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Dittrichia viscosaand Rubusulmifolius asReservoirs of
Aphid Parasitoids (Hymenoptera: Braconidae:

Aphidiinae) and the Role of Certain Coccinellid Species

NickolasG. Kavallieratos,
�����

GeorgeJ.Stathas,
�

ChristosG. Athanassiou
�

andGeorgeTh. Papadoulis
�

The role of the self-sown shrubsDittrichia viscosa(L.) W. Greuterand Rubus ulmifolius
Schottasreservoirs of aphidparasitoidswasinvestigated.In the �eld studiesconducted,D.
viscosagrew adjacentto cropsof durumwheatandbarley andR.ulmifoliusgrew adjacentto
cotton.Therelativeabundanceof theparasitoidsof (a) Capitophorusinulae(Passerini)onD.
viscosa, (b) Rhopalosiphumpadi (Linnaeus)on durumwheatandbarley, (c) Aphisruborum
(Börner)onR.ulmifolius, and(d) AphisgossypiiGloveroncottonin variouspartsof Greece,
wasassessedduring the years1996–2000.In 2000,the �uctuation of parasitizationof the
above four aphid specieswas recordedand the action of the aphidophagouspredatorsof
the family Coccinellidaewas studied. It wasobserved that AphidiusmatricariaeHaliday
predominatedon C. inulae and R. padi in all samplingcases. In contrast,Lysiphlebus
fabarum (Marshall) was the dominantspeciesparasitizingA. ruborum on R. ulmifolius
andA. gossypiion cotton in Thessaly(centralGreece)andMacedonia(northernGreece),
whereasLysiphlebusconfususTremblayet EadyandBinodoxysacalephae(Marshall)were
the dominantparasitoidspeciesin Thrace(northernGreece). Coccinellaseptempunctata
Linnaeuswas the most abundant coccinellid specieson durum wheat, whereasAdonia
variegata (Goeze)predominatedon cotton. However, coccinellid individuals were scarce
on bothD. viscosaandR. ulmifolius. Thepresentstudyindicatedthat thesetwo shrubscan
beregardedasusefulreservoirs of aphidparasitoids.
KEY WORDS:Aphidiinae;Coccinellidae;Dittrichia viscosa; durumwheat;barley; Rubus
ulmifolius; cotton;parasitoidreservoir.

INTRODUCTION

Weedscontribute to the diversity of plant cover in cultivatedareas(36). Someof
themgrow in non-cropareas:roadsides,ruderalareas,uncultivatedplaces,fallow ground,
hedges,in and aroundresidentialareas,and near ruins of old buildings (27). In such
habitats,weedsareassociatedwith severalcategoriesof insects(36) includingaphidsand
their naturalenemies(17,36,44).Weedsmayharboraphidspeciesthat couldbe pestson
agriculturalcropsaswell asaphidspeciesthat areconsideredeconomicallyunimportant
(17,29,33).Thelattercanbeparasitizedby specieswhichmaydisperseto theneighboring
cropsandparasitizea targetaphidpestthere(42).

Received May 23, 2001; revised ms. received Sept. 26, 2001; received in �nal form Jan. 10, 2002;
http://www.phytoparasitica.org postingApril 16,2002.

�

Lab. of Agricultural Zoology andEntomology, Agricultural University of Athens,11855Athens,Greece[*e-
mail: esimou@aua.gr;nick kaval@hotmail.com].

�

Lab. of Biological Control,BenakiPhytopathologicalInstitute,14561Ki�ssia, Greece.

Phytoparasitica30:3,2002 1



Many studieshave consideredthe importanceof variousplantsasreservoirs of aphid
parasitoids(29,32,33,35,36,37,39,42,44). However, this role hasnot yet beenassessedin
the�eld with regardto adjacentcultivatedplantsaswell asto thepossibleinteractionsof
aphidparasitoidswith otheraphidophagousinsectspecies.

