
Review article

The invasive Vespidae in South Africa: potential management strategies and
current status

C. van Zyl1,2, P. Addison1 * §
& R. Veldtman1,2*

1Department of Conservation Ecology and Entomology, Faculty of AgriSciences, Stellenbosch University,
Private Bag X1, Matieland, Stellenbosch, 7602 South Africa
2South African National Biodiversity Institute (SANBI), Private Bag X7, Claremont, 7735 South Africa

Vespula germanica (Fabricius) and Polistes dominula (Christ) are known to represent a signifi-
cant threat to the biodiversity of ecosystems that they invade. Following their discovery in
South Africa, there has been a lag in investigations into the presence and spread of both
invasive wasp species in South Africa with limited action taken to address their expansion.
Recent research indicated that populations of both species are still restricted to the Western
Cape Region, where the Cape Fold Mountain Belt seems to serve as a barrier to further
spread to the rest of South Africa. The limited distribution range creates a favourable
scenario for management efforts and, if acted on rapidly, increases the possibility of success-
ful control. Various control methods, including mechanical, chemical and biological control
have been developed and implemented internationally in an effort to curb population
expansion of social wasps. These methods, together with a summary of the initiatives that
have been launched locally to control these wasp species, are discussed in this review.

Key words: Vespula germanica, Polistes dominula, invasive species, ecological impact, distribu-
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INTRODUCTION

Introduced species are defined as organisms that
are neither indigenous, nor native to a specific
location, and have been accidentally or deliber-
ately moved to a new environment through
human-mediated activity, breaching biogeogra-
phical boundaries to settle where they do not
naturally occur (Richardson & Py�ek 2008; Sharp
et al. 2011). Global trade expansion has led to an
increase in the homogenisation of species around
the world. The redistribution of species currently
occurs at a faster pace compared to previous
decades and is so widespread that it constitutes a
significant component of global environmental
change (Soulé 1990; Vitousek et al. 1997; Meyerson
& Mooney 2007). Not all introduced species
become alien invasive species (AIS). Species that
spread widely, and are self-sustaining in their new
environment, are referred to as AIS. They become
abundant and may out-compete, prey on, and
hybridise with native species (Mooney & Cleland
2001; Jensen et al. 2005; Davis 2009). It follows that
AIS could adversely impact the invaded ecosys-

tem, causing environmental, social and economic
harm (Py�ek & Richardson 2010).

Social invader species characteristics
One aspect that may predispose an insect

species to become a successful invader is its
specific life-history traits. The hypothesis of life-
history traits having an influence on their ability
to invade new lands lends itself to be used as a
predictive tool (Sakai et al. 2001). In general, the
characteristics listed below illustrate pheno-
typic plasticity that many non-invasive species do
not possess (D’Adamo & Lozada 2009; Masciocchi
& Corley 2012). High phenotypic plasticity
enables social insects to adapt easily to new
regions, because they essentially regulate the new
environment in their favour to maximise their
survival capabilities. This makes them notoriously
successful invaders worldwide (Beggs et al. 2011;
Rust & Su 2012). Ten aspects that increase the
success of invasion of social wasps are discussed
below.
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Colony effect
Social insects, such as wasps, bees and ants, form

large colonies, where specialisation of individuals
and division of labour takes place. This is referred
to as polyethism (Traniello & Rosengaus 1997).
Many species of colony-forming insects are
known to be extraordinarly successful invaders
representing a superorganism (Gillooly et al.
2010), where a group of organisms from the same
species act as a cooperative unit, such as the
Argentine ant (Moffet 2012). The colony of such
social insects lends them the flexibility to oscillate
between individual and colony responses. This
behaviour gives them an advantage to better with-
stand and buffer biotic and environmental resis-
tance within an invaded community and can
compensate for lack of individual plasticity (Beggs
et al. 2011). The specialisation of workers who
forage for resources, sidesteps the need for the
foundress to leave the nest, which will expose her
to predators (Spradbery 1973). Different foraging
strategies among ant workers improve colony
efficiency, where workers can, for instance, team
up to kill prey (Sundström 1993). Specialised
reproduction strategies, such as ‘budding’ in
colonies of some honeybee and ant species,
promote the establishment of new colonies.
Cluster dispersal takes place as new foundresses
are produced (Peeters 2001) while colony expan-
sion evolves in the presence of conspecifics, rather
than a solitary queen being solely responsible for
the expansion. Individuals can also adjust work
rate and life expectancy to the needs and size of a
colony, for instance where overwintering wasp
nests are controlled by more than one queen
(Gambino 1991; Moller 1996).

Cognitive flexibility
The ability of social insects to learn, remember

and integrate old and new experiences through
visual and olfactory cues within new environ-
ments, contributes to their efficiency in locating
food sources (D’Adamo et al. 2000; D’Adamo &
Lozada 2007, 2011). Foragers are also able to recruit
more foragers via behavioural or chemical com-
munication.

Reproduction
New queens mated at the end of the season can

store sperm in their spermatheca for prolonged
periods during hibernation and thus do not need
the presence of male wasps when they emerge

from diapause. Stored sperm of wasps is geneti-
cally diverse, due to queens mating with several
males (Loope et al. 2014). The reproductive rate of
many wasps and ant colonies are high. The result
of the short brood developmental time or high
progeny production rate is the production of
large numbers of new queens which disperse and
establish new colonies (Spradbery 1973; Farji-
Brener & Corley 1998). Consequently, the impact
of founder events such as population bottlenecks
is minimised and several new populations can
establish in a new environment (Fordham et al.
1991; Beggs et al. 2011).

Generalist predators
Many invasive insects incorporate a wide range

of foods in their diet. Certain wasp and hornet
species, such as Vespula germanica (Fabricius)
(Hymenoptera: Vespidae), V. velutina (Lepeletier)
and V. vulgaris (Linnaeus) have adopted a scaven-
ger habit, which attracts them to non-living prey
as well. This gives them an advantage over native
wasps exhibiting a strictly predatory habit (Harris
1991; Richter 2000; D’Adamo & Lozada 2007;
Villemant et al. 2011; Monceau et al. 2014). These
evolutionary characteristics and behaviours such
as foraging early in the morning, inadvertently
extend the foraging time and season and make
these invasive insects superior competitors
(Edwards 1980).

