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Aphid Parasitoids (Hymenoptera: Braconidae:
Aphidiinae) on Citrus: SeasonaAbundance,Association
with the Speciesf Host Plant, and Sampling Indices

NickolasG. Kavallieratos, ChristosG. Athanassiou, Geoge J. Stathas
andZeljko Tomanwic

Sampleswerecollectedfrom southernGreeceduring 1996—-2000n orderto investigatethe
presencef parasitoidon AphisgossypiiGlover infestingseveralcitrusspeciesThe species
of aphidiinesfoundto have a signi cantly differentpreferencdor A. gossypiiwereAphidius
colemaniViereck, Aphidiusmatricariae Haliday, Diaeretiella rapae(M'Intosh), Ephedrus
persicae Froggat,Lysiphlelus testaceipegCresson) Binodoxysacalephag(Marshall) and
Binodoxysangelicae (Haliday). In anothersamplingexperiment,the relative abundanceof
aphidiineparasitoidon aphidsinfestingorangeandtangerinetreeswasstudiedin southern
Greece(NeaKios) in 1996and 1997. A. gossypiiconstitutedthe largestpart of the aphid
populationand was the only speciesparasitized. B. angelicae and A. colemaniwere the
most ahundant parasitoidspecies. The parasitizationrate differed amongthe parasitoid
speciesB. angelicaehadthe highestcolonizationratein centrallylocatedandlarge host(A.
gossypi) groups,whereasA. colemaniwasfoundin moreisolatedandrelatively small host
groups.The percentagef parasitismby B. angelicaewashigh mainly in large hostgroups,
whenB. ancelicaewasthe only parasitoidpresent.However, in caseof coeistenceof B.
angelicaewith A. colemaniwith hyperparasitoidsn the samesamplingunit, the percentage
of parasitismwasrelatively low.

KEY WORDS:Aphisgossypii Aphidiinae;hyperparasitoidsiensitydependencesolation;
citrusspecies.

INTRODUCTION

Aphids are very importantcitrus pestsin several citrus-graving areasof the world,
causinggreatdamagéothdirectly andindirectly (leaf deformation,o werandveryyoung
fruit drop,underd&elopedshootshoney residuesausingsootymold, virus transmission)
(1,2,11,22).In Greecenine aphidspecieshave beenreportedto infestcitrustrees: Aphis
craccivora Koch, Aphis gossypii Glover, Aphis spiraecola Patch, Aulacorthum solani
(Kaltenbach)Brachycaudushelichrysi (Kaltenbach)Macrosiphumeuphorbiag Thomas),
Myzuspersicae(Sulzer),Rhopalosiphunmaidis (Fitch) and Toxopter aurantii (Boyer de
Fonscolombe)11). However, aphidshave sereral naturalenemiegthat can affect their
numbersamongthembeingaphidiineparasitoidsvhich arepotentialcontrolagenty34).
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In GreecetheaphidiineparasitoidAphidiuscolemaniViereck,AphidiusmatricariaeHal-
iday, Aphidiusurticae Haliday, Diaeretiellarapae(M'Intosh), EphedrugpersicaeFroggat,
Lysiphletus confususTremblayand Eady Lysiphletus fabarum (Marshall), Lysiphlelus
testaceipeqCresson),Praon volucre (Haliday), Binodoxysacalephae(Marshall) and
Binodoxysangelicae(Haliday) have beenreportedto parasitizeaphidson citrus suchasA.
craccivor, A. gossypij A. spiraecolg A. solani, B. helichrysi, M. euphorbiagM. persicag
R. maidis and T. aurantii (11,12,13). Furthermore,Alloxysta spp., Asaphesvulgaris
Walker, Asaphesspp., Dendiocerusspp., Pachyneuon aphidis (Bouctg), Pachyneuon
spp., Phaenalyphisspp. and Syrphophgusaphidivorus(Mayr) have beenreportedas
hyperparasitoidthatattackprimary parasitoidof aphidsinfestingcitrus (11,30).

