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The polyphagous shot hole borer (PSHB) beetle is a recent invader in South Africa. Together with its 
fungal symbiont, Fusarium euwallaceae, it can rapidly kill highly susceptible host plants. Its impact is 
most profound in urban areas, but it has also been found infesting important forestry, agricultural crop 
and native species. Since its first detection in 2012, PSHB has spread to all but one province in the 
country. The beetle–fungus complex has several biological traits that enhance its anthropogenically 
mediated dispersal, establishment and survival in novel environments – factors that have likely facilitated 
its rapid spread across the country. We review the history of the PSHB invasion in South Africa, its 
taxonomic status and the reasons for its rapid spread. We highlight its potential impact and challenges 
for its management. Finally, we provide an updated distribution map and list of confirmed host plants in 
South Africa. Of the 130 plant species identified as hosts, 48 of these (19 indigenous and 29 introduced) 
are reproductive hosts able to maintain breeding PSHB populations. These reproductive hosts may 
succumb to beetle infestations and act as ‘pest-amplifiers’. The economic impact on urban forests, 
plantation forestry and agricultural crops may be severe, but the ecological impact of PSHB invasion in 
native ecosystems should not be underestimated.

Significance:
•	 We provide an updated host list and distribution map for South Africa of the globally significant tree 

pest, the polyphagous shot hole borer (PSHB, Euwallacea fornicatus). The South African PSHB invasion 
represents the largest outbreak of this pest in its global invaded range. PSHB was confirmed to infest 
130 plant species in urban, agricultural, and native ecosystems in South Africa, including 44 previously 
unreported hosts. Impact in South Africa is in its infancy but will likely be substantial to local economies 
and ecosystems. Mitigation has proven difficult, but numerous research projects have been initiated 
throughout the country. 

Study species
Ambrosia beetles in the tribe Xyleborini (Coleoptera: Curculionidae: Scolytinae) are emerging as a group of globally 
important invasive insect pests.1 Euwallacea, a genus within the Xyleborini, contains 45 species, including four 
lineages in the E. fornicatus sensu lato species complex: E. fornicatior, E. perbrevis, E. kuroshio and E. fornicatus. 
The taxonomy of the E. fornicatus species complex has been described as one of the most challenging in scolytine 
systematics2; however, the species complex has recently been resolved, with the name E. fornicatus now formally 
linked to the common name, polyphagous shot hole borer (PSHB) (Figure 1)2-4. Diagnostic characters separating 
these species have been described, and while the four clades on average differ morphologically, notable overlap in 
morphological characters precludes complete delimitation.2,4 The most reliable means of identification is therefore 
via DNA sequence comparisons2,4 or high-resolution melt assay of the 28S ribosomal subunit5.

PSHB originates from Southeast Asia3,6, and, like other ambrosia beetles, has a mutualistic association with 
fungi. Three fungal symbionts have been described from PSHB and infected plant hosts: Fusarium euwallaceae, 
Graphium euwallaceae and Paracremonium pembeum.7-9 These fungal symbionts are introduced into the galleries 
constructed by the beetles in host trees, via mandibular mycangia – specialised internal organs evolved for fungal 
transport.7-9 Most notable of these three fungi is the primary symbiont Fusarium euwallaceae. In addition to being 
the main food source for the beetle and its larvae, the fungus invades the vascular tissue of the tree, blocking the 
transport of water and nutrients, and resulting in Fusarium dieback.7-9 The majority of ambrosia beetles typically 
infest stressed, dead or dying trees; however, species within the E. fornicatus species complex are amongst the 
very few ambrosia beetles capable of infesting healthy plants10, and therefore present an important phytosanitary 
threat in their invaded range.

History of invasion
PSHB was first detected outside its native range in 2003 in urban California, USA, reported as the tea shot hole 
borer.11 In 2009, it was detected on avocado in Israel (as Euwallacea sp. nr fornicatus), but anecdotal evidence 
suggests that it was introduced as early as 2004.12 It is now known to infest avocado trees and many other woody 
plants in urban and agricultural areas in these countries.12,13 Even though exotic Euwallacea has been known from 
Hawaii since 191014, E. fornicatus was only confirmed among populations of E. perbrevis in 20205,15. PSHB was 
also recently (April 2020) detected in a greenhouse in Italy; the pest status is currently: present, under eradication.16 

In 2017, as part of a plant sentinel project, PSHB was found infesting plane trees (Platanus x acerifolia) in a 
botanical garden in the KwaZulu-Natal Province, South Africa.17 However, a DNA sequence of PSHB was obtained 
from a specimen in Durban in 2012 as part of the Barcode of Life project (BOLD: ACC9773, ETKC270–13).3 This 
location is ca. 50 km southeast of the 2017 collection site, indicating a much earlier introduction into the country. 
Since then, the beetle has been found in eight of the nine South African provinces, reaching as far as 1000 km from 
the first detection locality, making it the largest current outbreak of this pest globally. 
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Figure 1:	 (a) Adult and (b) larva of the polyphagous shot hole borer 
beetle, Euwallacea fornicatus. 

