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Abstract

Overbank flooding of rivers is a key process in the maintenance of vegetation types and the species that rely
on the floodplain forests and woodlands of northern Victoria. Yet the flooding requirements of species and
vegetation types are poorly known. Here we present initial estimates of the water requirements for flood-
dependent Ecological Vegetation Classes (EVCs) and rare and threatened flora and fauna species associated
with the floodplain of the Murray River and its tributaries. Some 110 EVCs were found to be at least partly
flood-dependent on the Murray River floodplains. The total current extent of these EVCs in the study area is
224247 ha, of which 162266 ha are on public land. One hundred and twenty-four rare or threatened plant
taxa and 62 threatened vertebrate fauna taxa (excluding fish) were classified as at least partly flood-dependent.
These initial estimates provide important information for land and water managers and researchers alike. (The
Victorian Naturalist 128 (2), 2011, 48-85)
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Introduction

The floodplain forests, woodlands and wetlands
of the Murray River and its tributaries contain
important and unique species of flora and fauna
and extend the geographic range of a number
of species, particularly birds, into the semi-arid
regions of the Riverina and Mallee (e.g. Tzaros
2001). Pulsed flooding is the major factor influ-
encing biota in these river-floodplain systems
(Ballinger and Mac Nally 2006). These over-
bank floods also maintain ecological connec-
tivity along the length of the floodplains, across
the floodplains and between the rivers and the
floodplains, thereby playing a crucial role in the
landscape ecology of the region (Ballinger and
Mac Nally 2006).

However, there has been no comprehensive
inventory of important natural values or flood-
ing requirements to maintain these values
along the Murray River floodplains. This is true
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for both the vegetation types and the species
that rely on them. This information is vital if
informed management of environmental flows
is to be undertaken.

In this paper we present for the first time
initial estimates of the flood requirements for
a comprehensive suite of Ecological Vegeta-
tion Classes and rare and threatened flora and
fauna species within the Murray Valley. The
natural values and their flooding requirements
were identified as part of final recommenda-
tions of the Victorian Environmental Assess-
ment Council’s (VEAC’s) investigation of River
Red Gum Forests in northern Victoria (VEAC
2008). Identification and mapping of these val-
ues allows environmental and water managers
to make more informed decisions about which
flood-dependent natural values receive and
miss out on environmental water (Peake et al.
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2011). This is particularly pertinent consider-
ing the planning by the Murray-Darling Basin
Authority (MDBA) for the development of a
basin-wide plan which incorporates environ-
mental watering (e.g. MDBA 2010), and the
need for adaptive conservation strategies for
freshwater ecosystems in the face of climate
change (Aldous et al. 2011). Our study comple-
ments recent analysis that outlines tolerable fire
intervals for Victorian vegetation types (Cheal
2010). This article serves as a companion paper
to another (Peake et al. 2011) which describes
how this information can be used to display
spatially the values and their flooding require-
ments.!

Methods

Study area

The VEAC River Red Gum Forests investiga-
tion area encompassed some 1220000 ha of
northern Victoria from the South Australian
border east to the wall of the Hume Dam near

Contributions

Wodonga. It included the floodplain ecosystems
along the Murray River and seven of its major
tributaries (the Avoca, Loddon, Campaspe,
Goulburn, Ovens, King and Kiewa Rivers) as
well as grassy ecosystems and wetlands of the
Victorian Riverina - for further details see Fitz-
simons (2006) and VEAC (2006) (Fig. 1). The
present study covered only the floodplains of
the Murray, Goulburn, Ovens and King Rivers
within the VEAC investigation area — a study
area of approximately 507000 ha, collectively
referred to here as the Murray River floodplain
(Fig 1.). Time did not permit coverage of the
Kerang Lakes and floodplains of the Avoca,
Loddon, Campaspe and Kiewa Rivers nor any
part of New South Wales or South Australia.

