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Abstract  

Ornamental horticulture has been identified as an important threat to plant biodiversity and 

the major pathway for plant invasions worldwide. In this context, the family Cactaceae is 

particularly interesting and challenging for three main reasons—it is considered the fifth 

most threatened major taxonomic group in the world; several cactus species are amongst 
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the most widespread and damaging invasive species; and Cactaceae is one of the most 

popular horticultural plant groups. 

Based on CITES trade data and the eleven main auction sites selling cacti on the internet we 

document a substantial global trade from and to almost all continents. While less than 20 % 

of this trade involves threatened species, and less than 3% involves known invasive species, 

many species are sold without a valid scientific name. Importantly, however, hardly any of 

the globally traded cacti are collected from wild populations. 

In order to provide an in-depth look at the dynamics of the industry, we surveyed the 

businesses involved in the cactus trade in South Africa (one of the main hotspots of cactus 

trade and invasions). Despite a large commercial network, all South African imports (of 

which only 15 % and 1.5 % were of species listed as threatened and invasive, respectively) 

came from the same source. We purchased seeds of every available species and, based on 

DNA-barcoding techniques, could only identify 24 % of the species to genus level.   

If trade restrictions are placed on the small proportion of cacti that are invasive and there is 

no major increase in harvesting of native populations, the commercial cactus horticultural 

trade will pose a negligible environmental threat.  However, there are currently no effective 

methods for easily identifying which cacti are traded, and both the illicit harvesting of cacti 

from the wild and the informal trade in invasive taxa pose on-going conservation challenges. 

 

Introduction 
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Humans have arguably been cultivating plants for ornamental purposes for millennia. The 

Egyptians are known to have cultivated the lily of the valley (Convallaria majalis) from as 

early as the 10th century B.C. and the common garden peony (Paeonia lactiflora) was grown 

in China during the 8th century B.C. (Zhou 1994). During the last few centuries, however, the 

increasing demand for novelties in colours, designs, and uses have encouraged collectors 

and gardeners to search for ornamental plants previously unknown in their regions. For 

example, in the early 1600s, the Englishman Sir Robert Cecil sent his gardener John 

Tradescant out of Europe to search for new ornamental species (Reichard & White 2001). 

Plant exploration soon became very popular, and by the 18th century almost 9000 

ornamental plant species had been introduced to the British Isles from all parts of the world 

(Clement & Foster 1994). The first botanical garden in the United States was established in 

1747 in Portsmouth (Ewan 1969) and in the 1800s nurseries began to carry large stocks of 

non-native (mostly European) ornamental plants (Wyman 1968). The horticultural industry 

is now a substantial industry, e.g. the annual turnover in the USA is over 11 billion US dollars 

(Heywood 2001), but, in most countries, is based chiefly on species that are non-native to 

the targeted market (Reichard & White 2001). While breeders are creating new cultivars of 

existing ornamental taxa (Callaway & Callaway 2000), collectors are still looking for new 

potential ornamental plants in the wild around the world (Seaton et al. 2014). The demand 

for new ornamental plant taxa (Phelps & Webb 2015) has two potentially major negative 

consequences: it can pose a threat to the conservation of plant species through over-

harvesting, and it can lead to the dissemination of invasive species. 

Intense harvesting of native wild populations for ornamental purposes has led to several 

plant species being threatened with extinction (Winter & Botha 1994). To combat this 
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threat, the Convention on the International Trade in Endangered Species of Flora and Fauna 

(CITES) regulates the international trade of more than 30 000 species of plants (most of 

which are used as ornamentals) (Reeve 2014). The imports and exports of regulated species 

among the signatory parties of CITES have to be authorized through a licensing system.  

Exporting enterprises must submit annual reports to CITES that provide information on all 

permits and certificates granted. All trade data included in these reports are stored in the 

CITES Trade Database (http://www.unep-wcmc-apps.org/citestrade/). Unfortunately, not all 

exports and imports of ornamental plants go through this process, suggesting that the 

horticultural trade of threatened plants is not effectively regulated (Sajeva et al. 2013). 

