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Abstract The mutualisn between figs and pollnating fig wasps is a classic exanple br studyng the orgin  equilbrim
m echanisn s and evolitbn of mutualisn, resource wnflicts and sex allocaton Figs (Fuus spp ) depend on wasps br
transn Bson of their pollen and fig wasps depend on fig nflorescences ( sycon n) for the canpletbn of their life cycles

Non-pollhatng figw asps also live n figs with different influences on the mutualisn due to different biological habits

These comm unities which consist of pollnatng and nonpo llinating fic wasps n the closed syconig could be valuable br
studies of canmunity ecology However we have little know ledge about he populatbn dynam ics of the entire canmunity of
species associated w ith single fig species especially over he long tem. W e have nvestigatel canmunity structure of fig
wasps exploiting syconia of Ficus benjaming a monoecbus caonmonly ailtvated treg for about 3 years n Chinese
Acadeny of TwpicalA grculural Sciences Danzhoy H ainan Province W e collected and dissected the mature figs fran the
surround ng trees sought out allwasps even if same of hen were still Iving n gally ientified the species and counted
ndividuals W e found 16 species of fig wasps mnclhidng one obligate pollnatoy Eupristina koningsbergeri and 15 non—
pollinatng fiy wasps bebnging to 8 genera of Chalciloideg includ ng 1 newly recorded species of Sycoscap ter and 2 new
records ofSycphila. Common species nchided Eupristina koning shergeri and such non-pollinating figwasps asPhilotryp esis
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sp L Philotrypesis sp 4 Philotrypesis sp 8 Sycoscapter sp 1, Walkerella benjam ing Walkerella sp 1, Sycophia sp 2
and Sycobu sp 2 The pollnatorwas dam inant and nearly as frequent as henon-pollnators w ith a large range of varntion
n nunber anongmonths Besies the pollnator Sycoscapter sp 1made up he largest proport bn o fnon-pollnators while
Philotrypesis sp 5 was the rarest The other 7 speceswere only occasonally caught mnecluding Sycoscapier sp 2 Sycobia
sp L Achila sp 1 Sycophia sp 1, Sycphils sp 3 Sycphile sp 4 Omyrus sp 1. These specieswere not present
everymonth and fewer than 10 w asps of each were recorded per fig The presence of these species usually d d not distort
the nunber of other canmon species But when resources were lm ited with snall populatons of the canmunity the
occasbnal species had inflience on the canmon non-pollnators All the fiswasps varied i populaton density per sycon im
aclossmonths A maxinun of 589 figwasps were found in a single fig, and 155 38 on average i wet season W hile n dry
season the numbersw ere 335 and 99 84 per fiz But herewere no significant changes in the conm un ity structure betw een
dry orw et seasons The number of pollnators was negately crrelated w ith those of each of the non-pollinating figw asps

except brWalkerelle sp 1, which was positively correlated w ith the pollinator Sometmes Sycobia sp 2 and Sycophila
sp 2 both occurred n he same gall and were positvely correhted n nunber However the numerical rehtionships
an ong the other non-pollnating fizw aspswere very canplicated W ew ill exan ne relat bnships anong these non-pollinating

fig wasps n the future
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1
Table 1 Specie of the figw asps in F icus benjam ina

Family Sub fam ily Species
A gaonidae A gaoninae Eupristina koning sherg eri
Pteran aldae E pichrysan allinae Sycobia sp t Sywbia . 2 Acphila sp 1
Sycory ctin ae Philotrypesis sp L Philotrypesis sp 4 P hilotrypesis sp § Sywscap ter sp. b Sycosapter sp. 2
O titesellin ae Walkerella benjam int, W alkerella sp 1
Eurytan dae Eurytan nae Sycophila sp ¥ Sywphile sp. 2, Sychila sp 3; Sycophila sp 4
O myridae Omyrus sp 1
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Table2 Species diversity index of fig wasp canmun ity inside the syconium of F. benjam ina in different seasons
D1y Season
06-02 06-04 07-03 0711 0711 07-12 08-01 08-03 08-04 08-04
H L 56 1. 78 L 88 176 143 0. 47 0. 76 L 63 028 0. 14
Q22 0. 24 Q 24 Q21 Q16 0. 06 0. 09 Q 24 Q 06 0. 02
W et Season
06-05 06-06 06-06 06-09 0705 07-08 07-09 0710 08-07
H L 69 1. 45 1 80 L 47 128 1. 06 0. 22 1 49 157
J Q23 0. 22 Q25 Q18 Q21 0. 13 0. 03 Q18 020
52. 3%, N =1 24 42 69%, NV =119 Sycoscapter sp 1 ,
16 6%, N =074 230 ,N =09
22
3
Walkerella sp 1 , Philorypesis sp 1 Walkerella benjan ini

