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The arrival and establishment of invasive forest pests can cause devastating environmental damage and great 
economic impact. For example, the cost over the past decade of dealing with the arrival of a single invasive beetle 
in the USA, the emerald ash borer (Agrilus planipennis), is estimated at more than USD10 billion.1 Originating from 
Asia, this beetle has killed hundreds of millions of native ash trees since it became established in the USA. However, 
this beetle is but one of hundreds of invasive insect pests that impact forests in the USA, and that contribute to a 
global tree health crisis caused by invasive insects and pathogenic microorganisms.2-4

South Africa is no different from other countries and is experiencing an increasing rate of introductions of damaging 
forest pests.5,6 These invasions are largely unintentional and are a by-product of globalisation and increasing 
global trade.7,8 The movement of living plants and plant products, including untreated wood packaging materials 
(i.e. pallets, dunnage and crating), is known to be a major pathway for these pests.9,10 For clarification, in this 
commentary we use the terms ‘insect’ and ‘pathogen’ to distinguish between the two types of organisms, although 
we also use the general term ‘pest’ to refer to both groups. The term ‘invasive pest’ is used for introduced species 
that, in addition to maintaining a self-sustaining population, show evidence of spread and impact.

Millions of years of co-evolution between plants and their pests has led to close ecological dependencies. 
Damaging outbreaks of native pests in their natural environments are rare; instead, pests play a vital role in 
shaping the dynamics and diversity of natural ecosystems.11 For this reason, forest pests are often not known to 
be problematic, or not even known to science, prior to their arrival and establishment in a non-native environment. 
However, on their arrival, alien pests may encounter suitable native hosts that lack co-evolved resistance, with 
the potential for devastating consequences. Well-known examples in addition to that of the emerald ash borer in 
the USA, include chestnut blight (caused by Cryphonectria parasitica) in the USA and Europe, and Phytophthora 
cinnamomi in southwest Australia.1,12,13 These pests and others have fundamentally altered ecosystems, with entire 
tree species being practically eliminated from invaded landscapes. In addition to these dramatic changes in forest 
canopy composition, wide-ranging ecological impacts may result following these invasions. These impacts include 
significantly altered species richness and abundance, and the loss of important ecosystem services.14

The International Plant Protection Convention provides for the protection against invasive pests through the 
International Standards for Phytosanitary Measures. These measures are acknowledged by the Agreement on the 
Application of Sanitary and Phytosanitary Measures of the World Trade Organisation.15 Under current protocols, 
Pest Risk Analysis is the mechanism by which an organism can be recognised as a potential threat that requires 
regulation. An important issue arises: in order for an organism to be subject to regulation, it must be named 
and known to be harmful. In addition, phytosanitary inspections (by both exporting and importing countries) are 
typically visual, and therefore inadequate for detecting asymptomatic infections or infestations.16 Consequently, 
these pests have the potential to avoid interception at check points.17

Given the shortfalls in current biosecurity regulations, there has been a move to use sentinel trees (trees planted 
outside of their natural range) to identify new and emerging pest risks.18 As hubs of human movement and traded 
goods, urban areas are frequently the first point of contact for alien pests.19,20 Therefore, when located in urban 
environments, monitoring of sentinel trees also provides an opportunity for early detection of recently arrived pests.17

A sentinel project supported by the South African National Biodiversity Institute was initiated in 2016. In 2017, 
this project led to the discovery of the polyphagous shot hole borer (PSHB, Euwallacea fornicatus) in a national 
botanical garden in the country.21 A tiny ambrosia beetle, 2 mm in length and native to Southeast Asia22, the PSHB 
has a symbiotic relationship with three species of fungi, including the tree pathogen Fusarium euwallaceae. This 
fungus provides a food source for the beetle and its larvae, but, in susceptible trees, it kills the vascular tissue, 
causing branch die-back and tree death.

