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Introduction

Abstract

Li, Z., Yang, P., Peng, Y. and Yang, D. 2014. Ultrastructure and distribution of
sensilla on the antennae of female fig wasp Eupristina sp. (Hymenoptera:
Agaonidae). — Acta Zoologica (Stockholm) 95: 73-83.

In the species-specific and obligate mutualism between the fig (Moraceae: Ficus
spp.) and its pollinator (Hymenoptera: Agaonidae), the continuity of lifecycle of
both partners completely depends on the female pollinator’s ability to detect
receptive figs. To better understand the chemical location mechanism, we exam-
ined the antennae and their sensilla of the female fig pollinator Eupristina sp.
using scanning electron microscopy (SEM) and transmission electron micros-
copy (TEM). The antennae of female Eupristina sp. are geniculated, and in total,
there were seven types of sensilla found on the antennae: two types of multipor-
ous placoid sensilla (type 1 is sausage-like and type 2 is rounded), sensilla tricho-
dea (ST), basiconic sensilla (BS), chaetica sensilla (ChS), coeloconic sensilla
(CoS), and one specialized sensillum classified as sensillum obscurum (SO). We
described external morphology, abundance, distribution, ultrastructure and dis-
cussed putative functions. We inferred from their ultrastructures as chemorecep-
tors that two types of multiporous placoid sensilla, BS and CoS, were innervated
by sensory neurons. The aporous type ST, ChS, and SO were not innervated by
dendrites which may function as mechanoreceptor/proprioceptor. These results
were also discussed in relation to the interaction between Eupristina sp. and its
host fig.
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ready to be pollinated) in a complex chemical and physical
environment. Because of their typically synchronous crops,

The Agaonidae (Hymenoptera: Chalcidoidea) is a family of
highly specialized pollinator fig wasps (Boucek 1988). The biol-
ogy of agaonids is intimately linked to Ficus (Moraceae) inflo-
rescences (known as figs or syconia), which are typically
pollinated only by their associated species of fig wasp. The inter-
action is generally highly host species-specific (Wiebes 1979),
although some exceptional cases have been documented
(Michaloud ez al. 1996; Peng et al. 2008; Su et al. 2008). Polli-
nator fig wasps show extreme sexual dimorphism that reflects
the different roles of the sexes (Weiblen 2002). Female wasps
have functional wings and are responsible for colonizing new
figs and pollinating them; male wasps have no wings and spend
most or all of their lives in the cavity of their natal fig.

The lifecycles of both plants and wasps depend completely
on the female wasp’s ability to locate receptive figs (those
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but with asynchrony between fig trees, and the short lifespan
of female pollinators (1-3 days; Kjellberg ez al. 1988; Dunn
et al. 2008), they must quickly undertake long-range dispersal
(Harrison 2003). Adult female pollinators are attracted over
long distances by chemical cues released from receptive figs
(Frank 1984; Van Noort et al. 1989; Ware er al. 1993; Hossa-
ert-McKey er al. 1994; Ware and Compton 1994; Nason
et al. 1996; Song er al. 2001; Grison-Pige et al. 2002a,b; Har-
rison 2003; Chen and Song 2009).

Generally, most chemoreceptors are situated on the
antennae of insects (Keil 1999; Schneider 1969; Zacharuk
1985). To better understand the chemical location mecha-
nism of pollinator fig wasps, it is necessary to identify and
characterize their sensilla types and ultrastructure, to identify
those involved in chemoreception. Furthermore, detailed

73



Ultrastructure and distribution of sensilla on the antennae * Li et al.

information of their antennal sensilla will facilitate studies of
sensilla electrophysiology and the behavioral ecology of the
wasps. In the current paper, we present first the morphology,
ultrastructure, abundance, and distribution of antennal sen-
silla in female Euprisuna sp. and then discuss their putative
function, based on ultrastructural features and previously
published data.

Materials and Methods

Eupristina sp.

Eupristina sp. is an undescribed species of diminutive polli-
nating fig wasp. It is involved in an obligate mutualism with
its host plant Ficus curtipes, breeding only inside the figs of
this plant and being its sole pollinator. F. curtipes is a small
monoecious South-East Asian hemi-epiphyte or tree, 5-—
10 m tall. It is found particularly on limestone substrata in
mountains or near villages at altitudes of 500-1,500 m in
southern China (Wu er al. 2003). Ripe figs are present on
the tree all year round in Xishuangbanna, China (Zhang
et al. 2008).

