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ABSTRACT

Aquatic invasive alien species (IAS) are rapidly colonizing freshwater and marine ecosystems
globally, disrupting ecological balance and posing a threat to biodiversity and economic well-
being (Dalhu, 2023). This study investigates the role of the pet trade in introducing IAS in South
Africa. Fueled by globalization and a growing interest in alien flora, numerous alien plant species
have become established, with some progressing to invasive status (Genovesi et al., 2008). The
pet trade is regarded as a major pathway for introducing harmful aquatic IAS into South African
waters. Unintentional releases, escape during transport, and contaminated plants/equipment can
all introduce invasive species. Regulations like NEM:BA are crucial to protect South Africa's
unique biodiversity, economic interests, and public health by controlling the import and trade of
these IAS. However, gaps in knowledge among traders and potential inconsistencies in monitoring
highlight the need for both stricter enforcement and educational outreach programs to effectively
combat this threat. In this study, the regulations set forth by the National Environmental
Management: Biodiversity Act (NEM:BA) 10 of 2004 to manage IAS trade are examined to
produce a comprehensive literature review on trade of aquatic IAS and the habitat destruction
caused by these aquatic IAS. To achieve this aim; a mix of questionnaire and onsite visits to pet
shops, aquarium and nurseries around Johannesburg and interviews with IAS practitioners in
South Africa were conducted. The results indicated that the trade of the prohibited IAS in terms
of section 67(1) i.e. IAS belonging to category 1a and Category 1b species in terms of NEM:BA
Act of 2004 is still ongoing hence key recommendations have been provided for all stakeholders
to prevent the further increase of trade of IAS. Ultimately, the trade of IAS can be curtailed by
following legislation that has been set out. But wider impact can be made by bringing greater
environmental awareness to buyers and sellers of these IAS through educational outreach
programs.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND INTRODUCTION

IAS are a problem to biodiversity and human wellbeing, both in South African and globally.
Aquatic IAS plants in particular are a group of species identified as problematic as they negatively
impact water availability and quality as a result affecting agricultural productivity, ecotourism and
food security. Despite these known impacts globally little is known in South Africa about the
magnitude of the problem, including pathways of introduction and spread for these species.
Nurseries have been identified as a major pathway of introduction and spread elsewhere but this
problem is under studied in South Africa, especially at metros or economic hubs. Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) (2023), it reported that
many countries lack specific legislation to address IAS. Even countries with such legislation often

struggle with enforcement.

1.2 PROBLEM STATEMENT

The impacts of IAS on biodiversity are well recognized (Pysek et al., 2020). These impacts have
been felt in all major biogeographic realms of the world i.e. terrestrial, freshwater and marine
(Jackson et al., 2017). Specifically, the freshwater realm has been severely threatened by IAS,
which has contributed largely to the extinction of several native species, substantially changing the
structure of native species community composition and altering ecosystem functioning (Jackson et
al., 2017; Yessoufou et al., 2019). Although much research efforts have been invested in
understanding the global ecological impacts of IAS, empirical studies about their economic impacts
have been less explored (but see Cuthbert et al., 2021). Using a comprehensive global database,

Cuthbert et al. (2021) determined patterns and trends in economic costs of aquatic IAS to



conservatively summed up to US$345 billion (~R5 trillion) in total over all time with the majority
cost attributed to invertebrates (62%), followed by vertebrates (28%), then plants (6%).

The costs of management and control of IAS are predicted to increase by 36% (36% of ~R5 trillion)
in the next three decades (Seebens et al., 2020). The susceptibility of aquatic ecosystems to
invasions is enhanced by the high interconnectedness among habitats, international trade, climate
shifts, specifically man-made waterways and shipping, as well as other anthropogenic pressures
(Hoveka et al., 201; Darwall et al., 2018). Specifically, international trade in biological material is
a major source and pathway of current biological invasions (Gippet and Bertelsmeier, 2021).

Nevertheless, there are several national and international policies and regulations to prevent new
introductions and limit the geographic spread of IAS (Pysek et al., 2020). For example, South
African National Environmental Management Biodiversity Act, Convention on Biological
Diversity and European Union Regulation. Despite this national and international legislation
governing the trade in biological materials, the utility of trade regulations to reduce invasion risks
has been less explored (Patoka et al., 2018; Cardador et al., 2019). This is especially true in the
South African context where molecular techniques (i.e. DNA barcoding) have successfully
revealed several invasive alien and prohibited (NEMBA listed invasive taxa) being traded within
the local aquarium and pond plant industry (Hoveka et al., 2016b).

1.3 AIM AND SPECIFIC OBJECTIVES OF THE RESEARCH

The main aim of this study is to produce a comprehensive literature review on aquatic IAS and
related policies in South Africa to understand the potential pathways for IAS invasion (both legal
and illegal) and review the habitat destruction caused by these aquatic IAS. Additionally, to provide
some key recommendations to address the policy insufficiencies in regulating trade in 1AS.

The aim of this study will be achieved through the following objectives:

v Investigating ten (10) commonly traded aquatic IAS in nurseries around Johannesburg (South
Africa), law governing them, their impact amongst aquatic IAS plants traders and mapping
out the species distribution of the most traded aquatic 1AS.



v Determining whether the regulations governing trade in biological materials would assist in
increasing or decreasing the spread of aquatic IAS.

v"Investigating how the current NEM:BA legislation and enforcement would have an impact in
the restricted trade of invasive and prohibited 1AS

1.4 WORKING HYPOTHESIS
The hypotheses under consideration here are:

Null Hypothesis: Regulations on IAS and all the policies that are imposed on IAS have an impact on
the prevention of introduction and distribution of these species in South Africa.

Alternative Hypothesis: Regulations on IAS and all the policies that are imposed on IAS do not have an

impact on the prevention of introduction and distribution of these species in South Africa.



CHAPTER 2

LITERATURE REVIEW

2.1 INVASIVE ALIEN SPECIES

Aquatic ecosystems around the world are facing a growing threat: 1AS. These are organisms,
including plants, animals, and even microbes, that are introduced intentionally or unintentionally
into a new environment, where they can reproduce rapidly and disrupt the delicate balance of the
native ecosystem (Lowe et al., 2000). The introduction of IAS can have far-reaching consequences,

causing significant ecological and economic damage (Ricciardi, 2003).

In terms of threats to global biodiversity, IAS are considered to be the second greatest threat to
species endangerment and hence extinction after habitat destruction; particularly on islands
(Wilcove et al., 1998). Furthermore, both the numbers and distributions of 1AS are increasing in
many parts of the world (Seebens et al., 2017; Capinha et al., 2015). For example, in Europe alone,
it is estimated that 10% of the 12000 alien species are already invasive, and it is believed that there

has been an increase of 76% in the number of 1AS in this region since the 1970s (Davies, 2016).

The introduction of IAS beyond their natural range is expanding due to increased trade, transport, travel,
tourism and the unprecedented accessibility of goods resulting from globalization. These activities provide
vectors and pathways for live plants to cross bio-geographical barriers that would usually block their ways.
Most alien species do not become invasive or cause problems in their new environment. Rather, some
have considerable benefits to society if contained within the areas of introduction, for example, in
plantations and horticulture. However, the subset of alien species that become invasive can have
significant environmental, economic and public health impacts and present significant risks of the

widespread homogenization of ecosystem (Clout and Veitch, 2002). At the national, regional and



international levels, various laws, regulations, conventions and strategies have been implemented as a way
of preventing and reducing the destructive effects posed by IAS. The 2030 Agenda for Sustainable
Development consist of 17 Sustainable Development Goals (SDGs) and 169 targets, represents a strategic
framework for sustainable development of countries, regions, etc. The main purpose of Goal 15 is to make
sure that by 2030, the terrestrial habitat is preserved and reestablished. The Kunming-Montreal Global
Biodiversity Framework (GBF) aims to prevent the introduction and significantly reduce the impact of
IAS on land and water ecosystems. The GBF also targets to promote the implementation of sustainable
management of all types of forests, halt deforestation, restore degraded forests and substantially increase
afforestation and reforestation globally. Another goal of the GBF is to ensure the conservation of mountain
ecosystems, including their biodiversity, in order to enhance their capacity to provide benefits that are
essential for sustainable development. The GBF also aims to take urgent action to end poaching and
trafficking of protected species of flora and fauna and address both demand and supply of illegal wildlife
products. Finally, the GBF targets to mobilize and significantly increase financial resources from all

sources to conserve and sustainably use biodiversity and ecosystems (United Nations, 2015).

2.2 DRIVERS OF INVASION: INTRODUCTION PATHWAYS OF IAS

The introduction of IAS continues to grow at an alarming rate despite the adverse effects that IAS
may have (Patoka et al., 2018; Brunel et al., 2013; Lockwood et al., 2019). The increasing rate of
demand for house plants will aid the propagation of 1AS into different habitat (Olden et al., 2021,
Bush et al., 2014). Pathways of introduction are considered as the mechanisms by which movement
of alien taxa from one geographical location to another occurs (Richardson et al., 2011), which
includes the vector on or within which the organism is transported. Gippet and Bertelsmeier (2021)
showed that pathways of introduction play a very important role in the introduction and
establishment of 1AS as they promote the occurrence, quantity and structural array of distributed
propagules which can influence their detrimental economic status and ecological effect. In order to
increase the management IAS, (Simberlof and Rejmanek, 2011; Novoa et al., 2020), a better
understanding concerning the pathways of introduction is very much essential and needed (Leung
etal., 2002; Essl et al., 2015).



The United Nation Convention on Biological Diversity’s Strategic Plan for Biodiversity 20112020
classified and identified pathways that have to be prioritized in order to manage and prevent the

biological invasion (https://www.cbd.int/sp/targets/rationale/target-9). Furthermore, Centre for

Agriculture and Biosciences International (CABI) Invasive Species Compendium (CABI ISC,

www.cabi.org/isc) and IUN Global Invasive Database (GISD, www.iucng isd.org) are regarded as

worldwide databases of IAS which consist of between 34 to 80 different pathways of introduction
in which IAS can be established successfully in a new habitat.

