
Biological Conservation 142 (2009) 2342–2349
Contents lists available at ScienceDirect

Biological Conservation

journal homepage: www.elsevier .com/locate /b iocon
Does invasive plant management aid the restoration of natural ecosystems?

Adele M. Reid a, Louise Morin a,*, Paul O. Downey b, Kristine French c, John G. Virtue d

a CSIRO Entomology, G.P.O. Box 1700, Canberra, Australian Capital Territory 2601, Australia
b Pest Management, Parks and Wildlife, Department of Environment and Climate Change, P.O. Box 1967, Hurstville, New South Wales 1481, Australia
c Institute for Conservation Biology and Law, School of Biological Sciences, University of Wollongong, Wollongong, New South Wales 2522, Australia
d Department of Water, Land and Biodiversity Conservation, G.P.O. Box 2834, Adelaide, South Australia 5001, Australia

a r t i c l e i n f o
Article history:
Received 27 March 2009
Received in revised form 14 May 2009
Accepted 17 May 2009
Available online 11 June 2009

Keywords:
Control
Weeds
Ecosystem processes
Native communities
Restoration
0006-3207/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.biocon.2009.05.011

* Corresponding author. Tel.: +61 2 6246 4355; fax
E-mail addresses: Adele.Reid@csiro.au (A.M. Reid

Morin), Paul.Downey@environment.nsw.gov.au (P.O
(K. French), Virtue.John@saugov.sa.gov.au (J.G. Virtue
a b s t r a c t

Invasive alien plants of natural ecosystems, commonly referred to as weeds, can reduce the abundance
and diversity of native flora and fauna, and alter ecosystem processes. Using Australia’s 20 ‘Weeds of
National Significance’ (WoNS), we investigated how natural ecosystems responded following their man-
agement. We reviewed the literature and surveyed land managers involved in WoNS management pro-
grams by distributing a questionnaire through various e-mail networks. While most of the 95 papers
reviewed measured the effect of management on the target WoNS, only 18 assessed the response of other
plant species. In these studies, native plant species did not necessarily recover following management
and in many instances the managed WoNS was replaced by other weed species. Three other studies
investigated the response of invertebrate communities and an ecosystem process following WoNS man-
agement but none examined the response of vertebrates or microbial communities. A total of 168 replies
were received to the land manager survey. Of the 142 land managers who evaluated their WoNS manage-
ment program, 86 monitored the response of native plant species and/or other weeds, mostly using qual-
itative assessments. These managers reported no vegetation response after management of the WoNS
(7%) or re-colonisation by a combination of native and weed species (52%) or only by native plants
(33%) or the targeted WoNS (2%). Our results emphasise the need to select sites for weed management
that are less degraded and thus have a higher likelihood of natural recovery and/or to incorporate activ-
ities that facilitate recovery of native plant communities in conjunction with weed removal.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Invasive alien plants of natural ecosystems, commonly referred
to as weeds, have the potential to reduce the abundance and diver-
sity of native plants; in some situations even threatening the sur-
vival of species (Levine et al., 2003; Burgman et al., 2007;
Downey, 2008a; Mason et al., 2009). Weeds may also adversely af-
fect vertebrates (Horncastle et al., 2005; Nordby et al., 2009), inver-
tebrates (Lindsay and French, 2006; Moron et al., 2009), soil
microbes (Yu et al., 2005; Li et al., 2006), ecological communities
(Coutts-Smith and Downey, 2006), fire (Brooks et al., 2004a) and
other disturbance regimes (Mack and D’Antonio, 1998), trophic
structure and food webs (Strayer et al., 2006; Gerber et al.,
2008), ecosystem processes such as nutrient cycling (Ehrenfeld,
2003; Standish et al., 2004), soil sedimentation (Gordon, 1998)
and hydrological cycles (Richardson et al., 2007). Collectively, these
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impacts can lead to severe losses in ecosystem integrity (Richard-
son and van Wilgen, 2004).

