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A B S T R A C T   

Biological control (BC) of invasive alien plants (IAP) can be an effective environmental management approach. It 
has only very recently been adopted in Europe and is underutilized compared to other continents where this 
method has been successfully implemented for over a century. This is in sharp contrast to the BC of invertebrate 
pests, which has been taken up widely within Europe. It has been suggested that this is related to the risk-adverse 
attitude of Europeans towards weed BC. Scientific and public perception have a major influence on environ-
mental policy actions. Public perception and knowledge regarding BC is an understudied subject despite its 
relevance for the application of this management alternative. We aimed to assess the knowledge and perception 
of BC of IAP among European professionals compared with their peers from other continents. To this end we 
conducted an online survey including multiple choice and open questions among over 700 people professionally 
engaged with managing the natural environment, of which approximately half were from Europe (EU) and the 
others from outside (non-EU). We assessed relationships between the geographical location of the respondents 
and their knowledge, and perceptions of BC of weeds versus BC of invertebrate pests. We found that respondents’ 
location influenced both perceptions and knowledge of BC for weeds. Compared to non-EU respondents, EU 
professionals showed less appreciation for BC (e.g., regarding safety, sustainability, and cost-effectiveness), and 
perceived it as a riskier method, particularly in the case of practitioners and researchers. More profoundly insect 
pest BC tended to be considered less safe than weed BC for non-EU respondents. Confidence in weed BC as a 
method, as well as in the validity of the associated pre-release risk assessments, strongly increased with the level 
of expertise in weed BC. While a much higher proportion of non-EU respondents were correctly aware of the 
presence/absence of BC in their own countries and identified successful examples of BC accurately, both groups 
of respondents were similarly aware of unsuccessful BC examples, including BC agents against animals, stressing 
the bias of EU respondents towards examples of BC failure. The appreciation of weed BC in Europe could be 
elevated by a combination of increasing knowledge of the technique and pre-release risk assessment and pro-
moting successful examples of weed BC, which may bring major benefits for the management of IAP across the 
region.   

1. Introduction 

Invasive alien species and their negative impacts on biodiversity and 
the economy are commonly recognized by European scientists, 

managers and authorities who have adopted legislation to prevent and 
manage their introduction and spread (EU Regulation no 1143/2014 
(EU, 2014)). Invasive alien plants (IAP) in particular, are responsible for 
substantial negative impacts, through their ability to transform 
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ecosystems and landscapes profoundly as well as cause major economic 
costs (Novoa et al., 2021; Diagne et al., 2021). Their management is 
often technically challenging due to biological persistence (e.g., 
numerous long-lived seed banks) and survival strategies (e.g., vigo-
rous/resprouting or coppicing, long distance dispersal of both seeds and 
vegetative propagules) of many species, frequently combining to 
generate vast areas of invasion. “Traditional” management, relying 
solely on physical and chemical control, can thus become prohibitively 
expensive, as well as often not being successful in the long term. 

Biological control (BC) involves the use of a natural enemy, such as a 
parasite, predator, or pathogen, of a (target) species to maintain its 
population density at a lower level than would occur in their absence (de 
Bach, 1964). BC has a long history dating back to 304–877 AD in China 
where an ant species common in natural habitats would be released into 
orchards for pest control (Sforza, 2021). BC is nowadays frequently 
considered a key ecosystem service and a sustainable method of pest 
management as well as contributing to the beneficial reduction in the 
use of chemicals to control invasive alien species (Sforza, 2021). One 
specific type of BC is Classical Biological Control (CBC) which involves 
the importation and subsequent release and establishment of a 
non-native natural enemy for the control of its host species in its 
expanded range where it has become invasive. CBC is potentially the 
most controversial form of BC, even amongst the scientific community, 
because it involves the intentional and permanent introduction of one 
alien species to control another. The earliest known example of CBC of 
weeds took place approximately 200 years ago (in 1821) when Dacty-
lopius ceylonicus (Green) was released to control Opuntia monacantha 
(Willd.) Haw in India (Tryon, 1910), a release that proved successful. To 
date, there have been over 500 biological control agents (BCA) released 
against at least 220 IAP species in 130 countries (Winston et al., 2014). 
Despite the long and extensive history of successful release of BCA 
against IAP worldwide (Schwarzländer et al., 2018a), the substantial 
economic benefits (van Wilgen et al., 2004; Mouttet et al., 2018), the 
rarity of significant non-target impacts (Suckling and Sforza, 2014), and 
the long list of high potential European weed targets (Sheppard et al., 
2006), the technique has largely been overlooked until very recently in 
Europe (Shaw et al., 2018). 

In 1962, one insect gall-former (Procecidochares utilis Stone, the 
eupatorium gall fly) had been intentionally released in Madeira Island 
(Portugal) to control the invasive plant Ageratina adenophora (Spreng.) 
King & Rob (Asteraceae) (Vieira, 2002)), with little follow up after 
establishment (Pupo, 2016). In 1969, the leaf beetle Altica carduorum 
Guérin-Méneville was released against Cirsium arvense (L.) Scop. 
(Asteraceae) in the UK but failed to establish (Baker et al., 1972). To our 
knowledge, since then, no other BCAs have been released for IAP control 
until 2010 (Shaw et al., 2016, 2018). The recent intentional in-
troductions in Europe, in chronological order, are the Japanese knot-
weed psyllid Aphalara itadori Shinji against Reynoutria japonica Houtt. 
(Polygonaceae) in 2010 (UK) and 2020 (NL), the rust fungus Puccinia 
komarovii var glanduliferae against Impatiens glandulifera Royle (Balsa-
minaceae) in 2014 (UK) (Tanner et al., 2015; Varia et al., 2018), the gall 
wasp Trichilogaster acaciaelongifoliae (Froggatt) against Acacia longifolia 
(Andrews) Willd. (Fabaceae) in 2015 (Portugal) (Marchante et al., 2017) 
and the gall-forming mite Aculus crassulae Knihinicki & Petanović versus 
Crassula helmsii (Kirk) Cockayne (Crassulaceae) (Knihinicki et al., 2018; 
Varia et al., 2022). Most recently in 2020, again in the UK, the weevil 
Listronotus elongatus (Hustache) was released against Hydrocotyle 
ranunculoides L. f. (Apiaceae) (D. Djeddour pers. comm.). This slow 
take-up in Europe of an otherwise globally accepted management 
technique is particularly interesting given the extensive use of CBC 
against pest arthropods both inside the glasshouse (Minks et al., 1998; 
Eilenberg et al., 2000) and outside for which 176 species of exotic ar-
thropods have been released in Europe (Gerber and Schaffner, 2016). 
Whilst it is too early to judge the long-term effects of the recent bio-
logical control agent releases in Europe, there are indications of estab-
lishment and early effects at least for the gall wasp T. acaciaelongifoliae 

