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Abstract  

The pet trade has been a major pathway for the introduction of vertebrate invaders, but little is known about its  

role in invertebrate invasions. Here we assess the trade in terrestrial invertebrates (excluding spiders) in South  

Africa and the potential of this trade to result in biological invasions and impacts. Pet stores, websites, and  

expositions were visited, and a list of the taxa traded was compiled. DNA barcoding was used to determine if the  

species were correctly identified in the trade. Information on invasion history and impact elsewhere was used to  

assess the potential for species to become invasive and have impact in South Africa. We found 53 alien  

terrestrial invertebrate taxa that were traded, although only 36 of these matched a valid species name. Of 11  

species tested using DNA barcoding nine were correctly identified. Species accumulation curves were produced,  

but did not reach an asymptote, suggesting there are many species in the trade that were not recorded. The most  

common species were used as food for pets, rather than as pets themselves. None of the species were reported to  

be invasive elsewhere, and few had records of causing negative impacts (the exception being moderate impacts  

to human health caused by venomous scorpions). Therefore, there is little evidence that the invertebrates traded  

pose a significant threat to South Africa. However, given uncertainties in which taxa are traded and the lack of  

data on invasiveness and impact, there might be a significant invasion debt. We recommend continued  

monitoring and engagement with the industry.  
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1 
 

List of abbreviations  

  

AIC Akaike Information Criterion  

COI Cytochrome c oxidase subunit I  

BIC Bayesian Information Criterion  

BLAST Basic Local Alignment Search Tool  

BOLD Barcode of Life Data System  

DNA Deoxyribonucleic acid  

GBIF Global Biodiversity Information Facility  

ITIS Integrated Taxonomic Information System  

MC Minimal Concern  

MN Minor  

MO Moderate  

MR Major  

MV Massive  

DD Data Deficient  

MP Maximum Parsimony  

NJ Neighbour-joining  
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Introduction   

Every year, billions of live animals are transported around the world as part of the pet trade (Broad et al., 2003;  

Karesh et al., 2005; Kopecky et al., 2016). Species are traded for ornamental (Ng et al., 2016) and recreational  

purposes (Cambray, 2003), and as food for pets (Haggett, 2013). Once these species are in the pet trade, they  

could be released by humans or escape from captivity (Cadi & Joly, 2003; Faulkes, 2010). Those individuals or  

populations of introduced species that are able to survive and reproduce can become invasive (Ernst & Lovich,  

2009). For example, in South Africa, the common myna (Acridotheres tristis) was introduced into the pet trade,  

later escaped, and has subsequently spread throughout southern Africa (Peacock et al., 2007). The increased  

popularity of alien pets has led to more species being introduced globally, making the pet trade a significant  

pathway for introducing new species (van Wilgen et al., 2010; Papavlasopoulou et al., 2013 ; Mori et al., 2017;  

Lockwood et al., 2019).     

  

There are many different sources (e.g. pet stores and internet) from which people can obtain pets. As with the  

trade in other commodities, there has been an increasing amount of trade in pets over the internet (Derraik &  

Phillips, 2010; Kikillus et al., 2012). For example, over 500 terrestrial invertebrate species are offered for sale on  

one website alone (https://www.bugzuk.com; accessed: 4 June 2017). The internet has thus increased  

accessibility to more species from a range of taxa (Bush et al., 2014).  

  

The likelihood that species sold in the pet trade will establish is affected, in part, by the number of different  

species introduced (i.e., the colonisation pressure) and the number of individuals of a specific species introduced  

in combination with the number of introduction events (i.e., the propagule pressure) (Lockwood et al., 2009).  

The more species introduced into a single area, the higher the likelihood that one of these species will be able to  

establish and become invasive. Similarly, the higher the propagule pressure of a specific species, the more likely  

that species will establish and become invasive. The size of the trade, in terms of the number of species and the  

number of individuals of those species traded, therefore determines colonisation and propagule pressure (Marr et  

al., 2017). Moreover, humans also directly influence the probability of an invasion by either keeping specimens  

in captivity (and so, to various degrees, limiting the likelihood of an unintentional escape) or by intentionally  

releasing individuals (Maceda-Veiga et al., 2019).  