Convention on Biological Diversity (CBD, 2014) adopted pathways of introduction of IAS which
was advanced by Hulme et al. (2008) (see Table 1.1 below). Different pathways in which IAS can
be introduced in a new environment comprises of three levels; 1% level is three ways in which species
may be introduced to the new habitat; movement of commaodities, arrival of a transport vector, and
natural spread from a nearby area. Furthermore, these three levels consist of six main corridors that
are organised from the maximum to the minimum capacity of human assistance as follows: release,
escape, contaminant, stowaway, and corridor and unaided. The table below provides a detailed

overview of the various categories of primary pathways of introduction of [AS:

Table 1.1: The table below indicates six different pathways of introduction of IAS that were
advanced by Hulme et al. (2008), their explanation and IAS plants introduced through these pathways:

Pathway of Introduction | Explanation Examples
Category
Release AIAS are introduced Eichhornia crassipes

deliberately by humans into
natural environment for
human use.

(Common water hyacinth)

Escape Accidental or intentional Ulmus pumila L. (Siberian
release of 1AS in captivity elm)
into natural environment.



https://protect.checkpoint.com/v2/___https:/www.cbd.int/sp/targets/rationale/target-9___.YzJlOnVuaXNhbW9iaWxlOmM6bzphYzljMzQ1Yjc4MTNiNDJjZWVmOTI5NDZhYTUzMGY3Yjo2OmJhZGU6NTNmNWE4YmI2NTVjYzg3NmI1YjdjZjMxYTY4ODJhZmEwYjMyYzczMmI4MjRhZTljNjk0ODIzZWY2Y2VlYTdmZDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.cbd.int/sp/targets/rationale/target-9___.YzJlOnVuaXNhbW9iaWxlOmM6bzphYzljMzQ1Yjc4MTNiNDJjZWVmOTI5NDZhYTUzMGY3Yjo2OmJhZGU6NTNmNWE4YmI2NTVjYzg3NmI1YjdjZjMxYTY4ODJhZmEwYjMyYzczMmI4MjRhZTljNjk0ODIzZWY2Y2VlYTdmZDpwOlQ
https://protect.checkpoint.com/v2/___https:/www.cbd.int/sp/targets/rationale/target-9___.YzJlOnVuaXNhbW9iaWxlOmM6bzphYzljMzQ1Yjc4MTNiNDJjZWVmOTI5NDZhYTUzMGY3Yjo2OmJhZGU6NTNmNWE4YmI2NTVjYzg3NmI1YjdjZjMxYTY4ODJhZmEwYjMyYzczMmI4MjRhZTljNjk0ODIzZWY2Y2VlYTdmZDpwOlQ
https://protect.checkpoint.com/v2/___http:/www.cabi.org/isc___.YzJlOnVuaXNhbW9iaWxlOmM6bzphYzljMzQ1Yjc4MTNiNDJjZWVmOTI5NDZhYTUzMGY3Yjo2OjYyM2Y6NDMzMmNlZDA1ZTlhMTk1MTkxMTA5MWM1Yzk3MjM2Y2FiZjFmNDMzZTk0NjYxNTExYmUwYmViMzg3ODY0MmRjMDpwOlQ
https://protect.checkpoint.com/v2/___http:/www.cabi.org/isc___.YzJlOnVuaXNhbW9iaWxlOmM6bzphYzljMzQ1Yjc4MTNiNDJjZWVmOTI5NDZhYTUzMGY3Yjo2OjYyM2Y6NDMzMmNlZDA1ZTlhMTk1MTkxMTA5MWM1Yzk3MjM2Y2FiZjFmNDMzZTk0NjYxNTExYmUwYmViMzg3ODY0MmRjMDpwOlQ
https://protect.checkpoint.com/v2/___http:/www.cabi.org/isc___.YzJlOnVuaXNhbW9iaWxlOmM6bzphYzljMzQ1Yjc4MTNiNDJjZWVmOTI5NDZhYTUzMGY3Yjo2OjYyM2Y6NDMzMmNlZDA1ZTlhMTk1MTkxMTA5MWM1Yzk3MjM2Y2FiZjFmNDMzZTk0NjYxNTExYmUwYmViMzg3ODY0MmRjMDpwOlQ

Contaminant Accidental introduction of | Cosmos bipannatus (Garden

IAS with imported | cosmos or Mexican aster)
commodity.
Stowaway Accidental introduction 1AS | Dreissena polymorpha

through attaching to or | (Zebra mussel)
within a transport vector.

Corridor AIAS are introduced into a | Oenothera biennis (Evening
new region through man
made transport infrastructure
that links regions that were
previously disconnected.

Primrose)

Unaided Accidental spread of IAS | Ricinus communis (Castor-
from area where it was
introduced before to another
area where it is not native.

oil Plant)

There are 44 subcategories which derive from the six main pathways of introduction of IAS
including pathways that are pertinent to IAS from a wide array of taxonomic groups and
environments (Pergl et al., 2020). The number of 1AS introduced per pathway and possible effect
created by introduced species through various pathways is used to order the different pathways
(Essl et al., 2015; McGeoch et al., 2016). By far the most predominant pathway of introduction of
IAS was found to be the escape pathway (Faulkner et al., 2016; McGrannachan, et al., 2021) which
occurs through agricultural trade (Turbelin et al., 2017). The total cost of plants introduced through
this mechanism for the period 1970-2020 is estimated to be around $16.9 billion
(28757716000ZAR). Globally, 1AS introduced through escape mechanism displayed the highest
number of species of 243 and about 40% of IAS are introduced through this primary pathway,
followed by contaminants with about 159 species which comprises of 26%, release pathway
containing 20% of IAS and stowaways with 113 species which sums to 19%. There are however,
two secondary pathways of introduction of 1AS, namely corridor and unaided (Turbelin et al.,

2022). IAS introduced through contaminants have less ecological impact compared to IAS



introduced through release, corridor and unaided pathways (Pergl et al., 2017). Those species
introduced for purposes varying from environmental to nutritional are generally accepted by the
public (van Kleunen et al., 2020). Also, some of the introduction pathways of 1AS plants might
favor successful invaders, for instance, pet trade particularly favors invasive species (Gippet and
Bertelsmeier, 2021).

2.2.1 IMPACT OF INTRODUCTION PATHWAYS ON THE SPREAD OF INVASIVE
ALIEN SPECIES PLANTS

In Africa, the introduction of IAS has increased over time, especially for pests, ornamental, forestry,
or agricultural purposes (Graziosi et al., 2020; Sileshi et al., 2019). South Africa is mostly
considered as the entry point of 1AS that distribute into other African countries (Faulkner et al.,
2017). Moreover, the movement of alien species between African countries will escalate further if
African Continental Free Trade Area (AfCFTA) is approved. This is because imported goods will
only be inspected for alien species at the first port of entry, and most African countries have limited
capacity to respond to biosecurity threats posed by the movement of biological materials across
national borders (Early et al., 2016). This is particularly true for South Africa, where only the O.R
Tambo International airport is the official port of entry that monitors the entry of biological material
in order to stop new introductions of IAS out of the 72 ports. Hence, there is a major challenge to
manage the introduction and spread of IAS in South Africa (van Wilgen and Wilson, 2018;
Moshobane et al., 2020). In order to better manage the spread and introduction of IASin Africa, a
corresponding regional response to alien species introductions is required (Faulkner et al.

2017; Graziosi et al., 2020; Sileshi et al., 2019).

2.2.2 PET TRADE AS A PATHWAY OF INTRODUCTION OF INVASIVE ALIEN
SPECIES PLANTS

South Africa is one of the countries that is participating in trade of IAS (van Wilgen et al., 2010). In
South Africa, there are more than 160 pet and aquarium traders registered with the South African Pet
Traders Association, but there are also numerous unlisted vendors and traders (Martin and Coetzee,
2011). Both the general public and plant dealers often misidentify and/or do not know the ecological
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repercussions of the species they are dealing with. This may inadvertently lead to the neglect of the
overflow of ponds or the disposal of plants, which are often discarded into ponds, ditches, streams
and rivers (Martin and Coetzee, 2011). In addition, not many risk assessments have been conducted
for problematic invasive species or alien species with potential of becoming invasive, which further
exacerbate the introductions and spread of IAS in the country (van Wilgen and Wilson, 2018).
Notwithstanding, the newly published IUCN Environmental Impact Classification for Alien Taxa
(TUCN, 2020), offers a good departure point for evaluating the risk alien taxa pose to the environment.
Another issue is that an alien species status may change to invasive as it moves across geopolitical
boundaries within the commaodity chain and this variation in legal status creates a confusing array of
terminology that has inhibited comprehensive understanding of market dynamics.

Every year, billions of species are transported around the world as part of the pet trade (Kopecky
et al., 2013). There are many different sources (e.g., physical pet stores and online trade) from
which people can obtain pets (Su et al., 2016; Kikillus et al., 2012; Nelufule et al., 2020). However,
trade via the internet has become the leading promulgator of trade of IAS (La Laina et al., 2021
Lavorgna, 2015), and those species are traded for ornamental and recreational purposes and as food
for pets (Cambray, 2003; Haggett, 2013; Ng et al., 2016). In South Africa, the pet trade has played
a major role as a pathway for the introduction of alien species which have become invasive in the
country (Hoveka et al., 2016; Nelufule et al., 2020; Niemann et al., 2022). For example, 1AS such
as water hyacinth (Eichhornia crassipes) came to South Africa through the ornamental garden and
aquarium trade where they are used to decorate and plant garden ponds, fishponds and aquariums,
but later escaped into dams and rivers and are now amongst some of the worst aquatic invasive

species (Chamier et al., 2012).

SA is also contributing in dissemination of IAS to nearby countries/provinces through trade
(Derraik and Phillips, 2010). For example, in South Africa Cabomba caroliniana was cultivated
for aquarium trade and it is originally from the north coast of KwaZulu-Natal where it was first
documented (Coetzee et al.,, 2011b). However, Cabomba caroliniana has currently been
documented even at Nahoon River in the Eastern Cape and Western Cape (Blackburn et al., 2011;
van Wilgen and Wilson, 2018). Jaca and Mkhize (2015) recognized that in 2004, South Africa
documented Iris pseudacorus for the first time near the Vaal River in Gauteng, but this species is

currently found in four of the nine provinces with naturalized populations at 24 localities (van



Wilgen and Wilson, 2018). At all surveyed sites, it is alleged that plants are established from thrown

away rhizomes of plants from neighboring gardens and nurseries (Jaca and Mkhize, 2015).