Since its initial discovery, the PSHB has spread rapidly. The beetle is now well established in South Africa, with 
its presence currently confirmed in all provinces except Limpopo. Worryingly, its host list also continues to grow. 
Over 100 tree species have been attacked in South Africa.23 Not all of these are threatened with rapid death. 
Usually only trees in which the beetle is able to breed – so-called ‘reproductive hosts’ – are in immediate danger. 
To date, 36 host species (including exotic and indigenous trees) have been found to support PSHB reproduction 
in South Africa. This number will continue to grow as the beetle spreads to new areas and encounters new hosts. 
Importantly, some ‘non-reproductive’ hosts may become reproductive under certain environmental conditions. 
This makes compiling host lists problematic and the outcome of infestation difficult to predict. 

The greatest impact of the PSHB invasion observed to date has been in urban environments. These, for example, 
include the outbreaks in Johannesburg, George and Knysna. A similar situation has been observed in two other 
countries invaded by the PSHB – the USA (California) and Israel24,25 – where the PSHB went on to emerge as 
a damaging pest to the avocado industry and trees in natural ecosystems. For this reason, there is concern 
regarding the possible impacts that the PSHB will have on economically important tree crops including avocados 
and plantation acacias in South Africa. But the threat to natural ecosystems is the most worrying. There are 
already indications that indigenous tree species at the fringes of infested urbanised areas are susceptible to 
PSHB infestation.
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Shot hole borer beetles can be seen in the gallery of this tree.

Nearly three years have passed since the detection and reporting of what 
is arguably the most damaging tree pest to ever arrive in South Africa. 
An invasion of this magnitude should have elicited a rapid response 
and the development of a strategic action plan. However, South Africa 
has never before had to deal with a tree-killing pest of this importance. 
Moreover, with limited resources available and confusion regarding 
which government department should take responsibility, a coordinated 
response has failed to emerge.

In South Africa, the management of agricultural pests falls under the 
Department of Agriculture, Land Reform and Rural Development 
(DALRRD), specifically Plant Health Early Warning Systems. Where a 
pest is deemed an ‘emergency plant pest’ (EPP), the South African EPP 
Response Plan provides for a rapid response to prevent establishment 
and spread, and coordination of communication between government 
agencies, academia and plant industry professionals.26 A second piece 
of legislation, the South African National Environmental Management: 
Biodiversity Act (NEMBA, Act 10 of 2004) Alien and Invasive Species 
Regulations, provides for the listing of invasive alien species that threaten 
biodiversity.27 This Act is overseen by the Department of Environment, 
Forestry and Fisheries (DEFF), and contains explicit guidelines for the 
development of monitoring, control and eradication plans.

The PSHB presents a unique challenge in that it crosses boundaries 
between agriculture, commercial forestry, natural forests and urban 
trees.28 It has been detected on backyard avocado trees and roadside 
weedy acacias, but not yet in commercial avocado orchards or 
plantation forests. The only commercial crop on which PSHB has been 
detected to date is pecan, although early indications suggest the impact 
to this tree species may not be high. The PSHB has not yet been declared 
an agricultural EPP and no formal response has been triggered. This 
may be a consequence of the PSHB not yet appearing as a pest in 
commercial settings.

Similar challenges have been encountered in regard to listing PSHB under 
NEMBA. Despite submission (in November 2018) of a detailed pest risk 
analysis, the process by which listing is facilitated, its addition to the 
NEMBA list is yet to be finalised. Perhaps the lack of empirical evidence 
for the impact of the PSHB in natural ecosystems resulted in a reluctance 
on the part of the then Department of Environment Affairs to take full 
responsibility for the management of this pest. The recent relocation 
of the Forestry portfolio from the previous Department of Agriculture, 
Forestry and Fisheries to the now combined Department of Environment, 
Forestry and Fisheries may resolve this matter, as two portfolios which 
are threatened by this pest, now reside in the one department.

