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Abstract
The discovery of a naturalised population of Melaleuca quinquenervia in South Africa in 2009 prompted an evaluation of the species’
distribution across South Africa. We found records at seven localities in two of the nine provinces of South Africa, with naturalised
populations at two sites — ~300 plants were discovered over 0.3ha in a confined-seep on a mountain slope, while at an old arboretum 12
large, planted trees and 9 naturalised trees were found. An additional herbarium record from Mozambique suggests that this global invader is
present at other sites within the sub-region, and so while the extirpation of populations in South Africa is recommended and looks feasible,
further work is required to determine the status and evaluate whether eradication from the sub-region as a whole is possible.
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Introduction
The publishing of new records for naturalised
and potentially invasive tree species is important
for a number of reasons (Wilson et al. 2014). It
helps inform risk assessment and allows for
appropriate response planning and for rapid
information dissemination (Lucy and Panov 2012).
This helps in the compilation of lists of invasive
species which are widely used by scientists,
managers and policy makers. These lists can,
however, be prone to a range of errors (McGeoch
et al. 2012), highlighting the importance of
publishing accurate records for introduced species.
Melaleuca quinquenervia (Cav.) S.T. Blake,
the broad-leaved paper-bark, is a tree (up to 25
m tall) native to eastern Queensland and New
South Wales in Australia, and to parts of Indonesia,
New Caledonia and Papua New Guinea (Blake
1968; Serbesoff-King 2003). In its native range,
it typically occurs in coastal wetlands that are
temporarily inundated, along freshwater stream

banks and in brackish water adjacent to mangrove
swamps (Turner et al. 1998).
The species has been widely disseminated
throughout the world mostly as an ornamental
species, but occasionally to aid with draining
wetlands (in particular in the United States of
America). It is known as invasive in the Americas
and on islands in the Pacific and Caribbean, but
has not previously been recorded as naturalised
in Africa (Rejmánek and Richardson 2013) (definitions for naturalised and invasion are as per
Blackburn et al. 2011). It is most notorious as a
transformer species (sensu Richardson et al. 2000)
of the Florida Everglades of the United States,
where, by 1998, it had invaded an estimated 202 000
ha (Turner et al. 1998; Dray et al. 2006; Martin
et al. 2009; TAME 2014). Plants form extensive
monocultures that exclude native vegetation and
provide large fuel loads for fires, leading to
substantial ecosystem level impacts. Between 1989
and 1999 the US government spent US$ 25million
on controlling the species (Serbesoff-King 2003).
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Table 1. Records of Melaleuca quinquenervia from southern Africa (also see Figure 1), with invasion status as per Blackburn et al. (2011).
None of the populations can be definitively classed as fully invasive (E under the Blackburn scheme). While the source of both the Wolseley
and Krantzkloof plants is not known, at neither population has dispersal to and reproduction at multiple sites been recorded.
Site

Population size

Status

Landscape context

Herbarium
specimens

Durban Botanical Gardens, KwaZulu Natal
S29.84585 E31.00601

One tree

B2, planted

Botanical gardens in an
urban setting

NH-72446 (BJ
Pienaar 345),

Krantzkloof Nature Reserve,
Kwa-Zulu Natal
S29.76243 E30.85594

Unclear, one plant found on
resurvey

Probably D1–E, not
planted, presumed
naturalised

Nature reserve in a valley
surrounded by urban
areas

M. Cheek 946

Paarl Arboretum, Western Cape
S33.85710 E18.49742

2 large adult trees

B2, planted

Arboreta in an urban
setting, but with
opportunities for
recruitment

none

Tokai Arboretum, Western Cape
S34.05745 E18.42323

12 mature very large individuals in
rows (> 73 cm stem diameter); 9
juveniles (3-4 m high) recruited,
flowering and producing seeds

C2 or C3, naturalised

Picnic site adjacent to
the oldest arboretum in
South Africa

NBG-269274 (M
Tywalana 64)