The self-sown shrubsDittrichia viscosa(L.) W. Greuter (Asteraceae)and Rubus
ulmifoliusSchott(Rosaceae)areabundantin wastelands,fallow ground,alongroadsides,
andnearbut not insidecultivated�elds (6,27). Althoughtheseplantshave beenreported
to be infestedwith variousspeciesof aphids(2,9) which are parasitizedby aphidiines
(30,38,40,43,45,46), they have not yet been studied as possible reservoirs of aphid
parasitoids. The purposeof this study was to examine the importanceof thesetwo
plant speciesas possiblereservoirs of aphid parasitoidswhen they grow in the vicinity
of cereals(mainly durumwheat)andcotton. The interactionsof aphidparasitoidswith
aphidophagouscoccinellidspecieswasalsostudied.An attemptwasmadein thepresent
work to establishsomenecessaryguidelinesfor IPM programs.

MATERIALS AND METHODS

During the years1996–2000(approx. every 10 days during spring and summer),
samplesbearingmummi�ed aphidswerecollectedat randomfrom �elds of durumwheat
andbarley neighboringon plantsof D. viscosain centralandsouthernGreece.Similarly,
during 1999–2000sampleswerealsocollectedfrom �elds of cottonin the vicinity of R.
ulmifolius in centralandnorthernGreece.Eachsamplewasplacedseparatelyin a plastic
bag.Thebagswerenext broughtto thelaboratorywhereaphidswereidenti�ed to species.
Live aphidswerepreservedin 90%ethyl alcoholand75%lactic acid,2:1 (3). Mummies,
attachedon a small leaf pieceeach,wereplacedseparatelyin small plasticboxes,which
wereplacedinsidea growth cabinet.On the lid of eachbox therewasa circularopening
coveredwith muslin for ventilation in order to maintainthe conditionsinside the boxes
similar to thoseexisting in thegrowth cabinet(22.5

�

C, 65%r.h.,16L:8D).
In spring and summer2000, sampleswere taken every 10 daysfrom two untreated

�elds cultivatedwith durumwheatandcottonlocatedin southern(Argolis, Peloponnese)
andcentral(Magnissia,Thessaly)Greece,respectively. Thedurumwheat�eld coveredan
areaof 1.5ha.At eachsamplingdate,60stems,20cmlong,wererandomlycollectedfrom
60plants(onestemperplant).Theareaadjacentto this �eld wasuncultivatedandborean
abundanceof randomlydispersedplantsof D. viscosa.At eachsamplingdate,15 shoots,
20 cm long, werecollectedfrom differentplants(oneshootper plant). The cotton�eld
coveredanareaof 2 ha.At eachsamplingdate,60leaveswererandomlycollectedfrom 30
differentplants(two leavesperplant). Along onesideof thecotton�eld therewasa rural
roadalongwhich plantsof R. ulmifolius weregrowing densely, creatinga naturalhedge.
At eachsamplingdate,15 shoots,20 cm long, werecollectedfrom differentplants(one
shootperplant). Thesampleswereexaminedasabove. Meannumberof parasitoidswas
expressedperstemfor durumwheatandpershootfor R.ulmifolius.

Samplingstartedwith the �rst infestationsof D. viscosaandR. ulmifolius by aphids
andcontinueduntil theaphidcolonieshadcollapsedondurumwheatandcotton.

Analysisof variancefor thenumbersof theparasitoidswasmadeon transformeddata
(y �������	� =


 �
����� �

) andmeanswerecomparedby theTukey-Kramer(HSD) test(at P =
0.05)usingtheJMPstatisticalpackage(26). Eachsamplingdatewastakenasareplication.

Aphidiine parasitoidswere identi�ed usingappropriatekeys anddescriptions:Staŕy
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(30,34), Staŕy et al. (47), Tremblay and Eady (48), Pungerl (25), Pennacchio(23),
PennacchioandHöller (24),Mescheloff andRosen(19–21),KavallieratosandLykouressis
(14,15)andKavallieratoset al. (17).

Themonitoringof predatorswasachievedby a 30-minvisual inspectionof eachplant
species(durumwheat,D. viscosa, cotton,R.ulmifolius) in the�eld. Thecoccinellidsfound
werecollectedwith an aspirator, identi�ed, recorded,andthenreleasedon thespot. The
numberof individualsin immaturestages(larvaeandpupae)andadultswasrecordedfor
eachspecies.Thelarvaeandpupaewhich couldnot beeasilyidenti�ed, weretakento the
laboratoryandrearedon AphisfabaeScopoliinfestingarti�cially contaminatedseedlings
of Vicia fabaL. (Fabaceae),until adultemergence.