Highly mobile
Social insects are highly mobile and have

evolved to encourage dispersal, either passively or
actively. They are strong fliers and can actively
disperse up to 30–80 km (Masciocchi & Corley
2012). In order to invade new habitats, and to
avoid catastrophic events and seasonal shifts, they
mainly rely on passive dispersal aided by humans
(Moller 1996). Passive dispersal can take the form
of inseminated, hibernating queen wasps unin-
tentionally transported among human goods to
new environments, or dispersed via the wind
(Porter & Savignano 1990; Liebhold & Tobin 2008).

Queen usurpation
Wasp and bee queens have the ability to parasit-

ise established colonies, eventually displacing the
colony’s founding queen (Archer 1985; Spivak
1992; Schneider et al. 2004). The incoming queen
colonises the nest by releasing a pheromone
which blocks the sexual development of workers,
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who then resort to tending and raising of the new
queen’s offspring (Moller 1996). For the usurping
queen of Vespula germanica to be successful, she
will kill the established foundress. Cervo et al.
(2000) hypothesised that reusing of old nests by
Polistes dominula (Christ) (Hymenoptera: Vespi-
dae) contributed to its successful establishment in
new environments in the United States.

Polygyny
In some species of social insects, multi-queen

nests occur, where nest mate queens exist as equals
(Moller 1996). This is common in P. dominula as well
as perennial V. germanica nests (Gambino 1991;
Liebert et al. 2008). The number of queens also
affects the production of sexuals, which in turn
increases the number of new queen wasps to
disperse and initiate colonies (Plunkett et al. 1989).

Body size
The body size of highly invasive species is said to

contribute in part to their invasion success accord-
ing to Ehrlich (1989), and, in many cases, large
body size is a trade-off for high reproduction
rates (Crawley 1989). However, social insects can
produce large numbers of small solitary individu-
als to gather food, and the colony can defend itself
as a large functioning unit (Ehrlich 1989; Moller
1996). Thus, the wasp colony acts as a super organ-
ism while still being small enough to consist of
hundreds of individuals.

Longevity
In invaded environments where conditions can

be suboptimal and temporally variable, long-lived
invaders such as social wasps, fire ants and honey-
bee colonies prevail, because they can produce
successive cohorts of individuals is over time. This
ensures the colony is long-lived and allows a large
window that eventually coincides with conditions
conducive for colony growth and successful the
establishment of new colonies (Passera 1994;
Moller 1996).

Naturalisation
Lee (2002) suggested that many species’ inva-

sion success might depend more heavily on
genetic adaptation to the invaded environment
than on physiological plasticity, which also applies
to social insects. Many of the abovementioned
traits characterise social wasps, which make them,
unsurprisingly, the most successful invasive alien
wasps (Beggs et al. 2011). Furthermore, specific

intercorrelated characteristics might increase the
potential of a species to be invasive, while the com-
bination of other characteristics might reduce it
(Sakai et al. 2001). Species characteristics are good
indicators of invasiveness, but the traits of an
invaded environment also play a role in explain-
ing biological invasion processes.

IMPACT OF VESPULA GERMANICA AND
POLISTES DOMINULA INVASIONS

Alien invasive species (AIS) can directly or indi-
rectly inflict damage on invaded communities.
Vespula germanica and P. dominula, for example, are
two infamous wasp species due to the threat they
pose to invaded ecosystems outside of their native
range. They are considered to be major pests to
agriculture, horticulture, viticulture, biodiversity
and humans (Kasper et al. 2008). Direct interac-
tions of V. germanica and P. dominula that affect
communities in their native range include: feed-
ing on indigenous plants, preying on native
animal species and, due to the scavenging nature
of especially V. germanica, disrupting activities and
stinging people where they are usually found in
high numbers near human habitation (Clapperton
et al. 1994; Sackmann et al. 2008; Tryjanowski et al.
2010; Beggs et al. 2011). Polistes spp. have a ten-
dency to nest in man-made structures. Dymock
et al. (1994) reported that they were the principle
culprits responsible for wasp stings in Auckland,
New Zealand. There are also reports by Braver-
man (1998) of V. germanica gnawing on the teats
of dairy cattle, causing skin inflammation and
mastitis. In countries like New Zealand, where
invasive wasps are one of the most widespread
and densely populated invertebrate pests, preda-
tion can lead to the restructuring of native com-
munities and the extinction of species (Beggs &
Rees 1999; Masciocchi et al. 2010).

Indirect interactions between AIS and invaded
communities include competition for common
food sources or space with native fauna, sharing
natural enemies, and carrying diseases (Tribe &
Richardson 1994; Sackmann et al. 2008; Kenis et al.
2009; Py�ek & Richardson 2010). Polistes dominula
has proven to be a highly competitive species,
where characteristics such as short brood develop-
ment, early production of workers and broad prey
spectrum have given it an advantage over many
native Polistes species (Cervo et al. 2000; Armstrong
& Stamp 2003; Gamboa et al. 2005; Liebert 2006).
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GLOBAL DISTRIBUTION OF VESPULA
GERMANICA AND POLISTES DOMINULA

The diverse family of Vespidae wasps constitutes
over 5000 species, of which social wasps represent
a fifth (Pickett & Carpenter 2010). Of the 34 vespid
species that have been introduced around the
world, seven of the most invasive species are
eusocial, and V. germanica in particular has, since
1945, become widespread and abundant in a
variety of environments (Crosland 1991; Beggs
et al. 2011).

