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Parasitoid Complexof Camerariaohridella (Lepidoptera:
Gracillariidae) in Serbia

AleksandarStojanović
�

andCedomirMarković
�����

Fourteenspeciesin two families of the order Hymenoptera:Ichneumonidae(1 sp.) and
Eulophidae(13 spp.),were recordedduring the study of Cameraria ohridella parasitoids
at eight localities in Serbia. Among the observed parasitoids,the mostsigni�cant species
were Minotetrastichus frontalis, Pediobiussaulius, Pnigalio agraules and Closterocerus
trifasciatus. In addition, at somelocalities the speciesMinotetrastichus platanellusand
Cirrospilustalitzkii werealsosigni�cant. The parasitoidsdo not have a signi�cant effect
on theabundanceof C. ohridella becausein themajority of studysamplesparasitismlevels
did notexceed20%.
KEY WORDS:Aesculushippocastanum; Cameraria ohridella; parasitoids;Serbia.

INTRODUCTION

The horsechestnuttreeAesculushippocastanumLinnaeusis consideredto be oneof
the mosthandsomebroadleaved speciesin Europe. Becauseof its ornamentalvalueand
highecologicalamplitude,it is oftencultivatedin parksandalongstreets.However, during
the past15 yearsit hasbeenheavily infestedby the leaf miner Cameraria ohridella. As
the populationlevels of this insectpestarevery high, prematuredefoliationof the horse
chestnutoccursfrequently.

Theorigin of C. ohridella is still insuf�ciently explained.It was�rst observed(1985)
in thenarrow belt alongthebanksof Ohrid Lake, from Sveti Naumto Ohrid (Macedonia)
(18). However, its rangeis rapidly increasing,andtodayextendsthroughoutcentralEurope
andovermostof southernandeasternEurope(17).

Cameraria ohridella mostfrequentlydevelopsthreeoverlappinggenerationsperyear,
which is the reasonthat adultscanbe found in the �eld from mid-April until the endof
October. The femaleovipositson the leaf adaxially. After 2 or 3 weeksthe larvaehatch
andboreinto theleaf. Their developmentlastsfor about4 weeks,duringwhich time they
boreatransparentmineof irregularform in whichthey pupate.In summer, theC.ohridella
pupalstagelasts � 2 weeks.However, in winter it lasts5–6months,asthepupaehibernate
in leaf litter (15,19,22).

Parasitoidsof C.ohridellahavesofarbeenstudiedby severalauthors(2-4,7,10-13,16).
Accordingto them,thefollowing speciesareparasitoidsof C. ohridella:
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Ichneumonoidea
Braconidae

BlacusmaculipesWesmael
ColastesbraconiusHaliday
Colastes�avitar sisThomson
Pholetesorcircumscriptus(Nees)

Ichneumonidae
Gelisareator(Panzer)
Itoplectisalternans(Gravenhorst)
ScambusannulatusKiss

Chalcidoidea
Pteromalidae

Pteromalussemotus(Walker)
Eupelmidae

EupelmusurozonusDalman
Eulophidae

Baryscapusnigroviolaceus(Nees)
Chrysocharisnephereus(Walker)
Chrysocharisorchestis(Ratzeburg)
Chrysocharispentheus(Walker)
Cirrospiluselegantissimus
(Westwood)

Cirrospiluspictus(Nees)
CirrospilussingaWalker
Cirrospilustalitzkii (Bou�cek)

Cirrospilusvariegatus(Masi)
Cirrospilusviticola (Rondani)
CirrospilusvittatusWalker
Closterocerustrifasciatus
Westwood

Diglyphusisaea(Walker)
Euplectrusbicolor (Swederus)
Eutetrastichusamethystinus
(Ratzeburg)

Hemiptarsenusdropion(Walker)
Melittobiaacasta(Walker)
Minotetrastichusfrontalis
(Nees)(=ecusWalker)

