, damming and river regulation have greatly altered the hydrological dynamics in almost
all NSW wetlands (Finlayson & Rea 1999), creating systems where ‘natural’ or desired water
regimes may never be realised. Modifications to flow are therefore an important indicator of
hydrological disturbance.
The natural flow patterns of NSW rivers are essential for maintaining biodiversity and the health of
water dependent ecosystems, such as wetlands. River systems with large storages that are used
to actively control flows are known as regulated rivers. The regulation of rivers is an important
hydrological disturbance to wetlands. The impacts of modified flows in NSW include the following
(Kingsford 2000):
 Degraded water quality
 Decline of native biota, including aquatic vegetation, floodplain forests, fish, waterbirds
and invertebrates
 Modified habitat conditions favouring introduced species over native species
 An increase in algal blooms
 Reduced frequency and magnitude of sediment renewal on the floodplain, thereby
lowering soil fertility
 Reduced breeding and recruitment opportunities.
Hydrological disturbance pressures are related to wetland ecosystem response and condition in
Figure 85 and Figure 86. Potential indicators are illustrated in Figure 87 and appropriate
management action in Figure 88.
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Figure 85: Effects of hydrological disturbance on general wetland ecosystem processes
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Figure 86: Conceptual diagram for hydrological disturbance
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Figure 87: Indicators used to assess ecosystem pressure and condition in relation to hydrological disturbance
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Figure 88: Management actions in relation to hydrological disturbance
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Habitat disturbance

This disturbance includes both direct removal of areas of wetland habitat and fringing habitat and
activities that disturb or damage habitat areas. Removal and disturbance of habitat may occur for
several reasons including construction work, urban development, clearing for agriculture or
recreational uses. Habitat disturbance may also be caused by natural events such as fire and
storms. Habitat disturbance does not include ‘wetland loss’ which is assessed separately in
Section 4.3 of the NSW Wetlands MER report (Claus et al. 2011).
Habitat disturbance pressures are related to wetland ecosystem response and condition in Figure
89 and Figure 90. Potential indicators are illustrated in Figure 91, and appropriate management
actions in Figure 92.
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Figure 89: Effects of habitat disturbance on general wetland ecosystem processes
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Figure 90: Conceptual diagram for habitat disturbance
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Figure 91: Indicators used to assess ecosystem pressure and condition in relation to habitat disturbance
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Figure 92: Management actions in relation to habitat disturbance
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Stressor sub-model 1: Sediment

The introduction of both fine and coarse sediments into aquatic systems is an important natural
process and is integral to the natural functioning of these systems. However, anthropogenic
increases in the natural loads of sediments, and most particularly fine sediments (<63 μm) entering
systems can have a number of undesirable impacts.
Fine sediments can be deposited in low energy areas forming muddy deposits. Increases in
suspended sediments reduce light penetration leading to reduced primary production and the loss
of benthic plants and algae. When sediments settle out of the water column, they can smother
benthic plants and animals.
Sediments can enter wetlands as a result of natural landscape erosion processes with gully,
stream bank, sheetwash and rill erosion, resulting from water moving over areas with low amounts
of vegetation. Human disturbance of catchments (primarily the clearing of vegetation) has resulted
in large increases in the loads of sediments entering wetlands.
The effects changes in the sediment load are related to wetland ecosystem condition in Figure 93
and Figure 94. Potential indicators are illustrated in Figure 95.
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Figure 93: Effects of sediment on general wetland ecosystem processes

134

Figure 94: Conceptual diagram for stressor sediment
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Figure 95: Indicators used to assess ecosystem pressure and condition in relation to sediment
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Stressor sub-model 2: Nutrients

Nutrients exist as both organic and inorganic forms, and in dissolved and particulate forms. Total
nutrients are defined as the total amount of nutrient present in all its forms. For example, total
nitrogen (TN) is the sum of the nitrogen present in all nitrogen-containing components. Dissolved
nutrients occur as dissolved organic and inorganic forms, and are readily available for plant uptake.
Determining amounts of both total and dissolved nutrients in the water column will give an
indication of the amount of bioavailable nutrients present.
The nutrient concentration within the water column is important, as it is from here that nutrients are
taken up by phytoplankton, which may then form blooms if excess nutrients are present.
Sources of nutrients include point-source discharges (particularly sewage treatment plant
discharges) and runoff from urban and rural areas. Catchment areas that have been cleared of
vegetation typically provide more nutrients than areas in their natural state. Potential
consequences of increased nutrient loads to wetlands include eutrophication, algal blooms or
excessive macrophyte growth, anoxic events due to decay of plant matter, and fish or animal kills
from lack of oxygen.
The effects of changes in nutrient levels are related to wetland ecosystem condition in Figure 96
and Figure 97. Potential indicators are illustrated in Figure 98.
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Figure 96: Effects of nutrients on general wetland ecosystem processes
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Figure 97: Conceptual diagram for stressor nutrients
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Figure 98: Indicators used to assess ecosystem pressure and condition in relation to nutrients
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Stressor sub-model 3: Salinity

The effects of human-induced salinity on our natural environment have been widely recognised as
a major stressor on Australian landscapes (Cramer & Hobbs 2002). Wetland biodiversity has been
shown to be adversely impacted by elevated salinities, even where they are adapted to high salt
concentrations (Halse et al. 2003).
The two main sources of salinity, where saline shallow groundwater does not occur naturally are:


saline runoff from irrigation, causing increased groundwater recharge and rise of higher
salinity groundwater to near the soil profile surface



dryland salinity, which results from removal of deep-rooted plants (generally replaced with
shallow-rooted annual crops) resulting in decreased uptake of groundwater by vegetation
and therefore rising of groundwater and transport of salt stored within the soil profile to near
the surface (Hart et al. 2003).

The effects of the changes in salinity are related to wetland ecosystem condition in Figure 99 and
Figure 100. Potential indicators are illustrated in Figure 101.
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Figure 99: Effects of salinity on general wetland ecosystem processes
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Figure 100: Conceptual diagram for stressor salinity
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Figure 101: Indicators used to assess ecosystem pressure and condition in relation to salinity
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Stressor sub-model 4: pH

Acid runoff is caused by exposure of sulfides to oxygen and their subsequent oxidation and
conversion to sulfuric acid in the presence of water. Sulfide-rich rocks or soils occur naturally in
subsurface areas where oxygen does not normally penetrate. Exposure of sulfide-rich deposits
may occur due to mining activity or by the disturbance of ASS by agricultural activity, construction
or wetland drainage.
Many NSW soils are naturally acidic even under native vegetation cover. Acid soils are those
having a pH less than 5.5 when measured as the ratio 1:5, soil:water. The slow, natural process of
soil acidification has been accelerated by modern agricultural farming systems, which alter the
carbon and nitrogen cycles. As soil acidity becomes more severe, its impacts begin to extend
beyond agricultural production, contributing to water logging, groundwater recharge, dryland
salinity, nitrate pollution of groundwater, phosphate leakage into streams, and damage to roads
from rising water tables (EPA 2003).
Large-scale drainage of coastal floodplains – for flood mitigation, infrastructure and urban
expansion, as well as agriculture – has exposed large areas of potential ASS to air. This has
resulted in the development of 'actual' (highly acidic) ASS, as sulfides in the soil are oxidised to
sulfuric acid. Acid leachate, plus the aluminium, iron and other metals released from these areas,
can find their way into waterways and cause significant environmental and economic problems.
The effects of acid leachate include mass kills of fish and crustaceans, increased susceptibility of
fish to diseases such as red spot disease; and the release of metals from contaminated sediments
(EPA 2003). ASS can also kill or restrict plant growth. A less well-known and more restricted form
of ASS occurs in inland environments and is linked to irrigation or land clearing and rising
watertables (Fitzpatrick 1993).
An emerging issue related to ASS in both coastal and inland areas is the presence of monosulfidic
black oozes. These highly reactive sediments are often found in the bottom of drains in ASS
landscapes and can cause rapid and complete deoxygenation of waters when mobilised (Sullivan
et al. 2002a). Monosulfidic black oozes have also been discovered in inland drainage systems
associated with saline areas, which may have serious implications for inland waters and aquatic
ecosystems (Sullivan et al. 2002b).
The process of ASS formation is illustrated in Figure 102. The effects of changes in pH are related
to wetland ecosystem condition in Figure 103 and Figure 104. Potential indicators are illustrated in
Figure 105.
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Figure 102: The ASS formation process
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Figure 103: Effects of pH on general wetland ecosystem processes
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Figure 104: Conceptual diagram for pH
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Figure 105: Indicators used to assess ecosystem pressure and condition in relation to pH
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Stressor sub-model 5: Pest species