Originally from the Palearctic Region (temperate
Eurasia and northern Africa), V. germanica has been
introduced to the U.S.A., Canada, Chile, Argen-
tina, South Africa, New Zealand, Australia and
Ascension Island (Spradbery & Maywald 1992;
Tribe & Richardson 1994; D’Adamo & Lozada
2009; Spradbery & Dvo�ák 2010; Masciocchi &

Corley 2012). The common or English wasp,
Vespula vulgaris, from its native Holarctic Region,
often out-competes and replaces V. germanica in
countries such as New Zealand (Matthews et al.
2000).

Another successful invasive Vespidae is of the
genus Polistes. At least 14 species of this genus have
been found outside their supposed Palaearctic
native Region (Cervo et al. 2000). Polistes dominula
has often become the most abundant paper wasp
species in areas that it has invaded, which include
most North American states and Canadian prov-
inces, Western Australia and South America
(Pickett & Wenzel 2000; Miller et al. 2013).

IDENTIFICATION

See Table 1 and Figs 1 and 2.
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Table 1. Comparative morphological and biological characteristics of Vespula germanica and Polistes dominula.

Vespula germanica Polistes dominula

Legs Mostly yellow. Mostly yellow.

Body Bright black-and-yellow. Similar bright yellow-and-black colouration as
V. germanica and is frequently mistaken for V.
germanica. The ventral surface of males is
yellow, and black in the case of females.

Abdomen Shield-shaped patterns run down the centre, with
pairs of black dots laterally.

Wavy black and yellow ring like markings are
located on the abdomen.

Clypeus Often three black dots in the centre. Colouration
pattern can vary depending on dominance within the
colony.

Variation in the pattern of the three black
spots on the clypeus, depending on the
gender and dominance within the colony.

Antennae Black. Males have 13 antennal segments, while the
antennae of females consist of 12 segments. Males
have visibly longer antennae.

Bright yellow-orange.

Body size Subtle differences occur between the size and body
formation of males, females (sterile workers) and
queens. Males are 16–22 mm long, whilst females
are 12–16 mm long. The thoraxes and heads are of
similar size. Queens have a larger thorax and head,
compared to males and workers, and are 20–30 mm
long. Their abdomens are also slightly broader.
Males have seven visible gastral segments. The
abdomens of females have six segments with an
ovipositor present on the last segment. The
abdomen of the worker is shorter than that of the
male and the thorax and head about the same size
(Fordham 1961).

There is little variation among P. dominula
individuals. On average, P. dominula wasps
are 15–20 mm in length. The females are
slightly bigger than the males and they can
have longer forewings.

Flight Hind legs are tucked in under the body when in flight. Known to fly with their hind legs trailing below
the body.

Nests Nests are papery and constructed from chewed
wood fibre that lends it a grey/brownish colour. An
envelope usually encloses several tiered combs and
nests are typically built below ground, although
aerial nests do occur (Edwards 1980).

Nests are single-tiered aerial nests with the
cells open and facing downwards (Dvo�ák &
Roberts 2006; Buck et al. 2008; Cranshaw
2012).

.



BIOLOGY

In its indigenous range, V. germanica usually has
an annual life cycle, where a single queen regu-
lates colony activities (Edwards 1980). At the
beginning of spring, a single inseminated queen
initiates an embryonic nest, consisting of several
hexagonal downward-facing worker cells, and
starts laying eggs. Nest material consists of
wooden fibres, collected by the queen from trees
or hedges, then mixed with wasp saliva, resulting
in a product that has a papier-mâché-like consis-
tency. The cells are enveloped in these paper
layers of a nest shaped like a large golf ball. The
queen now termed the foundress oviposits into
the new cells and larvae hatch after about three
days. They moult three times during four to six
weeks, and go through five larval instars, before
pupating and developing into adult wasps emerg-
ing from the cocoon that covers the cell openings
(Edwards 1980; Kasper et al. 2008). As soon as the
first workers (females) emerge, the queen is solely
devoted to egg-laying, and the workers are
responsible for expansion of the nest by adding
layers of comb, defending it, foraging, feeding
larvae and tending to the queen (Whitehead 1975;
Spradbery & Dvo�ák 2010). Workers are produced
throughout summer and the nest is continuously
enlarged until it is about the size of a football,
containing up to 10 000 cells. At that stage, colonies
can consist of about 4000 workers (Spradbery
1988). Toward the end of summer, the rate of
nest expansion slows down and larger cells are
built to accommodate new reproductive queens

and, occasionally, males (Archer 1985). By late
autumn/winter, before the queen dies and the
colony disintegrates, newly produced queens
leave the nest, take part in mating flights with
males, are fertilised, and disperse to search for
well-insulated places to hibernate (Spradbery
1973; Whitehead 1975; Kasper et al. 2008). With the
advent of the following spring, hibernating
queens start searching for nesting sites, and the
cycle is repeated.

However, in areas with milder winters, such as
Australasia, New Zealand and South Africa
(Spradbery 1988; Fordham et al. 1991; Harris 1996),
a small proportion of nests are able to persist for
more than one year, contain multiple queens
(polygynous), and grow to an enormous size
(Kasper et al. 2008). A very large nest was exca-
vated in 2002 at Lourensford in Somerset West,
South Africa and was confirmed to be an over-
wintering nest and potentially a perennial colony
(Allsopp, unpubl.). These perennial colonies have
been estimated to contain up to 500 000 cells per
nest (Edwards 1980; Beggs 2011).

The phenology of P. dominula is very similar to
V. germanica in temperate regions; however,
multi-seasonal colonies are less prevalent in
invaded regions (Liebert et al. 2008; Beggs et al.
2011) and only aerial nests are built (Beggs et al.
2011). Nests consist of an open-faced single comb
that is attached by one or more petioles to a
surface, which is often a man-made structure
(MacKenzie et al. 2006; Benadé et al. 2014). Nest
material also mostly consists of dry-woody mate-
rial initially collected by one or more foundresses
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Fig. 1. A female (worker) Vespula germanica wasp. Illus-
tration by Marike Hechter.

