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Symbiosis between the fig-wasp Wiebesia pumilae and galls
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Abstract [Objectives] The developmental dynamics of young Wiebesia pumilae (Hill) Wiebes fig wasps and the galls they
live in was investigated. [M ethods] During the c. 100 day developmental period of young fig-wasps, five figs on which wasp
eggs had been laid were collected every three days, and their diameter, gall layer height, gall diameter, and wasps’ body length,
measured. [Results]  Although larvae of different ages did not differ obviously in morphology, larvae could be divided into 5
instars on the basis of body length, which was significantly different among different instars (P<0.05). Larval body parts
include the body wall (white), body segments, mouthparts and midgut (yellow). Three pupal stages were identified; primary,
intermediate and mature. Male and female pupae were heteromorphic and male pupae developed 1-3 days earlier than female
pupae. The compound eyes of pupae were the first to change color. Galls consist of epidermis, protective layer, endodermis,
nutritive tissue and the gall chamber. The hard gall nucellus rapidly changed into soft nutritious tissue comprised of
parenchyma cells when wasp eggs were hatching, and wasp larvae feed on the nutritious solution secreted by this tissue rather

than damaging other plant tissues. Both the body length of larvae and gall diameter conformed to a double S growth curve with
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the gall growing faster than the larvae. The gall layer height and fig diameter continued to grow during the larval and pupal

stages, so that there was always sufficient space for wasps to develop. [Conclusion] Larvae of the fig wasp W. pumilae can

be divided into 5 instars on the basis of body length and coevolution has led to symbiosis between their development and

growth and that of fig galls.

Key words young stage; gall; morphological characteristics; nutritive association; cooperative development
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Fig.1 Morphological characteristics of Wiebesia pumilae larva
A BP; B.o1igghH; Co2#k4hdy; D3 #R4hHL; B 484l FOS g4,

A. Egg; B. Ist-instar larva; C. 2nd-instar larva; D. 3rd-instar larva; E. 4th-instar larva; F. Sth-instar larva.
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Fig. 2 Important detail characteristics of Wiebesia pumilae larva
A SIRAIHUR 1387055 B2 g dURE @G, Co4 RO TS D. 5 #ARMIL) H O g a] WL
mi: Fff; md: FH; me: WHfE,
A. The 13 segments of Sth-instar larva; B. The yellow midgut of 2nd-instar larva; C. The mandible in mouthparts of
4th-instar larva; D. The meconium in mouthparts at terminal Sth-instar. mi: Midgut; md: Mandible: me: Meconium.
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Fig. 3 Morphological comparison between male and female pupae of Wiebesia pumilae

A, TURMIE; B, BUEAIIERL; C. #EHRAPIINIEE; D. HEHAOIINIE; E. A I ;
F. MEdu g s G MER A0 A ; H. MESUAY U o HE B R=300 pm.,

A. Lateral view of prepupa; B. Elevation of prepupa; C. Primary pupa of female; D. Primary pupa of male;
E. Intermediate pupa of female; F. Intermediate pupa of male; G. Mature of female; H. Mature of male. Scale bar= 300 pum.
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B4 BEHEMENMMEREARERMBRRELEY
Fig. 4 Thegall structurein different stages of development of Wiebesia pumilae
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F. R Ot G2 R4 AR s H. 5 IR Ul R L B R . BN =500 pm. st: fEFE;
pe: AEME; an: FEM; la: AL ep: REJZ; pri RAPJZ; en: NEJZ; nu BFHRAIZL
A. Unlaid eggs flowers ovary; B. Gall after laying eggs 2 days; C. Gall in 2nd-instar larva stage; D. Gall in 4th-instar larva stage;
E. Gall in Sth-instar larva stage; F. Gall in mature pupa stage; G. The syconium in 2nd-instar larva stage;
H. The syconium in Sth-instar larva stage; 1. The syconium in mature pupa stage. Scale bar= 500 pum.
st: Stigma; pe: Petals; an: Anthocaulus; la: Larvae; ep: Epidermis; pr: Protective layer; en: Endodermis; nu: Nutritive tissue.
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