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Abstract

Macrolophus pygmaeus (Heteroptera: Miridae) is an omnivourus predat@du® control
several pests of horticultural greenhouses. Withathreto explore the relationship between
M. pygmaeus and different host plants compared with tomatanppreferences and bio-cycle
traits were studied usin@apsicum annuum, Calendula officinalis, Salvia officinalis,

Parietaria officinalis andSolanum nigrum. Species were selected among natural host crop
and wild plants. Plant preference was measuredudi-ohoice host plant selection and
olfactometric bioassays. Bio-cycle traits were ased on reproduction and on nymphal
development with and without animal diet supporndhg tested plant®. officinalis was the
least attractive under laboratory conditions. Femtiore the availability of prey was crucial
for the successful establishment\vfpygmaeus on tested plants, suggesting the inability of
nymphs to complete development to adulthood oniclgtphytophagous diet. Nevertheless

M. pygmaeus seemed to prefer plants where phytophagy proadésess benefit.

Key words
Dicyphini, olfactometer bioassay, host plant setegtoviposition preference, biological

control, tomato



27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

49

50

51

Introduction

Species oMacrolophus (Heteroptera: Miridae) belonging to the subfamity@orinae, tribe
Dicyphini, are generalist predators well-known tioeir role in the control of several pests
(e.g. aphids, mites, moths, thrips, whitefliesharticultural crops in Europe (Avilla et al.,
2004). In fact, starting from the end of the '80sit presence was reported in IPM vegetable
crops of different regions of southern Europe, asrssequence of the reduced insecticide
pressure (Tavella and Goula, 2001). In particwlalike other predatory bugs, such as
anthocorids of the gen@rius, that are hampered by glandular trichomes (CollRidgway,
1995), tomato plants represent a very suitable fooficyphini (Riudavets and Castarié
1998; Tavella and Goula, 2001).

Dicyphini are characterized by zoophytophagous Wela thus they are strictly related to
the plant besides the prey. Zoophytophagy is pesiiecause predators can survive in the
crop even when prey are scarce or totally absartigiks and Denno, 1999). The plant can
provide not only water essential for predation (&igti al., 2004), but also nutrients. In fact,
some species can develop and reproduce in the@beéprey by feeding on plants, but only
on some plant species or even on some parts of flhecas and Alomar, 2001). For example,
in previous laboratory trialslacrolophus species proved to develop on various crop plants,
i.e. leaves of tomato, eggplant, pepper, cucumbelon and broad bean (Perdikis and
Lykouressis, 1997, 1999, 2000), and French bean plalella and Arzone, 1996), whereas
they are unable to reach adulthood feeding on Gkigabbage, cabbage and Brussel sprouts
(Hatherly et al., 2009). Anyway, the developmetitak on a plant diet is often considerably
longer, while emergence rate and adult size ardemas a further confirmation of their
improved performance in the presence of prey.

Plants release volatile compounds varying quavéit and qualitatively depending on plant

species and attacks of specific pests, and alaltraxct predators (Paré and Tumlinson, 1999;
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Dudareva et al., 2006). The tritrophic interactioegulating the plant-prey-predator
relationships are very complicated in these zoag#tyagous mirid bugs. In spring, predatory
bugs, especially fertile females, migrate from winefuges onto tomato where, if not
disturbed by chemicals, they establish and congiletficiently to control pest outbreaks
(Tavella et al., 1997). An earlier colonizationtofato seems to be affected by the presence
and abundance of natural host plants, rather thhdhdir abundance in the agroecosystem
(Alomar et al., 2002; Ingegno et al., 2009). ThiEnsity within crops in fact can be related to
composition and abundance of the surrounding vigetand to topographic characteristics,
suggesting the importance of host plant proxinmotgmhance early movement of these
predators into the fields (Alomar et al., 1994; &ah et al., 2004). Concerning host range,
Dicyphini show a preference for glandular and stiplants; in fact, most of the northwestern
Italian species have been collected on hairy @paties belonging to Solanaceae, Lamiaceae
and Geraniaceae (Ingegno et al., 2008; Tavella anuia32001).

Among the Dicyphini species colonizing tomato cropthe Mediterranean region, the
species initially identified asl. caliginosus Wagner seemed to be the most promising: in fact,
it is now reared by several commercial producerslargly used in programmes of
biological control and IPM. Recent studies on molactaxonomy ofMacrolophus species
revealed that species marketed for several yedvk ealiginosus is actuallyM. pygmaeus
(Rambur) (Martinez-Cascales et al., 2006 a, b).

Due to their effectiveness as pest control agémsethological studies alacrolophus

species have been carried out to assess theirtprga@ativity in different conditions
(temperature, humidity, photoperiod) and on diffengrey (whiteflies, aphids, thrips, mites),
and their functional response (Montserrat et 802 Enkegaard et al., 2001; Perdikis 2002;
Perdikis and Lykouressis 2002; Montserrat et 8l042 Lykouressis et al., 2007). Artificial

diets have also been tested and developed fongeafipredatory bugs to improve their



77 massive production (Castafné and Zapata, 2005; Zapai., 2005). Furthermore, laboratory
78 trials were carried out to evaluate the side-effectthe most widely used pesticides in

79 horticulture (Figuls et al., 1999; Tedeschi et2001; Tedeschi et al., 2002). Recently, studies
80 on responses of some Dicyphini species to volatifepounds produced by plants and prey
81 were carried out above all in laboratory conditigMsGregor and Gillespie, 2004; Moayeri
82 etal.,, 2006a, b; Moayeri et al., 2007a, b).

83 To enhance the presence and activity of Dicypmihe crops, the factors stimulating

84 predatory bugs to leave the natural host plantscatahize the crop should be investigated
85 thoroughly for an economically and ecologicallytairsable farming. Thus the present

86 research has been aimed at assessing preferenbeagttiological responses of the

87 zoophytophagouBl. pygmaeus on different plant species in comparison with team¢he crop
88 plant where it is more frequently and abundantlyni.

