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The moth catcher vine, Araujia sericifera Brotero (Apocynaceae), is a prevalent invader in many countries
worldwide, where it has been reported to be a significant threat to biodiversity and agriculture. However,
limited knowledge exists surrounding the ecology, invasion and impacts of A. sericifera in South Africa, chal-
lenging the implementation of management efforts. Therefore, this study sought to understand the vine’s
invasion within a South African context. To determine the density of A. sericifera in response to ecological
and socio-economic predictors, its abundance along roads in 42 Johannesburg suburbs was measured. Addi-
tionally, A. sericifera abundance was recorded on foot within two nature reserves in Johannesburg, where
density estimates were found to be 29 times higher than those obtained via roadside surveys. At a local scale,
there was no evidence to indicate that vegetation, urban cover, and median household income influence A.
sericifera density, suggesting that the vine establishes indiscriminately across Johannesburg. To determine
whether this opportunistic behaviour was reflected in the vine's recruitment, its emergence rates in response
to shaded and full-sun conditions were investigated. Seedling emergence was higher under shaded condi-
tions (47.8%) than under full-sun (11%). Using MaxEnt models, environmental variables affecting the plant’s
distribution in South Africa were identified. Human disturbance had a permutation importance of 85.6%,
indicating that A. sericifera’s establishment is largely driven by disturbance. While A. sericifera appears to be
in its lag phase of invasion and is unlikely to invade natural ecosystems in the short term, its abundance in
the two nature reserves suggests that management should be prioritised during this lag phase, prior to its
potential expansion into less-disturbed areas.

© 2024 The Author(s). Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Globalisation has led to unprecedented rates of alien species
introduction, and it is estimated that over 37 000 alien species have
established in non-native ranges throughout the earth’s biomes, with
an expected yearly increase in this estimate of 200 species (Faulkner
et al,, 2020; Roy et al., 2023). Nearly 10% of these species are regarded
as invasive, as they present negative impacts to their recipient socio-
ecological ecosystems, driving widespread biodiversity and economic
losses (Bellard et al., 2016; Diagne et al., 2021; Roy et al., 2023). South
Africa houses one of the highest numbers of invasive species world-
wide (Pysek et al., 2017), and is estimated to have over 10.1 million
ha (~8.3% of the country) of invaded land (Le Maitre et al., 2000).
Despite the extensive environmental and socio-economic conse-
quences of invasive species, their management has frequently suf-
fered insufficient financial allocation and substantial delays, with the

* Corresponding author.
E-mail address: shreyanmaharaj@gmail.com (S. Maharaj).

https://doi.org/10.1016/j.sajb.2024.06.034

onset of management often only occurring once an invasive species
has already become widespread (van Wilgen and Wilson, 2018;
Cuthbert et al., 2022; Zengeya and Wilson, 2023). Pre-invasion man-
agement costs are 25 times lower than post-invasion management
costs, highlighting the importance of approaching the management
of incipient invasive species proactively (Cuthbert et al., 2022). How-
ever, most studies pertaining to the management of invasive species
focus on well-established invaders in natural ecosystems, and little
attention is dedicated to urban invaders and well-known invaders
that have not yet invaded new or larger areas (Mgidi et al., 2007; Pot-
gieter et al., 2020). Potentially impactful invaders should therefore be
assessed promptly to establish whether control or eradication is fea-
sible, prior to the expansion of the problem (Wilson et al., 2013).
Araujia sericifera Brotero (Apocynaceae), native to much of neo-
tropical humid South America, remains a problematic incipient
invader in South Africa, and is invasive in Turkey, Australia, New Zea-
land, Italy, France, Spain, Greece, and Portugal, and citrus groves in
the United States (Spellman and Gunn, 1976; Forster and Bruyns,
1992; Altinozlu and Donmez, 2003; EPPO, 2008). Alien populations
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are present in at least 10 other countries worldwide (GBIF, 2023). In
its invaded ranges, A. sericifera is common in tropical, subtropical,
temperate, hot and cold semi-arid regions, as well as regions charac-
terised by a hot-summer Mediterranean climate (Beck et al., 2018;
GBIF, 2023). The introduction of A. sericifera into these non-native
ranges was mainly for ornamental purposes, although anecdotal evi-
dence suggests that it has also been cultivated for textile uses such as
padding, cushions, and bedding (Winks and Fowler, 2000; Gaig et al.,
2005). However, in South Africa, the exact date of and reason for the
plant’s introduction is unclear. It is thought to have been introduced
into the country as an ornamental (Henderson, 2020) and the earliest
herbarium record for A. sericifera is from 1918 (I. B. Pole-Evans, acces-
sion number PRE0341607-0, collected on 10/12/1918; SANBI, 2016).

Araujia sericifera tolerates a broad range of environments, which
contributes to its encroachment and invasion of disturbed habitats,
where indigenous species are rapidly outcompeted (Coulston, 2002).
Due to its rapid climbing habit, A. sericifera can reach lengths of up to
10 m, often scrambling over trees, where it is capable of dominating
and suppressing overstorey vegetation (Weber, 2003). The plant’s
persistence in tree canopies positions it favourably for the long-dis-
tance dispersal (over several hundred metres) of its tufted seeds,
which are released upon dehiscence of the plant’s pale green fruits
(Winks and Fowler, 2000). Each fruit contains approximately 400
seeds that, following wind or (more seldomly) water dispersal, form
a transient seed bank within the soil, which is quickly depleted by a
high seedling emergence (Vivian-Smith and Panetta, 2005). The seeds
are toxic, having been reported to cause the death of poultry and cat-
tle upon ingestion, although incidences of ingestion are uncommon
(Esler, 1988; Hill, 2019). While seeds are the primary mechanism for
A. sericifera reproduction, it also reproduces vegetatively (USDA,
2012). Plant regrowth is common following chemical or mechanical
clearing, which is often laborious and hazardous due to the plant’s
secretion of a toxic, milky latex via its stems, leaves, and fruits, which
causes severe skin and eye irritation (Winks and Fowler, 2000; Gaig
et al, 2005; EPPO, 2008; Kiwifruit Vine Health, 2016; Henderson,
2020). Infestations are thus difficult to eradicate without substantial
costs (Winks and Fowler, 2000; Williams and Champion, 2008).

In New Zealand, A. sericifera germinates and establishes readily
when exposed to full sunlight, despite a preference for partial shade,
and persists well in deep, moist soils, but tolerates sandy soils or
gravel (Williams and Champion, 2008). However, whether these
broad ranges of environmental tolerances and high recruitment rates
are evident in the seedling emergence of A. sericifera in South Africa
is uncertain, although it is expected that similar preferences for shade
will be observed. Araujia sericifera is abundant in New Zealand’s
urban reserves and natural forests but is also widespread in vulnera-
ble habitats such as bush and forest margins, and coastal plains,
where it adversely impacts indigenous vegetation (Winks and
Fowler, 2000; Hill, 2018). In addition to its notoriety as a citrus grove
invader in Spain and the United States, A. sericifera is a problematic
invader in kiwi orchards in New Zealand (Kiwifruit Vine Health,
2016). However, in South Africa, A. sericifera has not yet been
observed in agricultural plantations or closed forest habitats (Hen-
derson, 2020). Rather, its opportunistic establishment in disturbed
habitats renders it a prevalent urban invader, particularly in the met-
ropolitan cities of Cape Town and Johannesburg (Henderson and
Anderson, 1966; Henderson, 2007; Henderson, 2020). Given the
prevalence of A. sericifera throughout a variety of habitats worldwide,
an evaluation of the potential for the plant to invade vulnerable habi-
tats in South Africa is valuable and necessary in determining whether
it is likely to expand its range and threaten native biodiversity and
agriculture.

Despite its classification as a common, Category 1b invader
(removal and destruction of individuals is mandated due to poten-
tially high invasiveness) in South Africa (Nel et al., 2004; Department
of Environment, Forestry and Fisheries, 2020), baseline data
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regarding the plant’s impacts, ecology, and invasion history are scant.
Nevertheless, evidence of the plant’s impacts on New Zealand’s
socio-ecological systems and the implementation of a successful bio-
control programme against A. sericifera with the release of a leaf-
feeding beetle, Freudeita cf. cupripennis Lefevre (Coleoptera: Chryso-
melidae), has bolstered the candidacy of A. sericifera for biocontrol in
South Africa (Canavan et al., 2021). South African biocontrol pro-
grammes have benefitted greatly from the expertise developed by
other countries, and this practice has proven to be largely successful
and pragmatic (Byrne et al., 2021). The transferability of New Zealand
knowledge and the absence of indigenous plants closely related to A.
sericifera in South Africa indicate promising prospects for successful
biocontrol.

Understanding the plant’s invasion dynamics in a South African
context is necessary for determining the extent of the threat that A.
sericifera poses, as well as in identifying potential factors that pro-
mote its invasiveness, as the invasion biology of A. sericifera world-
wide remains largely underexplored. A search for “Araujia sericifera”
or “Araujia hortorum”, the accepted name in New Zealand (Champion
et al.,, 2010), combined with keywords related to the invasion, ecol-
ogy, biology, and management of the plant in ISI Web of Science
(Supplementary Box S1) returned only 27 publications. Of these, 37%
pertain to the biochemistry of the plant, and only 7% focus on its inva-
sion biology, highlighting the need for a better understanding of the
plant in this context. Evaluating the invasion dynamics of A. sericifera
will contribute to optimising any potential biocontrol programme
such that management can be directed towards sites that are most
severely impacted or most vulnerable to invasion. Particularly,
assessing the biology, abundance, distribution, and climatic require-
ments of an invasive species within the introduced range is impor-
tant in tailoring management efforts (Mgidi et al, 2007). The
abundance and distribution of an invader are two of the three param-
eters (the last one being the environmental effect of the invader)
used to determine its potential impact (Parker et al., 1999). While
these parameters do not encompass all the complexities associated
with understanding biological invasions, they provide important
proxies for assessing the magnitude of the threat that invasive spe-
cies pose. These measures, along with a baseline assessment of the
biology and ecology of A. sericifera are thus important to evaluate in
the absence of quantitative impact data.

