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Abstract The Canadian Entomologist 128: 413-433 (1996) 

Although the structure of the ovipositor of parasitic Hymenoptera is largely uniform, 
interspecific variation in its morphology can be observed. Such variability may be related 
to the diversity of hosts attacked. To verify such an hypothesis, we compared, using 
correspondence analysis, the morphological characteristics of the ovipositors of 
20 species in three categories: (i) species belonging to the same taxonomic unit and 
attacking the same type of host, (ii) species belonging to the same taxonomic unit but 
attacking different types of host, and (iii) species belonging to different taxonomic units 
but attacking the same type of host. Results show that variability in some morphological 
traits of the ovipositor can be related to host characteristics. Adaptive convergence in 
morphological variations observed between species is discussed. 

Le Ralec, A., J.M. Rabasse et E. Wajnberg. 1996. Morphologie comparke de l'ovipositeur de 
quelques Hyrnenopti?res parasitoldes en relation avec les caracteristiques de leurs h6tes. The 
Canadian Entomologist 128: 413-433. 

Resume 
L'ovipositeur des Hymknoptbres parasites prksente une structure trbs constante mais il 
existe de grandes variations morphologiques entre les espbces. Ces variations pourraient 
Ctre relikes i la diversitk des h6tes attaquks. Pour vkrifier cette hypothbse, nous avons 
compark, en utilisant une analyse des correspondances, les caractkres morphologiques 
de l'ovipositeur de 20 espbces dans les trois cas suivants: (i) des espbces appartenant B 
la mCme unit6 taxonomique et attaquant le mCme type d'h8tes, (ii) des espbces 
appartenant B la mCme unit6 taxonomique mais attaquant des h6tes de types diffkrents et 
(iii) des espbces appartenant B des unitks taxonomiques diffkrentes mais attaquant le 
mCme type d'h6tes. Les rksultats montrent que les variations morphologiques de certains 
caractbres de l'ovipositeur peuvent Ctre mises en relation avec des caractkristiques de 
l'h6te importantes pour la rkussite du processus d'infestation. L'kventuelle signification 
adaptative de la diversitk morphologique observke entre les espkces est discut6e. 

Introduction 
The ovipositor of parasitic Hymenoptera is a specialized organ with which the female 

probes and drills the substrate where the host lives, pierces the integument of the host, injects 
substances from the accessory glands, perceives stimuli involved in the host selection 
process, and guides and lays eggs. 

Hosts attacked by these parasitoids are diverse. Members of most pterygote orders, of 
all developmental stages, fixed or mobile and exposed or concealed in different substrates, 
can be parasitized. This wide range of situations produces a diversity of constraints to which 
the ovipositor must adapt. Morphological and functional features of the ovipositor should, 
therefore, vary with host diversity. 

IAuthor to whom correspondence should be addressed. Current address: ENSA.R, Laboratoire d'Ecologie et Sciences 
Phytosanitaires, 65 rue de Saint Brieuc, 35042 Rennes cedex, France. 
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It has been shown that studies of the ovipositor can clarify phylogenetic relationships 
in some taxa of Hymenoptera (Fergusson 1988; Austin 1990; Quicke, Ficken, and Fitton 
1992; Quicke, Fitton, and Ingram 1992; Quicke et al. 1994), but there are few studies on the 
morphology of the ovipositor from an adaptive and functional point of view. Usually, only 
a few morphological traits are considered. For example, Heatwole and Davis (1965) and 
Gibbons (1979) showed that in three species of the genus Megarhyssa, the length of the 
ovipositor is the principal factor involved in host sharing and in their derivation from a 
common ancestor. The importance of ovipositor length in host utilization has also been 
studied in oophagous parasitoids (Livingstone and Yacoob 1986; Vu Quang Con and 
Nguyen Van San 1987). 

Here, we identify morphological traits of the ovipositor that are associated with host 
characteristics. The structure, sensory equipment, and functioning of the ovipositor from 
20 species are analysed mainly by means of electron microscopy (Le Ralec 1991). Results 
are synthesized using a multiple correspondence analysis to group the species according to 
ovipositor structure. These groups are compared with the known systematic position of the 
parasitoids and with different features of their hosts. 

Material and Methods 
Parasitoid Species. Twenty species belonging to four superfamilies and eight families were 
chosen (Table 1). This choice allowed the following comparisons to be made: 

Species belonging to the same taxonomic unit (family) and attacking the same type 
of host. Aphidiinae (Braconidae, Ichneumonoidea): Aphidius uzbekistanicus Luzhetzki, 
Ephedrus cerasicola Stiky, Ephedrus plagiator (Nees), Lysiphlebus fabarum (Marshall), 
Lysiphlebus testaceipes (Cresson), Praon volucre (Haliday), and Trioxys angelicae 
(Haliday): parasitoids of aphids. 

Eucoilidae (Cynipoidea): Ganaspis xanthopoda (Ashmead), Leptopilina boulardi 
(Barbotin, Carton et Kelner-Pillault), and Leptopilina heterotoma (Thompson): parasitoids 
of larvae of Drosophila. 