Ornamental horticulture is also a major pathway for plant invasions worldwide (Reichard & 

White 2001). Plant collectors, breeders, traders and consumers often select ornamental 

plants that are “good garden subjects” (Dehnen-Schmutz et al. 2007a). Species traits that 

make plants “good garden subjects” are often, however, those also associated with invasion 

potential, e.g. drought- and frost tolerance, or high germination and growth rates (Anderson 

et al. 2006). Moreover, the nature of the trade and gardening  itself (i.e. repeated 

introductions to multiple sites across the landscape, with provision of resources to allow 

mature plants to flourish) all act to increase the propagule pressure and opportunities for 

invasion (Dehnen-Schmutz et al. 2007b; Lockwood et al. 2005). Plant invasions from the 

horticultural trade [e.g. Carpobrotus edulis (Novoa & González 2014), Eichhornia crassipes 

(Villamagna & Murphy 2010), Lantana camara (Sharma et al. 2005)] have had a wide range 

of negative impacts including large economic costs, changes in soil characteristics, and 

reductions in genetic diversity (Niemiera & Von Holle 2009). Yet, the horticultural trade of 

invasive and potentially invasive plants continues (Dehnen-Schmutz & Touza 2008; Humair 
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et al. 2015), suggesting that the regulation of the introduction, exchange and release of 

invasive and potentially invasive ornamental plants remains inadequate (Burt et al. 2007). 

The family Cactaceae is of particular interest as the horticultural trade in cacti has the 

potential to lead to the overexploitation of threatened native populations, and to the 

spread of invasive species. The family comprises 1922 species (Novoa et al. 2015a) that are 

distributed throughout the Americas in a wide range of habitats, from hot deserts to high 

alpine steppes and tropical rain forests (Barthlott & Hunt 1993), with a corresponding 

morphological diversity (Anderson et al. 2001). Due to their diversity, easy maintenance and 

beauty, cacti were among the first plants exported from America by European explorers in 

the 15th century (Howard & Touw 1981). Several different cactus species were soon found in 

collections and gardens, and their interest to horticulturists has continued unabated since 

(Anderson 2001). More than 20 journals and hundreds of societies, social-media pages and 

groups all around the world specialized in Cactaceae (Novoa et al. 2015a). More than a third 

of species in the family (674 species) are formally recorded in the ornamental trade 

(Goettsch et al. 2015). 

The family Cactaceae is the fifth most threatened of any major taxonomic group with 31 % 

of all cactus species considered as at current threat of extinction (Goettsch et al. 2015). The 

unscrupulous collection of live wild plants and seeds for the horticultural trade is considered 

as one of the main drivers of extinction risk in the family, affecting 47% of all threatened 

cacti (Goettsch et al. 2015). Therefore, the whole family (with the exception of the genera 

Pereskia, Pereskiopsis, and Quabentia; 27 species in total) is protected under CITES. 

However, in a study monitoring buyer-seller interactions on a single internet auction site, 

Sajeva and colleagues (2013) found that only 10 % of the cacti traded were even potentially 
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legal. Moreover, 57 cactus species (none of them listed as threatened) are now considered 

as invasive around the world, all of which are thought to have been used for ornamental 

reasons (Novoa et al. 2015b). Several of these invaders are among the most common and 

widespread invasive species worldwide (Weber 2003), causing negative impacts on 

biodiversity, ecosystem functioning, resource availability, national economies, and human 

health (Novoa et al. 2016a). 

This raises the question whether the global horticultural trade of cactus species is 

compatible with conservation? In this paper, we explore the need for regulating the 

international trade of ornamental cacti in the context of the threats from over-harvesting 

and biological invasions. We look both globally, and then in detail at the situation in South 

Africa.  Hundreds of ornamental cactus species have been introduced to South Africa since 

the 18th century (Walters et al. 2011). Over time, the cactus horticultural trade in the 

country has developed into a substantial industry that is responsible for the exchange of 

hundreds of species every year. Some of these introductions have led to invasions across 

the country with substantial socio-economic and environmental impacts; harming livestock, 

farmers and natural biodiversity, with invasive cacti listed as the most serious threat for the 

biodiversity and human communities of the arid regions of South Africa (Walters et al. 

