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Morphological adaptation and evolution of multiporous placoid
sensilla in female Agaonids (Chalcidoidea, Hymenotera)
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Abstract [Objectives] To describe the ultramorphology of the multiporous placoid sensilla (MPS) located on the antennae
of female Agaonids (Chalcidoidea: Agaonidae) and discuss the morphological adaptation and evolution of these organs in the
context of the phylogeny of the Agaonidae. [Methods] The morphology, density and distribution of MPS in females of 70
species from 12 genera of the Agaonidae were observed by SEM. [Results] There are 3 types of MPS on the antennae of
female Agaonids: elongated multiporous placoid sensilla (MPS-E), chaetica multiporous placoid sensilla (MPS-C) and rounded
multiporous placoid sensilla (MPS-R). MPS-E can have either a single whorl arrangement (Type ) or a multiple whorl
arrangement (Type ). MPS-C also have two distinct arrangements; lateral arrangement (Type ) and socket situated, axial
arrangement (Type ). MPS-R only occur on the third club on the ventral surface of antennae in the genera Eupristina,
Ceratosolen, Waterstoniella, Tetrapus. Although all 4 different arrangements increase MPS receptor surface area by

lengthening and increasing the number of sensilla, branching is the key way of improving sensillar sensitivity. On the other
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hand, numbers of MPS were positively correlated to fig diameter (#=0.249, P=0.003), but branching was negatively correlated

to fig diameter (r= 0.23

1, P=0.017). [Conclusion]

The antennae of female Agonids have 3 types of MPS; MPS-E, MPS-C

and MPS-R. Elongation and branching of MPS were typical morphological adaptations the repeated evolution of which may

help female agaonids to effectively locate species-specific compounds of female floral figs in complex rainforest.
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1
Table 1 Pollinating fig wasp and their associated Ficus involved in this study
(cm)
Pollinating fig wasps Ficus hosts Fig diameter (cm) Sample presevation
0,
F. hispida 1.5-2.5 2.5%
Ceratosolen solmsi marchali 2.5% gluteraldehyde
0,
Fauriculata 5.8-12 2.5%
Ceratosolen emarginatus 2.5% gluteraldehyde
0,
F. semicordata 1.2-2.5 2.5%
Ceratosolen gravelyi 2.5% gluteraldehyde
0,
F. racemosa 2.0-5.1 2.5%
Ceratosolen fusciceps 2.5% gluteraldehyde
0,
F. variegate 1.0-2.0 2.5%
Ceratosolen appendiculatus 2.5% gluteraldehyde
0,
F. fistulosa 1.0-2.2 2.5%
Ceratosolen constrictus 2.5% gluteraldehyde
F irisana 1.0-1.2 75% alcohol
Ceratosolen brongersmai
0,
F. fistulosa 1.0-2.2 2.5%
Ceratosolen hewitti 2.5% gluteraldehyde
0,
F. beipeiensis 1.0-2.0 2:5%
Ceratosolen spl. 2.5% gluteraldehyde
0,
F. hainanensis 2.0-3.5 2:5%
Ceratosolen sp2. 2.5% gluteraldehyde
0,
F. oligodon 2.0-3.5 2.5%
Ceratosolen sp3. 2.5% gluteraldehyde
0,
F. tikoua 1.0-2.0 2.5%
Ceratosolen sp4. 2.5% gluteraldehyde
0,
F. koutumensis 1.0-1.5 2.5%
Ceratosolen sp5. 2.5% gluteraldehyde
F squamosa 1.5-2.0 75% 75% alcohol
Ceratosolen sp6.
0,
F. prostata 0.8-1.0 2:5%
Ceratosolen sp7. 2.5% gluteraldehyde
0,
F. benjiamina 0.8-1.7 2.5%
Eupristina koningsbergeri 2.5% gluteraldehyde
0,
F. microcarpa 0.4-0.7 2.5%
Eupristina verticillata 2.5% gluteraldehyde
0,
F stricta 1.5-2.0 2:5%
Eupristina cyclostigma 2.5% gluteraldehyde
0,
F. curtipes 1.5-2.2 2.5%

Eupristina spl. 2.5% gluteraldehyde
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1 Table 1 continued

Pollinating fig wasps

Ficus hosts

(cm)
Fig diameter (cm)

Sample presevation

Eupristina altissima

Eupristina parapristian

Eupristina leightoni

Eupristina belgaumensis

Eupristina sp2.

