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bstract

The North American common ragweed, Ambrosia  artemisiifolia, which produces highly allergenic pollen, is invasive in
ifferent parts of the world, including Europe. In 2013, common ragweed in northern Italy was found attacked by another

ccidentally introduced species, the North American leaf beetle Ophraella  communa, which is used for biological control of
ommon ragweed in China. Since the establishment of O.  communa, ragweed pollen concentrations in northern Italy have

ntial economic benefits of establishment of O.  communa  in the
ignificantly dropped. Here we set out to estimate the pote

hône-Alpes region in south-eastern France, where detailed data on the economic impact of common ragweed are available.
xtrapolating from the change in airborne ragweed pollen concentrations in the Milan area, we estimated that establishment of
. communa  in the Rhône-Alpes region will reduce the number of days with ragweed pollen concentrations at which sensitive
eople express symptoms by 50% and the medical costs due to common ragweed by 5.2–6.8 M D  annually. Our findings suggest
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hat investments of public funds are justified to conduct a complete assessment of the potential risks and benefits associated
ith the accidental establishment of O.  communa  in Europe.

 2018 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.

; Heal

a
a
t

o
t
s
T
b
b
i
m
t
c
W
C
d
p
(
l
b
i
p
h

L
c
2
s
I
2
i
i
p
t
2
t
a
(
M
i
e
e

eywords:  Ambrosia  artemisiifolia; Biological control; Economics

ntroduction

Invasive alien plant species (IAPS) not only cause signifi-
ant harm to biological diversity and ecosystem functioning
Vilà et al. 2011), they also induce direct economic impacts
y affecting ecosystem services such as livestock produc-
ion, water availability or human health (Pejchar & Mooney
009). To address a growing pressure for delivering sus-
ainable IAPS management solutions, targeted management
olutions need to be elaborated and their environmental
nd economic consequences assessed and communicated
o decision-makers and other stakeholders (Hulme 2006;

üller-Schärer, Schaffner, & the COST-SMARTER Task
orce Ophraella 2017).
When selecting suitable IAPS management options, it is

orth distinguishing between the likelihood of success of
 control programme and its potential impact (Cock et al.
015). The former addresses the implementation of the steps
f an IAPS control programme and the anticipated reduction
f the target weed, while the latter addresses the socio-
conomic and environmental benefits of successful IAPS
ontrol. A key aspect regarding the impact of a sustainable
APS management strategy is the relationship between the
conomic investment in the implementation of the manage-
ent strategy and the expected economic benefits in case of

 successful control of the target weed (Culliney 2005; Jetter
005; Page & Lacey 2006).

Classical biological control aims to reduce the IAPS’ abun-
ance below an economic or ecological threshold and/or
low down its spread by the introduction of one or a few
pecialist natural enemies from the weed’s native range
Müller-Schärer & Schaffner 2008). Usually, the introduction
f specialist biological control agents is based on a deci-
ion process by competent authorities after careful evaluation
f pre-release studies assessing the likelihood of non-target
ffects and impact of the agent, but in times of increased
iological invasions (Seebens et al. 2017), more and more
otential biological control agents are also accidentally intro-
uced into regions where IAPS cause problems (Shaw et al.
018) There is growing evidence that classical biological con-
rol, if successful, can play a major role in the sustainable
APS management (Seastedt 2014) and that it is highly cost-
ffective compared to other methods (Page & Lacey 2006;
e Lange & van Wilgen 2010; van Wilgen et al. 2012).

ost of this evidence comes from retrospective studies, or

x-post studies, that compared actual data on the costs of
mplementing the program, the impact of the IAPS as well

m
t
e

th

s the reduction in impact due to classical biological control,
nd therefore tend to provide relatively accurate estimates of
he cost-effectiveness of this approach (Culliney 2005).