As a result of the serious negative impacts caused by weeds in
natural ecosystems, land managers invest large quantities of re-
sources for weed management (Mason et al., 2005). A recent study
estimated that at least 20 million AUD is spent each year in Austra-
lia on programs to manage weeds invading natural ecosystems
(Sinden et al., 2005). This estimate does not reflect true costs of
management as it does not include time spent by volunteers con-
trolling weeds in these environments. It also does not include an-
nual investment in biological control programs targeting these
weeds. Substantial investments are also made elsewhere to control
weeds within natural environments. For example, in Florida 3–6
million USD is spent annually to control the melaleuca tree (Melal-
euca quinquenervia) in forest and grassland ecosystems of the Ever-
glades and about 14.5 million USD to control hydrilla (Hydrilla
verticillata) invading lakes (Pimentel et al., 2005). On Cruz Island,
Galapagos the annual cost to manage the invasive quinine tree
(Cinchona pubescens) is up to 2225 USD per hectare (Buddenhagen
and Yánez, 2005). In South Africa, about 825 million ZAR (�80 mil-
lion USD) was spent from 1995 to 2000 to control weeds as part of
the ongoing ‘Working for Water’ program, which aims to clear
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weeds from riparian areas to increase water supply (Binns et al.,
2001). Furthermore, once a dominant weed species has been con-
trolled, additional investments, which can be substantial, may be
required to restore sites (Dehnen-Schmutz et al., 2004).

It is often assumed that the control of weeds invading natural
ecosystems will bring about the recovery of native assemblages
and ecosystem functions (Zavaleta et al., 2001). However, weed
management is only one of the tools available to restore ecosys-
tems. The extent and rate of recovery of native plant species fol-
lowing weed control is highly dependent on the level of
disturbance and degradation at sites, the presence of propagules
in the soil and the composition of the surrounding vegetation
(Prach and Hobbs, 2008; Reinecke et al., 2008). Where native spe-
cies recovery has been compromised due to depleted seed banks or
poor connectivity to surrounding native vegetation, a reduction in
the infestation of a dominant weed may provide an opportunity for
other weed species to establish (D’Antonio and Meyerson, 2002;
Buckley et al., 2007; Turner et al., 2008b). Weed management ac-
tions can vary in their capacity to foster recovery of ecosystems
and may have adverse impacts, including promoting secondary
weed invasion (Galatowitsch and Richardson, 2005; Mason and
French, 2007). In situations where an ecosystem has been funda-
mentally changed due to weeds (e.g. transformer species – Rich-
ardson et al., 2000), or when the presence of weeds is a
symptom rather than the cause of degradation, weed removal,
alone, is highly unlikely to restore the ecosystem (MacDougall
and Turkington, 2005; Hastings et al., 2007).

While the capacity of weed management programs to aid resto-
ration has been assessed in a number of ecosystems (e.g. Erskine
Ogden and Rejmánek, 2005; Harms and Hiebert, 2006; Barton
et al., 2007; Blanchard and Holmes, 2008), a more comprehensive
assessment is warranted given that most management programs
fall outside scientific research. We have therefore taken a two-
pronged approach to evaluate whether weed management pro-
grams contribute to the restoration of natural ecosystems using a
review of the literature and a survey of current land managers
undertaking weed control. We focused our study on the 20 Austra-
lian ‘Weeds of National Significance’ (Thorp and Lynch, 2000)
Table 1
Number of papers found in the literature and number of replies received to the land man
Significance invading a natural ecosystem in Australia.

