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Persistence and dedication over
the long term has been a key to
success in control of this Weed of
National Significance on World
Heritage Listed K’gari-Fraser
Island in Queensland, Australia.
Systematic surveys and
treatment show that the goal of
Bitou Bush eradication is
worthwhile andcan inspireother
such projects within the region
and beyond.
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Introduction

B itou Bush (Chrysanthemoides

monilifera spp. rotundata

(DC.) T. Norl. (Asteraceae, tribe Cal-

enduleae)) is an invasive plant species

from coastal South Africa that has

colonised vast areas of the coastline

of Eastern Australia, particularly in

New South Wales, affecting up to

80% (900 km) of the coastline (Tho-
mas 2002; Thomas & Leys 2002 and

Morin et al. 2010).

It was first reported as naturalised

around Newcastle in 1908 (Weiss

et al. 2008 and Hamilton et al. 2012).

The New South Wales Soil Conserva-

tion Service promoted the use of Bitou

Bush from 1946 to 1968 for its rapid
growth and effective ability to stabilise

soils following sand mining operations

in coastal sand dunes (Barr 1965

and Winkler et al. 2008). Its range

expanded rapidly to coastal Victoria
and south-eastern Queensland, where

there are known infestations from

K’gari-Fraser Island to the New South

Wales border (Biosecurity Queensland

2016). It has also recently been

detected in Western Australia in 2012

(Scott et al. 2016; Fig. 1).

Bitou Bush is one of a relatively
small number of plants recognised as

Figure 1. Bitou Bush, native of South Africa, is an invader of coastal sand dunes in subtropical

eastern Australia. The Fraser Island (K’gari) Bitou management programme depends on collabo-

ration between many government agencies, conservation groups and organisations at manage-

ment and operational levels for its success. (Photograph QPWS).
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a Weed of National Significance

(WoNS) by the Australian Govern-

ment due to its destructive and domi-

nating effects on coastal plant
communities (Thorp & Lynch 2000

and Hamilton et al. 2012). It has been

identified as a plant of serious ecolog-

ical impacts on native species (French

& Eardley 1997), diversity (Mason &

French 2007) and a source of phyto-

toxic allelochemicals (Groves 2008;

Weiss et al. 2008 and Harun et al.

2014), threatening the integrity of

coastal ecosystem processes (Lindsay

& French 2005). On 7 May 1981,

Bitou Bush was gazetted as a noxious

weed under the Queensland Stock

Routes and Rural Lands Protection

Act 1944. In 2002, it was declared a

Class 1 weed in Queensland under

the Land Protection (Pest and Stock

Route Management) Act 2002. It is

now listed under the Queensland

Biosecurity Act 2014 as a restricted
invasive plant category 2, 3, 4 and 5

(Biosecurity Queensland 2016).

In northern New South Wales,

where the plant is also now classified

under the NSW Biosecurity Act 2015,

extensive areas of dunal vegetation,

including some national parks, have

become dominated by this weed. A
range of invasive control measures

including aerial spraying have been

employed to control it, resulting in a

high degree of success to date (Thomas

et al. 2006; Hamilton et al. 2012). By

the early 1980s, Bitou Bush was thriv-

ing and spreading in Queensland. The

Queensland Parks and Wildlife Service

(QPWS) first raised concerns about its

negative environmental impact in the

Cooloola area (Rainbow Beach) in

1979 (Csurhes & Markula 2016). An
eradication campaign was started in

1982. Since 1987, a multi-agency coor-

dinated control project, currently led

by Biosecurity Queensland, has

evolved to manage infestations from

K’gari-Fraser Island to the Queens-

land/New South Wales border, a dis-

tance of approximately 360 km.
Control initially focused on the Rain-

bow Beach area, but subsequently

expanded to other locations including

K’gari-Fraser Island (Fig. 2) as addi-

tional infestations were detected

(Anderson & Whyte 2000). Infestation

sizes have been reduced to such an

extent that only isolated plants or
groups of plants are detected in the

field today (Willsher 2016). This paper

documents progress towards eradica-

tion of Bitou Bush on K’gari-Fraser

Island. It reports on the methods and

results used in theproject to assistman-

agers undertaking similar projects else-

where and discusses the value of the
goal of eradication rather than control.

