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Ecological Data on Predators of Parlatoria pergandii on
Sour Orange Trees in Southern Greece

GeorgeJ.Stathas
�

The presentstudy was carriedout in southernGreeceduring 1993–1995on sour orange
trees infested with the diaspidid Parlatoria pergandii Comstock. The activity of the
natural enemiesof the scale, the composition of their population during the year as
well as their relation with hymenopterousparasitoidsof coccinellids, were studied. P.
pergandii wasparasitizedby a hymenopterousendoparasiteof the genusEncarsia andthe
extent of parasitizationrangedbetween5.2% and 14.1%. The observed predatorswere
the coccinelidsChilocorusbipustulatusLinnaeusandRhyzobiuslophanthaeBlaisdell and
the nitidulid Cybocephalusfodori Endr̈ody-Younga. The predominantpredatorwas R.
lophanthae(84.3% of the larvae and 73.3% of the adults),which was active throughout
the whole year in all of its developmentalstages.Secondmostabundantwasthe predator
C. bipustulatus(15.7% of the larvae and 20% of the adults) and third the predatorC.
fodori (6.7% of the adults). Larvaeof C. bipustulatuswereobserved to be parasitizedby
thehymenopterousparasitoidsHomalotylusflaminiusDalman(Encyrtidae)andTetrastichus
coccinellaeKurdjumov (Eulophidae). The parasitizationpercentageincreasedgradually
from 4% in mid Juneto 94%aroundtheendof September. Laboratorytestsconfirmedthat
theabove mentionedparasitoidscannotinfestlarvaeor nymphsof R. lophanthae.
KEY WORDS: Chilocorusbipustulatus;citrus; Coccinellidae;Cybocephalusfodori; Di-
aspididae;Encarsia; Homalotylusflaminius; parasitism;Parlatoria pergandii; Rhyzobius
lophanthae;Tetrastichuscoccinellae.

INTRODUCTION

Themostimportantpredatorsof Diaspididaespeciesreportedin GreeceareChilocorus
bipustulatusLinnaeusandRhyzobiuslophanthaeBlaisdell(Coleoptera:Coccinellidae)(3).
The nitidulid predatorCybocephalusfodori Endr̈ody-Youngahasalso beenreportedin
somecasesasa predatorof diaspidids(9). The importanceof the above two coccinellid
speciesasbiological controlagentsagainstdiaspidids,their largenumberof hostspecies
andwideabundancearereportedin many othercountriesaswell (4,7,13).Therearereports
onthebiologicalandecologicalcharacteristicsof R.lophanthae, suchasits highfecundity,
the relatively low temperaturethresholdsof immaturestages,the lack of diapauseand
absenceof parasitoids(14,16,18). Thesecharacteristicsenableits developmentin high
populationsin naturefeeding on Diaspididae,and its larvae and nymphs to be active
continuouslythroughoutthe year (14,16,18). C. bipustulatus,on the other hand, is an
importantnaturalenemyof Coccoideaas well, mainly of the family Diaspididae(11).
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However, asreportedin theliterature,its populationsin naturearedecreasingsubstantially
from mid summeruntil winter andthis hasbeenattributedto variouscauses,suchasthe
scarcityof scaleinsects,the declineof ovogenesisdue to unfavorableconditions(high
temperature,low humidity), as well as its parasitizationby a large numberof natural
enemies(4). ThehymenopterousparasitoidsHomalotylusflaminiusDalman(Encyrtidae)
(4,13,16,19),EupelmusurozonusDalman (Eupelmidae),Tetrastichus minimusHoward
(Eulophidae)(16), Tetrastichus epilachnae Giard (Eulophidae)(7,13,19), Tetrastichus
coccinellae(Kurdjumov) (Eulophidae),TetrastichussemproniusErdös (Eulophidae)(7),
PhygadeuonrugulosusGravenhorst,Phygadeuonkozlowi Kokujev, Parmortha parvula
(Gravenhorst)(Ichneumonidae)(13),thedipterousPhalacrotophorafasciataFallén(Phori-
dae)(19), andthe sacfungusHesperomycesvirescensThaxter(Laboulbeniales)(2) have
beenrecordedas natural enemiesof C. bipustulatus. In Greece,althougha decrease
in the populationof C. bipustulatushasbeenfound during the summerperiod due to
parasitization(9), thereis no informationon the speciesof parasitoidsandthe courseof
parasitizationduring the year. Finally, the predatorC. fodori hasnot beenreportedto
have naturalenemiesbut the hymenopterousparasitesAphanogmussp. (Ceraphronidae),
Zatropis sp. (Pteromalidae),Cerchysiella ( = Zeteticontus) spp. (Encyrtidae) and
Ecthroplexiella sp.areknown to parasitizelarvaeof Cybocephalusspp.(13).