Araujia sericifera has expanded its range in South Africa over the
last two decades (O’Connor and van Wilgen, 2020), and is an oppor-
tunistic urban invader, demonstrating the potential for its invasion to
worsen and accrue management costs (Coombs and Peter, 2010;
Henderson, 2020). To evaluate the invasion dynamics of A. sericifera
in South Africa, this study sought to determine (1) the density of A.
sericifera in urban Johannesburg, (2) the ecological and socio-eco-
nomic drivers of A. sericifera density in Johannesburg, (3) seedling
emergence rates of A. sericifera seeds collected in Johannesburg in
response to full-sun and shaded environments, and (4) the environ-
mental drivers of A. sericifera habitat suitability (or species distribu-
tion) in South Africa. This will contribute to understanding the
invasiveness of A. sericifera and the potential extent of its invasion
throughout South Africa, ensuring that effective management deci-
sions can be made.

2. Methods and materials
2.1. Study species

Araujia sericifera is a perennial climber, marked by its rapidly-
growing twining stems that typically reach a diameter of 40 mm, and
opposite leaves (of an estimated 3 — 12 cm long and 2 — 6 cm wide)
that are characterised by a glabrous and dark upper surface and a
pale green lower surface (Fig. 1a; Winks and Fowler, 2000; EPPO,
2008). The leaves and stems may undergo senescence towards the
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Fig. 1. (a) Tubular flowers and glabrous, opposite leaves of Araujia sericifera, (b) Apis mellifera subsp. scutellata trapped within a flower of A. sericifera, and (c) fruiting A. sericifera

individual established on a fence (Photos: B. W. Cowie, N. Venter, and S. Maharaj).

end of summer or beginning of autumn, although the plant is mostly
evergreen (EPPO, 2008). The plant has tough, flexible stems that
become woody near the base, and a shallow, fibrous tap-root system.
In South Africa, white, tubular inflorescences (sometimes marked
with pink or maroon) appear in profusion on A. sericifera between
November and April (Henderson, 2020; Fig. 1a). The vine’s common
names, “moth catcher”, “moth plant”, and “cruel vine” originate from
its reputation for killing lepidopterans and bees within the flowers
through accidental entrapment (Stearns, 1887; Coombs and Peter,
2010; Fig. 1b).

Anecdotal evidence suggests that the time to reproduction of A.
sericifera is 12 — 18 months, and following seed dispersal and estab-
lishment of a transient seed bank, seed viability is lost for seeds that
fail to germinate (Vivian-Smith and Panetta, 2005). Once mature, A.
sericifera usually produces several spongy green fruits (~12 cm long
and 6 cm wide) per plant, that remain on the vine following dehis-
cence (Winks and Fowler, 2000; Waipara et al., 2006; EPPO, 2008;
Fig. 1c). The small seeds, which measure 7 — 8 mm, are initially
cream-coloured but darken as the fruit matures (EPPO, 2008).

The reproductive success of A. sericifera in South Africa is attrib-
uted to its ability to self-pollinate (via geitonogamy), as well as its co-
option of native pollinators, particularly honeybees (Apis mellifera
subsp. scutellata) (Coombs and Peter, 2010). Despite their ability to
access the nectar within A. sericifera flowers, honeybees are occasion-
ally trapped on the flowers, although most individuals are able to
free themselves (Coombs and Peter, 2010).

The presence of A. sericifera has been recorded in all provinces in
South Africa, excluding the arid Northern Cape, and it has also estab-
lished populations in Lesotho (GBIF, 2023) (Fig. 2; Supplementary
Table S1). The vine is a common invader of abandoned fields, water-
courses, and urban open spaces (Henderson, 2020) throughout the
country. Araujia sericifera is widespread throughout the Western
Cape and Eastern Cape, but is most abundant within the Gauteng
Province, where it is common in the City of Johannesburg (Fig. 2; Sup-
plementary Table S1).

2.2. Density and demographics surveys

The density study was conducted along main and secondary roads
in 42 suburbs throughout Johannesburg (26.2041° S, 28.0473° E)
between June and August 2023 (winter). Johannesburg is South Afri-
ca’s largest metropolitan municipality (spanning 164 458 ha) and
exhibits a diverse topography, situated at an average altitude of
~1750 m above sea level on the Highveld plateau. The city is charac-
terised by a mild climate, as it falls within the subtropical highland
Koppen—Geiger climate zone (Beck et al., 2018). The mean daily sum-
mer temperature is just below 22°C, while mean daily winter tem-
peratures lie between 10°C and 12°C (South African Weather Service,
2021). The city receives a mean annual rainfall of between 700 mm
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and 800 mm, with most of the precipitation occurring during sum-
mer (South African Weather Service, 2021).

Surveys were conducted along 296 km of roads to detect the pres-
ence of A. sericifera adult plants (woody, fruiting individuals) and
juveniles (herbaceous, non-fruiting individuals). Target roads were
selected based on the presence of at least one iNaturalist observation
within or adjacent to the suburb in which the observation was made.
Speeds of 60 to 80 kmh~' were maintained on main roads, while
speeds of 40 to 60 kmh~' were sustained on secondary roads. A
driver and a passenger recorded the presence of A. sericifera visible
on or immediately adjacent to the road, as well as the substrate (both
artificial, such as fencing, and natural, such as other vegetation) that
the plant was found on. Where possible, A. sericifera abundance
obtained during roadside surveys was confirmed on foot. Addition-
ally, the east section of the Melville Koppies Nature Reserve
(26.1675° S, 28.0042° E), and the Beaulieu Bird Sanctuary (25.9804° S,
28.0697° E) were surveyed on foot (by which method individuals are
more detectable) for A. sericifera along and adjacent to the walking
trails along the perimeters of the reserves on 6 June 2023 and 27
August 2023, respectively. Plant density per kilometre surveyed was
calculated by dividing the total number of plants observed by the
sampling effort distances (Baard and Kraaij, 2019). The number of
adults was compared to the number of juveniles, and the number of
individuals per substrate was compared using Kruskal-Wallis tests to
examine the population age structure. A Chi-squared test was used to
determine whether the two life stages were associated with any par-
ticular substrates. Conover-Iman post-hoc tests were performed
where differences were statistically significant using R version 4.3.1
(R Core Team, 2023) and the package ‘conover.test’ (Dinno, 2017).

2.3. Local invasion drivers

Johannesburg has a history of rapid urbanisation, which has
resulted in the transformation of large areas of grassland to urban
woodland. Approximately 16.1% of Johannesburg is occupied by non-
native trees such as Jacaranda mimosifolia and Plantanus x acerifolia,
along with indigenous trees such as Celtis africana, forming a mosaic
of afforested areas and open grasslands throughout the city’s green
spaces (Schaffler and Swilling, 2013; Symes et al., 2017). The remain-
der of the city’s land cover is allocated to formal and informal hous-
ing, farmland, and commercial and industrial areas (Katumba and
Everatt, 2021). Despite being one of the centres of economic activity
in South Africa, income inequality is highly prevalent in Johannes-
burg (Ballard and Hamann, 2021), with median annual household
income of the surveyed suburbs ranging from R14 600 to R921 400
(Statistics South Africa, 2023). This income disparity is echoed by a
disparity in urban vegetation, with greater access to green spaces in
more affluent suburbs, such as those located in northern Johannes-
burg (Schaffler and Swilling, 2013; Souverijns et al., 2022). However,
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Fig. 2. Distribution of Araujia sericifera in South Africa’s Koppen-Geiger zones based on occurrences from the South African Plant Invaders Atlas (SAPIA) and the Global Biodiversity
Information Facility (GBIF, 2023). Full legend for Koppen-Geiger zones is shown in Supplementary Table S1.

the Normalized Difference Vegetation Index (NDVI), used as an indi-
cator of the quality of vegetation greenness, has not been shown to
vary greatly along a socio-economic gradient in Johannesburg (Abu-
taleb et al., 2021).

Two socio-economic predictors, urban cover percentage and
median annual household income, and two ecological predictors,
urban vegetation cover percentage and NDVI, were extracted within
500 m, 1 km, 2.5 km, and 5 km buffers around each sampled suburb.
There was significant overlap between the buffer zones surrounding
each suburb due to sampling in adjacent suburbs. To calculate the
percentage of urban land cover and urban vegetation cover within
each buffer zone, five classes were derived from the South African
National Land Cover (SANLC) 2020 dataset (Department of Forestry,
Fisheries, and the Environment, 2021), denoting natural vegetation
cover, water sources, urban vegetation cover, urban structures, and
miscellaneous cover. Median annual household income was obtained
from the 2011 South African National Population Census (Statistics
South Africa, 2023). Median income in South Africa is strongly linked
to various socio-economic indicators and can serve as an effective
surrogate measure for overall socio-economic status (Chamberlain et
al., 2019). Lastly, NDVI, which is a surrogate measure for primary pro-
ductivity (Pettorelli et al., 2005), was obtained at 500 m resolution for
Johannesburg from Moderate Resolution Imaging Spectroradiometer
(MODIS) 16-day composite satellite imagery (Didan, 2021).

Fifteen generalised linear mixed-effects models (reduced and full)
with a Poisson link were compared against the null model at each of
the four buffer resolutions (and without a buffer) to investigate the
effects of the ecological and socio-economic predictors on A. sericifera
density for the suburbs that remained (after excluding suburbs for
which no predictor data were available). Suburb was included as a
nested random effect in the models and was the only predictor used
for the null model. The ‘glmer’ function from the package ‘lme4’
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(Bates et al., 2015) was used to run all models in R. Prior to analysis,
all predictor variables were scaled to facilitate effective model com-
parison. For all the models, variance inflation factors (VIFs) were less
than 3.00 units, indicating low multicollinearity between predictor
variables.

The fit of each model was compared using Akaike’s information
criterion with a second-order correction for small sample sizes (AICc)
and Akaike weights (w;), and the residuals of each model were
assessed for normality and goodness of fit. All models were compared
relative to a top model with AAICc = 0, and models with AICc values
within 2.00 units of the null model were regarded as having compa-
rable predictive capability to that of the null model.