89

90 Material and methods

91 Insect mass rearing and plant growing

92 M. pygmaeus used in the experiments came from a laboratoryngotierived from Bioplanet,

93 Iltaly, and reared in insect cages (MegaView, Taiweamtobacco plants\icotiana tabacum

94 L. (Solanaceae)], supplemented with eggEpfestia kuehniella (Zeller) (Lepidoptera:

95 Pyralidae). Identity oM. pygmaeus was further assessed by molecular analyses asluigsc

96 in Martinez-Cascales et al. (2006 a, b). Mass mgasias maintained at 24°C, RH 65£5%

97 and L16:D8.

98 Among crop (vegetable and garden) and wild plaefsonted as host plants for Dicyphini

99 species in NW ltaly (Ingegno et al., 2008, 2009speal observation), the following six plant
100 species were selected: tomatgdopersicon esculentum Miller, cv Marmande (Solanaceae)],

101 pepper Capsicumannuum L., cv Quadrato d’Asti giallo (Solanaceae)], parigold
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[Calendula officinalis L. (Asteraceae)], sag&dlvia officinalis L. (Lamiaceae)], pellitory-of-
the-wall [Parietaria officinalis L. (Urticaceae)], and European black nightsh&bahum
nigrum L. (Solanaceae)]. To obtain plants of similar agd size (approximately 20cm high),
they were periodically seeded, and afterwards jpanged in plastic pots{ 12cm), and
maintained in a heated greenhouse without anyqi@éstiise.

Reproduction and development on different plantisse

Reproduction oM. pygmaeus was studied on single plants of the six specigsplemented
with eggs ofE. kuehniella. Each plant was isolated in a Plexiglas cylindeight 195mml[]
110mm), wedged in the pot soil, and enclosed atifiper extremity by net. Three females
and two males 1-week-old df. pygmaeus were introduced in each cylinder and removed
after one weekk. kuehniella eggs glued on a paper strip with a honey solutierew
periodically supplied as food source. Egg hatclaind nymph emergence were monitored
every 48 hours until no nymphs were seen for faysdall newly-emerged nymphs were
removed and counted. Five replications (i. e. @iynders) were performed for each plant
species.

The survival rate and time of nymphal developmeatteastudied on the six plant species in
presence and absencetokuehniella eggs. Freshly hatched nymphs (<1-day-old) fronheac
plant species were placed individually on leaf slistthe same plant in cells of 2t@4-well
tissue culture plate, Sarstedt, Germany). For et species 24 nymphs, 12 wigh

kuehniella eggs (directly supplied on leaf discs) and 12 wittte kuehniella eggs, were
observed during their life span. Moulting, evidéoin the presence of the exuvia, or death of
each nymph were daily recorded and used to detertimre and survival at each nymphal
instar. All the emerged adults were examined ustiFeo-microscope to determine their sex,
and to measure their length (from vertex to the@rtemielytra).

All the assays were carried out in climatic charslsr241°C, RH 65+5%, and L16:D8.
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After performing tests of homogeneity of varianteyene) and normality (Kolmogorov-
Smirnov), data of reproduction and development,@ndeasures of the adults emerged on
each plant species were analyzed with one-way ANQOYX@ans were then separated by
Tukey's test (P<0.05) (SPSS version12.0; SPSS@itcago, IL, USA).

Host plant selection experiments

The host plant selection experiments were set upudis-choice assays where whole plants or
single leaves of the six plant species were simattasly offered td1. pygmaeus.

Whole plant choice

To assess the adult preference for the six plamtg lbe be tested, one potted plant of each
species was placed inside a 44%.5x93cm net insect cage (MegaView, Taiwan). Five cages
as five replications were set up. The positiorhefplant species in &3 matrix was assigned
randomly, taking care that the plants did not toeabh other. Five 1-week-old females and
two males were released on each plant (for a tbtad females and 12 males per cage). After
one week, each plant was wrapped in a net bag,uweaifoom the cage, and inspected to
count the adults dfl. pygmaeus. Then the plants were singly isolated in Plexigigsders
(height 195mm[J 110mm), and checked to observe egg hatching amghimgmergence

every 48 hours until no nymphs were seen for faysdAll emergent nymphs were removed
and counted.

Sngle leaf choice

The plant preference by ovipositing females waketeby offering a single leaf or, in the case
of the plants with small leaves (iR. officinalis), a piece of stem with some leaves, of the six
plant species simultaneously in ax20x30cm net cage (MegaView, Taiwan). Ten cages as
ten replications were set up. The single leaf ergdiece of stem with some leaves were put
into a 1.5mL plastic tube filled with water, androduced through equidistant hole in a

polystyrene support randomly in a2matrix. Leaf areas were about equivalent forsike
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plant species. Oviposition preference was test@udasence of pre¥. kuehniella eggs,
supplied in the centre of the matrix on paper ghyed with a honey solution. Two 1-week-
old females and one male were released for each gpe@cies (for a total of 12 females and
six males per cage). The adultdwbfpygmaeus were removed after 48 hours. The number of
eggs laid on each plant species was counted uratere-microscope five days later. The
plant preference by ovipositing females was exgess the proportion of eggs laid on each
plant species in the cage as described by Thom{i£&8).

All the multi-choice assays were carried out atPL, RH 65+5%, and L16:D8.

In the whole plant multi-choice experiment the tielaship between percentage of recaptured
adults and number of emerged nymphs was estimatedP&arson’s correlation (SPSS
version 12.0). In the leaf multi-choice experimehg percentages of eggs laid on each plant
species in the cages were compared, after arogusgesroot transformation, using ANOVA,
and means were separated by Tukey'’s test (P<(BF5$ version 12.0).

