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Ornamental gardening has historically been, and continues to be, a primary path-
way for plant introductions into southern Africa. Knowing which alien plants are
being sold and used as ornamentals in the subregion is important to assess the
potential for future biological invasions and conflicts between stakeholders. We
compiled a list of all plant taxa on sale across eleven nurseries in Botswana (3),
Namibia (2) and Zimbabwe (6) by accessing the plants in stock either on the nurs-
eries’ websites, on social media or via stock lists shared by the nursery owners.
The compilation was matched with the Global Register of Introduced and Inva-
sive Species to identify invasive taxa. Of 1 193 species that were found to be on
sale, 784 are alien to the continental Southern African Development Community
(SADC) subregion, 289 have established alien populations in at least one conti-
nental SADC country, and 82 are considered invasive in at least one continental
SADC country. Many of the established and invasive plants are popular trees and
shrubs in the subregion and worldwide. Most of them have a wide native range
usually covering more than one continent. This paper provides a quantification
of invasion debt due to the ornamental sector in southern Africa and a baseline
to identify priorities for risk analysis and potential regulation or control at a sub-
regional level.

Keywords: established species, invasive species, non-native plants, plant nurser-
ies, southern Africa.

Introduction

Ornamental plants have accompanied humanity since the early days of civil-
isations (Wilson et al. 2016). With transoceanic exploration, European col-
onisation and later industrialisation, ornamental gardening and landscaping
became an industry that has moved thousands of plant species around the
world (Van Kleunen et al. 2018; Hinsley et al. 2025). This contributed to the
introduction and spread of alien plants following trends, fashions and passions
(Wilson et al. 2016; Van Kleunen et al. 2018; Altman et al. 2022). In southern
Africa, ornamental gardening has been one of the main historical pathways
for plant introduction, accounting for 30-70% of the intentional introductions
in different countries of the subregion between the 19th and 20th centuries
(Henderson 2006; Maroyi 2017; Kobisi et al. 2019). Introduced ornamental
plants like Lantana camara, Pontederia crassipes and Tithonia diversifolia have
become invasive in the subregion, with complex dynamics of costs and bene-
fits that vary with time, space and stakeholder (Novoa et al. 2018; Shackleton
etal. 2019).

Plant introductions for ornamental horticulture into South Africa are predicted
to continue increasing (Faulkner et al. 2020), and currently invasive plants have
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been shown to still be spreading (Henderson & Wilson
2017; Wilson et al. 2007). Given the transboundary
nature of the ornamental-related trade and exchange
documented in the subregion (Rodriguez-Cala et al.
2025), the high invasion debt seen in South Africa (e.g.,
Rouget et al. 2016) likely reflects the invasion debt of
the subregion as a whole.

Alien plants are generally dominant in gardens and
public spaces across the urban areas of the subregion
(Mafokate et al. 2013; Shackleton & Shackleton 2016,
2018; Kashe et al. 2022; Richardson & Potgieter 2024;
Milton & Dean 2025). People’s preferences of orna-
mental plants tend to favour alien species (Rodriguez-
Cala et al. 2025). This intentional spread combined
with environmental suitability and species’ invasiveness
is likely to result in more invasions over time.

Knowing which species are currently on sale and used
in the subregion is an essential step to assess the likeli-
hood of some of them becoming invasive or a source
of conflict of interest. However, there are a few studies
documenting this in the subregion, e.g., Cronin et al.
(2017) South Africa, and Mukubu Pika et al. (2024) in
the Democratic Republic of Congo. This paper focuses
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on which plant species are on sale in three countries
(Botswana, Namibia and Zimbabwe) in the context of
the need to evaluate southern Africa’s invasion debt.

Materials and methods

We collected data between July 2022 and July 2024.
We (1) identified nurseries in the region; (2) obtained
lists of which plants they stock; (3) identified plants;
(4) standardised the taxonomy used; (5) compared the
lists with lists of alien and invasive alien plants from the
region; and (6) used various databases to provide an-
cillary data on the taxa in the lists. We discuss each of
these points in turn below with the overall workflow
summarised in Figure 1.

Nursery identification

We used a Google map search, data sharing and vali-
dation, and further key informants’ input (snowballing
sampling) and in situ identification in Botswana, Na-
mibia and Zimbabwe. The Google map search allowed
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Figure 1. Workflow to create a list of plant species traded as ornamental in southern Africa. The workflow is available as an R script in
Supplementary Material S1, and the two outputs as Supplementary Materials S2 and S3.
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us to identify 18 nurseries in Botswana, two in Zim-
babwe and one in Namibia. Key informants indicated
nine more nurseries, and we identified a dozen oth-
er nurseries in Botswana. In Harare, Zimbabwe, the
co-organiser of the Annual Garden Show indicated 33
nurseries. We identified eight other nurseries in the
show and another six in the city. In Namibia, we iden-
tified 10 nurseries.