Weeds of National Significancea Total
number of
papers

Number of pape
response of asso
or ecosystem pro

Alligator weed (Alternanthera philoxeroides) 8 –
Athel pine (Tamarix aphylla) 1 1
Bitou bush/boneseed (Chrysanthemoides monilifera) 14 7
Blackberry (Rubus fruticosus agg.) 3 –
Bridal creeper (Asparagus asparagoides) 4 3
Cabomba (Cabomba caroliniana) – –
Chilean needle grass (Nassella neesiana) 1 –
Gorse (Ulex europaeus) 6 –
Hymenachne (Hymenachne amplexicaulis) – –
Lantana (Lantana camara) 8 1
Mesquite (Prosopis spp.) 3 –
Mimosa (Mimosa pigra) 15 4
Parkinsonia (Parkinsonia aculeate) 5 –
Parthenium weed (Parthenium hysterophorus) 1 1
Pond apple (Annona glabra) – –
Prickly acacia (Acacia nilotica spp. indica) 3 –
Rubber vine (Cryptostegia grandiflora) 9 3
Salvinia (Salvinia molesta) 11 1
Serrated tussock (Nassella trichotoma) – –
Willows (Salix spp. except S. babylonica,

S. X calodendron, S. X reichardtii)
1 –

Total 95 21

a Thorp and Lynch (2000).
(hereafter referred to as WoNS), as they have attracted significant
investments for management and research efforts, both before and
after they became known as WoNS (see Table 1 for list). The 20
WoNS were judged the most threatening to Australia’s agriculture,
forests and natural ecosystems based on a comparative multi-cri-
teria assessment of 71 weed species that had been nominated by
state and territory agencies in Australia (Thorp and Lynch, 2000).
A strategy for each WoNS was then developed, listing a series of ac-
tions required to achieve sustainable, long-term management of
the weed on a national basis. Based on the outcomes of this
desk-top study, we outline implications for the restoration of nat-
ural ecosystems and make a plea for land managers and research-
ers to work together more regularly and systematically to
undertake more comprehensive evaluation of weed management
programs.

2. Materials and methods

2.1. Literature review

A literature search targeted published papers on WoNS man-
agement programs in Australian natural ecosystems, which con-
tained a description of the control methods used and some detail
on the outcomes of each program. Natural ecosystems were de-
fined as those that (1) had not been cleared for agriculture or other
purposes, such as forestry (excluding native forests where selective
logging occurs), (2) contain representatives of local native plant
species, (3) were rarely utilised for agricultural production, and
(4) did not include man-made water bodies or those used for
aquaculture.

The database Web of Science (1992–present) was searched using
the common and scientific names of each WoNS as primary search
terms. These were paired with the secondary search terms: chem-
ical, mechanical, biological, control, fire and management. A search
of the Australian Weeds Conference Proceedings (1993–2008) was
also undertaken as these papers are peer-reviewed, but do not
appear in the Web of Science database. Additional papers published
in journals not included in the Web of Science database were
ager survey on management programs for each of Australia’s 20 Weeds of National

rs that measured the
ciated plants, animals
cesses to management

Total number
of survey
replies

Number of survey replies that
formally evaluated the response
of associated plants to management

2 –
3 1

23 16
30 18
18 8

– –
5 2

14 8
1 –

15 12
9 2
2 –
3 1
1 1
2 2
4 1
6 4
2 –

12 4
16 6

168 86



2344 A.M. Reid et al. / Biological Conservation 142 (2009) 2342–2349
identified by examining the reference lists of the papers already
gathered and included in the review. Some relevant papers may
have been missed using this approach, but we are confident that
the range of papers included in the review cover the majority of
management programs for WoNS undertaken in Australian natural
ecosystems. The selected papers were assessed to determine if
they reported on the response of plant, animal and microbial com-
munities and ecosystem processes to management of the WoNS.

2.2. Land manager survey

Land managers, including private landholders, community
groups and local and state government officers responsible for
weed management on public land, were surveyed by distributing
a questionnaire through various e-mail networks. Information
was gathered on (1) the aims and details of each management pro-
gram, (2) the extent and types of evaluation undertaken, and (3)
the outcomes of the management programs in terms of the WoNS
population and the response of plant communities.

