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Abstract

Many ecosystems around the world are vulnerable to competitive expansion by cosmopolitan
colonisers (e.g. Phragmites australis, common reed) where human-mediated disturbance increases
nutrient levels. Yet our understanding of the long-term dynamics within vegetation communities
once this disturbance has been excluded, and how best to reduce the residual negative effects, is
limited. The Great Artesian Basin (GAB) springs in South Australia offer a useful case study of
vegetation responses post-disturbance because they form a collection of semi-independent eco
systems with a rich management history, from burning by Aboriginal people to pastoralism and
stock exclusion from some springs since the 1980s. This paper presents a case study based on
35 years of observational data on the response of P. australis and other wetland vegetation at protected GAB springs of the Lake Eyre supergroup. The case study aims to understand how naturally
present P. australis performs within GAB spring communities following stock exclusion. Where
P. australis was present at the time of stock exclusion, it became monodominant across the main
pool of several springs within the first decade, and expanded throughout the spring tail during the
second and third decades. The endangered salt pipewort (Eriocaulon carsonii) appears to have
been reduced in distribution and abundance where P. australis became monodominant. However,
in two promising cases, P. australis dominance waned after 30+ years of stock exclusion and,
in another, has not colonised a spring free of P. australis at the time of de-stocking despite the
presence of source populations in a neighbouring spring. These findings suggest that decadal
cycles of above-ground dominance followed by decline may occur in some GAB springs where
P. australis was present at the time of stock exclusion. Active management of P. australis may be
required, particularly where its dominant expansion phase poses a threat to species of conservation significance.
Keywords: Great Artesian Basin springs, conservation and management, pastoral lands,
Phragmites australis, endangered species
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Introduction

Human-mediated disturbance is reducing the
heterogeneity and biodiversity of natural ecosystems around the world (Winter et al., 2009;
Aronson et al., 2014). Pastoral settlement is a widespread example of this. Many dryland vegetation
communities are heavily impacted by domestic
stock (e.g. cattle, Bos taurus, or sheep, Ovis aries),
pest animals and occasionally over-abundant native

herbivores. The impacts of their combined grazing
pressure (e.g. soil compaction, nutrient enrichment,
changes in species composition and abundance,
reduced vegetation complexity) are most concentrated around watering points such as troughs and
wetlands (Johnes et al., 1996; Landsberg et al.,
2002). To reduce these negative effects on wetland communities within landscapes dominated
by dryland pastoralism, many have been fenced to
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exclude stock and other herbivores over the past 40
years (e.g. Dobkin et al., 1998; Yates et al., 2000).
The long-term effects of stock removal on wetland
vegetation communities within dryland regions,
however, are poorly understood.
Phragmites australis is a tall-statured grass
species native to Australia but with a cosmopolitan distribution, forming monodominant stands in
many wetlands throughout temperate and dryland
regions of the world (Kobbing et al., 2013; Packer
et al., 2017; Canavan et al., 2019). As a woody
perennial grass, P. australis provides important
reedbed habitat for native bird (Tmka et al., 2014;
Kane, 2001; Kiviat, 2013), insect (Tscharntke,
1999) and mammal species (Kiviat, 2013), and is
an important coloniser in the hydroseral succession from aquatic to terrestrial habitats for plant
communities (Packer et al., 2017). This broad
ecological envelope, together with a tall-statured
lifeform, gives it an advantage as one of the most
invasive plants in the world (Canavan et al., 2019;
Kueffer et al., 2013). Phragmites australis competitiveness is closely linked with its ability to persist
and thrive in a variety of hydrological (water levels
and flow regimes; Deegan et al., 2007; Gotch, 2013)
and nutrient (Packer et al., in review) conditions.
Phragmites australis is also a very important component of many traditional and semi-
traditional
socioeconomic systems and practices around the
world, including its use since prehistoric times for
roof thatching (e.g. Kobbing et al., 2013).
Mechanisms for Phragmites reproduction vary in
form and success. Phragmites can reproduce vege
tatively (clonal expansion by rhizomes, or by dispersal of rhizomes or stems by water or animals;
Meyerson et al., 2014; Packer et al., 2017) or sexually
via seedling recruitment (Kettenring & Wigham,
2009; Kettenring et al., 2011). Water, wind and, to a
lesser extent, fauna such as birds disperse the small
and light seeds of Phragmites (Kiviat, 2013; Packer
et al., 2017). Although established Phragmites stands
are able to expand into many areas, including those
with previous ecological disturbance (Moore, 1973;
Roberts, 2016; Duffield & Roberts, 2016), germination and seedling establishment are limited as
Phragmites seeds require particular environmental
conditions (Greenwood & MacFarlane, 2006; Gotch,
2013). The few reported cases of new populations
established from seed in Australia have been where

