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Ovipositor Length of Thr eeApocryptaSpecies:
Effect on Oviposition Behavior and Corr elation with

SyconialThickness

Wen-QuanZhen,1;2;3 Da-Wei Huang,� 1;4 Jin-HuaXiao,1;3 Da-RongYang,2

Chao-DongZhu1 andHui Xiao1

We investigated oviposition behavior in three non-pollinating �g wasps: the sympatric
speciesApocryptabakeri Josephon FicushispidaL., A. westwoodiGrandion F. racemosa
L., and Apocryptasp. on F. semicordata Buch.-Ham. The oviposition behavior differs
signi�cantly betweenonepair of species(A. bakeri andA. westwoodi) andtheotherspecies
(Apocryptasp.onF. semicordata). A. bakeri andA. westwoodiweresimilar in thefollowing
aspects:the postureof the abdomenand the action of the hind legs beforepenetration,
andthe bendingovipositor sheathduring penetration.In contrast,the oviposition behavior
of Apocryptasp. is quite different. This differencecan be explainedby the signi�cant
correlationbetweenovipositor lengthandsyconialthickness.Apocryptasp. hasa shorter
ovipositor than the two other species,which correlateswith the thinner syconialwall of
its host �g F. semicordata. It is deducedthat the ovipositor lengthadaptsto the syconial
thicknessand inducesthe oviposition behavior in the differentspeciesto diverge. For all
threeApocryptaspecies,the midleg length and hindleg length are signi�cantly correlated
with their ovipositor lengths.This maybeexplainedasdueto the fact thatbodymovement
adjustingthehindlegsandmidlegsupanddown, or forwardandbackward,is alsoin�uenced
by theovipositorlength.
KEY WORDS:Ovipositionbehavior; adaptation;Apocrypta; non-pollinating�g wasp.

INTRODUCTION

The obligatemutualismbetween�gs and their species-speci�cpollinating �g wasps
haslong beenconsideredasa classicalcaseof co-evolution andco-speciation,in which
thereproductionof thepartnersmustbecloselydependentoneachother. Most �g species
have their own uniquepollinating waspspecies,whoselarvaefeedon the �g ovules(7),
althoughsome�gs have morethanonepollinator (10). Many morphologicalcharacters
of the partnersare thought to be co-adapted(11,14,15). The biology of �gs and their
pollinatorshasled to a generalidea that they have co-evolved extensively. Besidesthe
pollinating �g wasps,several speciesof non-pollinating�g wasps(NPFWs)usuallyco-
exist on one �g. ThoseNPFWsshouldnot be arti�cially isolatedfrom the mutualistic
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relationsoccurringin a �eld, actingasgall makers,or parasites,or inquilines.They often
playvery importantrolesin the�g/�g waspsystem(8,17).

Fig wasps(pollinatorsandnon-pollinators)oviposit in �gs by oneof two approaches.
Oneapproachis thatthefemalewaspsenterthesyconiumthroughtheostiole;this includes
pollinatorsand the Sycoecinae(Agaonidae)wasps(14). The otherapproachis that the
femaleNPFWspenetratethe syconialwall from outsidewith their ovipositorsand lay
eggs. TheseNPFWsbelongto subfamiliesotherthanSycoecinaeandAgaoninaewithin
the Agaonidae,and include suchspeciesas Philotrypesispilosa (1), Apocryptophagus
(Idarnes) testacea(3) andApocryptawestwoodiGrandi(3), etc.

Wasps in the genusApocrypta Coquerel (Sycoryctinae),characterizedby bizarre
telescopicproximal gastralsegmentsto stabilize the long ovipositor, are parasitoidsof
Ceratosolenspp. thatpollinateSycomorus,SycocarpusandNeomorphesectionsof Ficus
(13). Apocryptabakeri Josephis a parasitoidof CeratosolensolmsiMayr, the pollinator
of Ficus hispida L. (2). Apocryptaspp. waspsmay be parasitoidsof Ceratosolenor
gall-makersin the tribesof Sycophagini(5). After the �g pollinatorsenterthe receptive
syconia,thefemaleApocryptalayseggsinto syconiaby penetratingthe�g wall with long
ovipositors. The oviposition behavior of A. westwoodi(in F. racemosaL.) (3) andof A.
bakeri (2) hasbeendescribed.The oviposition behavior of Apocryptasp. wasobserved
andthemechanismof thesternashiftingduringovipositionhasbeendiscussed(13).