In contrast to chemical or mechanical weed control, which
ften benefit directly those who supply them, the implemen-
ation of classical biological weed programs often requires a
ignificant initial investment of public funds (Pannell 1994).
herefore, attempts have also been made to evaluate the likely
enefits of a classical biological control program ex-ante, i.e.
efore or at an early stage of a biological control program,
n order to assess whether the funding required for its imple-

entation is likely to be justified. The few ex-ante studies
hat have been conducted so far also suggest that biological
ontrol programs have favourable benefit:cost ratios (Gurr &
ratten 2000; Perrings, Williamson, & Dalmazzone 2000;

ulliney 2005; Jetter 2005). However, because their results
epend on the accuracy of the various assumptions made a
riori, they are usually subject to considerable uncertainty
Jetter 2005). This uncertainty may be reduced when the
ikelihood of success of the biological control approach can
e extrapolated from experiences made in other parts of the
nvaded range, and when the weed’s impact – and hence the
otential savings – can be attributed to specific costs, e.g. to
ealth costs that can be allocated to the target IAPS.

The North American plant species Ambrosia  artemisiifolia
., common ragweed, was first recorded in Europe in the 19th
entury and started spreading in the late 1920s (Essl et al.
015). Today it is widely distributed in Europe, with inva-
ion hotspots in the Pannonian plain, the Balkans, northern
taly and around the Rhône valley in France (Šikoparija et al.
016). While A.  artemisiifolia  is also an agricultural weed
n Eastern Europe, the main concern regarding its economic
mpact in Europe is its large production of highly allergenic
ollen that causes rates of sensitisation among Europeans in
he invaded regions ranging from 10% to 60% (Burbach et al.
009). Exposure to ragweed pollen induces allergic rhini-
is and severe asthma, generating significant medical costs
nd reduced quality of life among the allergic population
D’Amato et al. 1998; Thibaudon, Hamberger, Guilloux, &

assot 2010). Climate change is likely to increase spread and
mpact of A.  artemisiifolia, posing a significant risk to society,
ven in countries presently not yet affected (Hamaoui-Laguel
t al. 2015).

In 2013, the North American leaf beetle Ophraella  com-

una LeSage, 1986 (Coleoptera, Chrysomelidae) was found

o have accidentally established in northern Italy and south-
rn Switzerland (Müller-Schärer et al. 2014). This beetle is
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ig.  1.  The Rhône-Alpes region with location of pollen stations, 

mbroisies), and elevation (source: Institut Géographique National, 

o the municipalities with confirmed presence of A.  artemisiifolia.

n oligophagous beetle that is being used as a biological con-
rol agent against A.  artemisiifolia  in China (Guo et al. 2011),
lthough no-choice tests under laboratory conditions revealed
hat it can complete its life-cycle on sunflower, Helianthus
nnuus L. (Palmer & Goeden 1991). At sites in northern
taly where the beetle was present, up to 100% of the com-
on ragweed plants were attacked, with damage levels high

nough to cause complete defoliation and to prevent flower-
ng and seed set in most ragweed plants (Müller-Schärer et al.
014). Pollen monitoring studies in the Milan area revealed
hat since the establishment of O.  communa  ragweed pollen
oncentrations have dropped by approximately 80% (Bonini
t al. 2015, 2016). Bonini et al. (2015, 2016) showed that
he low amounts of airborne Ambrosia  pollen observed in the

ilan area in 2013 and 2014 could not be explained by mete-
rology. Moreover, insect exclosure experiments in northern
taly revealed that at the densities observed in 2014 and 2015
. communa  inflicted a high mortality and reduction in repro-
uctive output of Ambrosia  at the population level (Lommen
t al. 2017a), further supporting the notion that the decrease
n aerial Ambrosia  pollen concentration in the Milan region
s related to the presence of large numbers of O.  communa.
y 2016, the beetle had colonized almost the entire area in
orthern Italy invaded by common ragweed (Müller-Schärer
t al. 2017).
To inform science-based decision processes about how to
espond to a likely upcoming establishment of this acci-
entally introduced insect in other parts of Europe, risk

m
l
c
T

tion of ragweed at the municipal level (source: Observatoire des
). Black dots correspond to the thirteen pollen stations and hatching

ssessments (Müller-Schärer et al. 2017; Lommen, Jolidon,
un, Bustamante Eduardo, & Müller-Schärer 2017b) should
e combined with ex-ante studies to evaluate both the poten-
ial risks and benefits of an establishment of O.  communa.
ere we set out to estimate the potential effect of an estab-

ishment of O.  communa  on human health costs in the
hône-Alpes region in France, which is bordering the Italian

egion invaded by O.  communa. Capitalizing on the observed
mpact of O.  communa  on airborne ragweed pollen concen-
ration in the Milan area and on the well-documented health
osts related to common ragweed in the Rhône-Alpes region,
e estimated to what extent a potential establishment of O.