it has colonised muddy flats through to shallow,
still water ±10 cm above ground level (Packer et
al., 2017). The expansion of dense monodominant
Phragmites has been associated with reduced flor
istic diversity within some freshwater wetland areas,
particularly where the Phragmites has colonised as
non-native stands (e.g. Hazelton et al., 2014). The
three main characteristics that make Phragmites an
effective competitor are rhizomatous growth and
aeration, shoot height and shoot density (Gotch, 2013;
Canavan et al., 2019). Direct competition is through
space occupancy and shading, and shorter plants are
often outcompeted.
Within Australia, Phragmites australis is the
most common member of the genus, and natural
populations are found in many parts of eastern
Australia through to Tasmania (Roberts, 2000;
Duffield & Roberts, 2016; Packer et al., 2017).
Within South Australia, it occurs in dryland (e.g.
Great Artesian Basin springs, River Murray corri
dor) through to temperate (e.g. Fleurieu Peninsula
swamps) climate zones.
The Great Artesian Basin (GAB) is the largest
groundwater basin in Australia and one of the largest
in the world. It covers 22% of the Australian continent, including areas in Queensland, New South
Wales (NSW), South Australia and the Northern
Territory. Great Artesian Basin groundwater supports an estimated 7000 individual springs in
450 spring groups scattered across the basin. Two
species of Phragmites occur in the Great Artesian
Basin springs – P. karka and P. australis. For the
most part, this paper is concerned with P. australis
as one of the most important wetland species internationally and in the Great Artesian Basin springs,
and the term Phragmites is used hereon.
Phragmites occurs as a natural component in
many springs across the GAB. The GAB springs
are of enormous cultural significance to Indigenous
people, being their only reliable water source in the
region for thousands of years. Archaeology in and
around spring sites reflects the importance of these
permanent water sources in the otherwise dry landscapes (Hercus & Sutton, 1985; Harris, 2002). There
is evidence of traditional burning of Phragmites
stands by Aboriginal people, as well as excavation
of areas with Phragmites to improve access to water
(Hercus & Sutton, 1985).
Disturbance of spring vegetation associated with
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European settlement dates from the mid-1800s.
Soon after exploration of South Australia’s Far
North, commencing in the late 1850s, pastoralism
was introduced to the region. Pastoralism at Anna
Creek Station, for example, dates back to 1863
(Harris, 2002). In the earliest days of pastoralism,
the GAB springs provided the only reliable water
resource in the region, and many springs were
fenced by pastoralists to maintain a clean water
supply and prevent bogging of stock. However, from
the late 1870s, artesian bores were drilled and these
became the main watering points for stock. As a
result, most of the early fencing around springs was
not maintained. A large number of GAB springs
have therefore been subject to pressure from stock
and other herbivores for over 130 years.
Within the Great Artesian Basin, exclusion of
stock and other introduced herbivores from some
wetlands already containing Phragmites has led to
its expansion and reduced floristic richness of other
native spring vegetation (Fensham et al., 2004;
Davies et al., 2010; Gotch, 2013). However, the
relationship between Phragmites and reduced plant
diversity is not always straightforward. Invasion
and spread of Phragmites may not result in reduced
diversity if other plants are competitive and capable
of out-shading Phragmites (Buttery et al., 1965;
Keller, 2000), or produce biomass earlier in the
annual growth cycle (Gussewell & Edwards, 1999).
The performance of Phragmites also depends on
the genotype(s) present, with some Phragmites
genotypes being more able to thrive in particular
conditions (e.g. substrate types) than others (Packer
et al., 2017; Saltonstall, 2002). The substrate con
ditions in which Phragmites contributes to wetland
diversity rather than monodominance are presently
unclear for the Great Artesian Basin mound springs
and many other wetlands within dryland regions.
To investigate the response of P. australis to
exclusion of stock and other introduced herbivores around permanent artesian-fed springs of the
Great Artesian Basin, this paper presents a case
study with 35 years of observational data on the
Lake Eyre supergroup of mound springs in South
Australia. The case study aims to understand how
naturally present Phragmites populations expand
and perform within vegetation communities of
GAB springs following stock exclusion. To achieve
this aim, three core questions were investigated:
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1. How does the performance of Phragmites
(above-ground distribution and coverage)
respond to exclusion of stock grazing, and
how has this changed over the past 35 years?
2. How does distance to nearest neighbouring
springs influence the colonisation of
Phragmites at hitherto Phragmites-free
springs?
3. What trends in spring vegetation composition
are evident where Phragmites has become
dominant across this spring group and
timescale?
These insights are important to inform management of the community of native species depen
dent upon natural discharge of groundwater from
the GAB – declared as an endangered ecological
community under the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999.