Factors driving invasion by PSHB in South Africa
Introduction and dispersal pathways
Central to the understanding of the likelihood of establishment of species 
beyond their native range are the characters that enhance their dispersal, 
i.e. departure, transport, and arrival in non-native environments.18 For 
PSHB, chances for departure are high due to their small size (females 
are 1.8–2.5 mm long while males are only 1.5–1.67 mm long) and 
cryptic colouration (dark to light brown).19 Therefore, they are easily 
missed during routine inspections when hitchhiking on goods and 
biological material such as nursery stock, even when not colonising the 
material.20 Their cryptic life cycle adds considerably to their successful 
departure as contaminants that colonise wood products.21 Ambrosia 
beetles typically infest host trees by constructing galleries deep within 
the vascular tissues.22 They are therefore easily missed in untreated 
wooden articles and packaging materials.23 Potential transport vectors 
for PSHB include aeroplanes, trains, trucks, cars, and boats. PSHB was 
most likely introduced into South Africa via ships as the earliest known 
record for it is close to two major ports.3 Subsequent spread throughout 
the country was probably aided by the movement of infested wood (e.g. 
firewood).

As hitchhikers, characters such as resistance to drastic temperatures, 
starvation, dehydration, or exposure to toxins enhance survival during 
the transport phase.18,24 As there is no evidence that PSHB is particularly 
resistant to any of these conditions, it likely survives during transport 
as contaminants due to their colonisation of wooden products.25 Wood 
acts as a buffer against rapid temperature fluctuations and is therefore 
a good insulator. Additionally, many wood types are not particularly 
porous, preventing chemical treatments from penetrating far enough 
to reach the beetle colony. Finally, moisture content is often fairly high, 

benefitting fungal growth and beetle survival26, but adults of PSHB are 
often found in fairly dry wood, where its second nutritional symbiont 
Graphium euwallaceae thrives8. As contaminants of wood, individuals 
may be resistant to phytosanitary treatments27 and are difficult to 
manage through application of a single phytosanitary measure23. Their 
small size and cryptic colouration also aid in preventing detection during 
inspections.28 In South Africa, there is an increased risk of accidental 
introductions due to limited phytosanitary inspections – a consequence 
of a lack of trained personnel and funding.29 

Reproduction and propagule pressure
High propagule pressure can enhance the chances of dispersal at all three 
levels (departure, transport, and arrival).30-32 Studies rearing PSHB on 
artificial diets have provided valuable data on beetle biology, phenology, 
sex ratios and temperature requirements.25,33 Development rates for 
PSHB are temperature dependent, with tmin, tmax and topt determined to 
be 13.34 °C, 33.08 °C and 27.51 °C, respectively, with the number of 
degree days required for development from egg to adult estimated to be 
398 ± 52.23.33 Fungal growth is also influenced by temperature, with 
optimum growth of F. euwallaceae occurring around 27  °C (Freeman 
S 2020, personal communication). Fungal growth rate is likely to play 
a role in brood size and may explain the observation of reduced brood 
sizes at higher temperatures.33 

A single foundress female lays an average of 32.4 eggs, with the first 
adults developing in as little as 22 days at 24 °C.25 For PSHB, outbreeding 
is not required for reproduction; it has a haplodiploid mating system in 
which haploid males develop from unfertilised eggs.25 If a mated female 
initiates a colony, both male and female offspring may be produced. 
Sex ratios are heavily female biased, with only ca. 7% male beetles.25 
These male offspring can mate with female offspring within the galleries, 
resulting in mated female progeny that can leave the natal gallery and 
start new colonies. However, a virgin female can construct a gallery by 
laying haploid eggs that will result in all-male offspring.25 She can then 
mate with her male offspring to produce diploid eggs.25 The result is that 
a single female beetle, whether mated or not, can start a new infestation 
with no indication that the population will suffer from inbreeding.3,34 For 
PSHB, successful establishment is therefore possible even with low 
propagule pressure.4