Correlationsbetweenbehavioral andmorphologicalcharacteristicsin the waspsand
morphologicalcharacteristicsin the �gs are often striking (9,16,17). There is much
variability in �g in�orescence morphology, with concomitantvariability in �g wasp
morphology(11) and behavior (6). The morphologyof femalepollinators re�ects the
adaptationof enteringthe �g throughthe ostiole (15); femaleshave smoothbodiesand
oftensomemodi�cationsthatpreventthemfrom slippingbackoutwhensqueezinginto the
�g cavity throughtheostiole.Malemorphologicalcharactersre�ect respirationadaptation
in �gs for bothpollinatorsandNPFWs(4). TheNPFWfemaleslaying eggsfrom outside
the �g wall oftenhave conspicuouslylong ovipositorsandareapt to attackthepollinated
syconia.

Focusingon the three speciesof Apocrypta, we attemptto analyzethe correlation
betweentheovipositionbehavior andmorphologicalcharactersrelatingto oviposition,and
to speculateon thedivergencein behavior andmorphology.

MATERIALS AND METHODS

Study site The studywasconductedin the XishuangbannaTropical BotanicalGarden
(21� 41'N, 101� 25'E), ChineseAcademyof Sciences,Yunnanprovince,China.

Fig waspsand �gs Althoughcryptic �g pollinatorspeciesarecommon(11), we assert
thatthethreestudiedApocryptaspeciesaremorphologicallyandbehaviorally different.

Ficus racemosaL. (sectionSycomorus, subgenusSycomorus) is a monoecious�g,
actively pollinatedby Ceratosolenfusciceps. Thetreesarecommonin villagesandalong
streamlets.Threeor four cropsareharvesteda yearin southChina.Thefruits hangdown
onboughs.Apocryptawestwoodiis a parasitoidof C. fusciceps.

Ficus hispida L. (section Sycocarpa, subgenusFicus) is a dioecious�g, actively
pollinatedby Ceratosolensolmsi. It occursin forestgapsandwasteplaces.Many twigs
with �g fruit hangdown from boughs.Apocryptabakeri is aparasitoidof C. solmsi.
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Ficus semicordata Buch.-Ham. ex J. E. Sm. (sectionSycidium, subgenusFicus) is
alsoa dioecious�g, actively pollinatedby Ceratosolengravelyi. The treesgrow in �elds
andalongroadsides,andlong andslendertwigs with fruits hangdown nearto theground.
Apocryptasp. is aparasitoidof C. gravelyi.

The �gs hosting Apocryptaspp. waspswere obtainedin �elds and taken to the
laboratory for dissectionand measurements.When Apocrypta spp. oviposited, the
thicknessof thesyconialwall wasmeasuredfrom �g surfaceto the interfaceof theovary
layerwith adigital caliper, to thenearest0.01mm.

Fig wasp morphological measurement Adults wereobtainedby placing�gs in trans-
parentplasticcupscoveredwith a �ne meshscreen.Deadadultswereremoved from the
cups,mountedontocards,or put into 75%alcoholsolution.Dissectionandmeasurements
weredoneundera Leica (MZ APO) stereomicroscopewith an ocularmicrometer, to the
nearest0.02mm. Voucherspecimensweredepositedin theInsectCollectionof theInstitute
of Zoology, ChineseAcademyof Sciences,Beijing.

Thoraxlengthwasconsideredto bethedistancefrom thefront margin of thepronotum
to the hind margin of the propodeum;thoraxheightwasconsideredasthe maximumin
lateralview; abdomenlengthwasfrom thefront margin of the�rst tergite to thebasalpart
of thelasttergite,notcountingtheunusuallynarrow andtubularpart;abdomenheightwas
regardedasthemaximumin lateralview; leg lengthwasthesumof thelengthof theparts
of theleg. Samplesizewasten.