Although therearewell establishedlataconcerningthe occurrenceof parasitoidsin
citrus, very little informationis available for estimatingparasitoidpopulations datathat
might be usefulin assessingheir ef ciency asbiological controlagents.Whenassessing
andinterpretingparasitoidoopulationsapartfrom actualpopulationdensitiesjnteractions
betweerspeciesnustbetakeninto account(8,23,43).Althoughthe colonizationrateof a
given parasitoidspeciesis likely to be positively in uenced at high aphid densities(9),
the simultaneousactiity of anotherparasitoidspeciescan lead to uncertainoutcomes
for biological control (8,24). This problemis more comple« when several speciesof
parasitoidsoexist (8,16,24,39,44which is themostusualcase.

This study was conductedto obtain information concerningthe abundanceand the
patternsof hostutilization of aphidparasitoidson citrus. Additionally, consideratiorwas
givento interactionsbetweerparasitoidspeciesanddensity-dependemesponses.

MATERIALS AND METHODS

In 1996and1997,samplesveretakenevery 10 daysfrom anuntreatectitrus orchard
in southernGreecgNeaKios) coveringanareaof 20,000m , plantedwith approximately
10-yearold orangeandtangeringrees. Forty youngshoots,20 cm long, wererandomly
collectedon eachsamplingdate:two shootfrom eachof tenorangereesandtentangerine
trees.Sometreeswerechoserto belocatedcentrallywhile othersto be moreisolated.

Leaf sampledearingmummi ed aphidswerealsocollectedfrom orange sourorange
and tangerinetreesin southernGreece,which is a primary citrus-graving area,during
1996-2000.The relative abundancepercentag®f occurrenceof the differentparasitoid
speciesper aphid species[36]) of A. gossypiiparasitoidsfor eachcitrus specieswas
estimatedluringthe periodof the study

Eachsamplevasplacedseparatelyn aplasticbag,whichwasbroughtto thelaboratory
whereaphidswereidenti ed to speciesLive aphidswerepreseredin 90% ethyl alcohol
and75%lactic acid (2:1) (4). Mummies,eachattachedn a smallleaf piece,wereplaced
separatelyn smallplasticboxesinsideagrowth cabinet.Onthelid of eachboxtherewasa
circularopeningcoveredwith muslinfor ventilationin orderto maintainconditionsinside
the boxessimilar to thoseexisting in the growth cabinet(22.5 C, 65%r.h., 16L:8D). The
percentagef parasitizatiorwasestimatedy calculatingthe numberof mummi ed aphids
(emegedandnon-emeged)to the total numberof aphids(40).

Datawereanalyzedy one-way ANOVA usingthestatisticapackagelMP(29). Means
were comparedby the Tukey - Kramer (HSD) test (at P=0.05). The percentage®f
parasitoidson orange,sour orangeand tangerinetreeswere comparedn pairs, with the
z test(at P=0.05)(42), usingthe statisticalpackageStatgraphic$37).
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In orderto classify density dependencewhich measureghe ability of a parasitoid
speciego responchumericallyto changesn hostdensitieg3), thepercentagef parasitism
was plotted againstthe hostpopulationsize (total numberof aphidsper samplingunit).
Finally, the effect of isolation(repulsion)on spatialdistribution amongparasitoidspecies
wasclassi edusingthe“Isolationindex” (7,16,23) whichis calculatedas:

where is a constantsettingthe distance-dependemigrationrate,d is the distance
betweerhostgroups/populationsand (shootsn ourcase)and denoteghesizeof the
hostgroup/populationTheindex is scaledor differentgroups/populationsothatit varied
from O to 1. In generaljsolationincreasesvith decreasing value. Thus,the maximum
valueindicateghatagroupis centrallylocatedin thepopulationandis surroundedy large
hostgroups(16).