Species belonging to the same taxonomic unit (superfamily or family) but attacking 
different types of host. Cynipoidea: Eucoilidae, G. xanthopoda, Leptopilina boulardi, and 
Leptopilina heterotoma, attacking larvae of Drosophila vs. Charipidae, Alloxysta victrix 
(Westwood) and Phaenoglyphis sp., endophagous hyperparasitoids of aphids. 

Encyrtidae (Chalcidoidea): Ageniaspis fuscicollis praysincola (Silvestri), a parasitoid 
of lepidopteran eggs vs. Epidinocarsis lopezi (De Santis) and Leptomastix dactylopii 
(Howard), parasitoids of mealybugs. 

Aphelinidae (Chalcidoidea): Aphelinus abdominalis Dalman, a parasitoid of aphids vs. 
Encarsia formosa Gahan, a parasitoid of whiteflies. 

Species belonging to different taxonomic units (superfamily or family) but attacking 
the same type of host. Aphidiinae (Ichneumonoidea) (Aphidius uzbekistanicus, Ephed- 
rus cerasicola, Ephedrus plagiator, Lysiphlebus fabarum, Lysiphlebus testaceipes, 
Praon volucre, and Trioxys angelicae) and Aphelinidae (Chalcidoidea) (Aphelinus abdomi- 
nalis), primary parasitoids of aphids. 

Megaspilidae (Ceraphronoidea), Dendrocerus carpenteri (Curtis), and Pteromalidae 
(Chalcidoidea), Asaphes vulgaris Walker, ectophagous hyperparasitoids of aphids. 

Encyrtidae (Chalcidoidea), Ageniaspis fuscicollis, and Trichogrammatidae (Chalci- 
doidea), Trichogramma brassicae Bezdenko, parasitoids of lepidopteran eggs. 

Electron Microscopy. Scanning electron microscopy. Most specimens were fixed in 
2.5% glutaraldehyde buffered to pH 7.4 for 1 h, washed in 0.1 M sodium cacodylate buffer, 
gradually dehydrated in alcohol or in acetone, and critical-point-dried. When fixation was 
not necessary, samples were simply progressively dehydrated and air-dried. 



TABLE 1. Parasitoid species and their hosts 

Parasitoid Host 

Species Classification Type of parasitism Species Classification Attacked stage 

Aphidiris nzl;ekisrnnic~rs* 
Ep/~cdrrrs ccrusi~*olu 
Epirhi~drus plugicttoir 
Lysip/rlchr~.s~fubar~tnl 
Ifliph/c,hrrs rcsruceip~~~ 
P~nnr? ~snl~tcrc* 
'liio.?).~ fl n,qplicac 
A g ~ . n i ~ ~ s ~ ~ i s ~ c s c ; ~ ~ u l i i s  yrruysincola 
&idinocar.vis Inpe,-i* 
Lej)n)nrcrstix dftc7~lopii" 
Aphelinus abc/(~n~irrcrlis 
Encrrr3irr j5rrnosu 
Pic/rogrrm~u hru~sicue 
Asap!rrs ~!ul.qc~t-is* 
Grirwspic. .runrhnpildu 
Ltpfopi/ino hoular~liS 
hpropilinn heterotcmza 
Alio.ryLttu ~-ivtri.~-* 
Phderto~ql~phis sp. 
De~dnx,errr.r corpentrrr* 

Aphidiinae 
Aphidiinae 
Aphidiinae 
Aphidiinae 
Aphidiinae 
Aphidiinae 
Aphidiinae 
Encyrtidae 
Encyrtidae 
Encyrtidae 
Aphelinidae 
Aphelinidae 
Trichogrammatidae 
Pteromalidae 
Eucoilidae 
Eucoilidae 
Eucoilidae 
Charipidae 
Charipidae 
Megaspilidae 

End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
End. I 
Ect. I1 
End. I 
End. I 
End. I 
End. I1 
End. I1 
EC~.  n 

Sirohion msenac 
M ~ x s  pmicoc 
Sirohion mvnae 
Aphis sp. 
Aphb xo.~.\yii 
Sirohinn cn-enar 
Aphis gossypii 
Proyr oleup 
Phenacocrris manihnti 
Plunocnrcrrs rini 
Marrmiphrtnr ertphorhioe 
Trinlrrtroder vaporor-iontm 
Ostriniu n~hilfllis 
Ephedrus plo,qiotor 
Drnsophilo nr~lano,qaster 
Drnsnphilo nrelnnoxasrrr 
Drosophilo nrelanogasrer 
Apkiciiccs rchrkist~nicns 
Aplridirts rt;hekisninirr~s 
Al~hidirts rcbekistrrniras 

Aphididae (Hemiptera) 
Aphididae (Hernipten) 
Aphididae (Hernipfew) 
Apl~ididae (Hemiptera) 
Aphididae (Hernipten) 
Aphididae (Hemipfera) 
Aphididae (Hemipfera) 
Hypnnmeulidae (Lepidoptera) 
Pseudococcidae (Hemiptera) 
Pseudococcidae (Hernipferal 
Aphididae (Hemipfera) 
Aleyrodidae (Hemiptera) 
Pyralidae (Lepidoptera) 
Aphidiidae (Hymenoptera) 
Drosophilidae (Dipterx) 
Drosophilidae (Diptera) 
Drosophilidae (Diptera) 
Aphidiidae (Hymenoptera) 
Aphidiidae (Hymenopfen) 
Aphidiidae (Hymenoptem) 