(López-Núñez et al., 2021), the rust fungus Puccinia komarovii var glan-
duliferae, the weevil L. elongatus and the gall-forming mite Aculus cras-
sulae seem to be establishing a spreading locally in the UK (R. Shaw pers. 
comm.). Additionally, there are some notable examples of successful 
weed BC in Europe which resulted from accidental or unintentional 
introductions (reviewed by Shaw et al., 2018). However, we hypothesise 
that a general lack of history of intentional CBC in Europe is likely to 
affect people’s level of awareness and understanding of the principles 
and practice of CBC. 

Recent explorations of challenges and constraints of BC in Europe 
and beyond, mainly identified technical and practical limitations (Bar-
ratt et al., 2018; Shaw et al., 2018; Schwarzländer et al., 2018b). Public 
(including scientific) and policy support is critical for BC implementa-
tion (Thomas and Willis, 1998; Ghosheh, 2005; Vurro and Evans, 2008). 
In democratic societies – such as Europe - public perception is long 
recognized to have a major influence on policy decisions and environ-
mental actions taken (Wilkinson and Fitzgerald, 1997) specifically when 
they are funded by public money and applied on public or shared lands 
(Messing and Brodeur, 2018) such as is the case for most CBC to date. 
Research on public perceptions of BC, however, is relatively scarce and 
fragmented, specifically when the target audience is the scientific and 
technical community. Past studies from Australia and New Zealand 
suggest that a general lack of understanding among the public is one of 
the main barriers to implementing BC measures (Ravel, 1999). A Ca-
nadian study concluded that BC is preferred over pesticide use in food 
production, however they also identified a clear need to “educate” the 
general public on biological pest management (McNeil et al., 2010). 
More recently (Messing and Brodeur, 2018), stressed that researchers 
and practitioners should communicate more to increase awareness and 
public and regulatory support for BC. 

One question that remains unanswered however, is why people might 
oppose the use of BC for managing IAPs. In the field of invasive animal 
management, a public perception study on the use of genetic manipu-
lation for controlling invasive fish in the Great Lakes area (USA) showed 
that the involved stakeholders were excited to have a new tool for 
control, but they were also concerned about potential unintended con-
sequences (Sharpe, 2014). These concerns were related to unintended 
ecological impacts as well as additional costs for development and 
interference with ongoing control projects. Understanding the concerns 
and fears underlying any opposition to BC is essential for effective 
engagement of conservation practitioners and scientists (Warner et al., 
2009; Warner, 2012). Indeed, in New Zealand, where IAP BC is widely 
and regularly applied, public consultation happens at the beginning of a 
programme once a target is proposed (Ehlers et al., 2020). The apparent 
bias or ‘mistrust’ against IAP BC had also emerged during an exploratory 
survey amongst the delegates of the Ecology and Management of Alien 
Plant Invasions (EMAPI) 2018 Conference, conducted by the authors. 
101 delegates out of 189 completed the survey, of which most were 
European, and when asked whether lab/quarantine studies can 
adequately determine the field safety of a proposed biocontrol agent, 
over 50% either agreed or strongly agreed. However, when asked 
whether an agent is likely to attack non-target plants or crops after being 
tested for specificity and approved for release, only a third of delegates 
either agreed or strongly agreed, suggesting that some scientists were 
willing to ignore the evidence from the literature and their own un-
derstanding of lab studies and “let their hearts rule their heads” (Shaw 
et al., 2017). The results from this exploratory survey drove the authors 
to investigate further and begin the study now presented. 

In this context, our main objective in this study was to examine the 
knowledge, experience, and perceptions of BC of IAP in Europe amongst 
researchers and other professionals concerned with biological invasions. 
Specifically, we aimed to answer the following research questions: 1) 
What is the difference in knowledge and perception of BC of IAPs be-
tween professionals from the EU (with hardly any adoption of the 
method) and professionals in non-EU countries including where BC of 
IAP is common? 2) Does the perception of BC differ when the target is an 
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IAP or invertebrate pest? 3) How does knowledge of, and experience 
with, BC affect perception of BC? We assessed these by means of an 
online survey distributed amongst relevant professionals worldwide. 

2. Material and methods 

2.1. Questionnaire design 

We collected our data using an online questionnaire. The question-
naire included three main sections, each with six questions. The first 
section addressed demographic descriptors (age, gender) geographic 
location (country of residence/work) and experience level (education 
level, profession, and self-assessed level of expertise in BC). The second 
section included questions on knowledge of the use of BC against IAP 
and insect plant pests in the country of residence/work, on the use of BC 
in general, and on the perceived safety of use of BC against IAP. 
Furthermore, we asked respondents to give one example of successful 
and unsuccessful classical biological control agents. The third section 
was designed to examine respondents/perception of BC, including their 
opinions on the use of BC to manage IAP, the potential reasons for not 
using BC against IAP in their country of residence/work, and their level 
of agreement with different statements about the BC of IAP. The full 
questionnaire is available in the Supplementary Material S1. 

Most questions were closed, with either one or multiple answers 
possible. Statements were measured on a 5-point scale ranging from 
“Always” to “Never” or from “Strongly agree” to “Strongly disagree”. 
Open questions were used to ask for species examples (section 2) and 
potential reasons for the disparity of BC use in the EU compared with the 
rest of the world (section 3). To avoid multiple interpretations, we 
provided a definition of classical biological control (CBC) at the begin-
ning of the questionnaire as follows: “This control method involves the 
identification and release of natural enemies, normally arthropods or 
fungi, from the native range of the invasive plant/weed for the perma-
nent control of the target weed in the invaded range. This is carried out 
after host range safety testing often in a quarantine facility and normally 
permissions are only granted after some form of risk assessment by the 
relevant authorities in the release country.” The survey was kept quite 
short (taking ca. 15 min to complete to maximise the number of re-
sponses and avoid incomplete responses. 