The questionnaire was e-mailed to government-employed nat-
ural resource management coordinators (including 7 regional
Landcare coordinators, 56 regional Natural Resource Management
(NRM) or Catchment Management Authority (CMA) facilitators and
13 national WoNS coordinators), requesting that they distribute it
throughout their network of land managers. The questionnaire was
sent on 7 September 2007 and participants were asked to reply by
31 October 2007. The total number of questionnaires sent out
could not be determined due to cross-posting and redistribution.
Survey participants were asked to fill in a separate questionnaire
for each site and WoNS. Sample sizes varied between questions be-
cause not all questions were answered by respondents and several
questions enabled the respondents to provide multiple answers.
3. Results

3.1. Literature review

We found 95 papers that investigated the management of
WoNS in natural ecosystems in Australia (Table 1). Of the 20
WoNS, 16 had one or more papers investigating their management.
We found no papers on management in natural ecosystems for
four species, while only three species were each the subject of
more than 10 papers.

Of the 95 papers considered, only 21 investigated the response
of plant and invertebrate communities and ecosystems processes
to weed management (Table 1). The duration of the evaluation per-
iod after management ranged from less than 1–8 years (median 2
years, mode 3 years).

Eighteen papers specifically examined the response of plant
communities following WoNS control. Three papers on mimosa
(Mimosa pigra) and rubbervine (Cryptostegia grandiflora) did not
provide detail on the types of vegetation replacing the WoNS
(Cook, 1993; Paynter, 2005; Collins et al., 2008). For example,
Paynter (2005) noted an increase in other vegetation at mimosa-
invaded sites where the biological control insect agent Carmenta
mimosa was present but did not list any plant species. Similarly,
Collins et al. (2008) reported an increase in herbs and grasses fol-
lowing rubbervine control with fire and herbicide but did not state
whether or not they were native and did not list the species.

Even though a number of papers reported that some native
plant species recovered after WoNS control, most indicated that ac-
tive and sustained management was required to manage other
weed species present in the recovering communities. Six papers re-
ported an increase in species richness, abundance or cover of na-
tive plant species after WoNS control (Melland et al., 1999;
Macleay, 2004; Tomley and Evans, 2004; Brown and Grace, 2006;
Thomas et al., 2006; Radford et al., 2008). This claim however,
was only based on a few observations in some of these papers,
lacking detailed data on replacement species.

Four other papers reported that the number or cover of both na-
tive and weed species increased following management of a WoNS
(Miller and Schultz, 1993; Paynter and Flanagan, 2004; Turner and
Virtue, 2006; Mason and French, 2007). For example, Mason and
French (2007) found that intensive management of bitou bush
(Chrysanthemoides monilifera spp rotundata), using hand pulling
and application of herbicide, resulted in the recovery of some na-
tive plant species and an increase in other weeds. While Turner
and Virtue (2006) observed no significant difference in native plant
diversity between plots infested with bridal creeper (Asparagus
asparagoides) and plots where the weed was killed with herbicide,
they recorded a net increase in abundance and cover of the native
chenopod shrub Enchylaena tormentosa and cover of native peren-
nial grasses, but also of the weed soursob (Oxalis pes-caprae) after
removal of bridal creeper. Similarly, native grasses and sedges as
well as the weed, para grass (Brachiaria mutica), increased after
successful management of mimosa (Miller and Schultz, 1993).

The remaining five papers that investigated the response of
plant communities reported a variety of results. By comparing
non-invaded sites with sites where bridal creeper cover had been
reduced by more than 75% in the 15 months following the intro-
duction of the biological control agent Puccinia myrsiphylli, Turner
et al. (2008a) did not detect a change in native plant and weed spe-
cies cover at two of the three managed sites. At the third site where
bridal creeper was reduced, the cover of native vines, as well as
other weed species, was approximately 6 times higher than in
the reference non-invaded site. This study however, may have
been too short to measure the recovery of native species at all sites.
Mason et al. (2007) found no difference in the richness and compo-
sition of native seed banks between sites with low and high bitou
bush infestations as well as those where the weed had been man-
aged. This suggests either that there were no evident impacts or
that seed banks were spatially variable making any effects of man-
agement difficult to detect. High variability is a feature of soil seed
banks and is a poor predictor of mature vegetation composition
(Holmes and Cowling, 1997; Bekker et al., 1999). In the other three
papers, an increase in weeds but not native plants was recorded
after control of the target WoNS. The aquatic weed salvinia (Salvi-
nia molesta) was replaced with dense waterweed (Egeria densa) at
some sites where the biological control insect agent Cytrobagous
salviniae was effective (Hennecke and French, 2008). An increase
in bare ground and invasive herbs and grasses were mainly ob-
served after herbicide was used to control bridal creeper (Prit-
chard, 1996). Similarly, bare ground and predominantly invasive
grasses were recorded following control of parthenium weed (Par-
thenium hysterophorus) with herbicides in a disturbed roadside site
(Brooks et al., 2004b).