Wasp collection

Eupristina sp. females were obtained by collecting figs which
were about to release adult wasps (D-stage figs) of F. curt-
pes. These figs are characterized by their relatively large size
and spongy feel when squeezed, often coupled with a dark
red to purplish red surface (Wu er al 2003). The adult
wasps emerged after 1 or 2 days. Newly emerged individuals
were anesthetized by ethyl acetate, and the antennae were
rapidly removed from the head and immersed into 3.5% glu-
taraldehyde containing 0.1 M phosphate-buffered solution
(PBS) and 4% paraformaldehyde at a pH of 7.4 at 4 °C for
3 days.

Scanning electron microscopy (SEM)

Wasp samples were warmed up to room temperature and
sonicated for 10 s in a 10% solution of detergent to remove
impurities (Maher and Thiery 2004). The samples were then
rinsed with PBS for 30 min and postfixed in 1% osmium
tetroxide for 2 h. This postfixation process was followed by
cleaning through PBS and then dehydration in a graduated
series of ethanol concentrations (30%, 50%, 75%, 80%,
95%, and absolute ethanol) and isoamyl acetate (100%).
Each step lasted for 10 min until they were finally dried in a
critical point dryer. The specimens were then mounted on
aluminum stubs and sputter-coated using a precision etching
and coating system (PECS-682; Gatan Co. Ltd., Pleasanton,
CA, USA) for 45 s and finally examined with a Philips XI-
30 ESEM at 20-30 kV (Philips, the Netherlands). A total of
six antennae were arranged with different views to obtain
detailed information.
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Transmission electron microscopy (TEM)

Methods were largely similar to those described above for
SEM. The samples were moved from the 4 °C refrigerator,
then fully rinsed by PBS five times for 30 min each, postfixed
in 1% osmium tetroxide mixed with PBS at a PH of 7.4 at
4 °C for 2 h, and finally cleaned with distilled water. Dehy-
dration was carried out once for 30 min in each of a graded
ethanol series (as described above), then transferred into
100% epichlorohydrin for 10 min, and infiltrated with Epon
618 and acetone mixtures at ratio 1 : 1 (V: V) at room tem-
perature for 2 days. Specimens were then directionally
embedded in pure Epon resin under a stereomicroscope
(model SZX12; Olympus, Tokyo, Japan) and polymerized at
60 °C for 2 days. Ultra-thin sections were cut with a diamond
knife on a Leica-U ultramicrotome (Leica, Wetzlar, Ger-
many) set at slice thickness of 50-70 nm, stained with uranyl
acetate and 1% lead citrate for 10 min each, followed by air
drying. Finally, the specimens were viewed with a JEM-1010
TEM (Hitachi, Minato-ku, Tokyo, Japan).

Analyses

Sensilla were classified and named according to morphologi-
cal details as revealed by SEM and TEM. Nomenclature fol-
lowed Zacharuk (1985), Isidoro et al. (1998), Keil (1999),
Ochieng er al. (2000), and Bleeker er al. (2004). Antennal
sensilla were identified, counted, and measured from photo-
micrographs on the computer screen. To obtain accurate
images, the background color was removed from the photo-
graphs, and they were manipulated using Adobe Photoshop
7. A Kruskal-Wallis test (using SAS 8.0 software, SAS Insti-
tute Inc., Cary, NC, USA) was used to determine the differ-
ences in length and width of each flagellomere.