ommuna  in the Rhône-Alpes region might reduce the health
isks for the inhabitants of this region and hence the associated
uman health costs.

aterial and methods

tudy area

The Rhône-Alpes region lies in south-eastern France, cov-
ring an area of 43,700 km2 with approximately 6.5 million
nhabitants. Its topography consists of two areas of high ele-
ation (the Alps in the eastern part and the Massif Central

ountains in the western part) divided by the Rhône Val-

ey, which runs north–south (Fig. 1). The climate is mainly
ontinental, characterized by cold winters and hot summers.
he Rhône valley areas have the highest common ragweed
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nfestation in France (Thibaudon, Šikoparija, Oliver, Smith,
 Skjøth 2014) and, together with the Pannonian plain and

orthern Italy, one of the highest common ragweed infesta-
ions in Europe (Šikoparija et al. 2016).

stimating the impact of O. communa on
irborne Ambrosia pollen concentrations

Daily ragweed pollen concentrations for the Rhône-
lpes region for the period 2008–2015 were provided by

he French National Aerobiological Monitoring Network
RNSA) from thirteen pollen stations (Ambérieu, Annecy,
nnemasse, Bourg-en-Bresse, Bourgoin-Jallieu, Chambéry,
oux, Genas, Grenoble, Lyon, Roussillon, Saint-Etienne,
alence) located across the Rhône-Alpes region (Fig. 1).
or the Milan region, daily ragweed pollen concentrations
or the period from 2008 to 2012 (before the detection of
. communa) and from 2013 to 2015 (when high densities
f O.  communa  were recorded) were provided by the Local
ealth Authority of Milan 1 (now Local Health Authority of
ilan Città Metropolitana) from three pollen stations (Leg-

ano, Magenta and Rho) located in the north-western area
f the Province of Milan in northern Italy. In both regions,
tmospheric concentrations of Ambrosia  pollen are moni-
ored using volumetric spore traps of the Hirst design (Hirst
952). Each year, the period covered by the data ran from
uly 15 to October 15. The amount of airborne pollen was
xpressed as the number of ragweed pollen grains per cubic
eter of air and day.
The potential impact of O.  communa  on airborne Ambrosia

ollen concentrations in the Rhône-Alpes region was
ssessed by transferring the observed relative change in air-
orne Ambrosia  pollen concentration in the Milan area from
ears before to years after establishment of O.  communa  to
he conditions in the Rhône-Alpes region. Specifically, we
stimated the pollen reduction in the Milan area by calculat-
ng the relative difference between the two time-integrated
ollen load curves averaged over the three Italian stations for
he periods 2008–2012 and 2013–2015. The Milan area is

ainly situated below 200 m where O.  communa  can com-
lete 3–4 generations per year. We thus adjusted the expected
mpact in the Rhône-Alpes region by calculating the percent-
ge of Ambrosia  populations that grow at an altitude that
llows O.  communa  to complete at least 3 generations per
ear. Information on the altitudinal threshold in southern
urope below which O.  communa  can complete at least 3
enerations per year was collected from a field cage experi-
ent set up along an altitudinal gradient in the southern Alps

see Supplementary Appendix A: Fig. 1). The altitudinal dis-
ribution of common ragweed in the Rhône-Alpes region was
ssessed from all geo-referenced Ambrosia  records collected

y the French National Federation of Botanical Conserva-
ories (FCBN). As the impact of O.  communa  on common
agweed mainly builds up during the third generation of O.
ommuna  in late summer, we predicted that Ambrosia  popu-

i
A
C

d Ecology 33 (2018) 14–24 17

ations below the altitudinal threshold determined in the field
xperiment will experience the same impact as populations in
he Milan area, while populations above a certain altitudinal
hreshold are expected to escape from significant impact by
. communa.