Olfactometric bioassays

In the bioassays, 1-week-old females, kept witlppay and plant in a glass tube (length
120mm,J 23mm) for 18 hours, were used to assess olfactsponses dfl. pygmaeus to

the odours of tomato compared with those of therdadsted plants. The bioassays were
carried out in a Y-shaped Pyrex tube (internal @28 formed by an entry arm, 250mm
long, and two side arms, 200mm long (70°angle),@xitioned vertically as in other studies
with Dicyphini (McGregor and Gillespie, 2004; Moalet al., 2006a, b; Moayeri et al.,
2007a, b). Each side arm was connected to a gyéisdrical chamber (height 500mm, @
130mm) as an odour-source container. Airflow wasoled by an air pump (Air 275R, Sera,
Germany). Before reaching the odour-source chambgrgassed in an activated ¢fidter,

in a flow meter (EK-2NRK, Comer, Italy) to set theflow, and in a 1-L water bubbler half-
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filled with deionized water. The odour-source chamshbwere held behind a black panel, so
thatM. pygmaeus females could not see the plants during the bayass the Y-tube.

In all experiments, the flow rate through flow ntei@s set at 2.5L mihand measured at the
downwind end with a digital anemometer (TA-410, P@Bup, Italy) to control any flow
leak. Before each trial, an air flow was establisinetie Y-tube by adjusting the flow rate
using the air pump knob and the flow meter. Afterflbvr was established, a sindgie
pygmaeus female was introduced into the tube. Each female @bserved until she had
walked at least 6¢cm up one of the side arms ol 2@tin had elapsed. Females that did not
choose a side arm within 20min were considerechashoice” and were not counted in the
subsequent data analysis. Each female was teslidrare. The odour sources chosen by
females that responded were recorded. Twenty-&gpanses were recorded for each pair of
odour sources.

After testing a batch of five females, the odowrses were switched between the left-hand
and right-hand side arms to minimize any spatig@at on choices, whereas after testing two

batches (i.e. after 10 insect responses) the Yaudsecleaned with neutral soap and alcohol
(70%,). Chambers were washed after each trial with akatrap and alcohol (7Q%@&and
sterilised in autoclave at 120°C for 20 min. Thiacometric bioassays were conducted at
24+1°C, RH 25-30%, and 540£30lux.

Two experiments were carried out to assess: iptaerence oM. pygmaeus to tomato and
the other five plants; ii) the responsesvbfpygmaeus to the odours of tomato plants
uninfested, presently infested and previously i@y the whiteflylrialeurodes
vaporariorum Westwood (Hemiptera: Aleyrodidae) (Table 1). Tlewr sources consisted of
one entire potted plant. The infested plants weogvg separately from uninfested plants.
Moreover, to evaluate an eventual systemic effeettofefly infestation, about 50 individuals

of T. vaporariorumwere introduced into a fine mesh net covering texaof the plant. After
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15 days, the apex was cut to remove the parts tsath the pest. Also the apex of the
uninfested tomato plants used in comparison witedlmmes was cut to prevent any influence
due to the mechanic damage.

In the olfactometric bioassays, responselsl gbygmaeus females were analyzed by Chi-
square test with significance levels of 90% and $5%SS version 12.0). The null hypothesis
was that predatory females had 50:50 distributmoss the two odour sources. Females that

did not make a choice were excluded from the stedgisanalysis.

Results

Reproduction and development on different plantigse

Nymphal hatching from the tested plant species sumpghted with eggs &. kuehniella was
significantly different only betwee@. officinalis andP. officinalis (ANOVA: df=29,
F=2.844, P=0.037), with on average 2642 and 2.80.7 nymphs emerged, respectively
(Figure 1).

The development times from egg-hatching to adulihmothe six plant species with prey
were significantly different (ANOVA: df=53, F=4.18P=0.003), the longest @ officinalis
(19.3 days) and the shortest©@nofficinalis andC. annuum (14.4 and 15.5 days,
respectively) (Table 2). The percentage of indialduhat reached adulthood ranged from
58% on tomato an8 officinalisto 100% orsS nigrum, (Table 2). The sex ratio was variable
on the tested plants, ranging from 0.30Rowfficinalis to 0.75 onC. annuum andS. nigrum;
however we could analyze only the measures of fesratcause we did not obtain males
enough on all tested plants. The length of femdidta was significantly different betweén
officinalis (3.144+0.045 mm) an#. officinalis (3.367+0.035 mm) (ANOVA: df=31,

F=2.673, P=0.045).
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M. pygmaeus was able to complete development on all the tgatatts when supplemented
with E. kuehniella eggs, whereas no nymphs reached adulthood wheafptant alone of
the different species without prey (Table 2). Mafyinstar nymphs could reach th® thstar,
but after only orC. officinalis andS. nigrum very few nymphs reached th star whereas
on P. officinalis andS. officinalis no nymphs got over théd%nstar (Table 2).

Host plant selection and oviposition multi-choicmeriments

In the whole plant multi-choice experiment, no #igant differences were found between
numbers of nymphs emerged on the tested plantesp@sNOVA: df=29, F=0.794, P=0.565),
ranging on average from 27.0 bnesculentumto 12.6 orP. officinalis (Table 3). As
surveyed for the emerged nymphs, also the numbexgulfs recaptured on each plant at end
of experiment were not significantly different be®wn the six plant species. However, the
lowest percentage ®f. pygmaeus adults was recaptured énofficinalis, on which the

lowest number of nymphs was also observed (TablEwjhermore, a positive correlation
was found between the percentage of recapturedsaghd the number of emerged nymphs
on the same plant species (Pearson’s correlati6@#0P=0.004; n=30) (Figure 2).

In the leaf multi-choice experiment, the percentafyeggs laid per plant in each cage was
significantly higher on tomato compared to sage QAM\: df=59, F=2.946, P=0.020), on
which on average 30.8% and 2.5% of eggs were éaipactively (Table 4).