Obtaining estimates of which
plants were stocked

We accessed the stock of three formal nurseries identi-
fied in Botswana, two in Namibia and six in Zimbabwe.
Of these 11 nurseries: four shared their list of plants in
stock (two in Botswana and two in Zimbabwe); four
had up-to-date lists on their websites (one in Namibia
and three in Zimbabwe); we identified plants from the
Instagram page of two nurseries (one in Namibia and
one in Zimbabwe); and we identified plants during a
visit to one nursery in Botswana.

Plant identification

Pl@ntNet app (Pl@ntNet n.d.) and plant guides (Pie-
naar & Smith 2011; Bromilow 2018) were used for
plant identification by the first author (who has a back-
ground in plant identification including through work-
ing as a researcher in the Cuban National Herbarium,
Onaney Muniz).

Taxonomic standardisation

Plant names were standardised by applying the
‘lcvplants” R package (Freiberg et al. 2020), using the
2023 version of the Leipzig Plant Catalogue as taxo-
nomic backbone.

Matching with records of
establishment in the region

The ‘lcvplants” R package (Freiberg et al. 2020) was
used to match the resulting plant inventory with the
register of introduced and invasive species (GRIIS) for
the 12 continental countries belonging to the Southern
African Development Community (SADC n.d.; Braun
et al. 2020 for Eswatini; Chase & Pagad 2020 for Na-
mibia; Figueiredo et al. 2020 for Angola; Groom et al.
2020 for the Democratic Republic of Congo; Hae & Pa-
gad 2020 for Lesotho; Heath et al. 2020 for Botswana;
Maroyi et al. 2020 for Zimbabwe; Mwanyambo et al.
2020 for Malawi; Pagad 2022 for Mozambique; Robin-
son et al. 2020 for South Africa; Witt & Pagad 2020 for
Zambia; Witt et al. 2020 for Tanzania). GRIIS records
alien species and native-alien populations of native
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species that have established in a given country, not-
ing whether the species has evidence of negative im-
pacts on species, ecosystems and services (Pagad et al.
2018). If the species has evidence of negative impacts
— which includes being widespread, highly abundant
and fast-spreading — GRIIS categorises it as ‘invasive’.
This definition is different from the Unified Framework
for Biological Invasions (Blackburn et al. 2011), but it
is in line with the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES
2023). We conducted a fuzzy matching that allowed
for differences in spellings, with a distance of up to 10
letters to match in the string (Supplementary Material
1). In addition, the matching had a grammar check that
fixes common Latin grammar mistakes. The resulted
list constitutes a checklist of established and/or invasive
plant species currently traded within the ornamental
sector across Botswana, Namibia and Zimbabwe.

Ancillary data

We obtained information on the growth form, native
range and higher level classification (i.e., family) for those
taxa recorded as established and/or invasive in any of
the continental SADC countries. We used ‘Plants of the
World Online’ (POWO 2024) to collect information on
growth form and geographical origin. We grouped the
growth forms found in POWO into seven broad catego-
ries: climber (including liana), herb (including geophyte),
epiphyte (including lithophyte), shrub (including sub-
shrub), succulent, tree and a combination of shrub-tree.
For the biogeographical origin, we used the nine Level 1
botanical regions of the World Geographical Scheme for
Recording Plant Distributions of the Taxonomic Databas-
es Working Group (Brummitt 2001).

Results

We compiled 1 835 plant names from 11 formal nurs-
eries in Botswana, Namibia and Zimbabwe. The tax-
onomic standardisation resulted in 1 193 accepted
species names, 320 synonyms, 207 names that could
not be found, 12 unresolved names, 85 seem to have
typos (e.g., the algorithm recognised two different Aga-
ve americana taxa because the space between the ge-
nus and the specific epithet was single in one nursery
checklist and double in another) and 18 taxa at generic
level (Supplementary Material 2). Of the 1 193 valid
taxa, 784 (~ 66%) are alien to the continental SADC
subregion, 390 (~ 33%) are native to at least one coun-
try/province/in-country region in the area and 19 are
artificial hybrids (Supplementary Material 3).