Larvae -Adults 
Larvae - Adults 
Larvae - Adults 
Larvae - Adults 4 I 

Larvae - Adults m 
r, 

Larvae - Adults > z 
Larvae - ~ d u l t s  $ 
Eggs 5 
Larvae TP 

Larvae 
* 

Larvae -Adults E 
Larvae E 

C, 
Eggs E rl 

Larvae 4 - Pronymphs 
Larvae 
Larvae 
Larvae 
Larvae 1-2-3 
Larvae 1-2-3 
Larvae 4 - Pronymphs 

End I = primary endoparasite; End. I1 = secondary endoparasite: Ect. I1 = secondary ectoparasite; *species reared in the laboratory. 
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FIG. 1. Diagram of the ovipositor of a hymenopterous parasitoid, Epidinocarsis lopezi (Encyrtidae) (lateral aspect). 
[D =ovipositor diameter; L =ovipositor length; ss = styloconic sensilla; T9 = tergite 9; V1, V2, and V3 =first, 

second, and third valvulae; Vfl, Vf 2 = first and second valvifers.] 

In some instances, complementary cleaning methods were used to obtain samples with 
clearly observable surfaces; such specimens were either sonicated at the end of the dehydra- 
tion period or enzymatically scoured in 5% trypsin for 1 h before fixation. 

Once dry, samples were sputter-coated with fine gold and observed in a JEOL J.S.M.35 
microscope. 

Transmission electron microscopy. After dissection in Ringer's solution, samples were 
fixed in 1% osmic acid buffered to pH 7.4, for 2 h, washed in 0.1 M sodium cacodylate 
buffer, gradually dehydrated in acetone, and included in an Epon-araldite resin. Thin sections 
(< 0.5 pm) were collected on colloid grids, contrasted with uranyl acetate and lead citrate, 
and finally observed in a JEOL 100 CX microscope. 

Traits Studied. Snodgrass (1933) recognized the uniformity in basic organization of female 
genitalia among Hymenoptera. In spite of disagreement concerning homology of certain 
structures, further studies (Smith l968,1969,1970a, 1970b; Copland and King 1971,1972a, 
1972b, 1972~;  Copland et al. 1973; Copland 1976; Matsuda 1976) have confirmed this 
structural uniformity. Despite the fact that many authors used the terminology of Scudder 
(1971), we prefer that of Snodgrass (1933) and Matsuda (1976), which has been used widely 
to describe hymenopterous ovipositors and has no implications concerning the still unproved 
sternal or appendicular origin of the valves. 

The ovipositor of parasitic Hymenoptera consists of three pairs of valvulae borne by 
two pairs of valvifers (Fig. I). The second valvifers (Vf 2) bear ventrally the second valvulae 
(V2) and posteriorly the third valvulae (V3). The internal concave faces of the third valvulae 
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FIG. 2. Tranverse sections through (a) proximal and (b) distal regions of the ovipositor of Epidinocarsis lopezi. [cs = 
cuticular scale; ec = egg-canal; no = nohun; V1= first valvula; V2 = second valvula.] The notum is membranous (a) 

except at the tip of the second valvulae (b). 

surround the first and second valvulae when they are not in use. The first valvulae (Vl), 
borne by the first valvifers (Vf 1), are positioned ventrally. The second valvulae are fused to 
each other along their lengths, their fused dorsal edges forming the notum (no) (Smith 1969) 
(Figs. 2a, b, 3). The interlocked first and second valvulae form the shaft of the ovipositor 
and enclose the egg-canal (ec). The surface of the latter is covered with cuticular scales 
(= spines, ctenidia, or pectines) that help the eggs to advance posteriorly within the shaft of 
the ovipositor when the valvulae are sliding longitudinally upon each other (Austin and 
Browning 1981). The shaft is the only part penetrating the substrate where the egg is laid. 
One of its functions is to bore a hole. Either the first or second valvulae bear, at their tips, 
serrations forming a saw-shaped structure used to perforate plant tissues or host integument. 

To describe variations observed in basic organization among ovipositors of different 
species, a set of morphological and functional traits was selected (Table 2). All sense organs 
found on the different parts of the ovipositor were inventoried. Using transmission elec- 
tron microscopy, the nature of these sensilla was determined for females of five species 
(Praon volucre, Ephedrus plagiator, Epidinocarsis lopezi, Leptopilina boulardi, Dendro- 
cerus carpenteri). From these observations and the literature (Altner 1977; Altner and 
Prillinger 1980; Zacharuk 1980, 1985; Keil and Steinbrecht 1984; Stadler 1984; McIver 
1975, 1985), a function for the sense organs of 15 other species was proposed. Possible 
mechanoreceptors, proprioreceptors, and contact chemoreceptors (associated or not with 
mechanoreceptors) were found. Their number, structure, function, and distribution were 
compared among the 20 species. 

