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Ecological Data on Predators of Parlatoria pergandii on
Sour Orange Treesin Southern Greece

GeogeJ. Stathas

The presentstudy was carried out in southernGreeceduring 1993—1995on sour orange
trees infested with the diaspidid Parlatoria pemgandii Comstock. The actiity 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 was parasitizedoy a hymenopterougndoparasitef the genusEncassia andthe
extent of parasitizationrangedbetween5.2% and 14.1%. The obsered predatorswere
the coccinelidsChilocorusbipustulatusLinnaeusand RhyzobiudophanthaeBlaisdell and
the nitidulid Cybocephalusfodori Endiddy-Younga. The predominantpredatorwas R.
lophanthae(84.3% of the larvae and 73.3% of the adults), which was active throughout
the whole yearin all of its developmentalstages.Secondmostalundantwasthe predator
C. bipustulatus(15.7% of the larvae and 20% of the adults) and third the predatorC.
fodori (6.7% of the adults). Larvae of C. bipustulatuswere obsered to be parasitizedoy
the hymenopterouparasitoiddHomalotylusflaminiusDalman(Engyrtidae)andTetrastichus
coccinellaeKurdjumor (Eulophidae). The parasitizationpercentagancreasedgradually
from 4% in mid Juneto 94% aroundthe endof SeptemberLaboratorytestsconfirmedthat
theabove mentionedparasitoidcannotinfestlarvaeor nymphsof R.lophanthae

KEY WORDS: Chilocorusbipustulatus;citrus; Coccinellidae;Cybocephalugodori; Di-
aspididae;Encarsia; Homalotylusflaminius; parasitism;Parlatoria pemandii; Rhyzobius
lophanthae Tetrastichuscoccinellae

INTRODUCTION

Themostimportantpredatorof Diaspididaespecieseportedn GreeceareChilocorus
bipustulatud_innaeusandRhyzobiusophanthaeBlaisdell(ColeopteraCoccinellidae)3).
The nitidulid predatorCybocephalusodori Endiddy-Youngahasalso beenreportedin
somecasesasa predatorof diaspidids(9). The importanceof the above two coccinellid
speciesashiological control agentsagainstdiaspidids their large numberof hostspecies
andwide abundancearereportedn mary othercountriesaswell (4,7,13).Therearereports
onthebiologicalandecologicalcharacteristicef R.lophanthagsuchasits high fecundity,
the relatively low temperaturahresholdsof immaturestages.the lack of diapauseand
absenceof parasitoids(14,16,18). Thesecharacteristicenableits developmentin high
populationsin nature feeding on Diaspididae,and its larvae and nymphsto 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, asreportedn theliterature,its populationsn naturearedecreasingubstantially
from mid summeruntil winter andthis hasbeenattributedto variouscausessuchasthe
scarcity of scaleinsects,the decline of ovogenesigdue to unfavorable conditions(high
temperatureJow humidity), as well asits parasitizationby a large numberof natural
enemieq4). The hymenopterougparasitoidsHomalotylusflaminiusDalman(Encyrtidae)
(4,13,16,19),EupelmusurozonusDalman (Eupelmidae), Tetrastichus minimus Howard
(Eulophidae)(16), Tetrastichus epilachnae Giard (Eulophidae)(7,13,19), Tetrastichus
coccinellae(Kurdjumov) (Eulophidae),Tetrastichus semponius Erdos (Eulophidae)(7),
PhygadeuorrugulosusGravenhorst,Phygadeuorkozlowi Kokujev, Parmortha parvula
(GravenhorstYIchneumonidag)13), thedipterousPhalaciotophomlfasciataFallén(Phori-
dae)(19), andthe sacfungusHespeomycesvirescensThaxter(Laboulbeniales)2) have
beenrecordedas natural enemiesof C. bipustulatus In Greece,althougha decrease
in the populationof C. bipustulatushas beenfound during the summerperiod due to
parasitization(9), thereis no informationon the speciesf parasitoidsandthe courseof
parasitizationduring the year Finally, the predatorC. fodori hasnot beenreportedto
have naturalenemiesbut the hymenopterouparasitesAphanagmussp. (Ceraphronidae),
Zatropis sp. (Pteromalidae),Cerchysiella ( = Zeteticontuy spp. (Engyrtidae) and
Ecthoplexiella sp. areknown to parasitizdarvaeof Cybocephaluspp.(13).
Suchstudiegrelatingto the populationdynamicsof beneficiainsectsn nature provide
usefulinformation for the correctplanningof successfubiological control applications
againsinsectpests Becaus@f theeconomicallyimportantdamagecausedy diaspididgo
treecropsandtheimportanceof their predatorsasbiologicalcontrolagentsijt wasdecided
to investigateaspect®f thepredatorsecologywhich have notbeenstudiedin GreeceThis
wasachiezedby observingpopulationf thepredatorsn thefield andby conductingests
andmeasuremenis thelaboratoryin orderto studythe populationdynamicsof predators
of diaspididsin natureduring the year, evaluatetheir actionagainstthe scalesand study
their naturalenemiesThe scaleParlatoria pergandii Comstock(Hemiptera:Diaspididae)
on citrus, was found to be a suitableprey of R. lophanthaeand C. bipustulatuswhich
developedin suflicienthnumberdo enablethe collectionof dataon their ecology