2011). Although the total cost of the impacts of cactus invasions in South Africa has not yet 

been quantified, nearly 6.7 million US Dollars were spent by the government controlling 

invasive cacti between 1995 and 2008 (van Wilgen et al. 2012). Despite this, more cactus 

species are being introduced, being recorded as naturalised, and are becoming invasive. 

Obermeyer (1976) reported only 12 cactus species in South Africa 40 years ago, but 35 

species are now known to have naturalized (Walters et al. 2011). 
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Using the family Cactaceae as a case study, and data from the Cites Trade Database, the 

eleven main international auction sites selling cacti on the internet, and all businesses 

involved in the cactus trade in South Africa, we address the following: (1) Does the 

international commercial horticultural trade contribute to the over-exploitation of 

threatened plant populations?; (2) Is the commercial horticultural trade a main pathway for 

plant invasions?; and (3) What challenges are there to managing the international trade in 

ornamental plants sustainably? 

 

Methods 

International trade recorded by CITES 

To examine various aspects of the international trade in cactus species, we collated all 

records from the CITES Trade Database (CTD) (http://www.unep-wcmc-

apps.org/citestrade/) of cacti traded between 1976 and 2014. We searched the CITES Trade 

Database (trade.cites.org) by genus for the currently recognized 130 cacti genera and 

downloaded all records to identify the countries involved in the import and export of 

species, the number of trade records per country, the species traded, the products traded 

(live plants or seeds), the purpose (commercial, artificial propagation, personal, scientific or 

botanical garden) and the source (artificially propagated or taken from the wild). We 

assigned importing and exporting countries to their respective continents and, using data on 

the countries involved in the cactus trade and the number of trade records between 

continents, generated circos plots using the “circlize” package in R (version 3.0.2) (Galili et 

al. 2015). As trade within the European Union does not require CITES permits, we could not 
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account for exchanges among the 28 member states at either country-level or continent-

level. The lack of data on the exchanges among European countries does not affect the 

results for wild-collected threatened species as none of the threatened cactus species are 

native or have been recorded as naturalized or invasive in Europe (Novoa et al. 2014). 

However, it might affect the results for invasive species. 

Finally, using the information collated from the CITES Trade Database, we compiled a list of 

ornamental cactus species being traded internationally, following the classification system 

developed by Novoa and colleagues (2015a). For each species we noted its conservation 

status (using the IUCN Red List, http://www.iucnredlist.org), and invasion status (as 

described by Novoa et al. (2015a)). 

International online trade 

Since e-commerce is known to be an important and growing pathway for the global 

interchange of ornamentals that bypasses plant trade regulations (Humair et al. 2015), we 

also explored the international horticultural trade of cactus species on the internet. We 

used Google (www.google.com) to search for online cactus suppliers. We examined the first 

500 hits (based on relevance) and selected the 11 online nurseries trading internationally 

with the largest variety of cactus species (Supplementary material). In February 2016 we 

recorded the names, appearance (we searched for characteristics associated with the plant 

being of wild origin, sensu www.cites.org) and selling price of the species on sale at each 

online nursery, and again crosschecked the names against a standard nomenclature and lists 

of threatened (extinct, extinct in the wild, critically endangered, endangered and vulnerable; 

sensu the IUCN Red List) and invasive species (Novoa et al. 2015a). We also added eBay.com 
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to our search because it is one of the world’s largest online market places and its sellers are 

frequently engaged in the international trade (Humair et al. 2015). 

Nursery trade in South Africa 

We identified plant nurseries selling ornamental cacti across South Africa, with the 

assistance of traders, collectors, social media (Facebook groups) and local experts. We then 

visited the identified businesses and used a snowball sampling technique (Biernacki & 

Waldorf 1981) to identify additional ones. Over the course of one year (2013–2014), we 

conducted surveys with traders at all identified businesses. 