Olfactometric bioassays

In the first experiment (Table 1), no significaméference was detected between healthy
tomato and the following plants (Figure 8):officinalis (3°=0.04, P=0.84)C. annuum
(x¥*=0.04, P=0.84)S officinalis (x*=0.36, P=0.55) an8 nigrum (x°=0.36, P=0.55). By
contrastp. officinalis resulted unattractive in comparison with tomagft;4.84, P=0.03) as

well as the empty chambef?£3.24, P=0.07). The females that did not chooseoalour
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sources were always very few; at the most threerasponding females were observed in the
comparison withC. officinalis, C. annuum andS. officinalis.

In the second experiment (Table W), pygmaeus females proved to be more attracted by the
whitefly infested tomato compared to the uninfestedato {*=3.24, P=0.07) and by the
uninfested tomato compared to the whitefligs8.24, P=0.07) (Figure 4). No significant
differences in responses Mt pygmaeus females were found comparing the healthy tomato
with the previously infested ong’€1.00, P=0.32), as well as comparing whitefly odowith
the empty chambeyi=0.36, P=0.55) (Figure 4). As in the first expenpehe females non-
responding to the compared odorous source wereyalway few, at the maximum two

females in the comparison with whitefly alone arfdtefly infested tomato.

Discussion

The obtained results confirmed that host plantctiele in M. pygmaeus has a substantial
influence on survival and development, and thabieefits of particular host plants vary in
the presence or absence of prey. Wiklepygmaeus nymphs were provided with both plant
and prey, they were able to complete developmeratigiant species showing similar
survival rates between plants, whereas without pcegymphs reached adulthood in the same
experimental conditions. Nevertheless, our reslitaved that the absence of prey could be
tolerated longer of. nigrum, C. officinalis, C. annuum and tomato than o officinalis and

P. officinalis. Development times on tested plants without piayed greatly from the second
instar, probably due to the various nutritionalues of the plants or to the presence of
inhibitor compounds. The availability of prey seetm$e crucial for successful establishment
of M. pygmaeus on tested plants in our experimental conditiorswveler, even if in other
laboratory experiments (Perdikis and Lykoures$#99]1 2000; Tavella and Arzone, 1998)

pygmaeus could reach the adulthood on prey-free plantssediological traits (i.e. longer
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development time and higher mortality) observeglamts without prey than with prey
suggest the difficulty of the species to compteelopment to adulthood on a strictly
phytophagous diet. This need was observed alsther omnivorous mirid bugs as
Nesidiocoris tenuis (Reuter) (Heteroptera: Miridae) (Urbaneja et2005),Dicyphus errans
(Wolff) (Guidone et al., 2005) arfd. hesperus Knight (Sanchez et al., 2004) that did not
complete development when feeding on tomato alBhgtophagy mainly provides the water
necessary for vital functions and although plapizear to be a much poorer food resource
than prey foM. pygmaeus, nutrients collected from them may greatly imprtve survival of
individuals as prey become scarce.

Among the host plants tested in laboratory expanis)®. officinalis was the least attractive,
even if during field surveys in NW ltaly individusabf M. pygmaeus were often collected on
this plant (Tavella and Goula, 2001). Althoughhie tvhole plant selection experiment no
significant differences were found, an obvious saji@n emerged in positive relationship
amongpercentages of recaptured adults and emerged nyofphgpygmaeus betweerP.
officinalis and the other tested plants. The colonizatio. afficinalis in natural conditions
by Dicyphini (Alomar et al., 1994; Gabarra et ab02; Tavella and Goula, 2001), in contrast
with the unattractiveness in laboratory assaygtabably due both to the location of this
plant, usually grown on walls in sheltered site®] 80 the concurrent presence of prey,
possible source of food. These facts mRkefficinalis a suitable refuge favl. pygmaeus,
especially during winter in absence of tomato ctogact, a previous study showed that
abundance and vicinity of this plant to the tonmatup facilitate the early entrance of
predatory bugs (Gabarra et al., 2004).

Other plant species confirming their important ra¢enatural hosts also in laboratory
experiments wer8. nigrum andcC. officinalis. S. nigrumis one of the most common weeds in

the vegetable agroecosystems of NW lItaly, and &lsaorost favourite host for another



299 predatory bug widespread in the af@agrrans (Tavella and Goula, 2001; Ingegno et al.,
300 2008). In the development experimer@syigrum supported the highest survival ratevbf

301 pygmaeus nymphs with prey and, even if no nymphs could cetepthe development to

302 adulthood, also without prey. This weed theref@me contribute to the conservation of

303 predatory bugs in the field as suggested alsoathan recent study (Lykourressis et al.,

304 2008) On the other hand. officinalisis a common garden plant, now widely naturalized
305 throughout NW ltaly, where it represents one thetnf@vourite natural host ®f. pygmaeus
306 (Tavella and Goula, 2001). Like nigrum, C. officinalis supported a longer nymphal

307 development in absence of prey; moreover, in theodiction experiments the highest

308 numbers of nymphs emerged on this plant species.

309 Natural presence of predatory bugs in vegetablecagystems of NW Italy seems to be

310 strictly related to the environmental conditionsfact, Dicyphini are found mainly in

311 agroecosystems characterized by a high environtnesraplexity, i.e. patchy landscape

312 where vegetable crops are surrounded by naturatioss wasteland and woodland (Ingegno
313 etal., 2009). Therefore, since abundance of niatast plants acting as source affects greatly
314 the presence of predatory bugs, plants speciesSlikigrum andC. officinalis, can carry out
315 animportant role in conserving and augmenthgygmaeus in agroecosystems. To

316 implement natural control augmentation strategiegegetable crops these plants should be
317 conserved and, if scarcely present, increased.&Peaison of natural host plant, such as
318 Dittrichiaviscosa L. (Asteraceae) fov. melanotoma (Costa) (Perdikis et al., 2007), or their
319 use as banker plants in vegetable greenhouseleagco foMMacrolophus sp. (Arno et al.,
320 2000) and mulleinYerbascum thapsus L. (Scrophulariaceae)] f@. hesperus (Sanchez et al.,
321 2003a), have been already proposed to favour tiye establishment of native predators on

322 tomato crops in other geographic areas.