Pest species are defined as invasive organisms that are detrimental to an ecosystem. They are
usually exotic to the system, though in some situations local species may also become pests. Pest
species enter the system through escape from aquaculture, gardens, agriculture and farms. There
may also be deliberate disposal of organisms, such as aquarium species, into the habitat. The
accessibility of a wetland may also make it more vulnerable to invasive species. Pest species can
have significant effects on an ecosystem, resulting in a loss of native species, alterations to
habitats and reductions in biodiversity.
Introduced flora and fauna species can give an indication of disturbance in a wetlands system. Key
aquatic weed species in NSW wetlands include Lippia (Phyla canescens), Salvinia (Salvinia
molesta) and water hyacinth (Eichhornia spp.). Introduced fauna includes European carp (Cyprinus
carpio), mosquito fish (Gambusia holbrooki), cane toads (Bufo marinus), foxes (Vulpes vulpes),
pigs (Sus scrofa), goats (Capra hircus), rabbits (Oryctolagus cuniculus) and horses (Equus ferus).
Introduced plants can change wetland structure and function as introduced plants may have poorer
habitat value for native fauna, cause an increase in sedimentation and create monocultures, which
reduce the overall biodiversity of a wetland. Introduced plants can reflect the degree of degradation
or restorability of a wetland.
There are eleven introduced fish species occurring in NSW waterways. In many cases introduced
fish prey on young native fish, reducing the population of native fish, and making it easier for the
introduced fish to dominate. Species such as carp and mosquito fish are able to breed in a variety
of conditions year round, unlike native fish (Lloyd & Alexander 2003).
Introduced predators such as foxes and feral cats can decimate prey populations, and are believed
to have caused the extinction of many native species with many other native animals facing
extinction if the impacts of introduced predators are not controlled. Introduced herbivores can
cause extensive damage to native vegetation and soils through grazing, trampling and digging.
They may also provide food for other pests, for example, rabbits can support high densities of feral
foxes, which in turn suppress native prey.
The effects of pest species on wetland ecosystems are illustrated in Figure 106 ad Figure 107.
Potential indicators are illustrated in Figure 108.
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Figure 106: Effects of pest species on general wetland ecosystem processes
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Figure 107: Conceptual diagram for pest species
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Figure 108: Indicators used to assess ecosystem pressure and condition in relation to pest species
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Dry-phase model and indicators
Wetlands are dynamic ecosystems that experience wetting and drying cycles over different
temporal scales (Figure 109). A wetland can have very different characteristics when dry,
particularly if the period between inundation periods is of long duration. It is therefore reasonable to
assume that the traditional indicators needed to measure ecosystem health will be quite different in
a dry wetland than in a wet wetland.
For example, in a wet-phase indicators may include fish, aquatic vegetation and water quality. The
absence of these parameters during a dry-phase would not necessarily mean that the ecosystem
is in poor health.
While it is preferable and easier to assess condition of wetland ecosystems in their wet phase,
there may be opportunities to monitor indicators of condition of dry wetlands, which reflect the
potential of the ecosystem to support healthy wetland habitat when inundation occurs. For
example, diversity of biotic propagules (the resting stages of animals and plants) in dry wetland
soils, has been identified as an indictor of wetland salinity (Skinner et al., 2001).
A broad conceptual model for a ‘dry-phase’ wetland has been developed (Figure 110) and a series
of indicators are suggested in Figure 111.

Figure 109: Old Harbour Lagoon (in Central West CMA) in a dry phase (left) and wet phase (right) (source: Tim
Ralph, OEH).
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Figure 110: Conceptual diagram of the dry-phase of a wetland
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Figure 111: Flowchart of ecosystem processes and indicators that may be used to assess a dry or drying wetland
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Section 3: Methods for collection of data to be used in wetland
condition assessments
About this manual
Lack of recent, systematically collected, quantitative, state-wide datasets for wetland indicators
was identified as a key limitation in the NSW Wetlands MER program. As such, this field manual
aims to provide recommendations about how to measure wetland indicators identified during the
NSW Wetlands MER in a systematic way. This will ensure that new data collected, even if
coverage is not state wide, can be incorporated into future MER assessments.
While the manual largely describes field techniques for wetland assessment, it also describes
methods for GIS and lab-based analysis where required. The methods described in this document
are based on a literature review and expert opinion. The manual does not provide information on
developing site-specific, detailed assessment programs or on the evaluation and interpretation of
the data collected. This manual can be used to guide the development of new protocols for
assessing wetland pressures and condition in any region, or for modifying existing programs (such
as site inspections).

Using this manual
For a wetland, irrespective of the state of inundation, the general assessment section should be
completed. If the wetland to be assessed is inundated at the time of assessment, continue to the
methods for an inundated wetland, or if the wetland is dry, continue to the methods for a dry
wetland. At a minimum the rapid assessment sections, which are designed to take approximately
half an hour of field time, should be completed.
Should extra time and resources be available for more detailed assessment, use the methodology
for detailed assessment at the end of this section. Following this manual will ensure consistency in
data collection methods and allow for the incorporation of regional data into the state-wide
Wetlands MER process.

What wetland type is present?
When assessing a wetland it is crucial to understand what type of wetland it is. There are various
types of wetlands which will have different pressures, or respond differently to these pressures.
This means that the indicators may respond differently in specific wetland types and this
information is needed to interpret the results of monitoring. For example, if a wetland is naturally
acidic, this information will influence how the pH measure is interpreted.
The NSW Wetlands MER program has developed a typology for wetlands based on a number of
attributes (see Section 1). The information provided in the following paragraphs will be needed
when identifying a wetland type.

Wetland system
Whether a wetland system is a lake (lacustrine) or a marsh (palustrine) can greatly affect
ecosystem processes. Wetland systems covered under the wetland MER can be grouped into two
broad categories:
Lacustrine wetlands are large, open, water dominated systems (for example lakes) larger than 8
ha. They have the following features:
 Situated in a topographic depression or on a dammed river channel
 Lacking trees, shrubs, persistent emergents, emergent mosses and lichens covering
greater than 30 per cent of the wetland surface area.
Systems that are less than 8 ha may be included if the water depth in the deepest part of the basin
exceeds 2 m at low water (Cowardin et al. 1979). To be included in the NSW Wetlands MER
program, the systems must be non-tidal, but may be bounded by palustrine wetland systems.
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Palustrine wetlands (marshes, bogs, swamps etc) include all non-tidal wetlands dominated by
trees, shrubs, persistent emergents, emergent mosses or lichens. These wetlands can occur on
river floodplains, in conjunction with lakes and rivers or in depressions on the landscape (Cowardin
et al. 1979).