The literature review found only two papers that documented
the response of invertebrate communities and only one that inves-
tigated an ecosystem process following WoNS management. We
did not find any paper that examined the response of vertebrates
and below or above-ground microbial communities during or after
a management program. Lindsay and French (2004) did not detect
any change in abundance and composition of leaf litter inverte-
brates following control of bitou bush with glyphosate at invaded
coastal dune sites in New South Wales. Similarly, no difference in
the abundance, taxonomic richness and composition of litter inver-
tebrates was found within 4 months of bitou bush control with the
herbicide metsulfuron-methyl (French and Buckley, 2008). The
only paper we found that investigated the response of an ecosys-
tem process after removal of a WoNS was that of Gosper et al.
(2006). The authors reported no difference in rates of native fruit
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removal by birds between sites infested with bitou bush and sites
where the weed had been killed using herbicide. In contrast, the
rate of bitou bush fruit removal from experimental stations (spikes
with fruits attached to dead plants) within managed sites was low-
er than in infested sites, suggesting that the control of bitou bush
may have affected the activity of frugivores.

3.2. Land manager survey

3.2.1. Respondent statistics
We received 168 replies to the survey, covering 19 of the 20

WoNS (Table 1). Most of the replies received were from the states
of Victoria (37%; n = 62) and New South Wales (28%; n = 47), fol-
lowed by Queensland (15%; n = 25), Western Australia (9%;
n = 15) and South Australia (8%; n = 13). Only four and two replies
were received from Tasmania (2%; n = 4) and the Australian Capital
Territory (1%; n = 2), respectively. None were received from the
Northern Territory.

State government agencies, primarily those responsible for
managing protected areas or national parks, provided the greatest
number of replies (38%; n = 64). Other replies were received from
community groups (25%; n = 43), local government organisations
(22%; n = 37), private landholders (7%; n = 11), NRM/CMA Boards
(6%; n = 10) and other organisations such as universities and
non-government organisations (2%; n = 3).

3.2.2. Aims and detail of management programs
An aim of 76% of respondents (n = 126; total of 166 respon-

dents) was to manage the WoNS for biodiversity conservation.
Eradication of the WoNS at the infested site was also a goal of
many management programs (66%; n = 109), followed by contain-
ment (39%; n = 65), complying with the legislation (33%; n = 54),
maintaining neighbour/public relations (22%; n = 37) and protect-
ing assets (20%; n = 34) and cultural heritage (6%; n = 10). Fifty-se-
ven per cent of total respondents (n = 96) considered that one or
more native plant species were at risk from the targeted WoNS
at their site, but only half listed the actual species.

The size of areas targeted by management programs ranged
from less than 1 to more than 5000 ha, with 47% of programs
(n = 68; total of 144 respondents) covering areas less than or equal
to 50 ha and 20% (n = 29) targeting areas larger than 1000 ha.
Forty-nine per cent of respondents (n = 77; 156 respondents an-
swered this question) indicated that their management programs
had been running for 3 years or less and many of these were ongo-
ing. The duration of other management programs included 4–9
years (33%; n = 52), 10–15 years (10%; n = 16) and more than 15
years (7%; n = 11). The longest running program had been carried
out for 37 years, targeting blackberry (Rubus fruticosus agg.). The
use of herbicide was by far the principal control method (65%;
n = 109) employed by the total respondents, followed by hand
weeding (20%; n = 33), biological control (7%; n = 12), mechanical
methods (4%; n = 7) and other measures such as grazing and fire
(4%; n = 6).