323 Concerning the two vegetables compared in our éxjeats, besides tomato also pepper
324 appeared rather attractive ¥dr pygmaeus, especially in leaf multi-choice experiments. By
325 contrast, in the field this mirid species was syedeon pepper (Goula and Alomar, 1994), but
326 only occasionally (Tavella and Goula, 2001), anteverywhere (Sanchez et al., 2003b). In
327 fact,M. pygmaeus is found on various vegetable crops in southemojgibut it is primarily
328 used in conservative and inoculative biologicaltoarstrategies, sometimes in combination
329 with parasitoids, to control whiteflies and othestsen tomato greenhouses, as documented
330 by arich literature (Avilla et al., 2004; Casta#iéal. 2004). Therefore, some producers

331 suggest to release the species as control agetdsnao and egg-plant. Moreovéd,

332 pygmaeus also shows potential for the control of whiteflisggreenhouse melons (Alomar et
333 al., 2006).

334 The differences in plant preference between fialdesys and laboratory experiments are
335 probably due to several environmental factors vy influence the zoophytophagous

336 behaviour of these omnivorous mirid bugs. In faeereif Dicyphini are abundant and

337 widespread in the Mediterranean Basin, the specilesizing vegetable crops vary from
338 region to region, probably in relation to the preseand abundance of natural host plants
339 growing in the agroecosystem. Various species maialonging to the geneMacrolophus,
340 Dicyphus andNesidiocoris were reported in different areas of Europe (Aloetaal., 1994;
341 Carnero-Hernandez et al., 2000; Gabarra et al8;1P&rdikis and Lykouressis, 1996;

342 Sanchez et al., 2003b; Sanchez et al., 2006; Eagtll., 1997; Tavella and Goula, 2001).
343 Therefore, results obtained under laboratory cambtshould be validated in the field in
344  specific situation in order to suggest successiatrol augmentation strategies.

345 Besides the plant, the prey and above all theantem plant-prey are fundamental (Dicke
346 and Loon, 2000). In olfactometric bioassays pygmaeus females were attracted from

347 whitefly infested tomato as previously observedDohesperus (McGregor and Gillespie,



348 2004), while no differences emerged between theiqusly infested tomato and the healthy
349 one, likely excluding a systemic effect of whiteiihfestation on plant. The actual presence of
350 the prey on tomato is important for attractmMgpygmaeus, consistent with the results of
351 another study conducted in Y-tube olfactometer whiee predatory specipseferred spider
352 mite infested green bean plants to uninfested pl@vibayeri et al., 2006b). However, the
353 only presence of the whitefly, without host plamés not sufficient for attractinigl.

354 pygmaeus, as observed with other potential prey, the apydus persicae (Sulzer) and the
355 spider miteTetranychus urticae Koch (Moayeri et al., 2006a, b). Although in thedssays
356 the infested plants after prey removal were notisagmtly attractive, further research on
357 responses dfl. pygmaeus is needed to investigate thoroughly a possibléeesyis effect due
358 to prey feeding on tomato, and to identify plantatites that, acting as indirect defences,
359 constitutive and/or induced, can affect adverdegyterbivorous victim by attracting the
360 predatory bug.

361

362 Acknowledgements

363 We wish to thank the colleagues of the Facultie&Agricultural Science of Perugia and of
364 Piacenza, and of the Istituto Agrario San Michdllda@ige for their precious suggestions to
365 set up the olfactometer; Bioplanet s.c.a. (Itaty)droviding insects. Research was funded by
366 MIUR-PRIN 2006.

367

368 References

369 Alomar, O., Goula, M., Albajes, R., 1994. Mirid ufpr biological control: identification,
370 survey in non-cultivated winter plants, and colatian of tomato fields. IOBC/WPRS Bull.

371 17 (5), 217-223.



372 Alomar, O., Goula, M., Albajes, R., 2002. Colonisatof tomato fields by predatory mirid
373 bugs (Hemiptera: Heteroptera) in northern SpainidAgtcos. Environ. 89, 105-115.

374 Alomar, O., Riudavets, J., Castafié, C., 208&crolophus caliginosus in the biological

375 control ofBemisiatabaci on greenhouse melons. Biol. Control 36, 154-162.

376 Arno, J., Arifio, J., Espafiol, R., Marti, M., Aloma&., 2000. Conservation dfacrolophus
377 caliginosus Wagner (Het. Miridae) in commercial greenhousasguomato crop-free

378 periods. IOBC/WPRS Bull. 23 (1), 241-246.

379 Avilla, J., Albajes, R., Alomar, O., Castafié, Cabarra, R., 2004. Biological control of

380 whiteflies on vegetable crops. In: Heinz, K.M.Ran\/Driesche, G., Parrella, M.P. (Eds.).
381 Biocontrol in protected culture. Ball PublishingtBaa, IL, 171-184.

382 Carnero-Hernandez, A., Diaz-Hernandez, S., AmadartiM S., Hernandez-Garcia, M.,
383 Hernandez-Suarez, 2000. ImpactNasidiocoris tenuis Reuter (Hemiptera: Miridae) on

384 whitefly populations in protected tomato crops. [OB/PRS Bull. 23 (1), 259.

385 Castafié, C., Zapata, R., 2005. Rearing the pregdatmyMacrolophus caliginosus on a meat-
386 based diet. Biol. Control 34, 66-72.