Minotetrastichusplatanellus(Mercet)
Pediobiussaulius(Walker)
Pnigalioagraules(Walker)
(= mediterraneusFerri�ere& Delucchi)

Pnigalio longulus(Zetterstedt)
Pnigaliopectinicornis(Linnaeus)
PnigaliopopulifoliellaeErdös
Pnigaliosoemius(Walker)
Sympiesisgordius(Walker)
Sympiesiseuspilapterygis(Erdös)
Sympiesissericeicornis(Nees)

Althoughthe�rst severedamagecausedby C. ohridella in Serbiawasrecordedmore
than10 yearsago,it wasnot investigatedin detailbecauseof thedif�cult situationin the
country. However, Freiseet al. (3) comparedtheparasitoidsof C. ohridella from Serbia
andMacedoniawith thosefrom centralEurope.They collectedA. hippocastanumleaves
attackedby C.ohridellaatsevenlocalitiesin Serbiain September1998.Fromthecollected
samples,they obtainedeight speciesof parasitoids:Ch. nephereus, C. elegantissimus,
C. vittatus, C. trifasciatus, M. frontalis, P. saulius, P. agraulesandP. pectinicornis. The
mostabundantwereC. trifasciatus, P. agraulesandP. saulius. Also, they found that the
parasitoidsdid nothaveagreateffecton thedensityof C. ohridella,becausethedegreeof
parasitismdid notexceed25%in any of thesamples.

In complementto the work of Freiseet al. (3), the parasitoidsof C. ohridella were
studiedin 2001.Sampleswerecollectedoverthreetimeperiodsateightlocalitiesin Serbia.
The�ndings of Freiseetal. (3) werebasedononly oneseriesof specimens,andourresults
shouldthusbe of interestsincethey complementour knowledgeof the biodiversity and
signi�canceof individualspeciesof C. ohridellaparasitoidsin Serbia.

MATERIAL AND METHODS

Thesigni�canceof C. ohridella parasitoidswasstudiedduring2001at eight localities
in Serbia(Fig. 1): Aleksinac,Avala, Belgrade-Ko�sutnjak,Ćuprija, Indija, Mladenovac,
Velika Plana,Zemun. At eachlocality, � ve Aesculushippocastanumtreesattacked by
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C. ohridella were selectedat random. The leaves were collectedthreetimes: the �rst
collectionperiodwas10–15June2001,thesecond28–31July 2001,andthe third 10–18
October2001. The samplesof the �rst serieswerenot taken at Aleksinacand Ćuprija.
Eachtime, 35 infestedleaveswerecollectedat eachof the sites. Due to the overlapping
generations,in eachof thesamplingseries,leaveshadmineswith differentlarval stages,
pupaeandminesfrom which theadultshademerged.

Fig. 1. Mapof studyareashowing eightlocalitiesin Serbia

Thenumberof larvaeandpupaein theleafmineswerecountedin thelaboratoryusinga
light box. Dueto highmortality, younglarvaewerenotcountednorwereminesfrom which
theadultshademerged. Larvaewerenot removedfrom the leaves. Sampleswereplaced
in emergenceboxes,whichwerekeptin theinsectariumunder�eld conditions.During the
�ight of adultC. ohridella andits parasitoids,theemergenceboxeswereexamineddaily.
Theemergedadultswerecollected,killed by ether, prepared,identi�ed (by A. Stojanovic)
andcounted.Theadultsof parasitoidsarestoredin thecollectionof theFacultyof Forestry,
BelgradeUniversity.

The signi�canceof C. ohridella parasitoidswasassessedbasedon the following: (i)
numberof samplesin which a parasitoidspecieswasidenti�ed; (ii) domination(relation
betweenthe numberof adultsof speciesof parasitoidsand total numberof parasitoids,
in percentage);and (iii) index of parasitism(relation betweenthe numberof adultsof
parasitoidspeciesandthe total numberof insectsemerged[parasitoidsandC. ohridella],
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in percentage).
It shouldbe notedthat this index of parasitismcontainsan error resultingfrom the

differentialmortality ratesbetweenhostsandparasitoidsandthe presenceof gregarious
parasitoidsandhyperparasitoids.Consequently, the resultsshouldbeacceptedcondition-
ally.