 

https://www.bugzuk.com/
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In South Africa, the role of the pet trade as a pathway for the introduction of species has been studied for reptiles  

(van Wilgen et al., 2010), amphibians (Measey et al., 2017), and tarantulas (Shivambu, 2018). But there has not  

been a general assessment of the terrestrial invertebrate trade. However, at least one traded terrestrial  

invertebrate species has escaped from captivity and established. The Indian walking stick insect (Carausius  

morosus) was introduced to South Africa for research purposes and as a pet species, and subsequently  

established a population in the Cape Floristic Region (Picker et al., 2002; Picker & Griffiths, 2011). After the  

species established, the whole order Phasmatodea was regulated in South Africa under the Alien and Invasive  

Species Regulations of the National Environmental Management: Biodiversity Act [NEM:BA A&IS Regulations  

(DEA, 2016)] — however there has not been a detailed risk analysis conducted for any of the species in this  

group to date.   

  

If an invasion does occur, it can cause devastating environmental and socio-economic impacts (Oslon, 2006;  

Vila et al., 2011). Invasive species can outcompete native species (Cadi & Joly, 2004; Polo-Cavia et al., 2008),  

cause biodiversity loss (Wan et al., 2002), and spread diseases and pathogens that are harmful to humans or  

native species (Haenen et al., 2004; Weir et al., 2012). For example, the red imported fire ant (Solenopsis  

invicta), which is native to south America, is invasive in Texas and has reduced the diversity of native ants in  

areas where it has invaded (Porter & Savignano, 1990). In order to address these impacts, Aichi Biodiversity  

Target 9 specifies that damaging alien species should be identified and prioritised for management (CBD, 2013).  

  

Countries, therefore, need to compile an inventory of alien species as it serves as a first reference point in the  

management of biological invasions (Roy et al., 2014). These inventories are needed in order to know which  

species are present and potentially harmful, and which species require management (Regan et al., 2002;  

McGeoch et al., 2012; Latombe et al., 2016). Accurate and taxonomically correct lists are also important because  

they can help inform the prevention of future invasions. However, even lists of supposedly well-known groups  

contain many errors and inconsistencies (e.g., Magona et al., 2018). This is particularly an issue in the pet trade  

where valid scientific names are not consistently used (Bartlett et al., 2001) and species are misidentified  

(Petersen et al., 2007).  

  

Once an inventory of alien species is compiled, one of the most common approaches to identify the taxa that  

could cause harm is to estimate the likelihood and consequence of an invasion by a particular species by  

assessing its history of invasion and impact elsewhere in its introduced range (Weber et al., 2009; Kulhanek et  
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al., 2011; Hulme, 2012). To facilitate such analyses, various impact scoring schemes have been developed in  

order to assess the impact of alien species and facilitate their prioritisation for management, for example the  

Environmental Impact Classification for Alien Taxa (EICAT) and Socio-Economic Impact Classification for  

Alien Taxa (SEICAT) (Hawkins et al., 2015; Bacher et al., 2018).    

  

The aims of this study were to: 1) determine the size of the trade (number of species and their availability) in  

alien terrestrial invertebrates in South Africa; 2) test the accuracy of the identification of the traded terrestrial  

invertebrates using DNA barcoding; 3) assess the uses of the traded species; and 4) assess the potential of the  

traded species to become invasive and cause negative impacts.   

  

Materials and methods  

1. Data collection  

We considered three main ways in which alien terrestrial invertebrates are sold as part of the pet trade – in pet  

stores; at expositions (large public exhibitions where breeders, pet stores owners and hobbyists gather to sell and  

buy a variety of species); and over the internet (both dedicated commercial sites and sales offered on general   

sites). A total of 64 pet stores, 12 websites, and 18 breeders (from five different expositions) were visited. As  

there are a large number of tarantula species in the South African pet trade (ca. 200 species), the trade in  

tarantulas was assessed in a separate dedicated study (Shivambu, 2018).  