RESULTS

Fig. 1. Percentageof parasitizationand mean( � SE) numbersof aphids(live and mummi�ed):
Rhopalosiphumpadi on durum wheat(A), Capitophorusinulae on Dittrichia viscosa(B), Aphis
gossypiioncotton(C) andAphisruborumon Rubusulmifolius(D).
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TABLE 1. Relative abundance(%) of Capitophorusinulae and Rhopalosiphumpadi aphidiineparasitoidsfound on Dittrichia viscosaand cereals,
respectively, in threeregions(1996–2000)

Regions Plants Aphids Parasitoids Total
numberof
specimens

Aphidius
avenae

Aphidius
colemani

Aphidius
ervi

Aphidius
matricariae

Diaeretiella
rapae

Praon
volucre

Attica Dittrichia viscosa C. inulae – – – 100 – – 312
(CentralGreece) Durumwheat R.padi – 4.26 – 71.48 21.42 2.84 845

Barley R.padi 0.97 – 1.94 74.76 22.33 – 207
Fthiotis Dittrichia viscosa C. inulae – – – 100 – – 502
(CentralGreece) Durumwheat R.padi – 5.26 – 82.80 11.94 – 1064

Barley R.padi – – 0.77 85.86 13.37 – 389
Peloponnese Dittrichia viscosa C. inulae – – – 100 – – 694
(SouthernGreece) Durumwheat R.padi – 14.49 – 79.08 6.42 – 1587

Barley R.padi – 23.01 – 66.37 10.62 – 113

TABLE 2. Relativeabundance(%) of AphisruborumandAphisgossypiiaphidiineparasitoidsfoundon Rubusulmifoliusandcotton,respectively, in three
regions(1999–2000)

Regions Plants Aphids Parasitoids Total
numberof
specimens

Lysiphlebus
confusus

Lysiphlebus
fabarum

Binodoxys
acalephae

Binodoxys
angelicae

Thessaly Rubusulmifolius A. ruborum 2.76 97.24 – – 181
(CentralGreece) Cotton A. gossypii 3.28 96.72 – – 305
Macedonia Rubusulmifolius A. ruborum 1.05 98.95 – – 96
(NorthernGreece) Cotton A. gossypii 0.87 99.13 – – 230
Thrace Rubusulmifolius A. ruborum 54.51 0.90 41.89 2.70 222
(NorthernGreece) Cotton A. gossypii 62.82 – 37.18 – 156
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Fig.2. Percentageof parasitoidsof Rhopalosiphumpadiondurumwheat(A), of Capitophorusinulae
onDittrichia viscosa(B), of Aphisgossypiioncotton(C) andof AphisruborumonRubusulmifolius
(D).

The speciesof parasitoidsfound on the aphidsCapitophorusinulae (Passerini)on
D. viscosa, Rhopalosiphumpadi (Linnaeus)on durumwheatandbarley, Aphisruborum
(Börner)on R. ulmifolius, andAphisgossypiiGlover on cotton,aswell as their relative
abundanceduring the years 1996–2000,are shown in Tables 1 and 2. C. inulae
was parasitizedonly by Aphidius matricariae Haliday, whereasthe same parasitoid
predominatedon R. padi on durum wheat and barley in all experimentalareas(Table
1). In contrast,Lysiphlebus fabarum(Marshall) was the dominantspeciesparasitizing
A. ruborum on R. ulmifolius and A. gossypii on cotton in Thessaly(central Greece)
andMacedonia(northernGreece),whereasLysiphlebus confususTremblayet Eadyand
Binodoxysacalephae(Marshall)were the dominantspeciesin Thrace(northernGreece)
(Table2).
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Fig. 3. Total numberof individualsof coccinellidspeciesfound on Aphisgossypiion cotton,in a
30-minutevisualinspection.