Colonies contain multiple overlapping generations and a colony from a 
single foundress can produce up to 57 reproductive female adults within 
6–7 weeks.25 Infested wood generally contains multiple colonies from 
numerous foundress females and population sizes can be tremendously 
large and self-sustaining over relatively long periods of time. For 
example, a single piece of infested wood weighing ca. 500 g collected 
in South Africa produced 44 mature females and five males after drying. 
These adult females are able to produce ca. 1425 offspring (ca. 32.4 
eggs per female) within 22 days at 24 °C if all are able to successfully 
construct galleries.25 It is clear that propagule pressure for PSHB is high, 
enhancing its chances of dispersal and establishment.35 It has also been 
shown that adult beetles and larvae are able to survive in cut wood, 
with females continuing to lay viable eggs.19 Studies from California 
have shown that beetles can continue to emerge for several months after 
felling of infested trees.19

Host range
PSHB is known to have a particularly broad host range, in which both the 
fungus and beetle are able to establish.36-38 This increases the chances 
of a suitable host being encountered, thus increasing the chances of 
successful establishment. To obtain the PSHB host range for South 
Africa, observations made by researchers during field investigations and 
reports made by the public to the Forestry and Agricultural Biotechnology 
Institute, University of Pretoria, and Stellenbosch University were collated. 
Only taxa from which the primary fungal symbiont, F. euwallaceae, or 
a beetle individual were successfully isolated and identified using DNA 
sequence fingerprinting were included. Reproductive hosts include only 
those hosts that have been shown to be suitable for PSHB reproduction 
at least once (i.e. those with galleries containing eggs, larvae or 
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multiple adults). Non-reproductive hosts include those from which 
either PSHB or F. euwallaceae was isolated, but no evidence of PSHB 
reproduction was found. In South Africa, signs of PSHB infestations 
have been confirmed from 130 tree species of which 48 are suitable for 
reproduction (i.e. reproductive hosts) and 82 can sustain fungal growth 
(i.e. non-reproductive hosts) (Table 1). This wide fungal host range 
ensures availability of suitable hosts near the introduction point. When 
beetle populations are very high, the insects appear to assess newly 
encountered hosts almost indiscriminately for fungal establishment13,38, 
explaining the high numbers of non-reproductive hosts. Such ‘attacks’ 
may also lead to severe decline in tree health due to Fusarium wilt13. 
Fusarium euwallaceae may also help PSHB to overcome tree defences 
and enhance successful colonisation of a host, even those that are only 
marginally suitable for beetle development.39 

Distribution of PSHB in South Africa
As with the determination of the PSHB host range in South Africa, 
the PSHB distribution was mapped by collating confirmed (by DNA 
sequence fingerprinting) reports based on field observations made by 
researchers and reports made by the public. In South Africa, PSHB is 
widespread, and has a continuous distribution in both KwaZulu-Natal 
(between Durban and Richards Bay) and the southern Cape (between 
George and Plettenberg Bay) (Figure 2). This indicates a relatively long 
history in these areas where initial populations expanded from the points 
of introduction. Unlike males, females can fly, but most disperse only 
short distances (ca. 30 m from point of release40). This may seem 
unremarkable, but factors like wind can have tremendous influence on 
the number of dispersing individuals, the direction of dispersal and the 
dispersal distance.40 In Somerset West (Western Cape Province), E. 
fornicatus dispersed at least 3 km from the putative point of introduction 
in only 2 months, against prevailing winds. Therefore, when suitable 
hosts are present, PSHB can expand its range rapidly without direct 
human assistance. However, distances between closest confirmed 
PSHB populations in South Africa can be as far as 500 km (Figure 
2). This can only be achieved when dispersal is aided by humans and 
human-mediated dispersal remains the most substantial form of long-
distance transport and establishment of new colonies. 

PSHB has a wide range of climatic conditions in which it can persist, 
increasing its chances of finding sites open for establishment. It is native 
to equatorial climates and has successfully established in temperate 
(California and Israel) and tropical (Hawaii) regions. Currently occupied 
climate zones, as defined by Köppen-Geiger and updated by Peel et al.41, 
include Af, Am, Aw, BSk, Csa, Csb, Cfa, Cfb and Cwa. Within South 
Africa, PSHB has established in at least six climatic zones: BSh, BSk, 
Cfa, Cfb, Csb and Cwb. In addition, Csa and Cwa are also present in 
South Africa, making much of the country climatically suitable for PSHB. 
While the minimum temperature threshold for PSHB reproduction has 
been determined to be 13.34  °C, beetles are able to persist at lower 
temperatures for extended periods.33 A cold tolerance study found 
significant mortality rates among colonies exposed to −5  °C and 
−1  °C; however, no mortality was observed for colonies exposed to 
0 °C, 1 °C or 5 °C.25 In addition, PSHB galleries are often located deep 
within wood, where they are protected from extreme temperatures. 
Finally, microclimates exist in urban and agricultural settings, which may 
provide a conducive climate in an otherwise unsuitable area. 