  

1.1 Pet stores  

Initially, pet store locations were gathered by searching the internet using the Google search engine and key  

words such as “pet stores around Pretoria” (search string) and “pet stores in Johannesburg”. The pet stores  

identified in Pretoria, Johannesburg, Cape Town, and Durban (i.e. the major urban centres of South Africa), as  

well as those found in the vicinity of these stores, were visited during 2016 and 2017. When visiting the pet  

stores identified through our online search, we asked the managers of these stores for the names of pet stores in  

the vicinity in order to identify additional pet stores. We were unable to sample all pet stores across South Africa  

but aimed to obtain a sample of pet stores in four major cities. We spent at least four days in each city and  

surveyed 27 pet stores in Pretoria, eight in Johannesburg, 13 in Cape Town, and 16 in Durban. We also visited  

pet stores in the Gauteng Province to purchase specimens for DNA barcoding (see below for further details).  

DNA specimens were collected from the Gauteng Province because most of the species chosen for DNA  

barcoding were recorded there and expositions are held in this province where most pet store owners and  
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breeders from different parts of the country gather and sell their taxa. In each pet store, we recorded the names of  

the species traded and their uses. Species names were recorded as provided by the pet stores.   

  

1.2 Expositions   

We visited breeders at pet expositions in Kempton Park and Johannesburg in the Gauteng Province. Expositions’  

locations were gathered by searching the internet using Google and by consulting flyers distributed at the visited  

pet stores. We investigated five expositions over two consecutive years (2016 and 2017). We spent two days at  

each exposition and recorded the names of the terrestrial invertebrate species that were available as provided by  

the breeders, and their uses.    

1.3 Websites   

Google was used to search for South African online pet stores (hereafter referred to as “websites”). Search terms  

such as “exotic pets”, “insects” and “invertebrate pets for sale” were used to search for websites. Online  

advertising websites such as Facebook (https://www.facebook.com), Gumtree (https://www.gumtree.co.za),  

Ananzi (https://www.ananzi.co.za), Junk mail (https://www.junkmail.co.za), and OLX (https://www.olx.co.za),  

were searched for terrestrial invertebrates offered for sale using the following search terms: “exotic pets, insects  

and invertebrate pets for sale”, “feeders insects”, “cockroaches”, “scorpions”, “stick insects”, “snails” and  

“terrestrial invertebrates for sale”. Eight other online pet stores were searched, but to protect their identify, are  

not mentioned here by name. We only searched websites with a South African domain name, except for  

Facebook, (i.e. addresses ending in “.co.za”). In order to account for possible species turnover, searches were  

performed on the last day of the month, every two months between June 2016 and November 2017. We recorded  

the names of the species traded and their uses. The names of the species sold on the websites were recorded as  

provided.    

  

2. Size of the trade in terrestrial invertebrates   

Most species names that were recorded were common names. Species names (common and scientific names)  

were verified using the Integrated Taxonomic Information System (ITIS, 2017) and the Global Biodiversity  

Information Facility (GBIF, 2017). In this manuscript, verified species names are referred to as ‘confirmed’  

species while those that were not verified are referred to as ‘unconfirmed’ species. In order to get an indication  

of the size of the trade in terrestrial invertebrates, we analysed the collected data using species accumulation  

curves. These accumulation curves were generated using the ‘vegan’ package in R (Oksanen et al., 2017).   
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An availability index was calculated by counting the number of times that a pet store, website, or exposition  

stocked a species [see Vall-llosera & Cassey (2017), for an example of this approach].   

  

3. Identity of the traded species  

To check the identity of the species we used a DNA barcoding approach based on sequences of cytochrome  

oxidase I gene [which has been successfully used to identify terrestrial invertebrate species such as tarantulas  

(Petersen et al., 2007)]. We selected species that were most available during the surveys (species with  

availability index of nine and above, see Table A.1) and those regulated under the South African National  

Environmental Management: Biodiversity Act, Alien and Invasive Species Regulations (NEMBA: A&IS  

Regulations) (DEA, 2014). To get a range of samples, specimens of each species were purchased from three  

different pet stores where possible. Working with terrestrial invertebrates does not require an ethics application  

at the University of Pretoria and therefore no ethics application was acquired. The final dataset consisted of 27  

specimens sold under 11 distinct species names (see Appendix A for the full DNA barcoding methods).    