The source of its water
The water source of a wetland influences the frequency and magnitude of flooding, as well as
physical and biological inputs such as biota, sediment and nutrients. Wetlands may receive water
from:




a river across the floodplain, from a flooded stream, as a terminal basin etc.
from local rainfall and runoff
seepage of groundwater to form a wetland or ‘spring’.

There may be a combination of water sources into a wetland; however, the dominant water source
can usually be identified. Water source will also affect the types and magnitude of the effects of
pressures on the wetland.

The pattern of flooding and drying
Whether a wetland is permanent, semi-permanent, ephemeral, intermittent or temporary can affect
ecosystem processes as well as the biota that inhabit the wetland. The important factors are:



how often the wetland fills/floods
how long it takes the wetland to dry out after flooding.

What type of water is it?
Although the state-wide NSW Wetlands MER theme is not responsible for tidally influenced or
estuarine wetlands, there are non-tidal wetlands that may be saline or have fluctuating salinity. It is
important to know this as it may greatly change ecosystem dynamics and the biota that inhabit the
wetland. Salinity can be described as one of two broad categories:



Fresh < 3 ppt
Saline >3 ppt.

Although some wetlands are naturally saline, some are increasing in salinity due to broad scale
land degradation. Understanding the temporal variation in salinity may also help monitor the effects
of salinisation.
Conceptual models for each wetland type can be found in Section 2.

Monitoring frequency
The frequency of monitoring will depend on the aim and purpose of the individual monitoring
program. Baldwin et al. (2005) provide some background to how often monitoring should be carried
out for different indicators.
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Wetland, fringing zone and hydrological catchment
These field methods do not describe in detail the methods for delineating wetland extent, fringing
zone and hydrological catchment (Figure 112). These methods are discussed in Claus et al. (2011)
and QLD DERM (2011).
For the purposes of these field assessment methods, the wetland boundary is defined by the most
frequently wetted area (considering the wetland type’s frequency of inundation) and the extent of
wetland dependent ecosystems (such as wetland dependent plant communities). The fringing zone
area has been defined for the NSW Wetlands MER program as the area within 200 m of the
wetland boundary. In very large wetland systems (greater than 2000 ha in area) a fringing of 400 m
can be used.

Figure 112: Different scales of analysis: hydrological catchment (left), wetland fringing zone (right) and wetland
site (bottom)
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Wet and dry phases of a wetland
A wetland during a dry phase will have very different characteristics and processes than an
inundated wetland. Most wetlands go through flooding and drying cycles, with some being
inundated once every few years (see Figure 113). Dry wetlands may provide important habitats for
terrestrial species that are uncommon or absent in surrounding communities (Briggs et al. 2000).
Wet and dry periods may be equally important for maintaining ecosystem integrity in ephemeral
wetlands, as flooding and drying cycles drive both aquatic and terrestrial successional processes
and facilitate both biotic and abiotic exchange between the elements of floodplain and riverine
environments (Gawne & Scholz 2006). Indicators may therefore differ depending on whether there
is standing water present in the wetland.

Figure 113: Old Harbour Lagoon in Central West CMA when dry (left) and when inundated (right)
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General field monitoring methods
This rapid assessment section is designed to take approximately 20 minutes of field time
(excluding travel time). Each assessment should take place at two sites, a general survey site and
then either a water quality or a soil assessment site (See field sheets).
The equipment listed below will be required and a print outs of the field cards (Figure 119 and
Figure 120) and field sheets.

Equipment required
Digital camera

Thermometer (if required)

Pencil/pen

Ruler

Clipboard

Small containers for holding water

GPS (preferred but not essential)

Deionised/distilled water

Electrical conductivity (EC) meter

Plastic spoon for mixing

pH meter or pH strips

Gumboots

Turbidity meter (if possible)

Site choice
It is important to complete the rapid assessment component of the investigation from the same
vantage point in the wetland each time. For this reason the survey site location should be chosen
carefully on the first field visit. If the wetland to be assessed is part of a large complex, it may be
appropriate to undertake several assessments at areas of different wetland habitat type within the
complex. Choose a site where a good view of the wetland is possible, allowing for potential future
growth of vegetation into the viewing frame. The first section of the rapid assessment should be
completed here.
Choose a site with the wetland in full view.

Site description
Complete page 1 of the field sheet, noting wetland name, property owners, map references etc.
Briefly sketch the site layout, including a North arrow, and as much general information about the
site layout as possible.

Photos
Four to five photos should also be taken from this point, one facing each point of the compass
(N,S,E, and W), and then one giving a general view of the wetland, if it is not already satisfactorily
represented by the compass point photos. Name these photos GeneralA, GeneralB, GeneralC,
GeneralD and GeneralE (if taken).
Note: Each digital photo file should be named with the wetland ID number and the photo name
given in this field guide and on the field sheet, so that they can be readily identified when burned to
CD and posted with the completed data sheets (see instructions for submission at the end of this
guide).
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Rapid field assessment
This section of the Methods Manual describes monitoring protocols and rapid field data collection
methods for a number of indicators. These indicators may be measured in the wetland fringing
zone, in the wetland when water is present, or in a dry wetland.
Field sheet
A field sheet has been designed to accompany this guide, and sections correspond to the
appropriate instructions within this document.
Note: Text boxes indicate ‘action items’ which are required for field assessment (see field
sheets).

Rapid field methods for monitoring both dry and inundated wetlands
Although wetlands are very different when inundated compared to when dry, there are a number of
indicators that should be measured in both wet and dry wetlands.
Hydrology
Spatial distribution of water within a wetland is one of the most fundamental characteristics that
determine what type of wetland is present, what plants and animals live there, and how the wetland
should be managed (Lloyd & Alexander 2003).
Physical modifications to the wetland
The presence of modifications to wetlands and rivers, such as dams, weirs, culverts, roads and
channelisation (Figure 114) can have a major impact on wetland hydrology.

Figure 114: Examples of wetland modifications: damming (top), bridge (bottom left) and levee bank (bottom
right). (source: Rivers and Wetlands Unit, NSW OEH)

Note the presence of any wetland modifications on the field sheet and take a GPS reading of the
locations of the modifications if possible.
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Change in inundation levels (presence of surface water)
Although inundation levels change over time due to natural wetland processes as well as
disturbances, recording inundation levels at repeated assessments can lead to an understanding
of natural inundation and surface water patterns over time.
Note the level of water in the wetland on the field sheet.
Presence of drains flowing into the wetland
Drains into wetlands can change natural flow paths, and may increase the water volume flowing
into the wetland. In addition, some drains may bring pollution, sediments and nutrients into the
wetland. Drains can include agricultural drains, diverted flow paths, stormwater drains from roads
and urban areas, overflows from dams, and overflows from sewage treatment works and septic
tanks.
Record the number and size of drains leading into the wetland and, if possible, record the GPS
coordinates of the drains on the field sheet.
Soil disturbance
Soil erosion
Soil erosion by water and wind are natural processes that can be greatly accelerated by poor land
management practices. Many of Australia’s soils are particularly susceptible to erosion if their
protective groundcover is removed. In NSW, past soil and water management practices during
urban development, forestry, agriculture and mining, as well as other disturbances of the soil, have
greatly accelerated natural rates of soil erosion by reducing vegetation cover, which has increased
runoff and reduced resistance to water and wind erosion (Edwards & Zierholz 2000).
The level of bank erosion present should be noted on the rapid assessment field sheet along with
GPS coordinates of its location, if possible.
Pugging
Pugging is the term used to describe hoofprints of cattle and other stock and feral animals.
Through pugging, livestock cause soil compaction, erosion, lowered water infiltration rates and a
reduction in the water storage capacity of floodplain soils. Pugging may be from livestock such as
cattle or sheep, or native animals such as kangaroos. Hard hoofed species such as cattle are likely
to cause more damage than natives; however where soil is very exposed, extensive pugging even
by natives may have negative effects.
2

Note on the field sheet if pugging is present, and estimate how many pugs there are per m .
NOTE: This may be done by marking out a 1 m x 1 m quadrat (or larger depending on the
distribution of pugs), then counting the number of pugs within.

