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Abstract

Global trade through imports and exports of commodities brings an excessive risk of accidental introduction of invasive
alien species in many countries. South Africa imports a range of fresh fruits and other commodities to complement its local
production. Despite the substantial impacts of these invasive alien species, relatively little is known about the pathways and
origins by which these organisms arrive in South Africa. In this study, we analyzed the susceptibility of South Africa to
introduced plant-feeding pests detected from imported consignments of fresh fruits into the country over 10 years between
2009 and 2018. The analysis was conducted from pest samples drawn from 19 ports of entry through archived records,
audits, and physical identification. A total of 378 species of pests, were taxonomically identified, quantified, and categorized
into four groups, viz. quarantine, non-quarantine, potential quarantine, and uncategorized pest. Of the total examined pests,
species identified as potential quarantine or quarantine was relatively low, however, their risk on introduction is deemed
unacceptable. Although the quarantine pest proportion was relatively low, our investigation also demonstrated that most
intercepted pests were among the non-quarantine pests (74%), while 11% were uncategorized pests whose ecological impacts
are relatively unknown. Thus, there is an urgent need for the revision of the current phytosanitary policies and border con-
trols to intensify reduction in the future introduced alien invasive species. Also, there is a need for the intensification of
surveys, monitoring, and tracing of the potential hazards that are likely to be caused by these identified pests on the South
African agriculture industry, the environment, and biodiversity. Our study can be used as a base for the improvement of the
already available phytosanitary policies and provides baseline information for future research of the observed species and
their relative control mechanisms.
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Introduction

There is a great risk of inadvertent introduction of invasive
species (IS) through global trade of commodities, goods,
and services (Bradely et al. 2012; Schindler et al. 2018;
Directorate Biosecurity, 14 Loop Street, 8000 Cape Town, Chapman et al. 2917)' The rat.e of 1n.troduct10n and spread
South Africa of IS are on the rise globally, in particular, through human
5 activities such as horticultural trade and international travel
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(Barrett et al. 1999; Dehnen-Schmutz et al. 2007; Bradie
et al. 2013; Early et al. 2018), this happens despite the regu-
lations to curb the spread (Moshobane et al. 2020, 2019).
IS dramatically weaken the biodiversity, productivity func-
tion, and resilience of natural and agricultural ecosystems
within their introduced environment (Singh 2005; Didham
et al. 2005; Grice 2006; Saccaggi and Pieterse 2013; Due-
fas et al. 2021). This has far-reaching effects that distress
the socioeconomic and ecological wellbeing of any country
such as costs invested in research, reduction in crop yields,
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predation, parasitism, genetic change, habitat transforma-
tions, and pollution from chemicals used in pest control
(Azrag et al. 2018; Ikegawa et al. 2019; Marsh et al. 2021;
Warziniack et al. 2021).

Management options to control these IS are often limited
to eradication or regulatory regimes aimed at containing, or
slowing the spread of the pest (Hidalgo et al. 2013; Holder
et al. 2015; Gherardi and Angiolini 2007; Ikegawa et al. 2019).
However, these efforts are usually costly, time-consuming,
require intensive pesticide applications, and are often unsuc-
cessful (Allendorf and Lundquist 2003; McCullough et al.
2006; Marten and Moore 2011). Therefore, phytosanitary
inspections and control at ports of entry inevitably becomes
the most desirable option for the prevention and control of
biological invasion. This option becomes extremely success-
ful if it is coupled with international cooperation and taxo-
nomic networking for the identification and understanding of
the intercepted pests (Liebhold et al. 2012; Steffen et al. 2015;
Holder et al. 2015; Saccaggi and Pieterse 2013). Also, early
detection and rapid response to emerging IS are recognized
as critical steps to reduce the high ecological and economic
costs brought by such biological invasions (Lodge et al. 2006;
Ricciardi et al. 2017; Mudereri et al. 2020a, b, ¢).