Eupristiina sp3.

Eupristina sp4.

Dolichoris umbilicata

Dolichoris malabarensis

Dolichoris sp.

Deilagaon annulatae

Liporrhopalum gibbosae

Liporrhopalum subulatae

Liporrhopalum tentacularis

Liporrhopalum sp.

Blastophaga silverstriana

Blastophaga javana

Blastophaga spl.

Blastophaga sp2.

Blastophaga (Valisia) spl.

F. altissima

F. pisocarpa

F. kerkhovenii

F. drupacea

F. maclellandi

F. spathulifolia

F. drupacea var. pubescens

F. vasculosa

F. callosa

F. nervosa

F. annulata

F. tinctoria

F. subulata

F. montana

F. subincisa

F. erecta

F. hirta

F cyrtophylla

F ischnopoda

F langkokensis

1.7-3.8

0.5-0.7

1.5-2.5

1.5-3.0

0.6-0.8

0.4-0.5

1.5-2.5

0.7-1.0

2.5-2.8

1.0-1.8

2.0-2.5

0.6-1.0

0.7-1.0

0.4-1.4

1.2-2.5

0.7-1.0

1.2-1.5

0.8-1.2

1.0-2.5

0.7-0.8

2.5%

2.5% gluteraldehyde

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

2.5%

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

2.5% gluteraldehyde

75%

75%

75%

75%

75%

75%

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol
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1 Table 1 continued

Pollinating fig wasps

Ficus hosts

(cm)
Fig diameter (cm)

Sample presevation

Blastophaga (Valisia) sp2.

Blastophaga
(Valisia)auratae

Blastophaga(Valisia)
malayana

Blastophaga (Valisia) coronata

Blastophaga (Valisia) sp3

Blastophaga (Valisia) sp4.

Blastophaga (Valisia)sp5.

Blastophaga (Valisia) sp6.

Platyscapa innumerabilis

Platyscapa paschimaghatensis

Platyscapa quadraticeps

Platyscapa coronata

Platyscapa spl.

Platyscapa sp2.

Platyscapa sp3.

Platyscapa sp4.

Platyscapa sp5.

Elisabethlella sp.

Pegoscapus gemellus

F. stenophylla

F. aurata

F. grossularioides

F. subpisocarpa

F. henryi

F. neriifolia

E fulva

F. esquiroliana

F.subcordata

F. geniculata

F religiosa

F. virens

F. concinna

F. orthoneura

F. hookeriana

F rumphii

F. glaberrima

F. concinna

F. bullenei

0.7-0.8

1.0-1.2

0.5-1.2

0.6-1.0

1.0-2.0

0.8-1.0

1.5-3.8

2.0-4.6

2.0-2.5

0.5-0.7

0.5-0.8

0.7-1.2

0.4-0.7

1.0-1.4

2.0-3.5

1.0-1.5

0.7-1.2

0.4-0.7

0.3-0.5

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75%

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol

75% alcohol
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1 Table 1 continued
(cm)
Pollinating fig wasps Ficus hosts Fig diameter (cm) Sample presevation
E. binnendy 0.3-0.6 75% 75% alcohol
Watersoniella borneana
F. delosyce 0.4-0.7 75% 75% alcohol
Watersoniella delicata
F. stupenda 2.5-3.5 75% 75% alcohol
Waterstoniella masii
F. soepadmoi 0.5-0.8 75% 75% alcohol
Waterstoniella sp1.
F. subgelderi 0.8-1.2 75% 75% alcohol
Waterstoniella sp2.
F. paracamptophylla 0.3-0.6 75% 75% alcohol
Waterstoniella sp2.
F. sarmentosa 0.5-2.0 75% 75% alcohol
Wiebesia callida
F pumila 2.0-3.0 75% 75% alcohol
Wiebesia pumilae
E sagittata 1.0-1.2 75% 75% alcohol
Wiebesia flava
F laevis 1.5-2.5 75% 75% alcohol
Wiebesia spl.
F. sarmentosa var. impressa 0.6-1.0 75% 75% alcohol
Wiebesia sp2.
F tsiangii 0.7-1.3 75% 75% alcohol
Kradibia sp.
3h 60 W 2mr?
5~15 E-1045 <25% 0 25%~50% 1 50%~75%
Hitachi S-4800 Hitachi 2 >75% 3
25kV Kruskal-Wallis test
13 Kendal’s tau-b
R 2.15 Dalgaard 2008
Snodgrass 1925 Barlin ~ Vinson 1981 2
Ware  Compton 1992 Basibuyuk  Quicke
1999 21
SEM Image 2/3
Ware 2~5
Compton 1992 1 A~D 1
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E F 1 A 3 ~85%
2.1.1 Elongated multiporous 30.3£6.7  /um? 2 A MPS-E
placoid sensilla  MPS-E 3
Deilogaon annulatae 20.87
um  Eupristina sp4. 79.41 pm