Fig waspbehavior All photosweretaken in situ usinga digital cameraNikon Coolpix
995.All together355individualsof A. westwoodi, 291of A. bakeri, and211of Apocrypta
sp.wereobservedduringoviposition.

Statistical analysis SAS software was usedfor statistics(12). For eachof the three
Apocryptaspp.,we analyzedmeansandstandarderror for all measuredvariables. The
t-testwasperformedfor bothcomparisonof ovipositor lengthandcomparisonof �g wall
thicknessesbetweenA. westwoodiand A. bakeri. CORR was performedfor ovipositor
lengthandseveralothermorphologicaldata,with Pearson's test.GLM wasperformedfor
multiple comparisonsof morphologicalcharactersamongeachof the measureditemsof
a �g wasp,andthesyconialwall thickness,with Tukey's StudentizedRange(HSD) Test.
Thesyconialthicknessesamongthree�g fruit species,andtheovipositor lengthsof three
Apocryptaspp.wasps,wereanalyzedandplottedby theclusterprocedureof STATISTICA,
with anoptionof unweightedpair-groupaverage.Thentwo clustertreeswereput together
arti�cially .

RESULTS

Fig waspsand �gs In 2002wemeasuredthesyconialwall thicknessof three�g species
ovipositedby Apocryptaspp. The thicknessof F. racemosafruit is on average4.97mm
(4.01–5.23mm, n=235). The thicknessof F. hispidafruit is � 4.54mm (4.00–5.18mm,
n=176).However, thethicknessof F. semicordatafruit averages1.88mm (1.76–2.23mm,
n=143). Five �g samplesfor each�g wereselectedin 2003,to ensure10%error around
meanthicknessof �g wall measuredin 2002.

Fig waspmorphological measurements Our preliminaryinvestigationshowedthat the
correlationbetween�g waspovipositor styletsandovipositor sheathswashighly signi�-
cantin thethreeApocryptaspecies:A.bakeri, A.westwoodi, andApocryptasp.,being0.98
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(P< 0.0001),0.99(P< 0.0001)and0.96(P< 0.0001),respectively. Therefore,we usethe
lengthof ovipositorsheathsinsteadof ovipositorlengthfor easeof measurement.

TABLE 1. Comparisonof threeApocryptaspecies'ovipositorlengthand�g wall thickness

A.
westwoodi

A. bakeri Apocryptasp.

n Mean� S.E. Mean� S.E. Mean� S.E.
Ovipositorlength 10 5.45� 0.19 5.20� 0.05 2.63� 0.06
Thicknessof �g
wall

5 5.20� 0.25 4.90� 0.23 1.88� 0.02

t1 (9 ;9) -1.27
t2 (4 ;4) -1.35
F1

(2 ;27) 167.50
F2(2 ;12) 189.53

A t-test was performedfor both ovipositor length comparison(betweenA. westwoodiand A. bakeri) and the
comparisonof their host �g wall thickness. t1 (9 ;9) for ovipositor length, P> 0.22; and t2 (4 ;4) for �g wall
thickness,P> 0.21. GLM wasperformedfor bothovipositor lengthcomparison(amongA. westwoodi, A. bakeri
andApocryptasp.) andtheir host�g wall thicknesscomparison,with Tukey's StudentizedRangetest.F1

(2 ;27)

for ovipositorlength,P< 0.0001,andF2
(2 ;12) for �g wall thickness,P< 0.0001.