2.4. Seedling emergence rates

Mature fruits were collected from 20 individuals from five repre-
sentative populations in each cardinal region (n = 4 for central, west,
and south, n = 5 for north, and n = 3 for east) of Johannesburg
between August and September 2023. Sampled individuals were a
minimum distance of 3 km apart. Thirty seeds from each fruit were
sown at a depth of ~1 cm in trays measuring 15 cm x 23 cm x 6 cm
and covered lightly with a sandy loam soil (60% sand: 35% silt: 5%
clay). Seeds were sown on 19 September 2023, with two replicate
trays per fruit for both the full-sun and shaded treatments (n = 40 per
full-sun treatment and n = 40 per shaded treatment). Photosyntheti-
cally active radiation (PAR), measured as photosynthetic photon flux
density (PPFD) (McCree, 1972) and soil temperature were measured
at noon each day, and trays subsequently received ~300 ml of tap
water per day. Hygrochron iButton temperature and humidity log-
gers (Maxim Integrated, California, USA) were placed in close prox-
imity to both treatments to best record ambient temperature and
humidity every two hours from midday. Emerging seedlings were
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recorded in order to quantify emergence percentage (EP), calculated

as EP = % x 100, where “E;” is the number of seedlings that
emerged each day, and “N” is the total number of seeds sown (Bewley
and Black, 1994). Mean emergence time (MET), which was calculated

as MET = M where “n” represents the count of seeds that
emerged each day, “d” denotes the number of days elapsed from the
start of the experiment, and “N” signifies the total number of seeds
that had emerged by the end of the experiment (Ellis and Roberts,
1981). Emergence scoring was done once a day for 31 days or until
no further emergence was observed.

Emergence percentage, mean emergence time, and the environ-
mental predictors (PAR, ambient temperature and humidity, and
midday soil temperature) were compared between the full-sun and
shaded treatments using a Wilcoxon Rank-Sum Test. Emergence per-
centage and mean emergence time were also compared between the
Johannesburg north, east, central, west, and south populations of A.
sericifera using a Kruskal-Wallis test. A principal component analysis
(PCA) was used to determine the relative importance of the environ-
mental variables affecting emergence for both treatments.

2.5. Habitat suitability modelling

Presence data, recording 533 occurrences of A. sericifera in South
Africa obtained from the Global Biodiversity Information Facility (GBIF,
2023) and 10 000 pseudoabsence data points were used to develop
habitat suitability models using the maximum entropy modelling soft-
ware, MaxEnt 3.4.3, implemented in the ‘dismo’ package in R (Hijmans
et al.,, 2021). MaxEnt can make predictions of suitability based on small
datasets (Pearson et al., 2007; Phillips et al., 2017), and uses the theory
of maximum entropy to predict species distributions that are closest to
uniform, with due consideration of the constraints imposed by the pre-
dictor variables incorporated in the model (Phillips et al., 2004). To
account for spatial autocorrelation in the occurrences which may affect
the quality of model outputs (Veloz, 2009), the data were filtered based
on a nearest neighbour distance of 10 km using the ‘spThin’ package in
R (Aiello-Lammens et al.,, 2015).

A set of 19 climatic variables, which incorporate annual and quar-
terly temperature and precipitation metrics and their variability,
averaged over the period from 1970 to 2000 (representing the cur-
rent climate), were obtained from the WorldClim 2.1 database
(www.worldclim.org) at a 30-arcsecond resolution (~1 km?) (Fick
and Hijmans, 2017). Additionally, due to the prevalence of A. serici-
fera in disturbed environments, a variable combining anthropogenic
disturbance (broadly classed as human settlements, agriculture,
transportation, mining and energy production, and electrical infra-
structure) was used (Kennedy et al., 2019). Given that little is known
about the ecophysiology of A. sericifera, models were initially run
with all 20 predictor variables, and a subset of uncorrelated variables
(VIF < 4.00) was selected based on permutation importance, which is
a reliable indicator of the variables that best define a species’ niche,
while percentage contribution can be subject to bias when variables
are multicollinear (Searcy and Shaffer, 2016). The reduced set of envi-
ronmental predictors included four variables: bio2 — mean diurnal

Table 1
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temperature range (mean of monthly [maximum temperature —
minimum temperature]), biol1 — mean temperature of coldest quar-
ter, biol5 — precipitation seasonality (coefficient of variation), and
human disturbance. A model without disturbance was run similarly
for comparison, including bio12 — mean annual precipitation, bio8 —
mean temperature of wettest quarter, bio14 — precipitation of driest
month, bio19 — precipitation of coldest quarter, biol — annual mean
temperature, and bio15, as predictors.

Model performance was evaluated using the ‘SDMtune’ package
(Vignali et al, 2020) using two metrics: the area under the receiver
operating characteristic (ROC) curve (AUC; Fielding and Bell, 1997) and
the true skill statistic (TSS; Allouche et al., 2006). Higher AUC values
indicate a better capacity to differentiate between points from testing
and background datasets, with poor models having AUC values < 0.8,
fair models having AUC values between 0.8 and 0.9, and good models,
> 0.9 (Fielding and Bell, 1997). For TSS, which ranges between -1 and
1, larger values indicate a high predictive accuracy, as the model is able
to distinguish between false negatives and false positives for species
pseudoabsence (background) and presence data points.

3. Results
3.1. Density and demographics surveys

Araujia sericifera juveniles and adults were found to be abundant
throughout suburban roads of Johannesburg (Table 1) as well as
within the two nature reserves (Table 2), establishing primarily on
woody vegetation and fencing along roadsides. The number of juve-
niles detected did not differ significantly from the number of adults
detected (Kruskal-Wallis: XZ(Z) =0.82,p=0.36).

The number of A. sericifera individuals detected via roadside sur-
veys differed between substrates (Kruskal-Wallis: x*z) = 7.66,
p = 0.02). The number of individuals detected on fencing was greater
than the number of individuals present on woody vegetation (Con-
over-Iman: t = -2.34, p = 0.01), and the number of individuals
detected on the ground (Conover-Iman: t = -2.06, p = 0.02). Addition-
ally, there was a strong association between the life stage of the plant
and the substrate on which it was detected, with juveniles most prev-
alent on fencing, and adults, on woody vegetation (Chi-Square:
X2)=218.36, p < 0.001).

Within both nature reserves, A. sericifera was found primarily on
woody vegetation. While the proportions of juveniles detected via sur-
veys within the reserves were much larger than those detected via
roadside surveys (68.6% of total individuals detected within the reserve,
n = 388 compared to 47.3% detected via roadside surveys, n = 1257),
there was no evidence of a statistical difference between the number of
adults and juveniles within the two reserves (Kruskal-Wallis:
%% = 1.88, p = 0.17). In addition, the number of individuals per sub-
strate differed non-significantly (Kruskal-Wallis: x%4) = 7.93, p = 0.09).

3.2. Local invasion drivers

Without a buffer around the 42 suburbs, the top model included
urban vegetation cover (AICc = 215.8, p = 0.09), however, this model

Number and density of Araujia sericifera along main and secondary roads in 42 suburbs throughout Johannesburg.

Region Number of Juveniles ~ Number of Adults  Total Individuals ~ Sampling Effort (km)  Density (plants/km)
North 83 135 218 81.76 3
East 98 134 232 62.08 4
Central 176 45 221 18.65 12
West 150 53 203 62.38 3
South 87 296 383 70.97 5
Total/Mean 594 663 1257 295.84 4 (mean)
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Table 2
Number and density of Araujia sericifera within two nature reserves located in the sub-
urbs of Johannesburg.

Nature Number of Number of Total Sampling  Density
Reserve Juveniles  Adults Individuals Effort (km) (plants/km)
Melville Koppies 186 68 254 2.15 118
(East)
Beaulieu Bird 80 54 134 1.2 112
Sanctuary
Total/Mean 266 122 388 335 116 (mean)

had similar predictive power to the null model (AICc = 216.5; Table 3).
Using 500 m and 1 km buffers around each suburb, there were four
competing models (Table 3). However, none of these models per-
formed significantly better than the null model (< 2.00 AICc), sug-
gesting no significant influence of median income, NDVI, urban cover
or urban vegetation cover on A. sericifera density. While there were
two competing models at 2.5 km and 5 km buffer resolutions, simi-
larly, these models did not show an increase of < 2.00 AICc units over
the null models (Table 3). At these resolutions, many of the buffer
zones extended beyond the city of Johannesburg, for which median
income, land cover, and NDVI data were not available, resulting in
the inclusion of only 27 suburbs in the models using 2.5 km buffers,
and only 13 suburbs at a 5 km buffer resolution (Supplementary
Table S2).

3.3. Emergence rates

Araujia sericifera emergence was observed 13 days following sow-
ing for the shaded and full-sun treatments (Fig. 3). For shaded seeds,
an average of 31 seedlings emerged per day, while for sun-exposed
seeds, the average rate was 7 seedlings per day. Seven days during
the study were overcast, and 33 mm of rain fell on 30 September
2023. Hot, humid conditions prevailed throughout the remainder of
the study (Table 4).

All environmental parameters differed significantly between
emergence treatments, with higher midday photosynthetic photon
flux density (W = 78, p < 0.001), daily ambient temperature
(W = 57542, p < 0.01), ambient relative humidity (W = 73 316, p <
0.01), and midday soil temperature (W = 47, p < 0.001) in the full-
sun treatment.

The emergence percentage of A. sericifera was significantly higher
for shaded trays (47.8% compared to 11% in trays exposed to full sun;

60
50

40

Emergence Percentage (%)
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Table 3

The best-fitting linear mixed-effects models for Araujia sericifera density in the
suburbs of Johannesburg without a buffer, and with buffer diameters of 500 m,
1 km, 2.5 km, and 5 km. Full model set results are shown in Supplementary Table
S3.

Model K AAICc  Res. LogLikelihood  Weight
No Buffer

Urban Vegetation Cover 3 0 -104.6 0.2429
Null 2 0.6 -106.1 0.1773
500 m Buffer Zones

Null 2 0 -91 0.2615
NDVI 3 14 -90.6 0.1268
Urban Cover 3 1.6 -90.7 0.1159
Urban Vegetation Cover 3 1.8 -90.8 0.1054
1 km Buffer Zones

Null 2 0 -91 0.25
Urban Cover 3 13 -90.5 0.1282
NDVI 3 14 -90.6 0.1225
Urban Vegetation Cover 3 1.9 -90.8 0.0963
2.5 km Buffer Zones

Null 2 0 -66.2 0.2456
Urban Vegetation Cover 3 0.2 -65 0.2173
5 km Buffer Zones

Income 3 0 -30.8 0.3614
Null 2 0.5 -32.8 0.2764

W = 1511.5, p < 0.001; Fig. 4). Mean emergence time for seeds
exposed to full sun was 17.7 days, while shaded seeds took signifi-
cantly longer to emerge (W = 735.5, p = 0.01; Fig. 4), with a mean
emergence time of 19.5 days. Emergence percentage did not differ
significantly between populations of A. sericifera (Kruskal-Wallis:
%) = 2.15, p = 0.7), but mean emergence time was significantly
shorter for north (Conover-Iman: t = -2.68, p < 0.01) and central
(Conover-Iman: t = -3.66, p < 0.001) populations compared to south
populations, and for central populations compared to east popula-
tions (Conover Iman: t = -2.49, p < 0.01).