2.2. Data collection 

The questionnaire was supplied online using SurveyMonkey® and a 
link was generated to provide access to the survey. Our survey targeted 
researchers, policy makers and other professionals in the field of bio-
logical invasions, in particular those working with IAP, environmental 
management, and nature conservation. We expected the target audience 
to have some understanding of the topic, though the extent of this 
knowledge was likely to vary considerably. We targeted professionals in 
the EU (including the UK), as well as those in countries outside Europe, 
which included countries where BC against IAP has been widely used for 
many decades, e.g., South Africa, USA, and Australia. 

The link was distributed using mailing-lists targeting respondents in 
the EU and globally, including lists of environmental related conferences 
(e.g., EMAPI, International Symposium on Biological Control of Weeds), 
topic-relevant list servers (e.g., Aliens-list, ENTOMO-L, Belgian Forum 
on Invasive Species), institutional lists of the authors, professional so-
cieties and working groups (e.g., Society for Conservation Biology, 
regional sections, Portuguese Society of Ecology, International Organi-
zation of Biocontrol, European Weed research Society). In addition, we 
advertised the survey via relevant accounts on Twitter and Facebook (e. 
g., International Association for Open Knowledge on Invasive Alien 
Species (INVASIVESNET), Espécies Invasoras em Portugal, Grupo de 
Investigación en Especies Invasoras). Participation in this study was 
voluntary, anonymous, and respondents were able to withdraw at any 
stage. 

The questionnaire was available between 14th June and July 17, 
2018. A total of 796 unique responses to the survey was received. All 
data were collected and stored in accordance with the General Data 
Protection Regulation (GDPR). None of the questions asked for personal 
information. In cases where personal information such as names or 
email-addresses were provided voluntarily, we deleted this information 
from the dataset before distribution amongst the team for analyses. 
Respondents were informed about the purpose of this study on the first 
page of the survey and agreed to participate in this study via an OK 
button. They were also offered the chance to receive summarised data. 

2.3. Data analysis 

Incomplete responses and responses from respondents with unre-
lated occupations (not from our target population) were removed from 
the analyses, resulting in 702 responses being analysed. The information 
about the country of work/residence was used to assign respondents to 
the EU (including all countries on the European continent including the 
UK) and non-EU groups. Responses of “other” occupations were checked 
and whenever logic were assigned to one of the following categories: 
researcher, manager, policy maker, or kept as “others”. Reported ex-
amples of successful or unsuccessful BC were checked for accuracy and 
categorised according to target type (weed/invasive plant BC vs. insect/ 
invertebrate pests BC vs. another target – e.g., rats or rabbits) and 
geographic area (EU vs. non-EU). The answers to the open-ended 
question about “Why biocontrol is little used in Europe compared to 
the rest of the world” were analysed qualitatively by two of the authors 
and grouped into categories (Supplementary Material S2). We compared 
the responses provided by EU respondents and by non-EU respondents 
where appropriate. Statistical significance of differences between EU 
and non-EU groups were determined using Two Proportion Z-Test (p <
0,05; function computed in Excel), after verification of its assumptions. 

3. Results 

3.1. Sample characteristics 

Of the 702 responses, distributed by 67 countries, 57% came from 
Europe and of these, almost half the answers came from the only two 
countries that had actually introduced biological control agents against 
IAP on their territory before the time of the survey (Portugal and the 
UK). The remaining 43% of the answers came from other continents. In 
the case of non-European respondents there was a high representation 
from Africa (mostly South Africa), North America (mostly USA) and 
Oceania (mostly Australia; Table 1), i.e., from continents and countries 
where BC is used most. A detailed distribution of respondents by country 
of origin/work is available in Supplementary Material S3. 

Respondents came from different age groups, with the majority 
ranging between 25 and 64 years old. More than 75% were highly 
educated, having either an MSc or PhD degree, and most were either 
researchers or practitioners (ca. 85% together) (Table 2). About 60% of 
the respondents considered that they had “some knowledge” about BC of 

Table 1 
Region of respondents distributed by continents where they currently 
work/live. In each continent where respondents from a country were 
dominant, its percentage, from the continent, is indicated. (N = 702; 303 
non-EU; 399 EU).  

Continent (countries) Responses (%) 

Europe (mostly from UK and Portugal) 56.8% (27.1% UK, 17.0% PT) 
non-Europe 43.2% 

Africa (mostly South Africa) 12.1% (78.8%) 
North America (mostly USA) 11.0% (88.3%) 
Oceania (mostly Australia) 11.8% (67.5) 
Asia 6.1% 
South America 2.1%  
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IAPs, while only 19% identified themselves as experts in the field; and 
ca. 20% had little or no knowledge about the subject. More men than 
women provided responses (Table 2). 

3.2. Knowledge about biocontrol 

When asked if BC was used against invasive plants/weeds in the 
country where they live/work, significantly more respondents from non- 
EU countries said “yes” (86%) than EU respondents, where only around 
half respondents (48%) answered “yes”, with the other half of EU re-
spondents either responding that it was not used or didn’t know 
(Table 3). As for BC used against insects/plant pests, despite the majority 
(over 75%) of both EU and non-EU respondents reporting that it was 
used in their countries, the non-EU proportion was still significantly 
higher than those in the EU (Table 3). 

A much higher proportion of EU respondents acknowledged the use 
of BC against insects/plant pests in the EU compared to its use against 
invasive plants, while in non-EU countries it was very similar between 
the 2 taxonomic groups. 

The “yes/no” of respondents were then cross-checked with the 
known existence of BC in their own countries. Of those that responded 
with a “yes” or “no” answer rather than “don’t know” or skipped, a 
remarkable 99% of non-EU respondents were correct (258 out of 261) 
whilst only 72% of EU respondents were accurate (240 out of 334). 
Within the EU, of the 94 respondents who were not correct 67 of them 
answered that weed BC was used in their country when it has not yet 
been, as opposed to the 27 who thought not when it has been. It is also 
worth noting that the three incorrect responses from non-EU countries 
were also false positives. 