RESULTS

Fourteenspeciesof C. ohridella parasitoidswereidenti�ed in Serbia. The identi�ed
species,their systematics,incidencein thesamplesandat thestudylocalities,numberof
emergedadults,dominance,andindex of parasitismof C. ohridellaarepresentedin Tables
1 and2.

Fig. 2. Parasitismlevel of Cameraria ohridellaby eachparasitoidspeciesin threesamplingperiods

Amongtheobservedparasitoidspecies,thespeciesM. frontalis,P. saulius, P. agraules
and C. trifasciatusshowed the highestlevel of C. ohridella parasitismin the collected
samples(Fig. 2). M. frontalis wasthe mostsigni�cant parasitoidof C. ohridella in our
samples.It wasrecordedin 90.9%of the samplesandtherewasno locality in which it
wasnot present.It wasthe dominantspeciesin the majority of samples,andthe values
of its dominanceandthe index of parasitismin individual sampleswerevery high. For
example,its dominancein thesamplecollectedonJune15,2001at theZemunlocality was
85.5%andtheindex of parasitismof C. ohridellawas52.8%.However, in themajority of
samplesin which it wasrecorded,its dominancerangedfrom 35%to 60%,andthe index
of parasitismof C. ohridellawasbetween0.1%and5.0%.

Pediobiussauliusoccupiedthepositionasthesecondmostimportantparasitoidof C.
ohridella. It wasidenti�ed in 81.8%of thesamplesandtherewasno locality in which it
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TABLE 1. Identi�ed parasitoidspeciesandtheir frequency

Species Frequency
in thestudysamples at thestudysites
Numberof
samples

%

Ichneumonoidea
Ichneumonidae
ScambusannulatusKiss 1 4.5 1/8

Chalcidoidea
Eulophidae
Eulophinae
Cirrospilustalitzkii (Bou�cek) 6 27.3 3/8
Cirrospilusvariegatus(Masi) 1 4.5 1/8
Pnigalioagraules(Walker) 16 72.7 7/8
Pnigalio longulus(Zetterstedt) 1 4.5 1/8
Pnigaliopectinicornis(Linnaeus) 3 13.6 2/8
Pnigaliosoemius(Walker) 1 4.5 1/8
Sympiesissericeicornis(Nees) 1 4.5 1/8

Tetrastichinae
Minotetrastichusfrontalis(Nees) 20 90.9 8/8
Minotetrastichusplatanellus 5 22.7 3/8

(Mercet)
Entedontinae

Chrysocharisnephereus(Walker) 1 4.5 1/8
Chrysocharispentheus(Walker) 2 9.1 2/8
Closterocerustrifasciatus 9 40.0 6/8

(Westwood)
Pediobiussaulius(Walker) 18 81.8 8/8

wasnot present.In sevensamplesit wasthedominantspecies.In somesamples,its level
of C. ohridellaparasitismwasquitehigh. For example,in thesamplecollectedonJune10
at theMladenovaclocality, theindex of parasitismof C.ohridellaby thisparasitoidspecies
was15.1%,andin thesamplecollectedonJuly29fromtheZemunlocality it was13.8%.In
themajorityof samplesin which it wasidenti�ed, its dominancerangedbetween20%and
50%,andthe index of parasitismbetween0.2%and3.5%. P. agrauleswasalsoobserved
frequentlyin 72.7%of thesamples.It waspresentin all sitesexceptAvala. However, as
opposedto M. frontalisandP. saulius, its dominancewasnot high. In themajority of the
samplesit did not exceed20%,andthe index of parasitismof C. ohridella was2.5%. C.
trifasciatus, alsofound frequently, wasidenti�ed in 40% of the samples.It waspresent
in all sitesexceptAleksinacandAvala. However, like P. agraules, it is a lessabundant
parasitoidof C. ohridella. In thesamplesits dominancerangedbetween1.8%and9.1%,
andtheparasitismrateof C. ohridella rangedbetween0.2%and2.1%.