Suchstudiesrelatingto thepopulationdynamicsof beneficialinsectsin nature,provide
useful information for the correctplanningof successfulbiological control applications
againstinsectpests.Becauseof theeconomicallyimportantdamagecausedbydiaspididsto
treecropsandtheimportanceof theirpredatorsasbiologicalcontrolagents,it wasdecided
to investigateaspectsof thepredators’ecologywhichhavenotbeenstudiedin Greece.This
wasachievedby observingpopulationsof thepredatorsin thefield andby conductingtests
andmeasurementsin thelaboratoryin orderto studythepopulationdynamicsof predators
of diaspididsin natureduring the year, evaluatetheir actionagainstthe scalesandstudy
their naturalenemies.ThescaleParlatoria pergandiiComstock(Hemiptera:Diaspididae)
on citrus, was found to be a suitableprey of R. lophanthaeand C. bipustulatuswhich
developedin sufficientnumbersto enablethecollectionof dataon their ecology.

MATERIALS AND METHODS

Field observations Thefield work wasconductedon 30 12-year-old sourorangetrees,
heavily infestedwith Parlatoria pergandii Comstock(Hemiptera:Diaspididae)in a citrus
field at Leonidion,in westernPeloponnese,southernGreece,from January1993to April
1995. Sampleswere taken every 20 daysduring the warm period of the year (April–
September)andmonthlyduringthewintermonths.Chemicalinsecticideswerenotapplied
during the periodof the study. A heavy trimming wasdonein March 1992, in order to
reducetheinfestationwith P. pergandii. Theinfestationlevel of scaleswasevaluatedfrom
samplesof 12 leavescollectedfrom eachof fiverandomlychosentwigsatshoulderheight.
Thesesampleswerebroughtto thelaboratory, wherethenumberanddevelopmentalstages
of live armoredscaleindividuals were recorded,as well as thosedeadfrom unknown
causes,attacked by predatorsandparasitized.The possibility that predatednymphshad
beenpreviously parasitized,was not taken into account. The level of infestationwas
measuredandexpressedas the numberof live (including malesand females)scalesper
cm

�
of theplantsurface.

Coleopterouspredatorsweresampledby beating12randomlychosenbranchesof trees
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with a rubber-coveredstick over a 1-m
�

cloth screen.Thenumberof adultsandlarvaeof
thesepredatorsthusdislodgedwasthenrecorded.Thebeatingswerecarriedout early in
the morning(7:30–8:30a.m.) becauseunderwarm andsunny conditions– suchasexist
later in the day, winged insectsthat fall on the collectingsheettend to fly off from the
latter very readily. After their numberhadbeenrecorded,the predatorswerereturnedto
theleaveson thetreeswith theaidof asmallbrush.

Meteorologicaldatawereobtainedfrom theNationalMeteorologicalOffice.

Parasitism of predator larvae The study of the larval parasitizationof C. bipustu-
latus and of the possibility of larval parasitizationof R. lophanthaeby the parasitoids
HomalotylusflaminiusDalman(Hymenoptera:Encyrtidae)andTetrastichuscoccinellae
(Kurdjumov) (Hymenoptera:Eulophidae),wascarriedout with field samplingof larvae
aswell asin laboratorytests.Fifty larvaefrom eachof thetwo parasitoidswereobtained
every 20 days,from Juneuntil September, by randombeatingsof the treebranches.The
larvaewerebroughtto Kifissia,wherethey wereculturedseparatelyin plasticcages(9 cm
diam,1.6cmhigh)underoutdoorconditions,until emergenceof adultsor parasitoids.The
larvaewerefedonnymphsof P. pergandiionsouroranges.In thelaboratory, R.lophanthae
andC. bipustulatuswereculturedundercontrolledconditionsof temperature(25� 1� C),
relative humidity (65� 2%)andphotoperiod(16:8,L:D), from hatchingof larvaeuntil the
appearanceof adults,in four cylindrical cages(30cm diam,50 cm long),asfollows:

� 1st cage: 25 1st – instar larvaeof R. lophanthaeand10 adultsof H. flaminius(5
males,5 females)

� 2ndcage:25 1st– instarlarvaeof R. lophanthaeand10 adultsof T. coccinellae(5
males,5 females)

� 3rd cage:25 1st – instar larvaeof C. bipustulatusand10 adultsof H. flaminius(5
males,5 females)

� 4th cage:25 1st– instarlarvaeof C. bipustulatusand10 adultsof T. coccinellae(5
males,5 females).