Materials and Methods

Study System
This case study focused on the natural springs of
the Great Artesian Basin in the vicinity of Kati
Thanda–Lake Eyre, often described as the Lake
Eyre spring supergroup (Figure 1). Within this
spring supergroup, approximately 3800 spring
vents over many hundreds of springs have been
described (Lewis et al., 2013). Here ‘vent’ is
defined as a single discharge of artesian water at
the land surface and ‘spring’ as the total wetland
associated with a vent, or one or more immediately
adjacent vents. In many instances, a single ‘spring’
often comprises several spring vents.
Case Study Springs
The case study focuses on 12 springs fenced to
exclude stock and other herbivores, and a large
number of springs, described as Finniss Springs,
on the former Finniss Springs pastoral lease, now
managed by the Arabana Aboriginal Corporation
and de-stocked in the mid-1980s (Table 1). The
first 10 springs listed in Table 1 were fenced by
the South Australian Department of Environment
and Planning in the 1980s and were, at that time,
on actively grazed pastoral lease land. The fencing
comprised timber posts with four strands of barbed
wire, predominantly to exclude stock (cattle) as well
as donkeys and horses – both present in the area.
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Other potential pest species – such as camels and
wild pigs – do not occur in the area to any significant extent, and native macropods are very sparse.
Phragmites was naturally present at Big Perry, The
Fountain, Twelve Mile, Outside, Nilpinna and Big
Cadna-owie Springs, but absent from Blanche Cup,
the Bubbler, Tarlton and the selected Strangways
spring. This coordinated fencing program, and the
long-term monitoring of responses, has been one of
the major conservation investments for the region’s
Great Artesian Basin springs. Two springs on Billa
Kalina pastoral lease are also included in this case
study; these were fenced by the pastoral lessee in
the early 2000s – again following a long history of
cattle grazing. These springs are less than 100 m
apart: one had Phragmites fringing a pool at the
time of fencing while, at the second, there was

no Phragmites. The springs on Finniss Springs
Aboriginal lands were de-stocked in the mid-1980s,
although some horses remain on the property. The
Finniss Springs group includes several hundred
springs around Hermit Hill (Hermit, Finniss and
West Finniss Springs), with several others in the
near vicinity to the south (e.g. Bopeechee, Beatrice,
Venables). In terms of spring vegetation, Hermit
and West Finniss Springs are most noteworthy
for the occurrence of salt pipewort (Eriocaulon
carsonii), an endangered endemic species limi
ted to just a few sites in two spring supergroups
in South Australia (Lake Eyre and Lake Frome
supergroups). It also occurs at a small number of
spring sites in Queensland and NSW (Davies et al.,
2010). The vast majority of springs in the Finniss
Springs group have Phragmites.

Table 1. Case study springs protected from grazing animals since 1980s.
Area
protected
(ha)*

Year

Phragmites
presence/absence

Then Stuart
Creek Pastoral
Lease (P.L.), now
Wabma Kadarbu
Mound Springs
Conservation Park

1.0

1984

Absent

Cyperus laevigatus

The Bubbler

As above

6.3

1984

Absent

C. laevigatus,
Schoenoplectus litoralis

Strangways
spring

Anna Creek P.L.

0.1

1984

Absent

C. laevigatus, C. gymnocaulos

Big Perry

Peake P.L.

2.7

1986

Present

Typha domingensis,
C. laevigatus, C. gymnocaulos,
Juncus kraussii

The Fountain

Peake P.L.

0.7

1986

Present

C. laevigatus, C. gymnocaulos

Twelve Mile

Peake P.L.

2.6

1986

Present

C. gymnocaulos, T. domingensis

Outside
Tarlton†

Peake P.L.

0.4

1986

Present

C. laevigatus, C. gymnocaulos

Peake P.L.

9.2

1986

Absent

C. laevigatus, T. domingensis

Old Nilpinna

Nilpinna P.L.

4.0

1986

Present

C. laevigatus, C. gymnocaulos

Big Cadna-owie

Allandale P.L.

0.2

1986

Present

C. laevigatus, C. gymnocaulos

Billa Kalina
Springs

Billa Kalina P.L.