The site and advent of the
weed on the island

K’gari-Fraser Island (1840 km2) is a

National Park and World Heritage

Area situated within the Great Sandy

National Park located ~300 km north

of Brisbane, off the southeast coast

of Queensland, Australia (24°420S,
153°150E). The island is renowned

internationally for its beauty and envi-
ronmental significance, attracting over

400,000 visitors per year (Harmon-

Price 1995). Its coastal landscape

and the eastern beach are particularly

vulnerable to degradation through

erosive processes, inappropriate land

management, fire and pest species

invasion (Fig. 3). K’gari-Fraser Island
is at the northern active limit of the

recorded Bitou Bush range in South-

east Queensland.

At the commencement of the pro-

ject around 1982, Bitou Bush was

clearly a threat to the island’s
Figure 2. K’gari-Fraser Island off the Queensland coast and the Bitou Bush distribution. (Map

L. Behrendorff using ArcGIS 10.5.1).
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outstanding environmental values

(Biosecurity Queensland 2016;

Csurhes&Markula 2016). It is not clear

how Bitou Bush arrived on K’gari-

Fraser Island. Records show that it

was planted to stabilise sand dunes

after mining on North Stradbroke

Island (Minjerribah), South Stradbroke
Island (Curragee) and parts of the Gold

Coast and Sunshine Coast in the late

1960s and early 1970s (Csurhes &Mar-

kula 2016). Its arrival on K’gari-Fraser

Island was probably accidental, possi-

bly arriving on sandminingmachinery.

Bitou Bush flourished in the disturbed

eastern coastal zone between Hook
Point and Dilli Village south of Eurong

Township. A Queensland Forest Ser-

viceMemorandumof17.11.84 (unpub-

lished) records that Bitou Bush

transport from New South Wales to

the Rainbow Beach, Hook Point area

was almost certainly via sand mining

operations. However, fruit-eating birds
flying the short distance from the

mainland toHookPointmayhave acted

as alternative or additional vectors.

Methods

The Queensland Forest Service, Rural

Lands Protection Branch and QPWS
conducted surveys and began control

measures during the 1980s and 1990s.

The Rural Lands Protection Board

and the Queensland Forest Service

instigated a multi-organisational

surveillance and control programme

in the early 1980s. Whilst the results

in the 1980s and 1990s were variable,
the outbreak was largely confined and

the intensity was restricted to light to

medium infestations through regular

spraying treatments.

Refinement of survey and
mapping methods

A significant change in survey
methodology occurred in 2002 when

handheld Global Positioning System

(GPS) devices became available to

facilitate the establishment of way-

point data to accurately record the

location of Bitou Bush plants. A way-
point was established for each iso-

lated plant or a clump of plants in a

small radius that could be managed

as a single unit and given a unique ref-

erence name. Typically, these way-

points had a radius of ~10 metres or

less and separate waypoints were

established at closer intervals in diffi-
cult terrain or dense vegetation. The

size, number, flowering and fruiting

status of plants were recorded for

each waypoint using a QPWS Arc

GIS database.

BQ and QPWS conducted aerial

helicopter surveys at intervals of 1–
3 years along the coastal foredunes.
Waypoints established during the aer-

ial surveys were confirmed during fol-

low-up ground weed control sweeps

within 3 months. QPWS rangers, BQ

staff, Fraser Coast Regional Council

staff, contractors and volunteers

undertook regular formal ground sur-

veys (emu parades) in which high risk
areas were searched by individuals

moving cross-country in a line with

personnel spaced at ~5–10 m inter-

vals, depending on the terrain and

vegetation thickness (Fig. 4). Isolated

plants outside the recorded distribu-

tion were located by rangers and

other informed people whilst under-
taking other duties, thus expanding

the scope of surveys. The geographic

location of all recorded waypoints

(N = 310) established on the Island

since 2002–2016 were mapped

(Figs 2, S3).