Wolseley, Western Cape
S33.43422 E19.14405

~300 mature individuals over 0.28 ha

C3 or D2, source
unknown, naturalised

Previously commercial
forestry land, 570 meters
above sea level

NBG-0262932 (E
van Wyk 2)

Durban, KwaZulu-Natal, no
specific locality given

Unknown

Unknown

Urban setting (uncertain)

NH-41052

Durban, KwaZulu-Natal, Pine
Town, Bamboo Lane
S29.8206 E30.8692

Unclear, presumed to be 1 plant in
1982. Survey required

B2 or B3, presumed
planted

Urban setting

NH-75265 (AM
Rowe s.n.), NH39297

Ponta Barra Falsa/Pomene,
Mozambique
Coordinates undetermined

Unclear, adults and seedlings present.
Survey required

C3 at least, potentially
E

In and around a wetland

PRE-855502

In May 2009, a small population of M. quinquenervia was found by a field ranger in a moist
seep in the mountains near the town of Wolseley
in the Western Cape Province of South Africa.
Given the species' history of invasiveness elsewhere,
it was deemed to be of high risk and was
prioritized for further evaluation and management
(van Wyk et al. 2011). Here we document the
localities and their invasion stage in South Africa
(and southern Africa more broadly), explore possible
introduction histories and conduct a qualitative
assessment of risk.
Methods
Determining current distribution in South Africa
Publicity leaflets were developed and 1000 were
distributed (Appendix 1) as part of a countrywide survey strategy. We targeted land managers
(mainly conservation and forestry) and invasive
plant researchers (at national workshops and
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conferences) as a basis for knowledge of where
these plants may be. In addition to these publicity
efforts, we searched for records of the species in
herbaria (Table 1), with specimens confirmed as
M. quinquenervia by the Melaleuca taxonomic
authority in Australia (B. Lepschi, pers. comm.).
Table 1 lists the records that we found and
indicates the invasive status of each instance. In
a national survey of tree collections, respondents
have been asked to specifically submit historical
and current records of Melaleuca plantings
(including M. quinquenervia, M. styphelioides and
M. parvistaminea). To determine and understand
the introduction history of M. quinquenervia at
each site, we reviewed historical records and
interviewed relevant land managers.
At Wolseley we conducted systematic surveys
of the area in 2009 and in 2012 to determine the
extent of the population. This was done by
walking parallel transects using a handheld GPS
(Figure 2) and recording any plants that were
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Figure 1. Known records of
Melaleuca quinquenervia in
South Africa indicating
planted or naturalised status at
each location. The predicted
climatically suitable range of
the mean consensus of models
run in BIOMOD is indicated
by the shading (darker areas
are more suitable).

found. At Tokai, we searched for recruitment in
an area around the planted trees (Figure 4). To
further delimit the extent of the two naturalised
populations, we investigated likely dispersal
pathways, i.e. along watercourses.
Invasive potential and risk assessment

Figure 2. Distribution of the largest known population of
Melaleuca quinquenervia at Wolseley, Western Cape. Grey
shading indicates the area that was surveyed.

To assess the potential invasiveness of the species
in the region, different bioclimatic models were
developed using BIOMOD (Thuiller 2003). All
BIOCLIM variables ( http://www.worldclim.org/bioclim)
were used with an aspect of 2.5 arc minutes
resolution (4.6 km × 4.6 km). Native range
localities were selected from Australia's Virtual
Herbarium ( http://www.avh.ala.org.au), and the Global
Biodiversity Information Forum (http://www.gbif.org).
For projection onto South Africa, both naturalised
(Table 1) and native range localities were used.
To collate species information, determine
invasive potential and identify areas requiring
more research, the Australian Weed Risk Assessment
(WRA) (Pheloung et al. 1999) was used. This WRA
has been applied widely and is reported to be
consistently accurate (Gordon et al. 2008, 2010;
Hulme 2012). It also provides a standard method
for collating information on potential impacts.
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Figure 3. Contextual landscape
setting indicating the situation of
the treated stumps of the
Melaleuca quinquenervia
population on a fynbos mountain
slope above Wolseley in the
Breede River valley. The main
land uses in the valley are for
agriculture and silviculture.
Photograph by John Wilson.