stimating the impact of O. communa on allergic
isk

RNSA defined an allergic risk index (RAEP; ‘risque
llergique d’exposition aux pollens’; allergy risk when being
xposed to pollen) with six risk levels according to the
aily ragweed pollen exposure (see Supplementary Appendix
: Table 1; Thibaudon, Oliver, & Cheynel 2008). The
ollen risk threshold RAEP = 3 (daily abundance of ≥6
rains ×  m−3 ×  day−1) corresponds to the level of pollen
oncentration at which 100% of ragweed sensitized people
xpress symptoms in the Rhône-Alpes region (ORS Rhône-
lpes 2015). As such, the number of days with RAEP ≥  3
rovides an estimate of the allergenic risk of common rag-
eed over the season. Daily airborne pollen data from the
hône-Alpes region from 2008 to 2015 were therefore con-
erted to the number of days with RAEP ≥  3 in order to assess
he allergic risk in the actual situation and in a scenario where
. communa  is present.

stimating the impact of O. communa on health
osts

Since 2007, the Regional Health Agency, in association
ith the National Aerobiological Monitoring Network, has
een collecting data on the annual health costs of ragweed
llergy in the Rhône-Alpes region (ORS Rhône-Alpes 2011,
012, 2013, 2015). The costs are based on the consumption of
edical care and medical goods by persons affiliated to the

eneral health insurance scheme and include costs related
o allergy medication, doctor consultation, allergy tests used,
ral desensitization treatments and on sick leave when linked
o the prescription of anti-allergic drugs (see Supplementary
ppendix A: Table 2 for further explanations). These assess-
ents include a low-cost estimate which accounts for the

opulation that is most likely affected by ragweed allergy as
ell as a high-cost estimate accounting for the whole regional
opulation (ORS Rhône-Alpes 2012). The relation between
he annual allergic risk (expressed as the cumulated number
f days with RAEP ≥  3 over the 13 stations) and the estimated
nnual health costs in the observed scenario were examined
y a linear regression model with a logarithmic transforma-
ion of the estimated health costs. This model was used to
stimate annual health costs in the scenario with a decrease

n pollen emission after the establishment of O.  communa.
ll analyses were done using software R version 3.2.3 (R
ore Team 2015).
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Fig.  2.  Comparative trends of ragweed airborne pollen concentration in the Milan area (mean over three pollen stations; data provided by the
Local Health Authority of Milan Città Metropolitana) and in the Rhône-Alpes region (mean over thirteen pollen stations; data provided by
French National Aerobiological Monitoring Network) between 2008 and 2015. Given are weekly numbers of Ambrosia  pollen per m3 during
the pollen season (August–October) of each year.
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stimating the impact of O. communa on
irborne Ambrosia pollen concentrations

Seasonal appearance of airborne ragweed pollen is sim-
lar in the Rhône-Alpes region and the Milan area, but the
ollen concentration before the establishment of O.  com-
una in the Milan area was higher than in the Rhône-Alpes

egion (Fig. 2). In both cases, the observed aerial pollen con-
entration dynamics follows the flowering phenology of A.
rtemisiifolia  and known patterns of pollen emission in other
egions with high Ambrosia  infestations (Šikoparija et al.
016).

In the Milan area, an 85.9% decrease in pollen emis-
ion was observed between the periods 2008–2012 and
013–2015 (Fig. 3). No such reduction was detected in the

hône-Alpes region or in any other part of Europe (Šikoparija
t al. 2016), where the biological control agent was absent,
uggesting that the reductions in Milan area were due to the

o
1
a

tection of O.  communa. Curves (smoothed with moving average
eekly numbers of Ambrosia  pollen per m3 during the years before
e Local Health Authority of Milan Città Metropolitana.

iological control agent. After an examination of airborne
ollen data from the Milan area, a constant reduction in air-
orne pollen concentration by 85.9% across time and space
as chosen to extrapolate the reduction observed in north-

rn Italy to the study area. This constant reduction level was
hosen given that (i) it corresponds to the average reduction
n airborne pollen concentration observed from the period
008–2012 to 2013–2015 in the Milan area (Bonini et al.
015, 2016), that (ii) the reduction in airborne Ambrosia
ollen concentration was relatively consistent across the
ollen season (Fig. 3) and assuming that (iii) O.  communa,
nce it will have established in the Rhône-Alpes region,
ill exhibit similar population dynamics (and impact on A.
rtemisiifolia) as in northern Italy.