For respondents answering that BC was not used against invasive 
plants in their own country, they were asked about why they thought 
this is the case. The most selected answer by EU respondents was “Lack 
of successful examples in the country or region/continent” followed by 
“Research and administrative procedure being too complex/expensive/ 
long” which was also the second most frequently mentioned reason by 
non-EU respondents (Table 4). This last group also referred to a “Lack of 
framework for regulation at National/Regional level”. We did not find 
any significant differences between respondents from EU and non-EU 
regions, except for the response “Lack of framework for regulation at 
National/Regional level” which was chosen more often by non-EU, both 
regarding invasive weeds and insect/plant pests. The number of re-
spondents that answered the same question regarding BC against in-
sects/plant pests was much lower, but the reasons most frequently 

picked were rather similar (Table 4). 
When compared to non-EU countries, significantly fewer EU re-

spondents (p < 0.001) claimed to know successful biological control 
agent examples (87% vs. 57%, respectively). No difference was found 
between groups regarding their knowledge of unsuccessful examples (p 
= 0.339) (Fig. 1). 

Table 2 
Characterization of respondents concerning age, level of education, type of occupation, level of expertise on biocontrol of invasive plants and gender.  

Age % Education % Occupation % Expertise % Gender % 

18 to 24 2.1 High School 2.7 Researcher 50.9 Expert 18.5 Male 57.8 
25 to 34 21.4 Technical 3.3 Practitioner 35.5 Some knowledge 62.1 Female 41.3 
35 to 44 23.8 BSc 16.1 Policy maker 8.3 Little/no  Other 0.9 
45 to 54 27.4 MSc 32.5 Other 5.4 knowledge 18.4   
55 to 64 16.8 PhD 45.4   Other 1.0   
65 or older 8.5          

Table 3 
EU and non-EU respondent’s answers (in %) to the questions “As far as you 
know, is biological control used against INVASIVE WEEDS in the country where 
you live/work?” and “(…) against INSECTS/PLANT PESTS (…)?” (N = 702; 303 
non-EU; 399 EU).   

Is BC against INVASIVE PLANTS/ 
WEEDS used in your country 

Is BC against INSECTS/PLANT 
PESTS used in your country  

EU Non-EU p-value EU Non-EU p-value 
Yes 48.0 86.1 <0.001 77.4 86.8 0.002 
No 34.8 9.2 <0.001 10.5 5.0 0.007 
Don’t know 16.3 4.6 <0.001 12.0 8.3 0.104  

Table 4 
EU and non-EU respondent’s answers to the questions “Why do you think 
BC against INVASIVE WEEDS is not used?” (N = 167) and “(…) against 
INSECTS/PLANT PESTS is not used?” (N = 57). Multiple answers were 
possible; values refer to the number of times each option was selected; only 
respondents answering “No” to previous question answered.   

BC against WEEDS BC against INSECT 
PESTS  

EU Non- 
EU 

p 
-value 

EU Non- 
EU 

p 
-value 

Lack of successful examples 
in the country or region/ 
continent 

71 14 0.917 15 7 0.454 

Research & administrative 
procedure too complex/ 
expensive/long 

59 16 0.154 13 6 0.523 

Lack of framework for 
regulation at National/ 
Regional level 

46 17 0.006 9 10 0.001 

Public distrust/concerns 
about safety 

41 6 0.386 12 3 0.518 

Biological control is 
generally not accepted 

35 4 0.214 7 2 0.761 

Invasive weeds are not 
perceived as a large 
problem 

33 11 0.089 9 3 0.907 

Other techniques are 
already effective 

34 4 0.241 10 2 0.393 

Other (please specify) 20 7 0.164 4 4 0.101 
Number of respondents that 

answered NO in each 
situation (N) 

139 28  42 15   

Fig. 1. EU and non-EU respondent’s answers to the questions “Do you know an 
example of SUCCESSFUL classical biological control (of any non-native target, 
plant, insect or other animal)?” and “(…) UNSUCCESSFUL (…)?” (N = 702). 
***p < 0.001. NS = non-significant. 
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Eighty-five percent of the non-EU respondents reported an example 
(which was not necessarily a correct one) of a successful biological 
control agent and/or their target species (i.e., with a specific species or 
genus name), compared to 52% of EU respondents. The accuracy of 
these examples also varied between regions with non-EU recipients 
recording an accuracy rate of 88% and their EU equivalents only 
achieving 67%. The most frequently-mentioned agents were quite 
different amongst respondents of different regions (Table 5): EU re-
spondents mentioned agents that are present in the EU, intentional 
(Trichilogaster acaciaelongifoliae against Acacia longifolia; Torymus 
sinensis against Dryocosmus kuriphilus) or accidental introductions 
(Stenoplemus rufinasus against Azolla, also frequently mentioned by non- 
EU) or famous examples from overseas, such as Cactoblastis cactorum 
against Opuntia or ladybugs against aphids. Non-EU respondents more 
frequently recalled agents for Opuntia (Cactoblastis as EU respondents 
but also Dactylopius), Eichhornia (Neochetina, less reported by EU), and 
Tamarix (Diorhabda, never mentioned by EU respondents) as successful 
(Table 5). Seven out of ten examples of successful BC by EU respondents 
referred to weed BC and three were cases of BC of insects. Except for 
rabbits (at the lower end of the Top 10 for both regions), the full top 10 
of non-EU respondents comprise weed BC examples. 

Regarding unsuccessful examples, the two regions had similar 
numbers with 58% of EU and 61% non-EU respondents being able to 
report BC agents and/or targets, which were correct in 82.3% and 82.8% 
of the cases, respectively. The most well-known unsuccessful example 
was Rhinella marina/cane toad, which was mentioned most often by 
respondents from both regions (Table 6). Harmonia axyridis/Harlequin 
ladybird was also frequently recalled by EU respondents ahead of 
Aphalara itadori (the first agent intentionally released against an inva-
sive plant in EU/UK but not yet having impact), and “common knowl-
edge” examples such as foxes and myxomatosis to control rabbits in 
Australia. 

Non-EU respondents frequently referred to Lantana (on 15 occasions) 
and thistles (in general, several target species (on 17 occasions), 
including several agents) (Table 6). The top 10 of unsuccessful agents 
included several examples where the targets were neither insect pests 
nor weeds, but vertebrates (rabbits, mice, rats etc.). It is notable that 

only three unsuccessful top 10 examples given by EU respondents (vs. 6 
of non-EU) were weed biocontrol agents. 

3.3. Perceptions of biocontrol 

When asked the question: “With reference to biological control for 
managing INVASIVE WEEDS, which of these statements do you most 
agree with?” respondents from both regions most often chose the answer 
“An environmentally safe and sustainable alternative to control invasive 
weeds”, though the proportion of non-EU respondents that chose this 
option was higher (p < 0.001, Table 7), particularly amongst practi-
tioners and researchers (Table 8). A significantly higher percentage of 
EU respondents considered BC of invasive weeds “A risky alternative to 
control invasive weeds” (p < 0.001, Table 7), particularly practitioners 
and researchers (Table 8). Significantly more researchers from non-EU 
countries consider BC as “The best option to control invasive weeds”. 

