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Abstract: Invasive alien plants (IAPs) are a significant threat to the biodiversity and ecological
functioning of the sub-Antarctic Prince Edward Islands (PEIs); however, weed biological control has
not yet been implemented as a management tool. The PEIs have had 23 alien plants recorded, of
which several are considered beyond eradication and therefore could benefit from the release of safe
and effective biocontrol agents. We used the South African Biological Control Target Selection
(BCTS) system to provide a ranked list of the target species in order of priority for further biocontrol
research. The highest-scoring species, and therefore those that should be considered first to be
targeted, were Sagina procumbens and Cerastium fontanum. No biocontrol agents for IAPs have been
released in any climate with as consistent low temperatures as in the PEIs, so the climatic
compatibility of agents will be essential prior to any decision to release. However, with very few native
species present on the PEIs, the programmes would involve limited host specificity testing, which
would improve the feasibility and speed with which new biocontrol agents could be developed.
Biocontrol may offer an environmentally safe and sustainable method of reducing the negative
impacts of these priority species and thus warrants further investigation.
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Introduction

The Southern Ocean islands represent some of the most
isolated and least impacted habitats on Earth, yet
they are also prone to invasion by alien species (Shaw
2013). Due to their isolation they are often
taxonomically and functionally depauperate, which is
believed to reduce their biotic resistance to invasion
(Vitousek 1988, Reaser et al. 2007, Greve et al. 2017).
Invasive alien species represent one of the greatest
threats to the native biotas on these islands (Chown
et al. 2008). The Prince Edward Islands (PEIs) constitute
South Africa's southernmost and only sub-Antarctic
territories and consist of two islands: the larger Marion
Island (∼270 km2) and the smaller Prince Edward Island
(∼45 km2; Greve et al. 2020). The introduction of alien
plants to the PEIs is closely linked with their human
history, whereby anthropogenic activities since the early
nineteenth century and the establishment of permanent
research stations have brought in propagules through
clothing, outdoor equipment and particularly the
importation of building materials (Gremmen & Smith
1999, Greve et al. 2020). The alien plants that have
established on the PEIs are predominantly of European
origin and are widespread across the sub-Antarctic

region, occurring on several other islands (Frenot et al.
2005, Shaw 2013).
The PEIs are protected under the National

Environmental Management: Protected Areas Act
(No. 10 of 2004 NEMBA), and encompassed within this
legislation is the prevention and management of invasive
alien species (Department of Forestry, Fisheries and
the Environment, unpubl. data 2012, Greve et al. 2017).
Most efforts have concentrated on reducing any alien
plant introductions, and managing established
populations has received less attention (Greve et al.
2017). For some of the invasive alien plants (IAPs)
present on the islands, eradication is no longer possible
due to the extent of the invasions. Generally, complete
eradication of IAPs is only successful in the very early
stages of the invasion before the plant is widespread
(Rejmánek & Pitcairn 2002, Genovesi 2005, Renteria
et al. 2017). Managing species that are widespread on
the PEIs has also been limited due to challenges such as
inaccessibility, sensitive ecosystems and a lack of staff
capacity. Much of the PEIs consist of difficult terrain,
and therefore large areas are often inaccessible by foot
(Bergstrom & Smith 1990). Furthermore, invasive plants
such as Poa annua and Sagina procumbens are often
established within habitats that support vulnerable native
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species, such as within the burrows and nests of seabirds
and seals, and therefore any management interventions
pose a risk to these co-occurring native species (Ryan
et al. 2003). The PEIs have only 20–25 people occupying
Marion Island at any time (Greve et al. 2020), and
thus there is limited capacity to implement control
programmes. Given these challenges, there has been
minimal management of alien plants, and the use of
conventional control methods is considered infeasible
(Watkins & Cooper 1971, Greve et al. 2017).
Given that conventional control methods of IAPs are

often not possible on the PEIs, the use of classical weed
biological control (biocontrol) may offer a sustainable
approach to managing IAPs. Biocontrol is the use of
natural enemies, usually arthropods or pathogens, to
control pest organisms (McFadyen 1998). It is recognized
as an important management intervention for the control
of IAPs (DiTomaso et al. 2017, Zachariades et al. 2017,
Shaw et al. 2018), which are serious pests of natural and
agricultural ecosystems globally (Vilá & Ibáñez 2011, Van
Driesche & Center 2013). Natural enemies of the target
IAP are sourced from the indigenous distribution, tested
to ensure that they are host specific to the target plant
and then released as biocontrol agents where the IAP is
problematic. The biocontrol agents become a part of the
new ecosystem, reducing the target IAP populations
through the damage that they do through feeding on their
host plants, and they then maintain the IAP populations
at these lower levels permanently (McFadyen 1998).
Biocontrol has successfully controlled many IAP species,
resulting in significant global benefits (Schwarzländer
et al. 2018, van Wilgen et al. 2020). Biocontrol agents
have been released in 152 countries, including 53 island
nations (Winston et al. 2021). South Africa is one of the
most active nations in the field of biocontrol of IAPs,
with 92 agent species established for the control of 66
target IAPs on the mainland (Moran et al. 2021);
however, this management tool has not yet been
extended to the country's sub-Antarctic islands. Given the