Fig. 2. A female Polistes dominula wasp. Illustration by
Marike Hechter.



during the nest-establishment phase, which takes
place after overwintering foundresses have
emerged from hibernation in spring (Bagriacik
2011). Polistes dominula is known to have two or
more reproductive females sharing a nest
(Höcherl & Tautz 2015). The alpha female (domi-
nant queen) is the principle egg layer, while subor-
dinate females primarily forage and are responsi-
ble for brood care (Pardi 1948; Queller et al. 2000;
Cervo 2006). Oviposition takes place soon after the
nest is established and the first generation of off-
spring produced are mostly female workers (Jandt
et al. 2013). In the case of alpha-female loss, the
beta-female will assume the role of the previous
queen (Jandt et al. 2013). Nest size is influenced
by nesting site and the numbers of foundresses
present (West-Eberhard 1969; Bagriacik 2011).
During the summer months, the colony is
expanded and workers (non-reproductive
females) are continuously produced. By the end of
summer, only males and gyne-destined females
are produced (Queller et al. 2000). Lek-based
mating takes place, where aggregations of
males are formed and competitive displays are
performed to demonstrate superiority and attrac-
tiveness to females (Fiske et al. 1998). Individuals,
including non-reproductive females and males
form hibernacula (groups where they cluster
together) to overwinter (West-Eberhard 1969;
Benadé 2016). Usually, the fecund females are
the only individuals that undergo diapause and
survive winter, to establish new nests the follow-
ing spring (Dapporto et al. 2004, 2006; Beggs et al.
2011).

MANAGEMENT OF VESPID WASPS

The management practices regularly used to
control pestiferous agricultural insects are on the
whole not effective to control social insects, due to
the complex interactions they have with each
other and their environment (Moller 1996). Social
insects complicate both localised and large-scale
management, because the caste system of social
insects shields the reproductive caste from high
levels of exposure to control agents that target
foragers and do not significantly reduce colony
size (Gentz 2009). Alternative control strategies
must be applied to effectively manage and control
introduced social insects (Wilson 1987).

The first line of defence in the management of
invasive organisms is to prevent them from enter-
ing a new range. Exclusion is achieved through

quarantine measures. Preventing the introduction
of a few individuals is normally considered to be
the most cost-effective approach in the control of
invasive species, but the costs associated with a
comprehensive prevention plan should not be
underestimated (Carlton & Ruiz 2005; Keller et al.
2008). In Cyprus and New Zealand, for example,
methods were implemented to cull inseminated
queen wasps before populations could become
established, but it had a negligible impact on
population densities and actually improved the
rate of successful establishment due to a decrease
in competition between inseminated queens
during the following spring (Thomas 1960;
Spradbery 1973). To address the impracticality
and inadequacy of quarantine measures in some
cases, countries such as Australia and U.S.A. have
imposed measures where the movement of biotic
invaders is approached in an ‘innocent until
proven guilty’ manner (Mack et al. 2000), which
means that entry is allowed of any non-indige-
nous species that are not known to be harmful.
Preventing entry of invasive species can provide
an effective means to mitigate potential damage to
an ecosystem. However, as soon as an invader
crosses this barrier into a new environment, the
focus must shift to the next stage of control
measures, namely eradication (Blackburn et al.
2011).

The ability to detect and monitor invader
presence is an important tool necessary to manage
invasive species, and to eradicate them. Surveil-
lance techniques for insects usually involve traps
containing a lure or bait. The availability of an
effective lure or bait is usually the first obstacle
encountered in the management of invasive
wasps. Various baits and lures (chemically and
physically defined) have been used worldwide to
attract Vespidae, but there is no universally effec-
tive lure available for V. germanica or P. dominula
that also competes economically with the range of
readily available nutrient sources collected in the
field by wasps (Landolt et al. 2000; Day & Jeanne
2001; Dvo�ák & Landolt 2006; Spradbery & Dvo�ák
2010; Haupt 2014).

The search for an attractive wasp lure or bait has
been hampered by various factors that influence
bait or lure preference. These factors include
interspecific wasp species differences, geograph-
ical conspecific differences, the influence of local
weather conditions on the attractiveness of lures
and baits, the incidental capture of honey bees, the
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influence that phenological nest requirements
have on bait and lure preference, and the influ-
ence of visual cues on foraging wasps (Spradbery
1973; Harris et al. 1991; Spurr 1995, 1996; D’Adamo
et al. 2000, 2001, 2003, 2004; Wegner 2003;
D’Adamo & Lozada 2003, 2005; Wood et al. 2006;
Sackmann & Corley 2007). Once a reliable lure or
bait is developed that is relevant to a specific envi-
ronment and wasp species, traps can be deployed
in the field to restrict the distribution of the wasp
and to determine if colonies have established on a
wide scale. For monitoring Vespidae in Hawaii, it
was recommended to have a minimum of five
traps, set 25 m apart (Rust & Su 2012). This could
prove costly for determining the initial spread of a
newly invaded species. Recommendations for the
surveillance of Bactrocera dorsalis (Hendel)
(Diptera: Tephritidae), one of the most devastat-
ing agricultural pests that has invaded many parts
of the world, include placing one trap/km2

(Manrakhan et al. 2009).
Eradication is only feasible if the population size

is small and distribution is restricted. Early detec-
tion and appropriate action are vital for eradica-
tion success (Beggs et al. 2011). However, it
frequently happens that ongoing monitoring is
insufficient, particularly in natural areas, and as a
result infestations are only detected and acted
upon once they have become widespread (Cros-
land 1991). Moreover, detection and response time
are exacerbated by a lag phase that occurs between
the establishment and rapid population growth of
some species (Sakai et al. 2001). Several case studies
exist for both successful and unsuccessful eradica-
tion programmes. Some of these examples include
the citrus blackfly, Aleurocanthus woglumi (Ashby),
which was eradicated in the Florida Keys, the
medfly, Ceratitis capitata (Wiedemann), from a
large area in Florida, Mexico and Chile, the giant
African snail, Achatina achatina (Linnaeus) from
south Florida and Queensland in Australia, and
the mosquito, Anopheles gambiae (Giles) from a
large area in northeastern Brazil (Myers et al. 1998;
Genovesi 2005; Brockerhoff et al. 2010; Pluess et al.
2012; Suckling et al. 2014). According to Wilson
et al. (2013), the only documented successful eradi-
cation attempt in South Africa is that of the Medi-
terranean snail, Otala punctate (Müller), in Cape
Town. On the other hand, an eradication effort
that failed and even worsened the problem was
an attempt to rid the southern United States of
imported fire ants (Mack et al. 2000).