In South Africa, PSHB is currently mostly confined to urban environments, 
likely due to greater invasibility and anthropogenically mediated 
dispersal. Also, urban areas are far less biologically diverse than natural 
environments and offer less of a biological buffer.42 Typically, ambrosia 
beetles favour trees that are stressed in their natural environments.43 
Even in novel environments this is often the case. Anthropogenic 
activities such as urbanisation, gardening, trampling, and pruning can 
cause tree stress.44 As a result, urban areas have high invasibility.42,45 
Natural disturbances such as drought, storms, fire, and other pests can 
also produce added stress to trees in both urban and natural settings.46 
Combined, these factors promote the spread and status of PSHB, but 
none has yet been comprehensively evaluated. Although PSHB is unlike 
many other ambrosia beetle species, in that it can easily infest healthy 
hosts10,47, if tree stress is still a contributing factor to epidemiology, a 

natural or anthropogenic disturbance in future could have catastrophic 
consequences.

Impact of PSHB
The first indication of PSHB in invaded habitats is benign. It tends to 
infest healthy hosts where 0.85-mm diameter holes penetrate through 
the bark directly into the sapwood (Figure 3a). Lesions may be visible 
on the outside of the tree (Figure 3b), but more commonly a brown 
to pinkish stain, resulting from colonisation by F. euwallaceae, can 
be seen spreading from the gallery into the vascular tissues below 
the bark (Figure 3c). Different hosts respond to infestation in different 
ways, thus complicating initial diagnosis. External signs of infestations 
include wet patches and gum exudates (tree resin flows), sugar 
fountains, and accumulating frass (mixture of sawdust and excreta) 
or noodles (compacted frass) (Figures 3d–g). Successful colonisation 
of reproductive hosts often results in wilting and death of the infested 
branch or the entire tree (Figure 3h).12,36 By this stage, beetle populations 
are well established. Detection in natural systems is very challenging 
due to a greater tree diversity, fewer people, and larger areas to survey. 

The most notable agricultural impact of PSHB invasion has been on 
the avocado industries of Israel and California, USA. In Israel, it was 
detected in orchards in 2009, and by 2016 it had spread to nearly all 
avocado-growing areas in the country.48 Symptoms such as stem and 
branch breakages, wilting, dieback and death are common.48 Initial 
studies from Israel and California reported a high risk of branch dieback 
and mortality, raising concern about the potential of PSHB to severely 
impact avocado production worldwide.7,12,49 More recent observations, 
however, suggest impacts have not been as severe as anticipated, and 
that sanitation practices, including the removal of infested branches and 
trees, may offer a cost-effective management approach.38,48 Coleman et 
al.50 emphasise though, that their survey data represent only one time 
point and that further surveys are needed to confirm potential impacts to 
production. Caution should be taken in extrapolating this to the situation 
in South Africa due to differences in climates, cultivation practices and 
the relative importance of different cultivars for production. South Africa 
currently has around 17 500 ha avocado orchards, producing around 
170 000 tons (or around ZAR700 million worth) of avocado annually. 
However, to date, no PSHB infestations have been found in commercial 
avocado orchards (only in backyard avocado trees). The only agricultural 
crops thus far affected by PSHB infestation in the country appear to be 
pecan and macadamia, but the effect on these crops appears limited, 
most likely as they are not reproductive hosts.

PSHB has also been found associated with numerous other agricultural 
crops such as cherry, apple, citrus, peach, guava, olive, grape vine and 
prune (Table 1). Whether any of these can act as reproductive hosts 
is still unclear as all reports are from urban settings. Even so, when 
grown near reproductive hosts, there is a strong possibility of infection 
by F. euwallaceae. Therefore, current research in South Africa is aimed 
at establishing whether these crops are susceptible to Fusarium wilt. 
Besides agriculturally important tree species, PSHB have been observed 
on Acacia mearnsii, a commercially grown forestry species in South 
Africa, but to date, no trees in commercial plantations have been reported 
to be infested. Based on observations on Acacia spp. from plantations in 
southeast Asia, there are concerns surrounding the threat posed to the 
South African forestry industry.51 