Thirty-four variables (Table 2) were selected to compare the ovipositors of 19 parasitoid 
species (Phaenoglyphis sp. was not considered in the analysis because of missing data). To 
complete the analysis, seven additional variables, describing host characteristics, were used. 
Quantitative traits were allocated to distinct classes to transform them into qualitative 
variables. Scores were assigned to each species for 41 variables (Tables 2, 3). Table 3 was 
then transformed in a 19 by 112 matrix so that scores for each species could be represented 
by 0 or 1. This binary table was analysed using PROC CORRESP of the SASISTAT package 
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FIG. 3. Tranverse section through the ovipositor of Aphidius uzbekistanicus. [ec = egg-canal; no = notum; V1 =first 
valvula; V2 = second valvula; V3 = third valvula.] The notum is sclerotized along the length of the second valvula. 

(SAS Institute Inc. 1990). This procedure was used to perform a multiple correspondence 
analysis of Table 3 (Lebart et al. 1977), which, in fact, corresponds to a weighted principal 
component analysis of a multi-way contingency table. The analysis projects the 19 species 
onto successive axes with decreasing importance (i.e. inertia), according to scores of the 
different descriptive variables. Only the first 34 variables (Table 3) were used to compute 
the coordinates of the species (i.e. "active" variables), the others being declared supplemen- 
tary. Therefore, species with coordinates close to each other had ovipositors with similar 
morphological traits. Distances between species were graphically described in a dendrogram 
(hierarchical ascending clustering) produced by PROC CLUSTER (option: CENTROID) of 
the SAS/STAT package (SAS Institute Inc. 1990). Coordinates of species on the first 10 axes 
only were taken into account in this computation. 

Results 
Along the first axis of the multiple correspondence analysis, the seven members of 

Aphidiinae appear lumped together (Fig. 6a) and are set well apart from other species. The 
second axis mainly separates the eucoilids (parasitoids of Drosophila) from the ectophagous 
hyperparasitoids of aphids and from the encyrtid parasitoids of mealybugs (Fig. 6a). Ageni- 
aspis fuscicollis, an oophagous encyrtid, is isolated from the other Encyrtidae; this separation 
is much more clear on the fourth axis (Fig. 6b). Both third and fourth axes clearly separate 
the ectophagous hyperparasitoids of aphids from the two primary mealybugs parasites. The 
fourth axis separates the two aphelinids, and the Ephedrus spp. from other aphidiines. 



TABLE 2. Variables and scores used to describe interspecific differences among ovipositors of selected parasitic Hymenoptera 

B 

Variables 

Scores - 
% 

1 2 3 4 

I: Female body length (pm)''l 
2: Ovipositor length (pm)''' 
3: Ovipositor diameter ( p.m)'3) 
4: Oviposiior rigidity 
5: Ovipositor tip morpholo-q 

6: Serrations 
7: Numkr  of serrations 
8: Notum of sccond valvula la' 
9: Form of cuticular scales in egg.canal'5' (Fig. 4) 
10: Arrangement of cuticular scales in egg-anal 
(Fig. 4) 
I I: Number ofsensillar types on third valvttlae 
(Fig. SJ 2)  
12: Numkr  of trichnid sensilla nn third vnlvulae 
13: Number of styloconic sensilla on third valvulae 
14: Number of other sensilln nn third valvulae 
(basiconic, cimpaniform) 
15: Sensillar area aL lip of third valvulae (" (Fig. 5) 
16: Sensillar distribution on ovipositor shafr 

17: Total number of sensilla on ovipositor shafi 
1 R: N u m b  of ~cnsillar types on ovipositor shaft 
19 : Number of trichoid sensilla on ovipositor shaft 
20 : N u m k r  of t y p  1 (small-size) cm~panifonn 
sengi1 la 
21: Number of type 2 canmpaniform sen sill^ 
(lagc-size) 
22 : Nunibcr of basiconic or styloconic sensilla 
23: Number of mechanoreceptor 'pores' 
24: Number of type A"' che~norecept~rs 
25: Numbw of type 8 "' chemoreceprors 

< 1450 
<I70 

<7 
Rigid 

Very sharp, wirh strongly 
marked denticulations 

None 
<6 

Cuticular 
Ctenidia 

Overlapping 

<4 
0 

None 

No 
Only on the f i s t  valvulae 

<20 
1 or 2 
None 

0 

1450-1650 
170-250 

7-93 
Flexible 

Very s h q ,  with weakly marked 
denticularions or none 

On first valvulae 
6 

Membranous pre-apical1 y 
Spine.; 

In mws. non-overlapping 

4-1 1 
1-5 

1 or more 

Yes 
On hot11 the first and sccond 

valvulae 
20 - 30 

3 
1 or more 

1-8 

1 or more 

1-8 
1 or more 
1 or more 
1 or more 

Pointed with strongly Pointed with weakly 
marked denticulations marked denticulations 
On second valvulae 

> h  

Ctenidia + spines 
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FIG. 4. Cuticular scales within the egg-canal (variables 9 and 10 of the analysis, Table 2): (a)  overlapping ctenidia 
on the second valvulae in Ephedrus plagiator; (b) overlapping spines on a first valvula in E. plagiator; 
(c )  non-overlapping ctenidia on a first valvula in Trioxys angelicae; ( d )  overlapping spines on the second valvulae 
in Praon volucre; (e)  non-overlapping spines, in row, on a first valvula in Leptopilina boulardi; ( f  ) non-overlapping 
ctenidia and overlapping spines on a first valvula in Encarsia forrnosa. [Scale bars = 10 pm for a, h, d, and e ,  and 

1 pm for c andf.] 