lack of alternative controls and the threat of alien plants,
the viability of biocontrol should be explored in this region.
Not all of the alien plants found on the PEIs will be

suitable targets for biocontrol, and selection of the most
appropriate targets for biocontrol will ensure that the
target IAPs that are most problematic or threatening and
are most likely to be effectively controlled with biocontrol
are selected as priority targets. The recently developed
Biological Control Target Selection (BCTS) system
(Paterson et al. 2021) has been used to prioritize all of the
regulated alien plants on mainland South Africa,
producing a ranked list of 299 alien species in the order of
appropriateness as targets for biocontrol and guiding
future investment into biocontrol research and
implementation (Canavan et al. 2021). The system is
composed of three sections, each addressing one of the
three most important characteristics of a good candidate
alien plant for biocontrol. These are: 1) the importance
and need for biocontrol of the alien plant, where the
negative impacts/threats and the need for biocontrol over
other control methods are assessed, 2) the likelihood of
success, which is determined based on plant traits that have
been shown to make alien plants good targets
for biocontrol in the past, as well as whether the
target alien plant, or its close relatives, have been controlled
successfully using biocontrol elsewhere in the world, and 3)
the feasibility of implementing biocontrol, where the costs
and logistics of implementing a biocontrol are assessed and
those that are more feasible are prioritized over others. In
total, there are 13 attributes that are assessed, covering all
three sections, and each attribute is given a score. These
scores are then used to calculate an index which is a relative
score of how appropriate each alien plant target is for
biocontrol. Different attributes are weighted in the index
according to how important they are in predicting
biocontrol success. The logic and details of the BCTS
system and how it was implemented for use on mainland
South Africa are provided in three papers: Downey et al.
(2021), Paterson et al. (2021) and Canavan et al. (2021).

Table I. The 12 attributes used from the Biological Control Target Selection system grouped into three sections (see details in Table S1).

Section Attribute Possible scores

1. Impact/importance of the target plant 1A. Threat or impact posed by the target plant 1, 2, 4, 6, 8, 10
1B. Geographical distribution 1, 2.5, 5, 7.5, 10
1C. Alternative control options 1, 5, 10
1D. Conflicts of interest 1, 5, 10

2. Likelihood of achieving success 2A. Success of biocontrol programmes elsewhere 1, 3, 6, 8, 10, 12, 14, 16, 18, 20
2B. Ecosystem 5, 10
2C. Reproduction 5, 10
2D. Life cycle 5, 10

3. Investment required 3A. Uncertainty of plant origin or taxonomy 1, 10
3B. Information on natural enemies 1, 5, 10
3C. Sourcing agents 1, 3, 6, 10
3D. Potential to find host-specific agents 1, 10
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In this paper, we use the BCTS system to prioritize
all of the alien plants on the PEIs, which are part of
South Africa but were not included in previous
prioritization exercises (Canavan et al. 2021). We then
discuss and suggest ways forward for developing
biocontrol programmes against the prioritized
target alien plants.

Methodology

The list of alien plants was taken from Greve et al. (2017),
as it contains the most up-to-date records of introduced
plant species. Twenty-four alien plants have been
recorded at some point on the PEIs. The alien plants
have been categorized according to their invasive status,

Fig. 1. The Biological Control Target Selection (BCTS) system score for the 23 alien plants assessed (see further details in Table S1). The
species highlighted in red represent high priority plants that based on the attributes scored are considered feasible biocontrol targets in
the Prince Edward Islands. The species highlighted in orange represent medium priority targets and species in blue represent low
priority targets.
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including species that were introduced but never
naturalized (transient), eradicated or have remained
localized in their distribution, despite long periods of
establishment (Greene & Greene 1963, Gremmen &
Smith 1999, le Roux et al. 2013). For the prioritization
assessment, Ochetophila trinervis was excluded as
evidence has shown that it arrived through natural
dispersal (by vagrant birds) and therefore should not
be considered an alien species (Kalwij et al. 2019). All
other alien species were included regardless of whether
the species is no longer present as a threat to the PEIs.
This is to account for species that may become a threat
in the future through reintroduction, have undetected
populations or are in a lag phase of the invasion process
(Crooks & Soulé 1999). Seventeen alien plant species are
currently established on the PEIs, all of which occur on
Marion Island and only three of which occur on Prince
Edward Island (Greve et al. 2020).
The BCTS system was applied to the alien plants using