5% 32.67~50.37 pm 4

20 um

20 um

1
Fig. 1 Morphology and arragement of MPS occurred on female Agonid
A. R Type I shows elongated multiporous placoid sensilla (MPS-E) and
rounded multiporous placoid sensilla (MPS-R) on the Eupristina spl.; B. s
Type 1 shows obvious distal separation on the Elisabethlella sp; C. Type on the Dolichoris nervosae; D.
Type  on the Liporrhopalum tentacularis; E. Type shows chaetica
multiporous placoid sensilla (MPS-C) on the Platyscapa quadraticeps; F. Type on the Eupristina

verticillata. The same acronyms for following figures.
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Fig. 2 Ultramorphology of MPS occurred on the female Agaonid

A. The surface of MPS-E on the Eupristina koningsbergeri; B.

of MPS-C on the Liporrhopalum gibbosae; C.

2.1.2 Chaetica multiporous
placoid sensilla MPS-C

MPS-E

6.3£1.2  /um? 2 B
MPS-C Liporrhopalum
Elisabethlella FEupristina Pegoscapus

3

Platyscapa spS.
sp4. 160.87 pum
2.1.3 Rounded multiporous
placoid sensilla  MPS-R

Platyscapa

52.73 um Platyscapa

17+£1.6  /um? 2 C

MPS-R Eupristina  Ceratosolen
Waterstoniella  Tetrapus 3
3 2~4
2.2
4 MPS-E
3 MPS-C
3

The surface

The surface of MPS-R on the Eupristina spl.

34
47.22%

Eupristina koningsbergeri

Ceratosolen emarginatus

Eupristina spl.

Watersoniella borneana MPS-E
1 A
MPS-E
Eupristina sp2. Blastophaga  Valisia  spl.
Platyscapa spl. 50% 1 B
1 C D 28
38.89%
1 E
Platyscapa
quadraticeps 1 E
Liporrhopalum gibbosae
1 F
2.3
Blastophaga V sp4. 27
Liporrhopalum
tentacularis 252
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Evolution of MPS
MPS types MPS arrangement types | | |
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Fig. 3 The characteristics and evolution of MPS in female Agaonid (modified from Cruaud et al. 2010)

2 2=29.66 P<0.0001
2=18.94 P=0.0003

£=2.85
P=0.249
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Fig. 4 The distribution of the length of MPS-E occurred on female Agoind

2 4
Table 2 Comparision of the numbers and exposed surface areas of MPS arrangements on the female Agaonid

2

mm

MPS arrangement MPS type Assignment of free ending Numbers Exposed surface areas (mm?)
Type MPS-E 0,1,2 60+3° 0.43+0.03°
Type MPS-E 0,1 93482 0.64+0.06°
Type MPS-R 3 59480 15.20+3.63°
Type MPS-R 3 59+6° 35.07+9.822

Kruskal-Wallis P=0.05

The data followed by different letters in the same column are statistically different by Kruskal-Wallis test P<0.05

Kendall r=0.249 P=0.003

Kendall
r=0.109 P=0.189 Agaoninae 7 Blastophaginae
Kendall 3 Tetrapusiinae 1 11
r=-0.231 P=0.017 3
6 Cytb OI 8SrRNA

8SIMRN  Wg
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