The field study set up along an altitudinal gradient north
f the Milan area in Italy (see Supplementary material for a
escription of methods and results) revealed that time from

viposition to adult emergence increased from approximately
7 days in the Milano area to approximately 20 days at 250 m
.s.l., approximately 23 days at 480 and 700 m a.s.l., and
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n the Rhône-Alpes region (n = 1340; data from the French Network
f Aerobiological Monitoring).

7 days at 1,230 m a.s.l. (see Supplementary Appendix A:
ig. 1). Based on the development threshold and cumula-

ive degree days determined in this field study (Augustinus,
npubl. results) and from the literature (Zhou, Guo, Chen,

 Wan 2010), these results indicate that O.  communa  can
omplete at least three generations up to 700 m above sea
evel in the Rhône-Alpes region. Based on the altitudinal dis-
ribution of 1340 records of common ragweed populations
n the Rhône-Alpes region (Fig. 4), 88.7% of the common
agweed populations found in the Rhône-Alpes region are
ound ≤  700 m a.s.l. and are therefore expected to be dam-
ged by O.  communa  to a similar extend as those in the Milan
rea. Considering the altitudinal distribution of Ambrosia
opulations in the Rhône-Alpes region, the reduction in air-
orne ragweed pollen concentration due to O.  communa  is
stimated at 85.9% ×  0.887 = 76.2%.

stimating the impact of O. communa on allergic
isk

Between 2008 and 2015, there were on average 24 days per
ear in the Rhône-Alpes region with RAEP ≥  3. A 76.2%
ecrease in airborne ragweed pollen concentrations would
educe the number of days with RAEP ≥  3–12 days (50%
eduction; Fig. 5).

stimating the impact of O. communa on health
osts

In the Rhône-Alpes region, the annual number of days with
AEP ≥  3 proved to be a significant predictor of the log-

ransformed low and high estimates of annual health costs,
ut the model fit was relatively modest (low-cost estimate:
djusted r-squared 0.504, p = 0.0292; high-cost estimate:

djusted r-squared = 0.417, p = 0.0498; see Supplementary
ppendix: Table 3). Based on this relationship, we estimated

nnual health costs in the scenario with a 76.2% decrease in
ollen emission and compared it to the actual health costs

r
m
m
o

d Ecology 33 (2018) 14–24 19

easured. In the observed situation, the mean annual health
osts in the period from 2008 to 2015 were estimated to range
rom D  9.70 million (low estimate) to D  14.04 million (high
stimate), while they were estimated to range from D  4.47
illion to D  7.21 million in a situation with a 76.2% decrease

n airborne pollen concentrations (Fig. 6). Thus, the establish-
ent of O.  communa  in the Rhône-Alpes region is expected

o lead to annual savings in health costs of D  5.23 million (low
stimate) to D  6.83 million (high estimate) in this region.

iscussion

conomic benefits of an establishment of O.
ommuna in the Rhône-Alpes region

The estimated reduction in airborne pollen concentration
s based on the assumption that most of the airborne pollen
n the Rhône-Alpes region is produced locally or regionally
nd that O.  communa  will exhibit a similar impact on rag-
eed pollen production in areas below 700 m a.s.l. as in the
ilan region. In the absence of wind, pollen collection at

he regional pollen stations is between 06:00 and 14:00, sug-
esting that the pollen are of local origin (Laaidi & Laaidi
999). However, the Rhône Valley is characterized by some-
imes strong winds from the south and also from the north.
he area invaded by common ragweed that is situated south of

he Rhône-Alpes region also appears suitable for O.  communa
Sun et al. 2017), suggesting that the amount of pollen enter-
ng the Rhône-Alpes region from the south will also drop once
. communa  has established in south-eastern France. The cli-
atic conditions north of the Rhône-Alpes region appear to

e less suitable for O.  communa  to complete at least 3 gener-
tions (Sun et al. 2017), but common ragweed densities and
irborne pollen concentrations are lower than in or south of
he Rhône-Alpes region (Šikoparija et al. 2016).