the methods of Canavan et al. (2021). Two changes were
required to the BCTS system to account for the
characteristics of the PEIs. Firstly, the attribute '1B -
geographic distribution' was modified. This attribute was
intended to reflect the potential geographical range of
alien plants across South Africa. However, given the
restricted size of the PEIs, the attribute was modified to
reflect how widespread alien plants are on the islands
based on appropriate distribution measures. The scoring
of this attribute was modified to align with the
established classification categories from Gremmen
(1971), which outline the species distributions of the
alien plants. Secondly, the attribute '2D - habitat
stability' was removed. This attribute assesses whether or
not an alien plant establishes in unstable habitats (i.e.
cultivated land and improved pastures). Biocontrol in
these habitats has been found to have a reduced
likelihood of success due to the disturbance levels. Given
that the PEIs are protected Special Nature Reserves,
prohibiting any form of cultivation, this attribute is not
relevant. From this, 12 attributes were applied to the 23
alien plants using the BCTS system (Table I).

Results

The final score from the BCTS system ranked the alien
plants according to their suitability for biocontrol
(Fig. 1; see scoring and rationale in Table S1). Two alien
plants can be considered high-priority targets as they
had the highest BCTS score – S. procumbens and
Cerastium fontanum (score > 2000; Fig. 1 & Table II).
Six alien plants had relatively high BCTS scores
(> 1500, but < 2000) due to a number of attributes that
would make them suitable targets such as high impacts
and widespread distributions (Fig. 1). However, these
were assigned as medium-priority targets based on
certain attributes that are likely to make biocontrol more
challenging compared to the top two alien plants, such
as the presence of native congeners or taxonomic
complications (see full details in the rationale in
Table S1). Fifteen alien plants scored < 1500 and were
assigned as low priority. Implementing biocontrol of
these species is likely to produce relatively fewer benefits
and to pose greater challenges. None of the alien plants
have been targeted for biocontrol elsewhere and thus all
would need substantial investment in research to
encompass all aspects of such a programme.

Discussion

There are 23 alien plants recorded on the PEIs. Six of the
species on Marion Island and three on Prince Edward
Island have become established and have spread over
substantial distances from their sites of introduction
(Greve et al. 2017) and are considered invasive (sensu
Richardson et al. 2000). Using the BCTS system, it was
determined that two of these invasive species,
S. procumbens and C. fontanum, should be considered
high priorities for biocontrol. A further six species have
attributes that make them less favourable for biocontrol;
however, they remain threats to the PEIs and should be
considered as potential targets in the future, but only
after the higher-priority species have been targeted.

Table II. List of priority target plants for biological control in the Prince Edward Islands based on the Biological Control Target Selection system
(see details in Table S1).

Ranking Priority
level

Target plant Common name Section 1. Impact/importance
of target weed score

Section 2. Likelihood of
achieving success score

Section 3. Investment
required score

1 High Sagina procumbens Procumbent pearlwort 40 26 27
2 High Cerastium

fontanum
Mouse-eared
chickweed

38 26 27

3 Medium Poa annua Annual bluegrass 38 21 27
4 Medium Festuca rubra Creeping red fescue 27.5 31 31
5 Medium Agrostis stolonifera Creeping bentgrass 37.5 26 18
6 Medium Stellaria media Common chickweed 28.5 21 36
7 Medium Poa pratensis Bluegrass 35.5 26 18
8 Medium Rumex acetosella Sheep sorrel 23.5 28 36

238 KIM CANAVAN AND IAIN DOUGLAS PATERSON

https://doi.org/10.1017/S0954102023000135 Published online by Cambridge University Press

https://doi.org/10.1017/S0954102023000135


S. procumbens and C. fontanum have established across
both islands and are considered too widespread and
abundant to be effectively controlled using physical
control methods and herbicides (Gremmen & Smith
1999, Ryan et al. 2003). The species occur across
Marion Island and have recently spread into Prince
Edward Island. If left unmanaged, these species threaten
Prince Edward Island's pristine state as they can cause
rapid transformation in both disturbed and undisturbed
habitats (Gremmen & Smith 1999, Ryan et al. 2003,
Mukhadi 2011, Twala et al. 2018). S. procumbens is
extremely difficult to manage due to the occurrence of
large numbers of long-lived seeds, with up to 200 000
seeds m2 (N.J.M. Gremmen, unpubl. data 2003).
Similarly, C. fontanum is also able to produce high
numbers of seeds and reproduces throughout most of the
year (Mukhadi 2011). Biocontrol initiated on these
priority species could include seed-feeding agents.
Seed-feeders can reduce the invasive potential of a plant
by limiting both seed banks and dispersal (Dennill &
Donnelly 1991, Shoba & Olckers 2010).
Four of the medium-priority species - Agrostis