Figure 115: Pugging of wetland soil by introduced species (source: Rivers and Wetlands Unit, NSW OEH)
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Land-use
Presence of grazing in the wetland
Grazing animals can damage soil structure and vegetation, and can pollute the water. Signs
include pugging (hoof marks), cattle tracks, damage to the vegetation including abrasion of bark
from paperbark trees, and the presence of manure. Cattle have the potential to do major damage
to vegetation, including stripping tree saplings of foliage, and removing foliage from mature trees
up to the level that they can reach.
Note on the field sheet if signs of livestock are present within the wetland. Also note any other
signs of feral or native animals observed during the assessment.
Presence of different land-use types in the wetland and in the fringing zone
Note on the field sheet the types of land-use visible in all directions from the site survey point. If
other types of land-uses are noted upon approach to the wetland, or know of other activities
occurring in areas within the fringing zone that can’t be viewed from the survey point, note these
down on the field sheet as well.
Vegetation
Different vegetation communities will usually be associated with each type of zones around the
wetland, usually determined by patterns of flooding and drying. Wetland vegetation is affected by a
range of factors including flooding and drying regimes, competition with introduced plants, impacts
from introduced animals, grazing and physical damage from stock, water quality changes, and
clearing. Species composition in the wetland will also depend upon seasonality, and whether the
wetland is currently dry or inundated.
Note the different types of plants present in each zone, whether they are native or introduced, the
estimated percentage cover of each plant type, and the dominant species.
Tree health
Salinity, frequency of floodplain inundation, climate, insect infestation, altered water regimes and
recent fire are just a few of the stressors that may impact on the health of long-lived vegetation in a
wetland. The tolerance ranges of some species are known, but even these are only a guide as
different conditions exist in each wetland. Stress responses include leaf discolouration, leaf drop,
and epicormic growth (shown in Figure 116). Red gums in particular may change the colouration of
adult leaves from green to a deep burgundy red before an extensive leaf drop in response to water
stress. In some species such as lignum, it is difficult to assess water stress because of the water
conservation strategies the plant employs. For these species it is especially important to consider
the plant’s water stress tolerances when planning to alter water regimes in a wetland (Tucker
2004).

Figure 116: A burnt Eucalypt showing epicormic growth, the growth of shoots from below the tree’s bark in
response to stress (eg fire or other canopy destruction) (source: Department of Sustainability and Environment,
Victoria)
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Select 10 trees (both living and dead) within the field of view that are representative of tree health
at the wetland. Assess each tree’s health with respect to the tree health ratings and criteria
presented in Table 24.
Note the dominant species of tree. Note whether any signs of recent fire are present.
Table 24: Tree health ratings and descriptions*

Tree health rating

Description

5

Tree with >75% of original canopy present;
Less than 5% epicormic growth;
May include some dead branchlets and leaves.

4

Tree with 50–75% of original canopy present;
Epicormic growth less than 10% of remaining canopy;
Some dead branchlets (<50% of canopy).

3

Tree with 25–49% of original canopy present;
Some epicormic growth (<50% of remaining canopy);
Some small dead branches (<50% of canopy).

2

Tree with < 25% of original canopy present;
Predominantly epicormic growth (>50% of remaining canopy);
Some main branches dead (<50% of canopy).

1

Unhealthy tree with no original canopy;
All epicormic growth;
Most main branches dead (>50% of canopy).

0

Dead tree.

* This table is adapted from Tucker (2004).
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Rapid field methods for assessing an inundated wetland
There are a number of indicators that can only be monitored meaningfully when there is water
present in the wetland. These contain information about the condition of the wetland as a habitat
for wetland plants and animals.
Waterbirds
Waterbirds are at the top of the food chain and therefore are likely to respond to changes in
wetland condition. Long-term trends in bird distribution and abundances may be an indicator of the
wetland condition at a regional scale, while at the site scale the presence of a particular species
may indicate particular environmental conditions (eg salinity levels for salt-intolerant water birds).
For rapid assessment purposes, note on the field sheet which broad groups of birds (see
datasheet eg ‘Swans and Geese’, ‘Ducks’, ‘Grebes’) and approximately how many of each type are
present when the wetland is surveyed. This can be completed from the general survey site.

Water quality
Wetlands go through natural cycles over different periods of flooding and drying. A wetland may
have very clean water at some times, but poorer quality water as the wetland dries out. It is
important to understand what the expected water quality for a wetland type may be, as this varies
with each type.
There are four water quality parameters that are reasonably easy to measure:
 Temperature
 Turbidity
 pH
 Salinity.
It may be possible to measure these parameters together using a water quality meter, or individual
meters for each parameter.
Water quality can be highly variable within and between sites and even within a site, and there are
many factors that can influence it. Ideally water quality monitoring should be done on a regular
basis over a number of sites. Events such as rainfall and storms should be taken into account, as
these will affect the water quality results. There are no Australian standards for water quality in
wetlands, so this data is often difficult to interpret.
Record the GPS coordinates of the site where the water quality measurements are taken.
Temperature
Temperature can affect biological processes within wetlands such as photosynthesis, metabolism,
reproduction, and migration of biota.
Temperature can simply be measured using a thermometer and recording the Degrees Celsius of
the water. Alternatively, some pH meters will record temperature as well. Record the water
temperature on the field sheet.
Turbidity
Turbidity is a measure of water clarity. Turbidity is caused by suspended solid matter, sediment,
algae, plankton etc. present in the water column. While some wetland types are naturally more
turbid than others, a healthy wetland is generally less turbid because:
 the periodic drying binds the soil
 the water often stands still for some time allowing the fine sediment to settle
 the healthy growth of water plants when the wetland is flooded, helps keep the water clear.
The level of turbidity in a wetland affects the growth of wetland plants and animals. When the water
is turbid or muddy, the penetration of sun light is reduced. This starves the submerged plants of the
energy they need for growth and may cause them to die.
High turbidity can also increase the availability of nutrients in the water, as phosphorus is generally
attached to soil particles. This can lead to the excessive growth of algae.
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The instructions below assume the use of a turbidity meter, although turbidity may also be
measured using a turbidity tube, and light penetration in the water column may be measured using
a secchi disk.
The simplest way to measure turbidity is with a turbidity meter, following the operating instructions
accompanying the instrument. First record the GPS coordinates of the sampling site, and don’t
forget to calibrate the instrument prior to sampling.
pH
pH is an indication of the relative acidity or alkalinity of the water and is expressed on a log scale of
0 (acid) to 14 (alkaline), with 7 being neutral. The optimum pH for freshwater is between 6.5 and
8.2 pH units (Lloyd & Alexander 2003). However there are some wetlands which are naturally
acidic or alkaline, which will be identified when the wetland is assigned a type.
The simplest way to measure pH is with a pH meter, following the operating instructions
accompanying the instrument. First record the GPS coordinates of the sampling site, and don’t
forget to calibrate the instrument prior to sampling.
Salinity
Salinity refers to the amount of dissolved salts and minerals in the water. Salinisation of wetlands
can occur due to processes such as land clearing, irrigation and river regulation. As they are at the
lowest point of the landscape, wetlands are particularly vulnerable to rising water tables and
inflows from affected streams.
The salinisation of freshwater wetlands can cause major problems for flora and fauna adapted to
freshwater conditions, and salinity will kill many plants within and surrounding the wetland. Whilst
wetlands can tolerate a range of salinity levels, some life stages of certain animals such as
freshwater fish and frogs are very sensitive to salt and may be negatively affected at salinities as
low as 500µS/cm (MWWG 2003).
The simplest way to measure salinity is with a conductivity meter, following the operating
instructions accompanying the instrument. First record the GPS coordinates of the sampling site (if
different to the location where turbidity and pH are measured), and don’t forget to calibrate the
instrument prior to sampling.
How to convert salinity readings into EC units (µS/cm)
To convert readings that are in millisiemens per centimetre (mS/cm) the reading is multiplied by
1000. For example, a reading of 0.20mS/cm would be 200EC or µS/cm.
To convert readings which are an estimate of the total dissolved solids (TDS) in the solution (in
parts per million, ppm or mg/L) into microsiemens per centimetre (µS/cm), the reading should be
divided by 0.56. For example, a TDS value of 392 ppm would be divided by 0.56 to get 700 EC
units or µS/cm.