When comparing the answers to the question above between re-
spondents with different levels of knowledge about weed BC, we found 
that experts more often consider it to be an environmentally safe and 
sustainable alternative (ca. 70%) when compared to respondents with 
lower levels of self-assigned knowledge (Table 9). Moreover, responses 
from EU and non-EU respondents were different particularly for re-
spondents that describe themselves as having “some knowledge” about 

Table 5 
Top 10 most mentioned examples, by EU and non-EU respondents, of SUC-
CESSFUL species of Biological Control Agents (N = 484). Numbers in paren-
theses are not part of Top 10 of the Region; they refer to the number of times the 
species was reported and are included because they are part of the other Region 
Top 10. The left column refers to the type of biocontrol: wb – weed biocontrol; ib 
- insect biocontrol; o – other target.  

BC Target (common ID) Biological control agent EU Non- 
EU 

Wb Azolla Stenopelmus rufinasus/Azolla 
weevil 

25 11 

Wb Acacia longifolia Trichilogaster acaciaelongifoliae 14 (3) 
Wb Opuntia Cactoblastis (C. cactorum, genus) 14 26 
Ib Aphids Ladybugs/Adalia bipunctata/ 

Coccinellidae 
12 (1) 

Ib Dryocosmus 
kuriphilus 

Torymus sinensis 11 (0) 

Ib insects … Bacillus thuringiensis/BT 11 (1) 
Wb Eichhornia crassipes Neochetina (sp. ID; genus; weevil 

…) 
8 14 

Wb Salvinia Cyrtobagous salviniae/Salvinia 
weevil 

7 8 

Wb Opuntia Dactylopius (spp.and species ID)/ 
cochineal 

5 16 

Wb Hypericum 
perforatum 

Chrysolina beetles 5 9 

O rabbit Myxomatosis 5 6 
Wb Tamarix Diorhabda/tamarisk beetle (0) 11 
Wb Parthenium 

hysterophorus 
Zygogramma bicolorata (1) 8 

Wb Lythrum salicaria Gallerucella spp./Neogallerucella (0) 7  

Table 6 
Top 10 most often mentioned examples, by EU and non-EU respondents, of 
UNSUCCESSFUL species of Biological Control Agents (N = 447). Numbers in 
parentheses are not part of Top 10 of the Region; they refer to the number of 
times the species was reported and are included because they are part of the 
other Region Top 10. The left column refers to the type of biocontrol: wb – weed 
biocontrol; ib - insect biocontrol; o – other target.  

BC target (common ID) Agent EU Non- 
EU 

Ib Dermolepida 
albohirtum/cane beetle 

Rhinella marina/Bufo marinus/ 
cane toad 

49 46 

Ib Aphids Harmonia axyridis/ladybeetle/ 
Harlequin ladybird 

48 5 

Wb Japanese knotweed Aphalara itadori/psyllid 11 (0) 
O rabbits Myxomatosis/rabbit viruses 11 (0) 
O rabbits Vulpes vulpes/fox 10 (1) 
Wb Carduus, Cirsium, 

Silybum, … 
Rhinocyllus conicus (EU-6; non- 
EU-11)/Cirsium agents 

8 17 

Ib Anopheles/mosquitos Gambusia (affinis, sp, …) 7 (2) 
Wb Centaurea/Cirsium Urophora spp. 5 4 
O rats, snake, rabbits mongoose 4 6 
o mice, rats cats 4 (2) 
wb Lantana agents Lantana (some ID others 

general) 
(2) 15 

Wb Eichhornia crassipes/ 
water hyacinth 

agents on Eichhornia crassipes 
(some ID others general) 

(3) 6 

wb Opuntia spp Cactoblastis (4) + other Opuntia 
agents (2) 

(3) 6 

wb Ulex/gorse Ulex agents (Agonopterix 2); 
moth 1); coleoptera 2)) 

(0) 6 

O Rabbits Stoats (2) 5  

Table 7 
Percentage of EU and non-EU respondents responding to the question 
“With reference to biological control for managing invasive WEEDS, which 
of these statements do you most agree with?” (N = 702). Values above 30% 
and significant differences are in bold.   

EU 
(%) 

Non-EU 
(%) 

p 
-value 

The best option to control invasive weeds 8 14 0.025 
An environmentally safe and sustainable alternative 

to control invasive weeds 
40 57 0.000 

A risky alternative to control invasive weeds 33 13 0.000 
Interfering with nature 5 1 0.016 
Other (please specify) 14 16 0.584  
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BC: significantly more non-EU respondents considered BC a safe and 
sustainable alternative, while significantly more EU respondents 
considered it a risky alternative (Table 9). 

The survey included a number of statements describing impacts of 
invasive alien species and the effectiveness and risk of BC, with 
answering categories ranging from “always” to “often” (Fig. 2). Non-EU 
respondents were more positive about all statements about BC safety, 
sustainability, environmental friendliness, and cost-effectiveness, using 
“always” or “often” to classify them, more frequently than their EU 
peers. More than 80% of non-EU respondents recognized that invasive 
species are often or always a threat to biodiversity, compared to ca. 70% 
of EU respondents. The use of BC against insect pests was considered as 
safe by fewer non-EU (67%) and EU (50%) respondents than BC of 

weeds (80% and 55%, respectively). About one in ten of the EU re-
spondents (13%) did not have an opinion regarding the cost effective-
ness of BC. 

When the responses regarding some of the above statements were 
analysed considering respondents’ expertise on weed BC a pattern arose: 
the level of expertise affects appreciation of all aspects analysed [cost- 
effectiveness, sustainability (Fig. 3) and safety (Fig. 4) of weed BC] 
with scores clearly showing an increasing pattern as the level of exper-
tise on weed BC raises, which was particularly marked in relation to the 
sustainability of BC (Fig. 3a) and safety of weeds BC (Fig. 4), where 
“always” and “often” exceeded 90% in respondents from both regions. 
Additionally, it is also clear that EU scores (if “always” and “often” are 
both considered) are frequently lower among the non-Experts, but more 

Table 8 
The percentage of EU and non-EU respondents responding to the question “With reference to biological control for managing INVASIVE WEEDS, which of 
these statements do you most agree with?” considered their type of occupation (N = 702). Values above 30% and significant differences are in bold.   