The legislation governing the trade of the cosmopolitan Ceratophyllum demersum which is native
to South Africa is still lacking (Cholo and Foden, 2006; GBIF Secretariat, 2017; Hassler, 2018).
However, this invasive species is regarded as weed in many countries around the world (Global
Invasive Species Database, 2019). Allowing this species to continue being traded is risky as
regulations must be implemented first since the aquarium and pond industry are regarded as the
introduction pathway. Additionally, the introduction of the invasive Ceratophyllum demersum
macrophyte has not been observed and invasion might be taking place in South Africa without
being noticed (Niemann et al., 2022).

2.3 MECHANISMS OF INVASIVE ALIEN PLANT SPECIES

IAS are considered as one of the most significant threats to our planet’s environmental and
economic well-being. Given favorable environmental conditions, IAS plant can easily multiply out
of control, endangering native species in the invaded ecosystem, undermining agriculture,
threatening public health, or creating other unwanted and often irreversible disruptions (McNeely,
2001). This is due to the fact that they often possess superior plant functional traits to native species
such as high and varied dispersal and pollination abilities, reproduce quickly and mostly asexually,
ability to adjust physiologically in new environments and ability to survive on different types of
food (Bezeng et al., 2015).

2.3.1 ENVIRONMENTAL IMPACT OF IAS IN SOUTH AFRICAN WATER
CATCHMENTS

The environmental effects of IAS in RSA include a decline in both surface water runoff and groundwater

recharge, direct habitat destruction and intensity of wildfires by soothing sand movement and by gathering

litter or by redistributing salt (G6rgens and Van Wilgen, 2004). It is estimated that 3.3 billion m? of water

is lost to invasive plants annually in South Africa (WWEF, 2016). In relation to water usage, most invasive

plants such as black wattle (Acacia mearnsii) have high evaporation rates, and often use more water than
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surrounding indigenous plants, which has a direct impact on stream flows and groundwater reserves
(WWEF, 2016). This species is extremely invasive and has spread over a space of nearly 2.5 million ha in
South Africa where it has a significant destructive impact on water resources, biodiversity and the stability
and integrity of riparian ecosystem (De Wilt et al., 2001). Some of the aquatic invasive plants in South
Africa that have detrimental effect on water consumption and sediment loads includes water hyacinth
(Eichhornia crassipes) and water lettuce (Pistia stratiotes) which grow on the surface of water, covering
large areas and posing harmful effect on water quality and nutrient cycles, deplete water quantity, block
out sunlight to other indigenous aquatic plants, causes siltation and disrupts normal drainage (Chamier et
al., 2012; Darwall et al., 2018).

IAS plants are capable of causing extinction of native plants, reducing biodiversity, competing with
the native species for limited resources, and modifying environment. This can cause a massive
fundamental destruction of coastal and intakelakes ecosystems. Numerous invasive species are
subject to cross-border trade due to their perceived value as having medicinal properties, aesthetic
appeal, and nutritional value (Kopecky et al., 2013; van Wilgen et al., 2012; Marshall et al., 2020).
Van Wilgen et al. (2004) indicated that when IAS are introduced with new habitats where they are
not challenged by indigenous species, and they tend to reproduce rapidly without any competitors.
This is termed the enemy release hypothesis (ERH) which posits that the species invading in a new
environment will establish successfully when its native range enemies are not present in the new
habitat (Kean and Crawley, 2002). This hypothesis has been extensively tested and proven useful
to explain why invasive plant species become so successful in their new habitats (Colautti et al.,
2004). For example, Liu and Stiling (2006) showed that invasive species Xanthium occidentale has
successfully invaded Australia and Pakistan due to the fact that phytophagous insects (coleoptera,
hemiptera, lepidoptera and orthoptera) were lesser in their introduced area than in their native
habitat which is Southern United States.

2.3.2 ECONOMIC IMPACTS OF INVASIVE ALIEN SPECIES (1AS)

IAS can cause loss in farming, value of biodiversity and water. Worldwide, 1AS continue to invade
and cause disaster not only in pristine ecosystems but also in disturbed ecosystems (Skyes and
Jooste, 2014). The economic costs of 1AS are mainly connected with the control and management
(Pimentel et al., 2005; SAGNA, 2021). Pimentel (2011) stated that IAS cost the global economy ~
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US$345 billion (+5155209 million ZAR) annually. In South Africa alone, an estimated R600
million is required each year to clear over ten million hectares of plot affected by alien plant species
(DEA, 2016). The cost of management of aquatic IAS macrophytes is also substantial. The DFFE,
spent about R42 million between the years 2010 and 2018, mainly on herbicide control of water
hyacinth at a cost of R1800 per hectare (van Wilgen and Wilson, 2018). However, the management
costs vary depending on the locality and application required (Hill et al., 2020). For example, van
Wyk and van Wilgen (2002) compared the costs of managing water hyacinth under herbicide
application, biological control, and integrated control. The most expensive method was herbicidal
control (R3 663 per ha), while a biological control approach was much less expensive (R664 per
ha). However, the best return on investment was provided by integrated methods (R571 per ha)

which involved physical control, biological control, cultural control and herbicidal control.

2.3.3 SOCIAL IMPACTS OF INVASIVE ALIEN SPECIES

Landowners, horticulturists and conservationists have different points of view with regards to IAS
that are used as ornamental. In order to reduce the use of the known IAS around the world, different
initiatives have been established. For instance, St Louis Declaration of IAS in North America is an
initiative that has been accepted in order to lessen the utilization of IAS (Foxcroft et al., 2008).
There is not enough evidence regarding the impact of IAS on animals and human wellbeing.
Nevertheless, negative impact of IAS can be of importance for instance Parthenium weed
(Parthenium hysterophorus). This species is known to cause unadorned dermatitis, toxicity and
allergy in humans and its toxicity affects livestock and production of crops which will then result

in loss of economic value (van Wilgen et al., 2011).

The disturbance of environmental amenities and the related adversarial socio-financial and social impacts

as a result of biological invasion is well-known (Kettunen et al., 2009). There are several numbers of

human well-being complications which are caused by IAS. For instance, the following plant species silver

wattle (Acacia dealbata), common ragweed (Ambrosia artemisiifolia) and giant hogweed (Heracleum

mantegazzianum) are known to cause allergies and skin problems (Kettunen et al., 2009). IAS such a

honey mesquite, Prosopis glandulosa var. torreyana can minimize the yield of farming by hindering

watercourses. Some of the 1AS such as water fern (Azola filiculoides) and Eastern white pine (Pinus
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strobes) have led to decreases of recreational or cultural heritage values associated with different

landscapes and water bodies (Kettunen et al., 2009).

2.4 MANAGEMENT OF INVASIVE ALIEN SPECIES PLANT TRADE IN SOUTH
AFRICA

In the pursuit of discovering and prioritizing species that should be prohibited, managed, or
controlled, new assessment practices have been established and effectively deployed for various
species and they have proven to be quite invaluable (Kumschick and Nentwig, 2010). There are
many different approaches in evaluating the impacts of IAS regionally and globally. At a global
level, the ITUCN (International Union for Conservation of Nature) Environmental Impact of
Classification for Alien Taxa (EICAT) tool is used by scientists in order to categorize the alien
species into impact categories based on the harm they cause. The five categories of EICAT in order
of increasing impact are Minimal Concern (MC), Minor (MN), Moderate (MO), Major (M) and
Massive (MV), however the last three categories consist of species that are considered as

“harmful”. Furthermore, at national level NEM:BA Act is used by different researchers as a go-to
guide to check the regions that are at high risk as well as viable for future invasion (Giovanelli et
al., 2008; Keller and Kumschick, 2017; Shivambu et al., 2020; Thuiller et al., 2004;). Using the
presence and absence incidence records, the species distribution modelling (SDMs) has been
deployed to forecast an organism’s climatic niche viability as it is crucial for understanding how

factors like invasion will impact ecosystems (Elith and Leathwick, 2009).

In 2014, National Environmental Management: Biodiversity Act 10 of 2004 (NEM:BA Act)
published regulation for alien and invasive species (AlS). These regulations were revised by
Department of Forestry, Fisheries and the Environment (DFFE) on the 1st of August 2014 as
Regulation Gazette No. 10244 in Volume 590 of the South African Government Gazette
(Publication No. 37885) and became a law on 1st of October 2014. The main goal of IAS
regulations is to prevent the illegal introduction of alien and possible invasive species into the
country and to manage registered alien species and potentially invasive species within the country.
To achieve this goal, DFFE published a list of alien species that are forbidden from importation
and trade (DEA, 2014 and 2016). Some of the prohibited alien species of NEM:BA Act of 2004
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regulations include macrophytes species. Macrophytes species are regarded as alien aquatic plants
species growing in or near water. Furthermore, macrophytes species are not permitted by NEM:BA
regulations to cross the border of the country as they have been discovered to have invasive
potential in other countries (Henderson and Wilson, 2017). Additionally, the trade of Hygrophila
costata, Hygrophila polysperma and Cabomba aquatic plants species are prohibited in NEM:BA
regulations (Henderson and Wilson, 2017). For instance, when there is trade in of IAS, the person
must have a permit from DFFE in terms of National Environmental Management: Biodiversity Act,
2004. The DFFE further require veterinary health certificates or phytosanitary certificates for the
IAS entering the Republic from the outside country, the certificate will serve as an official
declaration by the trade in expert that the risk of such specimen becoming a potential vector of
invasive diseases or pathogens has been efficiently accomplished. In addition, NEM:BA Act of
2004 grouped IAS into three categories (i.e., Category 1, 2 and 3; see Table 1.2 below) (DEA,
2014; Moshobane et al., 2020).

