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Summary  Gorse, Ulex europaeus, is a serious weed
in south-eastern Australia and was approved as a tar-
get for biological control in July 1995.  The gorse spi-
der mite, Tetranychus lintearius, is a native of Europe
that can severely damage gorse foliage and is now es-
tablished in New Zealand.  Host specificity tests con-
firmed that T. lintearius was host specific to the genus
Ulex and 6 strains were introduced from New Zealand
into quarantine in Tasmania and Victoria during spring
1998.  Eggs produced were surface sterilised and en-
sured pathogen free before T. lintearius was released
from quarantine.  Mass rearing of each strain on pot-
ted gorse plants has now commenced.  By late March
1999, 20 releases involving 4 strains of T. lintearius
had been carried out in Tasmania and 11 releases in-
volving all 6 strains had been carried out in Victoria.
Widespread release and redistribution of T. lintearius
strains are now being planned in Tasmania and Victo-
ria with the involvement of community groups.  The
introduction of other European agents from New Zea-
land is intended pending the successful outcome of
host specificity tests.

INTRODUCTION

Gorse, Ulex europaeus L. (Fabaceae), is a serious ag-
ricultural and environmental weed in south-eastern
Australia, particularly in Tasmania and Victoria, and
is difficult and expensive to control by conventional
methods.  On pastoral land it significantly reduces
pasture and animal productivity and may form thick-
ets that prevent grazing by animals and their access to
streams.  It invades disturbed bushland and conserva-
tion areas competing with native vegetation and re-
ducing biodiversity.  In forestry plantations, it reduces
tree establishment and growth.  It is also a significant
fire hazard and provides a habitat and shelter for ver-
tebrate pests.

Infestations occur on rural land in all parts of Tasma-
nia.  The heaviest infestations covering ca. 30,000 ha

occur in the central and northern midlands on pastures
grazed mainly by sheep.  In these areas alone, losses
in animal production are currently estimated at ca. $1
million per annum.  Although gorse can be controlled
on arable and grazing land, the high cost of control of
up to $1,500 per ha. exceeds land values in some ar-
eas.  In Victoria, gorse is the sixteenth most widespread
weed.  It occupies an estimated total area of 948,000
ha over which scattered infestations are found on
805,000 ha and medium to dense infestations on
143,000 ha. (Lane et al. 1980).

Gorse was previously targeted for biological control
in Hawaii in 1926 and during the 1950’s (Markin et
al. 1996), in New Zealand in 1931 (Miller 1947) and
in Australia in 1939 (Evans 1942).  These early pro-
grammes ultimately resulted in the introduction and
successful establishment of the gorse seed weevil,
Exapion ulicis (Forster), from Europe.

In Australia, E. ulicis is now widespread in Tasmania
and the mainland but has had no appreciable effect on
gorse either here or in New Zealand.  Gorse produces
seeds in both spring and autumn, but studies in New
Zealand showed that seeds set in autumn escape wee-
vil attack (Cowley 1983; Hill et al. 1991a).  This may
be a key factor affecting the efficacy of E. ulicis in
Australia.  New Zealand initiated a new programme
for the biological control of gorse from 1978 through
the studies of Hill (1982).  The New Zealand pro-
gramme has since resulted in the release of an addi-
tional 6 agents (Richardson and Hill 1998).  Of these,
the scythridid moth, Scythris grandipennis (Haworth)
has failed to establish and the establishment of the
oecophorid moth, Agonopterix ulicetella (Stainton),
and the pyralid moth, Pempelia genistella (Duponchel),
is still being monitored.  However, two agents, the gorse
spider mite, Tetranychus lintearius Dufour and the
gorse thrips, Sericothrips staphylinus Haliday are now
widespread (Richardson and Hill 1998).  The tortricid
moth, Cydia succedana Dennis & Schiffermüller, is
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also now well established and spreading rapidly
(Landcare Research New Zealand Ltd. unpubl. data).