From the inventory, 289 taxa (24%) matched the GRIIS as
having established alien populations in at least one con-
tinental SADC country (Table 1, Supplementary Material
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Table 1. Ornamental plants on sale in 11 nurseries in Botswana, Namibia and Zimbabwe that have established alien populations in any
of the continental countries of the Southern African Development Community as per the Global Register of Introduced and Invasive

Species (GRIIS)
Country Number of ornamental plants recorded ~ Number of established plants
as established considered invasive

Angola 39 1

Botswana 29 4

Democratic Republic of Congo 94 0

Eswatini 47 1

Lesotho 8 3

Malawi 51 10

Mozambique 23 5

Namibia 19 9

South Africa 224 57

Tanzania 49 29

Zambia 48 29

Zimbabwe 63 15

3). This subset includes 284 taxa alien to the continental
SADC subregion, four taxa native to parts of the subre-
gion and three artificial hybrids (Supplementary Material
3). From this subset, 82 taxa are recorded as invasive in
at least one continental SADC country (one of which is an
artificial hybrid). Approximately 45% (130) of the subset
of established species have established alien populations
(and/or considered invasive) in more than one continen-
tal SADC country. Fifteen species on sale are considered
established in eight or more continental SADC countries,
e.g., Duranta erecta was offered in six nurseries (two in
Botswana, one in Namibia, and three in Zimbabwe) and
is considered established in the continental subregion (in
11 of the 12 SADC countries) and invasive in South Africa
and Zimbabwe.

Of the plants on sale that are considered established
in at least one continental SADC country, shrubs and
trees predominate (178 out of 289, 62%), followed by
herbs (52 out of 289, 18%) and climbers (40 out of 289,
14%). Only 10 epiphytes and nine succulents were re-
corded. These taxa come from 86 plant families, with
Fabaceae (15), Asteraceae (14), Euphorbiaceae (14),
Arecaceae (13), Apocynaceae (12) and Myrtaceae (10)
the most frequent (Supplementary Material 3).

The species’ native ranges span across eight botanical
regions: Africa, Asia-Temperate, Asia-Tropical, Austral-
asia, Europe, Northern America, Pacific and Southern
America (the three artificial hybrids were not consid-
ered here). Half of the group’s ranges spans across
more than one botanical region, while the other half
only covers a single region. Regardless of whether their
ranges include one or more botanical region, most of

http://abcjournal.org |

the species (235 out of 286, 82%) exhibit very wide
ranges, especially in latitudinal extent. Forty two per
cent (42%) has a native range in the Americas (121 out
of 286), followed by Asia (58 out of 286, 20 %), else-
where in Africa (38 out of 286, 13 %), and Australasia
(18 out of 286, 6%).

Discussion

Almost two-thirds of the plant taxa on sale in the 11 sur-
veyed nurseries in Botswana, Namibia and Zimbabwe
are alien to the continental SADC subregion, and 24%
have been recorded to have self-sustainable alien pop-
ulations. These plants are part of the ornamental flora
traded and used regionally, e.g., 24 of them are amongst
the 100 species with the highest average number of offers
per day on eBay in 2014 (Humair et al. 2015).

Our survey is, of course, a highly selective one. Of the
52 ornamental-related businesses we identified across
Botswana, Namibia and Zimbabwe, we could not ob-
tain lists for 41 of them. Most nursery owners did not
share information on which plants they stocked, and
in most cases stock lists were not available online.
However, the 11 nurseries sampled are amongst the
biggest commercial nurseries in their respective coun-
tries, evidenced by having multiple employees, multi-
ple branches and outlets in-country, self-identification
as amongst the biggest businesses, and/or validation by
key informants (e.g., Annual Garden Show in Harare).
It is likely these nurseries are broadly representative of
the ornamental industry in the three countries. And,

| Open access
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despite this limited sampling, the broad insights like-
ly hold, viz. there are many potentially invasive plants
species in the trade, and a significant portion of the
trade is in alien taxa. The lists presented here should be
viewed as a starting point to build on.

Notably many (532 out of 1 193) of the plants listed
here were not found in a historical database of ‘Culti-
vated plants of southern Africa’ (Glen 2002), though rel-
atively few of these previously not recorded taxa have
established (41 out of 289). There are, of course, many
(6 233) taxa recorded in Glen (2002) that we did not find
in our survey. We suspect these differences are because
of changing fashions in what is sold, that Clen (2002)
included taxa that are rarely cultivated, that there have
been introductions of new ornamental taxa to the re-
gions, and potentially also that the plants sold in Botswa-
na, Namibia and Zimbabwe differ from those cultivated
in South Africa [Glen (2002) focussed on South Africal.
Clearly a more comprehensive study would be required
to estimate the extent of cultivated plants in the region.
This would include: (1) accessing the data of most of the
nurseries in the countries, not only the biggest; (2) sur-
veying households and gardens, since all the cultivated
flora is not necessarily on sale in nurseries; and (3) includ-
ing more countries of the continental SADC subregion.