Our field studies in the Milan region revealed that tem-
erature and air humidity are key abiotic factors affecting
ithin-season population build-up of O.  communa, as they

nfluence egg hatching rate, larval development rate and gen-
ration length (Augustinus, unpubl. results). We also found
hat significant impact on ragweed pollen and seed produc-
ion in the Milan region only becomes apparent from the third
eneration onwards (Lommen et al. 2017a). We acknowledge
hat all our estimates of the current impact of O.  communa
n ragweed pollen concentration in the Milan region and on
ts predicted impact on ragweed pollen concentration and
n the allergic risk in the Rhône-Alpes region are associ-
ted with a level of uncertainty. For example, while our field
tudies suggest that O.  communa  can complete three gen-
rations in the lower parts of the Rhône-Alpes region, it

emains to be shown whether the third generation of O.  com-
una will defoliate the plants before they start producing
ale flowers. Nevertheless, we argue that the uncertainty of

ur predictions regarding the impact of biological control is
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Fig.  5.  Allergic risk index (expressed as the annual number of days with ‘risque allergique d’exposition aux pollens’; RAEP) ≥3 for the
period from 2008 to 2015, based on the actual aerial pollen concentrations measured (black) and on a scenario with a 76.2% decrease in pollen
concentrations (grey). Average allergic risks for the whole period are expressed as mean ±  SE.

Fig.  6.  Health costs estimates (expressed in M D  ) in the Rhône-Alpes region from 2008 to 2015 in the actual situation (black) and in a scenario
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ORS Rhône-Alpes, 2012). Average health costs estimates for the w

elatively low, compared to other ex-ante studies evaluating
he likely impacts of a classical biological control programs
Gurr & Wratten 2000; Perrings et al. 2000; Culliney 2005;
etter 2005). The number of days with pollen risk ≥  3, i.e.
he number of days where ragweed sensitized people express
ymptoms, is a significant explanatory variable of the health
osts related to ragweed allergies in the Rhône-Alpes region
ORS Rhône-Alpes 2015), but the model fit (approx. 50%)
s relatively modest. Our estimates of the health costs caused
y common ragweed in the Rhône-Alpes region are based

n detailed data collected from the general health insurance
cheme, but not all costs may be due to ragweed-caused aller-
ies, nor are all health impacts caused by common ragweed
ncluded in these numbers. Anti-allergic drugs sold during

o
a
p
i

h cost estimates (solid histograms) account for the whole regional
nt for the population that is most likely affected by ragweed allergy
eriod are expressed as mean ±  SE.

he common ragweed flowering period might have been used
or purposes other than ragweed allergies, which would lead
o an overestimation of the costs related to ragweed allergy.
owever, in order to link the health costs as closely to rag-
eed allergy as possible, patients were selected on the basis
f reimbursements of anti-allergic medicaments for which a
eak of consumption was observed in September, i.e. during
he peak of airborne Ambrosia  pollen concentration. In south-
rn Europe, very few plant species with allergenic pollen
ower at the same time as common ragweed, and the two

ther ragweed species (Ambrosia  trifida  and A.  psilostachya)
re absent or very rare in this area. For example, the flowering
henology of mugwort species, such as Artemisia  vulgaris  L.,
s approximately 3 weeks earlier than that of common rag-
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eed, and the season of airborne Artemisia  pollen ends during
he second half of August (D’Amato et al. 1998). Accord-
ngly, in the Milan area mugwort monosensitized patients
ave symptoms before monosensitized ragweed patients and
hey stop suffering before monosensitized ragweed patients
o (Bottero et al., unpubl. results).
On the other hand, persons suffering from ragweed allergy
ight not have been included in the costs because they may

ave taken precautions or got a prescription for an anti-
llergen earlier in the year, which would underestimate the
ctual costs inflicted by common ragweed. Also, sufferers
ay not have sought medical help and just waited for the

ymptoms to pass. Thus, there would have been no medical
osts, but potentially costs in work time lost. We are therefore
onfident that selecting patients on the basis of reimburse-
ents of anti-allergic medicaments for which consumption

eaks in September is a realistic approach to estimate health
osts linked to common ragweed.