Table 1.2: Three different categories of IAS, their description as well as examples of 1AS plants that

belong to these categories that are assembled by DFFE

IAS Categories Explanation
Examples
Botanical name Common name
Category 1 IAS are compulsory to control, by | Cabomba caroliniana | Carolina
law any species that belongs to fanwort,
this category must be controlled Carolina  water
and where possible, removed and shield, fanwort,
destroyed. fish grass and
Washington
grass.
Echinodorus Creeping
cordifolius Burhead
Category 2 _ )
Acacia dealbata Silver wattle
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IAS that are deemed to be | Agave sisalana Sisal hemp,
potentially invasive, in which a | Perrine Sisal
permit is required to carry out a
restricted activity such as
controlled trading or usage
(DEA, 2015).

Category 3 Species that can be retained | Amophilla Marram Grass
without permits but they cannot arenaria
be merchandised or propagated (L) Link

spread.

Berberis Japanese
thunbergii DC. | barberry

The authorized ports of entry that a person is permitted to import IAS are land ports (Beit Bridge
border post; Golela border post; Groblersbrug border post; Lebombo border post; Maseru border
post and Vioolsdrift border post), airports and harbours (Cape Town International Airport; O.R.
Tambo International Airport; King Shaka International Airport; Cape Town Harbour and Durban

Harbour). However, even though DFFE have laws in place that govern the importation and trade

in 1AS, there are still loopholes that makes some of those laws not to be effectively and efficiently
implemented. This is partly because, O.R Tambo International airport is the only port of entry that

has the capacity to respond to biosecurity threats (Faulkner et al., 2020).

The international law started to address IAS about 50 years ago and the total agreements binding
IAS are more than 40 years. However, the management of IAS through international law is neither
comprehensive nor totally reliable. Instruments that are used to treat IAS in the environment for
their potential impact on native species and ecosystems are regarded as multilateral environmental
agreements (MEAs) (Wittenberg and Cock, 2001). South Africa is signatory to several
international conventions relating to biodiversity. Since biological invasions are a pervasive threat

to biodiversity, these conventions have implications for how biological invasions should be
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managed. The international laws governing invasive plant species are highlighted in Table 3a

below:
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Table 1.3a: Descriptions of international laws governing IAS plants, when they were implemented,
their main target and indication of participation of South Africa in international conventions and
South Africa is a signatory to all listed conventions in the table.

Law

Year adopted

Target

International Plant
Protection Convention

(IPPC)

It was implemented in
1951, revised in

1987 and the new
version came into
force 2005.

It generates international laws that hinder the
spread and introduction of plant and plant pests
premised on interchange of phytosanitary
certificate between trading and exporting
countries' national plant protection offices.

Biosafety Protocol

(Protocol to the CBD)

Implemented in 2000
and came into force in
2003.

Applicable to transboundary movement, transit,
handling and use of all living modified
organisms that may have adverse effects on the
conservation and sustainable use of biological
diversity.

Agreement on the
Application of
Sanitary and
Phytosanitary

Measures (SPS

Adopted in 1994
become effective in
1995.

It is responsible for a uniform interpretation of
the measures governing safety and plant health
regulations.

Agreement)
Adopted in 1992 and . . )
Convention on become active 1993 Prevent the introduction of, control or eradicate
Biological " those alien species which threaten ecosystems,
L habitats or species.
Diversity (CBD)

Convention on
International Trade in

Endangered Species

(CITES)

Adopted in 1973 and
came into force in
1975.

Prevent harm in exporting country and controls
only intentional movements.
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Agreement Adopted in 1959 It prohibits the introduction from one country
concerning and came into in | into another.
. . force 1960.
Cooperation in the
Quarantine of Plants
and their Protection
against  Pests  and
Diseases
Alien Species: Implemented in | Regulate ethics pertaining precautionary
- 2000. approach, three-stage hierarchical approach,
Guiding ecosystem approach, state responsibility,
Principles for the research and monitoring, education and public
Prevention, awareness, border control and quarantine
Introduction and measures, exchange of information,
Mitigation of Impacts, cooperation and capacity-building, intentional
2000 introduction, unintentional introductions,
mitigation of impacts, eradication,
containment, and control of IAS.
FAO Code of Implemented in | It allows all those involved in the introduction
Conduct for the 1995. or release of exotic biological control agents.

Import and Release
of Exotic Biological
Control Agents,
1995

FAO International
Code of Conduct for
Plant Germplasm
Collecting and
Transfer, 1993

Implemented in
1993.

Facilitate the safe trade of toxic biological
control agent by introducing procedures of
internationally accepted levels.

IUCN Guidelines for
the Prevention of
Biodiversity Loss
Caused by Invasive
Alien Species, 2000

Adopted in 2000.

Intensification of awareness and understanding
of the impact of alien species.it is responsible for
creating guidelines for: prevention, eradication,
control and reestablishment.
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UNEP International Adopted in 1995. Facilitating the development of national
capacities to assess and manage risks, create
sufficient information systems, and develop
expert human resources in biotechnology.

Technical Guidelines
for Safety in
Biotechnology, 1995

South Africa is obliged under international law to legislate national laws that gives effect to the
obligations imposed under conventions to which it is signatory. Specifically, the national laws
governing invasive plant species are highlighted in Table 1.3b below.

Table 1.3b: Descriptions of national laws and laws that governs the 1AS plants:

Law Explanation of law

Constitution of the Republic of South Environment protected for the benefit of
Africa Act, 1996. future generations over reasonable
legislative and other measures that prevent
ecological degradation, promote
conservation, and secure ecologically

sustainable development.

Conservation of Agricultural Resources Act . .
Responsible for the management of listed

(Act 43 of 1983) IAS in three categories (Category 1 plants,
declared weeds; Category 2 plants, declared
invaders that have commercial value; and
Category 3 plants, decla red invaders that
have ornamental value).

19



National Environmental Management:

Biodiversity Act (NEM:BA Act 10 of 2004)

Prevent the illegal introduction of alien and
possible invasive species into the country
and also manage registered alien species and
potentially invasive species within the
country.

National Veld and Forest Fire Act (Act 101
of 1998)

Fire management has implications for the
control of IAS. The use of high intensity
burns that may be necessary to clear 1AS
plants would be banned.

Agricultural Pests Act (Act 36 of 1983)

Act provides for stopping the spread of pests
within the country by permitting for the
control of movement of plants and plant

products from one area to another.

Despite these national and international conventions governing the trade in biological materials,
the utility of trade regulations to reduce invasion risks has been less explored (but see Patoka et al.,
2018; Cardador et al., 2019). This is especially true in the South African context where molecular
techniques (i.e., DNA barcoding) have successfully revealed several IAS and prohibited (NEM:BA

Act listed invasive taxa) are being traded within the local aquarium and pond plant industry

(Hoveka et al., 2016, Niemann et al., 2022).
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CHAPTER 3

METHODOLOGY AND DATA ANALYSIS

3.1 INTRODUCTION

This research employed a mixed methods approach, specifically utilizing a convergent parallel

mixed methods design. This design involves the simultaneous collection and analysis of both

quantitative and qualitative data, with the subsequent merging of these findings during the

interpretation stage to create a more comprehensive understanding of the research problem

(Creswell and Plano, 2018). This approach allows for the strengths of each method to be leveraged,

resulting more understanding of the research than could be achieved through a single method
(Johnson et al., 2017).

Data collection for this study utilized a combination of three methods:

Semi-structured interviews: This widely used qualitative method was chosen to allow key
informants to express their in-depth knowledge and perspectives on the often-controversial
topic of aquatic IAS regulations (Kitchin and Tate, 2000). The semi-structured format
facilitated a comfortable and open dialogue, fostering rich data collection while maintaining

a focus on the core research questions (Berg, 2008).

Questionnaire surveys: Quantitative data was gathered through standardized surveys,
enabling the collection of information pet store owners’. This method provided a structured
approach for assessing most traded targeted IAS across Gauteng Province (Sekaran and
Bougie, 2016).

Secondary data analysis: Existing literature and relevant data sources pertaining to aquatic
IAS regulations were reviewed to supplement the primary data collected through interviews
and surveys. This triangulation of data sources enhanced the research's credibility and
trustworthiness (Flick, 2014).
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The specific rationale for selecting each data collection method will be further elaborated upon in
subsequent sections.

3.2 DATA COLLECTION

3.2.1 RESEARCH SURVEY AND INTERVIEWS

To gather data on the most frequently traded targeted aquatic 1AS sold in Johannesburg nurseries,
this study employed a quantitative approach. Johannesburg, the largest city in South Africa, was
chosen as a study area for nursery data collection due to its unique position as a major urban center
with a diverse socio-economic makeup. This allows researcher to examine nursery practices and
challenges within a densely populated environment, potentially reflecting situations in other major
cities. Furthermore, Gauteng, the province Johannesburg is located in, boasts a well-developed
research infrastructure, facilitating access to nurseries and collaboration with experts in early
childhood development research.

Ethical clearance was granted (reference number 2022/CAES_HREC/095) from the University of
South Africa, enabling the researcher to collect data. Researcher visited twenty nurseries across
two seasons (spring 2022 and autumn 2023) which were selected randomly using googlemaps. This
sample size was chosen due to time constraints, aiming to capture potential seasonal variations in
plant availability. Structured interviews, utilizing an open-ended format, were conducted with
informed consent from nursery owners. A pilot test was initially conducted through interviews with

government official to refine the interview guide before approaching nursery owners.

To ensure accurate plant identification of targeted 1AS, a multifaceted approach was implemented.
This included referencing Niemann et al. (2022) for DNA-verified species, utilizing the PictureThis
app for identification comparison, and consulting nursery staff (whose expertise varied, with the

PictureThis app proving valuable for genus-level identification - see Table 3.1).

Interviews were then transcribed for thematic analysis, presented in the results chapter.
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This methodology effectively captured data on commonly traded targeted aquatic IAS across

seasons, with structured interviews, a standardized questionnaire (details in SI Table 1), and

multilayered plant identification contributing to a comprehensive data collection process. However,

it is important to acknowledge the study's limitations. The chosen timeframe of two seasons might

not fully capture all seasonal variations in plant availability. Additionally, time constraints limited

the number of nurseries visited.

3.2.2 SECONDARY DATA

To enrich the primary data collected from nursery owners, this study employed a comprehensive

strategy for gathering qualitative secondary data. The focus was on acquiring credible and up-

todate information from established sources.