~3.0

ca 2001

Present, spring 1;
absent, spring 2

Spring 2: C. laevigatus,
C. gymnocaulos

Finniss Springs

Finniss Springs
Aboriginal Lands

Entire
property,
approx. 800
springs

ca 1985

Generally present

Predominantly C. laevigatus
but with other sedges including
Juncus, Baumea, Schoenoplectus
and Gahnia

Spring/s

Location

Blanche Cup

Other predominant
wetland plant species

* All but Finniss Springs fenced with timber posts and four strands of barbed wire, primarily to exclude cattle, donkeys and horses.
† Tarlton Spring subsequently determined to be fed from local groundwater, not GAB.
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Figure 1. GAB springs and protected springs and spring groups in the Kati Thanda–Lake Eyre region.
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Measuring the Performance of Phragmites
australis
The case study incorporates published and unpublished literature on Phragmites performance and
management in the Lake Eyre supergroup. Qualita
tive data on plant communities within the 10 springs
fenced by the South Australian Department of
Environment and Planning in the mid-1980s were
derived from photo-point monitoring records collected by the Department (1984–2005) before and
after fencing. The Department established a total of
66 photo-points across the 10 springs. From 2005,
the volunteer group Friends of Mound Springs
(FOMS) has maintained some of the photo-points
on an opportunistic basis (1–3 yearly). However,
many of the original photo-points have become
overgrown by Phragmites, and FOMS volunteers
have reverted to more general observations and
photographs to assess trends. At Finniss Springs and
Billa Kalina pastoral lease, qualitative vegetation
data were obtained from regular (1–2 yearly) sitespecific observations and analysis of changes and
trends by FOMS from 2006 to the present.
Soil nutrient levels and Phragmites productivity
have been surveyed at several GAB mound springs
in South Australia, including one of the case
study springs – Bopeechee Spring within Finniss
Springs. As with the other GAB springs in the
Finniss Springs group, Bopeechee Spring has been
free of stock pressure since the mid-1980s and has
become dominated by Phragmites. Bopeechee
Spring was selected for a burning trial in 2016.
Prior to the burn, soil nutrients and Phragmites
productivity were recorded. The density, height
and survival (proportion aborted) of Phragmites
stems were recorded in fifteen 1 × 1 m quadrats
in June 2016.

Results

Monitoring and general observations at the 10 springs
fenced by the South Australian Department of Envi
ronment and Planning in the 1980s have shown no
change in the presence or absence of Phragmites at
individual springs. This stability has also been noted
through qualitative observations at the de-stocked
springs on Finniss Springs Aboriginal lands and two
fenced springs on Billa Kalina pastoral lease. The
results presented here are therefore described under
two categories:

• Springs without Phragmites at time of stock
exclusion.
• Springs with Phragmites at time of stock
exclusion.
Springs without Phragmites at Time of
Stock Exclusion
Blanche Cup and the Bubbler
Wetland structure and floristic composition at
Blanche Cup (Figure 2A) and the Bubbler
(Figure 2B) changed relatively little in the 35 years
since these springs have been protected from stock
grazing. Both springs continue to have an open
pool fringed by bore-drain sedge (Cyperus laevi
gatus) and a wetland tail of plant species that
includes C. laevigatus and, in the case of the
Bubbler’s extensive wetland outflowing tail, a
diversity of other aquatic species including shore
club-rush (Schoenoplectus litoralis) and fringing
native myrtle (Myoporum montanum).
Both Blanche Cup and the Bubbler are within
100 metres or less of other springs and seeps that
contain Phragmites, but there has been no sign of
colonisation by this species at either spring. A point
of interest is that both Blanche Cup and the Bubbler
are subject to heavy visitation as feature springs
within the Wabma Kadarbu Mound Springs Con
servation Park. At both springs there has been
significant trampling of C. laevigatus around the
open pools, a situation that prompted the construction of boardwalks by the SA National Parks and
Wildlife Service approximately 10 years ago.
It is relevant to note that another spring close
to Blanche Cup and the Bubbler – Little Bubbler
(not included in the original fencing program but
subsequently protected within the Wabma Kadarbu
Mound Springs Conservation Park) – was, until the
early 2000s, free of Phragmites. Its vegetation comprised almost entirely C. laevigatus. In the early
2000s, Phragmites was noted at the spring vent.
Since that time, Phragmites has spread very gradually to occupy about five square metres at the Little
Bubbler vent. This is the only recorded incidence
of Phragmites colonising a previously Phragmitesfree spring in the Lake Eyre spring supergroup.

Strangways Spring
The Strangways spring, fenced as part of the
1980s program, has remained free of Phragmites.
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Its wetland vegetation is dominated by C. laevigatus,
with some spiny flat-sedge (Cyperus gymnocaulos)
and brown-head samphire (Halosarcia indica). The
Strangways spring is approximately 500 metres from
the nearest spring that contains Phragmites. While
there have been no flow measurements at this fenced
spring, visual observations have shown the outflow
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down the spring tail has diminished. During the
1980s and 1990s, the spring flow extended along
the tail and through the protective fencing, but now
the spring tail is dry well within the fenced area.
This is consistent with observations at the other
active springs (approximately 80) in the Strangways
Springs group.