Identifying flood requirements — Ecological
Vegetation Classes

EVCs are units in a vegetation classification
system that are differentiated through a com-
bination of floristic, life form and ecological
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Fig. 1. Location of VEAC River Red Gum Forests Investigation area and floodplain values mapped in this
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characteristics, and through an inferred fidelity

to particular environmental attributes. They are

the principal units for native vegetation classifi-
cation and mapping for land-use planning and
management in Victoria (e.g. Woodgate et al.

1996; Parkes et al. 2003).

The EVC dataset used in this study is the
publicly accessible geospatial vector layer
maintained by the Victorian Department of
Sustainability and Environment (DSE) (cur-
rent at January 2008). It describes the EVCs
in terms of their structure, composition and
environmental context. For the Murray River
floodplains this has been mapped at a scale of
1:25000. In our assessment, we built on this da-
taset by identifying the flooding requirements
for each flood-dependent EVC, based on the
life-history traits, tolerances and competitive
advantages of the dominant and characteristic
plant taxa. This new information was appended
to existing EVC polygons. As few of the plant
species have been the subject of detailed aut-
oecological studies, estimates of flooding re-
gime variables are based on the expert opinion
of DF and MW, who were closely involved in
the circumscription and mapping of EVCs in
2006, and searches of the available literature.

The process entailed four steps, as follows:

1. Identification of flood-dependent EVCs. EVCs
were classed as flood-dependent if likely
to decline significantly in condition (sensu
Parkes et al. 2003) in the region in the absence
of overbank flows from adjoining rivers (as
opposed to flooding or watering solely from
local rainfall). As such, overbank flooding is
integral to key ecological processes for many
EVCs, or structurally important constituents
of the vegetation such as regeneration, dis-
persal and growth. Ecological dependence
on flooding extends beyond merely meeting
watering requirements of the plants and ani-
mals and includes important geomorphologi-
cal processes such as the deposition of silts,
and the regulation of ground water depth and
chemistry. For details on the ecological char-
acteristics of the main EVCs in the VEAC
investigation area see Appendix 7 of VEAC
(2006).

2. Estimation of the ‘natural flood frequency’ for
flood-dependent EVCs. The natural flood fre-
quency is the average frequency with which
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an EVC is flooded under natural conditions
and is therefore, presumably, the optimal fre-
quency of inundation for that EVC. Sustained
deviation from the natural flood frequency is
assumed to compromise EVC condition. In
the absence of long-term historical informa-
tion for the EVCs, the natural flood frequency
for each flood-dependent EVC was estimated
based on what is known or surmised by our
expert assessors of the flooding requirements
and tolerances of character species and the
physical (including hydrological) conditions
at sites of occurrence, particularly in com-
parison to these parameters for adjoining or
similar EVCs.

3. Estimation of the Ccritical interval’ for flood-

dependent EVCs. The critical interval is the
maximum period that an EVC can endure
without flooding and remain capable of re-
turning to its reference or benchmark condi-
tion (sensu DSE 2008). This applies only to
any single inter-flood period. As with natural
flood frequency, we estimated the critical in-
terval for each flood-dependent EVC based
on what is known or surmised of the flooding
requirements and tolerances of character spe-
cies and the physical (including hydrological)
conditions at sites of occurrence, particularly
in comparison to these parameters for adjoin-
ing or similar EVCs.

4. Estimation of the minimum duration for

each flood-dependent EVC. This is the mini-
mum duration of inundation required to
maintain each EVC in a condition referable
to its reference state; i.e. the length of time
that an EVC is continuously under water for
each inundation event, assuming that these
are occurring at the frequency necessary to
maintain it in a reference state. It is worth
noting that this variable is not solely a func-
tion of the duration of high river flows. For
example, rates of drying or drawdown follow-
ing flood recession vary according to flood-
plain geomorphology and greatly affect the
duration of flooding in some places compared
to others. Again, the minimum duration for
each flood-dependent EVC was estimated (by
DF and MW) based on what is known or sur-
mised of the flooding requirements and tol-
erances of character species and the physical
(including hydrological) conditions at sites

The Victorian Naturalist



of occurrence, particularly in comparison
to these parameters for adjoining or similar
EVCs.