Global trade movements of fresh fruit in 2017 was around 80
million tons (Trademap 2018). The major fruits consumed in the
South Africa are apples, pears, litchis, mangoes, plums, peaches,
apricots, grapefruit, pineapples, avocados, and lemons (Mordor
Intelligence 2020). South Africans spend approximately 16%
of their incomes on fresh produce. Over the past decade, fresh
fruit imports into South Africa have shown exponential growth
(Trademap 2018). South Africa imports most of the fruits from
countries such as Spain, Egypt, Italy, Israel, France, Greece,
USA, Ethiopia, El Salvador, and Turkey (Trademap 2018). In
the Southern hemisphere, the imports originate mainly from
New Zealand, Brazil, Eswatini, Mozambique, and Zimbabwe
(Trademap 2018). The importance of importing the fruit from
various countries is to supplement the off-season. The South
Africa government has been supporting the import of fresh fruit
with a number of plant health policies, to manage the pest risk
associated with movement fresh fruit. The fresh fruit itself may
not pose a pest risk but may harbor organisms that are pests.
The South African Department of Agriculture, Land Reform,
and Rural Development (DALRRD) plant health interception
records at ports of entry create a critical inventory of plant pests
introduced from different parts of the world including those
intercepted in South Africa. This information provides compel-
ling scientific evidence useful to assess the potential biosecurity
threat to the Republic of South Africa.

Therefore, our motivation for this study emanates from
the various recent studies that report convincing evidence
pointing to the potential increase in the severity and occur-
rences of IS and their impacts in the coming decade, par-
ticularly in Africa (Bebber 2015; Hulme et al. 2018; Seebens
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et al. 2018, 2017). Yet, there is less frequent research on the
intensity and severity of the pests arriving in South Africa
from its trading partners (National Research Council 2002;
Saccaggi and Pieterse 2013). Therefore, this study aims to
provide an overview and general description of the relative
rates and status associated with interceptions of fresh fruits
plant-feeding pests at South African borders and ports of
entry. We summarized fresh fruits pest interception records
data from 2009 to 2018 to examine the origins, the com-
modities associated with such interceptions, interception
sites, and mode of transport associated with the pest taxa.

Methods
Sample collection and preparation

A total of 4213 recorded samples that were collected from
import consignments at the 19 ports of entry and 6 container
depots were screened for relevance and used in this study.
Specifically, the samples (both audit and identification) were
collected and collated from different ports of entry depend-
ing on the mode of transportation into the country i.e. the 4
seaport harbors and the 6 container depots located in Dur-
ban, Cape Town, East London, Port Elizabeth, City Deep
and Terminals (Pretcon and Eastcon). Additionally, data was
also obtained from the 6 South African International airports
i.e. Durban, O.R. Tambo, Cape Town, Kruger Mpumalanga,
Lanseria, and Port Elizabeth and 9 road border posts located
at Vioolsdrift, Nakop, Grobler's Bridge, Skilpad's Gate,
Ramatlabama, Beitbridge, Lebombo, Oshoek and Golela.

During the year, the pest interception samples from these
ports are collected from randomly tested consignments and
are sent to the DALRRD diagnostic laboratories in Pretoria
(Gauteng Province) or Stellenbosch (Western Cape Prov-
ince) for pest identification. The insects are preserved in 70%
ethanol, AGA solution, or Sorbitol solution before being
sent for identification to the respective diagnostic laborato-
ries. All identifications are then conducted by qualified and
experienced acarologists, entomologists, and mycologists in
sealed contained facilities. The data is then systematically
and centrally stored and archived at the DALRRD.

The intercepted taxa are either identified to the species,
genus, or family levels using published international spe-
cies keys and reference resources to identify the intercepted
taxa (Saccaggi and Pieterse 2013). These operations are con-
ducted in close cooperation with the South African Agricul-
tural Research Council (ARC)’s biosystematics division to
enhance the identification process. Based on the intercepted
pest status in South Africa, we then collated the records and
grouped them into 4 groups viz quarantine, non-quarantine,
potential quarantine, and uncategorized pest in prepara-
tion for data analysis. Uncategorized pests are pests which
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could not be identified to a species level but only identified
to either genus or family level, for determination of its quar-
antine status in South Africa.

Data analysis

The arranged pest interception data from the identification
and audit samples collected between 2009 and 2018 were
analyzed using STATISTICA Software package (Statsoft
Inc., Tulsa, OK, USA, Version 2010) to calculate percentage
of interceptions and frequencies. The records were grouped
according to the fruit taxa, country of origin, and the date
of importation.

These data excluded some organisms such as predatory
mites, fungi-feeders, and storage product pests as they are
as pests of economic importance on fruits in South Africa.