Based on the data collected by RNSA, ragweed allergies
ffected in 2013 some 204,186 people in the Rhône-Alpes
egion, with a total cost of D  15.7 million or an average
osts of approximately D  77 per patient (ORS Rhône-Alpes
015). This average cost estimate is at the lower end of what
s reported in the literature. Reported medical costs of A.
rtemisiifolia in Europe range from D  8 to D  8000 (median

 565) per patient and year, depending on the type of med-
cation and the country (Bullock et al. 2012). Medication
osts vary considerably across countries in Europe, but the
osts documented for the Rhône-Alpes region are also at the
ower end of the range reported from France (D  26–D  386
eimbursement; Bullock et al. 2012). In a recent review
f European studies on the costs associated with allergic
espiratory diseases, median direct (treatment) and indirect
primarily due to absenteeism) costs for seasonal allergic
hinitis were calculated to amount to D  791 per patient and
ear (Linneberg et al. 2016). This suggests that the estimates
f a reduction in health costs in the Rhône-Alpes region due
o a potential establishment of O.  communa  are conserva-
ive and that the actual savings may be considerably higher.

e therefore propose that a potential establishment of the
ccidentally introduced O.  communa  may indeed generate
ignificant economic benefits in terms of savings in health
osts.

ssessment of the benefits and costs of biological
ontrol of common ragweed in Europe

In an economic impact assessment of weed biological con-
rol undertaken in Australia between 1903 and 2005, Page
nd Lacey (2006) estimated a reduction of approximately
50,000 people suffering from common ragweed-induced

ay-fever and an economic benefit of approximately AUS
23.85 per patient (expenditure on medicine) due to biolog-
cal control of common ragweed. With an estimated cost of
US $625,000 for implementing the biological control pro-

t
t
s
&
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ram, this resulted in a benefit:cost ratio of 103.7:1 for the
iological control of common ragweed in Australia by 2005.
t should be noted though that the common ragweed project
enefited from releases made in the frame of the biologi-
al control program against Parthenium  hysterophorus  L., a
lose relative of common ragweed that also produces highly
llergenic pollen. The biological control program against P.
ysterophorus  in Australia began in 1977 and exploration
nd new releases finished in 2004. In total, it is estimated to
ave cost AUS$11.0 million (Page & Lacey 2006). By 2005,
ey outcomes achieved from the Parthenium  biocontrol pro-
ram included annual savings of AUS$380,000 productivity
enefit in sown pasture, AUS$986,000 productivity benefit in
ative pasture, and AUS$8.0 million benefit in reduced medi-
al expenses. Despite the higher project costs, the benefit:cost
atio of the Parthenium  biocontrol program was already 7.2:1
y 2005 (Page & Lacey 2006) and continues to increase.
The limited number of studies estimating the benefit:cost

atio of classical biological weed control ex-ante, i.e. before
he project is launched or at an early stage of the project,
how quite favourable results (Gurr & Wratten 2000; Culliney
005). However, most ex-ante studies rely on some estimates
f the probable success of the proposed program (Gurr &
ratten 2000). This is particularly problematic in those cases
here the biological control programs are based on new intro-
uctions of biological control agents that have not been used
nywhere else (Gurr & Wratten 2000). In the case of O.  com-
una, both scenarios that facilitate the estimation of probable

uccess are given; it is already used as a biological control
gent of common ragweed in China (from where unfortu-
ately no economic benefit:cost analyses are available), and
t has been accidentally introduced into Europe, the region
here biological control should be implemented. The fact

hat the establishment of O.  communa  in Northern Italy allows
or an assessment of its population dynamics and impact
nder similar biotic and abiotic conditions as in the target
egion in the Rhône-Alpes region is expected to increase the
obustness of the predictions of our ex-ante study.