3.4. Habitat suitability

Based on the model that included human disturbance, approxi-
mately 0.55% of South Africa (672 650 ha) was found to be suitable
for the establishment of A. sericifera, mainly in Gauteng and the West-
ern Cape as well as in Ggeberha in the Eastern Cape (Climatic Suit-
ability > 0.7, AUCesc = 0.921, TSS = 0.76; Fig. 5). Disturbance was
found to be the most important predictor of A. sericifera distribution,
with a permutation importance of 85.6% (Table 5). Excluding distur-
bance, the model overfitted the distribution of A. sericifera, with

w

25 27 29

e Shade == e= Sun

Fig. 3. Cumulative emergence percentage (%) of Araujia sericifera seeds sown in trays under shaded and full-sun treatments over a 31-day period (n = 30 seeds per tray; n = 40 trays

per light treatment). Seeds were sown during spring (September).

522



S. Maharaj, BW. Cowie, MJ. Byrne et al.

Table 4

Mean (+ S.E.) environmental conditions of the shaded and full-sun treatments of
Araujia sericifera emergence trial. Superscripted lowercase letters indicate significant

differences between treatments in the same row.

Environmental conditions Treatment

Shade

Full Sun

Midday Photosynthetic Photon Flux Density 441 (£29)°
(umolm=2s71)

Daily Ambient Temperature (°C) 18.9(+£03)°
Daily Ambient Relative Humidity (%) 524 (+1.4)°
Midday Soil Temperature (°C) 21.9(£0.1)"

1560 (+ 135)*

19.7 (£03)?
469 (+1.3)2
38 (£ 04)2

Shade O Sun

100
90 a
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40
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1.07% of the country found to be climatically suitable (Climatic Suit-
ability > 0.7, AUCces; = 0.864, TSS = 0.61; Fig. 6).

4. Discussion

Most evaluations pertaining to biological invasions, particularly
invasive alien plants, have focused largely on natural ecosystems,
however, cities are now being recognised as hotspots for the estab-
lishment and proliferation of invasive species (Kowarik, 2011; Scalera
and Genovesi, 2013; Gaertner et al., 2017). Disturbance often serves
as a mediator for this process, making previously occupied land-
scapes available for invasion and facilitating the development of dis-
persal corridors, such as roads and waterways, which provide
pathways for propagule spread and establishment (Parendes and

O Shade O Sun

Mean Emergence Time
(Days)
— — 5% N O
S »n S & S
<

w

0 ()

Fig. 4. (a) Emergence percentage and (b) mean emergence time of Araujia sericifera seeds under shaded and full-sun conditions showing the 25 percentile, the median, the 75™
percentile, and the mean, denoted by a cross. Circles indicate outliers, and superscripted small case letters indicate significant differences between treatments.

24.0

16.0 20.0
Habitat Suitability
1
-24.0
-28.0
-32.0

28.0 32.0
--24.0
-28.0
--32.0
100 200 300 km
.

16.0 20.0

24.0

28.0 32,0

Fig. 5. Predicted MaxEnt habitat suitability for Araujia sericifera in South Africa using climatic variables and human disturbance as environmental predictors. Decimal degrees are

denoted on the x and y axes.
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Table 5

Environmental variables, obtained from the WorldClim 2.1 database (www.world
clim.org) for the period 1970—2000 at a 30-arcsecond resolution (~1 km?),
included in the MaxEnt models for predicted habitat suitability of Araujia sericifera
in South Africa.

Code Environmental Variable Unit Permutation
Importance

South Africa (including disturbance)

DIST Human Disturbance % 85.6

BIO11 Mean Temperature of Coldest Quarter °Cx 10 10.6

BIO2 Mean Diurnal Range °Cx10 33

BIO15  Precipitation Seasonality % 04

South Africa (excluding disturbance)

BIO12  Mean Annual Precipitation mm 483

BIO8 Mean Temperature of Wettest Quarter  °Cx 10 35.5

BIO1 Mean Annual Temperature °Cx10 93

BIO14  Precipitation of Driest Month mm 6.9

Jones, 2000; Faulkner et al., 2020). The prevalence of A. sericifera
throughout Johannesburg and the plant’s strong association with
human disturbance throughout the country corroborate this. While
roadside surveys through the city enabled the detection of an average
of four individuals per kilometre, the density estimates obtained on
foot for the Melville Koppies Nature Reserve and the Beaulieu Bird
Sanctuary are, on average, 29 times greater than the roadside esti-
mates. In addition, A. sericifera densities are likely to be higher during
summer when the plant is flowering and emergence conditions are
favourable, and the winter density estimates obtained during this
study may not reflect peak rates. To date, the abundance of A. serici-
fera has been considered high in only one quarter-degree grid square
throughout South Africa, based primarily on roadside surveys as part
of the Southern African Plant Invaders Atlas (SAPIA) mapping project
(Henderson, 2007), but the density difference between roadside sur-
veys and surveys of the two reserves highlights that A. sericifera is far
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more abundant than current SAPIA and community science records
may suggest. iNaturalist (https://inaturalist.org), a leading global
community science platform, shows less than 200 records of the
plant in the city of Johannesburg, and less than 900 records across
South Africa. While iNaturalist is a useful tool for understanding A.
sericifera distribution at a broad scale, its ability to capture the abun-
dance of the plant at local scales is limited. Density estimates
obtained from the roadside surveys are likely to be conservative, as
juveniles of A. sericifera are particularly inconspicuous and difficult to
detect when employing this sampling method. Surveys on foot sug-
gest that A. sericifera juvenile abundance throughout Johannesburg is
likely to be much higher than roadside estimates might indicate.

In contrast, adults, identifiable by their large and abundant fruits,
were easily detectable both via roadside surveys and throughout the
two urban nature reserves. Adults were especially common on tall
woody vegetation, which act as centres of seed dispersal as individu-
als climb high into branches and tree canopies. While the woody veg-
etation of Johannesburg represents a combination of native and alien
species, the invasion of A. sericifera in New Zealand, Spain, and the
United States demonstrates the vine’s potential to threaten commer-
cial agricultural (usually citrus and kiwi plants) and native woody
plant survival (Winks and Fowler, 2000; USDA, 2012; Kiwifruit Vine
Health, 2016; Bellache et al., 2022). However, the precise native spe-
cies under threat and quantitative accounts of the damage caused by
the plant are yet to be fully described in the literature. Nonetheless,
in New Zealand, A. sericifera is recognised as high risk to peri-urban
reserves and forests, where the vine smothers and causes the collapse
of shrubs, trees, and regenerating seedlings (Hill, 2018). The preva-
lence of A. sericifera in two nature reserves in Johannesburg suggests
its potential to invade protected habitats in South Africa and establish
dense populations, especially at the interface between urban and nat-
ural areas. These regions are particularly susceptible to invasion as
they are often subject to human disturbance (Alston and Richardson,
2006).

1@.0 2q.0 24.0 2§.0 3%.0
Habitat Suitability
1
-24.0 -24.0
-28.0 -28.0
-32.0 -32.0
East London
0 100 200 300km
’ I .
16.0 20.0 24.0 28.0 32.0

Fig. 6. Predicted MaxEnt habitat suitability for Araujia sericifera in South Africa including only climatic predictors. Decimal degrees are denoted on the x and y axes.
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Additionally, the broad-scale establishment of A. sericifera irre-
spective of urban cover percentage, median income, urban vegetation
cover percentage and NDVI reinforces its status as an opportunistic
invader of urban habitats that can persist under a variety of micro-
habitat conditions. Its persistence on several substrates along road-
sides and within reserves demonstrates its impartiality towards
these variables, provided that the landscape is subject to some form
of human disturbance. Urban areas are more homogenised systems
compared to natural areas (McKinney, 2006), which offer a higher
degree of biotic resistance against invasion due to a greater diversity
of competitors and predators (Levine and D’Antonio, 1999). Resour-
ces provisioned through human activity, a lack of competitors, and
extensive transport networks associated with urban systems are
therefore considered favourable for the rapid establishment and
spread of invasive species (Gaertner et al, 2017; Faulkner et al.,
2020). An abundance of pollinators is also common within urban sys-
tems, and A. sericifera is known to exploit native honeybees for polli-
nation, contributing to its proliferation in South Africa (Coombs and
Peter, 2010). Urban Johannesburg, therefore, provides several oppor-
tunities for the persistence and spread of A. sericifera. Comparable
densities of A. sericifera in Cape Town are also likely to be supported
by these factors.

While the establishment of A. sericifera appears independent of
the socio-economic and ecological variables that were measured, the
plant’s emergence is better under shaded conditions, consistent with
the plant’s growth form that lends itself to establishment on support
structures that provide shade. Nevertheless, seedlings of A. sericifera
can establish in full sun and, on average, in less time than when
shaded. Emergence of seeds in full-sun reached saturation (maxi-
mum emergence percentage) much earlier than in shaded seeds, and
midday soil temperatures frequently exceeded 50°C, resulting in
potential losses in seed viability (Roberts, 1988). With rapid growth
rates, several fruits per plant, and several hundred seeds per fruit, the
potential for A. sericifera to establish abundantly under both sun and
shaded conditions is high. Under similar shaded conditions and with
an absence of supplementary watering, Vivian-Smith and Panetta
(2005) obtained a mean emergence percentage for surface-sown A.
sericifera seeds of 30.7%, further highlighting the plant’s ability to
establish under field conditions.

At a broader scale, however, the association between A. sericifera
and human disturbance could restrict the plant to cities like Johan-
nesburg, Cape Town, Bloemfontein and Gqgeberha, despite climati-
cally suitable habitats available elsewhere in the country outside of
urban areas. This may provide a unique opportunity for its manage-
ment, as A. sericifera populations appear largely accessible and local-
ised predominantly to urban and peri-urban areas throughout the
country. Nonetheless, 672 650 ha is a large area of suitable habitat,
and urban areas do have the potential to promote invasion and
spread into natural areas (Byrne et al., 2017; McLean et al., 2017,
Faulkner et al., 2020; Le Roux et al., 2020) as observed for the sam-
pled nature reserves. Self-sustaining, long-term management within
these centres is essential prior to exacerbation of the problem. How-
ever, the efficacy of biocontrol against invasive plants, and particu-
larly, invasive climbers, in urban areas remains understudied (Francis
and Chadwick, 2015).