The window of opportunity for eradication is
very small, and when it is missed, the next goal is
to control the population below an acceptable
(damage) level. There are three main control
approaches for well-established invaders, and
they have been applied singly or in various combi-
nations. They are mechanical, chemical and bio-
logical control, each with its own advantages and
disadvantages (Spurr 1991; Barlow et al. 1996;
Beggs et al. 1998; Dent 2000). Rust & Su (2012)
suggest that these control measures should not
be implemented until at least five yellowjacket
wasps are caught in baited traps per day. At
this level, individuals of the social wasp studied,
V. pensylvanica, were conspicuous, somewhat
bothersome to people and its effect on arthropods
detectable, if numbers increased beyond five
individuals caught per trap, per day (Gambino &
Loope 1992).

Mechanical control
Mechanical control is the physical removal of

invasive organisms and their nests by hand. It can
only be effective if the geographic distribution is
limited (Whitehead 1975; Edwards 1980). The
method is basic, does not pose a threat to the envi-
ronment, is usually well-received by the public,
and has previously been highly effective, but is
labour-intensive. One of the methods used to
successfully eradicate giant African snails in
Florida and Queensland, was to remove them by
hand (Mack et al. 2000). Due to the cryptic nature
and inconspicuous nests of many social wasps, it
would be extremely time-consuming to apply this
method to eradicate them, especially if nests are
underground and population densities high
(Whitehead 1975; Moller et al. 1991).

Chemical control
Insecticides and biopesticides remain the pri-

mary means to control insect pests and have to
date been the most effective method in controlling
yellowjacket populations (Mack et al. 2000; Beggs
2001; Beggs et al. 2011). Chemicals are becoming
increasingly host-specific and less toxic, and are
used in various combinations to control insect
pests (Menn &Hall 1999; Gentz 2009).

Trapping
Insect pests can be monitored and controlled by

incorporating synthetic lures with traps in combi-
nation with pesticides. However, there are con-
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flicting opinions on whether mass-trapping of
social wasps truly leads to a reduction in localised
populations, since trapping only targets foraging
wasps and not the reproductive caste (Reierson &
Wagner 1975; MacDonald et al. 1976; Gangloff-
Kaufmann 2002; Wegner 2003; Rust & Su 2012).

Nest treatments
Wasp nests are susceptible to a range of insecti-

cides. If nests are not too numerous and can be
easily located, they can be treated with chemicals
which will kill workers and reproductives
(Edwards 1980; Spurr 1993; Beggs 2011). If most
nests are located in natural areas or inaccessible
terrain, this method would be impractical and
laborious. Even though V. germanica build their
nests underground, they tend to nest within or
near human structures, like P. dominula, which
might make poisoning of nests within a restricted
perimeter a promising option (Beggs et al. 1998;
Beggs 2011).

Baiting strategies
Toxic baiting has to date been the most successful

method to control a range of Vespidae species
(Chang 1988; Spurr 1991; Gambino & Loope 1992;
Beggs et al. 1998; Beggs & Rees 1999; Harris &
Etheridge 2001; Sackmann et al. 2001; Wood et al.
2006). This method exploits the trophallactic feed-
ing behaviour of wasps and eliminates the need to
locate nests (Matsuura & Yamane 1990; Moller
1996; Harris & Etheridge 2001; Beggs et al. 2011).
Workers collect attractive bait containing slow-
acting insecticide and return to the nest where it is
fed to all nest mates, workers, brood and the
queen, eventually killing the nest as well as them-
selves (Braverman 1998; Sackmann & Corley
2007).

Many factors need to be taken into consideration
with toxic baiting. Trap type, attractant/poison
combination and spatial placement of traps, all
play a role in the level of control obtained and
impact on non-target organisms (Landolt 1998;
Landolt et al. 2000, 2007; Sackmann et al. 2001).

Fresh as well as synthetic baits and lures have
been used to control invasive wasp species. Vespula
germanica is attracted to both protein-based and
carbohydrate-based baits, whereas P. dominula,
unlike V. germanica, will not scavenge off dead
animals (Toft & Harris 2004; Beggs et al. 2011). The
problem with fresh, sweet carbohydrate bait is
that it is usually also attractive to honeybees.

Therefore, the use of protein-based baits is encour-
aged (Edwards 1977, 1980; Dymock et al. 1991;
Spurr 1996; D’Adamo & Lozada 2005; Monceau
et al. 2014). However, the shelf life of fresh
protein-based baits in the field is very short. This
reduces their volatility and palatability to wasps
(Reid & MacDonald 1986; Spurr 1995; Landolt
1998). Some studies have addressed this problem
and reported that methods such as lyophilisation
(freeze-drying) increases storage and the shelf life
of meat baits, whilst not affecting its attractiveness
or toxicity (Wood et al. 2006; Sackmann & Corley
2007).

Synthetic baits have an advantage over fresh
baits, because they last longer in the field, can be
more host-specific, elicit a stronger attraction in
the target organisms, and the physical consistency
makes it easy to transport (Ross et al. 1984; Spurr
1995; El-Sayed et al. 2009a, b; Lester et al. 2013;
Unelius et al. 2014). Research regarding the devel-
opment of chemical lures for social wasps is
ongoing and has often focused on the breakdown
products of fermentation (Spurr 1996; Landolt
1998; Day & Jeanne 2001; Wegner & Jordan 2005;
Spradbery & Dvo�ák 2010). New synthetic com-
pounds that are attractive to both V. germanica and
P. dominula are continuously identified (Ross et al.
1984, Spurr 1995; Brown et al. 2013), but the most
powerful species-specific attractants for insects
remain pheromones, which are used for pest
insect control across many sectors (Witzgall et al.
2010; Brockerhoff et al. 2012; El-Sayed 2013).