The major impact of the PSHB has been in urban environments, which 
leads to the question of where the responsibility for management of 
urban forests lies. In terms of government policy, urban forestry is 
mentioned briefly in the Forestry White Paper, prepared in 1996 by the 
then Department of Water Affairs and Forestry.29 The National Forestry 
Action Programme30 also provides for some recognition of urban forestry. 
Despite the existence of these policies, it seems urban forestry is poorly 
represented in South Africa, and a dedicated research and advocacy 
focus is lacking.31 Consequently, in the absence of a national strategy 
and with no clear structure in place to guide their response, most 
municipalities have understandably struggled to adequately manage this 
threat to the urban forest.
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There is also the complication of understanding the extent to which local 
governments are responsible for urban forests within their municipalities. 
For example, a Public Road and Miscellaneous By-law gazetted by the 
City of Johannesburg Metropolitan Municipality forbids any damage to 
trees on any public road within the municipality (no lop, top, trim, cut 
down or removal of such trees) without prior written permission of the 
Council.32 Realistically, however, urban forestry is likely a low priority for 
local government in urban areas, where issues such as the provision of 
housing, potable water, sanitation and other services remain priorities.31 
Given the limited financial resources available to local government to 
manage urban forest issues, there is a clear need for leadership and 
support from national government.

Dealing with the arrival of damaging invasive forest pests is challenging 
anywhere in the world. Australia, a country associated with a strong 
stance on biosecurity, is still grappling to provide a coordinated 
government response to the myrtle rust incursion, 7 years later.33 It is 
perhaps not surprising, given the challenging nature of dealing with such 
incursions, that the listing of the PSHB and the development of a national 
strategy for response to this pest has not yet occurred. But this delay has 
not been without consequence.

In the absence of a nationally coordinated strategy, and without strong 
stakeholder and public engagement, a vacuum has been allowed to 
develop. This vacuum has provided a space in which opportunists 
could appear, ready to tout expensive and unproven treatments as the 
solution. It has also resulted in the public being exposed to conflicting 
messages, leading to confusion as to the most appropriate action to take 
in response to infestations. In the meantime, the beetle has continued to 
multiply and spread unchecked across the country.

Experiences from California, Israel, and South Africa indicate that the 
management of the PSHB is particularly challenging. This is largely due 
to its inbreeding mating system, wide host range, and ability to survive 
in felled wood for many months. Heavily infested reproductive hosts 
become ‘reservoirs’ of beetles, threatening the health of adjacent trees. 
Therefore, current best practice recommends removal of heavily infested 
trees in which beetles are breeding. Infested wood should be disposed 
of appropriately at designated dumping sites. Applying sanitation 
treatments such as chipping, composting, solarising or kiln-drying 
infested wood will greatly reduce the risk of further spread of the PSHB 
to new environments.34

Treatment trials conducted in California suggest chemical control 
may have an application in protecting individual high-value trees. But 
this should not be seen as a ‘silver bullet’ for the problem. Ambrosia 
beetles (such as the PSHB) have cryptic habits and are notoriously 
difficult to control using pesticides. They spend little time on the tree 
surface and only ingest small amounts of wood, limiting their contact 
with pesticides.35 In addition, research from California suggests 
treatments may only be effective when applied either as a preventative 
measure or during the very early stages of infestation.35,36 The duration 
of therapeutic effects following pesticide application are finite, with 
repeated applications required over time. Therefore, cultural practices 
such as removing dead and dying trees and the sanitation of infested 
wood remain the most important management tools.

The development of a consolidated national management strategy and 
action plan for the PSHB is crucially important. This strategy should 
be prepared in conjunction with strong stakeholder engagement, and 
intergovernmental coordination between the relevant government 
departments (DALRRD and DEFF) must be ensured. A well-coordinated 
public awareness campaign informing local government, residents and 
stakeholder groups about the beetle and its impact must be an essential 
component of this strategy. Municipalities should be encouraged and 
supported to remove and destroy heavily infested reproductive host 
trees. Staff from affected sectors (including private, municipal, provincial 
and national parks and gardens, and landscaping, nursery, tree felling, 
farming and forestry industries) need to be trained to identify and 
appropriately handle PSHB-infested material. There should be a strong 
emphasis on the dangers of moving untreated infested wood, and best 
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management practices for disposal of infested wood must be developed 
and promoted.