The New Zealand studies provided the basis for a new
biological control programme for gorse initiated in
Hawaii in 1984 which led to the establishment of A.
ulicetella, S. staphylinus and T. lintearius (Markin et
al. 1996).  T. lintearius has also now been released in
Oregon, California and Washington (USA) where it is
now widely established (Julien and Griffiths 1998).

In Australia, gorse was declared a target for biological
control in 1995 by the Standing Committee of Agri-
culture and Resource Management.  The aim of this
paper is to report on the introduction, rearing and re-
lease of T. lintearius in Australia.  Prospects for the
introduction of other agents and the biological control
of gorse in Australia are discussed.

MATERIALS AND METHODS

Host specificity  T. lintearius has only been recorded
from Ulex species and is reproductively isolated from
pest species of other tetranychid mites (Hill and
O’Donnell 1991a).  Detailed tests on over 100 plant
species (Hill and O’Donnell 1991b; Hill and Gourlay
unpubl. data) demonstrated the host specificity of T.
lintearius to gorse enabling the release of this agent in
New Zealand and the USA.  This host specificity was
confirmed by additional tests in New Zealand (Ireson
and Gourlay unpubl. data) using an additional list of
plants, approved by the Australian Quarantine and In-
spection Service, consisting of 32 species or cultivars
grown in Australia.  Approval for the introduction of
the agent to Australia was obtained in 1997.

Importation of strains  During October/November
1998, 6 strains pre-adapted to a range of climatic con-
ditions, were imported to Australia from New Zealand.
These strains had originally been imported into New
Zealand from the United Kingdom (Cornwall), and
from locations in Spain (Hio, O Grove, Cambados)
and Portugal (Sâo Pedro and Viana do Castelo) (Hill
et al. 1993).  The strains from Spain and Portugal were
introduced into New Zealand after the Cornwall strain.
This was because they were a closer climatic match
and found better adapted to the warmer wetter areas of
New Zealand, where the Cornwall strain had originally
failed to establish (Hill et al. 1993).  The location of
the New Zealand collection sites for each of the strains
imported into Australia were: Cornwall (43° 49' S, 172°
10' E); Hio (45° 53' S, 170° 23' E); O Grove (45° 48'
S, 170° 20' E); Cambados (45° 47' S, 170° 32' E); Sâo
Pedro (45° 45' S, 170° 36' E); Viana do Castelo (45°
49' S, 170° 24' E).

Quarantine procedures  Several fungus diseases have
been recorded from colonies of tetranychid mites (van
der Geest 1985) and the pathogen Vertcillium lecanii
was isolated in quarantine in New Zealand from T.
lintearius colonies imported from England (Hill et al.
1989).  Colonies of all T. lintearius strains imported
to Australia were held in quarantine for 1 generation
and checked for parasites, predators and disease as part
of normal quarantine requirements.

For each strain, adult T. lintearius were transferred to
fresh gorse stem cuttings about 15 cm long, which had
been trimmed so that only the top 3-4 branches re-
mained.  The shoots were ensured free of pathogens
prior to use by washing them in 0.5% sodium hypochlo-
rite for approximately 5 minutes before rinsing thor-
oughly in distilled water.  Each cutting was then in-
serted into water through a 4 mm diameter hole in the
centre of a screw top lid on a plastic vial 8 cm high
and 3 cm in diameter.  Once the cuttings were dry,
about 200 T. lintearius adults were transferred to each
cutting. These shoots were then carefully checked for
the presence of possible predators, particularly the
Chilean predatory mite, Phytoseiulus persimilis
Athias–Henriot.  The cuttings were checked daily un-
til at least 500 eggs had been laid and any predatory
mites detected were promptly removed and destroyed.

Eggs were initially checked for pathogens by smear-
ing unsterilised eggs onto Potato Dextrose Agar plates.
Although no pathogens were isolated, the production
of disease free colonies was ensured by surface steri-
lising eggs with sodium hypochlorite using a similar
method to that described by Hill et al. (1989).  Eggs
were removed from the gorse cuttings by vigorously
rotating them in a 200 mL beaker of 0.5% sodium hy-
pochlorite.  The solution containing the dislodged eggs
was poured onto filter paper in an 8 cm diameter fun-
nel in a Buchner vacuum flask.  The eggs contained on
the filter paper were then washed with 0.1 M sodium
citrate, to neutralise the hypochlorite solution, and then
washed with distilled water.  The filter paper was then
removed from the funnel and the eggs transferred to
one side of the main stem of sterilised gorse cuttings
(up to 200/cutting) using a fine sable hair brush.