In its global invaded range, the most notable impacts of PSHB are on 
urban trees, with hundreds of different species susceptible to beetle 
infestation and Fusarium wilt13,38,48 (Table 1). In the USA, nearly 300 tree 
species have been reported to be susceptible to infestation by PSHB, 
with 55 of these suitable for reproduction.38 PSHB has caused injury 
and/or mortality to thousands of ornamental trees in urban forests in 
southern California.38 In South Africa, visual surveys undertaken in 
invaded urban areas of Johannesburg (Gauteng Province), Knysna, 
George and Somerset West (Western Cape Province) showed that nearly 
all Quercus robur (English oak), Acer negundo (box elder) and other 
maples (Acer spp.) will die when infested by PSHB (Z.W.d.B., T.P., F.R., 
unpublished data). Currently about 50% of London plane trees (Platanus 
x acerifolia) infested with PSHB in these areas are in decline and likely 
to die. 
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Table 1:	 List of confirmed host plants of the polyphagous shot hole borer beetle in South Africa. The list includes only those taxa from which its primary 
fungal symbiont, Fusarium euwallaceae, or a beetle individual was successfully isolated and its identity confirmed using DNA sequence 
fingerprinting. Reproductive hosts include only those hosts that have been shown to be suitable for PSHB reproduction at least once. Non-
reproductive hosts include those from which either PSHB or F. euwallaceae was isolated, but no evidence of PSHB reproduction has been verified. 

Species Family Common name Indigenous or exotic in South Africa
Reproductive hosts

Acacia longifolia Fabaceae Long-leafed wattle Exotic
Acacia mearnsii Fabaceae Black wattle Exotic
Acacia melanoxylon Fabaceae Blackwood Exotic
Acer buergerianum Aceraceae Trident (Chinese) maple Exotic
Acer negundo Aceraceae Boxelder Exotic
Acer palmatum Aceraceae Japanese maple Exotic
Acer saccharinum Aceraceae Silver maple Exotic
Afzelia quanzensis Fabaceae Pod mahogany Indigenous
Anisodontea scabrosa Malvaceae Rough-leaf African mallow Indigenous
Bauhinia galpinii Fabaceae Pride of De Kaap Indigenous
Bauhinia variegata Fabaceae Orchid tree Exotic
Brachychiton discolor Malvaceae Pink flame tree Exotic
Brachylaena discolor Asteraceae Coast silver oak Indigenous
Calpurnia aurea Fabaceae Wild laburnum Indigenous
Casuarina cunninghamiana  Casuarinaceae Beefwood Exotic
Combretum erythrophyllum Combretaceae River bushwillow Indigenous
Combretum krausii Combretaceae Forest bushwillow Indigenous
Diospyros glabra Ebenaceae Cape star-apple Indigenous
Erythrina caffra Fabaceae Coral tree Indigenous
Gleditsia triacanthos Fabaceae Honey locust Exotic
Kiggelaria africana Achariaceae Wild peach Indigenous
Liquidambar styraciflua Altingiaceae Sweetgum Exotic
Magnolia grandiflora Magnoliaceae Southern magnolia Exotic
Persea americana Lauraceae Avocado Exotic
Photinia x fraseri Rosaceae Christmas berry Exotic
Platanus x acerifolia Platanaceae London plane Exotic
Podalyria calyptrata Fabaceae Water blossom pea Indigenous
Populus alba Salicaceae White poplar Exotic
Populus x canescens Salicaceae Grey poplar Exotic
Prunus cerasifera Salicaceae Lombardy poplar Exotic
Populus simonii Salicaceae Chinese cottonwood Exotic
Prunus nigra Rosaceae Black plum Exotic
Psoralea aphylla Fabaceae Leafless fountain bush Indigenous
Psoralea pinata Fabaceae Fountain bush Indigenous
Quercus palustris Fagaceae Pin oak Exotic
Quercus robur Fagaceae English oak Exotic
Quercus suber Fagaceae Cork oak Exotic
Ricinus communis Euphorbiaceae Castor bean Exotic
Salix alba Salicaceae White willow Exotic
Salix mucronata Salicaceae Cape willow Indigenous
Sparrmannia africana Malvaceae African hemp Indigenous
Trema orientalis Cannabaceae Pigeon wood Indigenous
Trichilia emetica Meliaceae Natal mahogany Indigenous
Ulmus parvifolia Ulmaceae Chinese elm Exotic
Vepris lanceolata Rutaceae White ironwood Indigenous
Viburnum odoratissimum Adoxaceae Sweet viburnum Exotic
Virgilia oroboides Fabaceae Keurboom Indigenous
Wisteria sinensis Fabaceae Chinese wisteria Exotic