In the USA, campaigns such as ‘Buy it where you burn it’ have been 
strongly promoted to educate the public about the risk of movement of 
invasive forest pests by long distance transport of wood. The campaign 
promotes the local buying and burning of wood to limit the movement 
of firewood. While this campaign has been effective to some degree in 
the USA, managing the movement of wood in South Africa may prove 
more challenging. Within South Africa, the informal urban firewood trade 
is widespread and provides an important energy source and income 
security for many poorer urban residents.37 The movement of infested 
wood through informal trade will be an important pathway of internal 
spread of the PSHB. However, managing this pathway has the potential 
to impact traders directly (through loss of access to harvestable wood), 
as well as to impact those who rely on this wood for cooking and heating. 
Careful consideration will need to be given to this issue.

The Forestry and Agricultural Biotechnology Institute of the University 
of Pretoria, where the PSHB invasion was first recognised, has initiated 
numerous baseline studies on the pest. But these have largely been 
restricted to surveillance and monitoring. Importantly, a multidisciplinary 
and multi-institutional Polyphagous Shot Hole Borer Research Network 
has recently been established to extend work on the pest. The network 
will coordinate research efforts undertaken by researchers from various 
institutions across the country. Current projects are investigating 
invasions in urban, agriculture and natural areas, and the search for a 
biological control agent will soon be initiated. Key to this network is a 
cross-sector collaborative approach. Now with funding made available 
by DEFF, further studies can be conducted under the framework of 
this network to underpin science and knowledge-based advice and 
policy processes.

While we hope that South Africa will never again have to see the arrival 
of a pest as damaging as the PSHB, the reality is that there seems to 
be no end to the accumulation of alien species worldwide.38,39 Of note 
is that we find ourselves in this, the International Year of Plant Health, 
facing a global threat to human health due to the COVID-19 pandemic. 
Many parallels can be drawn between the emergence of novel diseases 
of humans and invasions by forest pests. Not least of these is that they 
are both largely a consequence of human activites. There is strong 
evidence linking the role of anthropogenic disturbance as a major driver 
of emerging infectious diseases of both humans and forests. Moreover, 
the unprecedented level of global connectedness via trade and travel 
networks, facilitates the rapid spread of pathogens responsible for 
human and tree disease pandemics more than ever before.40,41 There 
is a very strong economic case for investing in strategies to reduce the 
threat posed by future pandemics to both human and forest health. It is 
clear that we require a greater capacity to predict, prevent and respond 
to emerging infectious diseases and forest pest invasions, and cross-
disciplinary and global collaboration will enhance our ability to achieve 
this goal.40-42

We would do well to seriously reflect on the shortcomings of how 
we as a country have responded to the arrival of the PSHB and learn 
from them. Importantly, South Africa needs to be able to deal with new 
invasions more effectively in the future.

References
1.	 Kovacs KF, Haight RG, McCullough DG, Mercader RJ, Siegert NW, Liebhold 

AM. Cost of potential emerald ash borer damage in US communities, 
2009–2019. Ecol Econ. 2010;69(3):569–578. https://doi.org/10.1016/j.
ecolecon.2009.09.004

2.	 Holmes TP, Aukema JE, Von Holle B, Liebhold A, Sills E. Economic impacts 
of invasive species in forest past, present, and future. In: The year in ecology 
and conservation biology, 2009. Ann NY Acad Sci. 2009;1162:18–38. 
https://doi.org/10.1111/j.1749-6632.2009.04446.x

3.	 Loo JA. Ecological impacts of non-indigenous invasive fungi as forest 
pathogens. Biol Invasions. 2009;11:81–96. https://doi.org/10.1007/s10530-
008-9321-3