Results

Pest interceptions and fruit hosts by country
of origin

A total of 378 species of pests were intercepted between
2009 and 2018 from all the samples examined from the
19 South African ports of entry and 6 container deports.
These pests were intercepted from the host fruits such
as Vitis vinifera, Actinidia spp., Prunus spp., Fragaria
ananassa, Citrus spp., Musa spp., Persea americana,
Ananas comosus, Ficus carica, Punica granatum, Malus
spp. and Mangifera indica imported from Spain, Egypt,
Italy, Mozambique, New Zealand, Zimbabwe, Israel, Bra-
zil, Greece, Swaziland, France, USA, El Salvador, Ethio-
pia, Turkey and Mozambique. The type of pests detected
were mites, fungi, and insects. The results also show that
continentally, most of the important quarantine pests origi-
nated from Europe. It was also established that most of the
quarantine pests were detected at the seaports, airports
and border posts. Table 2 shows the percentage of pest
interceptions collated from the various ports of entry and
their associated countries of origin. Spain had the high-
est number of intercepted pests (40.21%), followed by
Egypt (16%) and Italy (11.64%). Countries that had the
least number of pest interceptions (< 1%) are El Salvador,
Ethiopia, and Turkey. Of the South African trading part-
ners in Africa, Mozambique had the highest percentage
of intercepted pests i.e. ~ 7% of the total intercepted pests.
Details of the individual countries’ contribution in import
tonnage, the imported fruit species, and the intercepted
pests are provided in Table 1. Majority of fresh fruit con-
signments were imported through OR Tambo International
Airport and Cape Town Harbour.

According to Table 1 the intercepted pests were insects
and mites belonging to Hemiptera, Prostigmata, Thysano-
ptera, and Lepidoptera; and while pathogens dominated by
Leotiomycetes. The identities of intercepted quarantine
species were Aculus cf. wagnoni (Keifer, 1959) (Acari:
Eriophyidae), Brevipalpus lewisi (McGregor) (Acari: Ten-
uipalpidae), Frankliniella intonsa (Trybom) (Thysanoptera:
Thripidae), Thrips fuscipennis (Haliday) (Thysanoptera:
Thripidae), Aphis forbesi Weed, 1889 (Hemiptera: Aphidi-
dae), Ostrinia nubilalis (Hiibner) (Lepidoptera: Crambidae),
Unapsis citri Comstock (Hemiptera: Diaspididae), Phyllos-
ticta citricarpa (McAlpine) Aa (Botryosphaeriales: Botry-
osphaeriaceae), Cenopalpus pulcher Canestrini and Fanzago
(Acari: Tenuipalpidae), Bactrocera dorsalis (Hendel) (Dip-
tera: Tephritidae), Cenopalpus lanceolatisetae Pritchard
& Baker 1958 (Acari: Tenuipalpidae), Monilinia fructi-
gena Honey ex Whetzel 1945 (Helotiales: Sclerotiniaceae),
Diptacus gigantorhynchus (Nalepa) (Acari: Eriophyidae),
Amphitetranychus viennensis (Zacher) (Acari: Tetranychi-
dae), Tetranychus kanzawai Kishida (Acari: Tetranychidae)
and Tenuipalpus punicae Pritchard and Baker (Acari: Tenui-
palpidae). The potential quarantine pest was Brevipalpus sp.
nov (Acari: Tenuipalpidae) that was intercepted on kiwifruit
imported from Italy and France (Table 1).

Table 1. The percentage of pest interceptions and their
associated countries of origin.

The threat status of the intercepted pests

Pests belonging to the group of quarantine pests were 7%,
the potential quarantine pests were 8% compared with the
non-quarantine pests (74%) which were the majority of the
intercepted pests. Of the total intercepted pests 11% have
not yet been given a threat level category in South Africa
(Table 2). The highest number of pest interceptions occurred
during 2016 (Fig. 1). The total number of quarantine pests
intercepted was low over 10 years a period compared to
other pests.

Table 2. Percentage of the pests intercepted under differ-
ent threat categories.

The largest number of species were intercepted from the
common grapes (Vitis vinifera L), while the lowest number
of species was collected from the Mango (Mangifera indica
L.). On the other hand, the highest percentage of quaran-
tine pests were intercepted from fruits in the genus Prunus
on consignment from Spain (Table 2 and 3). Details of the
individual countries contribution in import tonnage, the
imported fruit species are summarized in Table 1.

Table 3. Fruit species and number of interceptions.
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Table 1 Records of pest interceptions occurred from 2009 to 2018 at South African ports of entry (N=379)

Name of fruit Fruit volume imported from 2009 Export country Port of entry

to 2018 (tons) (Trademap 2018)

Intercepted organism

Actinidia sp.

Ananas sp.

Citrus sp.