Figure 2. (A) Blanche Cup Spring with fringing bore-drain sedge (Cyperus laevigatus), no Phragmites, and
extinct mound spring Hamilton Hill in the background; (B) The Bubbler vent and extensive tail with vegetation
dominated by C. laevigatus, but no Phragmites.
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Tarlton Spring
Tarlton Spring is an individual spring that is not
now regarded as a GAB spring but as one tapping
into more localised aquifers. However, the response
of the native bulrush (Typha domingensis) to stock
exclusion is relevant to this study of GAB springs.
At the time of fencing in the mid-1980s, the three
main spring vents at Tarlton Spring each had a
small patch of Typha with spring tails dominated by
the bore-drain sedge (C. laevigatus). The response
to stock exclusion was rapid proliferation of Typha
down the spring tails, similar to the pattern of invasion by Phragmites, with C. laevigatus reduced to
a narrow fringe of growth. Tarlton is a very isolated spring, and Phragmites has remained absent.
In recent years the vents at Tarlton have virtually
dried up, reflecting the effects of seasonal variations in the local aquifers.
Billa Kalina Spring
One of the two springs fenced by the Billa Kalina
lessees in the early 2000s has remained free of
Phragmites, despite being within 100 metres of the
other fenced spring which has abundant Phragmites.
Springs with Phragmites at Time of Stock
Exclusion
Springs Fenced by the South Australian
Environment Agency in 1980s
At the springs that included Phragmites at the
time of protection in the 1980s (Big Perry, The
Fountain, Twelve Mile, Outside, Nilpinna and Big
Cadna-owie), substantial changes followed the
fencing. At the time of fencing, the majority of
these springs comprised open pools fringed by a
mix of C. laevigatus and Phragmites, along with
a low diversity of other wetland species such as the
sedge Cyperus gymnocaulos. Figure 3A provides
a typical example of this situation at Big Cadnaowie Spring. The first noticeable change was the
relatively rapid and dense growth of Phragmites
over the first five years post-fencing. Within about
five years, rapid and dense growth of Phragmites
expanded over the main spring vents, leaving no
pools of open water (Figure 3B).
In a somewhat slower process, exemplified by
The Fountain Spring, Phragmites expanded more
slowly down the spring tail, hitherto dominated
by the bore-drain sedge (C. laevigatus). After

approximately 20 years of stock exclusion, further
changes occurred at The Fountain and Outside
Springs (Figure 4). Since the early 2000s there has
been a steady decline in the above-ground growth
of Phragmites in the main vents at the two springs
– to the extent that areas of open water have been
emerging since 2017.
At the other fenced springs containing Phrag
mites (Big Perry, Twelve Mile, Nilpinna and Big
Cadna-owie), the dominance of Phragmites has
continued after the early proliferation immediately
following fencing. No open pools are present at
these springs. Table 2 provides an overview of vege
tation trends at the 10 springs following fencing,
while Figures 3A and 3B show the then-and-now
situation at Big Cadna-owie Spring.

De-stocked Springs on Finniss Springs
Aboriginal Lands
At Finniss Springs, where most of the springs contain Phragmites, regular observations following
stock exclusion in the mid-1980s showed a trend
similar to the springs fenced in the 1980s (Figure 5),
as referred to above. Prior to stock exclusion (early
1990s), Phragmites was largely restricted to spring
vents, surrounded by an extensive halo of C. laevi
gatus and other sedges. Several years after stock
exclusion (late 1990s–early 2000s), Phragmites
growth extended out, with the sedge haloes much
reduced. Nearly three decades after stock exclusion
(2019), Phragmites extended over virtually the whole
wetland area, with C. laevigatus sedge haloes further
reduced or no longer present at several springs.
Springs within the Finniss Springs group, specifically Hermit and West Finniss Springs, provide habitat for the endangered salt pipewort,
Eriocaulon carsonii (Figure 6). Qualitative observations have shown a reduced incidence of E.
carsonii at these springs, associated with the proliferation of Phragmites.
Soil chemistry, nutrient levels and Phragmites
stem response have been surveyed at one of the
springs on Finniss Springs – Bopeechee Spring
(Table 3). The figures are not highly informative
as a single sampling but are indicative of data
that would be useful if collected more widely and
systematically to establish relationships between
Phragmites performance, nutrient levels and soil
chemistry.
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Figure 3. (A) Big Cadna-owie Spring, Allandale Station, 1983 prior to fencing, with Phragmites, C. laevigatus and
some open water areas present; (B) Big Cadna-owie, 2013, dominated by Phragmites.
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Figure 4. Vegetation sequence at Outside Spring before and after stock exclusion.

>100 years: 1860s–1970s
Pastoralism

1980s–1990s
(10 years after stock exclusion)
Phragmites dominance

1978: Open water with mixed
vegetation community, including
Phragmites.

1999: With complete cover of
Phragmites.

2000–2010
(20–25 years exclusion)
Phragmites senescing

2008: Phragmites in centre of
vent senescing and matting down.