The tubes containing the cuttings were then held in a
controlled environment cabinet at ca. 23ºC, 70% RH
and a 16 hr. photoperiod until hatching.  To reduce the
chance of the eggs dislodging, the tubes containing
the cuttings were supported at an angle of about 20º to
the horizontal until most of the eggs had hatched.
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Mass rearing and field release   Potted gorse plants
used to culture T. lintearius were produced from 15
cm gorse cuttings.  The cuttings were trimmed to within
5cm of the top  and then dipped into a 50% solution of
rooting hormone (Rootex-L®). Cuttings were then
placed in a seedling tray on a heat bed containing a
continually moistened 1:1 perlite/peat mix. Once
cuttings had produced adequate roots, they were placed
in 20 cm diameter pots containing a mixture of 40%
sand and 60% bark chips.  Once established, all plants
were fumigated fortnightly with Dichlorvos®), mainly
to eliminate predators, particularly P. persimilis.  Once
removed from quarantine, colonies of T. lintearius were
lodged onto the potted gorse plants pruned to ca. 30
cm high and 20 cm in diameter.  These were main-
tained at around 18-20ºC either in controlled environ-
ment cabinets or a controlled temperature glasshouse.
Some cultures were also maintained in a shade house
at ambient temperature.

Releases of T. lintearius commenced once culture colo-
nies had increased sufficiently to enable up to several
thousand individuals to be removed without affecting
culture viability. For field release, 100 active T.
lintearius of mixed ages were transferred to 15 cm gorse
cuttings inserted into the screw cap plastic vials con-
taining water, as previously described.  The cuttings
were taken from glasshouse parent plants fumigated
7-14 days previously and examined to reduce the pos-
sibility of predator contamination.  T. lintearius infested
cuttings were transported to release sites in the tubes
which were secured and kept cool in insulated plastic
containers.  At each site, cuttings were removed from
the tubes and a minimum of 2 to a maximum of 10
cuttings were lodged into mature gorse plants.

Post-release assessments   Pre-winter assessments of
T. lintearius activity were carried out between March
25 and April 1 at 14 release sites in Tasmania.  Re-
leases at these sites had been carried out between De-
cember 2 and January 21.  In Victoria, monitoring was
carried out in mid-April at 6 sites where releases had
been made between December 15 and March 16.  The
estimated size of individual colonies, the range of dis-
persal from the release point, and evidence of damage
was recorded.  At each site, in situ examination of a
representative spine sample containing ca. 1000 mites
was examined microscopically for the presence of pos-
sible predators, particularly P. persimilis and mite eat-
ing ladybirds, Stethorus spp.

RESULTS

The first field releases of T. lintearius in Australia were
made in December 1998 with releases of the Cornwall
strain in Tasmania, and the Cornwall and O Grove
strains in Victoria.  By the end of March 1999, 4 of the
strains had been released at 20 sites in Tasmania: 15
sites for the Cornwall strain, 2 release sites each for
the Cambados and Hio strains and 1 site for the Sâo
Pedro strain.  In Victoria releases were made at 11 sites:
3 sites each for the Cornwall and O Grove strains, 2
for the Hio strain and 1 for the Sâo Pedro, Cambados
and Viana do Castelo strains.  Release site locations in
the respective states are shown in Figures 1 and 2.

The pre-winter assessments indicated that T. lintearius
colonies were surviving and reproducing at all sites in
Tasmania.  The size of individual colonies varied con-
siderably within and between sites, and ranged from
1,000 to 10,000 mites.  At the earliest Tasmanian re-
lease site (near Oatlands, Fig. 1) larger colonies of ca.
100,000 were recorded. At all sites, substantial web-
bing and feeding damage, indicated by the bleached
appearance of the foliage, was observed on individual
bushes.  The maximum distance dispersed by a colony
ranged from 80 cm at the oldest (December) sites to
only localised movement of ca. 5 cm from the release
point at sites where the more recent releases were car-
ried out in January.  No predators were found in any of
the colonies examined.