The immediate objective of the surveys was to identify which cactus species were being sold 

in each nursery. It was not possible to reach this objective in most cases, since most 

business owners did not know the identity of all their stock, with pots and seed bags 

labelled as ‘Cacti’ or ‘Cacti mix’, and other succulent plant taxa often mistakenly called 

‘cacti’ (Supplementary material). 

We collected information on the profile of the costumers (owners of other nurseries, 

specialized collectors, or general public), whether each business was importing cactus 

species (yes/no), the approximate number of cactus species being sold (<50, 50-100, >100), 

and the identity, origin and price of any cactus species that they had imported. Finally, we 

ordered seeds of all cactus species recorded from the current importer identified in the 

survey (there was only one). 

DNA Barcoding 
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To test the accuracy of the identification of cactus taxa imported to South Africa, we 

prepared seed samples for every purchased species in a sample tube rack for subsequent 

DNA isolation and barcode analyses. DNA barcoding is a reliable, fast and effective method 

to identify species (Burgess et al. 2011; Janzen 2009). The use of short standardized gene 

regions can allow identification of unknown specimens to species level. 

We performed DNA barcoding at the Canadian Centre for DNA Barcoding (CCDB; University 

of Guelph, Canada) for each of the prepared seed samples using modified protocols from 

the CCDB (http://ccdb.ca/resources/). Specifically, we isolated the total genomic DNA from 

approximately 20 seeds per species using a semi-automated, membrane-based protocol 

(Ivanova et al. 2008). However, to homogenize the tissue, we also added a small amount of 

sterile sand to each tube to allow better grinding of the plant seed by the TissueLyser. We 

then amplified the coding plastid regions ribulose-1,5-bisphosphate carboxylase (rbcL) and 

maturase K (matK) using the primers rbcLa-F/rbcLa-R and matK_xF/matK-MALPR1 

respectively (Supplementary material) as described in the protocols from the CCDB. These 

two regions are the approved and required standard regions for identifying land plants (von 

Cräutlein et al. 2011). The thermocycler program to amplify the matK region was adapted as 

follows: initial denaturation at 99 °C for 45 s, 35 cycles of 98 °C for 10 s, annealing at 52 °C 

for 30 s and extension at 72 °C for 40 s, followed by a final extension at 72 °C for 10 min. We 

visualized the PCR products on a 2 % agarose gel using an E-Gel96® Pre-cast Agarose 

Electrophoresis System (Invitrogen) and obtained the bidirectional sequences using the 

BigDye® Terminator v.3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) on 

an ABI 3730xl Genetic Analyzer (Applied Biosystems; Hajibabaei et al. 2005). We assembled 

the obtained bidirectional sequences in SeqScape v. 2.1.1 (Applied Biosystems) and edited 
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them manually. The edited sequences were used to perform BLAST searches using the NCBI 

BLAST (Johnson et al. 2008). For each BLAST search we scored match success for both 

regions. An individual was scored as discriminated at the level of species or genus when 

there was a 100 % similarity match with a single species or genus respectively for both 

regions. Finally, we compared the obtained results with taxon names displayed on the labels 

provided by the importer. 

 

Results 

International trade recorded by CITES 

Between 1976 and 2014, there were 129 512 CITES trade records for Cactaceae, involving 

1561 species in 100 genera (i.e. ~80% of all species and genera). The traded species include 

almost all known invasive species (51 out of 57), and over half (310 out of 516) of species 

considered as threatened by the IUCN. However, over three-quarters of trade involved 

species that are neither invasive nor threatened (1200 species or >75%, Fig. 1). 

Most cacti were globally interchanged as live plants (79.0 %) and some as seeds (19.0 %), 

mostly for commercial purposes (89.7 %), including all species discussed above. Almost all 

trade records (97.8 %) were reported to be artificially propagated individuals, and only 

0.02% of all trade records were of plants taken from the wild (Supplementary material). 