624
25

544

612

1580

22

955

365

142

13
480

1827

Egypt
France

Greece

Italy

New Zealand

Spain
Mozambique
Swaziland

Brazil

El Salvador
Israel

Mozambique

Spain

OR Tambo International Airport

OR Tambo International Airport;
Cape Town Harbour

OR Tambo International Airport;
Cape Town Harbour

OR Tambo International Airport;
Cape Town Harbour

OR Tambo International Airport;
Cape Town Harbour

OR Tambo International Airport;
Cape Town Harbour

Lebombo and Beit Bridge Border
Posts

Golela Border Post

Cape Town Harbor

OR Tambo International Airport
Cape Town Harbor

Lebombo and Beit Bridge Border
Posts

Cape Town Harbor

Colomerus sp. (Eriophyid mite)

Brevipalpus sp. Nov. (Flat mite),
Ahasverus advena (Foreign grain
beetle), Araecerus fasciculatus
(Coffee Bean Weevil), and Thrips
fuscipennis®® (Rose thrips)

Brevipalpus sp. (Flat mite), Brevipal-
pus lewisi (Citrus flat mite), Hap-
lothrips subtilissimus (Thrips) and
Thrips fuscipennis® (Rose thrips)

Pseudaulacaspis pentagona (Mul-
berry scale), Hoplandrothrips sp.
(Thrips), Corticaria sp. (Scavenger
beetle), Phlaeothrips sp. (Thrips),
Thrips fuscipennis®® (Rose Thrips),
Frankliniella intonsa® (Flower
tthrips),Corythucha sp. (Lace bug),
Tuckerella japonica (Peacock mite),
Brevipalpus obovatus (Ornamental
flat mite), Phyllotreta vittula (Barley
flea beetle) and Brevipalpus sp. Nov
(Flat mite)

Tuckerella japonica (Peacock mite),
Nesothrips propinquus (Thrips),
Tuckerella flabellifera (Peacock
mite), and Hemiberlesia rapax
(Greedy scale)

Brevipalpus sp. (Flat mite) and Colo-
merus sp. (Eriophyid mite)

Dysmicoccus brevipes (Pineapple
mealybug)

Dysmicoccus brevipes (Pineapple
mealybug)

Brevipalpus sp. (Flat mite), Planoc-
cocus citri (Citrus mealybug),
Aonidiella aurantii (Red scale),
Unapsis citri®® (Citrus snow scale),
Parlatoria cinerea (Tropical grey
chaff scale) and Pseudococcus sp.
(Mealybug)

Planococcus citri (Citrus mealybug)

Planococcus citri (Citrus mealybug),
Aonidiella aurantii (Red scale),
Unapsis citri®(Citrus snow scale)
and Hemiberlesia rapax (Greedy
scale)

Phyllosticta citricarpaQP (Citrus
black spot)

Tetranychus sp. (Spider mite), Neo-
phyllobius sp. (Camerobiid mite),
Aonidiella aurantii (Red scale), Par-
latoria pergandii (Black parlatoria
scale), Brevipalpus californicus
(False spider mite), Planococcus
citri (Citrus mealybug), Colomerus
sp. (Eriophyid mite), and Aspidiotus
nerii (Oleander scale)
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Table 1 (continued)

Name of fruit Fruit volume imported from 2009 Export country Port of entry Intercepted organism
to 2018 (tons) (Trademap 2018)

4734 Swaziland Golela Border Post Phyllosticta citricarpa® (Cit-
rus black spot), Parlatoria
pergandii(Black parlatoria scale),
Tuckerella cf. murreensis (Peacock
mite) and Aonidiella aurantii (Red

scale)

Cydonia sp.  * Azerbaijan OR Tambo International Airport Cenopalpus pulcherQP (Flat scarlet
mite)

Ficus sp. 123 Israel OR Tambo International Airport Carpophilus sp. (Sap beetle), Aceria

ficus (Fig mite), Rhyncaphytoptus
cf. ficifoliae (Fig leaf mite) and
Planococcus ficus (Vine mealybug)
Fragaria sp. 624 Egypt OR Tambo International Airport Aphis gosssypii (Cotton aphid), Chae-
tosiphon fragaefolli (Strawberry
aphid), Tetranychus sp. (Spider
mite), Frankliniella schultzei (Com-
mon blossom thrips), Tetranychus
urticae (Two-spotted spider mite),
Botrytis sp.(Grey mould), Tetra-
nychus cf. urticae (Two-spotted spi-
der mite), Frankliniella occidentalis
(Western flower thrips) and Aphis
forbesi % (Strawberry aphid)