Climbers allocate most of their resources towards the rapid pro-
duction of photosynthetic biomass, stem and root elongation, and
reproduction (Angyalossy et al., 2015). Their resilience to breaking
and cutting makes climbers difficult to control chemically (and there
are no registered herbicides available for A. sericifera in South Africa)
or mechanically, and their potential to compromise the growth, sur-
vival, reproduction, and recruitment of their supporting vegetation
via physical damage and competition for resources renders climbers
particularly problematic as invaders (Estrada-Villegas et al., 2021;
Becknell et al., 2022). Many invasive climbing plants are widespread
throughout South Africa, posing a risk to native biodiversity and plant
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community structure (King et al., 2021). Conventional control meth-
ods for these species have largely been ineffective, while biocontrol
has had varied degrees of success (King et al., 2021).

Insights from the biocontrol of functionally similar climbers, such
as Cat’s claw creeper, Dolichandra unguis-cati (L.) L.G. Lohmann
(Bignoniaceae) (see King et al.,, 2021) and Balloon vine, Cardiosper-
mum grandiflorum Sw. (Sapindaceae) (Simelane et al. 2011; Simelane
and Mawela, 2019) in South Africa, offer important lessons for efforts
towards managing A. sericifera. Firstly, ensuring that potential bio-
control agents are climatically suitable for establishment in South
Africa is crucial, particularly within the A. sericifera invaded Highveld
region, where cold winter temperatures have constrained other
weed biocontrol programmes (Byrne et al.,, 2002; Cowie et al., 2016).
Secondly, matching the biocontrol agent to the appropriate plant bio-
type is of particular importance when the target plant has a broad
native distribution, encompassing a variety of climate zones (Robert-
son et al., 2008), as is the case with A. sericifera. Habitat suitability
models, or climatic matching approaches, such as CLIMEX, are useful
in generally assessing the suitability of biocontrol candidates for spe-
cific regions (Robertson et al., 2008; Cowie et al., 2023). Given the
broad-scale climatic differences between South Africa and South
America (Beck et al., 2018; Supplementary Fig. S1), selecting biocon-
trol agents from a range that is most climatically similar to the target
regions in South Africa is imperative.

Identifying the appropriate candidate agents is a resource-inten-
sive and laborious process, and in recent years, transfer projects have
offered a pragmatic approach to managing biological invasions via
the exchange of knowledge and expertise (Byrne et al., 2021). There-
fore, recent biocontrol efforts undertaken in New Zealand against A.
sericifera offer an ideal collaborative opportunity to establish and
fast-track a biocontrol programme in South Africa (Canavan et al.,
2021). Since the release of the leaf-feeding beetle, Freudeita cf. cupri-
pennis Lefevre (Coleoptera: Chrysomelidae) in New Zealand in
December 2019 — following collection from humid, subtropical Mon-
tevideo in Uruguay (Beck et al., 2018; McGrath et al., unpubl.; Supple-
mentary Fig. S1) — the beetle has shown promise in reducing
populations of A. sericifera, however, large-scale post-release evalua-
tions are yet to be conducted (Manaaki Whenua-Landcare Research,
2020). Information regarding the agent’s success in managing A. seri-
cifera in urban and natural infestations is also not yet available. For D.
unguis-cati, smaller infestations within urban areas were deemed
unsuitable for biocontrol agent establishment. Smaller infestations,
such as those observed in these roadside surveys and on private
property, are unlikely to support abundant agent populations, and
insect dispersal within urban areas may often be challenged by urban
infrastructure, which acts as a dispersal barrier (Corcos et al., 2019).
The presence of generalist and highly mobile insects is therefore fav-
oured, whereas specialist insects, such as biocontrol agents, are usu-
ally rare in urban environments (Corcos et al., 2019). Additionally,
human interference (usually chemical or mechanical) with target
populations may challenge agent survival and success (Francis and
Chadwick, 2015).

Collaboration between South African and New Zealand research-
ers regarding the prospects for using F. cf. cupripennis as a biocontrol
agent will be essential in determining the feasibility of A. sericifera
biocontrol for South Africa (Canavan et al., 2021). In addition to the
transferability of New Zealand biocontrol knowledge, the absence of
indigenous plants closely related to A. sericifera in South Africa fur-
ther the prospects for successful biocontrol, but additional research
regarding the impacts, ecology, and biocontrol of A. sericifera in South
Africa is warranted. Nonetheless, the abundance and persistence of A.
sericifera in a variety of cities throughout the country qualify it as a
threatening invader, for which control measures should be investi-
gated before further expansion of the invasion. Given that the man-
agement of invasive species is a resource-intensive process,
management strategies should be tailored to the circumstances in
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the invaded range, and future studies on A. sericifera should focus on
quantifying its impacts and exploring the potential agent establish-
ment and overall feasibility for A. sericifera biocontrol in South Africa.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

CRediT authorship contribution statement

Shréyan Maharaj: Writing — original draft, Visualization, Meth-
odology, Investigation, Formal analysis, Conceptualization. Blair W.
Cowie: Writing — review & editing, Methodology, Investigation. Mar-
cus J. Byrne: Writing — review & editing, Supervision, Methodology,
Funding acquisition. Nic Venter: Writing — review & editing, Visuali-
zation, Supervision, Methodology, Investigation, Funding acquisition,
Formal analysis, Conceptualization.

Acknowledgements

The authors gratefully acknowledge Lyriche Drude for assisting
with fieldwork, Chevonne Reynolds for guidance on the statistical
analyses, and the anonymous reviewers that provided valuable feed-
back that improved the quality of this manuscript.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.sajb.2024.06.034.

References

Abutaleb, K., Mudede, M.F., Nkongolo, N., Newete, S.W., 2021. Estimating urban green-
ness index using remote sensing data: a case study of an affluent vs poor suburbs
in the city of Johannesburg. Egypt. J. Remote Sens. Space Sci. 24 (3), 343-351.
https://doi.org/10.1016/j.ejrs.2020.07.002.

Aiello-Lammens, M.E., Boria, R.A., Radosavljevic, A., Vilela, B., Anderson, R.P, 2015.
spThin: an R package for spatial thinning of species occurrence records for use in
ecological niche models. Ecography 38, 541-545. https://doi.org/10.1111/
ecog.01132.

Allouche, 0., Tsoar, A., Kadmon, R., 2006. Assessing the accuracy of species distribution
models: prevalence, kappa and the true skill statistic (TSS). J. Appl. Ecol. 43 (6),
1223-1232. https://doi.org/10.1111/5.1365-2664.2006.01214.X.

Alston, K.P., Richardson, D.M., 2006. The roles of habitat features, disturbance, and dis-
tance from putative source populations in structuring alien plant invasions at the
urban/wildland interface on the Cape Peninsula, South Africa. Biol. Conserv. 132
(2),183-198. https://doi.org/10.1016/j.biocon.2006.03.023.

Altinozli, H., Donmez, A.A., 2003. Araujia Brot.: a new genus (Asclepiadaceae) record
for Turkey. Turk. J. Bot. 27 (3), 231-233.

Angyalossy, V., Pace, M.R,, Lima, A.C., 2015. Liana anatomy: a broad perspective on
structural evolution of the vascular system. In: Schnitzer, S.A., Bongers, F.,
Burnham, R.J., Putz, F.E. (Eds.), Ecology of Lianas. Cambridge, pp. 253-287.

Baard, J.A,, Kraaij, T., 2019. Use of a rapid roadside survey to detect potentially invasive
plant species along the Garden Route, South Africa. Koedoe 61 (1). https://doi.org/
10.4102/koedoe.v61i1.1515.

Ballard, R., Hamann, C,, 2021. Income inequality and socio-economic segregation in the
city of Johannesburg. In: van Ham, M., Tammaru, T. Ubareviciene, R,
Janssen, H. (Eds.), Urban Socio-Economic Segregation and Income Inequality.
Springer, Cham. https://doi.org/10.1007/978-3-030-64569-4_5.

Bates, D., Machler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models
using Ime4. J. Stat. Softw. 67 (1), 1-48. https://doi.org/10.18637/jss.v067.i01.

Beck, H.E., Zimmermann, N.E., McVicar, T.R., Vergopolan, N., Berg, A., Wood, E.F., 2018.
Present and future Koppen-Geiger climate classification maps at 1-km resolution.
Sci. Data 5 (180214). https://doi.org/10.1038/sdata.2018.214.

Becknell, .M., Vargas, G.G., Wright, L.A., Woods, N.F., Medvigy, D., Powers, ].S., 2022.
Increasing Liana abundance and associated reductions in tree growth in secondary
seasonally dry tropical forest. Front. For. Glob. Change 5. https://doi.org/10.3389/
ffgc.2022.838357.

Bellache, M., Moltd, N., Benfekih, L.A., Torres-Pagan, N., Mir, R, Verdeguer, M.,
Boscaiu, M., Vicente, O, 2022. Physiological and biochemical responses to water
stress and salinity of the invasive moth plant, Araujia sericifera Brot., during Seed
germination and vegetative growth. Agronomy 12 (2). https://doi.org/10.3390/
agronomy12020361.

526

South African Journal of Botany 171 (2024) 517-528

Bellard, C., Cassey, P., Blackburn, T.M., 2016. Alien species as a driver of recent extinc-
tions. Biol. Lett. 12 (2). https://doi.org/10.1098/rsbl.2015.0623.

Bewley, ].D., Black, M., 1994. Seeds Physiology of Development and Germination, 2nd
ed. Springer New York, New York. https://doi.org/10.1007/978-1-4899-1002-8.
Byrne, M.J., Currin, S., Hill, M.P.,, 2002. The influence of climate on the establishment
and success of the biocontrol agent Gratiana spadicea, released on Solanum sisy-
mbriifolium in South Africa. Biol. Control 24 (2), 128-134. https://doi.org/10.1016/

$1049-9644(02)00021-X.

Byrne, MJ.,, Mayonde, S., Venter, N., Chidawanyika, F., Zachariades, C., Martin, G., 2021.
Three new biological control programmes for South Africa: Brazilian pepper, Tam-
arix and Tradescantia. Afr. Entomol. 29 (3). https://doi.org/10.4001/003.029.0965.