Figure 4. The naturalised
population at the Tokai
plantation in Cape Town,
Western Cape, indicating
proximity to the arboretum and
surveyed area in grey (inset).

Results
Determining current distribution in South Africa
Of the eight records we found, naturalised
populations occur at Tokai and Wolseley in the
fynbos region of the Western Cape, Krantzkloof
(Durban) in the subtropical KwaZulu-Natal
province of South Africa and in the tropical
Mozambique (Table 1). The herbarium specimen
collected in Mozambique stated that the species
was naturalised. No records were reported through
leaflet (Appendix 1) distribution.
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The naturalised populations at Tokai (Figures
4, 5) and Wolseley (Figures 2, 3) were not very
extensive, 21 and ~ 300 plants respectively
(Table 1). At Krantzkloof, apparently the reserve
managers had identified M. quinquenervia as
being problematic in the early 2000s and over
three field seasons had made a concerted effort
to eradicate it from the area (J. Vermeulen, pers.
comm.). A complete survey of the area is still
required to assess the success of the control
operations and the possible introduction routes
by which the plant arrived in the area.
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Figure 5. The planted (P) and naturalised (N) Melaleuca quinquenervia plants at the Tokai plantation, Cape Town, Western Cape.
Photograph by John Wilson

Invasive potential and risk assessment
The models gave qualitatively similar results in
line with other distribution models for this species
(e.g. Watt et al. 2009), with sensitivity and
specificity higher than 98% (Figure 1, Appendix 2).
Although the known localities of M. quinquenervia
in the southern Western Cape were included in
the models, this region was not predicted to be
highly suitable. Instead, the sub-tropical east
coast and savanna ecosystems in South Africa
are most at risk of invasion (Figure 1).
We derived a score of 21 from the Australian
WRA (Appendix 4), indicating the considerable
risk the species poses in South Africa. Among
the undesirable traits as an invader (identified in
the WRA) is the ability of M. quinquenervia to
form dense thickets, increase fire hazard, prolific
seed production and persistent canopy seed bank.
A synopsis of M. quinquenervia at this invasion
stage (naturalised) in South Africa is given in
Appendix 3, as per the recommendations of
Wilson et al. (2014).