Identifying flood requirements — Rare or
threatened flora
The assessment of flooding requirements for
each flood-dependent rare or threatened plant
taxon was undertaken by DF and MW who
were the botanists that assessed the flooding
requirements of EVCs. The assessments for rare
or threatened taxa followed the same five steps
as the EVC assessments, with minor variations
as follows:

1. Identification of flood-dependent rare and
threatened plant taxa. A list of rare or threat-
ened plant taxa (DSE 2005) recorded in the
study area was generated using DSE’s Flora
Information System (FIS) database of Vic-
torian flora records (current to May 2007).2
Each taxon on this list was then classed as
flood-dependent or not by applying the same
definition of ‘flood-dependent’ that was used
for the identification of flood-dependent
EVCs to what was known of the taxon’s ecol-
ogy and occurrence, including review of rel-
evant literature and FIS data. As with EVCs,
flooding requirements of some species may
relate more to maintenance of suitable habi-
tat conditions than to their tolerance of dry
conditions (e.g. prevention of salinisation of
habitat or reduced competition from species
which are less tolerant of flooding). In some
cases, species may draw on groundwater re-
sources which may become depleted or saline
with a long-term absence of flooding in adja-
cent areas.

2. Estimation of the natural flood frequency,
critical interval and minimum duration. For
most plant taxa there is little specific informa-
tion available on flood requirements. Thus for
each of these three parameters the estimated
natural flood frequency, critical interval and
minimum duration of the principal EVCs at
sites where the threatened taxon had been re-
corded were adopted as the estimated values
of these parameters for the taxon. We over-
laid threatened floodplain flora records with
EVCs in a geographic information system. In
most cases there was a high fidelity between
species and one or a small number of EVCs.
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For a relatively small number of these taxa it
was not possible to identify a reliable associa-
tion with any EVC and as a result no estimate
was made of these parameters.

3. Mapping of the current extent of all flood-
dependent rare or threatened plant taxa. The
distribution of each flood-dependent rare or
threatened plant taxon was mapped using
site location records superimposed on EVC
maps. Discrete EVC units (or polygons of re-
lated host EVCs) located at or very near the
flora records were mapped as a surrogate for
taxa distribution. This method required suf-
ficiently detailed mapping and accurate spe-
cies location information. However, in some
cases existing mapping was not adequate to
substantiate an association at such a detailed
level, and a spot location representing the site
record was used in place of an EVC polygon.
The spot location was attributed a radius re-
flecting the level of site accuracy (e.g. +/- 50
m attributed a radius of approximately 50 me-
tres). Where there were multiple host EVCs,
these typically had very similar or identical
flood dependency attributes, while for some
others there was variation across the land-
scape. Some flora species occupy a niche be-
tween EVCs, particularly along strips where
water recession occurs frequently.

To reduce the possibility that sites mapped
as polygons did not actually support the rel-
evant rare or threatened plants, old records
(those made prior to 1980) and imprecise
records (those that could not be reliably lo-
cated to within 150 metres) were not used to
delineate species-occurrence polygons. As a
result, no locations were mapped for some
flood-dependent species, some of which may
no longer occur in the study area. Addition-
ally, the number of records does not neces-
sarily reflect population size or number of
stands. Some records reflect repeated sam-
pling from small or localised populations.