99 Ethiopia OR Tambo International Airport Frankliniella occidentalis occidentals
(Western flower thrips)

228 Zimbabwe Beit Bridge Border Post Dendroptus sp. (Tarsonemid mite),
Frankliniella occidentalis (West-
ern flower thrips), Theridion sp.
(Tangle-web spider), Haplothrips
gowdeyi (Gold-tipped tubular
thrips), Neohydatothrips lepidus
(Thrips), Thrips gowdeyi (gold-
tipped tubular thrips), Frankliniella
schultzei (Common blossom thrips),
Tetranychus sp. (Spider mite), Phe-
nacoccus sp. (Mealybug), Nysius
pusillus (Heteropteran bug) and
Geocoris megaceohalus (Big-eyed

bug)
Malus sp. 108 USA Cape Town Harbour Eriosoma lanigerum (Woolly aphid)
and Pseudococcus sp. (Mealybug)
Mangifera sp. 945 Mozambique  Lebombo and Beit Bridge Border Bactrocera dorsalis®® (Oriental fruit
Posts fly)
Musa sp. 13,000 Mozambique  Lebombo and Beit Bridge Border Phenacoccus solenopsis (Cotton
Posts mealybug), Ulotrichopus primulinus

(Primrose Underwing), Chrysom-
phalus aonidum (Circular scale),
Dysmicoccus brevipes (Pineapple
mealybug) and Aspidiotus destruc-
tor (Coconut scale)

Persea sp. 571 Israel Cape Town Harbour Aonidiella aurantii (Red scale)

1825 Spain OR Tambo International Airport; Hemiberlesia lataniae (Latania scale)
Cape Town Harbour

118 Turkey OR Tambo International Airport; Planococcus citri (Citrus mealybug)
Cape Town International Airport

37 USA Cape Town Harbour Pseudococcus sp. (Mealybug)
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Table 1 (continued)

Name of fruit Fruit volume imported from 2009 Export country Port of entry Intercepted organism
to 2018 (tons) (Trademap 2018)

Prunus sp. 205 Israel Cape Town Harbour Carpophilus dimidiatus (Cornsap
beetle) and Cenopalpus lanceolati-
setae@® (Flat mite)

2706 Spain OR Tambo International Airport; Aculus cf. wagnoni®® (Eriophyoid
Cape Town Harbour mite), Bryobia sp. (Spider mite),
Tetranychus sp. (Spider mite),
Frankliniella occidentals (Western
flower thrips), Tetranychus cf. urti-
cae (Two-spotted spider mite), Acu-
lus sp. (Clover mite), Drosophila
sp., Monilinia laxa, Aculus fockeui
(Plum rust mite), Pheidole sp. (Big-
headed ant), Bryobia rubrioculus
(Brown apple mite), Colomerus
sp. (Eriophyid mite), Tetranychus
turkestani (Strawberry spider
mite), Sitophilus oryzae (Lesser
grain weevil), Tychius sp.(Weevil),
Dictyla sp.( Lace bug), Planococcus
ficus (Vine mealybug), Taeniothrips
picipes (Thrips), Monilinia fruc-
ticola®® (Brown rot), Diptacus cf.
gigantorhynchus?® (Rust-mite spe-
cies) Ostrinia nubilalis (European
corn borer), Amphitetranychus vien-
nensis® (Hawthorn spider mite)
and Tetranychus cf. kanzawai®
(Kanzawa spider mite)
Punica sp. * Israel Cape Town Harbour Planococcus citri (Citrus mealybug)
and Tuneipalpus punicae®® (Pome-
granate false spider mite)

* Spain OR Tambo International Airport; Colomerus sp. (Eriophyid mite)
Cape Town Harbour
* Zimbabwe Beit Bridge Border Post Planoccocus citri (Citrus mealybug)
Vitis sp. 2740 Egypt OR Tambo International Airport; Colomerus sp. (Eriophyid mite),
Cape Town Harbour Empoasca sp. (Leafthopper),

Planococcus ficus (Vine mealybug),
Tuckerella cf. flabellifera (Peacock
mite), Tetranychus sp. (Spider mite),
Drosophila sp. (Vinegar fly) and
Brevipalpus cf. californicus (False
spider mite)

18 Israel OR Tambo International Airport; Aonidiella aurantii (Red scale) and
Cape Town Harbour Colomerus sp. (Eriophyid mite)