  

4. Uses of traded species  

Information on the use of each species was obtained during searches for species sold by online pet stores and  

during visits to pet stores and expositions. The majority of the websites provided uses for each species offered  

for sale. At the expositions, breeders, hobbyists, and pet store owners were asked to specify the use of each  

terrestrial invertebrate species they were trading and/or purchasing. The ethics approval for interviewing people  

was obtained from the University of Pretoria ethics committee.   

  

5. Invasion potential and impact assessment   

To collate information on invasion histories and impact, the ISI Web of Knowledge, Google Scholar as well as  

biological invasion websites and databases such as the Global Invasive Species Database  

(www.iucngisd.org/gisd) were used to search for scientific publications and grey literature on the traded species.  

Common names and scientific names were used as search strings, as well as other relevant search terms (e.g.  

mealworms). Publications were manually filtered based on the information provided in the title and abstracts.  

The references cited within the identified publications were also screened.   

  

Any records that the species found in the pet trade had a history of invasion elsewhere were noted. The identified  

references were also searched for information on impacts of the species and the information provided was  
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extracted and used to assess the magnitude of impact using the Environmental Impact Classification for Alien  

Taxa and Socio-Economic Impact Classification for Alien Taxa (EICAT and SEICAT, respectively) (Hawkins et  

al., 2015; Bacher et al., 2018). EICAT was developed by Blackburn et al. (2014) to assess the magnitude of  

environmental impacts, and has recently been adopted by the IUCN to ensure the standardised assessment of the  

impacts of alien species globally (IUCN 2020). SEICAT assesses changes to human well-being and livelihoods  

by considering the impact of alien species on human activities based on different constituents of well-being  

(Bacher et al., 2018). These schemes can also aid in the identification of species with large potential impacts in  

areas where they have not yet been introduced and so inform preventative management.   

  

For each assessed species, a confidence score of high, medium or low was designated according to the quality of  

the data acquired during the assessment (Hawkins et al., 2015). For analysis, the maximum impact scores per  

species for EICAT and SEICAT were used (Blackburn et al., 2014; Hawkins et al., 2015; Bacher et al., 2018).   

  

Results   

We recorded 60 names of terrestrial invertebrate taxa in the pet trade, of which seven correspond to species  

native to South Africa (Scorpiones; Parabuthus capensis, Parabuthus transvaalicus, Hadogenes troglodytes,  

Blattodea; Oxyhaloa deusta, Coleoptera; Anisorrhina flavomaculata, Rhabdotis aulica and Pachnoda sinuata).  

These native species were excluded from further analysis. Of the other 53 taxa, 36 names (i.e. 64%)  

corresponded to species alien to South Africa while 17 names could not be linked to a valid species on ITIS and  

GBIF, and so their status as natives or aliens is uncertain. Eleven of the confirmed species were sold at pet  

stores, six at expositions and 19 online, while 11 of these species were available from all three sources and three  

from expositions and online. Of all the species recorded, only one species (the Australian stick insect,  

Extatosoma tiaratum) is listed under the NEM:BA A&IS Regulations (DEA, 2016), although the listing is for  

the whole order Phasmatodea, rather than E. tiaratum specifically. Most of the alien invertebrate species sold in  

the pet trade (62%) are insects (Fig.1).  

  

The species accumulation curves of the number of names of species sold by websites, breeders and pet stores did  

not reach an asymptote (Fig. 2).   
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For the 27 alien terrestrial invertebrate specimens assessed using DNA barcoding, 22 specimens were correctly  

identified and matched with the species names provided by the publicly accessible database BLAST, with  

identity matches of greater than 93% (Fig A.1). Five specimens belonging to two species, Achatina immaculata  

(two specimens) and Pandinus imperator (three specimens), were not correctly identified (Fig. A.1). Extatosoma  

tiaratum was correctly identified, with an identity match of greater than 99% , although the precise species name  

would not matter for the regulations as it was obviously a stick insect (Fig A.1).   