stolonifera, Festuca rubra, Poa pratensis and P. annua -
are grasses and are the most abundant alien plants on
the PEIs (Greve et al. 2017). The Poaceae family is the
greatest contributor of non-native species to the
sub-polar environment (Frenot et al. 2005). The invasive
grasses have all had recorded impacts yet did not rank as
high-priority species. The species each have attributes
that make their suitability for biocontrol less favourable
than the top-priority species. For example, A. stolonifera
is known to hybridize with Agrostis castellana and
Agrostis capillaris (Belanger et al. 2003), of which A.
castellana is present as an IAP on the island. The
potential for hybridization may result in hybrid
genotypes co-occurring on the island, and this would
present challenges to effective biocontrol as agents are
less likely to feed on hybrid populations (Paterson et al.
2021). The invasive P. annua had a reduced BCTS score
due to the presence of a native congener in the PEIs,
Poa cookii. While this is unlikely to stop a biocontrol
programme, it is a factor that would add time and costs
to such a programme (Paterson et al. 2021). Finding a
host-specific agent for P. annua is likely to be more
challenging as they may feed on the related congener,
and therefore more extensive host specificity studies
would be required. Grasses have not been considered
good targets for biocontrol in the past; however, recent
evidence suggests that they may be equally as likely to be
successful targets as other plant species (Sutton et al.
2019). There have, however, been relatively few grasses
targeted for biocontrol, so it is difficult to predict
success, and none of the species present on the PEIs
have been considered for biocontrol elsewhere in the
world. These factors are likely to result in the

requirement for greater investment in biocontrol
programmes compared to the top-priority species.
However, given their impacts, biocontrol should still be
considered if resources are available and the
higher-priority species already have sufficient resources
allocated to them.
The BCTS system has shown that both S. procumbens

and C. fontanum have favourable attributes for
biocontrol; however, the unique characteristics of the
PEIs' habitats present both positive and challenging
factors in developing biocontrol programmes. The PEIs
have only 22 native species (Chau et al. 2020), and for
the high-priority species none of the native species are
congeners. This greatly improves the chances of finding
host-specific agents as specialist natural enemies that are
used as biocontrol agents are unlikely to feed outside of
the genus of their host plant (Pemberton 2000). In
addition, the plant list for host specificity testing can be
reduced to only include PEI natives, thus reducing time
and costs (Paterson et al. 2021). Lastly, it is probable
that there is sufficient capacity to release and monitor
agents due to the presence of a permanent research
station that is staffed by scientists. These are all factors
that are advantageous logistically and would improve the
feasibility and speed with which new biocontrol agents
could be developed.
The most challenging factor will probably be finding

biocontrol agents that can tolerate the PEIs'
environmental conditions. While biocontrol has been
implemented successfully in climates with freezing
conditions (e.g. in Alberta, Canada; McClay 1996, De
Clerck-Floate & Schwarzländer 2001, Van Hezewijk
et al. 2010), agents have never been released in areas
with such chronically low temperatures and limited
thermal variation as in the PEIs. Biocontrol agents will
rely on a certain combination of time and temperature to
reach development (Jarošík et al. 2011); therefore, the
cool summer months may present an insufficient sum of
effective temperatures or degree-days to complete life
cycles for most arthropods. It may be beneficial to
prioritize biocontrol agents that are closely related to the
arthropods that are already established on the PEIs, as
related species often have similar thermal requirements
(Jarošík et al. 2011). There are only a few arthropod
families that are established in the PEIs, with mites and
springtails being the numerically dominant species and
flies (Diptera) and beetles (Coleoptera) being the most
common insects (Barendse & Chown 2001, Chown &
Convey 2016). A further 15 terrestrial insects have been
introduced to the PEIs and have naturalized (Greve
et al. 2017). Sub-Antarctic arthropods are often found to
have generalist eurythermal characteristics, flexible
ecophysiological traits (Slabber et al. 2007, Renault et al.
2022), stress selection traits such as low reproductive
investment and unusually long life cycles (Barendse &
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Chown 2001, Haupt et al. 2014). Arthropods in the
Antarctic region often do not complete their life cycles
in one season, and different stages are exposed to
different thermal conditions, suggesting selection for
highly thermally plastic genotypes (Bahrndorff et al.
2021). These factors could guide pre-release assessments
for any potential biocontrol agents so that their thermal
acclimation responses could be tested to determine
whether they have the phenotypic flexibility to survive
and develop on the PEIs. The prospects of finding such
biocontrol agents are promising, particularly in light of
the already-established alien arthropods. For example, a
recently introduced alien parasitoid species, Aphidius
matricariae, has naturalized on the PEIs from what is
believed to be a single gravid female (Slabber 2005). This
species has been used as a biocontrol agent for aphid
pests elsewhere and has adapted to feed on the
introduced alien aphid Rhopalosiphum padi (Slabber
2005). Despite the harsh conditions present on the PEIs,
introduced alien arthropods can establish if they exhibit
the necessary adaptive traits.
Another important challenge to consider is the