Results

Antennal map of female wasp

The antenna of female Eupristina sp. has ten segments that
comprise a scape with radicula, pedicel, and flagellum
(Figs 1A and 2A-E). The radicula (Rd) is distinct and barrel-
like in section. As it is articulated with the broader antennal
socket on the cranium, it may be considered as essential for
turning the antennae around (Fig. 1B,C). It is a tiny segment
measuring 18.49 + 9.56 pm (mean + SE, N = 6) in length.
The triangular scape is the most heavily sclerotized segment
with a rugged surface (Fig. 1A,C) and measures 134.71 +
17.62 um in maximum length. The pedicel (segment 2) is a
rounded, lozenge-shaped segment (Fig 1A,D) measuring
73.46 + 7.73 pm in length. It is followed by a highly modified
third antennal segment. This segment is cylindrical, with a
longer, sharp, hook-shaped branch (Figs 1A,D,E and 2C,E).
Segment 3 is 36.66 + 2.50 um in length (excluding the hook-
shaped branch). The rest of the flagellum (segments 4-10) is
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Fig. 1—Images of the antennae of Eupristina sp. female show general characters of the antennae and antennal segments. Rd, radicula; Sc, Scape;
Pe, Pedicel; Ho, Hook-shaped branch; F, Flagellum; S3, 4, 6, 8, segments 3, 4, 6, 8, respectively; Cl, clava (club); ChS, chaetica sensilla; ST, sen-
silla trichodea; SO, sensillum obscurum. — A. Whole profile of the antennae. The arrows show different segments. — B. Inboard view of the rad-
icula. — C. outboard view of the scape; — D. Dorsal view of the pedicel. — E. Morphological character of the hook-shaped branch. The arrows

show chaetica sensilla of different sizes.

more elongate and broadens distally, with the last three seg-
ments forming a clava (club) (Figs 1A and 3A). The maxi-
mum length and width of each flagellar segment are given in
Table 1. Segments 3-10 differ significantly in length
(x* = 17.86, P = 0.013) and width (x> = 18.61, P = 0.005).

Antennal sensilla rypes and distribution

Based on size, shape, location, and cuticular character, seven
main types of sensilla were recognized on the antennae of Eu-
pristina sp. female. These include two types of multiporous
placoid sensilla (type 1 is sausage-like and type 2 is rounded),
sensilla trichodea (ST), basiconic sensilla (BS), chaetica sen-
silla (ChS), coeloconic sensilla (CoS), and one specialized
sensillum classified as a sensillum obscurum (SO). The num-
bers and spatial variation in different sensilla types are shown
in Table 2 and Fig 2, respectively.

© 2012 The Authors
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Table 1 Mean length of the antennal segments 3—10 in female Eupri-
stina sp. One antenna per wasp were removed and placed on the stub

Antennal segments Length (um) Width (um)

3 36.66 + 2.50"° 2152 +0.19°
4 40.95 + 1.83% 30.47 + 1.65°
5 31.90 = 1.778 29.05 + 2.57°
6 36.92 + 2.26"8 37.48 + 6.10°
7 36.15 + 1.46"8 45.16 + 1.52%
8 (clava 1) 31.48 + 5.15° 46.64 + 2.39%
9 (clava 2) 36.62 + 2.33"° 54.44 + 2417
10 (clava 3) 41.88 + 2.20" -

Total length 519.22 + 54.5

Values show mean + SE (N = 6). In each column, values with the same letter
are not significantly different at P < 0.05 level by Kruskal-Wallis test.
“’ Represents measurements were not obtained because of triangular shape.
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Table 2 The numbers and distribution of different sensilla types on the antennae of female Eupristina sp.

Segment ST BS MPS-E MPS-R Chs CoS SO

1 30+22 - - - 27 + 3.8 - -

2 11+ 2.1 - - - 9+1.2 - 17+£19
3 3+17 - - - - - -

4 3+13 1+04 3+£1.2 - - - -

5 4+13 1+05 3+0.0 - - - -

6 5+0.5 1+06 9+1.2 - - - -

7 5+24 04 +05 11 +£23 - - 1+0.0 -

8 6+1.3 04 +05 8+0.6 - - 1+0.0 -

9 6+1.9 1+0.0 11 +£1.0 - - 1+0.0 -
10 4+0.8 6+05 6+0.0 4 +0.0 - 1+0.0 -
Total 77 £ 155 10.8 £ 4.0 61 +£6.1 4 +£0.0 36 5.0 4+0.0 17+1.9

ST, sensilla trichodea; BS, basiconic sensilla; MPS-E, elongated multiporous placoid sensilla; MPS-R, rounded multiporous placoid sensilla; ChS, chaetica sensilla;

CoS, coeloconic sensilla; SO, sensillum obscurum. The same as Table 3.

Values are estimated based on views of two-thirds of the surface area (mean + SE, N = 6).