Non-reproductive hosts
Adansonia digitata Malvaceae Baobab Indigenous
Afrocarpus falcatus Podocarpaceae Outeniqua yellowwood Indigenous
Albizia adianthifolia Fabaceae Flat crown Indigenous
Bauhinia purpurea Fabaceae Butterfly orchid tree Exotic
Betula pendula Betulaceae Silver birch Exotic
Bougainvillea Nyctaginaceae Bougainvillea Exotic
Buddleja saligna Scrophulariaceae False olive Indigenous
Calodendrum capense Rutaceae Cape chestnut Indigenous
Camellia japonica Theaceae Common camellia Exotic
Carya illinoinensis Juglandaceae Pecan Exotic
Ceiba pentandra Malvaceae Kapok Exotic
Celtis africana Cannabaceae White stinkwood Indigenous
Cinnamomum camphora Lauraceae Camphor tree Exotic
Citrus limon Rutaceae Lemon Exotic
Citrus sinensis Rutaceae Orange Exotic
Commiphora harveyi Burseraceae Copper-stem corkwood Indigenous
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Species Family Common name Indigenous or exotic in South Africa
Non-reproductive hosts

Cordia caffra Boraginaceae Septee tree Indigenous
Cussonia spicata Araliaceae Cabbage tree Indigenous
Diospyros dichrophylla Ebenaceae Star apple Indigenous
Diospyros kaki Ebenaceae Persimmon Exotic
Diospyros lycioides Ebenaceae Monkey plum Indigenous
Diospyros whyteana Ebenaceae Bladdernut Indigenous
Dombeya rotundifolia Malvaceae Wild pear Indigenous
Dovyalis caffra Salicaceae Kei apple Indigenous
Ekebergia capensis Meliaceae Cape ash Indigenous
Eriobotrya japonica  Rosaceae Loquat Exotic
Erythrina livingstoniana Fabaceae Aloe coral tree Exotic
Erythrina lysistemon Fabaceae Common coral Indigenous
Eucalyptus camaldulensis Myrtaceae River red gum Exotic
Ficus carica Moraceae Common fig Exotic
Ficus natalensis Moraceae Natal fig Indigenous
Ficus sur Moraceae Cape fig Indigenous
Fraxinus americana Oleaceae American ash Exotic
Fraxinus excelsior Oleaceae European ash Exotic
Grewia occidentalis Malvaceae Cross berry Indigenous
Gymnosporia buxifolia Celestraceae Common spikethorn Indigenous
Hakea salicifolia Proteacea Willow-leaved hakea Exotic
Halleria lucida Stilbaceae Tree fuchsia Indigenous
Harpephyllum caffrum Anacardiaceae Wild plum Indigenous
Hibiscus rosa-sinensis Malvaceae Chinese hibiscus Exotic
Ilex mitis Aquifoliaceae Cape holly Indigenous
Jacaranda mimosifolia Bignoniaceae Jacaranda Exotic
Leonotis leonurus  Lamicaeae Wild tobacco Indigenous
Macadamia Proteacea Macadamia Exotic
Malus domestica Rosaceae Apple Exotic
Melia azedarach Meliaceae Syringa Exotic
Metasequoia glyptostroboides Cupressaceae Dawn redwood Exotic
Morus nigra Moraceae Black mulberry Exotic
Nuxia floribunda Stilbaceae Forest elder Indigenous
Olea europaea subsp. africana Oleaceae Wild olive Indigenous
Olea europaea subsp. europaea Oleaceae Cultivated olive Exotic
Olinia ventosa Penaeaceae Hard pear Indigenous
Osteospermum moniliferum Asteraceae Bietou Indigenous
Platanus occidentalis Platanaceae American plane Exotic
Platanus racemosa Platanaceae Californian plane Exotic
Plumeria rubra Apocynaceae Frangipani Exotic
Podocarpus henkelii Podocarpaceae Henkel’s yellowwood Indigenous
Protea mundii Proteacea Forest sugar bush Indigenous
Prunus africana Rosaceae African cherry Indigenous
Prunus avium Rosaceae Sweet cherry Exotic
Prunus cerasifera Rosaceae Cherry plum Exotic
Prunus persica Rosaceae Peach Exotic
Psidium guajava Myrtaceae Guava Exotic
Quercus rugosa Fagaceae Net leaf oak Exotic
Rapanea melanophloeos Primulaceae Cape beech Indigenous
Robinia psuedoacacia Fabaceae Black locust Exotic
Salix babylonica Salicaceae Weeping willow Exotic
Schinus molle Anacardiaceae Pepper tree Exotic
Schotia brachypetela Fabaceae Weeping boer-been Indigenous
Searsia chirindensis Anacardiaceae Red currant Indigenous
Searsia lansea Anacardiaceae Karree Indigenous
Senegalia burkei Fabaceae Black monkey thorn Indigenous
Senegalia galpinii Fabaceae Monkey thorn Indigenous
Solanum mauritianum Solanaceae Bugweed Exotic
Syzygium cordatum Myrtaceae Waterberry Indigenous
Taxodium distichum Cupressaceae Bald cypress Exotic
Ulmus procera Ulmaceae English elm Exotic
Vachellia karroo Fabaceae Sweet thorn Indigenous
Vachellia sieberiana var. woodii Fabaceae Paperbark thorn Indigenous
Virgilia divaricata Fabaceae Keurboom Indigenous
Vitis vinifera Vitaceae Grape Exotic
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Figure 2:	 Distribution of the polyphagous shot hole borer beetle (PSHB; Euwallacea fornicatus) in South Africa. Localities depicted are only those from 
which PSHB or its symbiotic fungus Fusarium euwallaceae were collected and their identities verified using DNA sequencing.
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Figure 3:	 Signs of infestations of polyphagous shot hole borer (PSHB) beetle, Euwallacea fornicatus, on various hosts: (a) ca. 0.85-mm diameter entrance 
hole of PSHB on the bark of Erythrina caffra. (b) Lesions on the bark of Acacia mearnsii around entrance holes of PSHB. (c) Colonisation of 
vascular tissues by Fusarium euwallaceae (staining) surrounding the entrance hole of PSHB under the bark of Platanus x acerifolia. (d) Wet patch 
on the bark of Nuxia floribunda following infestation by PSHB. (e) Sugar fountain (dried sugary sap) on the bark of Grewia occidentalis following 
infestation by PSHB. (f) Gum exudates (tree resin flow) on the bark of Podalyria calyptrata following infestation by PSHB. (g) Noodles (compacted 
frass) extruded from the galleries of PSHB following infestation of Harpephyllum caffrum. (h) Liquidambar styraciflua individuals showing dieback 
of branches and tree death following heavy infestations by PSHB.
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Unfortunately, data on the species and numbers of trees planted in South 
African cities are lacking, and, for many of the reproductive host tree 
species planted in urban environments, no data are available on the 
percentage of trees that will die. However, a recent system dynamics 
model to estimate the potential economic impact of PSHB in South 
African urban environments could be substantial, including impacts on 
stormwater run-off, losses to ecosystem services and carbon dioxide 
sequestration, and reduced shade contributing to remediation of the 
urban heat island effect and pollution reduction.52 There is increasing 
evidence linking widespread death of trees in urban environments 
following pest and pathogen invasions, and increased human mortality 
related to cardiovascular and respiratory tract illness.53 This may be 
particularly relevant in large cities with an urban/industrial interface 
where trees play an important role in pollution remediation. As trees 
succumb, falling trees and branches may impact human safety directly 
by causing traffic accidents and damaging vehicles and infrastructure 
such as buildings, fences, and power lines. 

