Pet stores, aquarists and the internet trade as modes of
introduction and spread of invasive macrophytes in South Africa
Grant D Martin* and Julie A Coetzee

Department of Zoology and Entomology, Rhodes University, PO Box 94, Grahamstown 6140, South Africa

Abstract
Submerged aquatic invasive plant species are increasingly being recognised as a major threat to South African water ways.
Pet stores, aquarists and the internet-mediated trade were investigated as pathways for submerged invasive macrophyte
introductions into South Africa. Online and manually distributed surveys were used to determine the extent of movement of
invasive as well as indigenous submerged plant species in South Africa. Sixty-four stores and twenty-three aquarists were
surveyed. Four areas of risk were identified in this study. Firstly, and most importantly, a variety of invasive and/or prohibited plants are sold by pet stores. Secondly, there is a lack of knowledge regarding identification as well as regulation of
submerged species, which may then result in the unintentional trade of potentially invasive species. It seems that, in many
cases, the pet stores are ignorant or misinformed of the potential dangers, rather than intentionally attempting to breach the
legislation. Thirdly, aquarists own, trade and move plants in and around the country, which makes it very difficult to monitor which species are being moved around South Africa and to what extent. Finally, the internet is a pathway of potential
concern, but it is difficult to quantify its contribution to the trade of invasive species in South Africa.
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Introduction
The introduction of harmful invasive aquatic plants is recognised as a major environmental threat to many aquatic
ecosystems throughout the world, including South Africa.
Numerous pathways of introduction are responsible for the
distribution and spread of many of these species, such as the
horticultural and aquarium trade, dumping of ballast water,
unintentional movement of propagules (i.e., hitchhikers) and,
increasingly, the internet trade. Historically, invasive species
such as water hyacinth (Eichhornia crassipes (Martius) SolmsLaubach (Pontederiaceae)), flowering rush (Butomus umbellatus Linnaeus (Butomaceae)) and water poppy (Hydrocleys
nymphoides (Willd.) Bucherau (Limnocharitaceae)) have been
transported and traded due to their aesthetic and horticultural value (Cook, 1985). Other species have been traded for
use in aquaria, such as fanwort (Cabomba caroliniana Grey
(Cabombaceae)), dense water weed (Egeria densa Planch
(Hydrocharitaceae)), Canadian water weed (Elodea canadensis
Michaux (Hydrocharitaceae)), hydrilla (Hydrilla verticillata
(L.f.) Royle (Hydrocharitaceae)) and tape grass (Vallisneria spiralis Linnaeus (Hydrocharitaceae)) (Cook, 1985). Despite the
threat that these species pose, regulations to prevent unwanted
species introductions from aquarium and ornamental sources
currently lack authority worldwide (Padilla and Williams,
2004).
One third of the aquatic species on the International Union
for the Conservation of Nature (IUCN) Invasive Species
Specialist Group’s list of the top 100 worst invasive species
have spread via the aquarium trade or ornamental releases
(Padilla and Williams, 2004). It is not surprising then that
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the majority of submerged invasive plants in South Africa,
the USA and New Zealand were introduced via the aquarium
trade as ornamental and/or aquarium plants (Dehnen-Schmutz
et al., 2007; Champion and Clayton, 2000; Heywood and
Brunel, 2009; Rixon, 2010). For example, genetic analysis of
hydrilla, recently found to be invading a water body in South
Africa, revealed it to be identical to samples from Malaysia
and Indonesia, the centre of the South African aquarium plant
import trade line (Madeira et al., 2007). Regardless of their
status as declared invaders, aquatic plants continue to be sold
in many countries (Kay and Hoyle, 2001).
A growing aid to introductory pathways is the escalating
use of internet and e-commerce, which has to a large extent
been overlooked by researchers and policy makers alike
(Derraik and Phillips, 2010). There are numerous listings of
online nursery catalogues that contain many invasive aquatic
or wetland plants (Kay and Hoyle, 2001). The invasive seaweed
Caulerpa taxifolia (Vahl) C. Agardh (Caulerpales) has had
dramatic ecological and economic consequences worldwide
(Padilla and Williams, 2004).This species is readily available
for purchase over the internet, and most, if not all, invasions of
C. taxifolia worldwide can be traced back to aquaria releases or
escapes (Padilla and Williams, 2004; Stam and Olsen, 2006).
An e-commerce search conducted in California for species of
Caulerpa was able to purchase the species from 30 internet
retailers and 60 internet sites from all over the USA and Great
Britain (Walters et al., 2006). The aquarium trade appears to be
the main driver behind the increasing risks to aquatic ecosystems associated with the internet trade (Derraik and Phillips,
2010).
While most attention has been paid to the role of the international trade in species introductions, both deliberately introduced and passenger species (Dehnen-Schmutz et al., 2007),
it is equally important to determine the rate of repeated local
introductions of invasive species, not only through local outlets, but also through the general public discarding unwanted
material (Kay and Hoyle, 2001; Duggan, 2010). There is a
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