0 MPS-Ea BS

e MPS-R & ChS
eCoS Vv SO

* ST

100 pm

Fig 2—Diagrammatical representation of the distribution of sensilla on the antennae of Eupristina sp. female. Sc, scape; Pe, pedicel; Ho, hook-
shaped branch; MPS-E, elongated multiporous placoid sensilla; MPS-R, rounded multiporous placoid sensilla; ST, sensilla trichodea; BS, basi-
conic sensilla; ChS, chaetica sensilla; CoS, coeloconic sensilla; SO, sensillum obscurum. — A. Ventral view of the flagellum; — B. Dorsal view of
the flagellum. — C. Dorsal view of the scape and the pedicel; — D. Ventral view of the scape; — E. Ventral view of the pedicel and the hook-

shaped branch.

Elongated multiporous placoid sensilla (MPS-E)

The MPS-E are the largest and most abundant sensilla on the
segments 4-10. They have a ring-like distribution (Figs 1A,
2A,B and 3A) and are generally equidistant from one another.
Each sensillum is an elongated and sausage-shaped structure
elevated directly from the cuticle, slightly tapering slightly to a
rounded tip at the distal apex, where they may separate from
the antennal axis (Fig. 3A). The number of MPS-E gradually
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increases from the base to the distal end of the flagellum
(Table 2; segment 10 is exceptional). The length and width
of the MPS-E are 31.14 + 4.77 and 5.17 + 0.83 um, respec-
tively (mean + SE, N = 30). The cuticles of the MPS-E con-
tain numerous pores (Figs 3C and 4A). Estimated half way
along their length, the multiple pores occur on the walls of the
MPS at a density of 20 + 4.6/um? (mean + SE, N = 5). The
span between two pores is about 250 nm. In transverse
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Fig 3—External morphology of different sensilla types recorded on the antennae of Eupristina sp. female. Po, pore; De, dent; ST, sensilla tricho-
dea; BS, basiconic sensilla; MPS-E, elongated multiporous placoid sensilla; MPS-R, rounded multiporous placoid sensilla; ChS, chaetica sensilla;
CoS, coeloconic sensilla; SO, sensillum obscurum. — A. Ventral view of 4 sensilla types recorded on the flagellar segments 7-8; — B. Terminal
portion of a smooth-wall BS, showing small dents (arrow). — C. Cuticular character of ST and MPS-E recorded on the segment 9; — D. Cuticu-
lar character of MPS-R. — E. Cuticular character of CoS. — F. The external profile and cuticular character of SO. The white triangle shows a

furcated branch.

section (Fig. 4A), the surface of these sensilla is convex and
the area below it contains abundant dendrites that parallel the
sensillum axis. Forty to 45 sensory neurons were counted.
The septa (See in Fig. 4A) define one median and two lateral
channels. When the dendrites enter into the median channel,
they branch and turn toward the distal end of the sensillum,
transversing its longitudinal axis. Each dendrite appears to ter-
minate in a pore. The pore chamber/channel could be clearly
discerned (Fig. 4A).

Rounded multiporous placoid sensilla (MPS-R)

The MPS-R are an unusual feature of the antennae of
female Eupristina sp. only found on the proximal end of
segment 10 (Figs 1A, 2A and 3A). Each sensillum pos-
sesses a rounded cuticular plates. These are set into a dee-
per cuticular depression of 8.76 + 1.46 ym in diameter
(mean + SE, N = 12; Table 3), and radial pores are evi-
dent at the magnification (Fig. 3D). The estimated pore
density is approximately 17 + 1.6/um? (mean + SE, N = 5)

© 2012 The Authors
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in the middle section of the sensilla, where there are about
two pores per 260 nm. With respect to appearance, TEM
sections are similar to those of MPS-E (Fig. 4B), although
the number of sensory neurons is fewer. Thirty to 35 neu-
rons were counted under the septa. No pore chamber/
channel could be discerned in connection with the pores
(Fig. 4B).