TABLE 2. Correlationof Apocryptaspecies'ovipositorlengthvsmeasuredvariables

Species Mesosoma
length

Mesosoma
width

Metasoma
length

Metasoma
width

Foreleg
length

Midleg
length

Hindleg
length

A. bakeri mean 0.3503 0.4417 0.5094 0.1660 0.4186 0.9160 0.7929
P 0.3211 0.2012 0.1326 0.6467 0.2286 0.0002 0.0062

A. westwoodi mean 0.6657 0.4220 1.1586 0.8414 1.4682 2.1106 2.4377
P 0.0055 0.0798 0.2655 0.4422 0.0125 0.0008 0.0020

Apocryptasp. mean 0.6507 0.5086 0.6323 0.3556 0.6628 0.8336 0.7432
P 0.0416 0.1333 0.0498 0.3132 0.0367 0.0027 0.0138

P is probabilityof Pearsoncorrelationcoef�cient of ovipositorlengthwith respectivemean.Ten�g waspsof each
Apocryptaspeciesweredissectedandmeasured.

Fig. 1. TheclusteranalysistreecomparisonbetweenFicusspeciesandApocryptaspecies(linkage
distancesaremarkedunderbranches).

Analysisof �gs and �g waspmorphologies Therewasnosigni�cant differencebetween
ovipositor lengthsof A. westwoodiand A. bakeri (P> 0.22), or betweenthicknessesof
the �g walls of F. racemosaandF. hispida(P> 0.21). However, the ovipositor lengthof
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Fig. 2. ThreeApocryptawaspsoviposit in their own �gs. A to H show the processof oviposition
behavior of A.westwoodionFicusracemosa. I to K show thekey posturesof A.bakeri onF. hispida.
L to O show thedifferentposturesof ApocryptawasponF. semicordata.

Apocryptasp. (F(2 ;27) =167.50,P< 0.001)andsyconialwall thicknessof F. semicordata
(F(2 ;12) =189.53,P< 0.001)aresigni�cantly differentfrom theformer(Table1).

The correlationbetweenthe ovipositor length and the wasps' other morphological
charactersis analyzed(Table2). For all threeApocryptaspecies,the midleg lengthand
hindleg lengtharesigni�cantly correlatedwith their ovipositor lengths,but themesosoma
heightandthemetasomaheightarenot. The foreleg lengthof A. bakeri is not correlated
with the lengthof theovipositor, nor is its mesosomalength. Themetasomalengthof A.
bakeri andA. westwoodiarenot correlatedwith their ovipositor lengths,but, in contrast,
thatof Apocryptasp. is.

Behavior observations The processof oviposition of Apocryptaspp. can be divided
into threedifferentsuccessive phases:searchingfor a receptive syconium,penetratingthe
syconium,andovipositionandwithdrawal of theovipositor(Fig. 2A-H). Thefemalewasps
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often�y from onesyconiumto anotherin thesearchfor asuitablehostin whichto lay eggs.
When�nding a suitablesyconium,the femalelifts herabdomenup andthenforwardand
draws the ovipositor tip down to the syconialsurface(Fig. 2C, I, M), andthenstartsto
penetrate.After oviposition,shewithdrawsherovipositorstyletsfrom thesyconium.

Althoughtheprocessesof ovipositionweresimilar for eachspeciesstudied,therewere
obviousdifferencesamongthem.

(i) Postureof the abdomenprior to the penetration:A. westwoodiandA. bakeri lift
theabdomenupwardandforwardbeyondthehead,leaving theabdomenparallelwith the
syconiumsurface(Fig. 2C,I). However, Apocryptasp.onF. semicordatalifts theabdomen
up at a right angleto the thorax,so that it never turnsforwardandbeyondthehead(Fig.
2L-M).

(ii) Action of the hind legs beforepenetration:A. westwoodiandA. bakeri free the
hind legsto draw theovipositorsheathdown to thesyconialsurface(Fig. 2B); in contrast,
Apocryptasp.alwaysstandson the�g surfaceonall its legs(Fig. 2L).

(iii) Angle of the ovipositor during penetration:A. westwoodiandA. bakeri strongly
bendtheovipositorin adistinctarc(Fig. 2C-E,I-J), but Apocryptasp.piercesstraightinto
the�g wall (Fig. 2M).

(iv) Durationof ovipositorpenetration:for A. westwoodiit is � 40 min (range,25–55
min, n=45)andfor A. bakeri it is 38 min (25–51min, n=55),whereasfor Apocryptasp. it
is � 12min (6–23min, n=36).