Treatment methods

The collated waypoints are used to

delimit the outbreak and to organise

regular weed control sweep treat-

ments which have been conducted

(alongside the surveys) since 2005.

These events were conducted at least
annually and often bi-annually in

autumn and spring to prevent adult

plants from flowering and setting

fruit. Where practical, seeds were

Figure 3. Typical landscape in the survey area on the eastern beach west of the sand mining

road, K’gari-Fraser Island, looking south to Cooloola. (Photograph QPWS).
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collected and removed. Plants located

during surveillance were manually

removed at the time or subsequently

sprayed with herbicides, mainly gly-
phosate if the plant/s were too large.

The results were recorded in internal

reports and memoranda currently

held by QPWS.

Plants up to one metre in height

were destroyed by manual removal

by hand, or using a post hole shovel

to reach deeper roots. This was gener-
ally possible in the sandy substrate.

The butts of larger plants were cut

stumped and sprayed with 1:1 glypho-

sate:water. All pulled and severed

plants were suspended in nearby

bushes or trees to prevent any chance

of regrowth from adventitious buds

(NSW National Parks and Wildlife Ser-
vice 2001) (Fig. 5), improve access

and original position relocation for

follow up. Groups of mature plants

were foliar sprayed with herbicide,

mainly glyphosate, at rates of 1.5% gly-

phosate and 0.1% wetting agent:water

using knapsacks or occasionally

Quickspray� units.

Seed viability assessment
method

During an eradication campaign, it is

essential to know how long seed is

likely to remain viable in the soil.

We tested seed viability under K’gari-

Fraser Island conditions by monitor-
ing germination over a 10 year period

at 44 waypoints that were visited suf-

ficiently often to ensure that no plants

survived long enough to set additional

seed.

Results

Distribution of Bitou Bush
on K’gari-Fraser Island

The geographic location of all

recorded waypoints (N = 310) estab-

lished on the Island since 2002–2016
(Fig. S1). A comparison between the

waypoints that were active in the core

outbreak area of southern K’gari-

Fraser Island in 2006 (N = 24) and

the subsequent reduction from

Figure 4. Collaborative systematic surveying – vital for effective control (Photograph

Biosecurity QLD).

Figure 5. Ian Muirhead hanging bitou plants to mark the site for future monitoring (Photograph

A. Muirhead).
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control efforts to 2016 (N = 4) is

shown in Figure S2.

A waypoint was considered active

when it produced at least one seed-
ling in a calendar year. The number

of active waypoints is the more mean-

ingful indicator of progress because

total plant numbers fluctuate wildly

when a single site produces a large

number of seedlings at one time (Will-

sher 2014). This occurred in 2015, for

example, when a carpet of 300 seed-
lings grew under one dead parent

plant (B2015).

Most plants were located in the

eastern coastal zone between the

Sandmining Road from Hook Point

to Dilli Village and the Eastern Beach

on frontal dunes amongst Horse-tail

She oak (Allocasuarina equisetifolia)

and Banksia spp. communities. Some

plants also grew in association with

the denser wattle (Acacia spp.), euca-

lypt (Eucalyptus spp.), cypress (Cal-

litris glaucophylla) and Midyim

(Austromyrtus dulcis) vegetation

types that occur behind the frontal

dunes. Plants were observed on the
western side of the Sandmining Road

for the first time in 2005 (Crittle

2005), but were possibly present for

some time before then. Two outlying

populations from the original south-

ern core population occurred at

Eurong Township and Whaba Camp

Zone south of Dundubara, ~20 and
50 km respectively north of the core

infestation (Fig. 2). The historic distri-

bution of Bitou Bush in relation to the

areas of K’gari-Fraser Island in which

sand mining occurred from 1971 to

1976 is illustrated in Figure S3.