To estimate the benefit:cost ratio of biological control of A.
rtemisiifolia  by O.  communa  for the Rhône-Alpes region, we
ssumed that the overall costs for conducting the risk assess-
ent for O.  communa  (see below) are comparable to those of

he common ragweed program in Australia (AUS$625,000 in
005 = approx. D  380,000; Page & Lacey 2006), which also
enefited from previous biocontrol programs (see above).
n this basis, five years with high O.  communa  densities
ould already lead to a benefit:cost ratio of 69:1 using the

ow estimates (D  5.23 million ×  5/D  0.38 million) and of 90:1
sing the high estimates for annual health costs (D  6.83 mil-
ion ×  5/D  0.38 million). The predicted benefit:cost ratio of

 biological control program against A.  artemisiifolia  using
. communa  in the Rhône-Alpes region is comparable to
hat calculated for Australia (Page & Lacey 2006), despite
he fact that this French region is approximately five times
maller than the area invaded in Australia (Julien, McFadyen,

 Cullen 2012). Considering that A.  artemisiifolia  has a much
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roader distribution in Europe (Šikoparija et al. 2016), the
uropean-wide economic benefits of implementing biologi-
al control against common ragweed would be significantly
igher than in Australia.

sing accidentally introduced natural enemies
or biological control of invasive plant species

As a consequence of globalization, biological invasions
ave greatly increased over the past decades, and there is no
vidence for a slowing down of new introductions (Seebens
t al. 2017). In this process, an increase of accidentally intro-
uced natural enemies of IAPS has been reported, including
pecies that are used or considered for use as biological con-
rol agents elsewhere (Shaw et al. 2018). In general, the
andling and relocation of an accidentally introduced exotic
rganism, be it a biocontrol agent or not, requires permission
rom national competent authorities, but such organisms usu-
lly lack a rigorous risk analysis for the target region. Hence,
iological control programs assessing the potential risks and
enefits of accidentally introduced biological control candi-
ates also require public funding to collect all information
eeded for a science-based decision on whether introduction
f such organisms should be considered a fortunate coinci-
ence or a threat (Müller-Schärer et al. 2014, 2017). The costs
end to be smaller since the host-range testing can build on
revious studies done for other regions where the organism
as considered for biological control (in the case of O.  com-
una, e.g. Palmer & Goeden 1991; Dernovici, Teshler, &
atson 2006; Zhou et al. 2011).
Risk assessment studies with O.  communa  in Europe

tarted within the frame of a European project (EU-COST
ction on Sustainable Management of A.  artemisiifolia  in
urope, 2012–2016), and first results indicate that this bee-

le poses little risk to commercially grown sunflowers, which
re harvested in late summer, and to native endangered plant
pecies (Lommen et al. 2017b; Müller-Schärer et al. 2017).
owever, adult feeding may well occur on sunflower grown

s ornamentals or used as green manure which still grow late
n the year (Müller-Schärer et al. 2017). Based on the assess-

ent of the potential benefits of biological control of common
agweed in the Rhônes-Alpes, we propose that investments of
ublic funds to finalize the risk assessment of O.  communa  for
urope and, provided the non-target risks are acceptable, to

edistribute the biological control candidate across the heav-
ly infested regions in Europe are economically justified.

oreover, investments in an inundative biological control
pproach, which builds on mass-rearing and mass-release of
. communa  as practiced in China (Zhou et al. 2014), should

lso be considered, particularly in regions that are heavily

nvaded by common ragweed, but that are climatically less
uitable for a rapid population build-up of O.  communa  in
arly summer.

B

d Ecology 33 (2018) 14–24

onclusions

Biological control is a key strategy to manage widely
stablished IAPS, given the scale of the infestation and the
osts of applying other management options such as chemical
r mechanical control (Culliney 2005). When IAPS impact
uman well-being directly, biological control programs are
articularly likely to remain cost-effective (Seastedt 2014).
iological control of common ragweed has been considered

n Europe since the 1960s, and various biological control
andidates have been prioritized over the years (Gerber et al.
011). Because O.  communa  can complete its life-cycle on
unflower under contained conditions, this species was nei-
her proposed for field release in Australia (Palmer & Goeden
991), nor was it listed as a prioritized biological control
andidate for Europe (Gerber et al. 2011). Yet, our findings
uggest that O.  communa  has the potential to significantly
educe economic costs incurred by common ragweed, and
hat it is justified to invest in thorough risk assessment stud-
es to assess its suitability for biological control of common
agweed in Europe. Provided that no action is taken to slow
own the spread and population build-up of O.  communa
ANSES 2015), the calculations made in this paper should
ecome soon verifiable.
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