Using the relative contribution of active variables to the construction of axes, the 
position of Aphidiinae on the first axis can be explained by the fact that this group of species 
shares characteristics in contrast with those found in all other species: no sensilla on the 
anterior margin of valvifers 2; egg-laying behaviour (the female bends the abdomen under 
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FIG. 5. Types anddistributionof sensillaon the thirdvalvulae (variables 11-15 of the analysis, Table 2): (a) Alloxysta 
victri.r; no sensilla; (h) Aphelin~rs abdominnlis, two sensilla of two types, trichoid (arrow) and styloconic; 
(c) Ageniaspis fuscicollis, 10 trichoid sensilla, evenly distributed on the valvula; ( d )  Encarsia formosa, trichoid 
sensilla gathered at the tip of the valvula (sensillar area); (e) Lysiphlebus fabarum, sensillar area with four types 
of sensilla (long trichoid, short trichoid, styloconic, campaniform) and some trichoid sensilla on the rest of the 
valvula; ( f )  L. fabarum, sensillar area at tip of valvula; (g) Praon volucre, sensillar area at tip of valvula with 
two types of sensilla, trichoid and basiconic. [bs = basiconic sensillum; cs = campaniform sensillum; ss = styloconic 

sensillum; ts = trichoid sensillum; tsl =long trichoid sensillurn; ts2 = short trichoid sensillum; scale bars = 10 pm.] 

her body); no type B chemoreceptor (see Table 2); type A chemoreceptors; spines in egg- 
canal overlapping; mechanoreceptors gathered at tip of ovipositor; ovipositor very sharp; 
two or three types of sensilla on third valvulae; basiconic or campaniform sensilla on third 
valvulae; usually, styloconic sensilla on third valvulae. 



TABLE 3. Scores of 41 variables observed for 19 parasitic Hymenoptera (see Table 2) 
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The Aphidiinae and Eucoilidae are in the centre of Figure 6b. However, according to 
the fourth axis, the two species of Ephedrus are apart from this group because the ovipositors 
of these species have more serrations. 

The three eucoilids, parasitoids of larval Drosophila, are all at the top of the second axis 
and are clearly separated from the other species by the great number of basiconic mechano- 
receptors on the shaft of the ovipositor, no sensilla area at the tip of the third valvulae, and 
a long ovipositor. 

At the bottom end of the second axis, Dendrocerus carpenteri and Asaphes vulgaris, 
ectophagous hyperparasitoids of aphids, can be found. These two species also remain close 
to each other in Figure 6b. Their distinctive characteristics are a thick ovipositor, a dull 
ovipositor tip with weakly marked denticulations, the existence of trichoid sensilla on 
valvulae 1 and/or 2, the presence of sensilla on the inner face of the egg-canal, and both are 
ectophagous parasitoids. 

On the first and second axes (Fig. 6a), Epidinocarsis lopezi and Leptomastix dactylopii, 
parasites of mealybugs, are close to Dendrocerus carpenteri and Asaphes vulgaris. They all 
have a thick, pointed ovipositor. However, on the third and fourth axes (Fig. 6b), Epidino- 
carsis lopezi and Leptomastix dactylopii are separated from the other species. They are far 
from the ectophagous hyperparasitoids on the third axis because they differ in the morphol- 
ogy of the denticulations and do not have trichoid sensilla. They are apart from Ageni- 
aspis fuscicollis, the third encyrtid studied, on the fourth axis because of differences in 
number of serrations, the lack of small-size campaniform sensilla (type I ) ,  the relatively 
large size of females, and the presence of mechanoreceptors at the tip of the first valvulae. 
Globally, this analysis shows that, among the encyrtids studied, parasites of mealybugs and 
oophagous species have ovipositors with very different characteristics. 

The four remaining species (Alloxysta victrix, Aphelinus abdominalis, Encarsia for- 
mosa, and Trichogramma brassicae), and also Ageniaspis fuscicollis, are found in the centre 
of Figure 6a. However, in Figure 6b, they occupy a distal position relative to other species. 
Aphelinus abdominalis is located close to the aphidiines which are also parasitoids of aphids, 
but remains far from Encarsia formosa, the second aphelinid. Aphelinus abdominalis and 
Encarsia formosa differ in number of serrations, arrangement of mechanoreceptors on the 
first valvulae, and number of sensillar types on the third valvulae. Moreover, Ageniaspis fus- 
cicollis appears relatively close to the other oophagous species, Trichogramma brassicae, 
which is, surprisingly, located next to Encarsia formosa (Fig. 6b). In fact, the ovipositors of 
these last two species are rather similar. Alloxysta victrix is always located far away from 
the eucoilids, despite the fact that they are systematically related. 