  

The terrestrial invertebrates could be placed in three broad classes of usage, namely pets [e.g. emperor scorpion  

(Pandinus imperator)], pet food [e.g. mealworms (Tenebrio molitor)], and cleaners [two insect species, the hide  

beetle (Dermestes maculatus) and the litter beetle (Alphitobius diaperinus), are used to clean animal cages]  

(Table A.2). Additionally, an unconfirmed species of earthworm is used for soil improvement. Of the traded  

species, those with the highest availability were species that were used for pet food (Fig. 3). All seven  

unconfirmed species of terrestrial invertebrates were sold as pet food. Twelve of the top 13 most available  

species were insects and all 12 were used as pet food, while one of these species is also kept as a pet (Fig. 3). All  

the recorded Arachnida were scorpions (tarantulas were excluded from this analysis) and most pet species were  

scorpions. Only one species, the Madagascar hissing cockroach (Gromphadorhina portentosa) is used as both a  

pet and as pet food.   

  

We did not find any species reported to be invasive elsewhere in the world. A total of 48 published literature  

sources were used to provide data on impact, with an average of three publications per species (for species where  

there were records of impact). Three quarters of the species scored using EICAT had no records of impact and so  

were classified as Data Deficient. Nine species had records of environmental impact, but these were all of  

Minimal Concern (Fig. 4a). Socio-economic impacts were observed more frequently and were slightly greater in  

magnitude, though again most species (22 out of 36) were Data Deficient, and half of the remaining species were  

classified as Minimal Concern or Minor (Fig. 4b). Two species were recorded as having Moderate socio- 

economic impacts (Fig. 4b): the scorpions Hottentotta saulcyi and Mesobuthus eupeus are reported to sting  

people causing severe pain and sometimes death (Table A.1). The recorded environmental impacts were through  

three mechanisms (transmission of diseases to native species, parasitism and competition), and the socio- 

economic impacts through two constituents of human well-being (safety, material and immaterial assets).  
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Discussion   

Terrestrial invertebrates have been introduced for many purposes (Kumschick et al., 2016) including for: animal  

feed (Kenis et al., 2014), pets (Edward & Hibbard, 1999), food for pets (Haggett, 2013), habitat and soil  

improvement (Baker et al., 2006), live exhibits (Boppre & Vane-Wright, 2012), conservation purposes (Winston  

et a., 2014), the  silk production (Murakoshi et al., 1972), and ornamental trade (New, 2008). We found that the  

pet trade in South Africa (aside from the tarantula trade) can be characterised as a few species widely sold as  

food for pets, a lower number of species sold as pets themselves, and a few sold as cleaners of pet cages. The  

trade is a mix of physical pet shops, trade over the internet, and through expositions. There are on-going  

problems with species identification, and this creates problems for compiling species inventories for the pet trade  

as species are sold only under trade names. An accepted species name was provided by the traders for only 36 of  

the 53 taxa. Our DNA barcoding however showed promising results as nine out of 11 species were correctly  

identified while two species matched with species of the same genus but different species names. The most  

available species in the pet trade are used as food for pets with the preferred species being house crickets (Acheta  

domesticus), mealworms (Tenebrio molitor) and superworms (Zophobas morio). There is a lack of evidence that  

the current trade poses significant invasions risks. Below we discuss the size of the trade, identity of the species  

traded, and the risks posed by these alien terrestrial invertebrates then conclude with a discussion on the  

consequences for regulation.  

  

Size of the trade    

Although we did not have data on volumes of trade, it appears that more species are sold online than at pet stores  

and expositions. The number of distinct named taxa recorded in this study (n=53) is smaller than other groups  

studied in the South African pet trade e.g. ~200 species of tarantulas (Shivambu, 2018), 266 species of alien  

reptile (van Wilgen et al., 2010), although only three alien amphibian species have been reported (Measey et al.,  

2017). Our estimate of the number of species traded is likely to be a large underestimate (Fig. 2), and websites  

had a greater diversity of taxa on offer (and were probably more undersampled) than pet stores and breeders.  

