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Tab.1 The morphologies of fig of Ficus semicordata var. semicordata and Philotrypesis dunia and related environmental factors in

research regions (MeanzSE)

SR Hh Xgﬂ%?ig% = ﬁaﬁﬁﬁégig K %E‘% %TE&% ‘?ﬁﬁ ATk KR
= Ny BeA G H/c i/ C R/ C KE/mm  JKE/mm
FE/mm JE/mm
TH 22 3.28+0.068 30 4.26+0.305 28.5 14.8 21.8£0.95 142.5+84.13  427.5
TG Al 4 18 3.37£0.055 30 3.93£0.471  32.1 18.1 24.6x1.08 147.9+54.25  473.7
& 18 3.71+0.078 30 4.82+0.397  29.5 14.8 22.7+1.18 133.8+72.64  401.5
LRl 11 3.89+0.053 30 4.11+0.32  30.8 14.2 22.6+1.19  157.0+105.7 471.0
Fi 17 4.54+0.069 30 5.46£0.760  29.3 13.6 28.8+1.53 180.2+£123.83  540.6
Je ks 21 4.85+0.073 30 5.21£0.803  24.1 9.1 17.9£2.38 219.2+143.17  657.7
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Fig.1 Multiple comparisons fig fruits” wall thickness and wasps” ovipositor length among different populations. Different letters

mean the significant differences among populations.Same letter means there is nosignificant difference among populations
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Fig.2 Linear regression between fig wall thickness and
nonpollinating fig wasps ovipositor length among

different populations
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Fig.3 The graphs of RDA between environmental factors and wasps or fruits traits. Arrows stand for factors and the length of ar-

row stands for interpretation.The angle between two arrows stands for relationship between the two factors.The smaller an-

gle between two arrows,the relationship between two factors is closer.The right angle between two arrows means the two

factors are independent.And the bigger of the obtuse angle means the stronger negative relationship between two factors



555 =1

A XU TR R SORIAC HE R /N MR F) el P B v oAk 8 T B0 A 905

L NTTZEAS IR FR L5 ma Mtk ) o Al 1 T
IZ S TN 1 B[R] E 1 B 5 3 vw 2500 W] fiE
O ) e RIR 0 2 6] 22 Ak, DI ) 5 A PR TR] Y DL
W B A A [a] Ml A7 22 S A0 LT B0 Db ) 2R A
RAT LA 9y 7 w5 B 5 7K P75 2 G — L LAEE R B
[Fi) 2 A1 B0 5 B v S50 Y BIESE AN P BEAE 3 DRI HE
HYE WL ( Rossomyrmex minuchae ) F12F 3 ( Profor-
mica longiseta) [ ff1 JiU 2B A0 & W) 52 53 A Fnid
LT R AR R TR] 5 PR 3 20 A 4 0 L P B2
8 ANFRBE A B IF ( Erysimum mediohispanicum ) 44K
AL M 3 LU A B & ( Capra pyrenaica ) [ Fh
FER/IVRLE & BE AR Y BB UE B 1 B R] AL AR
23R A IR 6] B B8 vg A 4 S AELUZ LA_ERIFSEIF R
WY AR B[R] 2 AR 5 3 v 43 A7 4 SR I
SOEesIPAR

AW ST LAAEAE B % BRI HE AL 5 2R 3G
R A AT SE AR/ NI R BRE 3R U7 2 5 A TE
DI RLFEAC IR 0 1 3 B 5 A1 A% S 1 Bk )
T BB 51y 7 . D3 [ 3 A b 205 B 5 BV DA Sy b B
B S B R P R b P D B 43 A Y 32 K B
3t BRI S5 DR AT RS2 < Db Ak XU ZEAS [R)
T RE T 1 AN [ £ PR 858 25 PR RN AL T A8 ) 1 A= 4 5C
W B DL R A RO T ZEA R AR 3 Y e 4
PRI ) IR/ AT REAFAE 22 5, PR P ) kA MR
A RE A A FREIR] D 2E 08 23 A1 A% SRy [R) I H T b [
HEA BT (18 A 3% 50 25 28 5, U5 Xof AH [R) BR 58 2% A4 1)
e 157 AL T BEAN ] , PRI 0k BIp ) 2 AR P R A A ) 5 2%
SEIME BYBK Sl ) AT REAFAE 22 57 R T AT X 48
VR A7 AT A A7 /N6 | X5 W~ A A B A SR SR e
JEL 32 3t L 3 5 o3 A A% Ji Y T K Bl ) AR T R 2
PRIE S e, AR S - 24 e K AR R AR AR 5 SR
C A AR /N 7 O 2 1 Tl B D B B O3 A A% SR Y
F K AR T RE SR AR R BE SR R [R) R R A
RS R A S SR SR B JE B 5 IO AN [) ) U 2%
A7 L R ) b 2 S5 9 3 A1 A% S 5 0 TS ) R A
A SEE A /) e 7 B 88 < B8 3 7 AN [ ) A 2R R BE
JELEE 7 A R ) b P B 5 0 A1 % Sy X R A
FE SR SRR T2 T A0 S I /D e 7 B g 4K o
T 18] 3t 35 3 5 53413 9K 2l AN [ (9 Ji R AT B
o1 AR A% B H— A iR =D LE R 2 L+
AEDOL BT LIRS R 22 B0k 1 A B B R T RB R
TUCHE JE A /NI A AR T 1T AC SR S /N i — i
FERESEAMETE 1~2 dY7) A7 105 10 1) 20 55 SR 28 1k