A dendrogram (Fig. 7 )  synthesizes relationships based on ovipositor similarity. 

Discussion and Conclusions 
Distances between species, computed from the morphology of their ovipositors (Fig. 7 ) ,  

do not correspond to phylogenetic relationships. To understand such discordance, host 
characteristics must be taken into account. 

Parasitoid Species Belonging to the Same Family and Attacking the Same Type of Host. 
Aphidiine (aphid parasitoids) and eucoilid species (parasitoids of Drosophila) are each 
clearly grouped by the analysis, isolated from all other species, and share morphological and 
functional characteristics of their ovipositors. This homogeneity is interesting because these 
species present, in other respects, important differences in morphology and biology. Such 
differences have enabled some authors to describe phylogenetic relationships among genera 
of Aphidiinae (Mackauer 1961). In eucoilids, interspecific variations observed in the host 
location process (Vet and Van Alphen 1985) do not appear to relate to morphological features 
of the ovipositor. 
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T. brassicae [Ostrinio nubilalis) I 

FIG. 7. Dendrogram, constructed from the multiple correspondence analysis, showing the distance between 
19 parasitoid species, according to morphology of their ovipositors (hosts in parentheses). 

E. jormosa (Tr~aleurodes uaporanorum) 

A. fuscicollis (Prays oleael 

A. abdominalis (Macroslphum euphorbla 
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Parasitoid Species Belonging to the Same Family and Attacking Different Types of 
Host. Among the encyrtid species, Ageniaspis fuscicollis, a parasitoid of lepidopteran eggs, 
is clearly apart from the two mealybug parasitoids (Fig. 6a, b), and its ovipositor shows 
morphological characteristics differing substantially from those of the other two 
(Fig. 8a, d). Epidinocarsis lopezi and Leptomastix dactylopii have very similar charac- 

L. dactylopii (Planococcus cttrJ 
E. lopezi (Phenacoccus manihotl) 1 
A. vulgaris (Ephedrusplagtator) 7 

teristics (Fig. 8b-f). In this case, there is no relationship between ovipositor structure and 

-I 

systematic relationship, but rather convergence in morphology resulting from host attacked. 
A similar distinction can be observed between the two aphelinids, Aphelinus abdomi- 

nalis (aphid parasitoid) and Encarsia formosa (whitefly parasitoid), but this is less obvious, 
and appears only on the fourth axis (Fig. 6b). Hosts of these two parasitoids are both juvenile 
Homoptera Stemorrhyncha, but belong to two distinct superfamilies: Aphidoidea and 
Aleyrodoidea. Differences between these hosts are probably less pronounced than between 
hosts of Encyrtidae. 

Parasitoid Species Belonging to the Same Superfamily and Attacking Different Types 
of Host. Fergusson (1988) considered there to be three types of ovipositors in Cynipoidea. 
Those of Charipidae belong to type A ("curved genitalia") and those of Eucoilidae to type B 
("elbowed genitalia"). He considered type A to be plesiomorphic and types B and C ("looped 
ovipositor") to be derived from the curved type. Our analysis, based on consideration of a 
large number of different morphological traits, supports this conclusion. 

Alloxysta victrix, an endophagous hyperparasitoid of aphids, is far from the three 
parasitoids of larval Drosophila (Fig. 6a, b). The ovipositor of Phaenoglyphis sp. is very 
similar to that of Alloxysta victrix. No species showing a Fergusson's type C ovipositor was 

D. carpenteri (Aphtdus uzbek~s tan~us)  2 

studied. The traits involved in distinguishing these two groups in our analysis can be linked 

L. heterotorna [Drosophllamelanogaster) 
L. boulardi (Drosoph~la melanogaster) 

G .  xanthopoda (Drosoph~la melanogaster) 
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L. fabarum (Aphu sp J I? 
I 

A. uzbekistanicus (Sttobmn avenae) 2 

T. angelicae (Aphu gossypli) 

functionally to characteristics of their hosts. 
For Fergusson (1988, p. 22), the three types "reflect the habits of the adult: type A is 

used to penetrate shallow plant tissue or animal tissue; type B, less accessible animal tissue; 
and type C, wood or deep plant tissue." The relationship between type of substrate and 
characteristics of the ovipositor is probably even more prominent in Cynipoidea. Indeed, in 
each of the three types, based on characters of the second valvifers and on the way the first 
and second valvulae are accommodated within the gaster, there is great diversity. For 