We found 118 exporting and 182 importing countries involved in the global exchange of 

cactus species (Fig. 2). Most common exporters were the United States (40.8 % of all trade 

records), the Netherlands (9.8 %) and Germany (8.7 %). Most common importers were 
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Switzerland (14.3 %), the United States (10.5 %) and Germany (8.3 %). Overall, we found a 

bidirectional exchange of cactus species between almost all continents (Fig. 3). 

Online trade 

We found a total of 1525 species on offer on the 11 selected web sites. Most of the species 

overlapped with those recorded in CITES. However, of major concern was the fact that we 

could not verify the names of 35.6 % of the recorded species, since they were listed as 

“cacti” or with common or non-existent scientific names, and therefore we recorded them 

as “unknown species”. Among the verified names (982), 19 were of invasive taxa, and 109 

were of threatened taxa (Fig. 1). We found the respective selling price of threatened, 

invasive and neither invasive nor threatened cactus species to all range from 0.80 U.S. 

dollars to 60 U.S. dollars. 

Nursery trade in South Africa 

We identified 70 nurseries as well as supermarkets, unofficial markets, and small retailers 

involved in the trade of cacti in South Africa. However, only six nurseries are currently 

importing seeds of cactus species into South Africa (from which they sow and grow their 

own plants and harvest their own seeds, thus creating their own stock). All cactus seeds 

were being currently imported from a single source in Europe. All other horticultural 

businesses were buying their cacti from the six specialized nurseries (Supplementary 

material). 

We found a total of 269 cactus species imported to South Africa between 1988 and 2012, 

including 54 species considered as threatened by the IUCN and five invasive species as per 

Novoa et al. (2015a). As before, most species traded were neither invasive nor threatened 
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(Supplementary material). Again, we found the selling price ranges for threatened, invasive 

and neither invasive nor threatened cactus species to be similar. We contacted the 

European nursery that was exporting cacti seeds to South Africa in April 2014. There were 

263 species for sale. We could not verify the names of 68 of the species (as before, they 

were listed as “cacti” or with common or non-existent scientific names); these were 

recorded as “unknown species”. Among the verified species, only four (Cereus 

hildmannianus, Echinopsis schickendantzii, Echinopsis spachiana and Myrtillocactus 

geometrizans) are considered as invasive outside their native range (Novoa et al. 2015a), 

and 39 are considered threatened by the IUCN (Fig. 1). 

DNA Barcoding 

We sourced seeds from the 263 species available in the European nursery that was 

exporting cacti seeds to South Africa. All of the species sourced came from artificially 

propagated individuals (grown in culture by the nursery). 

Of the previously non-verified species, we could identify 18 to species level and 39 to genus 

level. However, 11 species remained unverified. None of the newly identified species were 

invasive or threatened. 

Of all analyzed species, we could identify 64 to species level, and 124 to genus level. 

However, the identity of 75 species was unresolved (Fig. 4), likely due to a lack of reference 

data on the GenBank online repository. Overall, only 59.7 % and 5.7 % of the species were 

adequately labeled to at least at the level of genus and species respectively. 
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Discussion 

The family Cactaceae contains many threatened (Goettsch et al. 2015) and invasive species 

(Novoa et al. 2015a), and is one of the most popular horticultural plant groups worldwide 

(Anderson 2001). We found that almost all species (81% of total) are traded across many 

countries and many internet platforms. While this might point to a very complicated flow of 

trade, the example of South Africa was remarkably simple. Nurseries import all cacti from a 

single source, which has a total of 263 cactus species on offer. 

Our results suggest that, despite the extensive dissemination of hundreds of cactus species 

around the world and the overall threatened status of the group and a high incidence of 

invasiveness, surprisingly few of the traded species are threatened or invasive (Fig. 1). This 

pattern seems to have been stable over time (Supplementary material) and there is no 

evidence of changes in global horticultural with regards to reliance on either threatened or 

invasive taxa. 

The international horticultural industry only represents a threat by over-exploitation if 

traded individuals (or seeds) are unsustainably collected from the wild in their native range. 