structural simplicity of these sub-Antarctic island
ecosystems. Invertebrates constitute the only herbivores
and detritivores on the PEIs, and the assemblages are
characterized by few herbivores and predators and a
high number of decomposers (Vernon et al. 1998,
Chown et al. 2002). Most ecosystems are far more
complex, with food webs encompassing hundreds to
thousands of species, connected through multiple links
of various strengths (Polis et al. 1996). The introduction
of biocontrol agents to this new region poses risks of
direct and indirect effects on the PEIs. The direct effects
are considered in biocontrol programmes through host
specificity testing; however, assessing indirect effects
is often not carried out due to the complexity
involved (Todd et al. 2021). For the PEIs, there is an
opportunity to encompass risk assessments of the
indirect effects due to the simple food webs that exist.
Risk assessments could help identify the potential
consequences of introducing the biocontrol agents by
predicting how they might interact within food webs and
considering how to reduce these risks (Todd et al. 2021).
The agents may become superabundant in the PEIs
when encountering an abundant food source in the
target weed with little competition and no natural
enemies (Pearson & Callaway 2003), and thus they
may become a new food source for native species. The
consequences of these food web interactions will need
to be considered to determine whether there is
potential for them to restructure community interactions
(Pearson & Callaway 2003). Yet consideration of these
potential effects needs to be gauged against the risks
posed by the IAPs if left unmanaged (Downey &
Paterson 2016).

The PEIs are one of the last relatively untouched
habitats left within South African territory, and alien
plants, if left unmanaged, have the potential to alter
their habitats and to affect ecosystem processes and
function. Yet control of these species has been negligible
due to both difficulty in the implementation of control
methods and a lack of information required to prioritize
and plan control efforts (le Roux et al. 2013). The use of
the BCTS system will help to direct conservation funding
on the PEIs to the alien plants in most need of control.
While biocontrol on the PEIs would represent a new
climatic zone for the release of agents, this should not
deter biocontrol research. Thermal tolerance testing is an
established protocol within biocontrol and can predict the
likelihood of a biocontrol agent being climatically suitable
prior to release, so the release of ineffective agents will be
avoided. A successful biocontrol programme on any of
the high- or medium-priority species identified in this
study would bring significant benefits to the PEIs and
would provide a permanent and environmentally friendly
solution to mitigating the negative impacts of the IAPs.
South Africa is a world leader in weed biocontrol and has
the supportive legislation and research capacity (Ivey
et al. 2021) to carry out safe and effective biocontrol
research for the PEIs.

Financial support

We acknowledge the funding from the South African
Working for Water (WfW) programme of the
Department of Forestry, Fisheries and the Environment:
Natural Resource Management Programmes (DFFE:
NRMP). Funding was also provided by the South
African Research Chairs Initiative of the Department of
Science and Technology and the National Research
Foundation (NRF) of South Africa.

Disclaimer

Any opinions, finding, conclusions or recommendations
expressed in this material are those of the authors and
the NRF does not accept any liability in this regard.

Author contributions

KC and IDP conceptualized the study. KC: data curation,
visualization, writing - original draft preparation. IDP:
supervision, writing - original draft preparation. Both
authors revised the draft manuscript and approved the
final manuscript.

Supplemental material

A supplemental table will be found at https://doi.org/10.
1017/S0954102023000135

240 KIM CANAVAN AND IAIN DOUGLAS PATERSON

https://doi.org/10.1017/S0954102023000135 Published online by Cambridge University Press

https://doi.org/10.1017/S0954102023000135
https://doi.org/10.1017/S0954102023000135
https://doi.org/10.1017/S0954102023000135
https://doi.org/10.1017/S0954102023000135


References

BAHRNDORFF, S., LAURITZEN, J.M., SØRENSEN, M.H., NOER, N.K. &
KRISTENSEN, T.N. 2021. Responses of terrestrial polar arthropods to
high and increasing temperatures. Journal of Experimental Biology,
224, jeb230797.

BARENDSE, J. & CHOWN, S.L. 2001. Abundance and seasonality of
mid-altitude fellfield arthropods from Marion Island. Polar Biology,
24, 73–82.

BELANGER, F., MEAGHER, T., DAY, P., PLUMLEY, K. & MEYER, W.A. 2003.
Interspecific hybridization between Agrostis stolonifera and related
Agrostis species under field conditions. Crop Science, 43, 10.2135/
cropsci2003.2400.

BERGSTROM, D.M. & SMITH, V. 1990. Alien vascular flora of Marion and
Prince Edward Islands: new species, present distribution and status.
Antarctic Science, 2, 10.1017/S0954102090000426.