MATERIALS AND METHODS

Field observations Thefield work wasconductecon 30 12-yearold sourorangetrees,
heavily infestedwith Parlatoria pergandii Comstock(Hemiptera:Diaspididae)n a citrus
field at Leonidion,in westernPeloponnesesouthernGreece from Januaryl993to April
1995. Sampleswere taken every 20 daysduring the warm period of the year (April—
Septemberaindmonthlyduringthewinter months.Chemicaiinsecticidesverenotapplied
during the period of the study A heary trimming wasdonein March 1992, in orderto
reducetheinfestationwith P. pemgandii. Theinfestationlevel of scalesvasevaluatedrom
sampleof 12 leavescollectedfrom eachof five randomlychosertwigs at shouldeheight.
Thesesamplesverebroughtto thelaboratorywherethe numberanddevelopmentabtages
of live armoredscaleindividuals were recorded,as well as thosedeadfrom unknown
causesattacled by predatorsand parasitized. The possibility that predatechymphshad
beenpreviously parasitized,was not taken into account. The level of infestationwas
measuredand expressedas the numberof live (including malesand females)scalesper
cm? of theplantsurface.

Coleopteroupredatorsveresampledby beatingl2 randomlychoserbranchesf trees
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with a rubbercoveredstick over a 1-m? cloth screen.The numberof adultsandlarvaeof
thesepredatorghusdislodgedwasthenrecorded.The beatingswere carriedout early in
the morning (7:30-8:30a.m.) becauseinderwarm andsunry conditions— suchasexist
later in the day, winged insectsthat fall on the collecting sheettendto fly off from the
latter very readily. After their numberhadbeenrecordedthe predatorsverereturnedto
theleavesonthetreeswith the aid of asmallbrush.
Meteorologicaldatawereobtainedrom the NationalMeteorologicalOffice.

Parasitisn of predator larvae The study of the larval parasitizationof C. bipustu-
latus and of the possibility of larval parasitizationof R. lophanthaeby the parasitoids
Homalotylusflaminius Dalman (Hymenoptera:Engyrtidae) and Tetrastichus coccinellae
(Kurdjumov) (Hymenoptera:Eulophidae)was carriedout with field samplingof larvae
aswell asin laboratorytests. Fifty larvaefrom eachof the two parasitoidsvere obtained
every 20 days,from Juneuntil Septemberby randombeatingsof the treebranches.The

larvaewerebroughtto Kifissia, wherethey wereculturedseparatelyn plasticcageg9 cm

diam, 1.6 cm high) underoutdoorconditions,until emegenceof adultsor parasitoidsThe

larvaewerefed onnymphsof P. pergandiionsourorangesin thelaboratoryR.lophanthae
andC. bipustulatuswere culturedundercontrolledconditionsof temperaturg25+1°C),

relative humidity (65+2%) andphotoperiod16:8,L:D), from hatchingof larvaeuntil the

appearancef adults,in four cylindrical cageg30 cm diam,50 cmlong), asfollows:

e l1stcage: 25 1st- instarlarvae of R. lophanthaeand 10 adultsof H. flaminius(5
males,5 females)

e 2ndcage:25 1st—instarlarvaeof R. lophanthaeand 10 adultsof T. coccinellag(5
males,5 females)

e 3rd cage: 25 1st— instarlarvaeof C. bipustulatusand 10 adultsof H. flaminius(5
males,5 females)

e 4th cage:25 1st—instarlarvaeof C. bipustulatusand 10 adultsof T. coccinellae(5
males,5 females).

Thelarvaeof the predatorsnsidethecagesverefed on nymphsof Aspidiotusnerii Bouché
(Hemiptera:Diaspididae)pn cucurbitfruit. Insidethesamecagestheparasitoidobtained
from parasitizedlarvae of C. bipustulatusfrom Leonidio, were fed on 50% honey in
water in a 4.2 cm-diampetri dish. Thesetestswere conductedn orderto rule out the
parasitizatiorof R. lophanthaelarvae,in caseparasitizedarvae did not fall on the cloth
screerfollowing the beatingof thebranchesSimilartestswith C. bipustulatudarvaewere
usedascontrol.