Discussion
Melaleuca quinquenervia is naturalised at four
sites in southern Africa, but is likely present at
several more sites, posing an invasion threat
considering the species’ invasiveness elsewhere
(Rejmanek and Richardson 2013). Indications from
bioclimatic modelling and risk assessment further
support this invasive threat status in the subregion. Thus far however, the species appears to
have only been introduced at a limited number of
sites. With several World Heritage Sites and
Wetlands of International Importance (Ramsar
sites) in the region (iSimangaliso Wetland Park,
parts of the Cape Floristic Region, Okavango
Delta), this species should be put on watch lists
across the region, and all historical plantings and
naturalised populations removed. The bioclimatic
modelling did not, however, predict that the
Tokai or the Wolseley sites where naturalisation
occurred were climatically suitable. We suspect
that this might be because the species is more
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limited by micro-site conditions for germination
than broad-scale climate, but equally this might
explain its low rate of spread at both sites.
Further work is required on this, but without a
strong mechanistic explanation for why the CFR
is not suitable, we would recommend a
precautionary approach and that the species
should be intensively managed wherever it is
found in the region.
There are various elements which contribute
to the success and failure of eradication projects
(e.g. Mack and Lonsdale 2002; Simberloff 2009).
Of these, several factors bode well for the
eradication of the species from South Africa: (1)
naturalised populations are apparently extremely
localised and small; (2) plants require a wet soil
surface or dry-wet cycles to germinate so are
restricted to specific habitat types (Rayamajhi et
al. 2002; Van et al. 2005); (3) seed viability in
the soil is usually less than two to three years
(Rayamajhi et al. 2002; Van et al. 2005); (4)
flowering M. quinquenervia plants (i.e. before
seed-set) are highly visible in the matrix of
native vegetation thereby facilitating detection;
and (5) current institutional arrangements are in
place to ensure diligent attention to monitoring
and treatment. This study supports the prioritization
of this species by the South African National
Biodiversity Institute's Invasive Species Programme
for eradication from South Africa (Wilson et al.
2013), and suggests the species should be listed
as an eradication target (i.e. category 1a) under
South African invasive species regulations
(Department of Environmental Affairs 2014).
Dawson et al. (2008) identify the role botanical
gardens play at various stages of invasion. Thus
given the landscape context of the naturalised and
planted records (Table 1), we suggest that arboreta,
botanical gardens and forestry stations should
provide some focus for future search efforts.
A major issue that remains to be resolved is
how the naturalised plants got to their current
locations. The Wolseley population is on land
previously managed by the Kluitjieskraal Forest
Station, established in 1884 (King 1938; J. StorrLister, undated Compilation of Annual Reports).
Although M. quinquenervia is not mentioned,
nursery import records for Kluitjieskraal from
the late 1800s show that Melaleuca parvistaminea
Byrnes and Melaleuca styphelioides Sm. were
imported and planted as potential hedges and
wind-breaks. While both M. parvistaminea and
M. styphelioides have since become invasive in the
wetlands adjacent to the nursery at Kluitjieskraal,
no M. quinquenervia plants have been found in
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this area (Jacobs et al. 2014; van Wyk et al.
2011). The naturalised population of M.
quinquenervia is some 3.5km from the nursery
site on a slope 300m above the valley floor. The
nearest confirmed extant M. quinquenervia plants
are in Paarl Arboretum about 40km away (Figure
1) over a range of mountains. As the site is next
to power-lines and a road (Figures 2, 3), the
population may have originated from seed
brought to the site accidentally with equipment
during the construction of these facilities or during
maintenance or harvesting of commercial forest
plantations in the area. The Krantzkloof Nature
Reserve is in an urban context and the population
could have come from neighbouring gardens
(reserve surrounded by properties with extensive
gardens). There are anecdotal records of historical
plantings close by, but more needs to be done to
ascertain the source. The only other extant
individuals are at Durban Botanic Gardens >20
km away and several hundred metres lower in
altitude.
Acknowledgements
This work was supported by the South African National
Department of Environment Affairs through its funding of the
South African National Biodiversity Institute Invasive Species
Programme, with support from the DST-NRF Centre of
Excellence for Invasion Biology (LEOJ, JRUW). We are grateful
to the Waterval CapeNature staff, Cardo van Huffel and Madre
Zeeman for ongoing field support. Francois Jooste, Herbie van
Zyl, and Michael Cheek are acknowledged for help with field
work. Taxonomic assistance was kindly provided by Brendan
Lepschi, Curator, Australian National Herbarium. Joel Syphus of
the Department of Forestry and Fisheries is thanked for historical
information on the Kluitjieskraal nursery. We also acknowledge
Charles Hopkins for running the BIOCLIM model and thank
Philip Ivey, Reshnee Lalla and Modise Kganye for notes on
manuscript drafts. The three reviewers provided valuable
comments that improved the manuscript.