RESULTS

Occurrenceof parasitoids and hyperparasitoids The infestationof orangeand tan-
gerinetreesby aphidsin southernGreece(NeaKios) in 1996 and 1997 varied markedly
amongsamplingdates(Figs. 1, 2). ANOVA shawved signi cant differencesamongthe
specief aphidsthatinfestedorangeandtangerinetrees(F=4.65,d.f.=4,497,P=0.0011
in 1996,F=7.09,d.f.=2,537,P=0.0009in 1997for orangetrees;andF=5.15,d.f.=4, 495,
P=0.0004in 1996,F=11.11d.f.=3,716,P 0.0001in 1997for tangerindrees).In thecase
of orangetrees,thereweresigni cantly moreA. gossypii( =23.00in 1996, =15.70in
1997)thanA. solani( =1.63in 1996, =0.14in 1997),T. aurantii ( =0.47in 1996,

=0.64in 1997),A. spiraecola( =0.04in 1996)or M. persicae( =0.20). Similarly, in
the caseof tangeringrees,the meannumberof A. gossypii( =18.37in 1996, =50.26
in 1997)wassigni cantly higherthanthatof A. spiraecola( =3.51in 1996, =2.49in
1997),T. aurantii ( =4.21in 1996, =5.81in 1997),A. craccivoa( =0.03in 1996),M.
euphorbiag =0.14in 1996)or M. persicae( =0.006in 1997).

Furthermorealthoughin 1996the meannumberof A. gossypiinfestingcitrusspecies
did not differ signi cantly (F=0.15,d.f.=1, 198, P=0.70), in 1997 thesenumberswere
signi cantly different (F=5.39,d.f.=1, 358, P=0.02). The meannumberof A. gossypii
was higherin orangetrees( =23.00)thanin tangerine( =18.37)in 1996, but it was
signi cantly higherin tangerinetrees( =50.26)thanin orange( =15.70)in 1997. No
signi cant differenceswere recordedbetweencitrus speciesfor A. spiraecola(F=1.42,
d.f.=1,198,P=0.24in 1996)andT. aurantii (F=0.97,d.f.=1,198,P=0.33in 1996;F=2.62,
d.f.=1,358,P = 0.11in 1997).

Only A. gossypij amongthe aphid speciesinfesting orangeand tangerinetrees,was
found to be parasitized. The percentagesf parasitizedA. gossypiiindividuals and the
percentagesf parasitismby hyperparasitoidaswell asthe numbersof parasitoidsand
hyperparasitoid®f A. gossypiion orangeand tangerinetreesare presentedn Figures
3 and4. ANOVA showed signi cant differencesamongthe speciesof aphidiinesthat
parasitizedA. gossypiion orangeandtangerinetrees(F=4.28,d.f.=2, 297, P=0.0147in
1996, F=3.06,d.f.=3, 716, P=0.028in 1997 for orangetrees;and F=6.43,d.f.=3, 396,
P=0.0003in 1996,F=5.86,d.f.=4,895,P=0.0001in 1997for tangerindrees).In the case
of orangetrees,thereweresigni cantly moreB. ancgelicae( =0.94in 1996, =0.94in
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Fig. 1. Numbersof aphidsandcompositionof aphidspecieg%) foundon oranggtop) andtangerine
(bottom)treesin southernGreecgNeaKios) in 1996.

1997)thanA. matricariae( =0.01in 1996, =0.05in 1997)or L. testaceipeg =0.03
in 1997). However, the meannumberof A. colemaniwasnot signi cantly differentfrom
thatof B. angelicag althoughlower numbersvererecorded. =0.53in 1996, =0.32in
1997). In the caseof tangeringrees,thereweresigni cantly moreB. angelicae( =1.21
in 1996, =1.17in 1997)thanA. colemani( =0.24in 1996),L. testaceipe¢ =0.11in
1996, =0.02in 1997),A. matricariae( =0.06in 1996, =0.09in 1997)or E. persicae
( =0.01in 1997). However, the meannumberof A. colemaniwas not signi cantly
differentfrom that of B. angelicaein 1997, althoughlower numbersof the former were
recorded =1.03).

No signi cant differencesvere notedbetweencitrus speciefor ary of the parasitoid
speciedound in both yearsof the study (F=0.29,d.f.=1, 198, P=0.59in 1996, F=0.14,
d.f.=1,358,P=0.71in 1997for B. angelicag F=1.16,d.f.=1,198,P=0.28in 1996,F=3.05,
d.f.=1,358,P=0.08in 1997for A. colemanj F=1.20,d.f.=1,198,P=0.27in 1996,F=0.71,
d.f.=1,358,P=0.40in 1997for A. matricariae F=0.20,d.f.=1,358,P=0.65in 1997for L.
testaceipes

The hyperparasitoidpectrumwas composednainly of Asaphesspp. and S. aphidi-
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Fig. 2. Numbersof aphidsandcompositionof aphidspecieg%) foundon oranggtop) andtangerine
(bottom)treesin southernGreecgNeaKios) in 1997.

vorus for both citrus speciesin 1996 (Fig. 5), whereasS. aphidivoruswas the most
abundantin 1997 (Fig. 6).