Researcher Practitioner Policy maker Other  

EU 
(%) 

Non-EU 
(%) 

p- 
value 

EU 
(%) 

Non-EU 
(%) 

p- 
value 

EU 
(%) 

Non-EU 
(%) 

p- 
value 

EU 
(%) 

Non-EU 
(%) 

p- 
value 

The best option to control invasive weeds 9 15 0.048 8 11 0.360 11 0 0.133 5 25 0.066 
An environmentally safe and sustainable 

alternative to control invasive weeds 
45 57 0.022 30 56 0.000 58 65 0.599 36 56 0.224 

A risky alternative to control invasive weeds 30 12 0.000 39 13 0.000 21 10 0.290 41 13 0.057 
Interfering with nature 4 2 0.258 6 1 0.055 3 0 0.464 5 0 0.387 
Other (please specify) 13 14 0.846 17 19 0.770 8 25 0.073 14 6 0.464  

Table 9 
The percentage of EU and non-EU respondents responding to the question “With reference to biological control for managing INVASIVE WEEDS, which of 
these statements do you most agree with?” considered the level of expertise on BC of invasive plants (N = 702). Values above 30% and significant differences 
are in bold.   

Expert  Some knowledge Little/no knowl. Other  

EU 
(%) 

Non-EU 
(%) 

p- 
value 

EU 
(%) 

Non-EU 
(%) 

p- 
value 

EU 
(%) 

Non-EU 
(%) 

p- 
value 

EU 
(%) 

Non-EU 
(%) 

p- 
value 

The best option to control invasive weeds 17 17 0.916 10 12 0.394 1 13 0.002 0 0 – 
An environmentally safe and sustainable 

alternative to control invasive weeds 
72 65 0.465 37 55 0.000 33 43 0.316 33 100 0.212 

A risky alternative to control invasive weeds 7 4 0.443 34 13 0.001 43 33 0.325 17 0 0.659 
Interfering with nature 0 1 0.458 3 1 0.135 8 3 0.371 33 0 0.495 
Other (please specify) 4 13 0.112 16 18 0.513 14 7 0.277 17 0 0.659  

Fig. 2. Percentage of EU and non-EU respondents (N = 702) classifying statements (from always to never) that describe impacts of invasive alien species and the 
safety, sustainability, cost-effectiveness, and potential risks of biocontrol of weeds/insect pests. In y axis, some words were shortened to increase readability: NN =
non-native; inv. = invasive; RA = risk assessment; nat. = natural; BC = biocontrol). 
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like non-EU among specialists (Fig. 3). 
Independent of the influence of the region, Experts more often 

considered the use of non-native natural enemies for the BC of weeds in 
the wild as safe if applied after rigorous risk assessment (over 50% of the 
Non-EU respondents answered “always” safe, reaching over 90% if 
“often” safe is also considered), and safer than for the BC of insect pests 
(ca. 25% of both EU and non-EU respondents answered “always”; 
around 80% when gathering “often” safe) (Fig. 4). The other knowledge 
groups selected “Sometimes” safe more often, more pronouncedly as the 
level of knowledge decreased, when referring to safety of BC after 
rigorous risk assessment (Fig. 4) with quite similar trends amongst 
different BC targets (weeds and insect pests). 

Regarding the more technical aspects of BC, 70% of respondents 
from non-EU countries “strongly agree” or “agree” with the adequacy of 
lab/quarantine tests to determine BCA safety, compared to 42% of those 
from the EU reporting similar confidence. In fact, almost 35% of EU 
respondents expressed disagreement/strong disagreement regarding 
this statement. When presented with the statement that a BCA is likely to 
attack non-target plants or crops after being tested for specificity and 
approved for release, over 55% of non-EU respondents disagreed with 

the statement (>76% if including “neither agree or disagree”), while 
only <34% EU respondents disagreed (Fig. 5). 90% or more re-
spondents, from either EU or non-EU, strongly agree/agree that all 
BCAs, whether new or used elsewhere, should have a full pest risk 
analysis (Fig. 5). 

Responses to the open question of why so little BC against invasive 
plants takes place in Europe compared to the rest of the world, revealed 
that the two most often mentioned categories, both by EU and non-EU 
respondents, were related to 1) BC being considered risky (e.g., BC 
being unsafe and negative public opinion) and 2) due to difficulties 
associated with regulations and procedures for the introduction of 
biocontrol agents (e.g., lack of regulatory harmonization across coun-
tries, very demanding procedures and protocols, etc.) (Fig. 6). EU re-
spondents also mentioned more often that chemical (or other) controls 
used in Europe worked and were dominating, and that there was a lack 
of research interest and funding. 

Fig. 3. Average scores to statements about weed biocontrol, including a) sustainability, and b) cost-effectiveness of BC of invasive weeds according to respondents’ 
level of expertise. 
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Fig. 4. Average scores for statements about the safety of biocontrol of weeds and insect pests, from non-EU and EU, considering their level of expertise regarding BC, 
regarding two statements: safety of BC of invasive weeds, vs. BC of insect pests, after RA. 

Fig. 5. Percentage of EU and non-EU respondents answering to statements about risk analysis and field safety of the use of Biological Control Agents (BCA).  

Fig. 6. Responses to the open question “Weed biocontrol is little used in Europe compared with the rest of the world. Why do you think this may be?” after 
categorization. 
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4. Discussion 

4.1. Knowledge and perceptions of biological control in EU vs. non-EU 
countries 

In this study, we compared the knowledge and perception of EU and 
non-EU researchers, policy makers and other professionals in the field of 
biological invasions regarding biological control (BC). In general, our 
findings suggest that knowledge of BC is higher amongst non-EU than 
EU respondents. Non-EU respondents had a remarkably accurate un-
derstanding (99%) of whether BC was used in their own country, while 
EU respondents not only had lower knowledge, but almost one in five 
(ca. 17%) considered erroneously that weed BC was used in their 
country. In addition, our study highlights that while the majority (ca. 
85%) of non-EU members know of successful examples of BC and are 
indeed able to name them correctly (in 88% of cases), only about half of 
the EU respondents could give an example of successful BC, of which 
one-third were incorrect. The perceived knowledge of unsuccessful ex-
amples was similar amongst both regions with around 60% of all re-
spondents able to name examples which were correct around 80% of the 
time. In other words, when comparing knowledge of successful vs. un-
successful examples, we found that non-EU respondents are more aware 
of successful cases, while EU respondents know more about examples of 
failure. This can be particularly helpful to better understand the reasons 
behind any reservations over the use of BC in Europe (see next section). 