However, we suspect that most of the threatened cacti that are currently traded come from 

artificially propagated individuals and therefore are not collected from wild populations, at 

least by the major commercial companies. 97.8 % of the records from the CITES Trade 

Database were reported to be artificially propagated individuals. All seeds currently 

imported to South Africa also come from artificially propagated individuals. Although it is 

difficult to prove definitively whether an individual is sourced from the wild or from artificial 

propagation (Retief et al. 2014), there are often morphological indicators – e.g. plants 
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collected from the wild tend to be much less symmetrical. The traded cacti shown in the 

explored international internet auction sites did not have the appearance of being of wild 

origin – i.e. they were healthy looking plants with uniform spines. This pattern was also 

observed by Sajeva and colleagues (2013) when monitoring a single internet auction site 

selling cacti online. Therefore, we do not expect the international horticultural trade of 

cactus species to have major effects on wild populations. However, the local horticultural 

trade of threatened cactus species in their native range remains to be investigated, and any 

illicit traders would not have been identified by our analysis. It is also important to 

determine whether trade will remain based almost exclusively on artificially propagated 

material. 

The horticultural trade is also a major pathway for the spread of invasive species (Mack 

2000; Reichard & White 2001; Pyšek et al. 2002; Kowarik 2005), and this could be the case 

for Cactaceae as well. Although invasive species formed only a small fraction of all traded 

cacti, we found 51 of the 57 invasive cactus species (sensu Novoa et al. 2015a) in trade 

records in the CITES Trade Database. Moreover, 19 invasive species are being sold online on 

different internet auction sites. In South Africa, however, we found only one invasive cactus 

species being imported to the country. 

Because cactus invasions can cause a wide variety of negative environmental and 

socioeconomic impacts (Novoa et al. 2016a) we believe that the global trade of invasive 

cacti should be regulated – i.e. through identifying and intercepting invasive and potentially 

invasive species– with the aim of preventing future invasions. Since invasive cacti only 

constitute a small fraction of all internationally traded cacti, prevention efforts will not 

results in substantial restriction of commercial activities. Moreover, invasions are context 
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specific – i.e. invasiveness only materializes when certain environmental requirements are 

met (Hayes & Barry 2008); this means that not all species recorded as invasive or potentially 

invasive will invade all areas of the world. A challenge is to identify which taxa are likely to 

be invasive in which conditions. Species distribution models provide the means for 

identifying areas that are climatically suitable (and therefore potentially invasible) for 

particular ornamental plants (e.g. Dullinger et al. 2016) and are routinely used in risk 

assessment for invasiveness (Kumschick & Richardson 2013).  

A critical aspect of regulating the global trade to prevent future invasions is the ability to 

accurately identify, detect and intercept species at the ports of entry (Armstrong and Ball 

2005). Species identification is particularly challenging for cacti. There is instability in 

nomenclature within the family, probably due to inconsistencies in previous taxonomies and 

poor representation of cacti in herbariums [their succulence and spines make them difficult 

to collect and curate (Walters et al. 2011)]. Moreover, flowers and fruits are often necessary 

for species identification, but cacti may spend years without flowering (Anderson 2001). 

Therefore, cactus species are often found in the literature and nursery trade under wrong – 

i.e. as a consequence of changes in taxonomy or misidentification – or even fictitious 

scientific or common names. Accordingly, we could not verify 35.6 % of the species being 

sold on the 11 explored international internet auction sites or 25.9 % of the 263 species 

being sold by the only non-South African nursery that was exporting cactus species to South 

Africa. Even amongst the verified species, it was challenging to verify the species names to 

obtain currently accepted species, and we expect that some errors may be present, as well 

as some points of taxonomic disagreement in the verified names. Moreover, in the non-

South African nursery exporting cacti to South Africa, only 5.7% of the 263 species were 
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labeled correctly. The original seed collection of most of such species was done more than 

50 years ago. All cacti were morphologically identified (often without access to flowers or 

fruits) using field guides, which probably led to the use of outdated or incorrect scientific or 

common names. 