CANAVAN, K., PATERSON, I.D., IVEY, P., SUTTON, G.F. & HILL, M.P. 2021.
Prioritisation of targets for weed biological control III: a tool to
identify the next targets for biological control in South Africa and
set priorities for resource allocation. Biocontrol Science and
Technology, 31, 10.1080/09583157.2021.1918638.

CHAU, J.H., MTSI, N.I., MÜNBERGOVÁ, Z., GREVE, M., LE ROUX, P.C.,
MAIRAL, M., et al. 2020. An update on the indigenous vascular flora
of sub-Antarctic Marion Island: taxonomic changes, sequences for
DNA barcode loci, and genome size data. Polar Biology, 43,
10.1007/ s00300-020-02747-7.

CHOWN, S.L. & CONVEY, P. 2016. Antarctic entomology. Annual Review of
Entomology, 61, 119–137.

CHOWN, S.L., MCGEOCH, M.A. & MARSHALL, D.J. 2002. Diversity and
conservation of invertebrates on the sub-Antarctic Prince Edward
Islands. African Entomology, 10, 67–82.

CHOWN, S.L., SINCLAIR, B.J. & VAN VUUREN, B.J. 2008. DNA barcoding
and the documentation of alien species establishment on
sub-Antarctic Marion Island. Polar Biology, 31, 10.1007/
s00300-007-0402-z.

CROOKS, J.A. & SOULÉ, M.E. 1999. Lag times in population explosions of
invasive species: causes and implications. InO.T. SANDLUND, P.J. SCHEI

& Å. VIKEN, eds, Invasive species and biodiversity management.
Amsterdam: Kluwer Academic Publishers, 103–125.

DE CLERCK-FLOATE, R.D. & SCHWARZLÄNDER, M. 2001. Cynoglossum
officinale (L.), houndstongue (Boraginaceae). In Biological Control
Programmes in Canada, 1981–2000. Wallingford: CABI Publishing,
337–343.

DENNILL, G. &DONNELLY, D. 1991. Biological control ofAcacia longifolia
and related weed species (Fabaceae) in South Africa. Agriculture,
Ecosystems & Environment, 37, 10.1016/0167-8809(91)90142-K.

DITOMASO, J.M., VAN STEENWYK, R.A., NOWIERSKI, R.M., VOLLMER,
J.L., LANE, E., CHILTON, E., et al. 2017. Enhancing the effectiveness
of biological control programs of invasive species through a more
comprehensive pest management approach. Pest Management
Science, 73, 10.1002/ps.4347.

DOWNEY, P.O. & PATERSON, I.D. 2016. Encompassing the relative
non-target risks from agents and their alien plant targets in
biological control assessments. BioControl, 61, 615–630.

DOWNEY, P.O., PATERSON, I.D., CANAVAN, K. & HILL, M.P. 2021.
Prioritisation of targets for weed biological control I: a review of
existing prioritisation schemes and development of a system for
South Africa. Biocontrol Science and Technology, 31, 10.1080/
09583157.2021.1918636.

FRENOT, Y., CHOWN, S.L., WHINAM, J., SELKIRK, P.M., CONVEY, P.,
SKOTNICKI, M. & BERGSTROM, D.M. 2005. Biological invasions in the
Antarctic: extent, impacts and implications. Biological Reviews, 80,
10.1017/S1464793104006542.

GENOVESI, P. 2005. Eradications of invasive alien species in Europe: a
review. Biological Invasions, 7, 10.1007/s10530-004-9642-9.

GREENE, S.W. & GREENE, D.M. 1963. Check list of the sub-Antarctic
and Antarctic vascular flora. Polar Record, 11, 10.1017/
S0032247400053535.

GREMMEN, N.J. 1971. The distribution of alien vascular plants onMarion
and Prince Edward islands. South African Journal of Antarctic
Research, 5, 25-30.

GREMMEN, N.J. & SMITH, V.R. 1999. New records of alien vascular plants
fromMarion and Prince Edward islands, sub-Antarctic.Polar Biology,
21, 10.1007/s003000050380.

GREVE, M., VON DER MEDEN, C.E.O. & JANION-SCHEEPERS, C. 2020.
Biological invasions in South Africa's offshore sub-Antarctic
territories. In VAN WILGEN, B., MEASEY, J., RICHARDSON, D.M.,
WILSON, J. & ZENGEYA, T.A., eds, Biological invasions in South
Africa. Berlin: Springer, 207–227.

GREVE,M., STEYN, C., MATHAKUTHA, R. & CHOWN, S.L. 2017. Terrestrial
invasions on sub-Antarctic Marion and Prince Edward islands.
African Biodiversity and Conservation, 47, 10.4102/abc.v47i2.2143.

HAUPT, T.M., SINCLAIR, B.J. & CHOWN, S.L. 2014. Chemosensory and
thermal cue responses in the sub-Antarctic moth Pringleophaga
marioni: do caterpillars choose wandering albatross nest proxies?
Polar Biology, 37, 555–563.

