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The sensory systems of insects have evolved numerous specialisations that allow them to detect 
important features of the external environment, monitor their own internal states and provide 
information on position of their appendages. Considering the vast numbers of insect species and 
variety of habitats they successfully occupy, it is not surprising that they posses equally diverse 
sensory systems (Frazier 1985). However, most studies have only covered antenna! sensilla, while 
sensilla located in other body parts have not been thoroughly investigated. Studies on the sensory 
systems of the Hymenoptera show this general pattern and, apart from several studies on the ovi­
positor sensilla, there have only been a few papers reporting sensilla from other body parts 
(Schmidt & Smith 1987; Navasero & Elzen 1991; Meyhofler et al. 1997). Sensilla from other body 
parts may also be useful potentially for phylogenetic reconstruction. 

Although there has been increasing effort to reconstruct the evolutionary history of the 
Hymenoptera (e.g. Rasnitsyn 1988; Brothers & Carpenter 1993; Dowton & Austin 1994; Yil­
helmsen 1997; Ronquist et al. 1999), there is still no one robust higher level phylogenetic hypoth ­
esis for the order (Ronquist et al. 1999) . Rasnitsyn's (1988) most comprehensive and fully 
resolved higher level phylogeny has recently been shown (Ronquist et al. 1999) to have no con­
vincing support for any of its major groupings. The relationships among symphytan (Vilhelmsen 
1997) and aculeate families (Brothers & Carpenter 1993) have been analysed independently and 
are relatively robust in comparison with the parasitoid groups. Exploration of novel character 
systems is essential if we are to test existing hypotheses and obtain a more stable phylogeny. 

In this paper, we present some preliminary findings from one novel character system, orbicular 
sensilla and some associated structures. The orbicula is a dorsal cuticular sclerite at the base of the 
membranous arolium in the distal most tarsal segment of insect legs (Figs 1-4). Phylogenetic and 
functional implications, especially for non-aculeate apocritans, are discussed . 

Material and Methods 
A total of 137 species belonging to 121 genera, representing all superfamilies and most families 
of non-aculeate apocritans, were studied. Only one species was examined for some relatively rare 
taxa, but in most cases the number of species examined was three or more. Standard SEM 
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Table 1 Explanation of characters and character states. 

Code Character 

A Sensilla trichodea A (STA) on orbicula 

B Number of STA (when present) 

C Sensilla trichodea B (STB) 

D Number of STB (when present) 

E STB (if two or more) 

F STB 

G STB 

H Sensilla campaniformia (SC) 

Number of SC (when present) 

Position of SC relative to STA 

States 

0 = absent; 1 = present 

0 = one; 1 =two; 2 =three or more 

0 = absent; 1 = present 

0 = one; 1 = two; 2 =three or more 

0 = scattered; 1 = forming a single row 

O = simple; 1 = basally widened 

0 =without a basal spur;1 =with a basal spur 

0 = none; 1 =with encircling ridge (type A); 
2 =without an encircling ridge (type B) 

0 = one; 1 =two; 2 =three or more 

0 =anterior (distal); 1 = posterior (basal) 
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techn iques were employed on dry or ethanol preserved specimens. The identifications of orbic­
ular sensilla are based on Frazier (1 985). 

Results 
Four types of morphologically discernible sensilla are found. Of these two are setifo rm, termed 
here sensi lla tri chodea A (STA) and sensilla trichodea B (STB), and the other two are dome-like 
sensilla, sensilla campanifo rmia A (SCA) and sensilla campanifo rmia B (SCB). Variations in 
these and associated structures are summarised in Tables 1 and 2. We have not specifically 
investigated in traspecifi c variation but there appears to be no majo r va riation in several cases we 
have examined. · 

STA arise from a fl exible socket with the hair trunk gradually tapering towards the t ip (Figs l-4). 
STB can be differentiated from the STA in usually being shorter and more slender, positioned 
posterior to the STA and usually with a less pronounced socket (Figs 1- 3 ). STB are usually simple 
cylindrical hairs with an irregular distribution but, in some cases, they are arranged into a single 
transverse row (Figs 2-3) and may be basally compressed and widened (Fig. 2) . So me taxa addi­
tionally possess a spur on the sensilla socket (Fig. 2). 

Of the two types of sensilla campaniformia, SCA are usually in the shape of a rounded dome 
encircled by a pronounced cuticular ridge (Fig. 1 ); their number and placement are va riable. 
SCB, however, usually have no distinct encircling ridge but consistent in number and are always 
located laterally (Fig. 2) . 