References
Blackburn TM, Pyšek P, Bacher S, Carlton JT, Duncan RP,
Jarošík V, Wilson JRU, Richardson DM (2011) A proposed
unified framework for biological invasions. Trends in
Ecology & Evolution 26: 333–339, http://dx.doi.org/10.1016/
j.tree.2011.03.023

Blake ST (1968) A revision of Melaleuca leucadendron and its
allies (Myrtaceae). Contributions from the Queensland
Herbarium 1: 1–114
Dawson W, Mndolwa AS, Burslem DFRP, Hulme PE (2008)
Assessing the risk of plant invasions arising from collections
in tropical botanical gardens. Biodiversity and Conservation
17:1979–1995, http://dx.doi.org/10.1007/s10531-008-9345-0
Department of Environmental Affairs (2014) National
Environmental Management: Biodiversity Act 2004 (Act No,
10 of 2004) draft alien and invasive species lists, 2014 and
draft alien and invasive species regulations, 2014. The
Government Gazette of the Republic of South Africa 584
(37320): 3–92

Recent discovery Melaleuca quinquenervia in South Africa
Dray FA, Bennet BC, Center TD (2006) Invasion history of
Melaleuca quinquenervia (Cav.) S.T. Blake in Florida.
Castanea 71(3):210–225, http://dx.doi.org/10.2179/05-27.1
Gordon DR, Onderdonk DA, Fox AM, Stocker RK (2008)
Consistent accuracy of the Australian weed risk assessment
system across varied geographies. Diversity and Distributions
14: 234–242, http://dx.doi.org/10.1111/j.1472-4642.2007.00460.x
Gordon DR, Mitterdorfer B, Pheloung PC, Ansari S,
Buddenhagen C, Chimera C, Daehler CC, Dawson W,
Denslow JS, LaRosa A, Nishidal T, Onderdonk DA, Panetta
FD, Pyšek P, Randall RP, Richardson DM, Tshidada NJ,
Virtue JG, Williams PA (2010) Guidance for addressing the
Australian Weed Risk Assessment questions. Plant
Protection Quarterly 25: 56–74
Hulme PE (2012) Weed risk assessment: a way forward or a
waste of time? Journal of Applied Ecology 49: 10–19,
http://dx.doi.org/10.1111/j.1365-2664.2011.02069.x

Jacobs LEO, Richardson DM, Wilson JRU (2014) Melaleuca
parvistaminea Byrnes (Myrtaceae) in South Africa: invasion
risk and feasibility of eradication. South African Journal of
Botany 94: 24–32, http://dx.doi.org/10.1016/j.sajb.2014.05.002
King NL (1938) Historical sketch of the development of forestry
in South Africa. Journal of the South African Forestry
Association 1: 4–16, http://dx.doi.org/10.1080/03759873.1938.96
30679

Lucy FE, Panov VE (2012) BioInvasions Records: a new
international journal on biological invasions. BioInvasions
Records 1: 1–4, http://dx.doi.org/10.3391/bir.2012.1.1.01
Mack RN, Lonsdale WM (2002) Eradicating invasive plants:
Hard-won lessons for islands. In: Veitch CR, Clout MN
(eds), Turning the tide: the eradication of invasive species.
IUCN SSC Invasive Species Specialist Group. IUCN, Gland,
Switzerland and Cambridge, UK
Martin MR, Tipping PW, Sickman JO (2009) Invasion by an
exotic tree alters above and belowground ecosystem
components. Biological Invasions 11: 1183–1894,
http://dx.doi. org/10.1007/s10530-008-9366-3

McGeoch MA, Spear D, Kleynhans EJ, Marais E (2012)
Uncertainty in invasive alien species listing. Ecological
Applications 22: 959–971, http://dx.doi.org/10.1890/11-1252.1
Pheloung PC, Williams PA, Halloy SR (1999) A weed risk
assessment model for use as a biosecurity tool evaluating
plant introductions. Journal of Environmental Management
57: 239–251, http://dx.doi.org/10.1006/jema.1999.0297
Rayamajhi MB, Van TK, Center TD, Goolsby JA, Pratt PD,
Racelis A (2002) Biological attributes of the canopy-held
Melaleuca seeds in Australia and Florida, US. Journal of
Aquatic Plant Management 40: 87–91
Rejmánek M, Richardson DM (2013) Trees and shrubs as
invasive alien species – 2013 update of the global database.
Diversity and Distributions 19: 1093–1094, http://dx.doi.org/