Identifying flood requirements — Threatened
fauna

The assessment of flooding requirements for
threatened fauna followed the same procedure
as that for rare or threatened flora, with the fol-
lowing variations:
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1. Threatened vertebrate fauna records (DSE
2007) from the study area were extracted
from DSE’s Victorian Fauna Database (VFD,
also known as the Atlas of Victorian Wildlife)
current to May 2007 and Birds Australia’s At-
las of Australian Birds data (Birdata, accessed
from www.birdata.com.au in January-May
2008).> Amphibians, reptiles, birds and mam-
mals were considered, but not fishes. Flood-
ing requirements were determined through
discussions with experts (see Acknowledge-
ments, below), and through reviewing rel-
evant literature.

2. For most threatened fauna taxa there are
many more records in the study area than is
typical for rare or threatened plants and their
habitat requirements are usually much better
known. As a result — and because animals are
typically more mobile — the identification
and mapping of habitat for threatened fauna
was often tailored according to characteris-
tics of particular taxa rather than tying the
identification and mapping of habitat closely
to the site of every record. For example, for
several highly mobile duck species that had
been recorded at nearly every wetland in
the study area (often just once at temporary
wetlands), only sites with repeated records
or high counts were identified and mapped.
Similarly for many colonial breeding birds, a
distinction was made between breeding and
non-breeding habitat, with only the former
being identified and mapped for those species
where availability of non-breeding habitat was
not a significant factor in their conservation
status. On the other hand, for some highly
cryptic species with readily identifiable habi-
tat (such as bitterns), habitat patches without
records were identified and mapped on the ba-
sis that the species almost certainly occurs in
these patches on occasions but have not been
recorded due to insufficient survey effort.

3. Reflecting this emphasis on the specific
characteristics of some taxa, there were some
exceptions to the exclusion of old records (those
made prior to 1980) and spatially imprecise
records (those that could not be located reli-
ably to within 150 metres). For example, older
records of colonially nesting waterbirds were
included on the basis that these birds breed in-
frequently and generation times are therefore
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longer. Also, older or imprecise records were
often included when identifying sites with re-
peated records or high counts.

4. The habitats of most fauna taxa were speci-
fied as one or more EVCs, which were then
mapped as the sites for that taxon within its
geographic distribution. The natural flood fre-
quency, critical interval and minimum flood
duration estimates for the EVC(s) were then
assigned to the sites. However for some taxa,
notably colonially nesting waterbirds, more
specific information was available (e.g. previ-
ously known and mapped breeding sites) was
available and used to map site locations and
specify watering requirements.

5. Some threatened fauna have been recorded
in the relatively small areas mapped as Wet-
land Formation (EVC no. 74), Bare Rock/
Ground (993) and Water Body — Natural or
man made (998). Flooding requirements for
threatened species in these areas were esti-
mated based on the flooding requirements
and tolerances of the relevant threatened spe-
cies and the physical (including hydrological)
conditions at the sites.

Results

Some 110 EVCs were found to be at least partly
flood-dependent on the Murray River flood-
plains (Table 1). The total current extent of
these EVCs in the study area is 224247 ha, of
which 162266 ha are on public land. Natural
flooding frequencies ranged from as many as
3-4 flood events every four years for Aquatic
Herbland and a further 20 EVCs through to
one flood event in 20-40 years for Riverine
Chenopod Woodland. Critical intervals to
maintain healthy ecosystems ranged from one
flood event every two years for around 30 EVCs
to one flood every 30-50 years for some Black
Box-dominated EVCs. Minimum durations of
inundation ranged from less than one month
to 6-36 months (Table 1). One hundred and
twenty-four rare or threatened plant taxa were
classified as at least partly flood-dependent of
which 68 were sufficiently well known for their
distributions to be mapped reliably (Table 2).
Of the 62 threatened vertebrate fauna taxa (ex-
cluding fish) found to be flood-dependent (or
use flood-dependent habitats), 51 were suf-
ficiently well known for their distributions to
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be mapped reliably (Table 3). A visual repre-
sentation of the critical intervals for EVCs and
threatened species is presented in Map D* and
Map E° of VEAC (2008).