Negative economic impacts are incurred with the removal of infested 
trees and their replacement. However, tree removal has additional 
negative effects, such as a possible reduction in property values. In 
South Africa this has already resulted in at least one court case where 
PSHB infestations were not reported to potential buyers. The cost of 
tree removal in Somerset West amounted to just over ZAR7000/tree in 
2019. With more than 600 trees earmarked for removal in this town 
alone, the City of Cape Town requested a stipend of ZAR3 million in 2020 
to monitor and remove infested trees (Ramabulana P 2019, personal 
communication). Services provided by these infested trees (e.g. carbon 
sequestering, providing shade, aesthetics, and emotional health) are 
also severely negatively affected by their removal. The replacement cost 
for trees that have already been removed in Somerset West is estimated 
to be between ZAR4.5 million and ZAR5.8 million, depending on tree 
species and labour costs (E.v.R., unpublished data). Therefore, by far 
the largest proportion of the social cost due to PSHB invasion in South 
Africa will be incurred in urban areas.52

Most worrying perhaps is the ability of PSHB to infest and kill native 
trees in its invaded ranges. Of the reproductive host species recorded 
in South Africa, 19 are indigenous (Table 1), and severe ecological 
consequences may result after invasion of natural environments, as 
was seen with the destruction of endemic willow forests in the Tijuana 
River Valley.54 Approximately 120  000 (30%) native willows (Salix 
spp.) were killed following infestation by E. kuroshio, a close relative of 
PSHB.55 Loss of shade resulted in increased river temperatures, which 
negatively impacted aquatic organisms. Recovery from the loss of large 
established trees will take time and encroachment by invasive alien 
plants has prevented full recovery of some stands.56 The invasion of 
PSHB into South Africa’s natural forests is still in its infancy, and there 
is no empirical data yet on the numbers of trees expected to succumb. 
Long-term monitoring plots have, however, been established in natural 
forests in Knysna and George, with some preliminary data available from 
ongoing surveys in these locations. In the ca. 3000 km2 surveyed, 2195 
trees were assessed for PSHB presence. Of these, 217 individuals (ca. 
10%) were infested and 191 (8.7%) showed signs of beetle reproduction, 
which may lead to dieback and death (E.v.R., G.T., unpublished data). In 
South Africa, the loss of even a single species from an ecosystem can 
be catastrophic. For example, Virgilia oroboides is a native reproductive 
host for PSHB. It is an important pioneer forest species in the southern 
Cape that protects forests from severe climatic fluctuations and fire and 
houses a large number of native organisms.57,58 Elimination of this single 
species could have irreversible consequences for native forest integrity.