2010–2015
(25–30 years exclusion)
Open water re-emerging

2014: Continued senescence of
Phragmites in main vent area.

2015–2020
(>30 yrs exclusion)
Open water dominance

2016: Phragmites in vent
declining in above-water
cover and areas of open
water re-emerging.
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Figure 5. Vegetation sequence at Finniss Springs following de-stocking.

1985
Recently de-stocked

Phragmites present at vents
(olive-green, middle ground)
but surrounded by large
haloes of sedges (foreground).
The endangered salt pipewort
occurred commonly on the inner
(damper) edges of the haloes.

2007
Spreading Phragmites

The Phragmites is spreading
into the haloes of sedges (shorter
wispy Phragmites surrounding
the taller original clump).

2015
Dominant Phragmites

Phragmites has spread to
the outer edges of the spring
wetlands to dominate the whole
wetland area.

Figure 6. Endangered salt pipewort (Eriocaulon carsonii) amongst Phragmites at Hermit Hill Spring, Finniss
Springs group, 2015.

204

Simon Lewis, and Jasmin G. Packer

Billa Kalina Spring
In the spring where Phragmites was present at the time of fencing, it has proliferated to dominate the
entire spring. The neighbouring fenced spring, less than 100 metres away and free of Phragmites at
the time of fencing, remains free of Phragmites (Figure 7).
Figure 7. Adjoining springs at Billa Kalina fenced in early 2000s, photographed in 2017: (A) with dense stands
of Phragmites; (B) with no Phragmites. Wetland vegetation comprises Cyperus gymnocaulos surrounded by
samphire species.
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Table 2. Indicative timeline for vegetation changes in Lake Eyre supergroup springs containing Phragmites
australis, fenced or de-stocked in the 1980s.
Mid-1980s
before fencing
Open pools fringed by
Phragmites, interspersed
with Cyperus laevigatus.
Spring tails dominated
by C. laevigatus.

Mid-1990s
10 years after fencing

Early 2000s
20 years after fencing

2019
30+ years after fencing

Spring vents totally
overgrown with Phragmites,
no open water. Spring tails
still mainly C. laevigatus
but Phragmites starting to
colonise towards the tail.

Vents still totally
overgrown with Phragmites.
Spring tails now dominated
by Phragmites with
small fringing areas
of C. laevigatus.

Some vents showing
significantly reduced
Phragmites and some
open water, majority still
overgrown. Spring tails still
dominated by Phragmites.

Table 3. Soil chemistry, nutrient levels and Phragmites australis stem response at Bopeechee Spring, Finniss
Springs. Data recorded in 1 × 1 m quadrats in June 2016.

Mean (SE)

pH

Salinity
(ppm)

Nitrate
NO3
(mg/kg)

Ammonium
NH4
(mg/kg)

Phosphorus
P
(mg/Kg)

Stems
Total

Stem
Maximum
length (mm)

7.74 (0.10)

1120 (77)

<1.0

<1.0

—

22.6 (3.3)

4062 (285)

Minimum

7.29

758

<1.0

<1.0

5.0

4

3050

Maximum

8.37

1518

2.1

2.1

6.0

38

5280

Discussion

Within South Australia, the majority of GAB
springs occur on pastoral lease land used predominantly for cattle production over the last 120–150
years (Lewis & Harris, 2020). Stock and pest
animals have a direct impact on spring vegetation
and can lead to the loss of plant species, as well
as causing pugging and increased nutrient levels
(nitrates and phosphates) in spring waters and sediments, thereby affecting habitat quality. There are
concerns that there have been associated losses of
endemic flora and fauna (Fatchen & Fatchen, 1993;
Kovac & Mackay, 2009).
Techniques to prevent damage from stock and
pest animals include exclusion fencing around
springs and de-stocking of spring areas. However,
in protected areas that contain Phragmites, this has
resulted in Phragmites expansion which excludes
other spring vegetation and reduces open-water
habitat. Findings of this case study within the
Lake Eyre supergroup support previous reports of
Phragmites as an effective and rapid expander in
disturbed springs within the Great Artesian Basin
(Fensham et al., 2004; Davies et al., 2010; Gotch,
2013). Phragmites australis has flourished in the
changing post-disturbance hydrological and habitat conditions around spring vents and expanded
into spring tails. These findings highlight the