- 

E. ceraclcola (Myzus perszcae) 

E.plagiator (Sltobionauenaej 
P. nolucre [Sltobxonauenae) 
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FIG. 8. Ovipositors of Encyrtidae: (a) tips of second valvulae in Ageniapsisfuscicollis; (b) tips of second valvulae 
in Epidinocarsis lopezi; (c) tips of second valvulae in Leptomastix dactylopii; (d) tips of the interlocked first and 
second valvulae in A.fuscicollis; (e) tips of the interlocked first and second valvulae in E. lopezi; ( f )  tips of the 
interlocked first and second valvulae in L. dactylopii. [ch = chemoreceptor; cm = small campaniform 
mechanoreceptor ; ml = large campanifonn mechanoreceptor ; m2 = "pore-like" mechanoreceptor ; V1 = first 
valvula; V2 = second valvula; scale bars = 10 pm.] The serrations of E. lopezi (6) and L,  dactylopii (c) are very 
similar, with six marked, sclerotized denticulations and are very different from those of A.fuscicollis (a) which has 
only four thin, double denticulations. Tips of the first valvulae are also quite different in oophagous species and in 
mealybug parasitoids: more slender for A. fuscicollis with two types of sense organs on each, four aligned 
chemoreceptors distally and seven aligned small campaniform mechanoreceptors; in E. lopezi and L. dactylopii, 
three chemoreceptors at the tip of the valvula, then respectively five and six large campaniform mechanoreceptors 

on the edges, and, finally, 14 and 15 aligned, pore-like mechanoreceptors. 
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FIG. 9. Ovipositors of ectophagous hyperparasitoids of aphids: (a) tips of second valvulae in Asaphes vulgaris; 
(b) tips of the interlocked first and second valvulae in A. vulgaris; (c) tips of the interlocked first and second valvulae 
in Dendrocerus carpenteri; (d) oviposition hole in integument of a mummified aphid made by a female of 
A. vulgaris; (e) same by a female of D. carpenteri. [no = notum; ts = trichoid sensillurn; V1 = first valvula; V2 = 
second valvula; scale bars = 10 pm.] The ovipositors of A. vulgaris and D. carpenteri show similar features: the 
tip of the interlocked valvulae is heavily sclerotized while the rest is flexible; denticulations of the second valvulae 
are strong but weakly marked; there are trichoid mechanoreceptive sensilla on the valvulae. The hole resulting 

from oviposition in an aphid mummy is similar for the two species. 

instance, the type A ovipositor of Diplolepis rosae, a gall-forming Cynipidae (Bronner 
1985), differs considerably from that of Alloxysta victrix and Phaenoglyphis sp. It has very 
long and flexible first and second valvulae, fewer serrations at the tip of the second valvulae, 
and no sense organs on the outer faces of these valves. Adetailed analysis of such differences, 
according to substrate used for oviposition, could provide information concerning phylogeny 
of the group. 

Parasitoid Species Belonging to Different Superfamilies and Attacking the Same Q p e  
of Host. Two ectophagous hyperparasitoids, Dendrocerus carpenteri and Asaphes vulgaris, 
attacking last-instar Aphidiinae just after aphid mummification, have ovipositors with very 
similar characteristics in the perforating part of the ovipositor, not found in the other species 
(Fig. 9a-c): distal cuticular thickening of first and second valvulae; thick but weakly marked 
denticulations; proximal flexibility of valvulae; and trichoid sensilla. Thus, there is substan- 
tial convergence in female genitalia of non-related parasitoid  specie,^ attacking the same type 
of host. There is also great similarity in the way females of both species drill the integument 
of mummies and in the mark left after oviposition (Fig. 9d, e). 
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FIG. 10. Ovipositors of parasitoids that pierce the integument of a living aphid: (a)  tip of the interlocked first and 
second valvulae in Ephedrusplagiator, dorsal aspect; (b)  tip of first valvula in Lysiphlebus fabarum, lateral aspect; 
(c)  tips of the interlocked first and second valvulae in Aphelinus abdominalis, lateral aspect; ( d )  tips of the first and 
second valvulae in Alloxystra victriw, lateral aspect. [m = mechanoreceptor; V1 =first valvula; V2 =second valvula; 

scale bar = 10 ym for a, c, and d, and 1 p,m for b.] 

Such morphological convergence is not so clear in some other examples. Ageniaspis 
fuscicollis and Trichogramma brassicae, both parasitoids of lepidopteran eggs, do not have 
similar ovipositors. In fact, Trichogramma brassicae appears to share more traits with 
Encarsia formosa (attacks whitefly larvae) than with Ageniaspis fuscicollis. Similarly, 
aphidiines and aphelinids are not grouped by the analysis, despite the fact all are aphid 
parasitoids. 

The ovipositors of neither Trichogramma brassicae and Ageniaspis fuscicollis nor of 
aphidiines and Aphelinus abdominalis converge, or such a convergence is masked because 
the analysis attributes the same weight to all variables. Indeed, some variables must be more 
functionally important than others. For example, in those parasitoids that bore through the 
thin and fragile integument of aphids (i.e. aphidiines, Aphelinusabdominalis, and 
charipides), the most important part of the ovipositor, functionally, is the tip. These species 
all share a very sharp and slender ovipositor with numerous, small, sharp serrations 
(Fig. 10a-d). Moreover, for primary parasitoids of the Aphidiinae and Aphelinidae, no 
matter what the length of the ovipositor, only a very short, distal part of the valvulae actually 
penetrates the host. Thus, females of these species share functionally important charac- 
teristics that adapt the ovipositor to pierce the thin integument of a living host without causing 
haemolymph outflow or large wounds. 
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FIG. 11. Correlation between thickness of host integument drilled and ovipositor diameter of parasitic Hymenoptera. 