387 Castafié, C., Alomar, O., Goula, M., Gabarra, R0O42@olonization of tomato greenhouses
388 by the predatory mirid buddacrolophus caliginosus andDicyphus tamaninii. Biol. Control
389 30, 591-597.

390 Coll, M., Ridgway, R.L., 1995. Functional and numal responses d@rius insidiosus

391 (Heteroptera: Anthocoridae) to its prey in differgagetable crops. Ann. Entomol. Soc. Am.
392 88, 732-738.

393 Dicke, M., van Loon, J.J.A., 2000. Multitrophic etts of herbivore-induced plant volatiles in
394 an evolutionary context. Entomol. Exp. Appl. 9772319.

395 Dudareva, N., Negre, F., Nagegowda, D.A., Orloy&006. Plant volatiles: recent advances

396 and future perspectives. Crit. Rev. Plant Sci425-440.



397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

Enkegaard, A., Brgdsgaard, H.F., Hansen, D.L., 20@trolophus caliginosus. functional
response to whiteflies and preference and switcbapgcity between whiteflies and spider
mites. Entomol. Exp. Appl. 101, 81-88.

Eubanks, M.D., Denno, R.F., 1999. The ecologicakeguences of variation in plants and
prey for an omnivorous insect. Ecology 80, 12536126

Figuls, M., Castafié, C., Gabarra, R., 1999. Rekidueity of some insecticides on the
predatory bug®icyphus tamaninii andMacrolophus caliginosus. BioControl 44, 89-98.
Gabarra, R., Castafé, C., Bordas, E., Albajesl $88.Dicyphus tamaninii as a beneficial
insect and pest in tomato crops in Catalonia, Sfaitomophaga 33 (2), 219-228.
Gabarra, R., Alomar, O., Castafié, C., Goula, Mbafds, R., 2004. Movement of greenhouse
whitefly and its predators between in- and outsitisediterranean greenhouses. Agric.
Ecos. Environ. 102, 341-348.

Goula, M., Alomar, O., 1994. Miridos (Heteropter#ilthe) de interés en el control integrado
de plagas en el tomate. Guia para su identifica8ioletin de Sanidad Vegetal, Plagas 20,
131-143.

Guidone, L., Massobrio, V., Tavella, L., 2005. Hifedella dieta su sviluppo e prolificita di
Dicyphus errans (Wolff) e Macrolophus pygmaeus (Rambur) (Heteroptera Miridae).
Proceedings of XX Congresso Nazionale di Entomaldgerugia-Assisi, Italy, 13-18 June,
239.

Hatherly, I.S., Pederson, B.P., Bale, J.S., 20@f@cEof host plant, prey species and
intergenerational changes on the prey preferencids® predatory mireacrolophus
caliginosus. BioControl 54, 35-45.

Ingegno, B.L., Goula, M., Navone, P., Tavella,2008. Distribution and host plants of the

genusDicyphus in the Alpine valleys of NW ltaly. Bull. Insectd@1, 139-140.



421 Ingegno, B.L., Pansa, M.G., Tavella, L., 2009. Tanwolonization by predatory bugs

422  (Heteroptera: Miridae) in agroecosystems of NWyItdiDBC/WPRS Bull. 49, 287-291.

423  Lucas, E., Alomar, O., 200Macrolophus caliginosus (Wagner) as an intraguild prey for the
424  zoophytophagouBicyphus tamaninii Wagner (Heteroptera: Miridae). Biol. Control 20714
425 152.

426 Lykouressis, D.P., Perdikis, D.C., Gaspari, M.DO2. Prey preference and biomass

427  consumption oMacrolophus pygmaeus (Hemiptera: Miridae) fedyzus persicae and

428 Macrosi phum euphorbiae (Hemiptera: Aphididae). Eur. J. Entomol. 104, I8t

429 Lykouressis, D.P., Giatropoulos, A., Perdikis, D avas, C., 2008. Assessing the suitability
430 of noncultivated plants and associated insect psefpod sources for the omnivorous predator
431 Macrolophus pygmaeus (Hemiptera: Miridae). Biol. Control 44, 142-148.

432 Martinez-Cascales, J.l., Cenis, J.L., Cassis, 81cBez, J.A., 2006a. Species identity of
433  Macrolophus melanotoma (Costa 1853) anlflacrol ophus pygmaeus (Rambur 1839) (Insecta:
434 Heteroptera: Miridae) based on morphological antemdar data and bionomic implications.
435 Insect Syst. & Evol. 37, 385-404.

436 Martinez-Cascales, J.l., Cenis, J.L., Sanchez, 2006b. Differentiation ofMacrolophus

437 pygmaeus (Rambur 1839) aniflacrolophus melanotoma (Costa 1853) (Heteroptera: Miridae)
438 based on molecular data. IOBC/WPRS Bull. 29 (43-224.

439 McGregor, R.R., Gillespie, D.R., 2004. Olfactorgpenses of the omnivorous generalist
440 predatomDicyphus hesperus to plant and prey odors. Entomol. Exp. Appl. 1121-205.

441 Moayeri, H.R.S., Ashouri, A., Brodsgaard, H.F., Eg&ard, A., 2006a. Odour-mediated
442 preference and prey preferenceMscrolophus caliginosus between spider mites and green

443 peach aphids. J. Appl. Entomol. 130, 504-508.



444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

Moayeri, H.R.S., Ashouri, A., Brodsgaard, H. F.kEgaard, A., 2006b. Odour-mediated
responses of a predatory mirid bug and its preytwo-spotted spider mite. Exp. Appl.
Acarol. 40, 27-36.