3.2.3. Evaluation of management programs
Eighty-five per cent (n = 142) of respondents indicated that they

evaluated the outcomes of their management programs on the tar-
get WoNS either during and/or after the program ended. Of the
respondents that did not undertake any or limited evaluation
(n = 74), most stated that it was due to lack of time (72%; n = 53),
funds (50%; n = 37) and/or guidance or expertise (43%; n = 32).
Some respondents indicated that evaluation was not undertaken
because the site was difficult to access (8% of replies; n = 6) or they
had just started the program (12%; n = 9).

The response of the target WoNS to management was assessed
by 96% (n = 137) of the 142 respondents who performed some level
of evaluation. In contrast, the response of other weeds to WoNS
control was evaluated by 27% (n = 39) of respondents, and the re-
sponse of native plant species by 58% (n = 83) of respondents.

Evaluation was mainly done through qualitative observations
(82%; n = 116; total of 142 respondents), or by photos taken at ref-
erence points over time (58%; n = 82) or by mapping (51%; n = 72).
Changes in plant species composition were sometimes assessed by
estimating per cent cover (20%; n = 28) or counting numbers of
plants along transects (13%; n = 19) or within quadrats (10%;
n = 14). Our survey did not request respondents to provide this
quantitative data.

3.2.4. Outcomes from management programs
Most management programs reported substantial reductions in

the target WoNS after control. Six-three per cent (n = 90) of the 142
respondents who evaluated the outcomes of their management
program estimated that the area infested by the WoNS was re-
duced by more than 50%. In contrast, 22% (n = 31) of the respon-
dents indicated that the infested area was reduced by only 1–
50%, while about 2% (n = 2) reported no change or an increase of
the infested area. Thirteen per cent (n = 19) of respondents could
not estimate by how much the WoNS infestation had changed.

Of the 86 respondents who specified that they formally evalu-
ated the response of other plant species to the management of
the dominant WoNS (Table 1), 52% (n = 45) indicated that the
WoNS was replaced by a combination of both native and other
weed species. Thirty-three per cent (n = 28) reported that the
WoNS was replaced by native plants only, while 2% (n = 2) re-
corded that the WoNS recolonised the site following control. No
vegetation response (i.e. bare ground) after management was re-
ported by 7% (n = 6) of respondents, while 1% (n = 1) did not specify
what had replaced the target WoNS. None of the respondents re-
ported that the controlled WoNS was replaced by other weeds spe-
cies alone. Four respondents (5%) selected more than one category
of vegetation change when answering this question. These respon-
dents indicated that the target WoNS was replaced by a combina-
tion of both native and weed species, but also that the WoNS had
reinvaded part of the site after management. In addition to these
changes, one respondent indicated that bare ground had also in-
creased following management. Only 62% (n = 48) of the 77
respondents who reported that other weeds and/or native plants
had replaced the controlled WoNS listed the species.

Duration of the management program slightly influenced the
type of vegetation that replaced the controlled WoNS (Fig. 1). In
short programs (<3 years) the amount of bare ground frequently
increased (specific to terrestrial habitats) after initial control of
the target WoNS. A mixture of weeds and native plants was most
frequently recorded following management programs that lasted
more than 1 year. The abundance of native plants was highest after
WoNS management programs of 7–9 years duration.

Thirty-three per cent (n = 55) of respondents specified that they
attempted to revegetate the area following their management pro-
gram, either using seeds (9%; n = 5) or tube stocks of native plants
(76%; n = 42), or a combination of both (15%; n = 8).
4. Discussion