Theexaminationof orangesourorangeandtangerinesamplesesultedn thecollection
of 9,321 individuals of aphidiine parasitoidsfrom A. gossypii mummies (Table 1).
Signi cant differencesn the percentagesf variousA. gossypiiaphidiineparasitoidgound
ontheabose samplesareshavn in Table2.

Sampling indices Examinationof the samplesshoved that only a relatively small
fractionof thesamplingunitswasoccupiedoy aphidsor parasitoidndividuals.A. gossypii
individualswerefoundin approximately\23.1%of the samplingunitsexamined while the
correspondinggure for B. angelicaeandS.aphidivorusvas13.2%and5.4%,respectiely.
Thesenumberscombinedwith thedatapresentedh Figuresl—6,areindicative of thehigh
rangeof variationamongsamplingunits.

The parasitismof A. gossypiitendedto be density-dependenthost group size-
dependent).In the caseof B. angelicag a high parasitismrate was recordedmainly in
large aphid colonies (host groups)when thesecolonieswere occupiedby this species
(Fig. 7). On the otherhand,a noticeablereductionin the rate of parasitismwas found
in casesof coexistenceof B. angelicaeand A. colemani. Furthermorethis coeistence
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Fig. 3. Numbersof parasitoidsand compositionof parasitoidspecieg%) on Aphis gossypii and
percentparasitizedA. gossypiiindividuals, found on orange(top) and tangerine(bottom) treesin
southernGreecgNeaKios) in 1996.

TABLE 1. Relatve abundancg% of thetotal) of Aphisgossypiiaphidiineparasitoidfound on sour
orange prangeandtangerinetrees(1996—-2000)

Host A.c. A.m. Du.. E.p. L.c. L.f. L.t. P.v. B.ac. B.an. Total

plant num-
ber

Sour

orange 3592 447 146 072 183 046 031 053 444 4986 3221

Orange 31.45 277 1.64 0.87 0.39 62.88 3106

Tangerine 16.53 3.64 080 0.07 1.23 174 030 057 7512 2994

A.c., Aphiduscolemani; A.m., Aphidusmatricariae; D.r., Diaeretiella rapae; E.p., Ephedruspersicae; L.c.,
Lysiphlelus confusus;L.f., Lysiphlelus fabarun; L.t., Lysiphlelus testaceipes;Pv., Praon volucre; B.ac.,
BinodoxysacalephaeB.an.,Binodoxysangelicae

was obsered in relatively small hostgroups(as comparedwith thoseoccupiedby only
B. angelicae, whereasn largerhostgroups(morethan200 aphidsper samplingunit) the
rateof parasitisndid not exceed19%. Similar obsenationswererecordedn the caseof
coexistenceof B. angelicaewith hyperparasitoidanosthyperparasitisnoccurredn small
hostgroupsandappearedegatively correlatedwith percentagef parasitismby primary
parasitoids.
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Fig. 4. Numbersof parasitoidsand compositionof parasitoidspecieg%) on Aphis gossypii and
percentparasitizedA. gossypiiindividuals, found on orange(top) and tangerine(bottom) treesin
southernGreecgNeaKios) in 1997.