Social insects rely heavily on pheromone signals
to communicate and locate potential mates. By
identifying the pheromones of various wasp
species produced by their queens, synthetic com-
pounds can be developed to disrupt nesting activi-
ties and mating (Brown et al. 2013; Lester et al.
2013). Up until now, pheromones of social wasps
have been intensively studied, but not for the
intent of use in control strategies (Ward 2013).

In general, although baiting strategies have been
efficient in reducing population densities in many
cases, it achieves only localised and short-term
abatement of wasp populations, because wasps
from adjacent areas can invade a treated area
(Beggs et al. 2011). To keep population numbers of
pestiferous wasps within a small area below a
certain threshold, repeated annual baiting is
necessary (Whitehead 1975; Beggs et al. 1996). The
efficacy of this control method also relies on the
presence of a large number of foragers, which
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occurs later in the season when nests are already
established (Rose et al. 1999).

Alternative strategies
Aerial control of wasps through the application

of baits in pellet form has been piloted by Harris &
Rees (2000) in an effort to extend the area of
control, but low bait-attractiveness, increased
non-target risks, and potentially high costs have
hampered the progress of this approach.

An understudied area of wasp management is
the harnessing of molecular techniques, which
could in future prove to be potentially viable. For
example, RNA interference (RNAi) technology
could be utilised to interfere with species-specific
genes, thereby reducing non-target impacts (Ward
2013).

Disadvantages of chemical control
The potential risks to the environment, non-

target species and human health that accompany
the use of chemicals for pest control, remain a
concern (Casida & Quistad 1998). Currently, the
only known control measure used in South Africa
to control V. germanica and P. dominula is chemical
control in the form of nest destruction. According
to Rose et al. (1999), chemical control of invasive
wasps does not achieve area-wide, long-term
control. In addition, the application of chemicals is
only effective later in the season when foragers
collecting bait are abundant. Due to chemicals not
being self-sustaining, repeated applications are
necessary throughout the wasp season and as a
result costs escalate (Rose et al. 1999). There is
definitely scope for improvement in the manage-
ment of invasive insect species, particularly in
the case of invasive wasp species, and for this
reason the potential of biological control has been
continuously studied (Beggs et al. 1996).

Biological control
Biological control is an intervention strategy that

makes use of biotic agents to suppress a pest popu-
lation (Van Driesche & Bellows 1996). Biocontrol
agents such as parasitoids, pathogens, entomo-
pathogenic nematodes (EPN), fungi, or predators,
are most likely to succeed in imposing a low
host equilibrium if they are host-specific, self-
sustaining, have a high searching ability, their life
cycles synchronise with that of the pest, and their
population density can rapidly increase when the
pest population increases (Murdoch et al. 1985;
Lester et al. 2013).

Many organisms attack Vespidae, but the cryptic
nature, colony defence mechanisms and hygienic
behaviour of social wasps have yielded a poor
success rate in the control of invasive wasps
(Moller 1996; Gentz 2009; Beggs et al. 2011). Tribe &
Richardson (1994) suggest that the limited spread
of V. germanica over the years in South Africa might
be attributed to an indigenous organism or dis-
ease. Uncovering the identity of such an agent
would be significant from a biological control
viewpoint (Whitehead 1975; Allsopp, unpubl.).

Biological control strategies can be grouped into
three major categories: classical, augmentative
and conservation control. Classical control entails
the importation of natural enemies associated
with the introduced pest species in their native
range into the invaded location, reared in large
numbers and released to control the pest (Hoy
2008b). Augmentative control consists of inunda-
tive and inoculative control. An inundative
approach involves the release of large numbers of
natural enemies for immediate control of a pest,
whereas with inoculation few natural enemies are
released at prescribed intervals (Hajek 2004; Hoy
2008a). Conservation control is the activity of
conserving existing natural enemies that are
adapted to both to the environment and the pest
(Barbosa 1998). The following biocontrol agents
have been tested and applied in various parts of
the world in attempts to control invasive wasps.

Parasitic wasps
The parasitoid Sphecophaga vesparum vesparum

(Curtis) was introduced into New Zealand and
Australia at around 1980 to control Vespula popula-
tions (Donovan & Read 1987; Donovan et al. 1989).
The host-specificity, short generation time and
high fecundity made this parasitic wasp a promis-
ing agent (Beggs et al. 2011). The female wasp
would lay eggs on the last instar Vespula larvae or
pupae and the parasitoid larva would kill the host
(Donovan 1991). However, even though the
parasitoid populations established successfully at
some sites, no marked effect on Vespula population
density was observed more than 20 years after the
introduction of S. v. vesparum (Field & Darby 1991;
Beggs et al. 1996; Martin 2004; Hanna et al. 2012).
This lack of control can be attributed to a moderate
dispersal ability and low population increase
relative to the Vespula species targeted (Beggs et al.
2002). Recent research by Benadé et al. (2014)
conducted in the Western Cape Province of South

van Zyl et al.: Invasive Vespidae in South Africa: management strategies and status 275



Africa, recorded one parasitic fly species (Ana-
camptomyia sp.) from the family Tachinidae, and
two unidentified parasitoid wasp species from the
families Eurytomidae and Eupelmidae, to emerge
from both P. dominula and Polistes marginalis
(Fabricius) nests. These parasitoids have not been
recorded on P. dominula in its native range and are
thus likely indigenous parasitoids associated with
P. marginalis (Benadé et al. 2014). The prevalence of
parasitism on P. dominula and possible effect these
parasitoids may have on population numbers in
the Western Cape Province is unknown. Further
research is required to determine whether one of
these species can be identified as a promising bio-
logical control candidate.