Rapid field methods for assessing a wetland during the dry phase (dry
wetland)
Parameters such as water quality and aquatic biota will not tell us how healthy a dry wetland is, as
they are characteristic of a wetland during the wet phase. The following measures may be
indicative of the health of a wetland.
This section of the field assessment should be completed if the wetland being assessed is dry, or
has low or only residual water levels exposing significant areas of the wetland bed.
Soil surface
In a dry wetland, the condition of the soil surface (within the area that is usually submerged when
the wetland is inundated) can give valuable information about the health of the wetland, and the
overall dryness of the soil.
Surface cracks and physical, biotic or salt crusts
A physical crust is a thin layer at the surface of the soil with reduced porosity and increased density
(Figure 4). Physical crusts generally indicate that the amount of organic matter in the soil has
decreased, and/or that erosion has occurred. They effectively seal the soil surface, reducing
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infiltration rates and increasing runoff. Physical crusts support very little biological activity as they
contain very low organic matter content, and can reduce seedling germination by creating a dense
seal across the soil surface.
A biological crust is a living community of lichens, cyanobacteria, algae, and mosses growing on
the soil surface, binding it together and protecting it against erosion (Figure 117). Biological crusts
increase water filtration as they increase surface roughness, and they may increase the amount of
nitrogen and other nutrients available in the soil.
Salt crusts are formed by the crystallisation of salts left behind as wetlands dry out. They are
visible as white crusts on the dry soil surface. It should be noted that not all wetland types will have
a biological crust.

Figure 117: Physical (left) and biological (right) soil crusts (source: United States Department of Agriculture)

The presence or absence of surface soil cracks, physical or biotic crusts, and salt crusts should be
indicated on the field sheet, and any notes about the extent or estimated percentage cover written
in the comments section. Take photos of crusts if present. Include a 30 cm ruler in the photograph
for scale. These photos should be named with the wetland ID number and then SoilSurfaceA,
SoilSurfaceB etc. For example, 1234SoilSurfaceA.
Soil characteristics
Soil pH and soil salinity
At a chosen Site 1, dig a hole with a shovel or spade down to a maximum depth of 40 cm. Leave
the removed soil sod on the shovel or spade and measure soil pH using pH indicator strips or pH
meter. The pH should be measured according to the paragraphs below at three different depths
within each sod; Top layer: top 5cm; Middle layer: 5–30 cm; Bottom layer: below 30 cm. Record
the pH in the Field Recording Sheet.
When using the pH indicator strips to measure soil pH, first try the indicator strip for the pH range
of 4.0–7.0. If this returns a colour for pH 4.0, a second pH indicator strip with a range of pH 2.5–4.5
should be used to confirm the exact soil pH. If the indicator strip returns a colour for pH 7.0, the soil
pH should be recorded as ≥7.0.
When using pH indicator strips to measure pH and the soil is dry, lightly spray the soil with
distilled/deionised or rain water and then gently place the coloured side of a pH strip against the
moist sod. Match the colour of strip to the colour and associated pH on the box. When using pH
indicator strips and the soil is moist or wet, gently place the coloured side of the strip on the moist
soil and record pH.
If using a pH meter, ensure the pH meter has been calibrated that day and use a spoon to place
soil sample from the sod into a jar with distilled/deionised or rain water using the approximate ratio
1:1 soil:water (by volume). Stir using spoon then measure pH.
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Measure soil EC using the EC meter. One EC measurement taken from the top 5 cm is required
from each sampling site. Use a spoon to place soil sample from the sod into a jar with distilled or
deionised water using the ratio 1:5 soil:water. Stir using spoon then measure.
Record the MER field sheets the soil pH and EC readings from the top 0–5cm of soil.
Soil moisture
Pick up some soil from the bed of the dry wetland, and manipulate it between forefinger and
thumb. Note whether it appears wet, somewhat moist, or completely dry.
ASS
ASS were formed by sulfur-using bacteria several thousand years ago when the sea levels were
about 1 metre higher than present levels. Disturbance of ASS, such as digging drains, can cause
these soils to oxidise and produce sulfuric acid. Active ASS can cause serious degradation of
water quality, and kill vegetation
Visual examination alone can often indicate if sulfidic sediments pose a substantial risk. Highly
affected wetlands often have oxidised iron deposits (rust) covering the sediments and any
submerged surfaces such as snags (Figure 118).
If signs of ASS are readily visible, note this in the space provided on the field sheet.

Figure 118: A wetland in the Lower Murray Darling containing ASS (source: Australian Government Caring for
Country, www.nrm.gov.au)
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Figure 119: Field card for Wetlands MER rapid assessment for a wetland containing water
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Figure 120: Field card for Wetlands MER rapid assessment for a dry wetland
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Detailed field methods
This section of the Methods Manual describes monitoring protocols and detailed field data
collection methods for indicators relevant to NSW wetland condition assessment. These indicators
may be measured in the wetland fringing zone, in the wetland when water is present, or in a dry
wetland.

Detailed field methods for monitoring both dry and inundated wetlands
Historical records research
Researching the history of a wetland will provide a valuable longer-term picture of its natural
cycles, floral and faunal species compositions, and provide context for its current state. Changes in
flooding and drying cycles over the longer term, changes in floral and faunal communities, and
changes in wetland extant, are all aspects of wetland health that will not be picked up in rapid
assessment, and can only be appreciated from a longer-term perspective.
Interviewing local landholders, researching weather patterns and any other available records of the
wetland’s past attributes will all provide valuable information.
Wetland fringing zone
Monitoring the fringing zone requires substantially more effort and resources than are feasible in a
rapid assessment. Therefore, methods for detailed assessment of the wetland fringing zone are
outlined below.
Land-use
The land-use in the fringing zone can have an impact on the wetland dependent areas. Land-use
falls into five broad categories:


Agricultural
Piggery, dairy, poultry, intensive animal feedlot, grazing, abattoirs, aquaculture, orchards,
market gardens, flower gardens, plant nursery, crop production, hydroponics, irrigation,
perennial pasture, annual pasture



Recreational
Golf course, picnic grounds, playing field, caravan park, horse riding, camp sites, carpark,
walking trails



Urban
Houses, commercial site, industrial site, roads, ford, railway, bridge, fences, garden and
lawns (and clippings), rubbish dumping, building and construction



Utilities
Airport, sewage treatment plant, water supply catchment, hospital, school, landfill, electricity
line corridor, telephone line corridor, sewer pipeline corridor, sever overflow valve



Other
Signs of past fire, dead trees present, natural bushland, plantation forestry, logging,
clearing, firebreak clearing, bush regeneration, weed control.