The infestationof durum wheat, D. viscosa, cotton and R. ulmifolius with aphids
during the year2000is shown in Figure1. Durum wheatwasinfestedwith R. padi, D.
viscosawith C. inulae, cottonwith A. gossypii, andR. ulmifoliuswith A. ruborumduring
the entiresamplingperiod. All four speciesof aphidswere found to be parasitized.R.
padiwasparasitizedby A. matricariae, AphidiuscolemaniViereckandDiaeretiella rapae
(M'Intosh). C. inulaewasparasitizedby A. matricariae; A. gossypiiandA. ruborumwere
bothparasitizedby L. fabarumandL. confusus. Thepercentageof parasitizationandthe
relative abundanceof aphidiineson R. padi, C. inulae, A. gossypiiand A. ruborum are
presentedin Figures1 and2, respectively. ANOVA showedsigni�cant differencesamong
thespeciesof aphidiinesparasitizingR. padi on durumwheat(F = 145.76;df = 2, 1077;
P � 0.0001),A. gossypiion cotton(F = 482.42;df = 1; 598; P � 0.0001)andA. ruborum
on R. ulmifolius (F = 172.38;df = 1; 208; P � 0.0001). In the caseof durumwheat,the
meannumberof A. matricariae( �

� = 7.24)individualswassigni�cantly higherthanthose
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of A. colemani( �

� = 1.84),andD. rapae( �

� = 1.37). C. inulaewasparasitizedonly by A.
matricariae. Similarly, in the caseof cottonandR. ulmifolius, the meannumbersof L.
fabarum( �

� = 29.89for cottonand �

� = 74.29for R. ulmifolius) weresigni�cantly higher
thanthoseof L. confusus( �

� = 0.55for cottonand �

� = 1.05for R.ulmifolius).

Fig. 4. Total numberof individuals of coccinellid speciesfound on Aphis ruborum on Rubus
ulmifolius, in a 30-minutevisualinspection.

Fig. 5. Total numberof individualsof coccinellidspeciesfoundon Rhopalosiphumpadi on durum
wheat,in a30-minutevisualinspection.
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Adoniavariegata (Goeze)wasthe mostabundantcoccinellidpredatorof A. gossypii
andrepresented64.5%of the total numberof individualsfound, followed by Coccinella
septempunctataLinnaeus(17%), Hippodamia(Semiadalia)undecimnotata(Schneider)
(13.7%), Scymnussp. (2.7%) and Propylaeaquatuordecimpunctata(Linnaeus)(2.1%)
(Fig. 3). The numberof larvae and adults of each speciesinitially increased(end
of May) and subsequentlydecreased(end of June). Larvae of predatorsother than
coccinellid specieswere also observed on A. gossypii, suchas individualsof the genus
SyrphusFabricius(Diptera:Syrphidae)andof ChrysoperlacarneaStephens(Neuroptera:
Chrysopidae).Small numbersof larvaeandadultsof C. septempunctata(Fig. 4) were
the only coccinelidsfound on A. ruborum. C. septempunctata(71.2%) was the most
abundantpredatorfound on R. padi, followed by Adalia bipunctata(Linnaeus)(22.5%),
A. variegata (5%) andScymnussp. (1.3%) (Fig. 5). A populationincreaseoccurredon
all theaforementionedpredatorsin thebeginningof April andwasfollowedby a decline
duringmid May (Fig. 5). It is noteworthy thatonly a few individualsof Macrolophussp.
(Heteroptera:Miridae), andno larvae,adultsor egg-layingsof any coccinellid,wereever
observedonC. inulaeduringthepresentstudy.