Mitigation
Experiences from California, Israel, and South Africa indicate that the 
management of the PSHB is particularly challenging. To summarise, 
miniscule size presents detection challenges, and the haplodiploid and 
sib-mating system means the introduction of a single female can lead to 
the establishment of a new infestation. As the beetle feeds on symbiotic 
fungi, it has low tree host specificity. It is able to persist in many 
climatic zones and climate may not be critical for its establishment. The 

reproductive cycle is fast under optimum conditions, and if temperatures 
fall outside the suitable range, larvae and beetles can survive for some 
time and continue development should temperatures become suitable 
again. Spread is difficult to manage due to the ease of movement of 
infested wood and green waste. Despite the challenges, there are several 
mitigation strategies that may aid in reducing the impact of PSHB. 

Biological control is generally difficult for ambrosia beetles owing to 
their cryptic habits and inbreeding success.48 There is no biocontrol 
agent available against PSHB. However, Californian researchers have 
been investigating PSHB in its natural range to identify potential natural 
enemies (Stouthamer R 2021, personal communication). In South 
Africa, investigations into biocontrol options are being initiated. 

Control of low levels of PSHB infestation may be achievable by direct 
injection of insecticides and fungicides. This not only maximises 
pesticide impact but reduces environmental contamination. Control 
of PSHB in more heavily infested trees seems unattainable even with 
the direct application of chemicals.59 Chemicals that show the most 
promise include combinations of insecticide and fungicide treatments, 
like emamectin benzoate or bifenthrin combined with propiconazole.59-61 
These controls are currently being investigated in South Africa. A 
report by the California Forest Pest Council62, however, highlights that 
chemical treatment of infested trees in Orange County currently requires 
repeated applications (up to three times per year) using a combination 
of insecticides and fungicides and various application methods. The 
cost of chemical treatment is therefore expected to be high, and even if 
proven effective, their application in natural settings will not be feasible. 
Additionally, the application of commercial chemicals for prolonged 
periods could result in phytotoxicity.63-65 In South Africa, no insecticides 
or fungicides that have been evaluated with scientific rigour for efficacy 
in PSHB management have been registered for use. 

As there is no effective means to control pre-existing beetle infestations 
within a tree, the best alternative is to reduce the propagule number 
by physical removal of highly infested reproductive host trees. This 
reduces propagule pressure and potential of spread to new localities. 
This strategy has been used to reduce PSHB impact in infested avocado 
orchards.38,48 Infested material needs to be properly treated to reduce 
beetle survival. Currently, best protocols dictate chipping of the wood 
to pieces smaller than 5 cm followed by solarisation under plastic 
sheeting for 4–6 weeks at 55 °C.19,66 Movement of infested wood and 
wood chips should be avoided.32,67 Minimising the spread of invasive 
reproductive host plant species is crucial, as these may create pathways 
for autonomous spread.68

Conclusions
PSHB has proven to be one of the most difficult tree pests to manage. This 
is largely due to its ability to colonise a massive variety of tree species 
and its ease of anthropogenically mediated long-distance dispersal. In 
the absence of a rapidly implemented nationally coordinated strategy, 
and without strong stakeholder and public engagement, PSHB has easily 
spread throughout the country.69 Thus far, it has invaded numerous 
major cities, and, because South Africa is climatically suitable, PSHB 
is expected to rapidly spread to new areas. Impacts of the invasion are 
currently only in their infancy and major social and ecological costs are 
expected in the near future.52 Continued monitoring of the spread of the 
beetle is essential if we are to mitigate its impact. Mitigation will prove 
difficult, but is of the utmost importance. Even halting the movement 
of infested wood and wood products will be problematic. Despite the 
informal urban firewood trade being a widespread and important energy 
and income security source for many poor urban residents, its prevention 
is seen as the most effective way to curb long-distance spread. One 
benefit of PSHB invasion is an increase in public awareness of invasive 
organisms and their potential impact, at least in heavily affected areas. 
This increase in public awareness has also provided an opportunity 
in terms of public education and, combined with the creation of a 
multidisciplinary and multi-institutional Polyphagous Shot Hole Borer 
Research Network in South Africa, will help considerably in continued 
efforts in research, monitoring and control of invasive species. 
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