Walkerella sp. 1

?

Sycobia sp 2 Sycqphila sp 2

3

(3

Table 3 The correhtion of population nunber of fig wasps in F. benjam ina

N PEW P.o1 Pospd P osps5 Syawscap ter U.V' . Sycobia  Sycophila o 1
sp 1 benjamini 9 2 sp 2
P.osp 1 0 1417
P. sp 4 04247 -0.1527
P sp 5 0 263™ 01647 Q184"
Sycoscap ier sp 1 0 793" -0.174" 0362 0123
W.  benjam ini Q0 359" 0 494" -0 061 013 -0 031
Sycobia sp 2 0339" -0.037 -0 005 0 06 - 0. 054 0. 093
Sycophila sp 2 0330" -0005 -q 16 - Q051 0. 007 0. 079 0. 580
W. sp 1 0 477" -0.083 0 082 0 1227 0.399* -0.054 -0 16 - 0 001
E. konigsbergeri -0118 -0.257" -0 007 - 0034 -0.032 -0.285" -0 09 -0 168" 0 318
kP < Q0L *P <00
3
, (1

hip: / Awww. ecologica cn

[27]



Sycobia sp 2 ,

Sycophila

hitp: / Awww. ecologica cn

3862 30
[4]
, Apoaypta
2022 .
Apocryp tophagus o2l , A. bakert
. . . . . 123
P hilotryp esis pilosa, Philotrypesis sp Ceatolen somsimarchali'™
S . : 2%
, , Walkerella benjam ni, Walkerelle sp 1, A cophila sp 1, Sycobia sp 2 2]
[4]
2 2
450 r —o—Pollinatigg ﬁvg wasps 1201 Sycoscapter sp. 1 501 Philotrypesis sp. 1
%" ---e-- Non-pollinating fig wasps 40l
b=1
"g 30
b4 20 -
g 150 40 F
ggg 10
0 0 1 1 4] L L _3 ey
0 6 9 12 0 3 6 9 12
w S0r Philotrypesis sp. 4 S0r Philotrypesis sp. 5 50 Walkerella benjamini
& 40} e 40t
b}
g 30t 30 301
=
b4
20 20 + 20 |
S
& 10 10 F 10l
= 0 L L 0 M 0 L .
0 3 6 9 12 0 6 9 12 0 3 6 9 12
501 Sycobia sp. 2 50 Sycophila sp. 2 50
& 40 40 | 40 -
et
g 30 | 30 | 30
Z 20 20 20 F
ER
mﬂ 10 | 10 - 10
® : - 0 0
0 3 6 9 12 0 6 9 12 0
H 43 Month H {4 Month H ### Month
1
Fig 1 Popuhtion dynamic of fig wasps n F. benjan ina
[28]
[29]
7 , »
2 (1) , 1 (2)
[30-31]
: (3) :
[32]
2 2 2
2 2 2 2
2 2
4 3335
a ] Walkerella sp 1 ,
, Walkerella sp 1 , ( ) ;
Walkerella sp 1 , Walkerella sp 1
. . 36
Sycphia  Sywbia el ,
Sycobia sp 2 Sycophila sp 2 , , Syaphila sp 2
[37-38]

2



14

16 3863

Syawphila sp 2 Sycobia sp 2

[4 39-41]

[33 42]

R eferences

[ 1] Bewg CC. Chssification and dstrbution of Fiacws Experientia 1989, 45 (7): 605-611.