Byrne, M.J., Williams, V.L., Wojtasik, E.M., 2017. The viability of propagules of alien
plant species sold for traditional medicine in South Africa. South Aft. ]. Bot. 109,
281-287. https://doi.org/10.1016/j.sajb.2017.01.206.

Canavan, K., Paterson, L.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 con-
trol in South Africa and set priorities for resource allocation. Biocontrol Sci. Tech-
nol. 31 (6), 584-601. https://doi.org/10.1080/09583157.2021.1918638.

Chamberlain, D.E., Henry, D.A., Reynolds, C., Caprio, E., Amar, A., 2019. The relationship
between wealth and biodiversity: a test of the luxury effect on bird species rich-
ness in the developing world. Glob. Chang. Biol. 25 (9), 1-11. https://doi.org/
10.1111/gcb.14682.

Champion, P.D., James, T.K., Dawson, M., 2010. New names for New Zealand weeds. N.
Z. Plant Protect. 63, 72-77. https://doi.org/10.30843/nzpp.2010.63.6538.

Coombs, G., Peter, C.I,, 2010. The invasive 'mothcatcher’ (Araujia sericifera Brot.; Ascle-
piadoideae) co-opts native honeybees as its primary pollinator in South Africa.
AoB Plants. https://doi.org/10.1093/aobpla/plq021.

Corcos, D., Cerretti, P., Caruso, V., Mei, M., Falco, M., Marini, L., 2019. Impact of urbani-
zation on predator and parasitoid insects at multiple spatial scales. PLoS One 14
(4). https://doi.org/10.1371/journal.pone.0214068.

Coulston, G.J., 2002. Turning the tide the eradication of invasive species. In: Veitch, CR.,
Clout, M.N. (Eds.), Proceedings of the International Conference on eradication of
island invasives, Gland: IUCN Species Survival Commissionpp. 79-84.

Cowie, B.W., Heystek, F., Paterson, L.D., 2023. Will climate affect the establishment and
efficacy of Agnippe sp.# 1 (Lepidoptera: Gelechiidae), a promising biological con-
trol agent of Mesquite in South Africa? BioControl 68 (6), 681-695. https://doi.org/
10.1007/s10526-023-10221-6.

Cowie, B.W., Venturi, G., Witkowski, E.T., Byrne, M.J,, 2016. Does climate constrain the
spread of Anthonomus santacruzi, a biological control agent of Solanum mauritia-
num, in South Africa? Biol. Control 101, 1-7. https://doi.org/10.1016/j.biocon-
trol.2016.06.005.

Cuthbert, RN., Diagne, C, Hudgins, EJ. Turbelin, A, Ahmed, D.A., Albert, C,
Bodey, T.W., Briski, E., Essl, F., Haubrock, PJ., Gozlan, RE. Kirichenko, N.,
Kourantidou, M., Kramer, A.M., Courchamp, F., 2022. Biological invasion costs
reveal insufficient proactive management worldwide. Sci. Total Environ. 819
(153404). https://doi.org/10.1016/j.scitotenv.2022.153404.

Department of Forestry, Fisheries, and the Environment. (2021). South African National
Land Cover (SANLC) 2020. Pretoria: Department of Forestry, Fisheries, and the
Environment.

Department of Environment, Forestry and Fisheries. (2020). Government Notice, No. 1003
National Environmental Management: Biodiversity Act (10/2004): Alien and Invasive
Species Lists, 2020. Government Gazette No. 43726. https://www.dffe.gov.za/sites/
default/files/legislations/nemba_invasivespecieslist_g43726gon1003.pdf.

Diagne, C., Leroy, B. Vaissiere, A.-C., Gozlan, RE. Roiz, D., Jari¢, I, Salles, J.-M.,
Bradshaw, CJ.A., Courchamp, F., 2021. High and rising economic costs of biological
invasions worldwide. Nature 592, 571-576. https://doi.org/10.1038/s41586-021-
03405-6.

Didan, K. (2021). MOD13Q1 MODIS/Terra vegetation indices 16-day L3 global 250m
SIN grid VO61. NASA EOSDIS land processes DAAC. https://doi.org/10.5067/MODIS/
MOD13Q1.061.

Dinno, A. (2017). Conover-Iman test of multiple comparisons using rank sums.
Retrieved from https://cran.r-project.org/web/packages/conover.test/conover.test.
pdf.

Ellis, R., Roberts, E., 1981. The quantification of ageing and survival in orthodox seeds.
Seed Sci. Technol. 9, 373-409.

EPPO. (2008). Araujia sericifera in the EPPO region: addition to the EPPO alert list. EPPO
global database. Retrieved 01 03, 2023, from https://gd.eppo.int/reporting/article-
627.

Esler, A.E., 1988. The naturalisation of plants in urban Auckland, New Zealand 6. Alien
plants as weeds. N. Z. ]. Bot. 26 (4), 585-618. https://doi.org/10.1080/
0028825X.1988.10410663.

Estrada-Villegas, S., Pedraza Narvaez, S.S., Sanchez, A., Schnitzer, S.A., 2021. Lianas sig-
nificantly reduce tree performance and biomass accumulation across tropical for-
ests: a global meta-analysis. Front. For. Glob. Change 4. https://doi.org/10.3389/
ffgc.2021.812066.

Faulkner, K.T., Burness, A., Byrne, M., Kumschick, S., Peters, K., Robertson, M.P.,
Saccaggi, D.L., Weyl, O.LF., Williams, V.L., 2020. South Africa’s pathways of intro-
duction and dispersal and how they have changed over time. In: van Wilgen, B.,
Measey, J., Richardson, D., Wilson, J., Zengeya, T. (Eds.), Biological Invasions in
South Africa. Springer, Cham, pp. 313-354. https://doi.org/10.1007/978-3-030-
32394-3_12.

Fick, S.E., Hijmans, RJ., 2017. WorldClim 2: new 1-km spatial resolution climate surfa-
ces for global land areas. Int. J. Climatol. 37 (12), 4302-4315. https://doi.org/
10.1002/joc.5086.

Fielding, A.H., Bell, ].F., 1997. A review of methods for the assessment of prediction
errors in conservation presence/absence models. Environ. Conserv. 24 (1), 38-49.


https://doi.org/10.1016/j.sajb.2024.06.034
https://doi.org/10.1016/j.ejrs.2020.07.002
https://doi.org/10.1111/ecog.01132
https://doi.org/10.1111/ecog.01132
https://doi.org/10.1111/j.1365-2664.2006.01214.x
https://doi.org/10.1016/j.biocon.2006.03.023
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0005
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0006
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0006
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0006
https://doi.org/10.4102/koedoe.v61i1.1515
https://doi.org/10.1007/978-3-030-64569-4_5
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.3389/ffgc.2022.838357
https://doi.org/10.3389/ffgc.2022.838357
https://doi.org/10.3390/agronomy12020361
https://doi.org/10.3390/agronomy12020361
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1007/978-1-4899-1002-8
https://doi.org/10.1016/S1049-9644(02)00021-X
https://doi.org/10.1016/S1049-9644(02)00021-X
https://doi.org/10.4001/003.029.0965
https://doi.org/10.1016/j.sajb.2017.01.206
https://doi.org/10.1080/09583157.2021.1918638
https://doi.org/10.1111/gcb.14682
https://doi.org/10.30843/nzpp.2010.63.6538
https://doi.org/10.1093/aobpla/plq021
https://doi.org/10.1371/journal.pone.0214068
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0023
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0023
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0023
https://doi.org/10.1007/s10526-023-10221-6
https://doi.org/10.1016/j.biocontrol.2016.06.005
https://doi.org/10.1016/j.biocontrol.2016.06.005
https://doi.org/10.1016/j.scitotenv.2022.153404
https://www.dffe.gov.za/sites/default/files/legislations/nemba_invasivespecieslist_g43726gon1003.pdf
https://www.dffe.gov.za/sites/default/files/legislations/nemba_invasivespecieslist_g43726gon1003.pdf
https://doi.org/10.1038/s41586-021-03405-6
https://doi.org/10.1038/s41586-021-03405-6
http://doi.org/10.5067/MODIS/MOD13Q1.061
http://doi.org/10.5067/MODIS/MOD13Q1.061
https://cran.r-project.org/web/packages/conover.test/conover.test.pdf
https://cran.r-project.org/web/packages/conover.test/conover.test.pdf
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0032
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0032
https://gd.eppo.int/reporting/article-627.%3C
https://gd.eppo.int/reporting/article-627.%3C
https://doi.org/10.1080/0028825X.1988.10410663
https://doi.org/10.1080/0028825X.1988.10410663
https://doi.org/10.3389/ffgc.2021.812066
https://doi.org/10.3389/ffgc.2021.812066
https://doi.org/10.1007/978-3-030-32394-3_12
https://doi.org/10.1007/978-3-030-32394-3_12
https://doi.org/10.1002/joc.5086
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0038
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0038

S. Maharaj, BW. Cowie, MJ. Byrne et al.

Forster, P.I, Bruyns, P.V., 1992. Clarification of synonymy for the common moth-vine
Araujia sericifera (Asclepiadaceae). Taxon 41 (4), 746-749. https://doi.org/10.2307/
1222403.

Francis, RA., Chadwick, M.A,, 2015. Urban invasions: non-native and invasive species in cit-
ies. Geography 100 (3), 144-151. https://doi.org/10.1080/00167487.2015.12093969.
Gaertner, M., Wilson, J.R., Cadotte, M.W., Maclvor, J.S., Zenni, R.D., Richardson, D.M.,
2017. Non-native species in urban environments: patterns, processes, impacts and
challenges. Biol. Invasions 19, 3461-3469. https://doi.org/10.1007/s10530-017-

1598-7.

Gaig, P., Gazquez, V., Lombardero, M., Botey, E., Garcia-Ortega, P., 2005. Moth plant
(Araujia sericifera) allergy. Allergy 60 (8), 1092-1093. https://doi.org/10.1111/
j-1398-9995.2005.00859.x.

GBIF. (2023). Retrieved September 4, 2023, from Global Biodiversity Information Facil-
ity: https://doi.org/10.15468/dl.nbgjaf.

Henderson, L., 2007. Invasive, naturalized and casual alien plants in southern Africa: a
summary based on the Southern African Plant Invaders Atlas (SAPIA). Bothalia 37
(2). https://doi.org/10.4102/abc.v37i2.322.