When giving examples, non-EU respondents named more recent 
and/or specific unsuccessful examples (species or genera) including 
weed/invasive plants BCA (e.g., Lantana, Carduus, Cirsium, Ulex agents) 
while EU respondents more frequently mentioned historical examples 
including several against vertebrates (e.g., fox and Myxomatosis) or 
highly publicised examples (e.g., cane toad or Harmonia). The latter 
could be explained by the fact that few BCA are in use in Europe. 
Interestingly, respondents from both regions identified several species as 
both successful and unsuccessful (e.g., Myxomatosis, Aphalara, Cacto-
blastis) although not in large numbers. Most of these examples could be 
attributed to the difficulty in deciding on success of agents, but in the 
case of Cactoblastis, however, it could be explained by the very real 
contrasts between extraordinary success in most of the introduced range 
and the situation in North/Central America, where its accidental arrival 
poses a threat to native cacti (Zimmermann et al., 2001). Somewhat 
curiously, the successful examples mentioned by EU respondents 
included some of the few IAP BCAs present in the region (e.g., Trichi-
logaster acaciaelongifoliae and Stenopelmus rufinasus), despite lack of 
successful examples being identified as one of the main reasons for lack 
of use of BC against IAP. 

Not only was respondents’ knowledge different between the regions, 
but there were also contrasts in the perceptions of risk and effectiveness 
of the technique. For instance, we found that the perception of BC as 
being a “safe, sustainable and environmentally friendly tool” was rela-
tively high in both regions, however, it was consistently more positive 
regarding all topics in non-EU regions. For example, when compared to 
non-EU respondents, EU respondents more often disagreed with the 
statement regarding the adequacy of lab/quarantine tests to determine 
BCA safety. EU respondents were also more inclined to consider that 
agents may attack non-targets even after passing the safety testing 
process. Dismissing this perception as ‘mistrust’ may be tempting but 
also too hasty, as trust is complex and determined by multiple factors, 
such as trust in institutions, trust in models, or trust in people that need 
to follow procedures. Further research is needed to determine the 
reasoning behind these answers and whether they are trust-related or 
not, but the implication is that work is needed to explain the efficacy of 
safety testing and highlight the reassuring results of post-release non- 
target monitoring. 

The selection of BC as being “the best option” was quite minimal, and 
particularly low in the EU, except amongst experts. We also found that 
the perception of BC safety was higher amongst those that considered 

themselves experts in the subject. This was independent of the region 
and reinforces the case that better-informed people accept more the BC 
of IAPs something shown in other areas including acceptance of evolu-
tionary theory for example (Weisberg et al., 2018). In this light, the 
recent calls for communication and education to increase awareness and 
public and regulatory support for BC (McNeil et al., 2010; Messing and 
Brodeur, 2018) appear to be justified. 

4.2. BC of insects’ pests vs. weeds 

Fewer respondents considered BC of insects/plant pests as always/ 
often safe, when compared to BC of weeds in both EU (where the dif-
ference was ca. 5%) and non-EU (ca. 15% difference) groups. This 
suggests some understanding of the relative safety of the two groups of 
agents and perhaps the level of safety testing required or the track record 
post-release. Weed/IAP BC is better established and requires more 
extensive testing (van Lenteren et al., 2006). If weed BC would be 
considered as always/often safe by more people alongside a deeper 
knowledge of successful examples in future driven perhaps by awareness 
raising efforts, this should help to increase its acceptability in the EU, 
particularly when compared to insect BC that is already frequently used. 
There is a possibility that other factors are at play including negative 
perceptions of insect predators and parasites and the widespread 
awareness of the negative impacts of Harmonia axiridis as well as the 
likelihood that more “weed-aware” people were approached to 
comment. Despite BC being commonly considered a more sustainable 
and cost-effective methodology (Page and Lacey, 2006), less than 50% 
of the EU respondents consider the technique being “often/always” 
cost-effective; reinforcement of this information could also be a worthy 
subject for communication about BC. 

4.3. Reasons for non-use of BC against invasive weeds in Europe 

Two questions from our survey shed more light on why people might 
oppose the use of BC for managing IAPs. The most often selected reason 
by EU respondents was the lack of successful examples in their own 
region. Interestingly this was also in the top three reasons by non-EU 
respondents and reinforces the importance of having good examples to 
create awareness and motivate additional use of this technique. In this 
context, new releases such as the Japanese knotweed psyllid in the UK 
(Shaw et al., 2018) may not be the best example to use until impact is 
evident and indeed visible. Conversely, the Acacia longifolia gall wasp 
released in Portugal (López-Núñez et al., 2021) provides more visually 
impressive results. Although not strictly a classical BCA, the azolla 
weevil was rightly perceived as a successful agent by respondents since 
it has largely replaced traditional physical control measures for this 
floating weed in the UK where it is mass produced and redistributed 
(Reeder et al., 2018) but it is an exception to the general rule of 
post-release stable equilibrium between host and agent and may raise 
expectations too high for actual eradication which is never the goal of 
classical biocontrol. Unsuccessful examples were commonly acknowl-
edged by respondents in both regions, confirming previous studies even 
from regions with a long history of BC as Hawaii (Johnson, 2016). Yet, 
the good examples, correctly identified, were much more evident in 
answers from non-EU respondents than from EU respondents. It would 
seem that with EU respondents, the recall of negative examples is easier 
than positive ones probably due to the lack of use and awareness of CBC. 
Interestingly, the 52% of EU respondents that were able to name suc-
cessful examples frequently highlighted the few biological control 
agents present in their territory which shows that good news can spread 
well or that recent news is more memorable. However, the results may 
be considered somewhat biased in that almost half of the respondents 
(ca. 47%) were from the UK and Portugal where weed BC has been 
pioneered in Europe (Shaw et al., 2018). The European “delay” in using 
BC may in fact be driven by a lack of awareness of successful existing 
examples from the field, or even the existence of the technique amongst 
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policy makers in particular. 
Other frequently selected reasons for the lack of BC use in Europe 

include “Research and administrative procedure being too complex/ 
expensive/long” or “Lack of framework for regulation at National/ 
Regional level”. Luckily, the speed of the authorization process is 
improving in the countries that are BC active in Europe. The authori-
zation for the release of the first weed biocontrol agent in Portugal, 
T. acaciaelongifoliae, took around 12 years (Shaw et al., 2018) but since 
its release and initial signs of successful establishment, the authorization 
to test two new Melanterius spp. for other Acacia spp. was much quicker 
(less than one year to start testing, H. Marchante, pers. comm.). This 
pattern follows the same experience in the UK, and once the first agent 
has paved the way in a country it seems future applications will become 
easier. A possible explanation is that the lack of any non-target damage 
reassures regulators and politicians of the safety of this measure and that 
their pioneering decision was without negative consequences. 