The two oophagous parasitoids, Ageniaspis fuscicollis and Trichogramma brassicae, 
share only a few characteristics: small female size; a slender ovipositor; and the same 
arrangement of mechanoreceptors and chemoreceptors on the first valvulae. Therefore, for 
these parasitoids, the analysis correctly shows the absence of convergence. 

This discussion leads to the hypothesis that morphological convergence between 
parasitoid species not taxonomically related but attacking the same type of host will be 
marked if hosts have specific traits strongly constraining ovipositor structure. 

Functional Relationships between Parasitoid Ovipositors and Host Characteristics. 
Comparison among the ovipositors of 20 species shows the existence of traits specific to 
each superfamily but not connected with type of host parasitized. For instance, in certain 
Ichneumonoidea (Aphidiinae), the second valvulae are completely fused dorsally (cuticular 
notum) and serrations are borne by the first valvulae. These features are also found in 
ovipositors of the ichneumonid Dolichomitus agnoscendus (Roman) (Le Ralec 1991). In 
cynipoid females, the second valvulae are also completely fused. Conversely, in Chalci- 
doidea, the second valvulae still exhibit their paired origin (membranous notum; Fig. 2b) 
(Quicke et al. 1994) and bear serrations. However, there are few such traits and they usually 
concern features not directly involved in host parasitization, such as those of the valvifers. 
Those characters not discriminant in our analysis could be of phylogenetic importance at 
lower taxonomic levels. 

Some ovipositor differences and convergences cannot be explained by systematic 
position of the parasitoids, but are related instead to type of host attacked. Therefore, in 
parasitic Hymenoptera, some traits of the genitalia seem to result from adaptive convergence 
and to be related to the host's characteristics. For example, there is a significant relationship 
between the ovipositor diameter and thickness of the host integument (Fig. 11). Those 
parasitoid females having to perforate the thickest and hardest integuments have ovipositors 
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with the largest diameter and a particular kind of tip, as in ectophagous hyperparasitoids of 
aphids. In the ichneumonoid Dolichomitus agnoscendus, an ectoparasitoid of xylophagous 
cerambycid larvae, the ovipositor has a diameter of 240 pm and the tip has a thick cuticle 
with numerous but weakly marked denticulations (Le Ralec 1991). These features could be 
related to the need for drilling through wood to reach the host. On the other hand, aphid 
parasitoids have thin ovipositors, to perforate thin, flexible integuments without causing 
large wounds. 

The arrangement of sense organs, especially of mechanoreceptors, on first and second 
valvulae also appears to be related to host characteristics. Species attacking hosts concealed 
in plant substrates, such as the eucoilids, parasitoids of larval Drosophila, have the largest 
number of mechanoreceptors over the valvulae. Such sensilla probably enable them to locate 
their hosts while probing the substrate. 

The host of aphid hyperparasitoids is contained within the body of a dead or living aphid 
and only a small space has to be probed by the female to locate the host. Mechanoreceptors 
in these wasps tend to concentrate at the tip, even if sensilla also occur proximally on the 
valvulae. Concentration of mechanoreceptors at the tips of the valvulae is even more 
pronounced in parasitoids attacking free, exposed hosts as in mealybug parasitoids, aphidi- 
ines, and oophagous parasitoids. However, degree of localization depends upon that portion 
of the ovipositor penetrating the host. In mealybug parasitoids and in oophagous species, 
the ovipositor is deeply driven into the host, and mechanoreceptors are concentrated apically 
but occur over about one-third of valvular length. In aphidiines in which only the tip of the 
ovipositor penetrates the host, sense organs occur only at the tip. Aphelinus abdominalis may 
seem to be an exception but the small campaniform sensilla occurring on that part of the 
valvulae not penetrating the host could function in detection of egg movement down its shaft. 

Sense organs on the third valvulae also seem to be adaptive. In females of some species 
(eucoilids, charipids, and Aphelinus abdominalis) almost no sensilla occur on these valvulae 
and the third valvulae never touch the host or substrate. In all other examined species, these 
valvulae contact the host integument, either before or after egg-laying, and numerous sensilla 
can be found. Certain aphidiines have a rich supply of sense organs on the third valvulae and 
their egg-laying behaviour includes examination of the host cuticle with the tips of these 
valvulae. 

Although there is great uniformity in basic structure of the ovipositor in parasitic 
Hymenoptera, there is also much variation among species. This study shows that some 
ovipositor traits appear to be associated with host characteristics important for the parasiti- 
zation process. Indeed, species belonging to the same family but parasitizing different types 
of host can have very different features on their ovipositors. Conversely, species belonging 
to different families or superfamilies but parasitizing the same type of host often show 
adaptive convergence. 

Finally, morphological study of ovipositor characteristics related to host characteristics 
could provide data on the evolution of host exploitation (i.e. ectoparasitism to endoparasi- 
tism, primary to secondary parasitism) and on progressive host radiation in parasitic 
Hymenoptera, at the level of species, instars, and habitats. 
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