IVEY, P.J., HILL,M.P. & ZACHARIADES, C. 2021. Advances in the regulation
of weed biological control in South Africa. African Entomology, 29,
1060–1076.

JAROŠÍK, V., HONĚK, A., MAGAREY, R.D. & SKUHROVEC, J. 2011.
Developmental database for phenology models: related insect and
mite species have similar thermal requirements. Journal of Economic
Entomology, 104, 1870–1876.

KALWIJ, J.M., MEDAN, D., KELLERMANN, J., GREVE, M. & CHOWN, S.L.
2019. Vagrant birds as a dispersal vector in transoceanic range
expansion of vascular plants. Scientific Reports, 9, 10.1038/s41598-019-
41081-9.

LE ROUX, P.C., RAMASWIELA, T., KALWIJ, J.M., SHAW, J.D., RYAN, P.G.,
TREASURE, A.M., et al. 2013. Human activities, propagule pressure
and alien plants in the sub-Antarctic: tests of generalities and
evidence in support of management. Biological Conservation, 161,
10.1016/j.biocon.2013.02.005.

MCCLAY, A. 1996. Biological control in a cold climate: temperature
responses and climatic adaptation of weed biocontrol agents. In
MORAN, V.C. & HOFFMAN, J.H., eds, Proceedings of the IX
International Symposium on Biological Control of Weeds.
Stellenbosch: University of Cape Town, 377–383.

MCFADYEN, R.E.C. 1998. Biological control of weeds. Annual Review
Entomology, 43, 10.1146/annurev.ento.43.1.369.

MORAN, V.C., ZACHARIADES, C. &HOFFMANN, J.H. 2021. Implementing a
system in South Africa for categorizing the outcomes of weed
biological control. Biological Control, 153, 10.1016/
j.biocontrol.2020.104431.

MUKHADI, F.L. 2011.Phenologyof indigenous and alien vascular flowering
plants on sub-Antarctic Marion Island. Doctoral dissertation,
Stellenbosch University, 126 pp.

PATERSON, I.D., HILL, M.P., CANAVAN, K. & DOWNEY, P.O. 2021.
Prioritisation of targets for weed biological control II: the South
African Biological Control Target Selection system. Biocontrol
Science and Technology, 31, 10.1080/09583157.2021.1918637.

PEARSON, D.E. & CALLAWAY, R.M. 2003. Indirect effects of host-specific
biological control agents. Trends in Ecology & Evolution, 18, 456–461.

PEMBERTON, R.W. 2000. Predictable risk to native plants in weed
biological control. Oecologia, 125, 10.1007/s004420000477.

POLIS, G.A. & STRONG, D.R. 1996. Foodweb complexity and community
dynamics. The American Naturalist, 147, 813–846.

REASER, J.K., MEYERSON, L.A., CRONK, Q., DE POORTER, M.A.,
ELDREGE, L.G., GREEN, E., et al. 2007. Ecological and
socioeconomic impacts of invasive alien species in island ecosystems.
Environmental Conservation, 34, 10.1017/S0376892907003815.

241BIOCONTROL IN OFFSHORE SUB-ANTARCTIC ISLANDS

https://doi.org/10.1017/S0954102023000135 Published online by Cambridge University Press

https://doi.org/10.1017/S0954102023000135


REJMÁNEK, M. & PITCAIRN, M. 2002. When is eradication of exotic pest
plants a realistic goal? InVEITCH, C.R. &CLOUT,M.N., eds,Turning the
tide: the eradication of invasive species. IUCN SSC Invasive Species
Specialist Groups, 249–253.

RENAULT, D., LECLERC, C., COLLEU, M.A., BOUTET, A., HOTTE, H.,
COLINET, H., et al. 2022. The rising threat of climate change
for arthropods from Earth's cold regions: taxonomic rather than
native status drives species sensitivity. Global Change Biology, 28,
5914–5927.

RENTERIA, J.L., ROUGET, M. & VISSER, V. 2017. Rapid prioritization
of alien plants for eradication based on climatic
suitability and eradication feasibility. Austral Ecology, 42, 10.1111/
aec.12528.

RICHARDSON, D.M., PYŠEK, P., REJMÁNEK,M., BARBOUR,M.G., PANETTA,
F.D. & WEST, C.J. 2000. Naturalization and invasion of alien plants:
concepts and definitions. Diversity and Distributions, 6, 10.1046/
j.1472-4642.2000.00083.x.

RYAN, P., SMITH, V. & GREMMEN, N. 2003. The distribution and spread of
alien vascular plants on Prince Edward Island. African Journal of
Marine Science, 25, 10.2989/18142320309504045.