Observations should be made for at least four points around the wetland fringing zone (Figure
121). Choose sites that are easily accessible, relatively flat (if possible), provide an open view of
the area and provide a representation of the land use(s) in the fringing zone of the wetland. Set up
the photopoint so that taking the photograph from the edge of the wetland dependent zone towards
the fringing zone (Figure 121). Along with the photopoint, fill in the land-use page of the field
sheets.
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Figure 121: Wetland fringing zone land-use methodology

Evidence of recent fire
When at the chosen location for land-use photopoints (as above), record on the Detailed Field
Sheet any evidence of fire at these locations.
Vegetation in the fringing zone
The same photopoints used for land-use and fire may be used for vegetation in the fringing zone.
Using this method will be able to see the changes in fringing zone vegetation over time. It will also
be necessary to use transects, to assess the type of vegetation present. This will enable
identification of weed species within the fringing zone. To monitor vegetation in the fringing zone of
the wetland, three transects should be established at every wetland. Site transects should extend
laterally from the edge of the inundated area, toward the fringing zone of the wetland (Figure 122).
This methodology is largely drawn from the methodology that was developed for the Murray–
Darling Basin Commission Sustainable Rivers Audit (SRA) Vegetation Theme. The field protocols
have been taken from the summary provided by Dowling & Neldner (2007).
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Figure 122: Layout of site transects for measuring fringing zone vegetation of a wetland (modified from Dowling
& Neldner 2007)

Setting up the transect
The start of the transect should be located at the edge of the wetland. Photographs should be
taken facing along the transect towards the edge of the fringing zone. GPS coordinates should be
recorded for the start position of the transect on the field sheet.
The NSW Wetlands MER assessment uses a uniform fringing zone width of 200 m and 400 m for
wetlands greater than 2000 ha in area. For floodplain wetlands, a variable fringing zone may be
calculated according to the width of floodplain vegetation. The total width of the floodplain needs to
be measured or estimated before deciding on the location of the base plots. One of the plots will
always be located at the edge of the wetland, with the other base plots located at progressively
greater distances from the wetland (Table 25).
Base plots (30 x 30 m) are used to sample at intervals along the transect for vegetation. A
maximum of three base plots should be sampled. Depending on the width of the floodplain and/or
fringing zone the number of base plots will differ (Figure 123).
Table 25: Deployment of base plots along site transects at sites with different floodplain widths

Floodplain/
fringing
zone width

Total no. of Location of base plots along
plots
transect
1st
2nd
3rd

> 130 m

3

0%

30%

70 %

70–130 m

2

0%

70%

-

<70 m

1

0%

-

-
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Figure 123: Deployment of base plots to measure fringing vegetation along site transects for sites with different
floodplain widths (modified from Dowling & Neldner 2007)

Within each base plot photographs should be taken at the corner of the plot sitting nearest to the
wetland (Figure 124) looking diagonally across the plot to the opposite corner. Take a photograph
of the canopy directly overhead (even if there is no canopy – this should show changes in canopy
growth). Determine the dominant strata in the canopy (if any). Record the name, growth form (if
possible) and stem density of the dominant taxa. Take voucher specimens of any newly
encountered taxa (if appropriate permits are held) and record any evidence of disturbance in the
base plot.
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Figure 124: Position of base plot GPS reading locations (Y) and photopoints (modified from Dowling & Neldner
2007)

Within each base plot, different size quadrats should be used to assess the presence and
abundance of the vegetation in two strata (<0.5 m high and 0.5–2 m high). Quadrat size is
determined from the height of the stratum being assessed and the abundance measurement
method being used (Table 26).
Table 26: Summary of sampling methods, quadrat sizes, and abundance measurement techniques applicable for
different plants growth forms and height classes

Growth form

Sampling method
Stratum
(max canopy
height)

Abundance measure

Dominant tree species

>5m

Base plot

Stem density

Dominant tree species

2–5 m

Base plot

Stem density

Shrub

0.5–2 m

5 m x 5 m quadrat

Canopy projective cover

Shrub

<0.5 m

1 m x 1 m quadrat

Canopy projective cover

Herb

2–5 m

5 m x 5 m quadrat

Canopy projective cover

Herb

0.5–2 m

5 m x 5 m quadrat

Canopy projective cover

Herb

< 0.5 m

1 m x 1 m quadrat

Canopy projective cover

Climber/scrambler

0.5–2 m

5 m x 5 m quadrat

Canopy projective cover

Climber/scrambler

< 0.5 m

1 m x 1 m quadrat

Canopy projective cover

Aquatic forms

All

Belt transect (see inundated
wetlands methods)

Canopy projective cover

Monitoring within the quadrats
Within each base plot, four replicates of each quadrat size should be sampled, one in each corner
of the base plot (Figure 125). For each quadrat location (1–4 in Figure 125), sample the lowest
stratum (< 0.5 m high) in 1 m x 1 m quadrats first. Record the canopy projective cover of shrubs,
herbs and climbers/scramblers (< 0.5 m high) in the quadrat using the field sheet provided in
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Appendix 5. After the 1 m x 1 m quadrats are complete, use the 5 m x 5 m quadrat to assess
stratum 0.5–2m in height (if there is any). Once again record the canopy projective cover on the
field sheet. Do this in all four quadrats within the base plot.

Figure 125: Diagram showing the positioning of quadrats within base plots (modified from Dowling & Neldner
2007)

Step-by-step summary of transect and base plot methods
Base plots
1. Determine length of site transect and number of base plots needed. Set up required
number of 30 m x 30 m base plots along the transect (Figure 123)
2. At the first base plot record the GPS coordinates of point Y (Figure 124)
3. Take the relevant photographs and record details
4. Determine the dominant 4–6 taxa in the 2–5 m and > 5 m strata. Record field name, growth
stage and stem count for each dominant taxa
5. Collect voucher specimens of any newly encountered species
6. Record evidence of disturbance to the plot.
Quadrats
1. Position the first 1 m x 1 m quadrat to sample the lowest stratum (<0.5 m)
2. Within the quadrat record the abundance and percentage cover of all taxa present
3. Expand the quadrat to 5 m x 5 m to assess the 0.5–2 m stratum (if present). Record the
abundance and percentage cover of all taxa present
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4. Move on to the next quadrat location and repeat sampling until all replicates have been
completed.

Detailed field methods for monitoring an inundated wetland
There are a number of indicators that can only be monitored meaningfully when there is water
present in the wetland. These can tell a lot about the condition of the wetland as a habitat for
wetland plants and animals.
Water level
Water level can influence the types of vegetation which will grow in a wetland and also determines
suitability of habitat for some colonial nesting birds. Water level can be monitored by installing a
simple gauge post in the wetland (Lloyd & Alexander 2003). This can be a wooden or steel post
with marks painted on it every 0.1m above the bed of the wetland (Figure 126). This post should
ideally stay in the same position so that measurements can be compared over time. When
completing the rapid assessment, the water depth should be recorded according to the gauge post.
In a larger wetland it may be necessary to have more than one gauge. If the wetland is a lake, it is
advisable to have gauges at the shore level and also deeper in the water; however, these will be
more difficult to see so marks need to be big and clear. If there is no water present in the wetland
the depth should be recorded as ‘0 m’ on the field sheet.