Facebook was used as one of the leading social media sites. This suggests that there are probably many more  

species being kept or traded that were not recorded in our survey. Notably the species accumulation curve for  

websites suggests that there might be a large diversity of alien terrestrial invertebrates sold online that we did not  

record. There seems to be a greater number of species sold on websites in comparison to expositions and pet  

stores. This suggests that, as for other such organisms (Martin & Coetzee, 2011), e-commerce is a major source  

of terrestrial invertebrate species that are traded. The trade was likely under-sampled as sampling occurred over a  
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limited period of time and pet store sampling was only focused on four big cities. Additionally, pet stores and  

expositions only list the taxa that they currently have available for purchase as opposed to everything that is  

traded (some species could be temporarily out of stock) and as a consequence there were new species at each  

exposition. The short period of time over which the study was conducted also means that we cannot assess how  

the trade has developed over time. However, the more alien terrestrial invertebrate species are introduced to  

South Africa, the higher the chance that some of these species escape or are released and establish self-sustaining  

populations (Lockwood et al., 2009).   

  

Identity of the traded species  

In order to monitor species in the pet trade effectively, the identity of the species needs to be known (Schlaepfer  

et al., 2005; Sanders et al., 2008). This plays an important role in risk assessment as scientific names are a link to  

the literature on species traits and behaviour (Schlaepfer et al., 2005; van Riemsdijk et al., 2017). The use of  

common names in the pet trade presents a challenge for compiling species inventories as it is often difficult to  

link the common name to the correct scientific name. In this study, a total of 17 unconfirmed species (species  

names that could not be verified on GBIF and ITIS) were found. We found several terrestrial invertebrate species  

sold only under trade names and multiple common names were in use for a single species. This can create  

problems when compiling a list of species that are available through the pet trade (Patoka et al., 2014). In the  

Czech Republic, crayfish were reported to be sold under names of other species, out-dated names and only by a  

trade name (Patoka et al., 2014). The use of different names and spelling errors could lead to the  

misidentification of species (Keller & Lodge, 2007).   

  

Pet store owners and breeders can misidentify species due to morphological similarities and lack of appropriate  

expertise for species identification (Natusch & Lyons, 2012). Many tarantula species have been misidentified  

due to morphological similarities (Mendoza & Francke, 2017; Shivambu, 2018). Additional problems occur if  

species are incorrectly identified, and if hybridisation occurs as a result of species mixing (Natusch & Lyons,  

2012). Furthermore, species can be mislabelled intentionally to hide the trade of species listed under Convention  

on International Trade of Endangered Species (CITES, 2013).  Mislabelling on imports of marine fish is used to  

hide the trade in CITES listed species, for example in the United States of America, South African hake  

(Merluccius capensis) has been changed or renamed to scarlet snapper (Bornatowski et al., 2013), while shop  

owners have intentionally renamed tilapia (Oreochromis spp.) as red snapper (Lutjanus campechanus) to deceive  

customers (Tennyson et al., 1997). Overall, misidentification does not seem to be highly prevalent in this study.   
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Reference sequences were available for all species tested and the taxonomy of the terrestrial invertebrate species  

selected for DNA barcoding is well resolved (Barcode of Life Database, 2018). Of the 11 species analysed in  

this study using DNA barcoding only two were incorrectly identified. All specimens sold as Pandinus imperator  

(the most popular pet species in this study) were found to be closer to Pandinus viatoris on BOLD, possibly a  

misidentification in the trade [although P. imperator is reported to be a popular species in the pet trade globally  

(Dombrowski et al., 2007)]. Second, all specimens sold as Achatina immaculata were identified as Achatina  

fulica, albeit with a low percentage match. This might indicate that these species could be a hybrid of A. fulica  

(Natusch & Lyon, 2012) (Fig. S1). Of the unconfirmed species, two snails were sold under the common names  

“Giant African land snail” and “African land snail” without any knowledge of the scientific names or where they  

come from. These common names are similar to those that are used for A. fulica, a highly invasive species  

(Lowe et al., 2000).  In recent pet store surveys (Shivambu, 2019, pers. comm.), snails that appear to be A. fulica  

were recorded. It is possible that this species, which is prohibited under South African legislation [the NEM:BA  

A&IS Regulations (DEA, 2014)], is present in the pet trade despite not being recorded in this study. Further  

investigation of these snails is required.  