In addition to the above speciesof C. ohridella parasitoids,M. platanellusand C.
talitzkii shouldalso be mentioned. Although thesespecieswere not frequent,in some
samplesthey hadahigh level of C. ohridellaparasitism.M. platanellusis morphologically
very similar to M. frontalis. In its typical form, it wasrecordedin � ve samplesfrom three
localities. In the samplecollectedon July 28 from the Ćuprija locality, the dominance
of this parasitoidwas 50%, and the index of parasitismof C. ohridella was 6.6%. Its
dominancein other samplesrangedfrom 3.2% to 14.4%, and the index of parasitism
of C. ohridella was from 0.1% to 6.3%. C. talitzkii was identi�ed in six samplesfrom
threelocalities. In the samplecollectedon July 29 from the Zemunsite, its dominance
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TABLE 2. Numberof Cameraria ohridella larvaeandpupaein leaf mines,numberof parasitoidadults,their dominanceandindex of parasitismof C.
ohridella

Locality Aleksinac Avala Belgrad Ćuprija Indija Mladenovac Velika Plana Zemun
(Ko�sutnjak)

Dateof sampling 28
.V

II

10
.X

14
.V

I

31
.V

II

18
.X

15
.V

I

30
.V

II

16
.X

28
.V

II

10
.X

11
.V

I

29
.V

II

17
.X

10
.V

I

28
.V

II

10
.X

10
.V

I

28
.V

II

10
.X

15
.V

I

29
.V

II

17
.X

Numberof larvaeand
pupaein leafmines 54 796 38 81 429 459 215 177 1014 555 146 421 263 57 63 1108 58 58 78 94 85 117

Cameraria N 45 729 31 73 391 273 170 159 830 427 124 374 229 44 57 1005 50 43 75 34 23 102
ohridella

Scambus N - - - - 3 - - - - - - - - - - - - - - - - -
annulatus D - - - - 42.9 - - - - - - - - - - - - - - - - -

P - - - - 0.8 - - - - - - - - - - - - - - - - -
Cirrospilus N - - - - - 25 - - - - 1 - 2 - - - - - - 2 26 1
talitzkii D - - - - - 15.2 - - - - 6.3 - 11.8 - - - - - - 3.6 45.6 10.0

P - - - - - 5.7 - - - - 0.7 - 0.8 - - - - - - 2.2 32.5 0.9
Cirrospilus N - - - - - 2 - - - - - - - - - - - - - - - -
variegatus D - - - - - 1.22 - - - - - - - - - - - - - - - -

P - - - - - 0.5 - - - - - - - - - - - - - - - -
Sympiesis N - - - - - - - - - - 1 - - - - - - - - - - -
sericeicornis D - - - - - - - - - - 6.3 - - - - - - - - - - -

P - - - - - - - - - - 0.7 - - - - - - - - - - -
Pnigalio N 1 3 - - - 7 3 - 2 16 3 - 3 1 1 21 - 3 2 1 2 3
agraules D 20.0 20.0 - - - 4.3 9.1 - 1.6 16.5 18.8 - 17.6 11.1 50.0 67.7 - 27.3 50.0 1.8 3.5 30.0

P 2.0 0.4 - - - 1.6 1.5 - 0.2 3.1 2.1 - 1.2 1.9 1.7 2.0 - 5.6 2.5 1.1 2.5 2.7
Pnigalio N - - - - - - - - - - - - - - - 1 - - - - - -
longulus D - - - - - - - - - - - - - - - 3.2 - - - - - -

P - - - - - - - - - - - - - - - 0.1 - - - - - -
Pnigalio N - - 1 - 1 - - - - - - - - - - 3 - - - - - -
pectinicornis D - - 25.0 - 14.3 - - - - - - - - - - 9.7 - - - - - -

