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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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Fig.5 Growth curve of Wiebesia pumilae body length and gall diameter (A),

gall height and fruit diameter (B)



6 1 FLRHTHAE: LIRS LR/ N e 5 B2 e () P R] 4 3

1409 -

HUBEINAR I K S /N g R Y 3 K
EHR—E(ES: A), [BHERTEL) H 2 #13H
RO ARG K B, IT7E 4 1R ] Hst AR
IRENE(E ; 78 5 W B, thFah dUR FE R4
UM, AR TR /N o W Y RO AR R
EE, (BAEZARIN, AT BEE UK A UK
MO AR PR T 8 /N

OB R R AR /NI R 4y A R
PR S BIAh£kK (5. B). HER/NER T
() 4 154 U, HUBUZ S G IE AR (4 R P7HH &
P2 RS SR ), & HU R T e B A R i
1, BRSO S R  K

REZH TARAENE /NG K B 2130 (A4 A
I ) BIERS AR LRI K (B 5: B), 7
PR/ HUOR B Y 2 8, RARH IR I AR
RARTERR /N A S e Bt 2 T U, P B2
ANERRE BRI TR R s EATTIIE, AR
R PO, A/ INEPIL . SRR T
S shZs )

3 Hit5itig

RE 7 TR /N 1) 4 B3 0 Sy 5 08, SR
Mgz e K2R B E (P<0.05) , JTLiksHt
e, (ELAR B M | HEIRIE S 22 R, M A
B IGHEIRR 1-3 do A8 /L) HUARR R HUt AR
TEAR /NI 1 2 U S 00 S B e b, Hugit
RS T4 AR U R B R 7 SR AR
TE &) RN 0 Bl B P R R R B IS K
P, RN R E PR AR A ] O BRAE B
PP A 0 1 A g 2 P B £ G R BE 44T i
W EFRHL, G LIS FRHL RS IR
R, AR EiEN A AL

CL VR B AR /N B 78 77 O B o) AL 20 800 A
a1 7 /IS =0 i H (U i) NN e S ) i S
fi b &R A 4H A ( Moreau and Guillot, 2005;
Asgari and Rivers, 2011) , TIHYALLE,
Z 5458 N B RIS 5% (Escoubas et al.,
2008; Calvete et al., 2009; Fry et al., 2009;
Asgari and Rivers, 2011) , iS5 HEIE K

( Moreau and Guillot, 2005; Barnewall and
Clarck-Floate, 2012) ; HHIEIRE B A /N
g AR RS 5 B R HGE , (R,
TERE B - I OC R AT, A T8k oG
AR B MR TR AT, el il =C . e,
HMEWR RS AL S AE U SN A G, 385 BRI
&5 WESHEMES . BRYBEE, Lk
FAGHEEA O (J"H5F, 2008; Miles, 1999)
[, 8 A0 38 R ) B o 7% v i 2 10 0 22 IR A
HUBEH U Y RGA , RUIL) BB S ) T BETE
Hoptgh G K BT (Carango et al., 1988;
Detoni et al., 2010) ,

AWFFEAE L], RN dEY AR FI
HOB R AR HUR B A PR OSK B Be, 7E4 iR
1-2 W/ RIS, 1R 3-4 IR IBTBORIE R K,
R 7 B 3 WA ) S He BN AR N OB R R 7 4 R
T30S R A SRR, T 4 Hh s ) o G ) 30
WK HBY AR e PRt AR, &
BH 7 B0 23 W P RE o Sa i T3 HsE, i f o
KT M, Jyghdd i KR fus g iere
oy R SR S, AR A P B AR, ik
BT RO g R 0 O R N A R
WU, M SAHY AR B OCR AT E Y
P2 e A ) DR S 34 ) A, e o gt
J2 v S P O A NG R A K R E
By U

A S IR AR A K R AR BR, R T
SRARMEIASTEAT AR b 3 S AT, T o 7 1A 55
By 5 AR RS-, WIS I T
PRGN R I L, HEMRIREAZ, B
FEZIR, 3 R AR ISR R o 9 R S B A it
REAE T A RS 0 S R AR L B A

S EZ 3wk (References)

Asgari S, Rivers DB, 2011. Venom proteins from endoparasitoid
wasps and their role in host parasite interactions. Annual Review
Entomology, 56: 313-335.

Barnewall EC, Clarck-Floate RAD, 2012. A preliminary histological
investigation of gall induction in an unconventional galling

system. Arthropod-Plant Interactions, 6(3): 449—459.



- 1410 -

o B 3244 Chinese Journal of Applied Entomology 57 %

Calvete JJ, Sanz L, Angulo Y, Lomonte B, Gutiérrez JM, 2009.
Venoms, venomics, antivenomics. Febs Letter, 583(11): 1736-1743.