3539 Spain OR Tambo International Airport; Colomerus sp. (Eriophyid mite),
Cape Town Harbour Drosophila sp. (Vinegar fly), Tet-

ranychus sp. (Spider mite), Tydeus
sp. (Predaceous mite), Planococcus
ficus (Vine mealybug),, Franklin-
iella occidentalis (Western flower
thrips), Colomerus sp. (Eriophyid
mite), Monilinia laxa (Brown rot),
Tetranychus cf. turkestani (Straw-
berry spider mite) Carpophilus
dimidiatus (Cornsap beetle) and Tet-
ranychus cf. urticae (Two-spotted
spider mite)

NB: * not determined as no data was available on TradeMap (Trademap 2018); @ indicates the quarantine pests detected
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Tablg 2 The Percentage O.f Country Total Inter- Quarantine  Potential quaran- Non-quaran-  Un-catego- Total
pest 1¥1tercept10nsA and thEI.I' . ceptions pests tine pests tine pests rized Percent-
associated countries of origin age
(%)
Spain 152 13 5 117 17 40
Egypt 62 1 1 52 8 16
Italy 43 4 23 12 4 12
Mozambique 26 1 0 25 0 7
New Zealand 22 0 0 21 1 6
Zimbabwe 20 0 0 16 4 5
Israel 20 2 1 16 1 5
Brazil 7 0 1 5 1 1
Greece 6 2 0 1 3 1
Swaziland 6 0 0 6 0 1
France 6 2 1 3 0 1
USA 4 0 0 3 1 1.05
El Salvador 1 0 0 1 0 0.26
Ethiopia 1 0 0 1 0 0.26
Turkey 1 0 0 1 0 0.26
Total 378 25 32 280 40 100

Discussion

The trends in the interception of pests as contained in the
plant health database can indicate numerous factors, such
as increased tourism or most importantly the increase in
trade volumes (Hidalgo et al. 2013). Many imports such
as timber, animal products, and fresh agricultural produce
have the potential to introduce species to new locations
(Saccaggi and Pieterse 2013). Despite the importance of
these trade agreements, nutritional, and economic benefits,
there is a great need to continuously consider the biosafety
threats that are posed if phytosanitary measures are not
fully and effectively observed (McCullough et al. 2006).
The focus of this study was to examine and quantify pests
intercepted on fresh fruits products imported into South
Africa.

This study established that the majority of the intercepted
pests were from imports of fruit species particularly Vitis
spp. Differences in the number of pest interceptions originat-
ing from the European, Asian, USA, and African markets
were observed, with a large margin of intercepted pests of
concern originating from Spain. This could be attributable to
the huge volumes of product exchange between South Africa
and these regions (Trademap 2018). There is a relationship
between high trade volumes and pest detection.

On the other hand, most of the intercepted pests were
non-quarantine pests and are known to occur in the South
African environment. While it is true that these pests are not
listed on the South African phytosanitary import require-
ments (Republic of South Africa 2017), our study showed
a surge in these non-quarantine pests coming into South

Africa. Since such consignments intercepted with these pests
are not confiscated or denied access at the port of entry,
this may be of concern as it indicates less concern about
managing these pests and more focus exerted on only the
quarantine pests listed by the DALRRD on the authorized
commodities. However, when such unlisted organisms are
detected and allowed entry, or when specific identification
is not possible it introduces a lot of grey areas as the poten-
tial threat caused by these species is usually unknown (Sac-
caggi and Pieterse 2013). Hence, it is equally essential to
pay attention to the uncategorized or newly identified pests
to champion prevention rather than remediation.

In terms of the South African phytosanitary import
requirements, trading partners are required to ensure control
measures for the listed quarantine pests and non-quarantine
pests to guarantee the eradication of the pests during ship-
ment of the consignment to South Africa (Republic of South
Africa 2017). Based on the established results in this study,
there is a need to collaborate with the trading partners and
ensure strict measures are put in place to reduce the volume
of pests reaching the South African ports.

In most cases, the potential quarantine pests are also on
the unlisted organisms and their potential threat to the South
African environment is usually unknown. To determine the
threat associated with these pests, a pest risk assessment
needs to be conducted before an informed decision to permit
entry into South Africa can be taken (Maynard et al. 2004;
Lichtenberg and Olson 2018) or the precautionary principle
must be implemented while waiting for the outcomes of the
risk assessment.
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Fig. 1 Number of pest interceptions over a period of 10 years (N/A=pest not categorized due to uncertain status in South Africa; NQP =non-

quarantine pest; PQP = potential quarantine pest; QP = quarantine pest)

Our study established that arthropods were the most
recorded interceptions compared to pathogens. Similar find-
ings were reported by Work et al. (2005) and McCullough
et al. (2006) in United States. The dominant taxa and order
in the intercepted insects were the Hemiptera, Prostigmata,
Thysanoptera, and Lepidoptera while Leotiomycetes were
dominant among pathogens. This concurs with other simi-
lar previous studies that confirmed that insects dominated
pest interceptions of most imports (McCullough et al. 2006;
Areala et al. 2008; Saccaggi et al. 2013; Lee et al. 2016).