Figure 126: Measuring water depth using a gauge post (modified from Lloyd & Alexander 2003)

Waterbirds
Bird surveys should be conducted once a month, or once every season (four times a year) at
minimum. This will ensure bird breeding events are captured, as well as changes in breeding
season. Lloyd & Alexander (2003) recommend grouping birds rather than trying to identify
individual species. It may be easier to count by 10s, 50s, 100s (eg 50 grebes, 10 ducks etc) or
even larger groups.
If the wetland is too large to count birds from the same locations, bird counts may need to be
conducted from several different locations. In this case, disturbance to the birds should be
minimised by counting from a distance utilising binoculars and/or a spotting scope as required.
Wetland vegetation
Vegetation in this context includes floating, submerged and emergent macrophytes growing within
the water body and along its edges, and plants within the floodplain.
The following monitoring protocols are largely drawn from the methodology that was developed for
the Murray–Darling Basin Commission SRA Vegetation Theme. The field protocols have been
taken from the summary provided by Dowling & Neldner (2007).
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Belt transects
Belt transects are used to assess all wetland vegetation in the wetland. A 1 m-wide belt transect
will run from each site transect into the inundated area of the wetland (Figure 127). Each belt
transect will run from the edge of the inundated area in the direction of the centre of the wetland.

Figure 127: Layout of belt transects to monitor wetland vegetation in the inundated area

Where the length of the belt transect is <5 m, the entire length of the transect will be sampled as a
true belt, assessing the vegetation within a 1 m x 1 m quadrat which is then flipped over and over
to progressively create the 1 m-wide belt up to 5 m in length (Figure 128). When the length of a
2
transect is > 5 m the belt will become a series of five x 1 m quadrats evenly spaced along the total
transect length (Figure 128).
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Figure 128: Layout of belt transects to measure wetland vegetation (modified from Dowling & Neldner 2007)