Discussion and further research

This paper is the first attempt to estimate and
document the flood requirements for a wide
range of natural values in the Victorian flood-
plain forests of the Murray Valley. As the flood-
ing requirements are based largely on expert
opinion and the limited published literature, it
is likely that new knowledge and more in-depth
research into individual species and ecosystems
will refine these requirements. We strongly
encourage further research into this field to
determine the flooding requirements or toler-
ances of indigenous species and communities,
and ultimately optimise the use of scarce and
expensive environmental water.

The present study was restricted to most ter-
restrial vertebrates and vascular plant taxa clas-
sified as rare or threatened at either state or
national levels. The Murray River floodplains
have a diverse range of arboreal, terrestrial and
aquatic macro- and microinvertebrate species
(Ballinger and Yen 2002, Shiel 2002; Suter and
Hawking 2002; Yen et al. 2002), many of which
are reliant (or likely to be reliant) on flooding
events. It is also recognised that floodplains and
flood events are important for fish along the
Murray and its tributaries (Koehn 2002; King
2005; King et al. 2005; Jones and Stuart 2008).
However, King (2005, p. 121) notes that ‘whilst
the existing Barmah-Millewa EWA [Environ-
mental Water Allocation] has been operating
for a number of years, little is known about how
natural and managed flood events influence
fish populations in the Forest’ and that ongoing
research is required.

Ideally, floodplain watering strategies should
be formulated on the requirements of all flood-
plain biota including fish, invertebrates (ter-
restrial and aquatic), non-vascular plants and
regionally significant taxa. Similarly, the list
of ecological characteristics used to identify
the natural values to be maintained, should be
comprehensive and expanded beyond just those
for the main sites of occurrence or breeding for
threatened taxa to include important character-
istics such as the following:
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« sites that are likely to assist the recovery of
threatened taxa, especially taxa that are highly
threatened

« sites of high species richness

« colony sites for colonial breeding species that
are not currently classified as threatened

« sites that may be in poor condition at present
but would recover with watering and be likely
to support significant natural values

o corridors of habitat which are important for
the movement of biota — from flight paths for
the daily movements of Superb Parrots Poly-
telis swainsonii between breeding and feeding
areas to corridors for longer-term movements
such as in response to changing climate over
the course of decades.

Species distributional data being entered into
the Victorian Flora Information System and
Atlas of Victorian Wildlife have declined sig-
nificantly in recent years (Commissioner for
Environmental Sustainability 2008). There is
an urgent need to reinvest in basic ecological
inventory and monitoring to improve our un-
derstanding of both the distribution and occur-
rence of many taxa and to monitor and refine
our understanding of the effects and benefits of
flood regimes.

The project to date should be seen as an initial
step towards a more comprehensive and ongo-
ing analysis that is continually updated and re-
fined as new data and results become available.
There are still many gaps in our understanding
of the flooding requirements and basic ecology
of many of the ecological vegetation classes,
and threatened flora and fauna, on the flood-
plains of the Murray River. It is hoped this proj-
ect provides a catalyst for ongoing research.
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Notes

! Email the corresponding author for a copy of the
Peake et al. (2011) article.

?Vascular plant taxa listed under the Advisory List
of Rare or Threatened Plants in Victoria - 2005
(DSE 2005), the Victorian Flora and Fauna Guar-
antee Act 1988 or the Commonwealth Environ-
ment Protection and Biodiversity Conservation Act
1999.

3 Vertebrate taxa other than fish listed under the
Advisory List of Threatened Vertebrate Fauna in
Victoria - 2007 (DSE 2007), the Victorian Flora
and Fauna Guarantee Act 1988 or the Common-
wealth Environment Protection and Biodiversity
Conservation Act 1999.

* http://www.veac.vic.gov.au/maps/352-MapD_
Flood_Dependent_EVCs.pdf

> http://www.veac.vic.gov.au/maps/352-MapE_
Flood_Dependent_threatened_species.pdf
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