DISCUSSION

Two simpleclusteranalyseswereperformedon bothovipositor lengthsof Apocrypta
waspsandsyconialwall thicknessesof their�g hosts.Thetwo clustertreeswerearti�cially
combinedinto Figure1, which shows that the ovipositor lengthsof the threeApocrypta
waspsarecorrelatewith thesyconialwall thicknessesof their respective hostspecies.In
referenceto Ficus, thesyconialwall thicknessof F. racemosais similarto thatof F. hispida,
forming a clade. However, the syconialwall thicknessof F. semicordata is signi�cantly
thinnerthan,andseparatedfrom thetwo others.In referenceto the�g wasps,theovipositor
lengthsof A. westwoodiandA. bakeri arealmostthesame,forming a clade.However, the
ovipositor lengthof Apocryptasp. on F. semicordata is signi�cantly shorterthanthat of
thetwo others,sothatit standsalonein aclade.

For thesethreeApocryptaspp.,oviposition behavior is divided signi�cantly into two
groups,one for A. bakeri and A. westwoodi, and the other for Apocryptasp. (Fig. 1).
The two in the �rst group show similarity in the following aspects:the postureof the
abdomenand the action of the hind legs beforepenetrationand the ovipositor bending
during penetration.In contrast,Apocryptasp. behaves in quite a differentway. These
observationscoincidewith the clusteranalysisin Figure1, which canbe interpretedby
thecorrelationbetweentheovipositor lengthandsyconialthickness.We candeducethat
the ovipositor length adaptsto the syconial thicknessand inducesa divergencein the
ovipositionbehavior. A comparativestudyof theovipositiontiming in �g waspsassociated
with sectionSycomorus(F. sur andF. vallis-choudae) (8) suggestedthattherewasa close
andconvincing relationshipbetweentheovipositor lengthandthe�g sizethose�g wasps
hadselected.

For all threeApocryptaspecies,themidleg lengthandhindleg lengtharesigni�cantly
correlatedwith their ovipositor lengths. The movementof the abdomenin preparation
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for penetratingthe �g is affectedby theovipositor lengthandthe lengthof thehind- and
midlegs.Legsmayco-evolvewith theovipositor.

The genusFicus has hundredsof species,with syconiadiffering greatly in shape,
sizeand inner structure. The correlationbetweenthe ovipositor lengthandthe syconial
thicknessimpliesadaptationamongthem.Thethickenedsyconialwall is aphysicalbarrier
to preventtheNPFWsfrom layingeggsinsidethe�g. TheNPFWshave to developa long
enoughovipositor to reachthe �g ovaries. The thicker the syconialwall, the longer the
wasp'sovipositor. Ovipositorlengthsof Sycoscapterspecieswerestronglycorrelatedwith
thethicknessof �g wall (16). The�g specieswith thin syconialwallshavetheovariesclose
to thesyconialsurface,sothattheovariescanbereachedby ashortovipositorthroughthe
�g wall, suchasby Apocryptasp. on F. semicordata. However, the �g waspsovipositing
througha thick �g wall have to developa long ovipositor, asdoneby A. westwoodiandA.
bakeri. As a result,thevariousovipositorlengthsleadto diverseovipositionbehavior.

According to our presentknowledge, the Apocryptawaspsare �g species-speci�c,
which may explain their co-existence. The wasp with a long ovipositor, such as A.
westwoodi, might lay its eggs in �gs with thinner syconialwalls, as in F. semicordata.
However, this doesnot happenbecausethewaspis host-�g speci�c andits larvaecannot
survive in the�g of F. semicordata. It cansurvive only in its naturalhost�g, F. racemosa.
On the otherhand,Apocryptasp. on F. semicordatacannot oviposit throughthe thicker
syconialwall as F. racemosaand F. hispida do, becauseits ovipositor length is shorter
thanthethicknessof thewall. Therefore,thereis no opportunityto lay its eggsinto those
syconia.We have providedoneexplanationfor theco-existenceof thesethreespeciesof
Apocrypta. Moreevidenceof geneticandecologicalimportanceis neededto strengthenor
refutethisexplanation.
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