DISCUSSION

Capitophorusinulaewasparasitizedby just onespecies(A. matricariae) of thegenus
AphidiusNees.This facthasbeenreportedin otherstudiesaswell (7,23,30,41,45,46). The
predominanceof A. matricariaeon C. inulae andR. padi (Table1, Fig. 2A,B) could be
attributedto the dispersalof A. matricariaefrom D. viscosato durumwheatandbarley
andviceversa. A similar dispersalcouldbeassumedin thecaseof L. fabarum(Thessaly,
Macedonia)(Table2, Fig. 2C,D),L. confususandB. acalephae(Thrace)(Table2), which
predominateon A. ruborumandA. gossypii.Similar observationsconcerningtheseasonal
exchangeof the parasitoidpopulationsamongdifferent cropsas well as betweencrops
anduncultivatedplantsinfestedwith differentaphidspecieshave alsobeenrecordedby
other researchers.Staŕy (31,42) statedthat Aphidiuservi Haliday can be dispersedby
Acyrthosiphonpisum(Harris)on lucerneto Metopolophiumdirhodum(Walker) on barley
andviceversa; Aphidiuspicipes(Nees)by A. pisumon lucerneto M. dirhodumon barley
andviceversaaswell asAphidiuseadyiStaŕy, Gonźalez& Hall by Acyrthosiphonpisum
ononis(Koch)onOnonisspp.to A. pisumon leguminouscropsandviceversa. Theability
of parasitoidsto be transferredfrom onespeciesof aphid to anotheron differentplants
hasalsobeenobserved in the laboratory. Staŕy (35) con�rmed that laboratorytransfers
of L. fabarumoriginatingfrom AphisfabaecirsiiacanthoidisScopolion Cirsiumarvense
(L.) in the �eld to Aphisfabaes. str. on FabavulgarisMoench(Fabaceae)werepositive.
Similarly, Staŕy and N�emec(44) reportedthat the �eld populationsof Praon abjectum
(Haliday) and Trioxys angelicae (Haliday) emerging from Aphis sambuci Linnaeuson
Sambucusnigra L. (Caprifoliaceae)weresuccessfullytransferredto A. fabaeonF. vulgaris
in thelaboratory.

During the year 2000 the percentageof parasitizationof R. padi on durum wheat
increasedfasterthan that of C. inulae on D. viscosa. This differencemay be attributed
to the differentbehavior of aphidson the two plant species.Therewereenoughshoots
availableon D. viscosafor thecontinuousproliferationof theaphidC. inulae, evenafter
the time of wheatripening. In contrast,the hardeningof the earsproducedunfavorable
conditionsfor theaphids,leadingthemto moveto otherhosts.This resultedin a reduction
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in thenumberof live aphidsandconsequentlyin an increaseof parasitizationpercentage.
Similar behavior of aphidshasbeenobserved in citrusorchards(1) wherethe treeswere
notproneto infestation,dueto theabsenceof tendershoots.

The elimination of A. gossypiiand A. ruborum populations(Fig. 1C,D) could be
attributed to the action of L. fabarum, since: (a) this parasitoidattacks the aphids
systematically(28,35),and (b) it was the dominantparasitoidfound on thoseaphidsin
the presentstudy (Fig. 2C,D). The suddenincreasein the percentageof A. gossypii
parasitizationon 21 June(Fig. 1C) could be attributedto the introductionof L. fabarum
individualsemergingfrom A.ruborum, whoseparasitizationreached100%onR.ulmifolius
duringthesameperiod.