  

The risks posed   

Our study revealed that most terrestrial invertebrates in the South African pet trade are being used as food for  

pets such as reptiles and other invertebrates like tarantulas. The trade in reptiles and tarantulas has been reported  

to be increasing in South Africa (van Wilgen et al., 2010 Shivambu, 2018). It is possible that this leads to an  

increasing demand for terrestrial invertebrates as food for these species, e.g. mealworms (Tenebrio molitor) and  

house crickets (Acheta domesticus) (van Wilgen et al., 2010; Shivambu, 2018). Most pet store owners and  

breeders recommended Tenebrio molitor, Acheta domesticus, superworms (Zophobas morio) and dubia roach  

(Blaptica dubia) as pet food for reptiles and tarantulas (T. Nelufule, pers. obs.). These species are preferred as  

they are highly nutritious and easy targets as they are slow moving and do not fly (Rumpold & Schluter, 2013).   

  

We found considerable variation in the availability of species in our study. In a study on reptiles, van Wilgen et  

al., (2010) suggested that colour pattern, and species that are larger and easier to breed influence species  

availability in the pet trade in South Africa. Many reptiles are sold as pets whereas many of the species recorded  

in this study are sold as pet food and, therefore, the drivers of variation in species availability are likely to differ.  

For pet food, potential drivers include how easy they are to breed, how nutritious the species is, or whether they  



12 
 

can fly or are easy to catch, while important factors for species that are used to clean cages include feeding  

behaviour (i.e. species that can feed on the pet food remains). Variables that could have influenced the  

availability of pet species in this study include the rarity of the species, size, longevity, productivity and higher  

profit (species that could make more money for the breeder) (Courchamp et al., 2006; Chucholl, 2013; Su et al.,  

2015; CEC, 2017; Vall-llosera & Cassey, 2017).   

  

As far as we could ascertain, none of the terrestrial invertebrates recorded in the trade in South Africa have been  

reported as invasive anywhere in the world. In all but three cases, their impacts were of either Minimal Concern,  

Minor or Moderate (Hawkins et al. 2015 and Bacher et al., 2018), the main exception being that venomous  

scorpions that pose a threat to human health. The lack of recorded impacts (and of invasions) could be due to a  

lack of recording. Alien insects and other terrestrial invertebrates are generally not well studied in comparison to  

alien species in other taxonomic groups (except when introduced for biocontrol) (Roques et al., 2009), and they  

are inconspicuous, which might mean they are not easily detected once introduced. Species assessed using  

SEICAT that have Moderate impacts have a low availability index, whereas species with high availability have  

Minor impacts. Two scorpions, Hottentota saulcy and Mesobuthus eupeus can have Moderate impacts on human  

health as they can sting people and cause severe pain, erythema, renal failure, blurred vision and death (Sofer &  

Gueron, 1988; Sofer et al., 1991; Sagheb et al., 2012; Kularatne et al., 2015). According to SEICAT, these  

species cause Moderate impacts on human health as their impacts have resulted in permanent changes to society  

(socio-economic communities) due to (extremely rare) loss of life.    

  

The different purposes of the species traded could also influence the risk of invasion. For example, species that  

are sold as pets could be sold in low numbers but they are often long lived and are more likely to be released as  

people often prefer to release their unwanted pets rather than kill them (Hulme et al., 2008; Stringham &  

Lockwood, 2018). Although there is limited understanding of the factors that influence the likelihood that a  

species will be released, a recent study on this aspect of the pet trade has  been undertaken by Maceda-Veiga et  

al., (2019). Their study assessed the effectiveness of the legislation for managing invasive species seven years  

after the legislation was implemented in Spain (the ban of prioritized invasive species sales) with the aim to  

reduce the release of invasive species. They found that invasive species such as Trachemys spp. are prevalent in  

urban lakes, which suggests that species are still being released (Maceda-Veiga et al., 2019). In contrast, species  

that are sold as pet food are likely to be sold in high numbers, less likely to be deliberately released (unless the  
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pet they were to feed had died), and be much more likely to escape (as there is less of an incentive to contain  

them).  