The replies to the open question on lack of use in Europe (albeit the 
limited answers) seem to suggest that respondents from both regions 
consider BC as “too risky” with EU respondents suggesting this more 
often. In the related multiple-choice question, answered by all re-
spondents, risk was also selected but only ranked 4th place. Accordingly, 
when respondents were asked to choose a sentence to describe BC (apart 
from the distinct application in EU vs non-EU), the sentence “A risky 
alternative to control invasive weeds” was also commonly chosen. This 
concern over risk was consistent across all occupations (from practi-
tioners to researchers) and knowledge levels but was especially pro-
nounced (ranking 1st), in EU practitioners and EU respondents that 
describe themselves as having “little knowledge” on BC. In general, non- 
EU respondents in almost all occupations and levels of knowledge were 
more confident in the use of BC, which may be related to them knowing 
more about it and being more aware of successful examples. Again, one 
possible explanation for this disinclination of EU respondents to use BC 
is that they are less familiar with successful examples (and more familiar 
with unsuccessful ones) - despite world data showing the opposite, i.e., 
that there are more successful cases of BC than unsuccessful ones 
(Winston et al., 2014). 

Other reasons suggested for the lack of use of BC in Europe were that: 
(1) chemical (or other) controls used in Europe work and are domi-
nating, and (2) that there was a lack of research interest and funding to 
BC. Despite the fact that the use of chemicals in Europe has been raised 
as a possible reason, it may become an ephemeral issue at the medium 
term with increasing restrictions and public resistance (see more in 4.5). 
The lack of research interest and funding to BC may eventually be 
overcome if public awareness about BC continues to rise following more 
successful introductions thereby driving demand. 

4.4. Limitations of our study 

Our survey targeted higher educated professionals working in envi-
ronmental management globally. We received a reasonably equivalent 
number of responses from EU and non-EU countries; however, our data 
also has a number of limitations/biases that need to be considered. 
Firstly, respondents from outside the EU often came from a limited 
group of countries where BC is used more often (for example, for Africa 
79 out of 97 responses came from South Africa), failing to reach/sample 
proportionally the many other countries on that continent. Secondly, 
respondents were likely to have more knowledge of weeds than of 
arthropod pests due to our participant-sourcing approach that mostly 
targeted plant science communities. Nonetheless, a high proportion of 
respondents answered that they were aware of the utilisation of BC on 
pests in their country. The target audience of our study was probably 
more knowledgeable about, and had perhaps a more favourable attitude 
towards, BC than citizens in general; further research is needed to 
investigate this topic amongst the broader general population. 

4.5. Implications for BC of invasive plants in Europe – can it be welcomed 
as a management tool in the future? 

This survey work suggests that some work may be required to in-
crease awareness and acceptance of weed biocontrol but other factors 
may also widen the opportunity for an expansion in use of IAP BC in 
Europe. First, the EU Invasive Species Regulation (Reg. EU 1143/2014) 
which requires Member States to take action against invasive alien 
species listed as being of Union Concern, mentions BC specifically as a 
tool to be considered and includes 40 IAP after the 2022 revision. Sec-
ond, a general shift in public opinion away from the use of synthetic 
chemical pesticides and the large-scale reluctance to use herbicides on 
or near water or amenity land (Gaspar, 2021) in Europe gives room for 
alternative and integrated methods of invasive species management. It 
would be interesting to further investigate the general perceptions of 
community/ecosystem effects, and a comparison of weed BC versus 
other control methods. 

As supported by the research presented above, broader uptake of BC 
is only likely to happen at pace if the public, including not just general 
citizens but also researchers, practitioners as well as their advisors and 
representatives, are aware of and convinced of the validity and safety of 
weed BC. Other studies have already shown that public awareness may 
be key to increase knowledge and support for IAP management (Cor-
deiro et al., 2020). Other authors highlight that it is important to un-
derstand the public to develop properly-informed and appropriate 
campaigns, strategies, and policies (Shackleton and Shackleton, 2016). 
A well-planned engagement campaign from the BC community is 
needed. Based on our findings, we suggest such a campaign to: (1) 
promote safe and successful examples, (2) increase general knowledge 
on weed BC, (3) include information about the sustainability and higher 
cost-benefits of BC when compared to other control methods, and (4) 
clarify and emphasise the rigorous safety testing procedures and 
risk-assessment requirements. Some authors (Hayes et al., 2008), argue 
that facilitated face-to-face dialogues can be very effective in building 
trust among key groups to be engaged in BC; although it involves sub-
stantial effort, it may prove easier and cheaper in the long run than a less 
interactive approach. For those countries not well-versed in weed BC, 
the azolla weevil may provide a suitable entry point, if the weed and the 
agent exist in the Member State. This is because the weevil can be 
considered as “ordinarily resident” and therefore requiring less licensing 
for redistribution, than would be for a novel introduction and the results 
are likely to be impressive and convincing. 

In a broader sense, worldwide, Sun et al. (2022) recently highlighted 
that some reconciliations between advocates and critics of IAP BC is also 
needed in order to achieve a closer collaboration between the two 
groups hopefully leading to more and better IAP BC in the future. 
Additionally, other authors stress that in every BC process public 
engagement should be broad and start from the early stages, especially 
when there is potential for significant conflict, as better-informed people 
are more likely to give their support (Johnson, 2016). 

In conclusion, weed biocontrol is practiced more extensively and 
with more acceptance outside of Europe than within and this research 
reveals some of the patterns in knowledge and perception of the tech-
nique. If uptake in Europe is to emulate that of the rest of the world, then 
there is a need to generate a greater awareness with a suggested focus on 
successful examples and the stringent safety measures and track record 
of modern weed biocontrol. 
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