Sensilla trichodea

Sensilla trichodea occur at three locations: the scape, the
ventral surface of the pedicel, and the flagellum (Figs 1A,C,
2A-E and 3A). Their numbers are given in Table 2. Each
sensillum is a slender and hair-like structure with deep longi-
tudinal grooves that comes to a sharp apex (Fig. 3C). The
sensillum cuticle is thick and aporous, as revealed by TEM.
No dendrite branches were observed in the sensillum lymph
(Fig. 4D). These sensilla are inserted into oval sockets, which
are slightly elevated above the cuticle (Fig. 3A,C). They vary
from 3.09 = 1.01 to 32.78 £ 2.71 um in length and from
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Fig. 4—Transmission electron sections of different sensilla types on the antennae of Eupristina sp. female. PC, pore chamber/channel; Po, pore;
DD, dendrites; Se, septa; SL, sensillum lymph lumen; SW, sensillum wall. — A. Transverse section of elongated multiporous placoid sensilla; —
B. Transverse section of rounded multiporous placoid sensilla; — C. Transverse section of coeloconic sensilla; — D. Transverse section of sensilla
trichodea; — E. Transverse section of basiconic sensilla (BS) observed on the proximal portion; — F. transverse section of BS observed on the
distal portion; — G. Transverse section of sensilla obscurum; — H. Transverse section of chaetica sensilla.

0.87 £ 0.10 to 1.74 + 0.54 um in basal width according to
their location.

Basiconic sensilla

The BS are present on the antennal segments 4-10 and were
encountered most often on the distal apex of segment 10
(Figs 2A,B and 3A). They have a smooth wall and project
slightly more perpendicularly to the axis of the antenna than
ST. Because of their length and orientation, the tips of BS are
well above the level of the other sensilla. Generally, the great
majority of BS are straight and tapering with a blunt apex
(Fig. 3B), but some BS may appear slightly curved distally.
This is especially true of the BS found on the dorsal field of
segment 10. These sensilla have a thin cuticular wall sur-
rounding the sensillum lymph lumen, with 5-11 dendrites of
sensory nerve cells (Fig. 4E,F). They have a nonporous wall
in their distal portion, but have multiporous walls on the prox-
imal portion. The tip of this sensillum has also some circular
dents (Fig. 3B), which may be considered as pores based on
the distribution of the antennae of Eupristina sp. Each
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sensillum is inserted in a slightly elevated socket. They are
14.34 + 526 ym in length and have a basal width of
1.58 + 0.38 um (mean + SE, N = 30).

Chaetica sensilla

This type of sensilla is distinguished from ST and BS based on
their external morphology, cuticular attachment, and distribu-
tion. ChS have tapered profiles with a smooth wall. Each is set
into a broader cuticular depression (Fig. 1B) 0f2.47 +0.59 pum
(mean = SE, N =30) in width. Each ChS measures
5.64 £ 1.41 pm in length and 1.07 £ 0.15 pm in width
(Table 3). They are found on the radicula, scape, the ventral
face of the pedicel, and the hook-shaped branch (Table 2;
Fig 2C-E). The cuticle of this sensillum has a very thick and
nonporous wall, which is not innervated by dendrites (Fig. 4H).

Coeloconic sensilla

The CoS are the shortest and the least numerous of the sen-
silla types found on the antennae of Eupristina sp. (Tables 2

© 2012 The Authors
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and 3). They are scattered randomly on the distal-ventral face
of segments 7-10, occurring in larger numbers around the
MPS-R (Figs 2A and 3A). Each sensillum is composed of a
circular depression (diameter: 4.77 + 1.89 um) with a mush-
room-shaped protrusion from the central socket (Fig. 3E).
The surface of the protrusion is perforated by numerous pores
with multiple branch dendrites (Fig. 4C). They have a length
and width of 2.98 + 1.29 and 1.26 + 0.13 pm (mean + SE,
N = 10), respectively.

Sensillum obscurum

This type of sensilla is highly distinctive, with a tapered shape,
a bifurcated apex, and longitudinal grooves similar to the walls
of ST (Figs 1D and 3F). Each SO measures 13.24 +
1.46 pm in length and 1.39 + 0.29 um (mean + SE, N = 30)
in basal width (Table 3). These sensilla are closely attached to
the cuticle at the shallow edge of an oval depression, which
gradually separates from the antennal surface. TEM showed
that the cuticle of SO is similar to ST, with a thick and non-
porous wall surrounding the sensillum lymph lumen, where
there are no dendrite branches (Fig. 4H). The SO are distrib-
uted in a patch on the dorsal field of the pedicel, pointing
toward the head (Table 2), where they roughly align with the
longitudinal antennal axis in several groups (Figs 1D and
2C). The number of SO is relatively stable (17 + 1.9,
mean + SE, N = 2).