Discussion 
The orbicular sensilla are arguably all mechanoreceptors (Mciver 1985 ). In one eulophid, they 
have been suggested as having a role in detecting vibration produced by its leaf miner host (Mey­
hofer et al. 1997) . However, the presence of orbicular sensilla in early phytophagous lineages 
(Basibuyuk et al. 2000), as well as in males, suggest that they must have other roles. It is most 
likely that they evolved primarily to monitor the state of stress caused by locomotive behaviour. 
Host detection, in this context, can be seen as a secondary role assumed after the evolution of 
parasitism. 

I 
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Table 2 Orbicular sensilla and associated structures in the non-aculeate apocritan Hymenoptera. 
Symbols: (-) not applicable; (?) state is unknown due to unavailability of data; (x?) a specified state 
with question mark shows our best judgement but not absolutely certain (see Table 1 and text for 
explanation of characters) . 

Stephanidae 

Trigona lidae 

Megalyridae 

Evanioidea 

lbaliidae 

other Cynipoidea 

Megaspilidae 

Ceraphronidae 

Diapriidae 

Heloridae 

Vanhorniidae 

Pelecinidae 

Proctotrupidae 

Roproniidae 

Monomachidae 

New Zealand fam n. 

Scel ionidae 

Platygastridae 

Chalcid idae 

other Chalcidoidea 

Mymarommatidae 

Braconidae 

lchneumonidae 

A 

0/1 

0/1 

0/1 

O? 

B 

1/2 

2 

2? 

0 

0 

1? 

0 

0 

0 

0 

1/2 

1/2 

c 

0/1 

0/1 

0/1 

0/1 

1? 

0/1 

1? 

0/1 

D 

2 

2 

2 

2 

2 

1/2 

2? 

2? 

2 

2 

2 

1/2 

2 

2 

012 

2 

1/2 

2 

E 

0 

0 

0 

0 

0 

0 

0/1 

0 

0 

0 

0 

0 

0 

0 

0 

0/1/2 0 

F 

0 

0 

0 

0 

0 

0 

? 

0 

? 

0 

? 

0 

0 

? 

? 

0 

0 

G 

0 

0 

0 

0 

0 

O? 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

? 

0 

0 

H 

0/1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

O? 

2? 

012 

0 

2 

2 

? 

0 

? 

? 

1/2 

0 

0 

0 

0 

? 

0 

? 

0/1 

Variation in the number, shape, position and arrangement of orbicular sensilla and associated 
structures are found to be particularly informative for relationships of several microhymenop­
tera. Most basal lineages of Apocrita have two STA and a change in number is considered to be 
derived. Presence of a single ST A with a well-developed socket and collar is a putative synapo­
morphy for the Chalcidoidea, Diapriidae, Mymarommatidae, the undescribed New Zealand 
family of Proctotrupoidea and possibly the Ceraphronidae (Figs 2, 4 ). 

Arrangement of the STB into a single transverse row (Figs 2-4) supports a larger putative clade 
comprising the Chalcidoidea (except Chalcididae), Mymarommatidae, Ceraphronidae, 

Cy 
of 
doi 
tot 
ba ~ 

fan 
als• 



Figures 1-4 
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Orbicular sensilla in various Hymenoptera: 1) Megalyra fasciipennis (Megalyridae), 
scale bar= 10 mm; 2) Gastracanthus pulcherrimus (Pteromalidae), scale bar= 8 mm; 
3) Callaspidia defonscolombei (Figitidae), scale bar = 7 mm; 4) Coptera occidentalis 
(Diapriidae), scale bar= 3 mm . B =basal spur; SCA= sensilla campaniformia A ; 
SCB = sensilla campaniformia B; STA= sensilla trichodea A ; STB = sensilla trichodea 8. 

Cynipoidea, Diapriidae, Platygastridae, Vanhorniidae and the undescribed New Zealand family 
of Proctotrupoidea. STB are laterally compressed and widened basally (Fig. 2-4) in the Chalci­
doidea, Cynipoidea, Diapriidae, Platygastridae and the undescribed New Zealand family of Proc­
totrupoidea, suggesting another clade within the above larger grouping. A spur is present at the 
base of each STB in the Chalcidoidea (except Chalcididae) and in the undescribed New Zealand 
family of Proctotrupoidea (Fig. 2), and a similar structure, but situated far from the sensi llum, is 
also present in some Cynipoidea. 
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SCB are present in almost all members of the Chalcidoidea (Fig. 2) and Diapriidae (F ig. 4), and 
in some Scelionidae and poss ibly in the New Zealand fa mily of Proctotrupoidea. However, its 
presence in the new family has yet to be confirmed. 

Several recent investigations of novel character systems have suggested alternative relatio nships 
among parasitic taxa (e.g. Basibuyuk & Quicke 1997, 1999; Quicke et al. 1998; Gibson 1999), but 
no single character system is likely to verify the ' true' relationships. A formal parsimony analysis 
including all the new findings is needed to evaluate these alternative hypotheses and is currently 
in preparation. 
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