Thelarvaeof thepredatorsinsidethecageswerefedonnymphsof Aspidiotusnerii Bouch́e
(Hemiptera:Diaspididae),oncucurbitfruit. Insidethesamecages,theparasitoidsobtained
from parasitizedlarvae of C. bipustulatusfrom Leonidio, were fed on 50% honey in
water, in a 4.2 cm-diampetri dish. Thesetestswereconductedin order to rule out the
parasitizationof R. lophanthaelarvae,in caseparasitizedlarvaedid not fall on the cloth
screenfollowing thebeatingof thebranches.Similar testswith C. bipustulatuslarvaewere
usedascontrol.

Statistical analysis In order to comparethe populationsof predators(C. bipustulatus,
R. lophanthae, C. fodori), datawere testedfor significanceusing analysisof variance
(ANOVA) andmeanswere comparedby the Tukey - Kramer (HSD) test (at P = 0.05),
usingthestatisticalpackageJMP(15).

RESULTS

A gradualreductionin theinfestationlevel andanincreasein thenumberof parasitized
nymphsof P. pergandiiwereobserveduponexaminationof sourorangetreeleavesduring
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Fig. 1. Compositionof the Parlatoria pergandii population(A) and the numbersof its predators
(B,C,D)onsourorangetreesfrom January1993until April 1995,andaveragemonthlytemperatures
(E), in southernGreece.
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Fig. 2. Parasitismof Chilocorusbipustulatuslarvae by Homalotylusflaminiusand Tetrastichus
coccinellaeduringthesummerof 1993andof 1994in southernGreece.

the periodof the study(Fig. 1A). The numberof deadnymphsfrom unknown causesas
well asof thoseparasitized,did notshow greatchangeswith time,asevidentfrom thesmall
slopeof their trendlines(Fig. 1A). Thepercentageof parasitizednymphsof P. pergandii
rangedduring the periodof the studyfrom 5.2 to 14.1. The parasitoidobserved wasan
Encarsia sp. (Hymenoptera:Aphelinidae)endoparasite.As foundfollowing thebeatings
of thetreebranches,thepredatorsof thescalewerethecoccinellidsR. lophanthaeandC.
bipustulatusandthe nitidulid C. fodori (Figs. 1B, C, D). Larvaeof all instarsandadults
of R. lophanthaewere observed throughoutthe year, whereaslarvae of C. bipustulatus
were seenonly during the summermonths(April–October). Branch beatingsdid not
turn up larvae of C. fodori, but in laboratoryexaminationsingle larvae of the predator
wereoccasionallyseenunderthescalecoversof P. pergandii duringthesummermonths.
Statisticalanalysisuncoveredsignificantdifferencesamongthethreespeciesof predators
(F= 36.17,d.f.= 2 and 96, P � 0.0001). Meanscomparisonshowed that the numberof
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R. lophanthaelarvaeandadultsobservedduring theperiodof thestudywassignificantly
higherthanthenumberof individualsof C. bipustulatusandC. fodori, whereasrespective
numbersof C. bipustulatusandC. fodori did not differ significantly. Of a total of 2586
larvaeof R.lophanthaeandC. bipustulatusobservedduringtheperiodof thestudy, 84.3%
were larvae of R. lophanthaeand 15.7%were larvae of C. bipustulatus. Of a total of
1839adultsof R. lophanthae, C. bipustulatusandC. fodori, 73.3%wereR. lophanthae,
20%C. bipustulatusand6.7%C. fodori. Observationsof thelarvaeof predatorscollected
from sour orangetreesand culturedinside cagesunderoutdoorconditionsshowed that
the larvae of R. lophanthaewere not parasitizedand all of them developedinto adults.
In contrast,larvaeof C. bipustulatuswereparasitizedby the hymenopterousparasitesT.
coccinellaeandH. flaminius(Fig. 2). Parasitizationincreasedduringthesummerin the2
yearsof the study. The percentageof parasitizationof larvaeof C. bipustulatusby the
parasitoidT. coccinellaewas higher in all the observations in 1993 and in four of six
observationsin 1994 (except for thoseon July 30 and Sept. 11). However, the above
differencesin parasitizationbetweenthe two parasitoidswere not significant (F= 2.69,
d.f.= 1 and22, P = 0.12). Noneof thelarvaeof R. lophanthaecollectedduringthewinter
wasmummified.Similarly, noneof theindividuals(larvaeand/orpupae)of R. lophanthae
culturedin the laboratorywith the parasitoidH. flaminiusor with T. coccinellaeunder
controlledconditionsinsideseparatecageswasparasitized,andall developedinto adults.
In contrast,all individualsof C.bipustulatusculturedwith eachof theabovetwoparasitoids
insideseparatecageswereparasitizedandnoneof themdevelopedinto adults. In field
observationsof the populationof predators,no exterior signsof infection by pathogenic
fungi werefound.

