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Abstract   The expanding interest in olives as an emerg-
ing industry has led to a dramatic increase in olive
plantings in South Australia.  The olive industry is
becoming a source of volatile debate between the con-
servation movement and the proponents of the indus-
try, as feral olives (Olea europaea L.) have become a
problem in native vegetation in some areas of South
Australia.

To allow rational debate, the Animal and Plant Con-
trol Commission (APCC) formed an Olives Advisory
Group to investigate the possibility of applying risk
analysis to new olive plantations.  It was clear that lit-
tle was known about how olives are dispersed.  In or-
der to answer some fundamental questions about olive
dispersal, the APCC funded a Honours student to in-
vestigate the role of starlings and other birds in olive
dispersal, as birds are thought to be the main vector of
olive seed.

Starlings are the major avian consumers of olives near
Adelaide.  They usually swallowed olives whole, re-
gurgitating the stones 20-50 minutes later.  Most ol-
ives were likely to be dispersed short distances (less
than a few metres), except when starlings returned to
nocturnal roosts.  Starlings had difficulty in handling
and swallowing large fruits and showed a strong pref-
erence for intermediate sized fruits.

This information has been used by the Olives Advi-
sory Group to devise a method of risk analysis for new
plantations and a code of practice for the olive indus-
try.

INTRODUCTION

There is increasing interest in commercial olive grow-
ing in South Australia to replace imports for table ol-
ives and olive oil.  South Australia is climatically suited
for olive production.  However, a conflict is develop-
ing between the commercial use of olives and the need
to control them in South Australia as they have be-
come a woody weed of native vegetation. Feral olives
invade native forests and woodlands, threatening
biodiversity by forming a dense, permanent canopy
shading out other plant species.

Olive trees represent a valuable industry, yet the feral
olives are the offspring of the productive trees. We can
not have one without the other.  A State policy is there-
fore is necessary to ensure a consistent approach to
allowing and managing new and existing olive planta-
tions in the vicinity of native vegetation.  At the same
time, it will not be retrospective on existing olive plan-
tations, however the onus is on the entire olive indus-
try to manage the threat of feral olives through a code
of practice.

METHODS AND RESULTS

Distribution and abundance of feral olive trees   Feral
olives are widespread in the Adelaide Hills, along
roadsides, creek lines and in areas of natural vegeta-
tion. Within five 1 hectare study plots in Belair Na-
tional Park (12 km SE of Adelaide) there was an aver-
age of 386 olive plants/ha (range 186 - 816). Fifty-
seven per cent of these plants were small (<1.5m high)
and yet to flower and set fruit. A further 32% were
mature trees that did not set fruit in 1998. The remain-
ing 11% of trees (42/ha) produced fruit. The volume
of fruit produced varied between trees as did the size
of the fruit. Most (92%) of the fruiting olive trees in
Belair Recreation Park produced small and medium-
sized fruit (see below).
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Figure 1. Densities of  feral olive trees at increasing
distances from trunks of isolated perching trees. Data
are from 14 Eucalyptus trees spread across five study
sites within Belair Recreation Park (5% error bars are
shown)

Most of the feral olive trees in Belair Recreation Park
appear to establish under tall eucalypts (see figure 1).
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This pattern of recruitment is typical of plants that are
dispersed by birds

Avian dispersers of olive seeds   Seventeen bird spe-
cies have been observed eating the pulp of olives. Many
of these birds simply consumed the pulp without in-
gesting the stones. Seven species, however, dispersed
olive seeds. Common Starlings (Sturnus vulgaris L),
Common Blackbirds (Turdus merula L) and Austral-
ian Magpies (Gymnorhina tibicen Latham) were ob-
served to swallow fruit whole. Noisy Miners (Manorina
melanocephala Latham), Black-faced Cuckoo-Shrikes
(Coracina novaehollandiae Gmelin) and Feral Pigeons
(Columba livia Gmelin) carried whole olives away in
their bills, while olive stones were found in the faeces
of Emus (Dromaius novaehollandiae Latham). Many
of the olives taken by birds had fallen on the ground
but starlings, blackbirds and cuckoo-shrikes also took
fruit directly from the tree.

Common Starlings accounted for 97% (1150 of 1182
observations) of the whole olives swallowed and/or
carried away by birds from fruiting trees in and around
Adelaide. During the day, these starlings would raid
olive trees and consume a number of whole fruit and
then retreat to a nearby tree (usually taller) where they
perched for up to an hour before foraging again on
olives. In the areas where our observations were car-
ried out these perching trees were typically within 100m
of fruiting olives. Starlings typically perched (almost
without exception) within 2 m of the top of the tree
and usually within 2 m of the trunk and remained
perched for up to an hour while the olive fruit was
processed. While perched they regurgitated the stones.
The distribution of olive stones under perching trees
reflected the preference for Starlings to perch near the
centre of trees, with the highest densities of regurgi-
tated stones found on the ground close to the trunk
(see figure 2). This pattern of seed dispersal mirrors
recruitment of olives in natural areas (see figure 1).