Changes in plant
populations since 1991

The number of plants (including seed-

lings) recorded each year fluctuated

greatly from 1991, reached a peak of

1,061 in 2005 and declined steadily

thereafter (Fig. 6). Peaks in 1996,

2001, 2005 and 2015 reflect large

numbers of seedlings appearing in

those years. The pre-2006 figures
underestimate the population as the

total numbers of plants removed were

not always recorded as accurately as

the post-2006 plant numbers. Fig-

ure 7 compares the total number of
plants removed from 2005 with the

number of active waypoints from

2007–2016. The latter better illus-

trates the recent progress towards

eradication because total plant num-

bers fluctuate wildly when a single

site produces large numbers of

seedlings (Willsher 2014).

Seed viability

Over a decade of detailed observation
(2006–2016) showed there were no

waypoints at which seedlings

emerged more than 6 years after

known seed set. Of 44 waypoints

where seed set occurred or was
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assumed to have occurred, 75% (33)

failed to produce seedlings at any time

after plant removal. The mean num-

ber of years over which seedlings

were produced after fruit set was

3.14 (n = 44, SD = 2.25).

One waypoint, B256 (25°75040S
153°08580E), was sprayed in 2006, kill-
ing all Bitou Bush plants. It had a large

initial seed bank and was monitored

annually for 11 years from 2006 to

2018. Every seedling was killed before

it was old enough to flower. Figure 8

charts the number of seedlings emerg-

ing at B256 over this period. Seedling

numbers peaked at 142 in the end of
the first year. A second smaller peak

of 39 occurred in the fourth year

(2010), after an intense fire affected

the study area in 2009. The last plant

at this site emerged in the 6th year

(2012). The seed bank was exhausted

within 7 years of initial control. The

soil was not disturbed by observers
during or at the end of the observation

period.

Discussion

Bitou Bush levels have fluctuated on

K’gari-Fraser Island over 30 years
between 1982 and 2016, suppressed

by the annual control programme that

has succeeded in protecting the out-

standing environmental values of this

World Heritage Area, by actively con-

taining its spread and reducing popu-

lation density. Most plants have been

found within 200 m of the Eastern

Beach which is consistent with the

pattern of distribution described in

New South Wales by Hamilton et al.

(2012). The peak in the number of
plants recorded in 2005 is probably

explained by an increased surveil-

lance and treatment effort. From

2010 to 2016, the number of active

sites remained below 10 per year.

Only four plants were located in

2016 – one at each of four active sites.

A casual observer in 2018 would have
difficulty in locating any plants.

Bitou Bush infestation is often asso-

ciated with soil disturbance (Mason

et al. 2007) and Figure S3 shows that

the geographic distribution on K’gari-

Fraser Island overlaps with the south-

ern extent of the known sand mining

disturbed area. However, there are sig-
nificant northern areas of sandmining

where Bitou Bush has not established,

and most of the southern Bitou Bush

distribution was never mined.

Bitou Bush seed longevity in the

soil is not well understood (French

et al. 2008) and Australian estimates

range from 2 to over 10 years (Ave-
yard 1971; Parsons & Cuthbertson

1992; Weiss et al. 1998; Anon 2014;

Scott et al. 2016). Based on a

controlled ageing study conducted

under laboratory conditions, Schoe-

man et al. (2010) predicted that Bitou

Bush might have a transient seed
bank, lasting <1 year. Our observa-

tions of 44 seeding Bitou Bush plants

show that seed remains viable under

K’gari-Fraser Island conditions for up

to 6 years, although most germinate

within 3–4 years and in a high propor-

tion of sites there was no germination.