[ 2] Machado C A, RobbmsN, GibertM, Thanas P, andHerre E A. Critical reviev of host specficity and is coevolutinary mplications i the fig/
fiswaspmuwalsn. PNAS 2005 102 (1): 65586565

[ 3] Ram rezBW. Host specificity of figwasps (Agaonidae). Evolution 1970, 24 (4): 680-691

[ 4] WeblenG D How bbea ficwasp. AnnualR eview of Entomo bgy 2002 47 ( 1): 299-330Q

[ 5] JanzenDH. How to be a fix AnnualReviev ofE cology and Systematics 1979 10: 13-51

[ 6] Bronstem JL. Mutualism, antagonisn, and the fie-pollnator nteracton Ecobgy 1988 69 (4): 1298-1302

[ 7] Canpon SG Oneway tobea fig African Entanobgy 1993, 1 (2): 151-158.

[ 8] WestS A, Here EA The ecology of the New W orld fie-parasitizng wasps Idarnes and iplications for the evolution of the fiz-pollnator
mutualim. Proceedings of the Royal Society B, 199, 258 67-72

[ 91 Cook JM, Rasplus JY. M utualistsw ith attiude coevolving figwasps and figs Trends i Ecobgy & Evolution 2003 18 (5): 241-248

[ 10] Janzen DH. How many parents do the wasps fran a fig have’. Bbtopica 1979, 11 (2): 127129

[11] Wibes JT A shorthiiory of figwasp research. Gardens Bulletin Singapore 1976 29 207-236

[ 12] Wiebes JT Co-evolution of figs and their insect pollinators AnnualReview of E cobgy and Systenatics 1979, 10 1-12

[13] YangD R LiCD, HanD B, YaoR Y. The eflects of fragn enting of tropical ranforest on the species structure of figwasps and fig trees Chma
Zoological R esearch, 1999, 20 (2): 126- 130.

[14] GuHY, YangD R, ZhangGM, PengY Q, SongQ S. Species of figwasps n F cus altissm a and theirecological characters Chmese Joumal of
Ecobgy, 2003, 22 (2): 70-73.

[15] Canpton SG Hawkins BA Detem nans of species richness i southem A frican figwasp assanbhges O ecologia 1992, 91 ( 1): 68-74

[ 16] Bronstem J L. The non—pollnating wasp fauna of Fiais pertusa:  expbitaton of amumalsm?. O KOS, 191, 61 (2): 175186

[ 17] BaijpahH § Ranchuran S Reproductive biblogy and chakid symbiosis inFiaws burtt-davyi (M oraceae) I Gollbhtt P and Lowry P. P Modem
systan atic studies mA frican botany M onographs n Systematic Botany fran theM ssouri BotanicalGarden 1988 227-233

[ 18] Canpton SG RossS ] Thomion IW B. Pollinator lin itation of fig tree reproduction on the island of Anak K rakatau ( Indonesn). Bibtopica
1994 26 (2): 180-186

[19] KerdelhueC, Rossi]J P, Rasplis J Y. Canparatve canmunily ecobgy studies on old world figs and fiz wasps Ecology 2000 81 ( 10):
2832-2849

[20] GodiragyH CJ Vigmniy n hapbdipbd popuhtions astudy on fig wasps EcobgicalEntanobgy 1988 13 (3): 283-291

[21] Ulenberg S A The systematics of he figwasp parasies of the genusApoaypta Coquerel Vehandelngen der Koninklike Nederhnd se Akadem i
van W elenschappen, A eeling N atuurkunde, 1985, 83

[2] WeiblenG D, YuD W, West S A. Pollnation and parasitisn n functonally dicecibus fies Proceedings of the Royal Socikety B-Bblogical
Scinces 2000 268 (1467): 651 659.

[23] PengY Q YangD R Wang Q Y. Quantiative tess of nteraction betveen pollnating and non-pollnating fig wasps on divecious Fias hispida.
E cobgical Entan obgy, 2005, 30 (1): 70-77.

[24] BaiLE YangD R, ShiZH, PengY Q and ZhaiSW. Community stucture of figwasp in Ficus benjanina in different habitats Biodiversity
Science 2006 14 (4): 340-344

[25] PibuE EcologicalDiversi Nev York JohnWile 1975 16-51.