4.	 Wingfield MJ, Brockerhoff EG, Wingfield BD, Slippers B. Planted forest health: 
The need for a global strategy. Science. 2015;349(6250):832–836. https://
doi.org/10.1126/science.aac6674

5.	 Graziosi I, Tembo M, Kuate J, Muchugi A. Pests and diseases of trees in Africa: 
A growing continental emergency. Plants People Planet. 2020;2(1):14–28. 
https://doi.org/10.1002/ppp3.31

6.	 Hurley BP, Slippers B, Sathyapala S, Wingfield MJ. Challenges to planted 
forest health in developing economies. Biol Invasions. 2017;19(11):3273–
3285. https://doi.org/10.1007/s10530-017-1488-z

7.	 Ramsfield TD, Bentz BJ, Faccoli M, Jactel H, Brockerhoff EG. Forest health 
in a changing world: Effects of globalization and climate change on forest 
insect and pathogen impacts. Forestry. 2016;89(3):245–252. https://doi.
org/10.1093/forestry/cpw018

8.	 Santini A, Ghelardini L, De Pace C, Desprez-Loustau ML, Capretti P, 
Chandelier A, et al. Biogeographical patterns and determinants of invasion by 
forest pathogens in Europe. New Phytol. 2013;197(1):238–250. https://doi.
org/10.1111/j.1469-8137.2012.04364.x

9.	 Haack RA, Britton KO, Brockerhoff EG, Cavey JF, Garrett LJ, Kimberley M, et 
al. Effectiveness of the International Phytosanitary Standard ISPM No. 15 on 
reducing wood borer infestation rates in wood packaging material entering 
the United States. PLoS ONE. 2014;9(5), e96611. https://doi.org/10.1371/
journal.pone.0096611

10.	 Liebhold AM, Brockerhoff EG, Garrett LJ, Parke JL, Britton KO. Live plant 
imports: The major pathway for forest insect and pathogen invasions of the US. 
Front Ecol Environ. 2012;10(3):135–143. https://doi.org/10.1890/110198

11.	 Ostry ME, Laflamme G. Fungi and diseases – natural components of healthy 
forests. Botany. 2009;87(1):22–25. https://doi.org/10.1139/B08-090

12.	 Shearer BL, Crane CE, Barrett S, Cochrane A. Phytophthora cinnamomi 
invasion, a major threatening process to conservation of flora diversity 
in the South-west Botanical Province of Western Australia. Aust J Bot. 
2007;55:225–238. https://doi.org/10.1071/BT06019

13.	 Rigling D, Prospero S. Cryphonectria parasitica, the causal agent of chestnut 
blight: Invasion history, population biology and disease control. Mol Plant 
Pathol. 2018;19:7–20. https://doi.org/10.1111/mpp.12542

14.	 Boyd IL, Freer-Smith PH, Gilligan CA, Godfray HC. The consequence of tree 
pests and diseases for ecosystem services. Science. 2013;342(6160), Art. 
#1235773. https://doi.org/10.1126/science.1235773

15.	 Schrader G, Unger JG. Plant quarantine as a measure against invasive alien 
species: The framework of the International Plant Protection Convention 
and the plant health regulations in the European Union. Biol Invasions. 
2003;5(4):357–364. https://doi.org/10.1023/B:BINV.0000005567.58234.b9

16.	 Migliorini D, Ghelardini L, Tondini E, Luchi N, Santini A. The potential of 
symptomless potted plants for carrying invasive soilborne plant pathogens. 
Divers Distrib. 2015;21(10):1218–1229. https://doi.org/10.1111/ddi.12347

17.	 Paap T, Burgess TI, Wingfield MJ. Urban trees: Bridge-heads for forest pest 
invasions and sentinels for early detection. Biol Invasions. 2017;19(12):3515–
3526. https://doi.org/10.1007/s10530-017-1595-x

18.	 Eschen R, O’Hanlon R, Santini A, Vannini A, Roques A, Kirichenko N, 
et al. Safeguarding global plant health: The rise of sentinels. J Pest Sci. 
2019;92(1):29–36. https://doi.org/10.1007/s10340-018-1041-6