The primary drivers for managing a dominant weed that has in-
vaded a natural ecosystem are to reduce its impacts on native spe-
cies and communities (D’Antonio and Meyerson, 2002; Hulme,
2006; Downey, 2008a; Foxcroft and Downey, 2008) and to con-
strain its spread (Foxcroft et al., 2007). Results from our literature
review and land manager survey indicated that limited quantita-
tive data are collected in Australia to document changes in plant
communities following reduction or removal of any of the 20
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WoNS species. In addition, evidence that weed management pro-
grams lead to the stable recovery of ecosystems is also not readily
available. A similar lack of data for management programs target-
ing a range of other weed species of natural ecosystems in both
Australia (Thomas and Reid, 2007) and elsewhere (Denslow and
D’Antonio, 2005) is likely. For example, in a worldwide review of
successful biological control projects, where noticeable reductions
in cover and distribution of the target weeds had been reported,
Denslow and D’Antonio (2005) found limited quantitative informa-
tion on the responses of invaded communities to weed reduction.
Some land managers may have collected high quality, quantitative
data, but did not have the impetus to publish in scientific journals
or conference proceedings and preferred to communicate their re-
sults through unpublished reports, regional meetings or informal
channels, such as electronic list servers. Consequently, their data
are not easily accessible to the wider community. Extensive mining
of the ‘grey’ literature, including reports to funding bodies, is nec-
essary to locate additional data on the response of plant communi-
ties following WoNS management, although it is unlikely that
these would significantly change the overall trends identified in
this study.

Only 18 of the 95 papers on WoNS management programs in
natural ecosystems reported on changes in associated plant com-
munities following control of the target species. Some of these pa-
pers only reported a few observations without detailed data on
species. Similarly, despite biodiversity conservation being a goal
of 76% of management programs undertaken by land managers,
only half of survey respondents assessed how native plant commu-
nities responded to the control of the WoNS. Qualitative assess-
ments based on simple observations and photo points were most
frequently used by land managers for evaluation. These approaches
are attractive because they are not expensive and time consuming,
but they are not appropriate to measure the detailed response of
plant communities following a reduction in abundance of the tar-
get weed (King and Downey, 2008). For instance, the return of veg-
etation cover does not imply that native species richness or
particular valuable species has been restored. Thus native species
may still be missing from the ecosystem, reducing the biodiversity
value arising from the management program.

Lack of long-term funding, expertise or guidance on how to as-
sess plant communities may explain why limited evaluation of the
response of native plant communities following WoNS manage-
ment was undertaken by land managers. Some information is
available on how to collect data to assess plant community recov-
ery following a weed management program (e.g. Atkinson, 1994;
Greening Australia, 2005; Hill et al., 2005; Croft et al., 2007;
Ainsworth et al., 2008), but more training for land managers may
be necessary to encourage uptake. Many land managers may not
know how to interpret their data once collected and how to use
it to inform adaptive management decisions (Shea et al., 2002) or
to demonstrate the outcomes of their management program (Field
et al., 2007). In addition, while funding bodies request reports on
the effectiveness of the management program in controlling the
target weed, they do not generally require managers to report on
biological responses of native species following weed manage-
ment. Land managers would benefit from closer partnership with
researchers to design and implement protocols to assess whether
weed management programs have achieved their ultimate goal
of maintaining or restoring native species, communities and eco-
systems processes.

Evaluation during and after weed management programs is
essential to gather the necessary information for land managers
to decide if additional actions are required to achieve lasting out-
comes for conservation (Hulme, 2006; Field et al., 2007). To be
most effective, evaluation protocols should be planned well before
any weed management program is implemented (Blossey, 1999)
and specify which native plant species the manager aims to protect
and/or restore. This enables baseline data to be gathered and used
to assess progress made in achieving program goals. Evaluation is
then carried out at regular intervals, applicable to the development
times of plant communities (e.g. every 1–2 years for a woodland).