Moayeri, H.R.S., Ashouri, A., Brodsgaard, H. F.kEgaard, A., 2007a. Males of the
predatory mirid bugdviacrolophus caliginosus exploit plant volatiles induced by conspecifics
as a sexual synomone. Entomol. Exp. Appl. 123,%9-5

Moayeri, H.R.S., Ashouri, A., Poll, L., Enkegaakd, 2007b. Olfactory response of a
predatory mirid to herbivore induced plant volatilenultiple herbivory vs. single herbivory.
J. Appl. Entomol. 131, 326-332.

Montserrat, M.R., Albajes, R., Castafie, C., 20@Mhdional response of four heteropteran
predators preying upon greenhouse whiteflies arstese flower thrips. Environ. Entomol.
29, 1075-1082.

Montserrat, M.R., Albajes, R., Castafie, C., 20@hd¥ioral responses of three plant-
inhabiting predators to different prey densitiemlBControl 30, 256-264.

Paré, P.W., Tumlinson, J.H., 1999. Plant volatikea defense against insect herbivores. Plant
Physiol. 121, 325-331.

Perdikis, D.Ch., 2002. A method for laboratory stsdn the polyphagous predator
Macrolophus pygmaeus (Hemiptera: Miridae). J. Econ. Entomol. 95, 44-49.

Perdikis, D.Ch., Lykouressis, D.P., 1996. Aphid glagon and their natural enemies on fresk
market tomatoes in central Greece. IOBC/WPRS BAal11), 33-37.

Perdikis, D.Ch., Lykouressis, D.P., 1997. Rateesfedopment and mortality of nymphal
stages of the predatbtacrolophus pygmaeus Rambur feeding on various preys and host

plants. IOBC/WPRS Bull. 20 (4), 241-248.



467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

Perdikis, D.Ch., Lykouressis, D.P., 1999. Developn@d mortality of the nymphal stages
of the predatory bulylacrolophus pygmaeus, when maintained at different temperatures and
on different host plants. IOBC/WPRS Bull. 22 (53,71144.

Perdikis, D.Ch., Lykouressis, D.P., 2000. Effedtsarious items, host plants, and
temperatures on the development and survividaadrolophus pygmaeus Rambur

(Hemiptera: Miridae). Biol. Control 17, 55-60.

Perdikis, D.Ch., Lykouressis, D.P., 2002. Life tabhd biological characteristics of

Macr ol ophus pygmaeus when feeding oMyzus persicae andTrial eurodes vaporariorum.
Entomol. Exp. Appl. 102, 261-272.

Perdikis, D., Favas, C., Lykouressis, D., Fantinr®y2007. Ecological relationships between
non-cultivated plants and insect predators in agregstems: the case Dittrichia viscosa
(Asteraceae) anillacrolophus melanotoma (Hemiptera: Miridae). Acta Oecol. 31, 299-306.
Riudavets, J., Castafié, C., 1998. Identificatiash@raluation of native predators of
Frankliniella occidentalis (Thysanoptera: Thripidae) in the Mediterranean.imv Entomol.
27, 86-93.

Sanchez, J.A., Gillespie, D.R., McGregor, R.R.,200'he effects of mullein plants
(Verbascum thapsus) on the population dynamics Dicyphus hesperus (Heteroptera:

Miridae) in tomato greenhouses. Biol. Control 283-319.

Sanchez, J.A., Martinez-Cascales, J. |., Lacas®&003b. Abundance and wild host plants of
predator mirids (Heteroptera: Miridae) in horticu#il crops in the Southeast of Spain.
IOBC/WPRS Bull. 26 (10), 147-151.

Sanchez, J.A., Gillespie, D.R., McGregor, R.R.,20ant preference in relation to life
history traits in the zoophytophagous pred&myphus hesperus. Entomol. Exp. Appl. 112,

7-19.



491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

Sanchez, J.A., Martinez-Cascales, J. ., Cassj20B6. Description of a new species of
Dicyphus Fieber (Insecta: Heteroptera: Miridae) from Paatugased on morphological and
molecular data. Insect Syst. & Evol. 37 (3), 28030

Sinia, A., Roitberg, B., McGregor, R.R., GillespizR., 2004. Prey feeding increases water
stress in the omnivorous predal&icyphus hesperus. Entomol. Exp. Appl. 110, 243-248.
Tavella, L., Arzone, A., 1996. Development\écrolophus caliginosus andDicyphus errans
reared on different diets (Rhynchota Miridae). XX ICongr. of Entomol., Firenze, August
25/31: 652.

Tavella, L., Goula, M., 2001. Dicyphini collectadhorticultural areas of north-western Italy
(Heteroptera Miridae). Boll. Zool. Agrar. Bachi8er. 1. 33, 93-102.

Tavella, L., Alma, A., Sargiotto, C., 1997. Sampgkrof Miridae Dicyphinae in tomato crops
of northwestern Italy. IOBC/WPRS Bull. 20 (4), 2256.

Tedeschi, R., Alma, A., Tavella, L., 2001. Sidecett of three neemi\gadirachta indica
A.Juss) products on the predakdacrolophus caliginosus Wagner (Het., Miridae). J. Appl.
Entomol. 125, 397-402.

Tedeschi, R., Tirry, L., van de Veire, M., de Cldrg, 2002. Toxicity of different pesticides
to the predatory bulylacrolophus caliginosus (Heteroptera: Miridae) under laboratory
conditions. IOBC/WPRS Bull. 25 (11), 71-80.

Thompson, J.N., 1988. Evolutionary ecology of thlationship between oviposition
preference and performance of offspring in phytgolsg insects. Entomol. Exp. Appl. 47, 3-
14.

Urbaneja, A., Tapia, G., Stansly, P., 2005. Infeeenf host plant and prey availability on
developmental time and surviorshipNdsidiocoris tenuis (Het.: Miridae). Biocontrol Sci.

and Technol. 15 (5), 513-518.



515

516

517

518

519

Zapata, R., Specty, O., Grenier, S., Febvay, Ge&ax, J.F., Delobel, B., Castafné, C., 2005.
Carcass analysis to improve a meat-based diehéoattificial rearing of the predatory mirid

bug Dicyphus tamaninii. Arch. Insect Biochem. Physiol. 60, 84-92.