P - - 2.9 - 0.3 - - - - - - - - - - 0.3 - - - - - -

S
pe

ci
es

N, numberof emergedadults;D, dominance;P, index of parasitism.
- indicatesnonefound.
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TABLE 2. Continued
Locality Aleksinac Avala Belgrad Ćuprija Indija Mladenovac Velika Plana Zemun

(Ko�sutnjak)

Dateof sampling 28
.V

II

10
.X

14
.V

I

31
.V

II

18
.X

15
.V

I

30
.V

II

16
.X

28
.V

II

10
.X

11
.V

I

29
.V

II

17
.X

10
.V

I

28
.V

II

10
.X

10
.V

I

28
.V

II

10
.X

15
.V

I

29
.V

II

17
.X

Numberof larvaeand
pupaein leafmines 54 796 38 81 429 459 215 177 1014 555 146 421 263 57 63 1108 58 58 78 94 85 117

Pnigalio N - 2 - - - - - - - - - - - - - - - - - - - -
soemius D - 13.3 - - - - - - - - - - - - - - - - - - - -

P - 0.3 - - - - - - - - - - - - - - - - - - - -
Minotetrastichus N - - - - - - - - 63 14 - - - - - 1 - - - 2 5 -
platanellus D - - - - - - - - 50.0 14.4 - - - - - 3.2 - - - 3.6 8.8 -

P - - - - - - - - 6.6 2.7 - - - - - 0.1 2.2 6.3
Minotetrastichus N 3 2 - 4 3 70 18 2 39 38 7 16 5 - 1 1 1 6 2 47 1 2
frontalis D 60.0 13.3 - 100 42.9 42.7 54.5 16.7 31.0 39.2 43.8 66.7 29.4 - 50.0 3.2 20.0 54.5 50.0 85.5 19.3 20.0

P 6.0 0.3 - 5.2 0.8 16.0 8.9 1.2 4.1 7.3 5.0 4.0 2.0 - 1.7 0.1 1.8 11.1 2.5 52.8 13.8 1.8
Pediobius N 1 8 2 - - 50 11 10 18 25 4 6 6 8 - 2 4 1 - 3 11 4
saulius D 20.0 53.3 50.0 - - 30.5 33.3 83.3 14.3 25.8 25.4 25.0 35.3 88.9 - 6.4 80.0 9.1 - 5.5 19.3 40.0

P 2.0 1.1 5.7 - - 11.4 5.4 5.8 1.9 4.8 2.9 1.5 2.4 15.1 - 0.2 7.3 1.9 - 3.4 13.8 3.6
Chrysocharis N - - - - - 1 - - - - - - - - - - - - - - - -
nephereus D - - - - - 0.6 - - - - - - - - - - - - - - - -

P - - - - - 0.2 - - - - - - - - - - - - - - - -
Chrysocharis N - - 1 - - - - - - - - - - - - - - - - - 1 -
pentheus D - - 25.0 - - - - - - - - - - - - - - - - - 1.8 -

P - - 2.9 - - - - - - - - - - - - - - - - - 1.3 -
Closterocerus N - - - - - 9 1 - 4 4 - 2 1 - - 2 - 1 - - 1 -
trifasciatus D - - - - - 5.5 3.0 - 3.2 4.1 - 8.3 5.9 - - 6.5 - 9.1 - - 1.8 -

P - - - - - 2.1 0.5 - 0.4 0.8 - 0.5 0.4 - - 0.2 - 1.9 - - 1.3 -
Ppersample 10.0 2.1 11.5 5.2 1.9 37.5 16.3 7.0 13.2 18.7 11.4 6.0 6.8 17.0 3.4 3.0 9.1 20.5 5.0 61.7 71.5 9.0

	

spp.perlocality 4 5 7 5 6 7 4 7

S
pe

ci
es

N, numberof emergedadults;D, dominance;P, index of parasitism.
- indicatesnonefound.
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was45.6%,andthe index of parasitismof C. ohridella was32.5%. In othersamples,its
dominancerangedbetween3.6%and15.2%,andtheindex of parasitismwas0.8%to 5.7%.