In weed management programs surveyed in our study, where
some form of plant community evaluation was carried out, native
plants did not necessarily recover or re-colonise the site exten-
sively; at least in the immediate years after the WoNS population
was reduced or eliminated. A mixture of native plants and other
weeds was reported to replace the controlled WoNS in more than
50% of programs. While these results indicate some level of net
improvement arising from these weed management programs,
they highlight that more activities to assist the recovery of the eco-
system are required to restore many of the sites. There is a wide
range of variables that could have influenced such results, includ-
ing site history and condition, residence time and nature of the
invasion (e.g. whether disturbance regimes or soil nutrients have
been altered), native species diversity and composition and the
availability of propagules at the site and in the surrounding land-
scape (e.g. up-stream) (Bakker and Berendse, 1999; King and Buck-
ney, 2002; Lake and Leishman, 2004; Kinloch and Friedel, 2005;
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Turner et al., 2008b). The management method itself may also have
adversely affected native plant species at the invaded site, for
example through off-target damage from herbicide application.
An integral part of reducing the deleterious effect of weeds in nat-
ural ecosystems is to ensure that plant communities are resistant
to re-invasion after management; most likely through facilitating
native plant community recovery, thus decreasing resource avail-
ability for invaders (Davis et al., 2000).

While greater emphasis could be given to selecting sites for
weed management that are less degraded as there would be a
higher likelihood of natural recovery, such selection is not always
possible (e.g. when protection of threatened species is the primary
reason for weed management) (Hobbs, 2007; Downey, 2008b).
Nonetheless, where native plant species are not regenerating fol-
lowing removal of a dominant weed, sustained follow-up manage-
ment of new weed recruits and actions to assist recovery of native
plant communities are required to reduce the risk of further inva-
sion by weeds (Hobbs, 2003; Blanchard and Holmes, 2008). In such
instances, controlling all weed species at a site is not necessarily
the goal; in fact the presence of some minor weeds at the start of
a restoration program can be tolerated or even beneficial to the
outcomes (e.g. by shielding recovering native plants from intense
heat and radiation, protecting against large herbivores, restoring
nutrient levels following nutrient-enrichment (Ewel and Putz,
2004)). Recovery actions may include stimulating seed bank ger-
mination (e.g. through judicious use of fire), adding local native
seeds or seedlings in terrestrial habitats or altering hydrology
and nutrient dynamics in aquatic systems. Reference to nearby
uninvaded sites dominated by native species may help define the
objectives of the restoration program. While identifying and
addressing possible underlying causes of the initial invasion, such
as change in fire frequency (Lunt and Morgan, 2002) or nutrient-
enrichment (Lake and Leishman, 2004) would assist in restoring
an ecosystem over the long-term (MacDougall and Turkington,
2005; Hobbs, 2007), it is unfortunately often outside the immedi-
ate control of most land managers.

The implementation of a weed management program should be
seen as only one component in the restoration of invaded natural
ecosystems. Reversal of the impacts of a dominant weed requires
more than just the removal of the target species, as the invasion
may have changed fauna and flora species richness as well as eco-
system processes (e.g. Mack and D’Antonio, 1998; Gerber et al.,
GOAL
Achievable and cost-effective improvement in biodiversity and 

ecosystem functioning

Evaluation
Regularly evaluate habitat 

condition

Weed management
Reduce abundance of key weed 

threats

Ecosystem recovery
Increase native species dominance 

and diversity 

Alter physical and/or chemical 
environment to restore ecosystem 

processes

Fig. 2. Conceptual framework integrating evaluation, weed management and
ecosystem recovery actions to more effectively restore invaded natural ecosystems.
2008; Mason et al., 2009). The structure and function of ecosys-
tems may be permanently affected unless other actions are imple-
mented. Three key, interdependent activities focusing on
evaluation, weed management and ecosystem recovery actions
are necessary to restore native communities and ecosystem func-
tioning at invaded sites (Fig. 2). Evaluation is crucial to assess
whether the overall goal of a weed management program is met
and if additional actions to assist recovery of the ecosystem are re-
quired. Setting a realistic and achievable restoration goal is essen-
tial (Hobbs, 2007). Greater collaboration between weed managers
and restoration specialists, to draw on the strengths of each other,
is required to implement such a framework and develop sustain-
able management strategies for invaded natural ecosystems within
specific landscapes. The development of evaluation methods and
ecosystem recovery strategies, in conjunction with best practice
weed management guidelines, would help integrate these cur-
rently disjunct activities, resulting in a more sustained reduction
in the impact of weeds on biodiversity and ecosystem processes.
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