(T BEPE AN, JUT LA AC ZE AR /N AT 1) 11 32 6
FEIE K AR AR A R R T R

I ) Ak 56 22 0 R X e 1 B ) Ak 56 2R
YA ST SRR A4 A ) Z2 R i) i) 2 A
O 72 D)2 g MR (R B b TR A G R 22— 5%
AR I F IR B A U )R Ak ) B AS ML, DA
SR PRI QA I B RN 4 5 AR W) AR B
L E S DA DAAF AR OGS AR P [R] EAE 58
FE O PRI — 7, B = X E R AU P
AR A BIF5E .

VE—ALRIAR /N 2R 450 02 T — 1k A ik 1 1 )
AR R Z— , Wi 5 UhIR] 25 Ak | PR IR] B 46 (] 0 4
PET BRARBRL Y AR AR - AR /N R G AR Y
B AR/ NG AR /N AR R /N 5
A FAM LRI —ERRE R L —X R KR,
XERE G Ry b /N eI R G R R A
RS RIS ER T R E AR A A X T T A A
O3 AT I I R I DX A B b 2, M I S AR A
BT 7 LA e v T Al X (65% LA 1), o
AR ERE A B, B LU EAS R - RS R
P /NI R GEF 5T A By T 4 10T A A AR R /) e
g\%[%]‘

Sk

[1] CHALCOFF V R, AIZEN M A, GALETTO L. Nectar
concentration and composition of 26 species from the
temperate orest of south americal J ].Annals of Botany,
2006,97(3) :413-421.

[2] GHALMBOR C K,REZHICK D N.Adaptive versus non—
adaptive phenotypic plasticity and the potential for con-
temporary adaptation in new environments[ J |. Function-
al Ecology,2007,21(3) :394-407.

[3] JI M,ZHANG X, WANG Z, et al.Intra—versus inter—
population variation of cone and seed morphological
traits of Pinus tabulaeformis carr in Northern China;Im-
pact of climate—related conditions[ J].Polish Journal of
Ecology,2011,59(4) :717-727.

[4] EHRLICH P R,RAVEN P H.Butterflies and plants:a
study in coevolution[ J ].Evolution, 1964 ,18 ; 586-608.

[5] van VALEN L.A new evolutionary law[ J ].Evolutionary
Theory,1973,1:1-30.

[6] VERMEIJ G J.Evolution and escalation| M | .Princeton ;
Princeton University, 1987.

[7] THOMPSON J N.Specific hypotheses on the geographic

mosaic of coevolution [ J ]. The American Naturalist,



906

TR (A AR

http : //www.yndxxb.ynu.edu.cn

939 &

[8]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

1999,153:1-14.
THOMPSON J N.Coevolution : the geographic mosaic of
coevolutionary arms races[ J ].Current Biology, 2005, 15
(24):992-994.
THOMPSON J N, CUNNINGHAM B M. Geographic
structure and dynamics of coevolutionary selection[ J ].
Nature ,2002,417(6890) :735-738.
GEFFENEY S L, FUJIMOTO E,JR B E, et al. Evolu-
tionary diversification of TTX —resistant sodium chan-
nels in a predator—prey interaction [ J ] . Nature, 2005,
434(7034) .759-763.
BBNKMAN C W.Divergent selection drives the adap-
tive radiation of crossbills[ J ].Evolution,2003,57(5) :
1176-1 181.
HANIFIN C T,BRODIE E D,BRODIE E D.Phenotypic
mismatches reveal escape from arms—race coevolution
[ J].Plos Biology,2008,6(3) :e60.
TOJU H.Fine-scale local adaptation of weevil mouth-
part length and camellia pericarp thickness : altitudinal
gradient of a putative arms race[ J | .Evolution, 2008 ,62
(5):1086-1102.
GLASSMIRE A E,JEFFREY C S,FORISTER M L, et
al.Intraspecific phytochemical variation shapes commu-
nity and population structure for specialist caterpillars
[ J].New Phytologist,2016,212( 1) :208-219.
BERG C C.Classification and distribution of Ficus[J].
Cellular & Molecular Life Sciences Cmls, 1989, 45
(7):605-611.
SHANAHAN M, SO S,COMPTON S G, et al.Fig—eat-
ing by vertebrate frugivores:a global review[ J].Biolog-
ical Reviews,2001,76(4) :529.
GALIL J, EISIKOWITCH D.Flowering cycles and fruit
types of ficus sycomorus in Israel[ J ].New Phytologist,
1968,67(3) :745-758.
BORGES R M, KJELLBERG F.New insights from the
fig—fig wasp model interaction system[ J].Acta Oeco-
logica,2014(57) :3-4.
WEIBLEN G D.How to be a fig wasp[ J].Annual Re-
view of Entomology,2002,47(1) :299-330.
TR, AR A A XS R TR N AR /N S R
ey /N 14 B AR AR SEAF WL T 5 [0 ] 0 B
2#4%,2016,53(2) :340-346.
ZHANG Y,LI Z B,ZHAI S W, et al. Reproductive be-
haviors facilitating stable coexistence between pollina-
ting and non—pollinating fig wasps in Ficus semicordata
[J].Chinese Journal of Applied Entomology,?2016,53
(2) :340-346.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