If the length of the transect is greater than 5 m, divide the total length by five and subtract one to
determine the distance between each quadrat. Start at the deepest point (accessible by wading) as
determined above. Lay the quadrat on the surface of the water or on the sediment. Record
percentage cover, average height, growth form and status (live or dead).
Summary of methods for belt transects
1. Determine belt transect layout (Figure 128)
2. Commence assessment at deepest wadable point and work towards the top of the bank
position (wetland edge) laying the quadrat on water surface or sediment
3. For each transect belt record percentage cover of each taxon present (not live and dead
separately) in all strata. Record field name, growth stage, status (live/dead) and height
4. Either flip the quadrat over end-to-end to the next point or move the quadrat along the belt
to the next distance determined from calculations
5. Repeat for each quadrat to be sampled in the belt.
Macroinvertebrates
Insects, crustaceans, worms and other small animals without a backbone that live in and around
wetlands are collectively called macroinvertebrates. They may have hard external shells like
beetles and yabbies, or they may be soft like worms and leeches.
Sweep net method
Sweep nets are inexpensive, easy to use and clean, and can collect macroinvertebrates within the
water column and vegetation. Sweep net samples should be collected in a consistent manner over
10 m distances. The net should be moved in sequential short movements in a 1 metre-wide path,
alternatively lifting the net above the substratum and up to the surface and then dropping it
vertically back down to the substratum.
Each sweep sample should then be washed into a separate, labelled container for sorting and
identification. Samples can be taken at different parts of the wetland, and at different times of the
year.
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Abundance of fish
Fish are an important part of many wetland systems and possess physiological or behavioural
adaptations, allowing them to persist in a wetland habitat or move to a more favourable location.
Not every wetland will have fish in it and the depth, timing of flooding and connectivity to rivers will
all affect fish populations.
Lloyd & Alexander (2003) recommend using dip-netting to sample fish in a simple way. The net
should be dipped in several areas of the wetland (including vegetated areas) and any fish caught
should be placed in a bucket for identification. This will allow estimation of the number of species of
fish in the wetland and the ratio of native to introduced fish species.
Mass mortality events
The frequency and magnitude of kills are relatively good indicators of biological condition and are
generally believed to reflect the integrity of a wetland system. Although it is difficult to target
monitoring towards a mass mortality event (as they are generally unpredictable), the frequency and
magnitude of fish kills can be used in state-wide wetland condition assessments. Relevant data to
be collected in the event of a fish kill are outlined in the Fish Kill notification and investigation report
(NSW DII, 2011).
Algae
Chlorophyll a is the green photosynthetic pigment found in all plants including phytoplanktonic
algae. Concentrations of chlorophyll a are a useful indicator of algal biomass in the water column.
All algae contain chlorophyll a and changes to the concentrations of chlorophyll a imply increased
biomass, which has been shown to respond to increases in nutrients.
Chlorophyll a concentrations (expressed as micrograms per litre – µg/L) are determined through
direct (water sample) measurement methods.
Equipment required
 Sampling cylinder (graduated 500 mL high density polyethylene plastic cylinder)
 Sample filtration system (glass Buchner vacuum flask [millipore side arm flask] connected
to a hand operated Nalgene vacuum pump. A 50 mm diameter millipore filtering manifold
funnel is used to hold the sample water while filtering)
 Chlorophyll/filter sample holding tubes (labelled high density polyethylene 15 mL screw top
tubes graduated with 5 and 10 mL levels marked. Magnesium Carbonate (0.01g) is added
to each of these tubes before collecting samples)
 Filters (47 mm diameter 1.2 μm glass fibre/course ‘filter paper’)
 Aluminium foil
 Ice box (esky filled with crushed ice to keep samples chilled until they can be frozen).
Site procedures
1. Rinse the filter funnel by immersing under water surface. Remove from water and invert
funnel to eliminate excess
2. Place a filter paper with the grid side down on the support screen of the filtering apparatus
and screw the funnel to the screen
3. Clear any floating matter or surface scum using the underside of the sample cylinder
4. Invert the cylinder and place it under the water surface to approximately 20 cm depth.
Correct the cylinder and fill with water
5. Vigorously swirl the water around the cylinder and discard. Repeat three times and retain
the final sample for filtering
6. Quickly discard unwanted water from the top of the cylinder to the first graduated mark
7. Pour a quantity of water into the filter funnel, being careful not to spill any sample
8. Pump the hand vacuum pump to start suction. Do not allow the vacuum to exceed 40 kPa
9. Maintain vacuum until the volume of water being drawn through has decreased to a dribble.
This will be evident with increased vacuum pressure yielding constant and then decreasing
flow as the filter paper becomes blocked. The volume of sample collected and filtered is not
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critical as long as a filter containing solid material is obtained for laboratory analysis;
however, the exact volume of water filtered needs to be recorded for the laboratory to
calculate concentrations. The liquid after filtering can be discarded
10. When an appropriate amount of water is passed through, remove the funnel from the filter
apparatus
11. Record the time sampled and the amount of volume filtered
12. Gently fold the filter paper in half over itself and remove it from the support screen ensuring
fingers do not come in contact with the direct sampling area
13. Gently place the filter paper on a piece of blotting paper to remove excess water
14. Fold the filter paper again to reduce its size and place the filter paper in the relevant
labelled 15 mL holding tube containing Magnesium Carbonate (0.01 g) and replace the lid
tightly
15. Cover the tube completely with aluminium foil to block out light from the sample
16. Place the tube in a clip-sealed plastic bag, and cover with crushed ice in the ice box
17. Samples should be frozen as soon as possible – they can be kept frozen for up to one
month before being analysed
18. Samples should be transported on ice to a laboratory for analysis.
It is important that the chlorophyll sample collected is not directly touched with fingers and that all
sample handling equipment is kept free of contaminants, particularly acids, as this may result in
chlorophyll degradation. The amount of chlorophyll-a collected on the filter paper is determined
from laboratory analysis using a spectrophotometer and the original sample concentration (µg/L) of
chlorophyll a then calculated.
Nutrients
A water sample should be collected using a clean 1 L sample bottle, utilising a sampling pole for
some sites. Contamination of samples is one of the most significant sources of error in nutrients
studies.
Water samples are then sub-sampled into three aliquots at time of collection for analysis. An
unfiltered 30 mL sub-sample is transferred into a labelled 30 mL vial for TN and TP analysis. Two
sub-samples are filtered using 60 mL syringes and filtered through 0.45 m filters into labelled 30
mL vials. The sub-samples are for oxides of nitrogen (NOx), ammonia and free reactive
phosphorus (FRP); dissolved nutrients as total dissolved nitrogen (TDN) and total dissolved
phosphorus (TDP); and silica (Wruck & Ferris 1997). Samples then placed into a cool esky and
frozen as soon as possible.
Water samples collected frozen until analysed for nutrient concentrations. Nutrient concentrations
determined by flow injection analysis, ammonium by the automated phenate method, phosphate by
the automated ascorbic acid reduction method and NOx (nitrite and nitrate) by the automated
cadmium reduction. Total dissolved nitrogen (TDN) was measured as NO3- following autoclave
persulphate digestion and dissolved organic nitrogen (DON) was calculated by difference between
TDN and dissolved inorganic nitrogen (DIN) (NH4+ + NO3- + NO2-). Total dissolved phosphorus
(TDP) was analysed by the automated ascorbic acid reduction method using a filtered (0.45 µm)
sample subjected to autoclave persulphate digestion (Wruck & Ferris 1997).
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Detailed field methods for monitoring a dry wetland
Parameters such as water quality and aquatic biota will not tell how healthy a dry wetland is, as
they are characteristic of a ‘wet’ wetland. The following measures will indicate the health of a dry
wetland.
Seed and egg banks
Wetlands that flood and dry rely on seed propagules and invertebrate eggs/larvae for regeneration
when flooding occurs. Brock et al. (1997) tested methods for measuring seed banks in wetlands.
They suggest using a corer of 0.05 m diameter.
Collect a number of cores of soil (to a depth of about 2.5 cm) from different places within the area
chosen, using the PVC pipe. Collect five to eight cores for each container to be germinated. The
more containers germinated from each area, the more reliable the results will be.
Step 1. Measure the diameter of the corer so that the area sampled can be calculated. In this way
the number of germinating seeds per square metre can be calculated.
Step 2. Place the collected cores of soil into a tray the right way up (that is with the top surface
facing upwards).
Step 3. Leave the samples to dry in the sun for 10 days before adding water. Place the trays in a
sheltered place with plenty of light where they won’t be disturbed or knocked over.
To germinate aquatic species, fill half the trays from each site with water. For the species which
prefer dryer conditions, keep the rest of the trays damp. (Record the number of individuals and
number of species of plants germinating from the seed bank at set intervals of time eg the same
day each week).
Step 4. It may be difficult to identify the species of seedlings at this stage. However, it will be
possible to distinguish aquatic from land plants. Photograph the seedlings at this stage as a record
of what they look like when small. Use pins with coloured heads to mark particular plants which will
help to follow individuals as they grow.
Weeds: If there is a weed problem in the wetland or fringing zone, some weed seeds should be
collected and germinated at the same time, to distinguish between young weed native plants.
Step 5. The identification of species (or genera) identified can be recorded, once the seedlings
have reached an age which permits identification.
To find the area of the corer:
For a rectangular corer, multiply length by width; for a circular corer, measure the radius (r) (half
the diameter) and multiply πr2 (π is 3.14).
Example:
A 5 cm diameter (2.5 cm radius) jar; eight cores per container; average number of seeds
germinating per container = 64
Area of corer = 3.14x 2.5x 2.5= 19.6 cm2
Total soil area = 19.6 x 8 = 157 cm2
So 64 seeds germinated from 157 cm2 of soil.
A square metre is 10,000 cm2, so the number of seeds per sq metre =10,000/l57x64=4,076
ie The wetland has the potential to produce at least 4076 plants per m2.
Groundwater levels
The level of groundwater available to a wetland may influence how dry it becomes, and may also
affect the salinity of a wetland. Groundwater levels are measured using observation wells
(monitoring bores), which provide a direct measurement of the actual depth to the water table. It is
important to note that in some areas a permit may be required to install observation wells.
Groundwater observation wells are generally drilled using rotary auger or rotary airblast rigs, and
are lined with 40–50 mm diameter, class 9, PVC pipe (WA Department of Agriculture 2002). The
PVC pipe is slotted along its lower length while the upper 1 to 2 metres just below the soil surface
has solid pipe to prevent sub-surface water entering it (Figure 129). Fine blue metal or sand is
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poured down the outside of the pipe to fill the space between the soil and the slotted section. This
allows water, but not soil, to flow into the bore.
Remaining space around the casing is then filled with soil and a clay cement seal set around the
tube at ground level to prevent surface water seeping down. An end cap with a hole punctured in it
is placed on the bottom of the PVC casing to allow water to drain freely out of the pipe if the bore
goes dry. Another end cap, again with a small hole to allow air to escape, is placed on top of the
monitoring bore. This end cap should contain identification information.
Water levels are measured using a tape measure with an attachment that is designed to make
noise or some other signal when it touches the water surface. The simplest version of the ‘plopper’
can be made from a 15–20 cm copper or stainless steel tube, and a tape measure that is at least
as long as the monitoring bore. The water level in a bore is measured by lowering the plopper until
it hits the water. The tape is then jiggled up and down to find the exact water level.
The reading should be recorded from the ground level which is done by bringing the tape from the
top of the casing to the ground once the water level has been found. By reading the tape measure
at the top of the casing the height of the casing above ground level is automatically taken off the
measurement. The plopper adds some length to the tape measure, so the final step is to add the
length of the plopper attachment. The water levels should then be recorded in metres with the
name of the bore and the date of the measurement. If the water level is below ground it should be
recorded as negative (-) and positive if it is above ground (+). Bores should be monitored at regular
intervals, which will provide information on not only groundwater levels but also trends.

Figure 129: Construction details of a groundwater observation well (source: WA Department of Agriculture 2002)

Soil moisture
The moisture content of the soil determines the availability of water to wetland plants. It can also
determine the impact of increased soil salinity and other stressors on plant health. Baldwin et al.
(2003) recommend using standard gravimetric test by drying in an oven at 105°. Samples should
be taken at a minimum of three locations within the wetland to obtain a representative sample. Soil
samples of at least 25 g should be taken and placed in labelled, zip-lock bags. Sample processing
needs to take place reasonably quickly to reduce evaporation:
1. Mix the samples in the bag to ensure uniform distribution of sample.
2. Weigh a paper plate or crucible before adding any soil. Record this value.
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3. Place approximately 25 g of soil onto the plate and record the weight again.
4. Dry the samples in an oven at 105° for 24 hours.
5. Re-weigh samples.
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