Statistical analysis In orderto comparethe populationsof predatorgC. bipustulatus,
R. lophanthae C. fodori), datawere testedfor significanceusing analysisof variance
(ANOVA) and meanswere comparedby the Tukey - Kramer (HSD) test (at P = 0.05),
usingthestatisticalpackagelMP (15).

RESULTS

A gradualreductionin theinfestationlevel andanincreasen thenumberof parasitized
nymphsof P. pergandii wereobseneduponexaminationof sourorangetreeleavesduring
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Fig. 1. Compositionof the Parlatoria pergandii population(A) andthe numbersof its predators
(B,C,D) onsourorangetreesfrom Januaryl993until April 1995,andaveragemonthlytemperatures
(E), in southernGreece.
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Fig. 2. Parasitismof Chilocorus bipustulatuslarvae by Homalotylusflaminius and Tetrastichus
coccinellaeduringthe summerof 1993andof 1994in southernGreece.

the periodof the study (Fig. 1A). The numberof deadnymphsfrom unknavn causesas
well asof thoseparasitizeddid notshow greatchangesvith time, asevidentfrom thesmall
slopeof their trendlines(Fig. 1A). The percentagef parasitizedhymphsof P. pergandii
rangedduring the period of the studyfrom 5.2 to 14.1. The parasitoidobsened wasan
Encarsia sp. (HymenopteraAphelinidae)endoparasiteAs found following the beatings
of thetreebranchesthe predatorsf the scalewerethe coccinellidsR. lophanthaeandC.
bipustulatusandthe nitidulid C. fodori (Figs. 1B, C, D). Larvaeof all instarsandadults
of R. lophanthaewere obsened throughoutthe year, whereadarvae of C. bipustulatus
were seenonly during the summermonths (April-October). Branchbeatingsdid not
turn up larvae of C. fodori, but in laboratoryexaminationsingle larvae of the predator
wereoccasionallyseenunderthe scalecoversof P. pergandii duringthe summemonths.
Statisticalanalysisuncoveredsignificantdifferencesamongthe threespecieof predators
(F= 36.17,d.f.= 2 and 96, P<0.0001). Meanscomparisonshoved that the numberof
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R.lophanthadarvaeandadultsobsered during the periodof the studywassignificantly
higherthanthe numberof individualsof C. bipustulatusandC. fodori, whereagespectie
numbersof C. bipustulatusand C. fodori did not differ significantly Of a total of 2586
larvaeof R.lophanthaeandC. bipustulatusobseredduringthe periodof the study 84.3%
were larvae of R. lophanthaeand 15.7% were larvae of C. bipustulatus. Of a total of
1839adultsof R. lophanthae C. bipustulatusand C. fodori, 73.3%were R. lophanthae
20%C. bipustulatusand6.7%C. fodori. Obsenationsof the larvaeof predatorsollected
from sour orangetreesand culturedinside cagesunderoutdoor conditionsshaved that
the larvae of R. lophanthaewere not parasitizedand all of them developedinto adults.
In contrast,larvaeof C. bipustulatuswere parasitizedoy the hymenopterouparasitesr.
coccinellaeandH. flaminius(Fig. 2). Parasitizationincreasediuringthe summetin the 2
yearsof the study The percentageof parasitizationof larvae of C. bipustulatusby the
parasitoidT. coccinellaewas higherin all the obsenationsin 1993 andin four of six
obsenationsin 1994 (exceptfor thoseon July 30 and Sept. 11). However, the above
differencesin parasitizationbetweenthe two parasitoidswere not significant (F= 2.69,
d.f.=1and22,P = 0.12). Noneof thelarvaeof R.lophanthaecollectedduringthe winter
wasmummified.Similarly, noneof theindividuals(larvaeand/orpupae)of R. lophanthae
culturedin the laboratorywith the parasitoidH. flaminiusor with T. coccinellaeunder
controlledconditionsinside separateagesvas parasitizedandall developedinto adults.
In contrastall individualsof C. bipustulatusulturedwith eachof theabovetwo parasitoids
inside separatecageswere parasitizedand noneof them developedinto adults. In field
obsenationsof the populationof predatorsno exterior signsof infection by pathogenic
fungi werefound.