implications for springs and their flora when they
are protected from stock and other herbivores after
a long history of grazing.
The main findings in relation to the three key
questions on Phragmites performance within Lake
Eyre supergroup springs that have been protected
since the mid-1980s are discussed below.
Performance of Phragmites in GAB Springs
Following Exclusion of Stock Grazing
The response of spring vegetation communities to
stock exclusion was striking and occurred within
5–10 years. At springs where Phragmites was
present at the time of stock exclusion, there was
a relatively rapid proliferation of Phragmites –
initially at the spring vent in the first 10 years or so
following stock exclusion, then spreading into most
of the spring tail over the following 10–20 years.
The monodominant expansion of Phragmites
in GAB springs following cessation of grazing
pressure is unsurprising and consistent with its
post-disturbance performance elsewhere in Aus
tralia (Roberts, 2000; Duffield & Roberts, 2016)
and beyond (Hürlimann, 1951; Caffrey & Beglin,
1996; Packer et al., 2017). Phragmites australis
occurs naturally in many of the springs of the
Lake Eyre supergroup and in many other GAB
springs. It has been present at Warburton Spring
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in the Lake Eyre supergroup for over 30,000 years
(Gotch, 2013). In all of the case study springs where
Phragmites has proliferated, it was already present
at the time of fencing and stock exclusion.
The case study has also provided important indications of decadal changes in Phragmites density
within springs protected for over 30 years. In particular, vegetation observation at Outside Spring
and The Fountain indicate that above-ground
growth of Phragmites is diminishing in the main
pool. Vegetation succession may be occurring
within these protected spring communities: from
vegetation-fringed open pools, to complete vegetation cover, and more recently towards Phragmites
decline and open-water, vegetation-fringed pools
again. These observations indicate that, in the longer
term, protected springs may sometimes revert to a
vegetation community with reduced above-ground
Phragmites.
Phragmites often has a competitive advantage
where it occurs in disturbed sites and where the
main source of disturbance – such as stock grazing
– has been removed. Less clear, however, is whether,
and if so how, physical or chemical conditions might
also interact with disturbance and Phragmites per
formance. In particular, many of the case study
springs were previously grazed for a century or
more prior to exclusion, so nutrient levels in spring
sediments are likely to have increased substantially.
Phragmites is known to thrive in nutrient-rich conditions (Duffield & Roberts, 2016; Packer et al., in
review). The apparent relationships between Phrag
mites density, height and cover, nutrient levels and
other aspects of sediment and water quality in GAB
springs require further investigation.

single recorded case of Phragmites establishment
at a 
previously Phragmites-free spring in this
spring group – the Little Bubbler – its rate of spread
has been slow, suggesting that there may be abiotic
conditions at the Little Bubbler not conducive to
rapid spread.

Potential for Establishment of Phragmites
at Hitherto Phragmites-free Springs
Although Phragmites is common in many spring
vents and seeps within Wabma Kadarbu Mound
Springs Conservation Park, it has not established at
Blanche Cup or the Bubbler. Similarly, at Billa
Kalina, there has been no establishment of Phrag
mites at a fenced Phragmites-free spring despite its
close proximity to a spring with Phragmites within
the same exclosure. These examples support obser
vations elsewhere (Gotch, 2013) that there is a low
probability of 
colonisation into Phragmites-free
springs within the Lake Eyre supergroup. In the

Historically, one of the cornerstones of conservation of native plant and animal communities has
been exclusion of impacts by stock and other introduced animals, and this approach has been applied
to GAB springs. For springs without Phragmites –
and possibly other tall macrophytes such as Typha
– this appears to be a reasonable strategy. However,
the proliferation and dominance of Phragmites in
springs containing Phragmites at the time of stock
and other animal exclusion does raise questions
about the management of those springs.
In broad terms, the two main options following
exclusion of stock and other herbivores are: (a) do

Impacts of Phragmites Proliferation on
the Composition of Spring Vegetation
Within the GAB springs, there is evidence of
reduced floristic richness in wetlands where Phrag
mites has proliferated (Fensham et al., 2004; Davies
et al., 2010; Gotch, 2013). Observations at the
recently protected Lake Eyre case study springs tend
to support this. Observations and vegetation photopoint monitoring have shown that the distribution
and abundance of other spring-dependent plant
species are being significantly reduced. At several
springs, the formerly common and often dominant
bore-drain sedge (C. laevigatus) has been reduced in
distribution and abundance, while other sedges such
as Baumea and Bolboschoenus have also reduced
in abundance. The occurrence and possibly the
abundance of endangered salt pipewort (Eriocaulon
carsonii) at the GAB springs at Hermit Hill (Hermit
and West Finniss Springs) haveapparently declined.
Observations in the early 2000s showed E. carsonii
at several springs, whereas in 2015 just one occurrence was identified despite a comprehensive search
(FOMS, 2015). This supports other findings that the
proliferation of Phragmites can take over the habitat formerly occupied by E. carsonii (e.g. SA Arid
Lands NRM Board, 2010).