T. lintearius were detected at 5 of the 6 sites moni-
tored in Victoria, the exception being a site located
near Kyneton in central Victoria.  It is suspected that
adverse weather conditions, including heavy rain and
frosts during the month after release, may have con-
tributed to establishment failure.  No predators were
detected on the gorse at the site.  At the remaining 5
sites, large colonies of up to ca. 100,000 were recorded
and no predators were detected.  The maximum dis-
tance dispersed by a colony was at Hastings (set up in
December).  Satellite colonies had dispersed ca. 2 m
from the original release point and one colony had
moved to an adjacent bush.
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DISCUSSION

Although the pre-winter establishment assessments for
T. lintearius were promising, colonies will need to sur-
vive the winter and start to multiply in the spring be-
fore it can be confirmed that the agent will become
permanently established at any release sites.  By then
it should also be possible to detect differences in the
ability of the released strains to form viable colonies.
If populations start to increase significantly in the
spring, collection and redistribution of colonies will
be carried out to accelerate their spread, with the as-
sistance of Landcare groups.

T. lintearius was identified as one of the most damag-
ing agents on gorse in Europe (Zwölfer 1963) and
therefore considered to have considerable potential as
a biological control agent.  In New Zealand, Oregon,
California and Hawaii, populations have often been
recorded in huge numbers causing significant plant
damage.  However, in most cases, colonies do not

remain on gorse bushes long enough to kill them.
Populations have been observed to increase markedly
over 2-3 years then decline rapidly due to adult migra-
tion as their food source declines, and the effect of
heavy predation (Richardson and Hill 1998; Coombs
pers. comm.).

The predatory coccinellid beetle, Stethorus bifidus
Kapur and P. persimilis have become significant preda-
tors of T. lintearius at some sites in New Zealand (Hill
et al. 1991b; Richardson and Hill 1998).  At Brandon,
Oregon, P. persimilis has caused an estimated 90%
reduction in T. lintearius numbers (Coombs pers.
comm.).  S. bifidus is not found in Australia but
Stethorus histrio Chazeau, Stethorus vagans
(Blackburn) and P. persimilis are common predators
of tetranychid mites in Tasmania and Victoria (Williams
pers. comm.).  None of these predators were found in
the early pre-winter population assessments.  However,

Figure 2. Release sites for T. lintearius in Victoria to
March 1999 (3 sites each for the Cornwall (◆) and O
Grove (o) strains, 2 sites of Hio (n) and one site each
for the Cambados (✖ ), Sâo Pedro(▼) and Viana (✚✚✚✚✚)
strains)

Figure 1. Release sites for T. lintearius in Tasmania to
March 1999 (15 sites for the Cornwall strain (u) with
releases made between December 2 and February 16,
two release sites each for the Cambados (✖ ) and Hio
strains (n) and one site for the Sâo Pedro strain (▼)
with releases made between February 16 and March 5
1999)
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it is expected that if T. lintearius does establish, these
predators could significantly regulate populations at
some sites.

The introduction of the gorse thrips, S. staphylinus,
the tortricid moth, C. succedana and the oecophorid
moth A. ulicetella to Australia are planned pending
the outcome of host specificity tests.  Both S.
staphylinus and C. succedana have shown potential as
control agents since their introduction to New Zea-
land (Richardson and Hill 1998) and some success has
been achieved with A. ulicetella in Hawaii (Markin et.
al. 1996).  However, the long term impacts of any of
these agents either alone or in combination are un-
known.  At least, it is hoped that biological control
agents will help to restrict the spread of gorse or be
useful in integrated control programmes by reducing
gorse vigour and enhancing the impact of other con-
trol measures.