In groups with identification difficulties and nomenclature instability, DNA barcoding 

provides a promising tool (Dunning & Savolainen 2010) – i.e. we could identify 71.5 % of the 

263 species at least to genus level. However, there are many challenges associated with 

DNA barcoding, especially for plants (Valentini et al. 2009). It requires large capacity and 

funding and, as shown by our results, target organisms cannot always be identified to 

species or genus level due to gene conservatism (Will & Rubinoff 2004). There are several 

other supplementary DNA barcoding regions that could be used when an organism cannot 

be identified using the standard matK and rbcL regions, (Hollingsworth et al. 2011). For 

example, the intergenic spacer trnH-psbA has been successfully used as a supplementary 

barcode in several studies – e.g. within the genera Quercus (Piredda et al. 2010) and Alnus 

(Ren et al. 2010). However, even the use of such supplementary barcodes does not 

guarantee identification success, and it will require more capacity and funding (von 

Cräutlein et al. 2011). An alternative for cacti is the use of seed size and mass for identifying 

invasive species at ports of entry —i.e. most invasive cacti have significantly larger and 

heavier seeds than non-invasive cacti (Novoa et al. 2016c). However, although in South 

Africa all introductions of cactus species are in the form of seeds, cacti are being 

interchanged all over the world as both live plants and seeds – e.g. 79 % of the records from 

the CITES database are of live plants. In cases where cacti are imported as plants, invasive 

cacti can potentially be identified by their growth form – i.e. unlike most plant groups, 
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invasiveness in cacti is strongly correlated with particular growth forms (Novoa et al. 2015a). 

However, as phenotypical identification will likely not always be sufficient, it is important 

that an appropriate DNA barcoding technique for Cactaceae is developed. 

Prevention efforts also require engagement with the businesses importing and selling 

invasive plants and an understanding of their will to regulate the trade of invasive species 

(Novoa et al. 2016b; Supplementary material). In fact, most recent efforts to prevent the 

use of invasive ornamentals are focused on voluntary self-regulation of the horticultural 

trade (Burt et al. 2007) – e.g. the St Louis Declaration and Voluntary Codes of Conduct 

(Baskin 2002) or the Code of Conduct on Horticulture and Invasive Plants (Heywood & 

Brunel 2008). These codes of conduct encourage nursery professionals to participate in 

preventive measures such as identifying alternatives to invasive plants, or ceasing to stock 

invasive plants or make them available. Due to the small percentage of invaders amongst all 

internationally traded cacti, we believe that horticultural cactus traders would easily adopt 

these preventive measures. If traders engage with these voluntary codes of conduct, and if 

restrictions are placed on the small proportion of cacti that are invasive, the commercial 

cactus horticultural trade will pose a negligible environmental threat. The threat from 

unregulated person-to-person trade and collectors, however, needs to still be quantified. 

By assessing the environmental risks of a major taxonomic group of ornamental plants, we 

highlight the importance of artificial propagation, correct species identification and 

engagement with stakeholders to reduce the environmental threat of the commercial 

horticultural trade. 
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Figure 1. Number of invasive, threatened and neither invasive nor threatened cactus species (a) 

recorded in the permits issued by CITES (n=1561), (b) offered by 11 internet auction sites in 2016 

(n=982), (c) offered by the European nursery currently exporting cactus species to South Africa 

(n=263) 
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Figure 2. World maps showing (a) export and (b) import records of cactus species in the CITES Trade 

Database between 1976 and 2014. Shading indicates number of records per country 
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Figure 3. Circos plot showing the exchange of cactus species between continents from 1976 to 2014, 

based on import-export records obtained from the CITES Trade Database. Note that the internal 

trade within Europe is underestimated as within-EU trade is not listed in the database (i.e. the 

internal trade shown is only between EU and non-EU countries). 

 

 

Figure 4. Results from the DNA barcoding analysis testing the accuracy of the plant labels used by 

the European nursery currently exporting cactus species to South Africa. The columns show the 

resolution of the DNA barcoding. The legend shows the accuracy of the nursery labels 
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