Therefore a comprehensive list of the most frequent inter-
cepted pests must constantly be updated to cater for the
newly identified pests.

At a first glance, the effect of these quarantine pests may
appear insignificant, however, a closer inspection shows that
the establishment and spread of quarantine pests in South
Africa can have major effects on current export programs
on many commodities such as apples, citrus, peaches, litchi,
strawberries, and table grapes or impede requests for new
market access (Saccaggi and Pieterse 2013). This study

Table 3 Fruit species and

. - Fruit name Country of origin Port of entry Total intercep- Percentage
number of interceptions tions (%)
Vitis vinifera Italy Airport and harbor 121 32.01
Actinidia spp. Zimbabwe Land border 82 21.69
Prunus spp. Spain Airport and harbor 64 16.93
Fragaria ananassa Spain Airport and harbor 32 8.46
Citrus spp. Spain Airport and harbor 29 7.67
Musa spp. Mozambique Land border 15 3.96
Persea americana Spain Airport and harbor 11 291
Ananas comosus Mozambique Land border 10 2.64
Ficus carica Israel Airport and harbor 5 1.32
Punica granatum Israel Airport and harbor 5 1.32
Malus spp. USA Airport and harbor 3 0.79
Mangifera indica Mozambique Land border 1 0.26
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forms the basis for the revision of the current phytosanitary
import requirements and monitoring of the potential quaran-
tine and uncategorized pests through pest risk analysis. The
introduction and establishment of invasive species can be
detrimental to agriculture, requiring regular and costly crop
protection measures which mostly include the spraying of
broad-spectrum pesticides, therefore, cascading the impacts
(Giliomee 2011; Ikegawa et al. 2019).

A case in point in this study is the fact that the plant-
feeding mites contributed the highest number of the inter-
cepted quarantine pest. In particular, there are three families
of mites that are particularly threatening to fruit production
worldwide including in South Africa i.e. Eriophyidae, Tetra-
nychidae, and Tenuipalpidae. Some of the species belonging
to these families were observed in our analysis. For instance,
Aculus cf. wagnoni (Keifer 1959) (Acari: Eriophyidae) that
infests leaves and fruits causing damage to epidermal cells
of leaves and fruit while plant tissues become blackened or
rusted which lead to reduced fruit size and increase fruit
drop which may negatively impact market quality (Vacante
2010).

Additionally, Eriophyid mites pose a high risk if they
establish in South Africa (Hulme 2009). This is mainly
because they spread rapidly in the environment. This often
leads to a reduction of production and export fruit commodi-
ties as they are known to be hubs of vector plant diseases
that quickly develop resistance to pesticides, are difficul-
ties to detect, and can survive adverse conditions (Navia
et al. 2010). Although the DALRRD regularly intercepts
mites of Brevipalpus species from kiwifruit consignments
imported from Greece and Italy since 2008, there are still
high chances that these species may pass inspection points
without being detected. Therefore, mitigatory measures,
continued research, and surveillance within the South Afri-
can agricultural industry is necessary.

These mites colonize a great number of Vitis vinifera
fruits, ornamental, and forest plants (Miranda et al. 2007).
Feeding injury symptoms caused by Brevipalpus spp. can be
observed on plant parts such as leaves, fruits, stems, twigs,
and bud tissues of host plants in the form of chlorosis, blis-
tering, bronzing, or necrotic areas (Childers et al. 2003).
Such feeding damage is only serious at high mite densities
(Dean and Maxwell 1967). Although this is the case, the
damage caused by feeding, Brevipalpus spp. can cause far
more serious damage by transmitting plant viruses (Rod-
rigues and Childers 2012), while Tetranychid mites' intro-
duction will lead to observations of either curled-up leaves
and/or defoliation on the host plants, which may reduce the
photosynthetic capability of plants (Li et al. 2006). Thus the
interception of these mites on South African ports shows that
the control measures implemented by the trading partners
may not be adequate to eliminate mites' introduction put-
ting South African at high risk of spread. One illustration of

this is the Brevipalpus lewisi (McGregor) (Trombidiformes:
Tenuipalpidae) which was reported in South Africa after it
was found on grapevine in the Western Cape and Northern
Cape provinces (Saccaggi et al. 2017).