Fungi
Entomopathogenic fungi (EPF) have been used

against a range of social insects such as termites,
ants and wasps, with good levels of control
obtained (Kelley-Tunis et al. 1995; Rose et al. 1999).
Fungal species from the genera of Aspergillus
(Micheli), Beauveria (Vuillemin) and Metarhizium
(Sorok�n) have been found to be pathogenetic to
social wasps (Glare et al. 1996; Austin & Hopkins
2002). Provided that the wasp forager that serves
as vector for fungal spores do not die immediately,
and sufficient spores are transferred to the nest,
EPF shows potential as a biocontrol agent (Glare
et al. 1996; Merino et al. 2007).

Nematodes
Numerous entomopathogenic nematodes

(EPN) are pathogenic to social wasps. The most
commonly used strains are from the genera
Heterorhabditis (Poinar), Steinernema (Travassos)
and, to a lesser extent, Mermithidae (Braun) (Poinar
1979, 1990; Lacey & Goettel 1995; Braverman 1998;
Austin & Hopkins 2002). So far, EPN have in most
cases been applied directly to nests (Rose et al.
1999), but they could also be infused with baits.
Under certain conditions, entire wasp colonies
could theoretically be killed by EPN. Additional
research would further elucidate the potential of
EPN as biocontrol agents of wasps (Martin 2004;
Grewal et al. 2005).

Mites
Recently, a researcher discovered a mite species,

Pneumolaelaps (Berlese), occurring in wasp nests
from New Zealand. It is thought to be linked to the
collapse of V. germanica colonies. Further research

is needed to verify this hypothesis (Lester et al.
2013; Ward 2013).

Bacteria
Insect pathogenic bacteria have been found in

wasp nests and their gut. Further investigation is
required to determine whether these agents can
be relied on to cause consistent high levels of infec-
tion (Glare et al. 1993, 1996; Austin & Hopkins
2002).

Disadvantages of biological control
One of the main concerns about biological

control is unintended side effects on non-target
species. For example, the parasitoid wasp Bareo-
gonalos canadensis, was suggested to be considered
as a control agent against wasps, but due to the
adult female wasp being a generalist in terms of
where she oviposits, the potential non-target
effects could have been substantial (Carmean
1991). Regardless of rigorous host-specificity test-
ing that is usually conducted before a biocontrol
agent can be released in the field, the risk remains
high, because biocontrol agents can evolve to
attack other organisms and detecting non-target
impacts can be difficult (Messing & Wright 2006;
Carvalheiro et al. 2008).

The special appeal of biotic agents as a manage-
ment option is the possible long-term control it
could provide. To achieve this, the agent must be
self-sustaining to survive throughout the year
until the target pest re-emerges during the follow-
ing season (Rose et al. 1999). Many factors play into
the survival of biocontrol agents, of which micro-
climate in and around the area of application is
only one (Austin & Hopkins 2002). To obtain high
levels of pest infection, a sufficient number or
concentration of a biocontrol agent needs to be
transported to the targeted colony to have a note-
worthy impact. In the case of parasites, such as
Sphecophaga spp. that attack only individual hosts,
the infection levels need to be very high, which
can be difficult to achieve (Martin 2004; Villemant
et al. 2015).

DISTRIBUTION OF VESPULA GERMANICA
AND POLISTES DOMINULA IN SOUTH
AFRICA AND CURRENT CONTROL ACTIONS

The two invasive wasps V. germanica and P. domi-
nula were initially recorded in South Africa in
Kirstenbosch and Kuils River, in 1974 and 2008,
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respectively (Whitehead & Prins 1975; Eardley
et al. 2009). It is suspected that the first V. germanica
specimen arrived in the Western Cape Penin-
sula via intercontinental transport of air cargo
(Whitehead & Prins 1975; Tribe & Richardson
1994). Population expansion of V. germanica has
been uncharacteristically slow in the Western
Cape compared to other countries where dispersal
rates have been documented. The wasp is still
confined to a relatively small area within the
Western Cape, which include on the fringes:
Ceres, Wellington, Grabouw, Somerset West,
Franschhoek and Constantia (Veldtman et al. 2012;
Haupt 2014).

Vespula germanica populations have been found
in both undisturbed natural vegetation (Richard-
son et al. 1992) and in highly disturbed areas (van
Zyl, pers. obs.), but it is suspected to thrive in the
latter (Mooney & Hobbs 2000). Natural dispersal
of queens in a favourable habitat could be 30–
70 km per year (Moller et al. 1991). It is estimated
that V. germanica spread, whether naturally, or
human-aided, or by a combination of both, was
30–47 km per year in New Zealand, 60–70 km in
Australia, and 64 km in Tasmania (Davidson 1987;
Crosland 1991; Spradbery & Maywald 1992;
Clapperton et al. 1994). During the early 2000s, the
large size of excavated nests in the Somerset West
area suggested that V. germanica overwinters in
South Africa (Allsopp, unpubl.). Due to the lack of
monitoring records in the timeframe between the
first documented case of V. germanica in South
Africa and the latest research conducted by Haupt
(2014), it is impossible to construct successive
snapshots of population spread. What can be con-
cluded is that V. germanica has spread in the past 50
years, albeit slowly, and concern remains for
potential expansion beyond current distribution,
where ecological factors are more favourable
(Tribe & Richardson 1994). The latter authors and
Spradbery & Maywald (1992) have indicated
that ecoclimatic conditions for V. germanica are
more suitable along the southern Cape coastal belt
and the eastern escarpment, up toward the east-
ern half of sub-Saharan Africa. Once the wasp
becomes established in these regions, rapid dis-
persal can be expected (Goodisman et al. 2001).
Very recently De Villiers et al. (2017) showed that
human-induced modification in terms of irriga-
tion associated with agriculture can better explain
the worldwide occurrence of V. germanica inva-
sions. Consequently there may be a greater likeli-

hood of invasive spread from unsuitable climatic
areas to more suitable ones if environments are
supplemented with additional water as a conse-
quence of irrigated agricultural areas.