  

Recommendations and Conclusions  

None of the taxa identified pose a clear and immediate threat to South Africa (aside from the threat posed by  

venomous scorpions). Only one taxon in the group has been recorded as established in South Africa (the Indian  

stick insect, Carausius morosus) (Brock, 1998). Parallel to this study we completed a risk analysis of C. morosus  

using a risk analysis framework for South Africa (Kumschick et al., 2018; see Appendix B). This found that the  

threat posed by C. morosus species warrants its regulation. Given the evidence from this study it seems unlikely,  

however, that any of the species recorded here pose an unacceptable risk. It would, of course, be prudent to  

conduct a detailed risk analysis on each species [e.g. as per Kumschick et al., (2018)] including an analysis of  

their potential distribution in South Africa (providing there are sufficient distribution records, see Nelufule,  

2018). But at present, there is no special reason that any of the taxa should be prioritised for a risk analysis.  

  

Our study does not, however, prove the trade in alien invertebrates poses an acceptable risk to South Africa.  

Around a third of species recorded could not be assigned a valid species name; for most taxa there is simply no  

data on impacts; our data suggest there are many taxa in the trade that have not been recorded here; and the trade  

is arguably too recent for the full consequences in terms of invasions to have been realised. For example, it was  

not clear which species of earthworm was sold for soil improvement or for how long, but invasive earthworms  

are known to have caused impacts elsewhere in the world where they have had a long history of sale and spread  

by humans (Keller et al., 2007). There might, therefore, be a significant invasion debt (Rouget et al., 2016).  

Many species could still come from abroad through the international trade, but the international trade (species  

that are being offered for sale in other countries outside South Africa) was excluded from this study. Therefore  

we recommend that the pet trade is monitored; a species inventory is developed and maintained; species that  

pose a high risk are banned from trade; and a relationship is built with the industry so that species that pose little  

risk can be used freely, and any instances of invasion (or concern about potential invasions) can be detected  

rapidly and acted upon.   
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Figure captions:  

Figure 1. The number of terrestrial invertebrate species (excluding spiders) per class obtained from the South  

African pet trade. Confirmed are species with names used in the pet trade that are confirmed by GBIF and/ or  

ITIS (accessed 12 February 2017) while unconfirmed represents species with names used in the pet trade that  

were not confirmed by GBIF and/or ITIS (accessed 12 February 2017).  

  

Figure 2. Species accumulation curves estimating the number of terrestrial invertebrate species available in the  

South African pet trade sold by a) websites, b) breeders and c) pet stores. The black line represents the mean  

accumulation curve while the grey shading represents the standard deviation of the data from 100 random  

permutations using the ‘vegan’ package in R (Oksanen et al., 2017).   

  

Figure 3. Availability index of terrestrial invertebrate species (excluding spiders) sold in the South African pet  

trade. The index is the number of pet stores, websites or expositions at which a particular species was available.  

The colour of the bars indicates the use of the species.   

  

Figure 4. The relationship between the availability of 36 alien terrestrial invertebrate species in the South  

African pet trade and the negative impacts of the species as recorded elsewhere in the world based on:  a)  

Environmental Impact Classification for Alien Taxa [EICAT] (Hawkins et al. 2015), and b) Socio-Economic  

Impact Classification for Alien Taxa [SEICAT] (Bacher et al. 2018) scores. The species indicated on the figure  

are: Ad = Acheta domesticus, Ap = Alphitobius diaperinus, Bd = Blaptica dubia, Bl = Blatta lateralis, Dm =  

Dermestes maculatus, Gp = Gromphadorhina portentosa, Ga = Gryllus assimilis, Gb = Gryllus bimaculatus, Pa  

= Periplaneta americana, Pi = Pandinus imperator, Tm = Tenebrio molitor, Zm = Zophobas morio.  The  

numbers at the top of the figures are the number of species with recorded impact per category. DD = Data  

Deficient, MC = Minimal Concern, MN = Minor, MO = Moderate, MR = Major and MV = Massive.   
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Figures:  

Figure 1:  
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Figure 2:  
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Figure 3:  
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Figure 4:  
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