19.	 Hulbert JM, Agne MC, Burgess TI, Roets F, Wingfield MJ. Urban environments 
provide opportunities for early detections of Phytophthora invasions. Biol 
Invasions. 2017;19(12):3629–3644. https://doi.org/10.1007/s10530-017-
1585-z

20.	 Rassati D, Faccoli M, Petrucco Toffolo E, Battisti A, Marini L. Improving the 
early detection of alien wood-boring beetles in ports and surrounding forests. 
J Appl Ecol. 2015;52(1):50–58. https://doi.org/10.1111/1365-2664.12347

21.	 Paap T, De Beer ZW, Migliorini D, Nel WJ, Wingfield MJ. The polyphagous 
shot hole borer (PSHB) and its fungal symbiont Fusarium euwallaceae: A new 
invasion in South Africa. Australas Plant Path. 2018;47(2):231–237. https://
doi.org/10.1007/s13313-018-0545-0

22.	 CABI. Euwallacea fornicatus distribution table. CABI Invasive Species 
Compendium [webpage on the Internet]. No date [updated 2019 Nov 19; 
cited 2020 Jul 29]. Available from: http://www.cabi.org/isc/datasheet/57163

	 Polyphagous shot hole borer in South Africa
	 Page 3 of 4

https://doi.org/10.17159/sajs.2020/8757
www.sajs.co.za
http://www.fabinet.up.ac.za
https://www.fabinet.up.ac.za/research-groups/pshb-research-network
http://www.fao.org/plant-health-2020
https://doi.org/10.1016/j.ecolecon.2009.09.004
https://doi.org/10.1016/j.ecolecon.2009.09.004
https://doi.org/10.1111/j.1749-6632.2009.04446.x
https://doi.org/10.1007/s10530-008-9321-3
https://doi.org/10.1007/s10530-008-9321-3
https://doi.org/10.1126/science.aac6674
https://doi.org/10.1126/science.aac6674
https://doi.org/10.1002/ppp3.31
https://doi.org/10.1007/s10530-017-1488-z
https://doi.org/10.1093/forestry/cpw018
https://doi.org/10.1093/forestry/cpw018
https://doi.org/10.1111/j.1469-8137.2012.04364.x
https://doi.org/10.1111/j.1469-8137.2012.04364.x
https://doi.org/10.1371/journal.pone.0096611
https://doi.org/10.1371/journal.pone.0096611
https://doi.org/10.1890/110198
https://doi.org/10.1139/B08-090
https://doi.org/10.1071/BT06019
https://doi.org/10.1111/mpp.12542
https://doi.org/10.1126/science.1235773
https://doi.org/10.1023/B:BINV.0000005567.58234.b9
https://doi.org/10.1111/ddi.12347
https://doi.org/10.1007/s10530-017-1595-x
https://doi.org/10.1007/s10340-018-1041-6
https://doi.org/10.1007/s10530-017-1585-z
https://doi.org/10.1007/s10530-017-1585-z
https://doi.org/10.1111/1365-2664.12347
https://doi.org/10.1007/s13313-018-0545-0
https://doi.org/10.1007/s13313-018-0545-0
http://www.cabi.org/isc/datasheet/57163


4 Volume 116| Number 11/12 
November/December 2020

Commentary
https://doi.org/10.17159/sajs.2020/8757

23.	 Forestry and Agricultural Biotechnology Institute, University of Pretoria. The 
polyphagous shot hole borer (PSHB) and its fungus in South Africa [webpage 
on the Internet]. No date [updated 2019 Apr 24; cited 2020 Jul 29]. Available 
from: https://www.fabinet.up.ac.za/pshb

24.	 Eskalen A, Stouthamer R, Lynch SC, Rugman-Jones PF, Twizeyimana 
M, Gonzalez A, et al. Host range of Fusarium dieback and its ambrosia 
beetle (Coleoptera: Scolytinae) vector in southern California. Plant Dis. 
2013;97(7):938–951. http://dx.doi.org/10.1094/PDIS-11-12-1026-RE