DISCUSSION

The populationof P. pergandii decreasedgradually, as shown in Figure 1A (line 1,
slope:-0.0089).Thenumberof deadfrom unknown causesandthenumberof parasitized
nymphsof thediaspididdecreasedslightly (line 3,slope:-0.0021,andline 4,slope:-0.007,
respectively),whereasthenumberof predatednymphsrose(line 2,slope:+0.0041).Thisis
indicativeof thecontributionof thepredatorsto thereductionin thescaleinfestation.The
activity of R.lophanthaeandC. bipustulatusagainstP. pergandiihasalsobeenreportedby
Abbassiin Morocco(1). Applebaumet al. (2) reportedfrom Israel that C. bipustulatus
was found to prey on P. pergandii, but it is possiblethat this scaledoesnot provide
adequatenutrition. Thereareno respective referencesfor C. fodori. Populationsof the
threepredators,highnumbersof predatednymphsof P. pergandiiandtheabsenceof other
predatorsof diaspididsindicatethat the above mentionedentomophagousinsectsfed on
P. pergandii. This wasconfirmedfor C. bipustulatusandR. lophanthaein the laboratory,
sincelarvaeof the two coccinellids– which werecarriedto the insectaryfor thestudyof
parasitism– wererearedonP. pergandiinymphson sourorangeleaves.

Thebeatingof branches,whichwasusedasameansto collectpredators,is notequally
effective for all insectspecies,becausethepercentageof individualswhich fall down onto
theclothscreendependsonseveralfactors,suchasthebodysizeof theinsect(5). However,
useful information can be obtainedfor eachinsectspecies. The numbersof predators
decreasedduringthewinterperiod(Figs.1B, C,D), possiblydueto low temperatures(Fig.
1E). The moreintenseactivity of R. lophanthaeandC. bipustulatusagainstP. pergandii
during the summer, in comparisonwith the winter, was notedalso by Abbassi(1). In
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the presentstudy, larvae of R. lophanthaewere found in natureeven during winter. In
contrast,larvaeof C. bipustulatuswerepresentonly during summer. This phenomenon
may be explainedby the lower thermaldevelopmentthresholdsof immaturestagesof R.
lophanthae(7.6–9.3� C) (18) comparedwith thoseof C. bipustulatus(10.6� C) (4). The
existenceof larvaeof R.lophanthaein natureduringwinterhasbeenobservedin Morocco
(16)andGeorgia(formerUSSR)(14)aswell.

An increasein the parasitizationpercentageof C. bipustulatuslarvae from summer
until autumnfound in the presentstudy(Fig. 2), hasbeenobserved elsewhere. Popova
(12) reportedthat in orchardsby the Black Sea,the percentageof parasitizedlarvae of
C. bipustulatusincreasedfrom 72 to 90 in summer. Murashevskaya(10) statedthat the
parasitoidsT. coccinellaeandH. flaminiusdestroyedupto 80%of larvaeof C.bipustulatus
andChilocorusrenipustulatus(Scriba)in autumn,in northernCaucasus.Smirnoff (17)
found that95% of a colony of C. bipustulatuswasdestroyedby H. flaminiusin northern
Africa. Hodek and Honěk (8) also reportedthat parasitizationby Homalotylusmay be
as high as 90–95%on C. bipustulatusalong the Black Seacoast. Parasitizationof C.
bipustulatus(Fig. 2) by T. coccinellaewasobservedin higher(notsignificant)percentages
thanthatof H. flaminiusin tenof the12observationsthatwereconductedduringthe2 years
of this study. Thismaybeexplainedin partby thedifferentvoltinismof thetwo parasitoid
species.Murashevskaya(10) reportedthatT. coccinellaecompletessevengenerationsper
year in northernCaucasusboth on C. bipustulatusandon C. renipustulatus,whereasH.
flaminiusin the sameareaandon the samehostscompletesonly five or six generations.
In addition,Murashevskaya(10) notedthat only oneor two individualsof H. flaminius
completedtheirdevelopmentin asingleC. bipustulatuslarva,ascomparedwith 7–15of T.
coccinellae. Similarly, Domenichini(6) reportedoneto threeparasitesof H. flaminiusin
a singlelarva of C. bipustulatus, andHodek(7) found in genusChilocorususuallysix to
eightparasitesof Tetrastichusbut sometimesasmany as18. Theinability of parasitoidsto
attackR.lophanthaewhichwasnotedin natureandconfirmedin thelaboratoryduringthe
presentstudy, hasbeenreportedby othersaswell (14,16).

Dataobtainedin the presentstudycover someecologicalcharacteristicsof predators
of P. pergandii andcouldbeusefulin theplanningof IPM programs,sinceR. lophanthae
and C. bipustulatus, and lessso C. fodori, are commonpredatorsof several speciesof
Diaspididaein many areasall over theworld (4,7,13).
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