TABLE 2. Signi cant differencesn the percentagesf variousAphisgossypiiaphidiineparasitoids
foundon differenthostplants

Hostplants Aphidiines Computedz statistic
SourorangevsOrange A.colemani 3.77,P=0.0002
A. matricariae 3.63,P=0.0003
L. testaceipes -2.90,P=0.004
B.acalephae 10.66,P 0.0001
B.angelicae -10.53,P 0.0001
Sourorangevs Tangerine A. colemani 17.88,P 0.0001
D.rapae 2.47,P=0.0134
E. persicae 4.15,P 0.0001
L. testaceipes -5.54,P 0.0001
B.acalephae 9.97,P 0.0001
B.ancelicae -21.35,P 0.0001
Orangevs Tangerine A.colemani 13.88,P 0.0001
L. testaceipes -2.99,P=0.0282
B.ancelicae -10.44,P 0.0001
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Fig. 5. Numbersof hyperparasitoidandcompositionof hyperparasitoidé¥) on Aphisgossypij and
percenthyperparasitizatiorfound on orange(top) andtangerine(bottom)treesin southernGreece
(NeaKios) in 1996.

Isolationhada considerableffect on the spatialdistribution of the parasitoidsamong
samplingunits. The averagevalue of the isolationindex for hostgroupsoccupiedby A.
colemaniwas muchlower, ascomparedwith groupsoccupiedby B. angelicae (Fig. 8).
Also, the highestSvaluesfor B. angelicaewererecordedor large hostgroups.In thecase
of groupsoccupiedoy thetwo speciesSvalueswerelow, especiallyin large groups.

DISCUSSION

Aphisgossypiidid not “prefer' orangeor tangerinetreessinceits populationshoved
differentpatternsin 1996and1997. Thisis in accordwith BarbagalloandPatti (1), who
mentionthatthis aphidspeciesappearsnainly on orangeor tangerinerees.

Parasitoidswere a mortality factoronly for A. gossypiiduring both years. The other
aphidspeciesverenot foundto be parasitizeddespitethe presencef variousparasitoid
specief which they have beenreportedaspotentialhosts(11,13,18-21,228,3341). It
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Fig. 6. Numbersof hyperparasitoidandcompositionof hyperparasitoidé) on Aphisgossypij and
percenthyperparasitizatiorfound on orange(top) andtangerine(bottom)treesin southernGreece
(NeaKios) in 1997.

is possiblethat the signi cantly higher populationsof A. gossypiicomparedwith those
of otheraphids,accountfor this speciepreferencen parasitizationasit wasthe easiest
to be found andparasitized.Similar obsenationsregardingthe parasitizatiorof the most
ahundantaphidspeciedhave beenmadeby Pimentel(26) andStary (34).

The ndings of the presentstudy may suggesthat parasitoidsdid not suppressphid
densitiesn eitherof the yearstested,giventhatthe aphidpresencavashigh for mostof
the samplingperiod. This could be attributedto the parasitoids'delayedactionsince,in
agreemenwvith Stary (36), the rst mummiesappearedenerallyafterthe developmentof
aphidpopulationsat high levels. Furthermorethe strongpresencef the hyperparasitoids
appearedo limit the numbersof the primary parasitoids,mainly by appearinglater
seasonallyndincreasingn numberdateronin bothyears.Similarobsenationsregarding
theappearancef hyperparasitoidandtheir effect on primary parasitoidshave beenmade
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Fig. 7. Relationshipbetweenhost group size and parasitismrate, for the combinedsampling
seasonsand citrus speciesdata. Each data point refersto one host group, occupiedby only
Binodoxysangelicae (black dots),B. angelicae and Aphidiuscolemani(white dots) or B. ancglicae
andhyperparasitoidéggraydots).

Fig. 8. Relationshipbetweerisolationindex andhostgroupsize,for the combinedsamplingseasons
and citrus speciesdata. Eachdatapoint refersto one host group, occupiedby only Binodoxys
angelicae (black dots), or only Aphidius colemani(gray dots), or by B. ancelicae and Aphidius
colemani(white dots).