Also, among the observed pests was the Strawberry root
Aphid (Aphis forbesi Weed, 1889 (Hemiptera: Aphididae)).
This pest affects strawberry crops and serves as a vector of
the Strawberry crinkle virus (Araujo et al. 2016). Aphis gos-
sypii attacks most parts of the plant if population density is
high, although exceptions include direct feeding on mature
reproductive structures (fruits, berries, nuts) and feeding on
roots, thereby causing a great threat to the fruit industry in
the entire southern African region and other South African
trading partners (CABI 2019).

Additionally, the Eurasian flower hrips (Frankliniella
intonsa (Trybom) ((Thysanoptera: Thripidae) and the rose
thrips (Thrips fuscipennis (Haliday)) (Thysanoptera: Thripi-
dae) that are not present in any part of South Africa are pests
of quarantine concern. Thrips are small size and this minute
size and cryptic behavior of thrips make them difficult to
detect in the field and on plants or plant products transported
for international trade but with severe consequences. There
is a large body of scientific evidence indicating that many
members of the Thripidae are plant pests of economic con-
sequence (CABI 2018). This is also supported by the fact
that Australia has intercepted Thrips in large numbers on the
plant import pathway (Morse and Hoddle 2006). Therefore
there is a need to intensify the control and interception of
thrips South African ports.

The European maize borer (Ostrinia nubilalis (Hiibner)
(Lepidoptera: Crambidae) was also detected in the consign-
ment of Prunus spp. (stone fruits) from Spain. According
to CABI (2018), Prunus persica is known as a host for
this pest and is also known to cause damage to Maize (Zea
mays) and other crops of economic value including Sorghum
(Sorghum bicolor), Cotton (Gossypium hirsutum), Pepper
(Capsicum) spp., and Potatoes (Solanum tuberosum) (CABI
2018). These crops are the staple crops providing food and
nutrition to~90% of the African population including South
Africa (Mudereri et al. 2020c¢). Therefore from these few
examples, the overall findings of this study challenge the
measures taken by South African trading partners to reduce
the spread of such pests through the exchange of agricultural
products and other goods. Thus there is a great need for
the South African government to increase the interception
capacity to reduce the undetected entry of these pests into
South Africa. Several studies have already lamented the lack
of comprehensive biosecurity strategies to curb the influx of
pests (Bacon et al. 2012). Notable recommendation are pro-
vided by Essl et al. (2015), more specifically they propose
the classification of pathways of entry.

Pests such as Citrus mealybug (Planoccocus citri), Pine-
apple mealybug (Dysmicoccus brevipes), Two-spotted spider

@ Springer



3084

International Journal of Tropical Insect Science (2021) 41:3075-3086

mite (Tetranychus urticae), Blossom blight (Monilinia laxa),
Vine mealybug (Planococcus ficus), Red scale (Aonidiella
aurantii), Strawberry spider mite (Tetranychus turkestani),
Plum rust mite (Aculus fockeui), Western flower thrips
(Frankliniella occidentalis), Gold-tipped tubular thrips
(Thrips gowdeyi), Neohydatothrips lepidus (Thrips), Com-
mon blossom thrips (Frankliniella schultzei), Strawberry
aphid (Chaetosiphon fragaefolli), Fig mite (Aceria ficus),
Black parlatoria scale (Parlatoria pergandii), Greedy scale
(Hemiberlesia rapax), Tropical grey chaff scale (Parlatoria
cinerea), etc. are non-quarantine pests for South Africa and
are known to occur in the country. Among the quarantine
pests detected, Citrus black spot (Phyllosticta citricarpa)
and Oriental fruit fly (Bactrocera dorsalis) that are occur-
ring in South Africa but official control, which is regarded
as an active enforcement of mandatory phytosanitary regula-
tions and the application of mandatory phytosanitary pro-
cedures with the objective of eradication or containment.

Conclusion

The study showed that import fruits may pose higher risk of
introducing quarantine pests and potential quarantine pests
which may have a significant impact on the South African
fruit industry and biodiversity. The DALRRD interception
data provide valuable historical records on pests’ origin
and the fruits associated with frequent interceptions. This
information forms the basis for the revision of the current
phytosanitary import requirements and monitoring of the
potential quarantine and uncategorized pests through pest
risk analysis. There is a need to properly assess the economic
impact of pests and take the appropriate measures to prevent
the introduction of quarantine or potential quarantine pests
in South Africa.
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