Implications for Conservation and
Management

Decadal Changes in Phragmites in Springs Following Stock Exclusion

nothing on the assumption that Phragmites dominance will eventually decline, leading to increased
abundance of other wetland plant species and
possibly even the re-establishment of open-water
pools; or (b) apply an active management regime to
reduce the dominance of Phragmites and promote
the retention or restoration of more diverse wetland
communities.
The case study presented in this paper provides information about the results stemming
from the ‘do nothing’ option over a timeframe of
up to 35 years. In two cases out of six amongst
Phragmites springs fenced in the mid-1980s,
there was event
ually a reduction in density of
above-ground Phragmites over 30+ years. In the
remaining four cases, Phragmites continues to be
dominant and it is not at all clear whether its density
will eventually follow the same trend. If Phragmites
growth is responding to elevated nutrient levels following more than a century of stock access, then a
decline may eventually occur, but the likely timing
of this is unclear and more research is needed into
the relationships between Phragmites proliferation
and elevated nutrient levels. A broad, coordinated
program to measure the parameters presented in
Table 3 would be a useful start in assessing these
relationships.
The need for active management of GAB springs
with prolific Phragmites becomes more relevant
where that proliferation may impact upon other
wetland s pecies that are of particular conservation
significance. The observational evidence suggesting a reduction in distribution and abundance of
the endangered E. carsonii at Finniss Springs is
an example of this. Where species of particular
conservation significance are involved, there may
be a case for active reduction of Phragmites – in
effect to hasten the cycle through to reduced incidence and density of this species. According to the
hypothesis that Phragmites responds to elevated
nutrient levels post-grazing, active management
could hasten the reduction in nutrient levels and
thus the reduction in Phragmites monodominance.
Active management to reduce Phragmites,
where it is considered overabundant or invasive,
has included slashing, burning, cutting, grazing,
and herbicide application (Keller, 2000; Saltonstall,
2002; Sun et al., 2007). In general, these treatments were found to have only short-term effects
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and limited feasibility for scaling up to the extent
needed (Sun et al., 2007). The use of fire or other
techniques to remove above-ground biomass of
Phragmites is recommended during summer or
early autumn when the nutrient content of their
shoots is greatest, thus inflicting physiological
stress (Hellings & Gallagher, 1992; Güsewell,
2003). Several studies have highlighted the role
of controlled or pulse stock grazing in reducing
Phragmites growth (e.g. Coates et al., 2010). From
observations in GAB springs over several decades,
it is clear that grazing by cattle can reduce the
biomass of Phragmites substantially. Pulse grazing will, however, also add a further infusion of
nutrients to the spring environment, which may
prolong the cycle of vigorous Phragmites growth.
A further method with potential to reduce
Phragmites dominance and hasten the decline in
GAB spring nutrient levels is slashing the aboveground Phragmites biomass to protect and promote
the growth of threatened plants (e.g. E. carsonii)
(J. Packer, unpublished data). Phragmites is often
used in phytoremediation because it is an efficient
remover of nutrients and heavy metals (Tanner et
al., 2006). Removing the cut biomass could therefore help to reduce nutrient levels in the spring
community. While the after-use of harvested
thatch is unlikely to be a practical option in remote
springs country, trials using this method at selected
springs could be considered. As a single manage
ment event, either burning or slashing is not likely
to have a lasting effect for Phragmites management.
A long-term commitment to repeated interventions
over many years is likely to be necessary.

Future Directions to Address Conservation
Knowledge and Management Gaps

Our case study findings and related literature suggest that elevated nutrient levels in spring substrates,
following more than a century of stock disturbance
and grazing, may be an important factor in promoting prolific regrowth of Phragmites following stock
exclusion. Further research is required to monitor
nutrient levels directly and test our prediction of
their influence on Phragmites performance. We suggest two GAB spring groups where this prediction
could be tested: (1) the 12 fenced case-study springs
described in this paper, where protected springs can
be compared with nearby unfenced springs; and
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(2) Hawker Springs where a large spring group is
subject to various levels of stock pressure.
Hawker Springs, on the Peake pastoral lease,
comprises up to 100 spring vents in a relatively
tight grouping. Observations by FOMS volunteers
and others suggest that the outer springs in this
group are most frequented by stock, while the inner
springs are much less impacted. This is a very suitable spring group for a coordinated study of grazing
impacts, trends in nutrient levels, and Phragmites
distribution, density and growth performance.
Over 35 years of observations across the Lake

Eyre supergroup case study of GAB springs suggest
that small-scale fencing of individual springs provides limited conservation return for a relatively high
cost. It is preferable from a conservation viewpoint
to protect groups of springs. We therefore recommend prioritising protection of groups of springs
that include a mosaic of springs with vegetation
communities where Phragmites is present, and other
springs where it is absent. Protecting this landscape
mosaic may result in greater heterogeneity and vege
tation diversity over time than protection of a group
of springs which all contain Phragmites.
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