Academic Literature: A systematic search was conducted using Thomson Reuters' Web of
Science, a reputable database known for its rigorous peer-review process. This ensured
access to high-quality research on IAS regulations and management practices. Search terms
like "regulations of invasive alien species, "global invasive species,” and "NEM:BA Act of
2004" were employed to identify relevant articles. Data extraction focused on key findings,
methodologies used in relevant studies, and theoretical frameworks that informed the

research questions.

National Framework Documents: The National Environmental Management: Biodiversity
Act and the Agricultural Pests Act, obtained directly from the South African government
website (www.gov.za), provided the legal framework governing IAS management within
the country. Excerpts and paraphrased information were noted to understand the legal

context surrounding IAS regulations.

International Resources: The study broadened its scope by consulting international
organizations. Websites of CABI (Centre for Agriculture and Biosciences International)
and the Global Invasive Species Database offered broader perspectives on IAS regulations
and best practices. Scholarly search engines like Google Scholar and online libraries like
Wiley Online Library supplemented the academic literature search, with data extraction
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focusing on international policies, best practices, and case studies related to IAS

management.

Consistently using the identified keywords across all sources ensured a focused and efficient data
collection process. By incorporating insights from established research, official government
policies, and international best practices, this multi-source approach for secondary data collection
strengthened the research foundation and provided a broader context for interpreting the primary

data collected from nursery owners.

3.3 DATA ANALYSIS

After collecting data through interviews with nursery owners, a thematic analysis was employed to
extract meaningful insights (Creswell, 2009). Interviews were transcribed verbatim, then
systematically coded to identify recurring themes within the responses. These codes were then
grouped into broader categories, such as "Awareness of Regulations”. This iterative process
facilitated in establishing a comprehensive set of themes capturing the key aspects of nursery owner

experiences.

Data visualization techniques complemented the thematic analysis, using tools such as tables,
graphs, and Venn diagrams (Miles et al., 2014). These visuals helped represent relationships
between themes and sub-themes, or showcased variations across categories (e.g., seasonal plant
availability).

Thematic analysis results were then integrated with data from the standardized questionnaire (see
S| Table 1) to provide a more affluent representation of the targeted aquatic IAS trade within
Gauteng nurseries. Additionally, triangulation compared findings from the thematic analysis with
data from national framework documents and academic literature (Flick, 2014). This combined
approach, utilizing thematic analysis, data visualization, and triangulation, yielded valuable

insights from the qualitative data collected from nursery owners.
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RESULTS

CHAPTER 4

4.1 IDENTIFICATION OF SPECIES

Accuracy of targeted I1AS identification between Niemann et al 2022, the shop retailers and PictureThis

app are represented in Table 3.1 below.

Table 3:1: A table showing the accuracy of identification of species between Niemann et al 2022, the
shop retailers and PictureThis app. Yes- indicates correct identification and No — indicates mismatch in
identification between the Niemann et al 2022 approach.

Species Name Niemann Shop PictureThis | Level in which PictureThis app

et al., 2022 app identified the level of species

retailers

Yes | No |Yes|No|Yes No | Family Genus | Species
Cabomba \ X | Cabombaceae \ \
aquatica
Echinodorus \ V \ Alismataceae Y v
cordifolius
Iris pseudacorus | \ \ Iridaceae \ \
Ceratophyllum | \ \ Ceratophyllaceae | v
dermersum
Ludwigia \ \ \ Onagraceae \ \
peruviana
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Hygrophila

polysperma

Acanthaceae

Hygrophila

costata

Anacanthaceae

Bacopa

monnierii

Platanginaceae

Vallisneria

spiralis

Hydrocharitaceae

Potenderia
cordata

Pontederiaceae

Cabomba

caroliniana

Cabombaceae

Egeria densa

Hydrocharitaceae

Alternanthera

sessilis

Amaranthaceae
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4.2 SPRING SURVEY

The first research survey was conducted during spring season where 13 aquatic IAS from Niemann
et al., 2022 were targeted. The targeted and identified species includes, Cabomba caroliniana, Iris
pseudacorus, Ludwigia peruviana, Echinodorus cordifolius, Egeria densa, Pontederia cordata,
Hygrophila costata, Hygrophila polysperma, Cabomba aquatica, Alternanthera sessilis, Bacopa
monnieri, Ceratophyllum demersum and Vallisneria spiralis (see figure 3.1). Total number of the
retailers surveyed during spring survey were 14.
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J
Figure 3:1: Photographs of the targeted species and their categorization in terms of NEM:BA:

Category la: (A) Cabomba caroliniana, (B) Iris pseudacorus and (C) Ludwigia peruviana.

Category 1b: (D) Echinodorus cordifolius, (E) Egeria densa and (F) Pontederia cordata.
Prohibited: (G) Hygrophila costata, (H) Hygrophila polysperma and (I) Cabomba aquatica. In
the Global Invasive Species Database (GISD): (J) Alternanthera sessilis, (K) Bacopa monnieri,

(L) Vallisneria spiralis and (M) Ceratophyllum demersum.

During the spring season survey, eight out of the thirteen targeted aquatic 1AS were recorded from
different plants retailers (pet stores, aquariums and nurseries) around Johannesburg Gauteng. One

out of 14 traders surveyed had knowledge of the legislation and none had the relevant permits and
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they were all independent traders. This issue is further compounded by the fact that even for
species that were alien and invasive, no permit from the respective officials were acquired to give
the traders the mandate to sell alien or invasive species, even though there is a law (e.g. NEM:BA
Act 10 of 2004) that governs the trade of IAS. Specifically, only one out of fourteen visited plant
retailer was aware of the regulations (NEM:BA: Act 10 of 2004) that govern the trade in of aquatic

IAS (see Table 3.2).
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Table 3.2: The data was collected during spring season from different plants retailers around Johannesburg, Gauteng. It is arranged from the most
expensive aquatic IAS to low priced aquatic IAS. NA = North Africa, SAm = South America, Sri = Sri Lanka, Mex = Mexico, CAm = Central
America, WI = West Indies, Ind = India, ENAm = Eastern North America, SeUS = South Eastern United State, As = Asia, AUS = Australia, Eur =
Europe, TrA= Tropical America SWA= South West Asia AME = Africa Middle East Afri. = Africa, SEInd = South Eastern India NAm. = North
America, RSA = Republic of South Africa MEAs. = Middle East Asia SWAs. = South West Asia.

0 3 £ 8
Name of the species @ 'S 'S
) 3 S C" < 3 £ 8
o c <>| E & > 5| ® 2 @ S 2D
Y= o m = o - = < O = = 8 - o
c o € o > L . = 'S = = S 2 = 3 - 5
& £ S 2 o @ 2 S 2 £ - 28| 2 s E c S o
S a S & W = o o 173 © @ O = - =) Jc o
» C O c Z 0O | O p= < O a e O 3 & o=z
Iris Yellow iris la Angiospe | R113 15 None | None | None | None NA Daro Whole
rm Eur. enterpris
pseudacorus As. e plant
Cabomba Fanwort/Giant la Angiospe | R75 6 None | None | None | None SAm. | Sri Whole
cabomba rm
caroliniana plant
Echinodorus Spade-leaf sword/ | 1b Angiospe | R75 6 None | None | None | None Mex Sri Whole
cordifolius Creeping rm Cam.
plant
burheed SAm.
WI,
SUS
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Potenderia Pickerel weed 1b Angiospe | R75 20 None | None | None | None ENAm | Daro Whole
cordata rm
enterpris | plant
e
Bacopa Water hyssop GISD Angiospe | R63 50 None | None | None | None Afri. Daro Whole
monnierii rm As.,
Aus., | enterpris | plant
Eur., €
SEInd.
NAm.
Sam.
Ceratophyllum | Hornwort, GISD Angiospe | R35 25 None | None | None | None NAmM. | Sri Cuttings
dermersum Coontail rm
Alternanthera Sissoo  Spinach, | GISD Angiospe | R25 10 None | None | None | None TrAm. | RSA Whole
sessilis Brazilian spinach, rm
plant
Vallisneria Eel grass, Tape| GISD Angiospe | R20 5 None | None | None | None SEur. | Daro Whole
spiralis grass rm NA,
MEAs. | enterpris | plant
SWA:s. | €
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The species that were sourced from South Africa in a form of a whole plant during spring survey were Iris pseudacorus, Potenderia cordata, Bacopa
monnierii, Alternanthera sessilis and Vallisneria spiralis. However, the species that were sourced from out of South Africa were Cabomba
caroliniana, Ceratophyllum dermersum and Echinodorus cordifolius which were sourced from Sri Lanka. Ceratophyllum dermersum was sourced
in a form of cuttings whereas Ceratophyllum dermersum and Echinodorus cordifolius were sourced in a form of a whole plant.
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Figure 3.2: Graph showing the estimated monthly sales of aquatic IAS recorded around Johannesburg during spring season.
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The eight aquatic IAS collected during spring survey were Bacopa monnieri was considered to
be the highest selling aquatic 1AS during spring season with the estimated monthly sales of 50
plants species, Ceratophyllum demersum with the estimated monthly sales of 25 plants species
per month. Pontederia cordata had estimated monthly sales of 20 plants species, Iris
pseudacorus with the estimated monthly sales of 15 species and Alternanthera sessilis with the
estimated monthly sales of 15 plant species each, Echinodorus cordifolius, and Cabomba
caroliniana were having the monthly sales of 6 species each and the least selling species was

Vallisneria spiralis with the estimated monthly sales of 5 species.

4.3 AUTUMN SURVEY (FOLLOW-UP SURVEY)

During the autumn survey, more data was collected compared to the data collected during spring
season. The retailers that were surveyed during autumn season were 6 and the number of species

recorded were 11 out of 13 targeted species.