25.	 Mendel Z, Protasov A, Sharon M, Zveibil A, Yehuda SB, O’Donnell K, et al. An Asian 
ambrosia beetle Euwallacea fornicatus and its novel symbiotic fungus Fusarium 
sp. pose a serious threat to the Israeli avocado industry. Phytoparasitica. 
2012;40(3):235–238. https://doi.org/10.1007/s12600-012-0223-7

26.	 South African Department of Agriculture, Forestry and Fisheries. Plant 
health. c2020 [cited 2020 Jul 29]. Available from: https://www.daff.gov.za/
daffweb3/Branches/Agricultural-Production-Health-Food-Safety/Plant-Health/
Pest-Surveillance

27.	 South African Department of Environmental Affairs. National Environmental 
Management: Biodiversty Act 2004 (Act No. 10 of 2004) Alien and Invasive 
Species Regulations. Government Gazette. 2014; Vol. 590, No. 37885.

28.	 De Beer ZW, Paap T. The spread of shothole borer beetles in South Africa is 
proving tough to control. The Conversation. 2018 November 02. Available 
from: https://bit.ly/2Dl46ia

29.	 Department of Water Affairs and Forestry (DWAF). White Paper on Sustainable 
Forest Management in South Africa. Pretoria: DWAF; 1996.

30.	 NFAP. South Africa’s National Forestry Action Programme. Pretoria: Department 
of Water Affairs and Forestry; 1997. 

31.	 Shackleton CM. Urban forestry – A cinderella science in South Africa? South 
Afr For J. 2006:208(1):1–4. https://doi.org/10.2989/10295920609505255

32.	 City of Johannesburg Metropolitan Municipality. Public Road and 
Miscellaneous By-Laws. Gauteng Provincial Gazette No 179; 2004.

33.	 Readfearn G. Calls for emergency action plan as myrtle rust pushes plants 
to extinction. The Guardian. 2019 January 23. Available from: https://www.
theguardian.com/environment/2019/jan/24/calls-for-emergency-action-plan-
as-myrtle-rust-pushes-plants-to-extinction?CMP=soc_567&fbclid=IwAR22
N97R-uYj4HY4E-17Kj__KR13Dghxy4LFtt_mwHDd6yCz5GnPZBTw0Iw

34.	 Eatough Jones M, Paine TD. Effect of chipping and solarization on emergence 
and boring activity of a recently introduced ambrosia beetle (Euwallacea 
sp., Coleoptera: Curculionidae: Scolytinae) in Southern California. J Econ 
Entomol. 2015;108(4):1852–1859. https://doi.org/10.1093/jee/tov169

35.	 Grosman DM, Eskalen A, Brownie C. Evaluation of emamectin benzoate 
and propiconazole for management of a new invasive shot hole borer 
(Euwallacea nr. fornicatus, Coleoptera: Curculionidae) and symbiotic fungi 
in California sycamores. J Econ Entomol. 2019;112(3):1267–1273. https://
doi.org/10.1093/jee/toy423

36.	 Eatough Jones M, Kabashima J, Eskalen A, Dimson M, Mayorquin JS, Carrillo 
JD, et al. Evaluations of insecticides and fungicides for reducing attack rates 
of a new invasive ambrosia beetle (Euwallacea sp., Coleoptera: Curculionidae: 
Scolytinae) in infested landscape trees in California. J Econ Entomol. 
2017;10(4):1611–1618. https://doi.org/10.1093/jee/tox163

37.	 Guild J, Shackleton CM. Informal urban fuelwood markets in South Africa in the 
context of socio-economic change. Energy Policy. 2018;117:136–141. https://
doi.org/10.1016/j.enpol.2018.03.023

38.	 Seebens H, Blackburn TM, Dyer EE, Genovesi P, Hulme PE, Jeschke JM, et al. 
No saturation in the accumulation of alien species worldwide. Nat Commun. 
2017;8(1):14435. https://doi.org/10.1038/ncomms14435