Henderson, L., 2020. Alien Weeds and Invasive Plants. Plant Protection Research Insti-
tute, Agricultural Research Council, Pretoria.

Henderson, M., Anderson, ].G, 1966. Araujia sericifera Brot. Common Weeds in South
Africa. Botanical Research Institute, Pretoria, p. 238. p..

Hijmans, R. ], Phillips, S., Leathwick, ]., and Elith, ]. (2021). Dismo: species distribution
modelling. R package version 1.3.5. Retrieved from https://cran.r-project.org/web/
packages/dismo/dismo.pdf.

Hill, R, 2018. Application to Release the Moth Plant Beetle Freudeita cf cupripennis as a
Biocontrol Agent. Manaaki Whenua-Landcare Research, Wellington.

Hill, R., 2019. To Import and Release the Beetle Colaspis argentinensis as a Biological
Control Agent for the Weed Moth Plant Araujia hortorum. Manaaki Whenua-Land-
care Research, Wellington.

Katumba, S., Everatt, D., 2021. Urban sprawl and land cover in post-apartheid Johan-
nesburg and the Gauteng City-Region, 1990—2018. Environ. Urban. Asia 12 (1),
S147-S164. https://doi.org/10.1177/0975425321997973.

Kennedy, C.M., Oakleaf, ].R., Theobald, D.M., Baurch-Murdo, S., Kiesecker, J., 2019. Man-
aging the middle: a shift in conservation priorities based on the global human
modification gradient. Glob. Chang. Biol. 25, 811-826. https://doi.org/10.1111/
gcb.14549.

King, A.M., Paterson, LD., Simelane, D.O., van der Westhuizen, L, Mawela, K\V.,
Mngeta, Z., 2021. Biological control of invasive climbing plants in South Africa. Afr.
Entomol. 29 (3), 905-934. https://doi.org/10.4001/003.029.0905.

Kiwifruit Vine Health, 2016. Keep on Top of Moth Plant. Kiwifruit Vine Health..
Retrieved September 16, 2023, from https://kvh.org.nz/newsroom/keep-on-top-
of-moth-plant.

Kowarik, L., 2011. Novel urban ecosystems, biodiversity, and conservation. Environ.
Pollut. 159 (8/9), 1974-1983. https://doi.org/10.1016/j.envpol.2011.02.022.

Le Maitre, D.C., Versfeld, D.B., Chapman, R.A., 2000. Impact of invading alien plants on
surface water resources in South Africa: a preliminary assessment. Water SA 26
(3),397-408.

Le Roux, JJ., Clusella-Trullas, S., Mokotjomela, T.M., Mairal, M., Richardson, D.M.,
Skein, L., Wilson, J.R., Weyl, O.LF., Geerts, S., 2020. Biotic Interactions as mediators
of biological invasions: insights from South Africa. In: van Wilgen, B., Measey, J.,
Richardson, D., Wilson, J., Zengeya, T. (Eds.), Biological Invasions in South Africa.
Springer, Cham. https://doi.org/10.1007/978-3-030-32394-3_14.

Levine, .M., D’Antonio, C.M, 1999. Elton revisited: a review of evidence linking diver-
sity and invasibility. Oikos 87 (1), 15-26. https://doi.org/10.2307/3546992.

Manaaki Whenua-Landcare Research. (2020). Moth plant beetle. Retrieved March 21,
2023, from Manaaki Whenua-Landcare Research:shttps://www.landcareresearch.
co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-
agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved
%20an%20application,moth%20plant%20in%20New%20Zealand.

McCree, KJ., 1972. The action spectrum, absorptance and quantum yield of photosyn-
thesis in crop plants. Agric. Meteorol. 9 (3-4), 191-216. https://doi.org/10.1016/
0002-1571(71)90022-7.

McGrath, Z., Paynter, Q., Cartier, A., Gourlay, H. and Hill, R. unpublished report. The host
range of Freudeita cf. cupripennis, a biological control agent for moth plant, Araujia
hortorum, Wellington: Landcare Research.

McKinney, M.L., 2006. Urbanization as a major cause of biotic homogenization. Biol.
Conserv. 127 (3), 247-260. https://doi.org/10.1016/j.biocon.2005.09.005.

McLean, P., Gallien, L., Wilson, J.R., Gaertner, M., Richardson, D.M., 2017. Small urban
centres as launching sites for plant invasions in natural areas: insights from South
Africa. Biol. Invasions 19, 3541-3555. https://doi.org/10.1007/s10530-017-1600-4.

Mgidi, T.N., Le Maitre, D.C., Schonegevel, L., Nel, J.L., Rouget, M., Richardson, D.M., 2007.
Alien plant invasions—incorporating emerging invaders in regional prioritization:
a pragmatic approach for Southern Africa. J. Environ. Manage 84 (2), 173-187.
https://doi.org/10.1016/j.jenvman.2006.05.018.

Nel, J.L, Richardson, D.M., Rouget, M., Mgidi, T.N., Mdzeke, N., Le Maitre, D.C.,
van Wilgen, B.W., Schonegevel, L., Henderson, L., Neser, S., 2004. A proposed classi-
fication of invasive alien plant species in South Africa: towards prioritizing species
and areas for management action. S. Afr. J. Sci. 100 (1), 53-64. https://doi.org/
10.10520/EJC96213.

0O’Connor, T.G., van Wilgen, B.W., 2020. The impact of invasive alien plants on Range-
lands in South Africa. In: van Wilgen, B., Measey, ]., Richardson, D., Wilson, J.,
Zengeya, T. (Eds.), Biological Invasions in South Africa. Springer, Cham,
pp. 459-487. https://doi.org/10.1007/978-3-030-32394-3_16.

Parendes, L., Jones, J., 2000. Role of light availability and dispersal in exotic plant inva-
sion along roads and streams in the H.J. Andrews experimental forest. Oregon.
Conserv. Biol. 14 (1), 64-75.

527

South African Journal of Botany 171 (2024) 517-528

Parker, I.M., Simberloff, D., Lonsdale, W.M., Goodell, K., Wonham, M., Kareiva, P.M.,
Williamson, M.H., Von Holle, B., Moyle, P.B., Byers, J.E., Goldwasser, L., 1999.
Impact: toward a framework for understanding the ecological effects of invaders.
Biol. Invasions 1, 3-19. https://doi.org/10.1023/A:1010034312781.

Pearson, R.G., Raxworthy, CJ., Nakamura, M., Peterson, A.T., 2007. Predicting species
distributions from small numbers of occurrence records: a test case using cryptic
geckos in Madagascar. J. Biogeogr. 34 (1), 102-117. https://doi.org/10.1111/j.1365-
2699.2006.01594.X.

Pettorelli, N,, Vik, ].O., Mysterud, A., Gaillard, J.M.,, Tucker, CJ., Stenseth, N.C,, 2005. Using the
satellite-derived NDVI to assess ecological responses to environmental change. Trends
Ecol. Evol. 20 (9), 503-510. https://doi.org/10.1016/j.tree.2005.05.011.

Phillips, S.J., Anderson, R.P., Dudik, M., Schapire, R.E., Blair, M.E., 2017. Opening the
black box: an open-source release of Maxent. Ecography 40 (7), 887-893. https://
doi.org/10.1111/ecog.03049.

Phillips, S. J., Dudik, M., and Schapire, R. E. (2004). A maximum entropy approach to
species distribution modeling. Proceedings of the Twenty-First International Con-
ference on Machine Learning, 655-662. https://doi.org/10.1145/1015330.1015412.

Potgieter, L., Douwes, E., Gaertner, M., Measey, ]., Paap, T., Richardson, D.M., 2020. Bio-
logical invasions in South Africa’s urban ecosystems: patterns, processes, impacts,
and management. In: van Wilgen, B, Measey, J., Richardson, D., Wilson, ].,
Zengeya, T. (Eds.), Biological Invasions in South Africa. Springer, Cham. https://doi.
0rg/10.1007/978-3-030-32394-3_11.

Pysek, P., Pergl, J., Essl, F.,, Lenzner, B., Dawson, W., Kreft, H., Weigelt, P., Winter, M.,
Kartesz, J., Nishino, M., Antonova, L.A., Barcelona, J.F., Cabezas, FJ., Cardenas, D.,
Cardenas-Toro, J., Castano, N., Chacén, E., Van Kleunen, M, 2017. Naturalized alien
flora of the world: Species diversity, taxonomic and phylogenetic patterns, geo-
graphic distribution and global hotspots of plant invasion. Preslia 89 (3), 203-274.
https://doi.org/10.23855/preslia.2017.203.

R Core Team, 2023. A Language and Environment for Statistical Computing. R Founda-
tion for Statistical Computing, Vienna, Austria.. Retrieved from https://www.R-
project.org/.

Roberts, E.H., 1988. Temperature and seed germination. Symp. Soc. Exp. Biol. 42, 109-132.

Robertson, M.P., Kriticos, D.J., Zachariades, C., 2008. Climate matching techniques to
narrow the search for biological control agents. Biol. Control 46 (3), 442-452.
https://doi.org/10.1016/j.biocontrol.2008.04.002.

Roy, H.E., Pauchard, A., Stoett, P., Truong, T.R.,, Bacher, S., Galil, B.S., Hulme, P.E.,
Ikeda, T., Kavileveettil, S., McGeoch, M.A., Meyerson, L.A., Nunez, M.A., Ordonez, A.,
Rahlao, S.J., Schwindt, E., Seebens, H., Sheppard, A.W., Vandvik, V., 2023. Thematic
Assessment Report on Invasive Alien Species and Their Control: Summary For Poli-
cymakers. The Intergovernmental Science-Policy Platform on Biodiversity and Eco-
system Services (IPBES), Bonn. https://doi.org/10.5281/zenodo.7430682.

SANBI. (2016). South African National Biodiversity Institute. Botanical Database of
Southern Africa (BODATSA). Retrieved September 04, 2023, from http://posa.sanbi.
org/sanbi/Explore.

Scalera, R., Genovesi, P, 2013. Are urban environments pivotal to understanding and
managing biological invasions? In: van Ham, C., Scalera, R., Genovesi, P. (Eds.),
Invasive Alien Species: The Urban Dimension — Case Studies on Strengthening
Local Action in Europe. IUCN European Union Representative Office, Brussels.