Thespeciesof predatorsfoundonA.gossypiiandR.padiduringthepresentstudyhave
alsobeenobserved in otherstudies. A. variegata, C. septempunctata,P. quatuordecim-
punctata,Scymnussp. (5,22) andH. undecimnotata(5,11) have beenpreviously found
on A. gossypii. Regarding the populationcompositionof coccinellid predatorson A.
gossypii, Nicoli etal. (22)reportedthatin Italy A.variegatawasthemostabundantspecies
on watermelonfor two consecutive growing periodsand represented61.2%of the total
predatorsduringthe�rst periodand87.5%duringthesecondperiod.Similar �gures were
recordedfor A. variegataon cotton(64.5%)duringour study. Coccinellidspeciesfound
on R. padi during the presentstudy have also beenreportedas naturalenemiesof this
aphidin previousstudies(4,8,10).Hussein(10) notedthatthemostabundantpredatorsof
cerealaphids(Sitobionavenae[Fabricius],R. padi andM. dirhodum) wereCoccinellidae
(especiallyC.septempunctataandA.bipunctata), whichwerepresentthroughouttheentire
observationperiod.This factis in accordancewith thehighpercentageof C.septempuctata
(71.2%)andA. bipunctata(22.5%)observedon R.padi (Fig. 5) duringthepresentstudy.
Only a few larvae and adultsof C. septempunctatawere found on A. ruborum, which
indicatesthelow signi�canceof this predatorfor thespeci�c aphid.Moreover, coccinellid
speciesfound on cotton were totally absenton vicinal R. ulmifolius. This indicatesthe
preferenceof thosepredatorsfor A. gossypii, which seemsto be a more desirableprey
thanA. ruborum.Theability of C. septempunctatato feedon A. ruborumis supportedby
previouslaboratorystudies(18). Thetotal absenceof coccinellidsin coloniesof C. inulae
onD. viscosa,indicatesthatthisaphidis likely to be`invulnerable'againstthosepredators.
Theinitial populationincreaseobservedfor all predatorsandthesubsequentdecline(Figs.
3–5) may be attributedto respective population�uctuations of the hostspecies(Fig. 1).
However, therapiddeclineof thepopulationof C. septempunctatatowardstheendof June
wasmorepronouncedwhencomparedwith thatof theotherpredatorsfoundonA.gossypii.
This phenomenonmay be explainedby the summerdiapausethat hasbeenobserved for
this predatorin Greeceandthemigrationof a large part of the populationto hibernation
sites(12).

It shouldbenotedthattheaphidC. inulaehasastrongaf�nity for D. viscosaandInula
conyzaD.C. (9), whereasA. ruborumis monoeciousholocyclic on severalRubusspecies
(2). Neitherof thesespeciesis a croppest.Furthermore,D. viscosaandR. ulmifoliusare
very commonplantsin uncultivatedplaces,at roadsidesandin fallow groundwherethey
donotgrow insidethecrops(6,27).

Maintenanceof the existing D. viscosaandR. ulmifolius plantsat the edgesof crop
�elds shouldbe recommendedin order for themto serve as reservoirs of parasitoidsof
aphidsthat infest cottonanddurumwheat. Similar recommendationsfor the usefulness
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of variousplantsas reservoirs of aphid parasitoidsas well as of other naturalenemies
of aphidshave beenproposedfor other plantssuchas Galium spp. (Rubiaceae)(29),
FraxinusexcelsiorL. (Oleaceae)(32),Urtica dioicaL. (Urticaceae)(33),Cirsiumarvense
L. (Cichoriaceae)(36), Philadelphuscoronarius L. (Saxifragaceae)(39), Ononis spp.
(Leguminosae)(42)andS.nigra (44).

The plantsD. viscosaand R. ulmifolius could be consideredas possiblereservoirs
of aphidparasitoidsfor othercropsaswell, sincethe speciesof parasitoidsidenti�ed in
the presentstudyon the aphidsC. inulae (A. matricariae)andA. ruborum(L. fabarum,
L. confusus,B. acalephae, Binodoxysangelicae[Haliday]) areimportantparasitoidsof a
numberof aphidpestsin severalcultivatedplants(13,16,17,29,33).

The negligible predatoryactivity of C. septempunctataagainstA. ruborum on R.
ulmifolius and the absenceof predatorsagainstC. inulae on D. viscosa,may suggest
that theseplantsarenot effective asreservoirs of predatorsfor cottonanddurumwheat,
respectively. However, the inability of predatorsto reducethepopulationsof A. ruborum
and C. inulae contributed to the developmentof high numbersof parasitoidson those
aphidsandthereforestrengthenstherecommendationof thesespeci�c plantsasimportant
reservoirsof aphidparasitoids.
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37. Staŕy, P. (1987)Aphid–ant–parasitoidassociationon thecreepingthistleCirsiumarvenseL. in agroecosys-
temsin Czechoslovakia.ActaEntomol.Bohemoslov. 84:15-21.
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40. Staŕy, P., Gerding, M., Norambuena,H. and Remaudi�ere, G. (1993) Environmental researchon aphid
parasitoidbiocontrolagentsin Chile(Hymenoptera:Aphidiidae,Homoptera:Aphidoidea).J. Appl.Entomol.
115:292-306.
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(Hymenoptera).Ann.Soc.Entomol.Fr. 9:309-329.
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