SCHWARZLÄNDER, M., HINZ, H., WINSTON, R. & DAY,M. 2018. Biological
control of weeds: an analysis of introductions, rates of establishment
and estimates of success, worldwide. BioControl, 63, 10.1007/
s10526-018-9890-8.

SHAW, J.D. 2013. Southern Ocean Islands invaded: conserving
biodiversity in the world's last wilderness. In L.C. FOXCROFT,
P. PYŠEK, D.M. RICHARDSON & P. GENOVESI, eds, Plant invasions in
protected areas. Berlin: Springer, 449–470.

SHAW, R.H., ELLISON, C.A.,MARCHANTE, H., PRATT, C.F., SCHAFFNER, U.,
SFORZA, R.F. & DELTORO, V. 2018. Weed biological control in the
European Union: from serendipity to strategy. BioControl, 63,
10.1007/s10526-017-9844-6.

SHOBA, Z. &OLCKERS, T. 2010. Reassessmentof thebiologyandhost range
of Acanthoscelides macrophthalmus (Chrysomelidae: Bruchinae), a
seed-feeding beetle released for the biological control of Leucaena
leucocephala in South Africa. African Entomology, 18, 10.10520/
EJC32853.

SLABBER, S. 2005. Physiological plasticity in arthropods from Marion
Island: indigenous and alien species. Doctoral dissertation,
Stellenbosch University, 215 pp.

SLABBER, S., WORLAND, M.R., LEINAAS, H.P. & CHOWN, S.L. 2007.
Acclimation effects on thermal tolerances of springtails from

sub-Antarctic Marion Island: indigenous and invasive species.
Journal of Insect Physiology, 53, 113–125.

SUTTON, G.F., CANAVAN, K., DAY, M.D., DEN BREEYEN, A., GOOLSBY, J.A.,
CRISTOFARO, M., et al. 2019. Grasses as suitable targets for
classical weed biological control. BioControl, 64, 10.1007/
s10526-019-09968-8.

TODD, J.H., PEARCE, B.M. & BARRATT, B.I. 2021. Using qualitative food
webs to predict species at risk of indirect effects from a proposed
biological control agent. BioControl, 66, 45–58.

TWALA, M., JANION-SCHEEPERS, C., LE ROUX, P. & GREVE, M. 2018. An
aggressive invasive, Sagina procumbens, causes a partial
invasional-meltdown on sub-Antarctic Marion Island. Presented at
South African National Antarctic Programme, 5th Symposium,
Hermanus, South Africa, 13–16 August.

VAN DRIESCHE, R. & CENTER, T. 2013. Biological control of invasive
plants in protected areas. In L.C. FOXCROFT, P. PYŠEK,
D.M. RICHARDSON & P. GENOVESI, eds, Plant invasions in protected
areas. Berlin: Springer, 561–597.

VANHEZEWIJK, B.H., BOURCHIER, R.S. &DE CLERCK-FLOATE, R.A. 2010.
Regional-scale impact of the weed biocontrol agentMecinus janthinus
on Dalmatian toadflax (Linaria dalmatica). Biological Control, 55,
197–202.

VAN WILGEN, B.W., RAGHU, S., SHEPPARD, A.W. & SCHAFFNER, U. 2020.
Quantifying the social and economic benefits of the biological
control of invasive alien plants in natural ecosystems. Current
Opinion in Insect Science, 38, 10.1016/j.cois.2019.12.004.

VERNON, P., VANNIER, G. & TREHEN, P. 1998. A comparative approach to
the entomological diversity of polar regions. Acta Oecologica, 19,
303–308.

VITOUSEK, P.M. 1988. Diversity and biological invasions of oceanic
islands. Biodiversity, 20, 181–189.

WATKINS, B. & COOPER, J. 1971. Introduction, present status and control
of alien species at the Prince Edward Islands, sub-Antarctic. South
African Journal on Antarctic Research, 3, 86–94.

WINSTON, R., SCHWARZLÄNDER, M., HINZ, H.L., DAY, M., COCK, M. &
JULIEN, M. 2021. Biological control of weeds: a world catalogue of
agents and their target weeds, 5th edition. Morgantown, WV: USDA
Forest Service, Forest Health Technology Enterprise Team, 186 pp.

ZACHARIADES, C., PATERSON, I.D., STRATHIE, L.W., VAN WILGEN, B.W. &
HILL, M.P. 2017. Assessing the status of biological control as a
management tool for suppression of invasive alien plants in South
Africa.AfricanBiodiversityandConservation,47, 10.4102/abc.v47i2.2142.

242 KIM CANAVAN AND IAIN DOUGLAS PATERSON

https://doi.org/10.1017/S0954102023000135 Published online by Cambridge University Press

https://doi.org/10.1017/S0954102023000135

	Prioritization of alien plant targets for biological control in South Africa's offshore sub-Antarctic islands
	Abstract
	Introduction
	Methodology
	Results
	Discussion
	References