The same species that were targeted during spring season, were the same species targeted during
the autumn season (see Figure 3.1). The table below (Table 3.3) indicates all the responses
provided by the plant retailers during autumn season survey. The data collected indicated that
the species collected during autumn season were more expensive and had more monthly sales
compared to the species collected during spring season. Their price ranged from R15.00-
R131.00. The most selling species during autumn season was Cabomba aquatica which had the
monthly sales of 112 species with the cost price was R131.00 and the least selling species was
Cabomba caroliniana which had the monthly sales of 10 species with the cost price of R15.00.
The data in the table 3.2 below clearly shows that the relationship between the cost price and
the monthly sales is directly proportional i.e. the higher the sales, the higher the cost price of
species. None of the retailers had phytosanitary certificate from the government, meaning that
they don’t follow any regulations (NEM:BA Act 10 of 2004) when selling these species.
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Table 3.3: The table below shows the data collected from the research questionnaire conducted during autumn season around Johannesburg situated

in Gauteng Province. The table is arranged from the species with the highest estimated monthly sales to the least estimated monthly sales. NA =
North Africa, SAm = South America, Sri = Sri Lanka, Mex = Mexico, CAm = Central America, WI = West Indies, Ind = India, ENAmM = Eastern
North America, SeUS = South Eastern United State, As = Asia, Eur = Europe, TrA= Tropical America, SEInd = South Eastern India NAm. = North
America, RSA = Republic of South Africa, CHN=China, MY=Malaysia, JP=Japan, BD=Bangladesh.
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Iris Yellow iris la Angiosperm | R113 15 None | None | None | None | NA Daro Whole
Eur. enterprise
pseudacorus As. plant
Cabomba Fanwort/Giant | la Angiosperm | R75 6 None | None | None | None | SAm. | Sri Whole
cabomba
caroliniana plant
Echinodorus | Spade-leaf 1b Angiosperm| R75 6 None | None | None | None | Mex Sri Whole
cordifolius sword/ Creeping Cam.
burhead plant
SAm.
Wi,
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SUS
Potenderia Pickerel weed | 1b Angiosperm | R75 20 None | None | None | None | ENAm. | Daro Whole
cordata
enterprise | plant
Bacopa Water hyssop GISD Angiosperm | R63 50 None | None | None | None | Affi. Daro Whole
monnierii As.,
Aus., enterprise | plant
Eur.,
SEInd.
NAmM.
Sam.
Ceratophyllm | Hornwort, GISD Angiosperm | R35 25 None | None | None | None | NAm. | Sri Cuttings
dermersum Coontail
Alternanthera | Sissoo, Spinach, | GISD Angiosperm | R25 10 None | None | None | None | TrAm. | RSA Whole
sessilis Brazilian
spinach, plant
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Figure 3.3: The graph shows the estimated monthly sales and the cost price of the plants species
recorded during autumn around Johannesburg. The graph is indicating the relationship of the cost
price of species and the monthly sales of the species during autumn season.

4.4 SPRING AND AUTUMN SURVEYS COMPARED

The results from spring and autumn seasons were combined in order to compare their estimated
monthly sales and prices during those two different seasons. Furthermore, the comparison
comprised only of the targeted aquatic IAS that were surveyed from 6 plants retailers that were
surveyed during these two seasons (see Table 3.4).
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Table 3.4: The data collected during spring and autumn season from plants retailers around
Johannesburg, Gauteng. The table consist of 7 out of 13 targeted aquatic IAS that were collected
during both seasons in 6 plants retailers around Gauteng Province. The table elucidate the estimated
monthly sales and the cost of species collected during these two seasons.

Species hame

Spring Season

Autumn Season

Cost price | Monthly sales | Cost price Monthly sales

Echinodorus cordifolius | R75.00 6 R129.00 100

Iris pseudacorus R113.00 15 R100.00 50
Ceratophyllum R35.00 25 R65.00 30

dermersum

Bacopa monnierii R63.00 50 R59.00 20

Vallisneria spiralis R20.00 5 R65.00 20

Potenderia cordata R75.00 20 R69.00 20

Cabomba carolianiana R75.00 6 R15.00 10
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Spring survey Autumn survey

Bacopa monnierii

Pontederia cordata Cabomba aquatica

Cabomba caroliniana

Ceratophyllum demersum

Alternanthera sessilis Vallisneria spiralis

Iris pseudacorus

Echinodorus cordifolius Ludwigia peruviana

Hygrophila polysperma

Hygrophila costata

Figure 3.4: A Venn diagram representing the species found during spring and autumn season
during surveys. The diagram clearly indicates the common species collected during both surveys

and the species that were only collected during a certain survey.

4.5 VARIOUS NATIVE SPECIES SOLD AT PLANTS RETAILERS AROUND
JOHANNESBURG

During surveys (i.e. autumn and spring season) there were some of the native aquatic species that
were sold at different plant retailers. The Table 3.5 indicate some of the species that were spotted

when recording the targeted aquatic I1AS.
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Table 3.5: Native aquatic species sold at different plants retailers around Johannesburg.

Selling price (R)
Species name

Scientific name Common name

Cooper’s false squill R67.00

Ledebouria cooperii

Yellow fire lily R70.00
Cyranthus breviflorus

Water clover R63.00
Marsilea schelpiana
Freylinia tropica Honeybell bush R42.00

4.6 ADHERENCE TO NEM:BA ACT 10 OF 2004

In 2004 government implement NEM:BA Act 10 in order to minimize the trade in of invasive
species. Out of all 20 plants retailers, only one plant retailer owner was aware that there are laws
governing the trade in of invasive species but did not adhere them. The Table 3.6 below represents
the species being sold at different plant retailers during spring and autumn survey and their
categories with regard to NEM:BA Act 10 of 2004. Most importantly the table also indicate if
retailers adhere to the NEM:BA Act of 2004.
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Table 3.6: showing the species recorded during Spring and Autumn season, their categories in
terms of NEM:BA Act and adherence of the NEM:BA Act 10 from different plants retailers.
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1b X X 1
Cabomba
aquatica
1b X X 1
Echinodorus
cordifolius
Iris pseudacorus la X X 1
Ceratophyllum Global X X 1
dermersum invasive
species
database
la X X 1
Ludwigia peruviana
Prohibited X X 1

Hygrophila
polysperma
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Hygrophila
costata
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Egeria densa 1b X

43




CHAPTER S

DISCUSSION

5.1 IDENTIFICATION OF SPECIES

Species identification is increasingly in demand since accurate species identification can serve for
various purposes including monitoring, conservation, biosecurity, distribution etc. (Waldchen et
al., 2018). It is therefore, imperative to use different techniques to accurately identify organisms
to species level. Similarly in this study, three techniques were used to aid the identification of alien
species i.e. the PictureThis app, (DNA Barcoding — following Niemann et al., (2022) and in person
identification from shop retailers as indicated in Table 3.1. The PictureThis app was most accurate
and consistent as it matched the species identified by Niemann et al., (2022) accurately (i.e. 100%)
but only up to genus level. On the contrary, few of the species that were targeted were
misidentified (i.e. 2/13) by the plant retailers. The misidentification of species can cause dire
consequences for biodiversity conservation as retailers may not be aware of the kind of the species
that they are selling. This is supported by Oele et al., (2015), who showed that labeling specimens
inaccurately makes identifying regulated species and removing them from the market challenging.
it is important for people to improve their plant identification skills and a useful tool to assist in
this process includes plant ID apps. They could be just as upskilled using field guides or Internet
based resources.

Creating awareness on species identification, especially to retailers and the general public is of
importance because taxonomic knowledge and plant identification skills is currently limited to a
few people (Waldchen et al., 2018). This is further compounded by the recent decline in trained

taxonomists to facilitate species identification either using morphological or molecular character
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(van der Bank et al., 2017), necessitating the use of alternative identification methods or a
combination of methods. The most accurate and reliable method of plant identification is genetic
identification using plant material. Over the last two decades plant identification has been
increasingly done with the aid of computer-based applications. Thus, the use of emergent and
innovative technological advances such as artificial intelligence, where computer algorithms can
be trained to classify species can aid rapid and automatic species identification even for untrained
scientists, including citizen scientists (Ledford, 2017). For example, Burrows et al. (2014) showed
that 93% of the plant species are identified correctly using rigorous visual learning computer-

based applications.

Enhancing the use of smartphone technology could further advance plant identification methods
especially in the South African context of alien species biosecurity. The use of smartphones
technology for the identification of plants will greatly assist in overcoming some of the challenges
in plant identification based on morphology of plants.

5.2 VOLUME OF TRADED AQUATIC INVASIVE ALIEN SPECIES DURING
AUTUMN AND SPRING SEASON IN GAUTENG PROVINCE

Gauteng represent South Africa’s biggest provincial economy and it is more populated compared
to other provinces (STATS SA, 2019). The increase in human population and economic status
lead to an increase of demand of non-native species for their aesthetic beauty (Paudel and Smith,
2021). They increasingly demand in products/ species they previously owned and this leads to
increasing new markets for these species/products (Paudel and Smith, 2021). The results from
autumn and spring seasons show that there is an increased sales of 1AS from spring season to
autumn season as indicated in Table 3.4. The increased sales of these species poses a risk to native

species because they can pilfer food, light, and water, wreck their homes, and even prevent them

from reproducing (https://www.noaa.gov/topic-tags/invasive-species accessed 29 June 2024).
Therefore, these increased sales of IAS challenges policy makers to thoroughly check and monitor
the adherence of the legislations of trade of IAS. The NEM:BA Act of 2004 prohibits the trade of
species that are in Category 1 and 2 without a permit from DFFE. However, the traders are not
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complying with these regulations (see Table 3.6). This means that the DFFE must ensure that the
compliance officers are monitoring all the species that are being sold at different pet shops to
ensure the sales of 1AS are decreased or be completely stopped. The results also showed that the
traders are not aware about the species that are prohibited for trade and their impact to the
environment which means that policy makers must create educational programs to all pet stores
owners be created to lessen the increased trade of I1AS.

5.2.1 CATEGORY 1la

In terms of NEM:BA Act of 2004 Category 1a species, these are species that are targeted for
national eradication, where any form of trade or planting is strictly prohibited. There is a proven
track record of these species causing significant harm to ecosystems hence preventing their
introduction is a top priority under NEM:BA (Henderson and Wilson, 2017). The unauthorized
trade of Cabomba caroliniana, Iris pseudacorus and Ludwigia peruviana species within this
category in the aquariums, pet shops and nurseries possess a challenge following the rules set by
NEM:BA as it upsurges propagule pressure and the possibility of further introduction of IAS
(Blackburn et al., 2011).