DISCUSSION

The populationof P. pergandii decreasedjradually asshavn in Figure 1A (line 1,
slope:-0.0089).The numberof deadfrom unknavn causesandthe numberof parasitized
nymphsof thediaspididdecreasedlightly (line 3, slope:-0.0021 andline 4, slope:-0.007,
respectiely), whereashenumberof predatedhymphsrose(line 2, slope:+0.0041).Thisis
indicative of the contribution of the predatorgo thereductionin the scaleinfestation.The
activity of R.lophanthaeandC. bipustulatusagains®. pergandii hasalsobeenreportedby
Abbassiin Morocco(1). Applebaumetal. (2) reportedfrom Israelthat C. bipustulatus
was found to prey on P. pergandii, but it is possiblethat this scaledoesnot provide
adequatenutrition. Thereare no respectie referencedor C. fodori. Populationsof the
threepredatorshigh numbersof predatechymphsof P. pemgandiiandtheabsenc®f other
predatorsof diaspididsindicatethat the abose mentionedentomophagoumsectsfed on
P. pergandii. This wasconfirmedfor C. bipustulatusandR. lophanthaein the laboratory
sincelarvaeof the two coccinellids— which were carriedto theinsectaryfor the study of
parasitism-wererearedon P. pergandii nymphson sourorangeeaves.

Thebeatingof brancheswhichwasusedasameando collectpredatorsis notequally
effective for all insectspeciespecausehe percentagef individualswhich fall down onto
theclothscreerdepend®nseveralfactors suchasthebodysizeof theinsect(5). However,
useful information can be obtainedfor eachinsectspecies. The numbersof predators
decreaseduringthewinterperiod(Figs. 1B, C, D), possiblydueto low temperatureéFig.
1E). The moreintenseactiity of R. lophanthaeand C. bipustulatusagainstP. pergandii
during the summey 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,larvae of C. bipustulatuswere presentonly during summer This phenomenon
may be explainedby the lower thermaldevelopmentthresholdsof immaturestagesof R.
lophanthae(7.6-9.3C) (18) comparedwith thoseof C. bipustulatus(10.6°C) (4). The
existenceof larvaeof R.lophanthaen natureduringwinter hasbeenobsenedin Morocco
(16) andGeogia (formerUSSR)(14) aswell.

An increasein the parasitizationpercentageof C. bipustulatuslarvae from summer
until autumnfound in the presentstudy (Fig. 2), hasbeenobsenred elsavhere. Popwa
(12) reportedthat in orchardsby the Black Sea,the percentagef parasitizedarvae of
C. bipustulatusincreasedrom 72 to 90 in summer Murasheskaya(10) statedthat the
parasitoidsT. coccinellaeandH. flaminiusdestroyedupto 80%of larvaeof C. bipustulatus
and ChilocorusrenipustulatugScriba)in autumn,in northernCaucasus.Smirnof (17)
found that 95% of a colory of C. bipustulatuswvasdestryed by H. flaminiusin northern
Africa. Hodekand Honék (8) also reportedthat parasitizationby Homalotylusmay be
as high as 90-95%on C. bipustulatusalong the Black Seacoast. Parasitizationof C.
bipustulatugFig. 2) by T. coccinellaevasobsenedin higher(notsignificant)percentages
thanthatof H. flaminiusin tenof the12 obsenationsthatwereconductediuringthe2 years
of this study This maybeexplainedin partby the differentvoltinism of thetwo parasitoid
speciesMurash&skaya(10) reportecthat T. coccinellaecompletessevengenerationper
yearin northernCaucasudoth on C. bipustulatusandon C. renipustulatuswhereasH.
flaminiusin the sameareaandon the samehostscompletesonly five or six generations.
In addition, Murashe'skaya(10) notedthat only one or two individuals of H. flaminius
completedheirdevelopmenin asingleC. bipustulatudarva, ascomparedvith 7—150f T.
coccinellae Similarly, Domenichini(6) reportedoneto threeparasitef H. flaminiusin
asinglelarva of C. bipustulatusandHodek (7) foundin genusChilocorususuallysix to
eightparasite®f Tetrastichusbut sometimessmary as18. Theinability of parasitoidgo
attackR. lophanthaevhich wasnotedin natureandconfirmedin the laboratoryduringthe
presenstudy hasbeenreportedby othersaswell (14,16).

Dataobtainedin the presentstudy cover someecologicalcharacteristic®f predators
of P. pergandii andcould be usefulin the planningof IPM programssinceR. lophanthae
and C. bipustulatus and lessso C. fodori, are commonpredatorsof several speciesof
Diaspididadn mary areasall overtheworld (4,7,13).
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