We have used this information to
refine our surveillance. Our strategy

since 2006 has been to revisit seeded

waypoints twice per year for 7 years

after flowering, with the dual purpose

of reducing the population and pre-

venting seed being added to the seed

bank. Half-yearly checks are required

because flowering may occur within
12 months under K’gari-Fraser Island

conditions. Resources are no longer

allocated to ground search older sites

where the seed bank appears to have

been exhausted. Periodic weed con-

trol sweeps (combined with surveys)

for more than 10 years and spot

checks of older sites after seeding
have confirmed that this strategy has

been effective. As of January 2017,

there are 17 waypoints that remain

within the seven-year timeframe, and

these are being closely monitored.

The seven-year parameter could be

extended and trialled on other Bitou

Bush infested sand barrier coastal
islands and similar coastal areas of

south-east Queensland including

Cooloola, Moreton Island (Moorgum-

pin) and Stradbroke Islands (Minjer-

ribah and Curragee).

Seed germination is affected by

many factors including light penetra-

tion and fire (Mason & French 2007;
Vranjic et al. 2012), both of which

might have had an effect at specific

waypoints. In 2009, an intensewildfire

burned a large proportion of the south-

ern infested area shown in Figure 2

and Figure S2. In our study from 2006

to 2016, the number of seedlings pro-

duced at individual waypoints after
seed set was quite variable ranging

from 0 to 300. The higher figures were

Figure 8. Number of seedlings emerged at waypoint B256 from 2007 to 2013.
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the exception rather than the rule.

Furthermore, it was surprising that

three quarters of seeded waypoints

did not produce seedlings at all. Weiss
(1984) reported that fire killed a high

percentage of seed, stimulating a lower

percentage of seed germination during

his studies. However, fire alone does

not explain the result because many

of these waypoint areas seeded after

2009. Regardless of the reason for the

generally low germination levels, it
has been a significant factor in the con-

trol programme.

Outlying infestations and those in

dense bush are difficult to locate dur-

ing regular ground weed control

sweep surveys of known waypoints.

In this study, the more remote Bitou

Bush plants were located during heli-
copter aerial surveys, on-ground ‘emu

parades’, or by people engaged in

other activities. Helicopter surveys

conducted by BQ and QPWS provided

the capability to cover large inaccessi-

ble areas of the Great Sandy Area and

multiple tenures quickly. Flowering

plants that have scrambled above the
canopy are visible from the air but

not easily detected from the ground,

Annual aerial surveys have become

critical now that the Bitou Bush popu-

lation has been significantly reduced

and large areas of land are surveyed to

locate any remaining plants. The effec-

tiveness of aerial surveillance could be
further increased by using Unmanned

Aerial Vehicles (UAVs) which have

been used successfully for detecting

other WoNS (Lamb & Brown 2001;

Hung & Sukkarieh 2013) and are cur-

rently being trialled for Bitou Bush in

other areas (Harris et al. 2017).

The success of the current pro-
gramme is based on the vision of the

Queensland Government managers

and staff who set eradication as their

aim from the 1980s, and cooperation

between multiple agencies over

35 years. A recent risk analysis con-

ducted by BQ (Csurhes & Markula

2016) concluded that eradication
under Queensland conditions was fea-

sible. However, they cautioned that

whilst theoretically possible, eradica-

tion is generally elusive due to factors

such as the difficulty of finding the

last few plants, and reinvasion. The
NSW Biosecurity Act 2015, Regulation

(2016) identifies eradication as a Reg-

ulatory Measure. Eradication is cer-

tainly possible with a consistent

focus, but is most likely to be success-

ful on Islands, as testified through the

Island pest species eradication suc-

cesses in New Zealand, Western Aus-
tralia and Lord Howe Island.

Extension has played a role

towards the eradication of Bitou Bush

on K’gari-Fraser Island. In April 2016,

a mail-out was carried out by BQ to

544 landowners on K’gari-Fraser

Island aimed at education, awareness

and asking residents to keep a look
out for Bitou Bush. Extension contin-

ues to be an integral part of any erad-

ication project through mails outs,

attending local working groups and

using displays at local shows.