by Evenhuis(5), Latteur (14) and Staf/ (34,36) as well. However, the percentageof
parasitizationwas relatively high towardsthe end of the period (June). At thattime A.
gossypiimigratesto alternatve hostplants,sincecitrustreesare unsuitablefor infestation
duringsummeidueto theirlack of new growth (2), resultingin populationdeclineunrelated
to parasitization.
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The ndings of the presentstudy suggesthat differentcitrus speciesmay markedly
affectthe parasitismpreferenceof aphidiinespecies However, thefactthatno signi cant
differencesverefoundbetweercitrus speciedor ary of the parasitoidsn the rst partof
the studycould be attributedto the smallnumberof specimengollectedduringthe 2-year
periodin relationto the numbercollectedduring 1996—2000.This standsin accordance
with Stary (36), who mentionsthat relative abundanceis the most constantparameter
if it is determinedfrom a large numberof samplestaken over the courseof several
yearsin a de ned geographicabrea. The effect of plant specieson the host selection
of aphid parasitess mentionedin other studiesaswell. Sekhar(31) reportedthat L.
testaceipepreferredo attackA. gossypionsquashCucurbitaceagatherthanonhibiscus
(Malvaceae)andM. persicaeon tobacco(Solanaceaejtherthanon radish(Cruciferae).
According to Stay (32,34), the parasitizationof Aphis fabae Scopoliby B. angelicae
varied betweenthe host plants Euonymuseuropeal. (Celastraceaeand Philadelphus
coronariusL. (Saxifragaceae)Therearealsoreportson differencedn the rate of aphid
parasitizatiorbetweerplantspecieof thesamegenus Mackaueretal. (17) reportthatthe
percentag®f parasitizatiorof Aphisfabaessp. cirsiiacanthoidisScopoliby Lysiphlelus
cardui (Marshall)wasgreateton CirsiumarvenseScopoli(Asteraceaethanon C. paluste
Scopoli(Asteraceae).

The clumping of A. gossypiiand its parasitoidson a relatively small proportion
of shootsis indicative of an aggrejateddistribution amongsamplingunits. However,
the density dependencanoted in this study (at least for B. angelicag suggeststhat
the aggrayation of the parasitoidsis apparentlya secondaryconsequencef the host's
aggreation(7,10,15,38).

Parasitismby B. angelicaeshoved a positive trendagainstgroupsize. In addition, B.
angelicaewasfoundmainlyin centrallylocatedlarge hostgroupsasindicatedby Svalues.
Thesefactssignify the high colonizationrate of this specieswhenit is not “disturbed'
by competition,or low hostdensities. Hence,B. angelicae wasthe prevalentparasitoid
specieswhen (a) it wasthe only parasitoidspeciesin a hostgroup, (b) the hostgroup
waslarge andcentrallylocatedand(c) the hostcolony wassurroundedy otherlarge host
colonies. However, whenB. angelicaewasnot the only parasitoidspeciesijts parasitism
ratewasnegatively in uenced by the presencef otheraphidiines(we examinedthe case
of A. coleman) andby theactiity of hyperparasitoidsThesefactsresultedn thereduced
efciency of parasitismin the A. gossypiipopulations.Moreover, A. colemaniis likely to
have amorerandomdispersalpurresultsshavedthatit waspresentnainlyin isolatedand
relatively smallhostgroups(Figs. 7, 8). However, alocally wealer competitorwith higher
dispersahctiity caneasilybecomehemostalundantunderconditionsof low hostdensity
(3,6,8,24,25,39)Neverthelessin our case the coexistenceof parasitoidss likely to have
anegative in uence on ratesof colory discovery andmay be associatedvith lower levels
of parasitismwithin colonies. Similar obsenationsimplicating interspeci c competition
betweeraphidparasitoidshave beenmadeby Stasg/ (35).

The connectionbetweenthe seasonabccurrenceandthe effectivenessof parasitoids
must be assessedn the basisof the variablesaffecting their spatialdynamics. Unless
theseparameteraretakeninto accountary evaluationof the presencef the parasitoids
as control agentsmay be inaccurate. On the other hand, apartfrom the interspeci c
competitionitself, the patchily structuredpatternsof parasitismare directly relatedto
plant characteristicsaphid colory size and hyperparasitoiddensities(9). Our results
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indicatethat, whendevelopingsamplingprotocolsfor assessinghesepatterns parasitoid
coexistence and host-group density dependencamust be taken into account. This
coeistence,althoughof much interestfrom an ecologicalviewpoint, in practiceis one
of themainfactorsin applyingbiological control stratgjiesfor pestmanagemenn citrus.
Theinterpretationof thesevariableswith additionaldataover a broaderangeof casesis
neededeforedevelopmeniof aprogramin whichtheparasitoidsouldbeoneof themain
components.
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