Discussion

In this study, we have characterized the female antennal sen-
silla of the pollinator fig wasp Eupristina sp. (Hymenoptera:
Agaonidae). These sensilla were largely similar to those
described for other hymenopteran parasitoids (Olson and An-
dow 1993; Isidoro ez al. 1998; Pettersson ez al. 2001; Bleeker
et al. 2004; Gao et al. 2007; Onagbola and Fadamiro 2008),
but with some exceptions, such as SO, which may be unique

Table 3 Sizes of different sensilla types on the antennae of female
Eupristina sp.

Sensilla types Length (um) Width (um)

ST 17.81 + 2.90 1.13+0.24
BS 14.34 + 5.26 1.58 + 0.38
MPS-E 31.14 £ 477 5.17 £ 0.83
MPS-R 8.76 = 1.46° 6.02 + 0.81°
ChS 5.64 +1.41 1.07 + 0.15
CoS 298 + 1.29 1.26 + 0.13
SO 13.24 + 1.46 1.39 + 0.29

Values are mean + SE. Measurements obtained from at least 10 individual
sensilla of the same type are dependent on the location and number of sensilla
type.

For MPS-R, values with a letter indicate mean diameter; ®The circular depres-
sion; Inner plate.

© 2012 The Authors
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to fig wasps. One of the most characteristic features of fig
wasp antennae, present in a large majority of species, is the
third antennal segment with a larger hook-shaped branch
(Fig. 1A). This is an adaptation for entering the fig ostiole
(Kjellberg ez al. 2005; Weiblen 2002).

Generally, the functional significance of antennal thickness
may be related to an increase in sensilla numbers, which in
turn should result in an increase in informational reliability
and detectability (Vinson 1998). However, antennal thickness
may be limited by the physical barrier of fig occluding bracts
in the ostiole. Therefore, antennal design may be the result of
coevolution between Eupristina sp. and F. curtipes.

Different morphological types of sensilla have different
functions. Two morphological types of placoid sensilla were
recorded on the flagellum of female Eupristina sp., and were
obviously different to those described for other hymenoptera
(Barlin and Vinson 1981; Olson and Andow 1993; Amornsak
et al. 1998; Basibuyuk and Quicke 1999; Ochieng ez al. 2000;
Pettersson et al. 2001; Bleeker ez al. 2004; Gao et al. 2007;
Onagbola and Fadamiro 2008). Our study extends the find-
ings of Barlin and Vinson (1981) which stated that only MPS-
E are present in Chalcidoidea. The MPS-E are the most
similar to those found in the closely related Chalcidoidea
(Hymenoptera) (Barlin and Vinson 1981; Ware and Comp-
ton 1992), but externally, they bear some resemblance to the
placoid sensilla found in the Ichneumonidae (Borden ez al
1978a; Basibuyuk and Quicke 1999; Li and Bai 2004), Bra-
conidae (Ochieng et al. 2000; Gao er al. 2007), Aphidiidae
(Borden ez al. 1978b; Basibuyuk and Quicke 1999). Because
of their multiporous surface and numerous dendrites, MPS-E
have been regarded as olfactory receptors for plant volatiles
(Steinbrecht 1997). Single-sensilla recording has demon-
strated these putative functions (Ochieng er al. 2000). We
believe that the MPS-E in Eupristina sp. are also for olfaction
as reported by Steinbrecht (1997) and Ochieng ez al. (2000),
because their structures are similar. Based on the specialized
lifestyle of Eupristina sp., the MPS-E may be odor specialists
with the female-specific function of locating the receptive fig
inflorescences (Barlin and Vinson 1981; Ware and Compton
1992). Zacharuk (1985) indicated that the body plan of
insects may provide some functional advantages for insect
sensory systems. For example, the smaller the body, the more
rapid messages are delivered. Therefore, the diminutive polli-
nator Eupristina sp. may possess efficient receptivity and deliv-
ery. Fig wasps often have to disperse long distances and may
have to detect host volatiles at very low concentrations, as the
densities of receptive hosts are very low (Harrison 2003).