520

521

522

523

Tables

Table 1. Theses in comparison in the two experiments iacbdimetric bioassays.

Experiment 1

Experiment 2

clean air

C. officinalis
C. annuum
P. officinalis
S officinalis

S nigrum

VS

'S

'S

'S

VS

VS

tomato

tomato

tomato

tomato

tomato

tomato

clean air VS
clean air VS
whitefly S

infested tomato vs

uninfested tomato vs

uninfested tomato
whitefly

uninfested tomato
uninfested tomato

previously infested tomato




524 Table 2.Development times (daySE) of M. pygmaeus (n=12), for each nymphal instar and
525 to reach adulthood on six plant species supplerdenteot withE. kuehniella eggs.
526 Percentages of survivorship for each nymphal instathe column means followed by

527 different letters are significantly different (TuKe test, P<0.05).

Instar

sex ratio
Plant First Second Third Forth Fifth Total oHe+5)
C. officinalis 3404 2403 22+02 2603 32+06 144070 0.67
100.0%% 100.0% 100.0% 8§33% 90.0% 75.0%
C. anrmim 2803 2903 2802 2703 3§04 155 =07Db 0.75
% 100.0% 91.7% 20.9% 80.0% 100.0% 66.7%
; L. esculentum 3304 25+02 2602 28£03 51+04 16.8 £ 0.8 ab 0.43
E 100.0%% 100.0% 91.7% §1.8% 77.8% 58.3%
é P_ afficinalis 30=04 30=04 3003 2703 5405 170 =08 ab 0.30
W 100.0% 83.3% 100.0% 100.0% 100.0% 83.3%
'-FE' S. officinalis 48 £053 35 £04 2602 3807 3704 193+08a 0.71
100.0% 91.7% 90.9% 70.0% 100.0% 58.3%
S nigrum 2803 30=03 2902 3505 44 =02 16.7 = 0.7 ab 0.75
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
C. afficinalis 27 =04 30=07 1.0 2.0
83.3% 50.0% 20.0% 100.0% 0.0%
" C. anruum 2002 1.0 1.0
o=
F 83.3% 10.0% 100.0% 0.0%
;'E L. esculentum 20=04 34 =07 85=15
;:f 91.7% 45.5% 40.0% 0.0%
E‘_ P. officinalis 2806
';:' 41.7% 0.0%
,'F; S officinalis 28 £05
83.3% 0.0%
S. migrum 26 £03 4006 2707 3.0
100.0% 75.0% 33.3% 33.3% 0.0%
528
529

530



531 Table 3.M. pygmaeus adults recaptured (mean246E) and nymphs emerged (mean number
532 + SE) on each whole plant of the six species inirshlbice selection experiment. Significant

533 differences between theses were not found (ANOVA).65).

Plant species Mean % of adult ~ Mean no. of nymphs

recaptured + SE + SE

C. officinalis 17.7+45 240+2.3
C. annuum 17449 21.8+11.1
L. esculentum 17.8+4.9 27.0+4.6
P. officinalis 8.0+3.0 12.6 £+ 3.6
S officinalis 19.7£6.1 254 +8.1
S nigrum 195+£25 21.8£5.9

534

535



536 Table 4.Percentage of eggs (meanSE) laid byM. pygmaeus females on leaf area of each
537 plant species in multi-choice oviposition experiménéan percentages followed by different

538 letters are significantly different (Tukey’s teB&0.05).

Plant species Mean percentage of eggs
+SE

C. officinalis 18.53 +5.4&b

C. annuum 26.49 £ 8.35ab

L. esculentum 30.77 £9.1&¢

P. officinalis 6.33+4.12ab
S officinalis 248 +1.1%
S nigrum 15.40 £ 9.5&b

539



540

w W
o o
—
o
o
J
~ 4
P
4
e

NN

o o

| 1

N
[ —
o

o

o

o

ab

no. of nymphs

N
(&)
|
—
—
—

N
o
1
——
—

o
I

| &

/ y
o | |
/ d
vy kg
A [ g Y

o

o S ’:‘

541

542  Figure 1. Nymphs ofM. pygmaeus (mean numbet SE) emerged on the six plants in
543 reproduction experimeni= C. officinalis; = S officinalis; A= L. esculentum; 3= C.
544  annuum; e= S nigrum; y= P. officinalis. Means characterized by different letters are

545 significantly different (Tukey’s test, P<0.05).

546
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548 Figure 2. Relationship between percentage of recapturedsadiM. pygmaeus in multi-

549 choice selection experiment and number of emergeths (Pearson’s correlation, P<0.01).
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Figure 3. Responses d¥l. pygmaeus (no. of responding females in bars) in a Y-tube
olfactometer and number of non-responding indivislsC) to the odours of the plants for
each compared pair. The following plants were teagginst healthy tomato individuals=(
L. esculentum): a= C. officinalis; f= C. annuum; y= P. officinalis, &= S officinalis; e= S
nigrum. Numbers in bars represent individual mirids thated toward the volatilex?
statistics (**P<0.05, *P<0.10; df:1) tested the bilgesis that the distribution of side-arm

choices deviated from a null model where odour cggiwere chosen with equal frequency.
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Figure 4. Responses d¥l. pygmaeus (no. of responding females in bars) in a Y-tube
olfactometer and number of non-responding indivisi@idC) to the odours of infestefl)(
previously infestedd) or uninfestedX) tomato with the whiteflyl. vaporariorum (1) for
each compared pair. Numbers in bars representithaivmirids that moved toward the
volatiles.x? statistics (*P<0.10; df:1) tested the hypothesé the distribution of side-arm

choices deviated from a null model where odour giwere chosen with equal frequency.