[26] SunR LiB ZlugeY, ShangY C General Ecoogy Beijng H igher Education Press 1992 52-195.

[27] HeweE A. Lavs goveming species interacton? Encouragement and caution fran figs and their associates] Keller . Levek of selecton in
evolution. Princeton Princeton U nversiy Press 1999 209- 237.

[ 28] WestSA, Herre E A Partial bcal mate can petition and the sex ratia A study on non—pollnating figc wasps Joumal of E volutionary Biobgy,

hitp: /www. ecologica cn



3864 30

[ 2]

[30]
[31]

[32]

[33]

[3#]

[35]

[37]

[ 38]

[ 3]

[40]

[41]

[4]

[13]
[ 14]
[24]

[26]

1998 11 (5): 531-548

U lenberg S A. The phylbgeny of the genusAp ocryp ta Coquerel in relation b its hosts Ceratoselen M ayr ( Agaonidae) and Fiaus L. Vethandelingen
derKoninlike Nederlandse Akaden i vanW etlenschappen Al Nawtkunde Tweed Reeks 1983 83 149-176

ShibataE iIchiM I Life-hisory trits in insect inchisbns associated w ih banboo galls Insect Science 2003 12 (2): 143-150.

Elason E A, PotterD A. Spatil D stribution and Parasitisn of L eaf Galls Induced by Callirhytis comigera (Hymenoptera Cynipiae) on Pin
Oak Popuhtion Ecology 2001 30 (2): 280-287

SchatzB, PwoffitM, RakhiBV, BorgesRM, andH ossaertM deyM. Canplex iteractions on fig trees ants cap turing parasitic w asps as possble
ndirect muwalsts of the fie-figwasp interaction. O kos 2006 113 (2): 344-352

Canpton S G Rasplis J Y, WareA B African FigW ap Pamasiod Canmunitied] Hawkins B. A and Sheehan W. Parasitodd Canmuniy
Ecobgy, OxfordUniversity Press 194: 343-368

WestS A, Hemre EA, W indsor DM, and Green PR S. The ecobgy and evolution of heN ew W orld non—pollinating figwasp canmunities Joumal
of Biogeography, 1996 23 (4): 447-458

Bronstein J L. Nawral hstory ofA nidames biwlor (Hymenoptera Agaonidae), a galler of the Florda strangling fig (F cus aurea ). Flrida
Enimologist 1999 82 (3): 454-461

Canpton S G An associaton beween epichrysanallines and euryim ds (Hymenoptera Chalcidoidea) i southem A frican fig wasp canmuniies
A frican Entanobgy, 1993, 1 (1): 123-125.

Botcek Z Austrahsian Chalcidoidea (Hymenoptera): A Bisystmatic Revision of G enera and Fourteen Fam ilies with a Rechssification of
Species CAB  Intemational W allmghbrd UK. 1988 156-209.

Kerdelhue C, Rasplus JY. Nompollnating A frotropical fig wasps affect the fig-pollnator mutualisn i Fiaws w ihin the subgenus Sycan orus
Oikos 1996 75 (1): 3-14

NefdtR JC, Canpton S G Reguhtion of seed and pollinator production in the fig-fig wasp mutalisn.  Joumal of Animal Ecobgy, 1996 65
(2): 170-182

AnstettM C, Bronsten JL, HossaertM. Resurcealbceaton a conflict i the fig/figwaspmutualin?. Joumal of E volutionary Biobgy 1996, 9
(4): 417-428

DunnDW, SegarST, Ridley ] ChanR, CrozierRH, YuD W, and Cook JM. A Role for Pamsites in Stabilising the Fig-PollinatorM u ua lism.
PLoS Bology 2008 6 (3): 0490-049%.

Havkins BA, Canpton S G African fig wasp canmunities undersaturation and htiudinal gradients in species richness Joumal of Anmal

Ecobgy 1992 61 (2): 361372

. . . . . ) , 1999, 20(2): 126-130
, 2003 22 (2): 70-73

, 2006 14 (4):
340-344
1992 52-195,

s s ’

hitp: /www. ecologica cn