Although the majority of starlings dispersed olive
stones to nearby areas (within 100m) during the day,
at the end of the day, starlings often fly kilometres away
to roost communally on offshore islands, in selected
trees in urban environments, or in swamps and other
thick vegetation. To determine if starlings had the po-
tential to disperse olive stones along these routes and
hence over much greater distances we caught starlings
on Wrights Island, near Victor Harbor at dusk as the
birds arrived to roost for the night. These trapped birds
regurgitated olive stones while being held and olive
stones were prominent under the dense shrubs used
for nocturnal roosting.

Preference of starlings for different-sized olive fruit
Common Starlings when presented with small (8.1 ±
0.7 (s.d.) mm long by 7.6 ± 0.7 mm diam.), medium
(13.6 ± 0.9 mm long by 9.9 ± 0.6 mm diam.), and large
(> 16.7 ± 1.1 mm long by 13.8 ± 1.1 mm diam.) olives
showed a strong preference for medium-sized fruit.
Both small- and medium-sized fruit were swallowed
whole, but large fruit were rarely swallowed. When
presented only with large fruit, starlings usually pecked
at the fruit and eventually succeeded in removing some
of the pulp without ingesting the whole olive. Oblong
fruit (17.2 ± 0.8 mm long by 9.8 ± 0.6 mm diam.) how-
ever were swallowed more readily suggesting  that fruit
diameter restricted the ability of starlings to swallow
whole olives. These data suggest that when given
choices in the size of olives, starlings may choose ol-
ives of intermediate size and that small- and interme-
diate-sized fruit were more likely to be dispersed by
them.

Figure 2.  Distribution of olive stones and whole ol-
ive fruits found beneath the canopies of 4 Norfolk Is-
land Pine trees used by perching starlings. Sample ar-
eas were equal to 0.16 m2

POLICY DEVELOPMENT

The above information aided the APCC in its delib-
erations with both the olive industry and the conserva-
tion movement.  The APCC convened an Olives Ad-
visory Group to discuss various options.  The group
comprised of representatives of the Department of
Environment, Heritage and Aboriginal Affairs
(DEHAA), Olives SA, Industry Development Group
of Primary Industry and Resources South Australia
(PIRSA), Local Government Association, University
of Adelaide, Conservation Council of South Australia
and the APCC.
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The outcomes of these deliberations were a draft
discussion paper outlining a code of practice, the
formation of a olive grove register, a risk assessment
system for local government planners and guidelines
on how to deal with the levels of risk through change
of landuse applications.  This paper was finalised as
APCC policy after canvassing public comment.

Code of Practice   The Code of Practice outlines meth-
ods, which an olive grower may employ to alleviate
the risk of establishment of feral olives.  The code ad-
dresses control of seed vectors as well as general or-
chard management.  The APCC prepared best practice
strategies for the management of birds, foxes and emus.

Vector Control    Starlings have been shown to be the
most important vector of olive seeds, and they gener-
ally prefer to feed on the ground.  It is clear that olive
fruit should not be left on the ground and that a grass
sward may help in reducing birds feeding on the
ground.

Abandoned Orchards   In the past, feral populations
of olives have spread from abandoned orchards.  In
order to prevent abandoned orchards contributing to
feral olives with the re-emergence of the olive indus-
try, the following actions are suggested:

Local Animal and Plant Control Boards will monitor
harvesting frequency of registered groves systemati-
cally, with the assistance of the olive industry.

If all or part of an orchard is not harvested for one
year, the owner is notified.

If unharvested for the following year, the Animal and
Plant Control Board would liaise with the owner on
management options, including contracting harvesting
or removal of trees.  Removal under section 57 of the
Animal and Plant Control Act (1986) is an option ac-
cording to the local Animal and Plant Control Board’s
policy.  The APCC has recommended that olives that
have not been planted and maintained have been rec-
ommended proclaimed as a plant pest across the State.
This proclamation will provide for the enforced con-
trol of feral olives.

OLIVE RISK ASSESSMENT

The system is split into two sections and follows the
Australian/New Zealand Standard on Risk Manage-
ment AS/NZS 4360:1995.  The first section scores the
likelihood of olives spreading from a new orchard.  This
has two components; environmental suitability and
management of spread.  The second section assesses

the consequences of olive spreading to native vegeta-
tion.  The system gives a score out of 100 for each
section and has been designed as a Microsoft EXCEL
spreadsheet.

Likelihood of spread – Environmental factors (LS)
This section considers three factors; rainfall, surround-
ing land use and susceptibility of the surrounding soils
to waterlogging.

Rainfall is seen as a critical factor in the establishment
of feral olives.  This is supported by field observa-
tions, and APCC and DEHAA records which have
suggested that in the lower rainfall areas (below 350
mm of median rainfall per year) olives can only estab-
lish where they gain extra water run off.  However they
do not form the thick stands seen in higher rainfall
areas (500mm and above).