The MPS-R are broadly distributed on the antennae of
Apoidea (Wcislo 1995; Basibuyuk and Quicke 1999), Vespi-
dae (Krause 1960; Cited from Barlin and Vison 1981), Steph-
anidae, and Pelecinidae (Basibuyuk and Quicke 1999). Use of
SEM and TEM in this study indicated the multiporous wall
with 30-35 neurons innervated into the MPS-R typical of
olfactory receptors. Olfactory recordings from individual
MPS-R have been reported from the honeybee Apis mellifera
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(Lacher and Schneider 1963; cited from Ochieng ez al. 2000).
Brockmann and Briickner (1993) found that MPS-R were
able to receive chemical signals and sensory cells inside MPS-
R interacted with each other in many ways (e.g., synergisms
and inhibitions). It appears that there may not be separate
classes of cells corresponding to different odorant spectra, as
previous studies had suggested by Vareschi (1971; Cited from
Brockmann and Briickner 1993). Such a structure may sug-
gest its role in detecting long-range plant volatiles. However,
the relatively fewer number and distribution found on the last
flagellum of Eupristina sp. may indicate that MPS-R have
bimodal functions (olfaction/gustation) in order to find recep-
tive figs on a tree and in order to find the ostiole on a fig.

Recently, the pattern of multiporous placoid sensilla
(MPS), including the density, distribution, morphology, and
ultrastructure, has been used in discerning common ancestry
and phylogenetic relationships of other Hymenoptera (Basi-
buyuk and Quicke 1999; Quicke ez al. 1999). The morphology
of the MPS-R in this study provides evidence for a relationship
between the Agaonidae and other Chalcidoidea excluding the
Mymarommatidae (Barlin and Vinson 1981; Gibson 1986).
MPS-R are unusual in the Chalcidoidea. According to
molecular phylogenies, the relationship between the Agaoni-
dae and the Apoidea, the Vespidae, the Stephanidae, the Pele-
cinidae is distant. Why is MPS-R present on the antennae of
the Eupristina sp.? The reason remains unclear. We assume
that this characteristic could be phylogenetically informative
within these species, but more work and research is needed.

Sensilla trichodea are the most abundant types observed
on all segments of female Eupristina sp. (Table 2), as reported
also for ST NP in Cotesia species (Bleeker ez al. 2004), apor-
ous type curved trichoidea in Opius concolor (Barbarossa er al.
1998), and fluted BS in Cardiochiles nigriceps Norton and Vin-
son 1974), and ST in bracoid species (Ochieng et al. 2000;
Gao er al. 2007). However, the number of ST in this study is
fewer when comparing with other parasitoid wasps, and spar-
sely occurs on the antennae. We did not find any pore system
and sensory neuron on the sensilla lymph of the ST dendrites
of female Eupristina sp. under the TEM; thus, no olfactory
function is attributed to this sensilla type. This conclusion is
supported by previous studies suggesting that the function of
sensilla can be deduced from the number of pores (Keil 1999;
Bleeker er al. 2004). Therefore, ST of Eupristina sp. are most
likely to be mechanoreceptor due to socket-like insertion into
the antennal cuticle and their spatial distribution.

Basiconic sensilla described in the current study resemble
sensilla basiconica B (Navasero and Elzen 1991), ST with
wall pores (Pettersson ez al. 2001; Bleeker er al. 2004), sen-
silla basiconica 2 (Ochieng ez al. 2000; Gao ez al. 2007), mul-
tiporous pitted ST C (Olson and Andow 1993), and
multiporous type III sensilla trichoidea (Onagbola and Fad-
amiro 2008). In general, sensilla types with wall pores are pre-
sumed to function as olfactory receptors in insects
(Steinbrecht 1997; Keil 1999; Bleeker er al. 2004). Some
electrophysiological studies have also confirmed this proposal
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(Hansson ez al. 1999). The BS have a thin wall with numer-
ous pores and multiple sensory neurons suggest an olfactory
function. On the last flagellar segment, the BS are likely to
function as gustatory receptors. Behavioral observations sug-
gest these sensilla may be involved in host examination and
host discrimination because Eupristina sp. usually examines
the host fig by brushing the exterior of the fig as well as drum-
ming the surface with the antennal flagellum, which bears
these sensilla.