Carango P, McCrea KD, Abrahamson WG, Chernin MI, 1988.
Induction of a 58,000 Dalton protein during goldenrod gall
formation. Biochemical and Biophysical Research Communications,
152 (3): 1348-1352.

Chen YL, Huang ML, Wu WS, Wang AF, Bao TT, Zheng CF, Chou
LS, Tzeng HY, Tu SW, 2016. The floral scent of Ficus pumila
var. pumila and its effect on the choosing behavior of pollinating
wasps of Webesia pumilae. Acta Ecologica Snica, 36(5): 321-326.

Detoni ML, Vasconcelos EG, Scio E, Aguiar JAK, Isaias RMS,
Soares GLG, 2010. Differential biochemical responses of
Calliandra brevipes (Fabaceae, Mimosoidac) to galling
behaviour by Tanaostigmodes ringueleti and T. mecanga
(Hymenoptera, Tanaostigmatidae). Australian Journal of Botany,
58(4): 280-285.

Escoubas P, Quinton L, Nicholson GM, 2008. Venomics:
Unravelling the complexity of animal venoms with mass
spectrometry. Journal of Mass Spectrometry, 43(3): 279-295.

Fry BG, Roelants K, Champagne DE, Scheib H, Tyndall JDA, King
GF, Nevalainen TJ, Norman JA, Lewis RJ, Norton RS, Renjifo C,
Vega RCR, 2009. The toxicogenomic multiverse: Convergent
recruitment of proteins into animal venoms. Annual Review of
Genomics and Human Genetics, 10: 483-511.

Galil J, Dulberger R, Rosen D, 1970. The effect of Sycophaga
sycomori L. on the structure and development of syconia in
Ficus sycomorus L. New Phytologist, 69(1): 103—111.

Jansen-Gonzalez S, Sarmiento CE, 2008. A new species of high
mountain andean fig wasp (Hymenoptera: Agaonidae) with a
detailed description of its life cycle. Symbiosis, 45: 135-141.

Jansen-Gonzalez S, Teixeira SDP, Pereira RAS, 2012. Mutualism
from the inside: Coordinated development of plant and insect in
an active pollinating fig wasp. Arthropod-Plant Interactions, 6(4):
601-609.

Jansen-Gonzalez S, Teixeira SDP, Kjellberg F, Pereira RAS, 2014.
Same but different: Larval development and gall- inducing
process of a non-pollinating fig wasp compared to that of
pollinating fig-wasps. Acta Oecologica, 57(3): 44-50.

Jia LY, Xiao JH, Niu LM, Ma GC, Fu YG, Dunn DW, Huang DW,
2014. Delimitation and description of the immature stages of a
pollinating fig wasp, Ceratosolen solmsi marchali Mayr
(Hymenoptera: Agaonidae). Bulletin of Entomological Research,
104(2): 164-175.

Joseph KJ, 1958. Recherches sur les chalcidiens, Blastophaga
psenes (L.) et Philotrypesis caricae (L.) du figuier (Ficus carica
L.). Annales Sciences Naturelles Zoologie, 20: 197-260.

Miles PW, 1999. Aphid saliva. Biological Reviews of the Cambridge
Philosophical Society, 74(1): 41-85.

Moreau SJM, Guillot S, 2005. Advances and prospects on
biosynthesis, structures and functions of venom proteins from
parasitic wasps. Insect Biochemistry and Molecular Biology,
35(11): 1209-1223.

Yadav P, Borges RM, 2018. Host—parasitoid development and
survival strategies in a non-pollinating fig wasp community. Acta
Oecologica, 90: 60-68.

Yan Y, Liu WX, Wan FH, 2008. Roles of salivary components in
piercing-sucking insect-plant interactions. Acta Entomologica
Sinica, 51(1): 537-544. [J™%L, XT1%:, JIJrif, 2008. MR
SR R A S R P RE . B EH, 510D
537-544.]

Yang S, Chen YL, Wu WS, Wang AF, Chen XJ, Bao TT, Ye JF,
Song TY, Wu YL, Chou LS, Tzeng HY, 2017. Behavioral
responses of Wiebesia pumilae to the female phase fig volatiles
of Ficus pumila L. var. pumila and Ficus pumila L. var.
awkeotsang. Acta Ecologica Snica, 37(21): 7161-7169. [#7t,
Mracss, =3, BRbER, GRS, mhssy, RRT, R,
JHHET, BB, 2017, REAR/INATRE, A1 £ T HEAEI
RAERYINATRHINL, %M, 37(21): 6161-7169.]