39.	 Pyšek P, Hulme PE, Simberloff D, Bacher S, Blackburn TM, Carlton JT, et al. 
Scientists’ warning on invasive alien species. Biol Rev. 2020;25. https://doi.
org/10.1111/brv.12627

40.	 Nuñez MA, Pauchard A, Ricciardi A. Invasion science and the global spread of 
SARS-CoV-2. Trends Ecol. Evol. 2020;35(8):642-645. http://doi.org/10.1016/j.
tree.2020.05.004

41.	 Paap T, Wingfield MJ, Burgess TI, Hulbert JM, Santini A. Harmonising the 
fields of invasion science and forest pathology. NeoBiota. 2020;62:301–332. 
https://doi.org/10.3897/neobiota.62.52991

42.	 Dobson AP, Pimm SL, Hannah L, Kaufman L, Ahumada JA, Ando AW, et al. Ecology 
and economics for pandemic prevention. Science. 2020;369(6502):379–381. 
https://doi.org/10.1126/science.abc3189

	 Polyphagous shot hole borer in South Africa
	 Page 4 of 4

https://doi.org/10.17159/sajs.2020/8757
www.sajs.co.za
https://www.fabinet.up.ac.za/pshb
http://dx.doi.org/10.1094/PDIS-11-12-1026-RE
https://doi.org/10.1007/s12600-012-0223-7
https://www.daff.gov.za/daffweb3/Branches/Agricultural-Production-Health-Food-Safety/Plant-Health/Pest-Surveillance
https://www.daff.gov.za/daffweb3/Branches/Agricultural-Production-Health-Food-Safety/Plant-Health/Pest-Surveillance
https://www.daff.gov.za/daffweb3/Branches/Agricultural-Production-Health-Food-Safety/Plant-Health/Pest-Surveillance
https://bit.ly/2Dl46ia
https://doi.org/10.2989/10295920609505255
https://www.theguardian.com/environment/2019/jan/24/calls-for-emergency-action-plan-as-myrtle-rust-pushes-plants-to-extinction?CMP=soc_567&fbclid=IwAR22N97R-uYj4HY4E-17Kj__KR13Dghxy4LFtt_mwHDd6yCz5GnPZBTw0Iw
https://www.theguardian.com/environment/2019/jan/24/calls-for-emergency-action-plan-as-myrtle-rust-pushes-plants-to-extinction?CMP=soc_567&fbclid=IwAR22N97R-uYj4HY4E-17Kj__KR13Dghxy4LFtt_mwHDd6yCz5GnPZBTw0Iw
https://www.theguardian.com/environment/2019/jan/24/calls-for-emergency-action-plan-as-myrtle-rust-pushes-plants-to-extinction?CMP=soc_567&fbclid=IwAR22N97R-uYj4HY4E-17Kj__KR13Dghxy4LFtt_mwHDd6yCz5GnPZBTw0Iw
https://www.theguardian.com/environment/2019/jan/24/calls-for-emergency-action-plan-as-myrtle-rust-pushes-plants-to-extinction?CMP=soc_567&fbclid=IwAR22N97R-uYj4HY4E-17Kj__KR13Dghxy4LFtt_mwHDd6yCz5GnPZBTw0Iw
https://doi.org/10.1093/jee/tov169
https://doi.org/10.1093/jee/toy423
https://doi.org/10.1093/jee/toy423
https://doi.org/10.1093/jee/tox163
https://doi.org/10.1016/j.enpol.2018.03.023
https://doi.org/10.1016/j.enpol.2018.03.023
https://doi.org/10.1038/ncomms14435
https://doi.org/10.1111/brv.12627
https://doi.org/10.1111/brv.12627
http://doi.org/10.1016/j.tree.2020.05.004
http://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.3897/neobiota.62.52991
https://doi.org/10.1126/science.abc3189

	_Hlk47783000