ACKNOWLEDGMENTS

We thank Margaret Williams (Department of Primary
Industry Water and Energy) and Barry Rowe (Tasma-
nian Institute of Agricultural Research) for their com-
ments on the manuscript.  We are also grateful to
Margaret Williams for technical advice and thank
Karina Potter and Sarah Campbell (Tasmanian Insti-
tute of Agricultural Research and Kerry Roberts (Keith
Turnbull Research Institute) for technical assistance.
Funding support for this project is being provided by
the Natural Heritage Trust.

REFERENCES

Cowley, J.M. (1983). Lifecycle of Apion ulicis
(Coleoptera: Apionidae), and gorse seed attack
around Auckland, New Zealand. New Zealand Jour-
nal of Zoology 10, 83-86.

Evans, J.W. (1942).  The gorse weevil.  Tasmanian Jour-
nal of Agriculture 13, 15-18.

Hill, R.L. (1982).  The phytophagous fauna of gorse
and host plant quality.  Unpublished Ph.D. thesis,
University of London.

Hill, R.L. and O’Donnell, O.J. (1991a). Reproductive
isolation between Tetranychus lintearius and two
related mites, T. urticae and T. turkestani
(Acarina:Tetranychidae).  Experimental and Applied
Acarology 11, 241-251.

Hill, R.L. and O’Donnell, O.J. (1991b).  The host range
of Tetranychus lintearius (Acarina: Tetranychidae).
Experimental and Applied Acarology 11, 253-269.

Hill, R.L., Gourlay, A.H. and Martin, L. (1991a).  Sea-
sonal and geographic variation in the predation of
gorse seed, Ulex europaeus L., by the seed weevil
Apion ulicis Forst.  New Zealand Journal of Zool-
ogy 18, 37-43.

Hill, R.L., Gourlay, A.H. and Wigley, P.J. (1989).   The
introduction of gorse spider mite, Tetranychus
lintearius, for biological control of gorse. Proceed-
ings of the 42nd New Zealand Weed and Pest Con-
trol Conference, pp. 137-139.

Hill, R.L., Gourlay, A.H. and Winks, C.J. (1993).
Choosing gorse spider mite strains to improve es-
tablishment in different climates.  Proceedings of
the 6th Australasian Conference on Grassland In-
vertebrate Ecology, pp. 377-384.

Hill, R.L., Grindell, J.M., Winks, C.J., Sheat, J.J. and
Hayes, L.M. (1991b).  Establishment of gorse spi-
der mite as a control agent for gorse.  Proceedings
of the 44th New Zealand. Weed and Pest Control
Conference, pp. 31-34.

Julien, M.H. and Griffiths, M.W. (1998).  Biological
control of weeds.  A world catalogue of agents and
their target weeds.  CAB International (4th edition).

Lane, D., Riches, K. and Combellack, H. (1980).  A
survey of the distribution of noxious weeds in Vic-
toria. Unpublished report (Keith Turnbull Research
Institute, Frankston, Victoria).

Markin, G.P., Yoshioka, E.R. and Conant, P. (1996).
Biological control of gorse in Hawaii.  Proceedings
of the 9th International  Symposium on the Bio-
logical Control of Weeds, pp. 371-375.  V.C. Moran
and J.H. Hoffmann (eds.), 19-26 Jan., Stellenbosch,
South Africa, University of Cape Town.

Miller, D. (1947).  Control of gorse by seed weevil.
New Zealand Journal of Agriculture 75, 27-58.

Richardson, R.G. and Hill, R.L. (1998).  The biology
of Australian Weeds 34.  Ulex europaeus L. Plant
Protection Quarterly 13, 46-58.

van der Geest, L.P.S. (1985).  Pathogens of spider mites,
pp. 247-258.  In: W. Helle and M. W. Sabelis (eds.).
Spider Mites, Their Biology Natural Enemies and
Control.  Vol 1B. Elsevier, Amsterdam, 458 pp.

Zwölfer, H. (1963).  Ulex europaeus project:  Investi-
gations for New Zealand Report.  Commonwealth
Institute of Biological Control, Delémont, Switzer-
land, Rep. 1 (unpublished).