Iris pseudacorus is the most traded species in NEM:BA category 1a from the surveys conducted.
This species is native to Africa, northwest Asia, Europe and Western Asia but it has now been
introduced to other parts of the world including South Africa as it has been recorded in different
stores around Gauteng Province (see also Niemann et al., 2022; Xiong et al., 2023). The traders
who participated in questionnaire survey indicated that this species is being sourced from different
provinces (i.e. Gauteng and Mpumalanga provinces) in the form of whole plants (Jaca and Mkhize,
2015). It also has some traditional and potential uses such as cultivation for its attractive flowers,
useful for soil erosion as it assists in stabilizing soil along water bodies, it can be used to remove
pollutants from soil and water, and it can also be used for medicinal purpose such as a strong
cathartic (Xiong et al., 2023). NEM:BA Act prohibits the introduction of this species as it tends to

outcompete native species resulting in disrupting local ecosystems and reducing the biodiversity
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and it also poses risk to humans and animals if they ingest it (Xiong et al., 2023). The propagation
of this species makes it difficult for the fauna and native flora to be protected.

Ludwigia peruviana is recorded to be the second most selling species around Johannesburg. This
species is native to South America and has been introduced to other parts of the world such as
Asia, South India, Sri Lanka, Singapore, Java and Northen Sumatra (Raven, 1963). The peak trade
of this species can be supported by Lahsmin et al., (2018) which showed that the leaves and flowers
of Ludwigia peruviana were used as a natural dye for Dye Sensitized Solar Cell (DSSC) system.
DSSC is a semiconductor solar cell that converts solar radiation into electricity using
photoelectrochemical principles. Even though, there are regulations in place to avoid the
introduction of this species from the ports of entry, this species has been sourced by traders from
Japan and Sri Lanka as whole plant and it is still introduced to South Africa through ports of entry
since not all ports of entry are monitored regularly (Moshobane et al., 2020). In SA, DFFE
prohibited the introduction of this species since it has negative economic impact such as reduced
water flow which increases the risk of flooding, deoxygenation of ponds and wide-ranging
ecological damage (Chandrasena and Sim, 1998). Recurring noxious blue-green algal blooms are
common in the ponds, which indicated nutrient enrichment and a breakdown of natural food webs.
These opposing changes endangered cultural, social, aesthetic and economic values of the Botany
Wetlands (Chandrasena and Sim, 1998). Furthermore, even in Sydney this species has been
declared as a toxic plant by all municipalities, hence it must be controlled within their local
government areas (Jacobs et al., 1994). This species is also considered an opportunist plant in
Dhansiri and Kopili catchments of Assam. It can regenerate by prolific seed production, stem
fragmentation and branching which pose threat to other species (Iswar et al., 2017). It also has a
potential to replace native species in wetlands and in riparian zones of waterways. This can result
in permanent changes to flora, fauna and ecological diversity which can lead to loss of native
freshwater wetland plants. For example, in the Eastern Himalaya, it has already destroyed the
resident vegetation with serious setback in existing food-web in a region (Jacobs et al., 1994).

The final species recorded in NEM:BA Act of 2004 Category la with the least selling species is

Cabomba caroliana. It not only considered as invasive to SA, North America, Europe, Australia

and Asia. It forms a dense mat in water bodies, which negatively affect the native species. Trade
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or cultivation of this species is prohibited due to the potential ecological threat posed by this
species (Kristy et al., 2007). Even though this species is prohibited, its trade is still continuing at
a lower rate due to its ability to create a lavish and natural environment within aquariums (Smith
et al., 2021). The traders mostly source this species from Sri Lanka in a form of whole plant and
trade is still ongoing even though there are some regulations that prohibits its trade. The
regulations regarding the trade in a prohibited species should be implemented to prevent
environmental destruction by the IAS. All ports of entry must be monitored regularly to prevent
further introduction of this species to South Africa. There is no enough studies conducted on

Category 1a species is not well documented.

5.2.2 CATEGORY 1b

These are the species that are potentially invasive but have not yet become widespread. The trade,
import, or transport of Category 1b species is tightly regulated to minimize the risk of their
establishment and spread in new environments (DEA, 2014). If the trade of these species persists,
it can lead to more waterbodies becoming more verminous by human-mediated dispersal

mechanism.

Echinodorus cordifolius has more species that were being sold at a higher rate. It is a Category 1b
species; however, it has not been recorded in South African waters (Hoveka et al., 2016). This
species is native to Central America, South America, Mexico, west India and southeastern United
States. It has been imported to South Africa from Sri Lanka as a whole plant through ports of entry
that are not monitored regularly (Moshabane et al., 2020). The highest trade of this species can
be due to its ability to enhance the overall aesthetics of the aquarium tank and maintaining oxygen
levels in aquarium which benefit fish and other aquatic organisms, and it is also used as an
ornamental aquatic plant (Lehtonen, 2016).

The final species recorded in Category 1b is Pontederia cordata. This species is native to South

American continent but is has been introduced to other countries as an ornamental plant (Gettys

and Wofford, 2007). In South Africa, Pontederia cordata is regarded as an emerging weed (Hill
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and Coetzee, 2017) and it has been sourced as whole plant from Gauteng Provinces as indicated
by shop owners. Wansell (2021) stated that in European countries such as Portugal, Spain, France
and Greece, this species has a great potential of becoming invasive but in South Africa it has
negative effects in terms of socio-economic impact, agriculture and the environmental as it
competes with aquatic indigenous species for space, food, and other resources which causes
disruption in the aquatic environment.

Furthermore, it is regarded as a competitive weed hence it must be prevented from spreading
further (Henderson, 2001). Despite its negative impact, this species can be used for medicinal
purposes such as contraceptives (Tull, 1999) and it is also edible where the leaves can be cooked
or added as salad (Facciola, 1990).

5.2.3 PROHIBITED SPECIES

These are species that are strictly prohibited from being imported, transported, or traded.
Prohibited species are not yet present in SA waters but due to their considerable invasive potential,
they tend to pose an extremely high risk to the environment, and their introduction is actively
prevented under NEM:BA (Henderson and Wilson, 2017).

Cabomba aquatica is recorded to be the most traded species during autumn season. It is native to
South American and has been introduced to other parts of the world. Siti-Munirah and Chew
(2010) assumed that the introduction of this species was intentional due to its high demand. These
results can be supported by Pandey (2022) who indicated that this species can be used for
antibacterial and antifungal activities. In 1992, Oki indicated that this species has some benefits
towards the aquatic plants such as oxygenating the water, protects against bank and bed erosion,
providing cover for young fish and habitat for invertebrates. Brunel (2009) explained on
importation of aquatic plants. He indicated that Cabomba aquatica was the second most imported
species with the total of more 1.8 million plants in 10 EPPO countries (Austria, Czech Republic,
Estonia, France, Germany, Hungary, the Netherlands, Latvia, Switzerland and Turkey). However,

Martin and Wain (1991) stated that this invasive species has no wildlife value. Even though this
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species is selling at a higher rate, Oki (1992) indicated that Cabomba aquatica species is
considered as a poisonous unwanted plant that has ability to cause serious problems in aquatic

environments.

In terms of NEM:BA act of 2004 Cabomba aquatica is classified as a prohibited species that is
not permitted to enter South Africa port of entry and it is considered as having an extensive
potential of becoming invasive (Henderson and Wilson, 2017). Surprisingly, pet store owners are
still trading it and they are sourcing the species from Mpumalanga Province as a whole plant.
Furthermore, Rural Lands Protection Act of 1985 in Queensland also declared Cabomba aquatica
as a prohibited plant species. It is placed under Category P2 in the local government areas of
Atherton, Eacham, Johnstone and Mulgrave (Mackey and Swarbrick, 1997). Even though this
species is declared as prohibited species, it is still being traded at nurseries.

Hygrophila costata is an aquatic species that is native to Florida, Caribbean, Southern Mexico,
Central America and South America. Furthermore, it is regarded as an invasive and dominating
species in some parts of the world including Australia. In Florida, the trade of this species is due
to its aesthetic appeal and ease of cultivation (Smith et al., 2021). However, this species in Florida
is declared as a noxious weed and classified as Florida class Il prohibited aquatic plant (FDACS
DPI, 2015). In South Africa, traders are selling it in Gauteng Province as a whole plant. The trade
involves both local exchanges among hobbyists and commercial transactions through aquatic plant
suppliers. While enthusiasts appreciate the ornamental value of Hygrophila costata, trade practices
should not be endorsed. The trade of Hygrophila costata in the aquarium industry underscores the
importance of balancing aesthetic pursuits with ecological responsibility. It is vitally important for
traders and officials to collaborate in encouraging sustainable trade to preserve the biodiversity of
aquatic plants.

5.2.4 GLOBAL INVASIVE SPECIES DATABASE (GISD)

Global Invasive Species Database is a free online database pertaining information about IAS that

have negative impacts on biodiversity. It was established by the Invasive Species Specialist Group
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of the IUCN Survival Commission. This database increases the attentiveness about the threats that
the alien species has and increases the sharing of information among policymakers, researchers
and public. It also increases the management and prevention of introduction of IAS that it is freely
available to everyone and regularly updated.

Bacopa monnierii had the highest volume of trade in spring (Figure 2). This species is native to
India, Europe, Australia and North and South America. The traders source this species around
Gauteng Province as whole plant. The trade of this species can be supported by the various studies
that were done to check the uses of this species. For example, in Sri Lanka, Bacopa monnieri is
mainly used in the Ayurvedic system of medicine for long period of time where it is used in
treating various number of diseases that includes anxiety, intelligence and poor memory (Kean.,
et al 2017). Furthermore, it is also used traditionally as a brain stimulant, boost memory
development, learning, and concentration including direct incorporation into curries and as a
flavoring agent (Dhanushka et al., 2021). Furthermore, it is remarkably acknowledged as a remedy
for constipation in small children (Dhanushka et al., 2021) as well as insomnia relief and as an
anxiolytic (Prabhakar et al., 2008; Charles et al., 2011). While Bacopa monnierii is considered
safe to most people, some people have experienced some side effects such as gastrointestinal

issues, fatigue or drowsiness and allergy reactions (Morgan and Stevens, 2010).