Our study confirms that sensilla chaetica occur frequently
on the radicula, the scape, and the pedicel, but not the flagel-
lum (Navasero and Elzen 1991; Amornsak er al. 1998; Van
Baaren er al. 1999; Ochieng er al. 2000; Gao et al. 2007).
Amornsak et al. (1998) indicated that sensilla found on the
scape and the pedicel were primarily mechanoreceptors.
Based on the location and ultrastructure, the ChS in this study
may also have mechanoreceptive functions for antennal move-
ment and position (Ochieng ez al. 2000). Fig pollinators need
to enter into figs for reproduction. Therefore, some of the
ChS in Eupristina sp., especially on the hook-shaped branch,
are likely to possess functions related to fig entry (Weiblen
2002).

The CoS are easily distinguishable from other sensilla
types by their conspicuous structural features and socket
region (Altner et al. 1981). The mushroom-shaped sensilla
are similar to CoS reported for Preromalus cerealellae (Onagbo-
la and Fadamiro 2008), to the ‘pit organ’ reported for honey-
bees (Wcislo 1995), and to coelocapitular sensillum reported
for Apis mellifera (Yokohari er al. 1982). However, unlike on
the bracoid species (Ochieng er al. 2000; Bleeker ez al. 2004;
Gao et al. 2007), the CoS on the flagellum of Eupristina sp.
are located in larger sockets and are slightly elevated above the
antennal surface. The CoS of Eupristina sp. are not differenti-
ated into subtypes. In contrast, two morphologically distinct
types of CoS were recorded for the Cotesia species (Bleeker
et al. 2004; Roux ez al. 2005). TEM investigation shows the
mushroom-shaped protrusion contains numerous wall pores
that are usually innervated by multiple dendrites. Thus, we
believe that the CoS in this study have an olfactory function,
as reported in previous studies (Keil 1999; Ochieng et al
2000; Roux ez al. 2005; Gao et al. 2007). However, this sen-
sillum has been considered to have other or multiple functions
(chemo-, thermo-, and hygroreceptor) in several nonparasitic
species (Altner et al. 1983; Yokohari et al. 1982).

Up to now, the SO have not been found on the antennae
of any insects, except for Agaonidae. Based on the location
and arrangement, the SO occurring on the antennae of Eupri-
stina sp. highly resemble those described for SO in Liporrhop-
alum  tentacularis (T. Cockerill, unpublished data) and
Ceratosolen solmsi marchali (Z.B. Li, P. Yang and D.R. Yang,
unpublished data). However, unlike the latter, the SO are
grooved hairs tapering to a thin forked apex. Yang er al
(2008) described sensilla furcatea, a furcated trichoid hair
found on the antennae of Coleophora obducta, but this is likely
to be distinct from SO due to distribution and taxonomic
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differences. Cockerill (unpublished data) suggested that SO
may come from the evolution of ST. The similarity in mor-
phology (Fig. 3C,F) and ultrastructure (Fig. 4F,G) substanti-
ate this claim. The presentation of SO with a thick wall,
aporous surface, oval flexible socket, and no dendrites is more
likely to suggest a mechanofunction. Because of their location
and spatial arrangement (Fig. 1D), SO are likely to play a vital
role in aiding Euprisuna sp. in getting through the ostiole
bracts. The specific function in Eupristina sp., however, has
yet to be illustrated by behavioral recording.

One of the main functions of female wasp antennae is to
detect the volatile attractants released by figs. The wasp must
have long-range olfactory sensitivity and short-range gustatory
sensitivity in order to search for and find a receptive fig in
which they can reproduce. The putative functions of these
sensilla types found on the antennae of female Eupristina sp.
suggest that the flagellum confers this long-range olfactory
sense through the relatively sensitive and numerous MPS-E,
and also possibly through MPS-R, BS, and CoS, should their
function prove to be chemoreceptive. Short-range gustatory
sensitivity is likely to be conferred by BS and possibly by
MPS-R. The ST, ChS, and SO observed in this study are
most likely to be associated with the specific prerequisite of
that in order to reproduce Eupristina sp. negotiate the physical
barrier of the ostiole bracts. These results substantiate earlier
findings that suggested female fig wasps mainly depend on
chemical cues to detect hosts, and also provide requisite back-
ground information for the further study on electrophysiology
and behavior ecology of Eupristina sp.
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