Surrounding land use is seen as important as feral ol-
ives are usually controlled by intensive agricultural
practices.  Soils that are prone to waterlogging tend
not to be conducive to olive establishment.

The orchard management component considers six fac-
tors: bird management, fruit maturity at harvest, fruit
size, management of fallen fruit, control and buffer
zones with and without perching trees, and fox man-
agement.

Bird management is integral to the reduction of seed
dispersal.  A best practice document has been prepared
to aid growers in this area and includes planning a pro-
gram and options from netting to bird scarers.

Birds take most fruit when it is ripe and so the picking
of fruit when it is green and still unattractive to birds
is encouraged.

Fruit size is critical for starlings to be able to swallow
fruit; smaller varieties of commercial olives, which are
easily swallowed, should be avoided in high-risk ar-
eas.  The results above emphasise that the control of
feral olives should be a priority as they generally pro-
duce small fruit.  The risk of the fruit from feral olives
being swallowed and dispersed long distances by star-
lings is greater than the risk for fruit from commer-
cially grown and harvested olive trees.

Data from the above studies on starlings suggests that
the presence of buffer zones with closed canopy trees
would encourage starlings to remain in the local area
after disturbance, minimising the chances of long dis-
tance dispersal of olive seeds.
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Fox control, although not as important as bird control,
can still play a role in the prevention of dispersal of
olive seeds.  Lowe (1989) found that up to 30% of a
fox diet could be made up of olive fruit in the Ad-
elaide Hills.

The likelihood of spread (LS) score is the sum of posi-
tive scores for environmental factors and negative
scores for management factors, with a minimum of 0.
This recognises that management practices can reduce
the risk of olive spread in areas of high environmental
suitability.

Consequence of spread (CS)   This section is split
into three factors; proximity of the proposed orchard
to significant native vegetation, the presence of feral
olives in the area, and the presence of olive orchards
in the area.

Estimating the significance of native vegetation is dif-
ficult, and a long list of categories is included for the
assessment.  One of the shortcomings of this factor is
that virtually no work has been done on the types of
vegetation prone to olive invasion or the effect that
olives have on that vegetation.  The only work in Aus-
tralia suggested that certain woodlands were at threat
(Specht 1972).

Final Score   The final score is determined by:

LS + CS = Risk Score

At present, proposed olive developments with scores
below 65 are considered to be LOW RISK, 65 to 130
as MEDIUM RISK and over 130 as HIGH RISK. These
numbers will be reviewed when the system has been
applied to a wider range of actual examples.

OLIVE RISK MANAGEMENT

The approval of olive developments is the responsi-
bility of the local government via their development
planner.  It is anticipated that these people would be
trained in the use of the risk assessment system.  The
suggested action on different levels of risk is:

High Risk   High-risk developments should be rejected
in the planning process or have compulsory manage-
ment conditions placed on the development to mini-
mise the risk of seed dispersal.

Medium Risk   Medium risk developments could ei-
ther be managed through a land management agree-
ment or a memorandum of understanding with the lo-
cal Animal and Plant Control Board to abide by the
code of practice.

Low Risk   Low risk developments can be managed
through the code of practice via a memorandum of
understanding with the Animal and Plant Control Board

DISCUSSION

Implications for management   Based on observa-
tions on the use of olives by birds, particularly star-
lings, in South Australia, the frequency of dispersal of
olives into natural areas by birds could be reduced by:

1. planting primarily large-fruited varieties;

2. providing suitable places (large trees) for star-
lings and other birds to perch near or within
olive groves and away from natural areas;

3. removing fallen fruit from the ground and/or
maintaining tall grass under trees to prevent
access of birds to fallen fruit.

However, there will still be a risk of some olives being
dispersed to areas where they are not wanted and a
program of vigilance coupled with prompt removal of
feral olives from natural areas will still be required.
Where feral olives have already established in areas of
native vegetation, like in Belair Recreation Park, ini-
tial control should concentrate on eliminating the fruit-
ing individuals to prevent subsequent secondary dis-
persal of olives from these trees.

Implications for Policy Development   The discus-
sion paper and policy resulting from this work is by no
means static.  More work is required on controlling
and influencing bird behaviour near olive groves and
there are inherent assumptions in the risk assessment
system that need to be scientifically tested.  These as-
sumptions include the belief that perching sites and
buffer zones play a role in influencing bird behaviour
and that starlings will be less likely to feed on olive
fruit on the ground if there is a grass sward present.  It
should be recognised that risk assessment provides a
tool to aid in decision-making, and that a scoring sys-
tem must evolve as new knowledge comes to hand.

Nevertheless this process has shown that if the science
is well targeted to gain pivotal information for policy
makers, this partnership can be extremely valuable.
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