Alternanthera sessilis is native to tropical and subtropical regions around the world, which include
Asia, America and Africa. This species is source from SA as whole plant and traded around the
world. This species grows profusely in disturbed areas and in moist and dry soils (Abbasi et al.,
2019). In United States, this species is declared as a noxious weed (USDA-NRCS, 2014) and
Singla et al. (2022) indicated that this species is destructive to irrigated crops. However, the
continuous sales of this species can be due to the fact that its leaves are used as natural flavoring
agent, and it is also used as aquarium and outdoor plant.

Ceratophyllum demersum is native to all continents except Antarctica. The traders source this
species from Japan and Sri Lanka as a whole plant. South African law is lax in regulating and
preventing trade of this species (Niemann et al., 2022). Its invasiveness differs in terms of

populations that are not the same (Hyldgaard et al., 2012). The species is regarded as a weed of
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waterways in many regions of the world (Global Invasive Species Database, 2019). In New
Zealand, this species is currently regarded as the worst invasive inundated aquatic macrophyte as
it grows robustly forming communities (Wells et al., 1997; de Winton et al., 2012). Even though
this species is regarded as the worst invasive, it was traded as an ornamental plant in aquaria in
Zealand and its sales was prohibited in 1982 (de Winton et al., 2009). However, in South Africa,
this species is being traded as an aquarium plant and it has not been categorized as invasive as its

risk assessment has not been conducted (Lambertini et al., 2006).

Hygrophila polysperma is native to regions of tropical Asia and the traders are importing it from
Sri Lanka and Japan as whole plant. This species is not yet prohibited in South Africa, but it is

listed Global Compendium of Weeds (http://www.hear.org) as an invasive species in numerous

parts of the world. This species is native to India and Malaysia, and has established populations in
Florida and Texas, with reported cases from Virginia (Langeland and Burks, 1998). Henderson
(2011) observed that there is currently no record of this species in the South African database of
invasive species and there is also no literature that indicates the presence of this species in natural
environment. Even though there are no records of this species, the continuous trade of this species
can become problematic in the future. Pacific Islands Ecosystems at Risk in 2009 conducted a risk
assessment of this species and it was considered to poses high risk (EPPO, 2017). In other
countries like India, this species is declared as problematic weed (IFAS, 2015). Furthermore, in
Florida, it is placed under Class Il prohibited plant, implying that the sales, cultivation and
possession of this species is strictly prohibited without state and federal permit. This is due to the
fact that it is described as a sturdy competitor (Van Dijk et al., 1986; Doyle et al., 2003) and it has
an ability to change the native vegetation (Nault and Mikulyuk, 2009). In 2010, Europe added
Hygrophila polysperma to the European and Mediterranean Plant Protection Organization (EPPO)
to alert list (a tool that is used to inform members of the country about the threat of a particular
plant) and in 2012, it was transferred to the list of Invasive Alien Plants (EPPO, 2012).

Vallisneria spiralis which is also recorded in GISD had the least volume of trade during spring
season (Figure 2). It is native to Asia, southern Europe, and North Africa. The traders are trading
this species from Gauteng as a whole plant. It is classified as the third most widespread non-native

aquatic plant in Europe since it has been introduced to 22 European countries (Hussner, 2012). It
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is used for both aesthetic and functional purposes (Hussner and Ldsch, 2005; Hussner, 2012). It
creates a natural and visually appealing underwater environment, provides shelter and breeding
areas for fish, plays a role in nutrient absorption, oxygen absorption and enhance water quality
(SandJensen et al., 1982). Furthermore, it can also be used to remove heavy metals and organic
compounds from runoffs which improves the physical-chemical properties (Shukla et al., 2009;
Yanetal., 2011). In United Kingdom, Vallisneria spiralis is regarded as an urgent species in terms

of the risk assessment conducted (Collas et al., 2012).

Studies show that there is correlation between human socio-economic development and increase
of trade of IAS (Shepherd, 2007). Moreover, it may have a significant impact on the financial
stability of regions in which the trade takes place. Since increasing human population leads to
increasing demand for trade of 1AS the consequence may be a risk of invasion by species in high
demand (Lockwood et al., 2019; Bush et al., 2014).

5.3 TRADE OF NATIVE SPECIES

In plant retailers where targeted 1AS were being sold, native species were also sold. Trade of native
species alongside invasive plants is a risky practice that can have serious consequences for both
the native species and the ecosystem. Trading of invasive species alongside native species causes
risks such as a direct competition. When indigenous species are challenging alien species for
space, light and nutrients. Langeland and Smith (1990) indicated that 1AS such as water hyacinth
competes with indigenous species for sunlight, space and nutrients, leading to extinction or decline
of native species; b. indirect impact; IAS can change the physical structure of the water body. For
example, water hyacinth has dense mats which can block water flow which can reduce biodiversity
as it disturbs the breeding grounds of aquatic species (Lodge et al., 1998). The more frequently
and in larger guantities invasive plants are traded, the greater the risk of their establishment and
spread. Therefore, strong regulations on the trade of 1AS are important. Trading IAS alongside
native species poses a significant threat to aquatic ecosystems. Understanding these potential
impacts is vital for preventing the introduction and spread of invasive species, protecting

biodiversity, and maintaining healthy aquatic environments. By implementing stricter regulations
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on the trade of potentially invasive plants, fostering public awareness, and supporting control and
eradication efforts can form a powerful defense against ecological damage, fosters biodiversity,
and minimizes environmental damage caused by invasive species.

The following species are some of the native species that were being sold alongside invasive
species; Ledebouria cooperii, Cyranthus breviflorus, Marsilea schelpiana and Freylinia tropica.

5.4 TRADERS COMPLIANCE IN TERMS OF TRADING REGULATIONS

The trade of 1AS in South Africa is heavily regulated by DFFE: Biodiversity Act (Act 10 of 2004)
and other legislations such as Conservation of Agricultural Resources Act i.e. CARA Act (Act No
43 of 1983) and Agricultural Pesticides Act (Act 36 of 1947). The main aim of these regulations
is to minimize the spread and introduction of invasive species which can have a negative impact
to the agriculture, environment and human health. From the questionnaire surveys conducted, the
results showed that all traders lack any permit from the government for the invasive species that
they were selling and in order to trade, breed, import, export, cultivate, transport or propagate
species that belong to Category 1 and 2 in terms of NEM:BA Act as a permit is required from
DFFE. According to NEM:BA Act of 2004, people who sell invasive species without permit must
receive a major a fine of not more than R5 million for first offence, and for second offence, a fine
of not more than R10 million or imprisonment of 5 to 10 years for not abiding with the law; the
invasive species that they are selling must be confiscated and destroyed. Furthermore, it is
regarded as criminal offence to sell prohibited invasive species, if the trader was aware of the
regulations in which in this case these traders are not aware of the regulations regulating the

species that they are selling.

Traders who participated in the questionnaire survey were all selling species that have been
imported from other countries without phytosanitary certificate. Phytosanitary certificates are
certificate that is issued by the national plant protection organization (NPPO) of the exporting
country which verify that a certain plant species meets the import requirements of the importing
country which are set to avoid the introduction of invasive species. The traders have inadequate
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knowledge with the kind of the species that they are selling, or they could be importing these
species from the black market which facilitates illegal trade of invasive species.
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

The results indicated there is an increased ongoing of trade of IAS during different seasons in
Johannesburg. It can be concluded that both stakeholders i.e. government and plant traders are
responsible for increased trade of IAS. The traders have subpar knowledge about the trade of IAS
and their regulations whereas the government does not monitor all ports of entry and retailers that
sell IAS. There is a gap in terms of conveying information to all stakeholders that are responsible
for reducing the trade of IAS. Further studies regarding the risk assessment of the species that are
introduced to our country must be conducted so that certain measures can be applied if possible.

6.2 RECOMMENDATIONS

Based on the quite alarming results obtained and the increased volume of trade of aquatic invasive
alien species sold in different aquariums around Johannesburg. | formulated 6 key

recommendations to help assist this challenge. Key recommendations are as follows:

1. The government should create public and educational awareness concerning the trade of
invasive species to all plant traders so that they promote the responsible trade practices and
contribute to management efforts. This will ease the financial burden of trying to control
the trade of invasive species by the government.
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Government should ensure that all plant traders fall under a certain organization such as
South African Nursery Association (SANA), Southern African Plant Breeders' Association
(SAPBA), South African Plant Improvement Organisation (SAPO), Department of
Agriculture, Land Reform and Rural Development (DALRRD) so that they monitor their
compliance through their organizations. Also, do an outreach educating them about the
species that they are selling which can greatly assist in minimizing the trade of IAS.

All plants store owners must have association that they belong to, as association play an
important role in supporting the industry, its members and community. This
recommendation is made due to the fact that all stores that were surveyed are all

independent traders i.e. they don’t belong to any association.

Government should do a joint operation with other organizations such as SANBI that have
the same mission as them i.e. reducing the trade of IAS. They can monitor the compliance

of 1AS trade regulations from different plant stores and all ports of entry.

Government should prioritize risk assessment to most risky plant species globally that have
not yet been reported in SA.

All environmental organizations such as DFFE, South African National Biodiversity
Institute (SANBI), Wildlife and Environment Society of South Africa (WESSA), Earthlife
Africa, Conservation International, CapeNature and other organizations that assist in
environmental affairs should work together in ensuring that traders adhere to regulations

and guidelines to ensure responsible trade practices.
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APPENDIX

Appendix 1: A sample of questionnaire survey that was used to collect data from different plants
retailers around Johannesburg during spring and autumn season.

PET SHOP NO.....

Plants Life-form

moss | Fern | angiosperm | gymnosperm

Type of individual species sold in the shop X

Name of species Common name

Price of species

Estimated monthly

Origin of species

NEM:BA Category

Where do you source the species Location

Name of country

In which form do you get plants
Seeds

Whole plant

Cuttings
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Other forms

(please provide
details)

Yes

Are you aware of any regulations governing
trade in material?

No

Are the any species regulations that you
follow?

Yes

No

If there are any regulations followed, please
name them

Do you have a  phytosanitary
certificate/permit for imported material?

Yes

No

Do you have any permit from the
government that allows you to sell these
plants?

Yes

No

If there is any permit from the government
that allows you to sell these plants, please
name of it

Are you part of any union/association of
plant traders?

If yes kindly name them/it

Regulation(s)

Regulation(s)
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