As noted by Csurhes and Markula

(2016), reinvasion is a potential issue.

Nearly all visitors to the island arrive
in vehicles, some of which come

directly from infested areas in Queens-

land and New SouthWales. Bitou Bush

probably arrived on the island in a vehi-

cle or mining equipment, and a similar

incursion could occur again. The outly-

ing infestations at Eurong Township

and Whaba likely resulted from move-
ment on vehicles or birds where they

are inland from vehicle tracks. Phy-

tosanitary measures directed against

vehicular entry into this World Her-

itage Area at the three barge entry

points could be explored but would

be difficult and expensive to enforce.

The risk of re-entry from this pathway
is diminished because the Bitou Bush

population on the mainland has

declined markedly (Willsher 2016).

Reinfestation from vehicles would

probably occur in the frontal dune

camping zones or in one of the coastal

villages and be detected early. Like-

wise, an infestation arising from seeds
moving north on ocean currents

(Winkler et al. 2008) should be

conspicuous and easily eradicated.

These areas are targeted in surveillance

campaigns.

Seed-eating birds and the European
Fox (Vulpes vulpes) have been

recorded as vectors of spread on the

mainland (Meek 1998) and could pose

a greater threat than human-mediated

dispersal should they become a factor

on K’gari-Fraser Island. European Fox

is not prevalent on the island (Allen

et al.2017);howeverbirdsareefficient
vectors (Gosper et al. 2006; French

et al. 2008) and the distance from the

mainland (1.5 km) is well within flying

range (Mokotjomela et al. 2013) of

many seed-eating birds. Seed could be

dropped in remote locations. The

K’gari-Fraser Island records show that

most new seedlings are found within
the drip zone of seeding plants or

within a few metres. French et al.

(2008)observedasimilarphenomenon

in New SouthWales. This suggests that

the risk of spread by birds or European

Fox may be low when plant popula-

tions and the seed supply are low. Gos-

per et al. (2006) had previously shown
that seed dispersal by frugivores is

reduced when the Bitou Bush popula-

tion is reduced, as it is in southeast

Queensland.Overall, the risk of re-inva-

sion by birds, European Fox, tidal cur-

rents or on vehicles is not sufficiently

high to deter programme managers

from pursuing the goal of eradication.
This study records the progress

towards the eradication of Bitou Bush

on K’gari-Fraser Island, and the collab-

orative efforts made towards that goal

by numerous organisations since the

early 1980s. The population distribu-

tion has been reduced to plants at four

waypoints over a 35 year period of
strategic annual weed control sweep

survey and control effort. Results to

date suggest that eradication within

the next decade is a realistic goal. The

challenge is to locate the few remain-

ing plants as soon as possible, whilst

maintaining annual surveillance at

waypoints that have flowered within
the last 7 years. Aerial surveys are of

crucial importance in this final phase.
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UAV technology offers the promise of

less expensive and more effective

surveillance that could prove to be

the key to ultimate success of Bitou
Bush eradication on K’gari-Fraser

Island by 2027. Considering K’gari-

Fraser Island lies at the most northern-

most point of the current known range

of the species, this can only further

encourage those involved in the many

other coordinated control pro-

grammes being carried out along the
coastlines of South East Queensland

and northern New South Wales.
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Supporting Information

Additional supporting information

may be found online in the

Supporting Information section at

the end of the article.

Figure S1. The distribution of Bitou

Bush on K’gari. Overall waypoint dis-
tribution, mainly in the south-east

with a few northern outliers.

Figure S2. A comparison of 2006
(grey discs) and 2016 (black disks)

active points.

Figure S3. All 310 waypoints (dots)

and historical distribution (hatched

area) in the core outbreak area south

of Dilli Village in relation to the area

mined for mineral sands (grey).
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