In the past eight years, since the first specimen of
P. dominula was recorded in South Africa, it has
spread towards Stellenbosch, Jonkershoek, Paarl,
Somerset West, Strand and Grabouw (Veldtman
et al. 2012; Benadé et al. 2014, Benadé 2016). Apart
from the published manuscripts by Eardley et al.
(2009), Giliomee (2011) and more recently Veldt-
man et al. (2012) and Benadé et al. (2014), noting the
distribution of P. dominula, information regarding
the population density and potential dispersal
remain limited by the scope of available data and
research.

Both V. germanica and P. dominula are listed as
Category 1b species in the South African NEMBA
regulations (National Environmental Manage-
ment: Biodiversity Act 10 of 2004). According to
this legislation, they are required to be controlled
through an invasive species management pro-
gramme (Department of Environmental Affairs
2014; Faulkner et al. 2015). Tribe and Richardson
(1994) suggested that efforts be made to eradicate
V. germanica before it expanded along the southern
and eastern coastal belt of South Africa. However,
due to the wasps’ apparent slow spread and lack
of physical evidence pertaining to negative eco-
logical impacts, there has so far not been a con-
certed effort to eradicate it (Allsopp, unpubl.).
From the available literature for P. dominula in
South Africa (Eardley et al. 2009; Giliomee 2011;
Veldtman et al. 2012; Benadé et al. 2014; Benadé
2016) and our recent observations, it can be
deduced that this species is indeed spreading and
increasing in density. In the light of this, a number
of small initiatives have been launched to address
the spread of both wasp species.

Firstly, multiple awareness campaigns were
launched during the period of the SANBI Invasive
Wasp Project (2012–2016). Newspaper articles,
radio interviews and social media were used as a
conduit to share and gather information.

Secondly, between 2013 and 2015 a municipal
team consisting of four people was established, to
follow up on telephone calls and e-mails regarding
V. germanica and P. dominula presence in residents’
gardens or public places in the Stellenbosch and
Franschhoek areas (Greater Stellenbosch Munici-
pality). During that period nests were individually
removed, but a report backlog soon developed.
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Partly due to a lack of resources and lack of munici-
pal interest, the initiative was terminated by mid-
2015.

Lastly, the Environmental Resource Manage-
ment (ERM) funded City of Cape Town’s Invasive
species Department to do Invasive Wasp Control
(IWC) in the Cape Metro and formed its first team
of four people in October 2014. Team members
previously employed to do invasive alien plant
clearing received training from SANBI staff, were
supplied with honeybee protective clothing and
were employed to do wasp clearing for the entire
field season of both species. They removed P.
dominula nests within the Cape Town city bound-
aries (and two V. germanica nests). A second team of
four was added in February of 2015. Currently,
there are three teams, each consisting of four
people, which operate within the Cape Town city
boundaries (Meyer, pers. comm.). The first team
responded to calls from a dedicated telephone line
as well as e-mails. In an effort to streamline the
flow of incoming reports, an online reporting tool
(http://www.edrr.co.za/wasps) was implemented
in 2015 and is now used as the main line of report-
ing. In the first season 8000 nests were removed
from core areas in the northern suburbs, namely
Kuils River, Kraaifontein, Durbanville, Brackenfell
and Bellville. Outlier areas were Bothasig, Ottery,
Wetton, Plumstead and Constantia. Altogether
1300 nests were removed between September and
December 2015 by both teams, but unfortunately a
backlog developed once again and it was not
possible to deal with all the respondents (Irlich,
pers. comm.). From March until April 2016, 1411
nests were removed (Meyer, pers. comm.). The
majority had been P. dominula nests. A breakdown
in the distribution of logged sightings for both
species can be accessed at www.edrr.co.za (City of
Cape Town Early Detection Rapid Response 2015).
According to Meyer (pers. comm.), the most limit-
ing factor of the project is the small number of
teams relative to the area being serviced. During
spring and summer when wasps are abundant,
the teams struggle to keep up. However, during
autumn and winter, reporting decreases and there
is not enough work to keep the teams occupied.
Due to the danger posed by active V. germanica
nests and that removal requires specialist protec-
tive equipment, there has been limited action
possible from municipalities on this species. How-
ever, there are far fewer residents affected by
V. germanica than P. dominula.

CONCLUSION

South Africa has long been the recipient of delib-
erate and unintentional non-native species intro-
ductions (Picker & Griffiths 2011). The Cape
Floristic Region (CFR) in the Western Cape Prov-
ince is classified as a biodiversity hotspot (Myers
et al. 2000; Cowling et al. 2003). It is also one of the
most heavily invaded areas in South Africa
(Geertsema 2000; Van Wilgen 2004; Giliomee 2011;
Roura-Pascual et al. 2011). The number of uninten-
tional invertebrate introductions to South Africa
has increased since 2000 and is expected to con-
tinue to rise (Giliomee 2011; Faulkner et al. 2015).
Although species from many taxonomic groups
have invaded South Africa, impact analyses of
invasive alien plants have been the subject of most
studies. Therefore, the impacts of invasive insects
are insufficiently documented, despite these
insects being key components in their own native
assemblages (Simberloff 1989; Williamson & Fitter
1996; Masciocchi et al. 2010) and among the
most important invaders known (Richardson &
Van Wilgen 2004; Van Wilgen et al. 2011; Wilson
et al. 2013). Social insects are particularly effective
invaders (Sackmann et al. 2008). Eusocial Hyme-
noptera species, which include V. germanica and
P. dominula, account for 30 % of alien insect species
causing pervasive environmental impacts, accord-
ing to Kenis et al. (2009). Based on this, the limited
research and incomplete locality records that
informs the two wasp species’ biology, impact and
potential threats under local conditions, needs to
be addressed. The trajectory can change rapidly as
soon as they reach areas of preferred habitat along
the south and east coast. Taking full-fledged action
at that stage might then be too late.
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