Schaffler, A., Swilling, M., 2013. Valuing green infrastructure in an urban environment
under pressure — the Johannesburg case. Ecol. Econ. 86, 246-257. https://doi.org/
10.1016/j.ecolecon.2012.05.008.

Searcy, C., Shaffer, H.B., 2016. Do ecological Niche models accurately identify climatic
determinants of species ranges? Am. Nat. 187 (4). https://doi.org/10.1086/685387.

Simelane, D.O., Mawela, K.V., 2019. Establishment and increased fitness of the seed-
feeding weevil Cissoanthonomus tuberculipennis, a biological control agent for bal-
loon vine Cardiospermum grandiflorum in South Africa. Biol. Control 135, 83-88.
https://doi.org/10.1016/j.biocontrol.2019.05.008.

Simelane, D.O., Fourie, A., Mawela, K.V., 2011. Prospective agents for the biological con-
trol of Cardiospermum grandiflorum Sw. (Sapindaceae) in South Africa. Afr. Ento-
mol. 19 (2), 269-277. https://doi.org/10.4001/003.019.0222.

South African Weather Service. (2021). Regional weather and climate of South Africa:
Gauteng. South African weather service. Retrieved from https://www.weathersa.
co.za/Documents/Corporate/Region-
al%20Weather%20and%20Climate_Gauteng_16042021150251.pdf.

Souverijns, N., De Ridder, K., Veldeman, N., Lefebre, F., Kusambiza-Kiingi, F.
Memela, W., Jones, N.K., 2022. Urban heat in Johannesburg and Ekurhuleni, South
Africa: a meter-scale assessment and vulnerability analysis. Urban. Clim. 46
(101331). https://doi.org/10.1016/j.uclim.2022.101331.

Spellman, D.L,, Gunn, C.R., 1976. Morrenia odorata and Araujia sericofera (Asclepiada-
ceae): weeds in citrus groves. Castanea 41 (2), 139-148.

Statistics South Africa. (2023). Statistics South Africa. Retrieved from https://www.
statssa.gov.za/.

Stearns, R.E., 1887. Araujia Albens as a moth-trap. Am. Nat. 21 (6), 501-507.

Symes, C.T., Roller, K., Howes, C., Lockwood, G., van Rensburg, B.J., 2017. Grassland to
urban forest in 150 years: avifaunal response in an African metropolis.
In: Murgui, E., Hedblom, M. (Eds.), Ecology and Conservation of Birds in Urban
Environments. Springer, Cham, pp. 309-341. https://doi.org/10.1007/978-3-319-
43314-1_16.

USDA, 2012. Weed Risk Assessment for Araujia sericifera Brot. (Apocynaceae) — Cruel
Plant. United States Department of Agriculture, Raleigh.

van Wilgen, B.W., Wilson, ].R., 2018. The Status of Biological Invasions and their Man-
agement in South Africa in 2017. South African National Biodiversity Institute,
Kirstenbosch.

Veloz, S.D., 2009. Spatially autocorrelated sampling falsely inflates measures of accu-
racy for presence-only niche models. J. Biogeogr. 36 (12), 2290-2299. https://doi.
org/10.1111/j.1365-2699.2009.02174.x.


https://doi.org/10.2307/1222403
https://doi.org/10.2307/1222403
https://doi.org/10.1080/00167487.2015.12093969
https://doi.org/10.1007/s10530-017-1598-7
https://doi.org/10.1007/s10530-017-1598-7
https://doi.org/10.1111/j.1398-9995.2005.00859.x
https://doi.org/10.1111/j.1398-9995.2005.00859.x
http://doi.org/10.15468/dl.nbgjaf
https://doi.org/10.4102/abc.v37i2.322
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0045
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0045
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0046
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0046
https://cran.r-project.org/web/packages/dismo/dismo.pdf
https://cran.r-project.org/web/packages/dismo/dismo.pdf
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0048
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0048
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0049
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0049
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0049
https://doi.org/10.1177/0975425321997973
https://doi.org/10.1111/gcb.14549
https://doi.org/10.1111/gcb.14549
https://doi.org/10.4001/003.029.0905
https://kvh.org.nz/newsroom/keep-on-top-of-moth-plant
https://kvh.org.nz/newsroom/keep-on-top-of-moth-plant
https://doi.org/10.1016/j.envpol.2011.02.022
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0055
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0055
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0055
https://doi.org/10.1007/978-3-030-32394-3_14
https://doi.org/10.2307/3546992
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://www.landcareresearch.co.nz/discover-our-research/biodiversity-biosecurity/weed-biocontrol/projects-agents/biocontrol-agents/moth-plant-beetle/#:~:text=The%20EPA%20approved%20an%20application,moth%20plant%20in%20New%20Zealand
https://doi.org/10.1016/0002-1571(71)90022-7
https://doi.org/10.1016/0002-1571(71)90022-7
https://doi.org/10.1016/j.biocon.2005.09.005
https://doi.org/10.1007/s10530-017-1600-4
https://doi.org/10.1016/j.jenvman.2006.05.018
https://doi.org/10.10520/EJC96213
https://doi.org/10.1007/978-3-030-32394-3_16
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0066
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0066
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0066
https://doi.org/10.1023/A:1010034312781
https://doi.org/10.1111/j.1365-2699.2006.01594.x
https://doi.org/10.1111/j.1365-2699.2006.01594.x
https://doi.org/10.1016/j.tree.2005.05.011
https://doi.org/10.1111/ecog.03049
http://doi.org/10.1145/1015330.1015412
https://doi.org/10.1007/978-3-030-32394-3_11
https://doi.org/10.23855/preslia.2017.203
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0075
https://doi.org/10.1016/j.biocontrol.2008.04.002
https://doi.org/10.5281/zenodo.7430682
http://posa.sanbi.org/sanbi/Explore
http://posa.sanbi.org/sanbi/Explore
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0079
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0079
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0079
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0079
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0079
https://doi.org/10.1016/j.ecolecon.2012.05.008
https://doi.org/10.1086/685387
https://doi.org/10.1016/j.biocontrol.2019.05.008
https://doi.org/10.4001/003.019.0222
https://www.weathersa.co.za/Documents/Corporate/Regional%20Weather%20and%20Climate_Gauteng_16042021150251.pdf
https://www.weathersa.co.za/Documents/Corporate/Regional%20Weather%20and%20Climate_Gauteng_16042021150251.pdf
https://www.weathersa.co.za/Documents/Corporate/Regional%20Weather%20and%20Climate_Gauteng_16042021150251.pdf
https://www.weathersa.co.za/Documents/Corporate/Regional%20Weather%20and%20Climate_Gauteng_16042021150251.pdf
https://www.weathersa.co.za/Documents/Corporate/Regional%20Weather%20and%20Climate_Gauteng_16042021150251.pdf
https://www.weathersa.co.za/Documents/Corporate/Regional%20Weather%20and%20Climate_Gauteng_16042021150251.pdf
https://doi.org/10.1016/j.uclim.2022.101331
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0086
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0086
https://www.statssa.gov.za/
https://www.statssa.gov.za/
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0088
https://doi.org/10.1007/978-3-319-43314-1_16
https://doi.org/10.1007/978-3-319-43314-1_16
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0090
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0090
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0090
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0091
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0091
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0091
https://doi.org/10.1111/j.1365-2699.2009.02174.x

S. Maharaj, BW. Cowie, MJ. Byrne et al.

Vignali, S., Barras, A.G., Arlettaz, R., Braunisch, V., 2020. SDMtune: an R package to tune
and evaluate species distribution models. Ecol. Evol. 10 (20), 11488-11506.
https://doi.org/10.1002/ece3.6786.

Vivian-Smith, G., Panetta, F.D., 2005. Seedling recruitment, seed persistence and
aspects of dispersal ecology of the invasive moth vine, Araujia sericifera (Asclepia-
daceae). Aust. J. Bot. 53 (3). https://doi.org/10.1071/BT04118.

Waipara, N., Villamil, CB., Villamil, S.C,, Delhey, R., Kierh, M., Traversa, M.G.,
Winks, Chris, Gianotti, A.F., Carpintero, D.L., 2006. Surveys for potential biocontrol
agents for moth plant in New Zealand and Argentina. N. Z. Plant Protect. 59, 18-22
. https://doi.org/10.30843/nzpp.2006.59.4498.

Weber, E., 2003. Araujia sericifera Brot, Invasive Plant Species of the World: A Reference
Guide to Environmental Weeds. 2nd ed. CABI Publishing, Wallingford, pp. 49-50.

528

South African Journal of Botany 171 (2024) 517-528

Williams, P. A., and Champion, P. (2008). Biological success and weediness of existing
terrestrial pest plants and aquatic weeds in Northland. Landcare Research Contract
Report: LC0O708/080.

Wilson, J.R., Ivey, P., Manyama, P., Nanni, I, 2013. A new national unit for invasive spe-
cies detection, assessment and eradication planning. S. Afr. J. Sci. 109 (5-6), 1-13.
https://doi.org/10.10520/EJC136404.

Winks, C. J., and Fowler, S. V. (2000). Prospects for biological control of moth plant, Araujia
sericifera (Asclepiadaceae). Landcare Research Contract Report: LC 9900/100.

Zengeya, T.A., Wilson, J.R., 2023. The status of biological invasions and their manage-
ment in South Africa in 2022. South African National Biodiversity Institute, Kirsten-
bosch and DSI-NRF Centre of Excellence for Invasion Biology. Stellenbosch. https://
doi.org/10.5281/zenodo.8217182.


https://doi.org/10.1002/ece3.6786
https://doi.org/10.1071/BT04118
https://doi.org/10.30843/nzpp.2006.59.4498
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0096
http://refhub.elsevier.com/S0254-6299(24)00382-X/sbref0096
https://doi.org/10.10520/EJC136404
https://doi.org/10.5281/zenodo.8217182

	Insights into the invasion of the moth catcher vine, Araujia sericifera (Apocynaceae), in South Africa
	1. Introduction
	2. Methods and materials
	2.1. Study species
	2.2. Density and demographics surveys
	2.3. Local invasion drivers
	2.4. Seedling emergence rates
	2.5. Habitat suitability modelling

	3. Results
	3.1. Density and demographics surveys
	3.2. Local invasion drivers
	3.3. Emergence rates
	3.4. Habitat suitability

	4. Discussion
	Declaration of competing interest
	CRediT authorship contribution statement

	Acknowledgements
	Supplementary materials
	References