Comparedto the above-mentionedspeciesof parasitoids,the signi�cance of other
parasitoidsof C. ohridella in Serbiawas minor. Their frequency was low, and their
abundancewasalmostinsigni�cant.

Thenumberof identi�ed C. ohridella parasitoidspeciesperlocality rangedbetween4
and7 (Table2). In general,it canbe statedthatparasitoidsdid not have a marked effect
on theabundanceof C. ohridella in our sampling,becausetheparasitismof C. ohridella
by all speciesof parasitoidsdid not exceed20%(Table2). However, in a few samplesthe
valuesof parasitismwereconsiderablyhigher. For example,theparasitismof C. ohridella
in thesamplecollectedfrom theZemunlocality on June15 was61.7%,and71.5%in the
samplecollectedfrom thesamesiteonJuly29. Similarly, theparasitismof C. ohridella in
thesamplecollectedfrom thelocality Belgrade-Ko�sutnjakonJune15was37.5%.

DISCUSSION

Fourteenspeciesof C. ohridella parasitoidswere identi�ed during our study. The
speciesC. pentheus, C. talitzkii, C. variegatus, M. platanellus, P. longulus, P. soemius,
S.annulatusandS.sericeicorniswereidenti�ed for the�rst time in SerbiaasC. ohridella
parasitoids. Of the parasitoidsreportedfor Serbiaby Freiseet al. (3), the speciesC.
elegantissimusandC. vittatuswerenot present.All the identi�ed parasitoidspeciesare
polyphagous(1,5) andthey have alreadybeenreportedasparasitoidsof C. ohridella (see
Introduction).Mostof themaresolitaryparasitoids,somearegregarious(M. frontalis), and
somedevelopasbothsolitaryandgregariousparasitoids(M. platanellus, P. saulius). Many
speciesarealsohyperparasitoids(1,5). Among theobservedparasitoidspecies,themost
signi�cant onesareM. frontalis,P. saulius, P. agraules, andC. trifasciatus,followedby M.
platanellusandC. talitzkii. Thesigni�canceof otherparasitoidswaslow, beingrecorded
in only a smallnumberof samples,andtheir dominancewaslow.

The parasitoidcomplex of C. ohridella in Serbia,by its compositionandpercentage
of theparticularparasitoids,is similar to theparasitoidcomplexesof C. ohridella in other
countriesof southernandcentralEurope:Macedonia(3), Bosnia(7), Bulgaria (13), Italy
(7,10,16)Austria(2,4,7),Hungary (21),Germany (11,12).

Theresultsof C. ohridellaparasitismpublishedby Freiseetal. (3) from Serbiaandthe
resultsreportedby otherauthorsfrom southernandcentralEuropeshow thattheparasitism
of C. ohridella is low, not exceeding25%,andmostoftenbelow 10%. Similar valuesof
C. ohridellaparasitismwerealsoobtainedduringourstudy. In themajorityof samples,C.
ohridellaparasitismwasnohigherthan20%.

It shouldbestatedthatsomepapers(20,21)presentdataonconsiderablyhighervalues
of C. ohridella parasitism.E.g. Stolz (20) reportsthat C. ohridella parasitismcanreach
even45%.High levelsof C. ohridellaparasitismwerefoundalsoin thesamplescollected
in the �rst andsecondseriesat theZemunlocality andin the �rst seriesat theBelgrade-
Ko�sutnjaklocality. As ourmethodof parasitismcalculation,aswell asStolz'smethod(20),
wasbasedonly on therelationof thenumberof theobtainedC. ohridella parasitoidsand
adults,it containsabias.Consequently, thelevelsof parasitismdonotappearasextremely
high values,but mustbe interpretedwith considerationof the studymethod,andof the
gregariousnessof someof theobtainedparasitoids.
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