Richardson DM, Pysek P, Rejmánek M, Barbour MG, Panetta
FD, West CJ (2000) Naturalization and invasion of alien
plants: concepts and definitions. Diversity and Distributions
6: 93–107, http://dx.doi.org/10.1046/j.1472-4642.2000.00083.x
Serbesoff-King K (2003) Melaleuca in Florida: A literature
review on the taxonomy, distribution, biology, ecology,
economic importance and control measures. Journal of
Aquatic Plant Management 41: 98–112
Simberloff D (2009) We can eliminate invasions or live with
them. Successful management projects. Biological Invasions
11: 149–157, http://dx.doi.org/10.1007/s10530-008-9317-z
Storr-Lister J (Undated) Compilation of annual plantation and
nursery reports by the Superintendent of Plantations to the
Cape Colony Parliament. Forestry Library, Pretoria
TAME (2014) The TAME project. http://tame.ifas.ufl.edu/index.shtml
(Accessed 30 September 2014)
Thuiller W (2003) BIOMOD–optimizing predictions of species
distributions and projecting potential future shifts under
global change. Global Change Biology 9: 1353–1362,
http://dx.doi.org/10.1046/j.1365-2486.2003.00666.x

Turner CE, Center TD, Burrows DW, Buckingham GR (1998)
Ecology and management of Melaleuca quinquenervia, an
invader of wetlands in Florida, U.S.A. Wetlands Ecology and
Management 5: 165–178, http://dx.doi.org/10.1023/A:100820512
2757

Van TK, Rhayachhetry MB, Center TD (2005) Seed longevity of
Melaleuca quinquenervia: a burial experiment in South
Florida. Journal of Aquatic Plant Management 43: 39–42
van Wyk E, Jacobs L, Wilson J (2011) The value of context in
early detection and rapid response decisions: Melaleuca
invasions in South Africa. In: Proceedings of the 2nd
International Workshop: Invasive Plants in the Mediterranean
Type Regions of the World. Trabzon, Turkey
Watt MS, Kritikos DJ, Manning CK (2009) The current and
future distribution of Melaleuca quinquenervia. Weed
Research 49(4): 381–390, http://dx.doi.org/10.1111/j.1365-3180.
2009.00704.x

Wilson JRU, Ivey P, Manyama P, Nänni I (2013) A new national
unit for invasive species detection, assessment and
eradication planning. South African Journal of Science 109
(5/6), http://dx.doi.org/10.1590/sajs.2013/20120111
Wilson JRU, Caplat P, Dickie I, Hui C, Maxwell BD, Nuñez MA,
Pauchard A, Rejmánek M, Richardson DM, Robertson MP,
Spear D, Webber BL, van Wilgen BW, Zenni RD (2014) A
standardized set of metrics to assess and monitor tree
invasions. Biological Invasions 16: 535–551, http://dx.doi.org/
10.1007/s10530-013-0605-x

Zenni R, Wilson JR, le Roux JJ, Richardson DM (2009)
Evaluating the invasiveness of Acacia paradoxa in South
Africa. South African Journal of Botany 75: 485–496,
http://dx.doi.org/10.1016/j.sajb.2009.04.001

10.1111/ddi.12075

Supplementary material
The following supplementary material is available for this article:
Appendix 1. Publicity flyers issued to conservation agencies and land-owners.
Appendix 2. Distribution of Melaleuca quinquenervia as predicted by Generalised Additive Model for the native distribution range.
Appendix 3. Species report for Melaleuca quinquenervia in South Africa based on the scheme proposed by Wilson et al. (2014).
Appendix 4. Australian Weed Risk Assessment for Melaleuca quinquenervia in South Africa. With a total score of 21, the species would
have been rejected at a pre-border evaluation.
This material is available as part of online article from:
http://www.reabic.net/journals/bir/2015/Supplements/BIR_2015_Jacobs_etal_Supplement.xls
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