The relative distribution of growth forms across our
subset of established taxa follows the general pattern
reported for the established and invasive flora across
southern Africa (Henderson 2006; Richardson et al.
2020; Omer et al. 2021), where shrubs and trees dom-
inate. The relative distribution of taxonomical families
follows another general pattern in the ornamental flora
worldwide and across southern Africa (Humair et al.
2015; Semenya & Maroyi 2020; Mukubu Pika et al.
2024) and the established/invasive flora in southern
Africa (Henderson 2006; Henderson & Wilson 2017;
Richardson et al. 2020), where Fabaceae, Myrtaceae,
Euphorbiaceae, Asteraceae and Apocynaceae lead the
numbers. Concerning the native ranges, the Americas,
Asia and Africa are the main contributors, similar to
the reported ornamental flora in Togo (Radji & Kokou
2013) and the established and invasive species in the
subregion (Henderson 2006; Omer et al. 2021).

It is noteworthy that most of the subset of established
species show a high climatic plasticity based on their
widespread native ranges. Moreover, several of these
species have a long residence time in the subregion. For
instance, according to Henderson (2006), Catharanthus
roseus arrived in continental southern Africa before
the Dutch colonisation of the Cape in 1652, whereas
Opuntia ficus-indica, Quercus robur and Salix babylon-
ica arrived between 1652 and 1700, and Canna indi-
ca and Psidium guajava before 1800. During the 1800s,
Nerium oleander, Agave americana, Ligustrum lucidum,
Oenothera biennis, Lonicera japonica, Lantana camara,
Caesalpinia decapetala, and species of Crevillea and

http://abcjournal.org |

Original research

Syzygium were introduced (Henderson 2006). Oth-
er species reported here have been in the market for
a long time (e.g., Catharanthus roseus, Canna indica,
Lantana camara, Vinca major), and especially in nurser-
ies in South Africa (Cronin et al. 2017). Likewise, the
above-mentioned taxa and others like Jacaranda mimo-
sifolia, Tecoma stans, Schinus molle, Schinus terebinthi-
folius, Nerium oleander and Casuarina cunninghamiana
have been found to be frequently planted in urban ar-
eas across South Africa (Shackleton & Shackleton 2016,
2018; Milton & Dean 2025). Species mentioned as gar-
den escapes in Kruger National Park (South Africa) (Keet
et al. 2022) that coincide with the ornamental plant in-
ventory reported here (e.g., Agave angustifolia, Clero-
dendrum splendens, Euphorbia tithymaloides, Kalanchoe
beharensis, Tradescantia pallida, T. spathacea) have been
recorded as establishing alien populations in neighbour-
ing countries too (Supplementary Material 3).

Traded species that are not included as established in
GRIIS like Dodonaea viscosa subsp. angustifolia, Wash-
ingtonia robusta and Cupressus sempervirens are wor-
thy of attention, since they have been reported to self-
seed profusely in a town in the South African Karoo
(Milton & Dean 2025). In that regard, Keet et al. (2022)
highlights that while the number, abundance and dis-
tribution of regulated plant taxa decreased in Kruger
National Park in the last decade, the number of un-
regulated alien taxa increased in the last decade based
on plant surveys conducted in 1999-2003 and 2020.
Although their results could be an artefact of differenc-
es in sampling methods between surveys and a greater
inclusion of native-alien populations in the latest sur-
vey, it hints at the need for regulations that respond to
the dynamics of plant uses and people’s preferences
and contexts, as well as to alien species population dy-
namics. All these nuances pose significant challenges
for environmental regulations to work effectively that
requires attention and investment at subregional levels.

Rouget et al. (2016) and Henderson and Wilson (2017)
have shown that South Africa has a high invasion debt,
which could suggest that the subregion also has a high
invasion debt. Our research, along with Semenya and
Maroyi (2020), Mukuba Pika et al. (2024) and Milton
and Dean (2025)’s provide the baseline to quantify the
invasion debt linked to the ornamental sector across the
subregion. As we showed above, the subset of estab-
lished ornamental plants presented in this manuscript
is actively traded. The constant propagule pressure and
gene flow coming from this exchange could contribute
to further invasions by providing genetic diversity or
could slow these by continually diluting adaptations to
the southern African environments (Wilson et al. 2007,
2009). We recommend range shift assessments of the
alien species on sale that we presented here. Further-
more, we quote Vimercati et al. (2025)’s suggestion to
use a combination of the complementary frameworks
from the Impact Classification for Alien Taxa family
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(EICAT-Environmental Impact Classification for Alien
Taxa/EICAT+, SEICAT-Socio-Economic Impact Classi-
fication for Alien Taxa/SEICAT+) to comprehensively
assess their multiple and contextual benefits and costs.
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