MACHADO C A,HERRE E A, MCCAFFERTY S, et
al. Molecular phylogenies of fig pollinating and non-—
pollinating wasps and the implications for the origin
and evolution of the fig—fig wasp mutualism[ J].Jour-
nal of Biogeography,1996,23(4) :531-542.
JANZEN D H.How to be a fig[ J].Annual Review of E-
cology & Systematics,1979,10(1) :13-51.
ZHEN W Q,HUANG D W,XIAO J H, et al.Ovipositor
length of three Apocrypta species ;: Effect on oviposition
behavior and correlation with syconial thickness [ J].
Phytoparasitica,2005,33(2) :113-120.
IR , SEHE I, 1 R R W1 Sk SRME AE 2 R fiE
XA R /NS e B ) 52 0 [0 ] Ay ST A A ) 2
#2,2014,22(2) ;12-18.
ZHANG Y, PENG Y Q, YANG D R.Effects of ficus
semicordata characteristics at female phase on the
choice of pollinating fig wasp [ J ].Journal of Tropical
and Subtropical Botany,2014,22(2) ;12-18.
R, HAB R, 25 VU LR X R SRR P — b
AL Ry /N EE RS [ ] P A A5 24 4%, 2008, 19
(3):588-592.
SONG B,PENG Y Q,GUAN J M, et al.Sex ratio ad-
justment of a non—pollinating fig wasp species on Ficus
semicordata in Xishuangbanna [ J].Chinese Journal of
Applied Ecology,2008,19(3) :588-592.
TIAN E,NASON J D,MACHADO C A, et al.Lack of ge-
netic isolation by distance,similar genetic structuring but
different demographic histories in a fig—pollinating wasp
mutualism[ J ].Molecular Ecology,2015,24(33) :5976.
SUTTON T L, RIEGLER M, COOK J M.One step a-
head:a parasitoid disperses farther and forms a wider
geographic population than its fig wasp host[ J ].Molec-
ular Ecology,2016,25(4) .882.
KT, RAES , & TR P EMYE S T =45,
M [ M. 65 B2 A, 1998 112-113.
ZHANG X S,WU Z Y,CAO Z Y.Flora of China Vol 23
(1) [ M]. Beijing: Science and Technology of China
Press,1998:112-113.
AMATYA S M. A new variety of Ficus semicordata
(Moraceae) from Nepal[ J].Novon A Journal for Bo-
tanical Nomenclature ,1996,6(4) .323.
GANG W, COMPTON S G, JIN C.The mechanism of
pollinator specificity between two sympatric fig varie-
ties :a combination of olfactory signals and contact cues
[J].Annals of Botany,2013,111(2) :173-181.
MRS WK T R, 4 XS BELAEAR /N 7= R B
SRR T[] B R, 2004,47(6) 1 787-792.



5 5 1] HOTAE XU TR SR SRS AR/ N R 1 M B B v S AR B T 90T 907

ZHEN W Q, HUANG D W, YANG D R, et al. Fig 2009,79(2) :245-263.

wasps associated with Ficus semicordata: oviposition [36] &, RoR MEW M HABG M /N 1 R G2 8 B M)
timing and their population relationship[ J ].Acta Ento- [R5 Bk L B2 [ ] ). A W) 2 K1, 2008, 16
mologica Sinica ,2004,47(6) :787-792. (5) :446-453.

[32]  XUBS AR A /N e R R/ NEFR— 16 B 3R e T Y XU L, YANG D R.A brief review of phylogenetic re-
TER[ D] . dtst. d ER2=EE ,2012. construction and co—evolution of fig—wasp mutualism
LIU C.Body size in a pollinating fig wasp and implica- [ J].Biodiversity Science,2008,16(5) :446-453.
tions for stability in a fig—pollinator mutualism [ D ]. [37] XM, BRUE , 2o, 25 AU HE AR /)N e ME e finh £ JR%
Beijing: Graduate University of Chinese Academy of AR B WEE [ T]. 04 )1 3049 ,2015,34(2) :216-
Sciences ,2012. 222.

[33] GOMULKIEWICZ R,DROWN D M,DYBDAHL M F, ZHAO J,ZHANG Y, LI Z B, et al. Scanning electron
et al.Dos and don“ts of testing the geographic mosaic microscopy observation on antenna sensilla of female
theory of coevolution [ J ].Heredity, 2007,98(5) ; 249- Philotrypesis dunia ( Hymenoptera; Agaonidae) [ ] ].Si-
258. chuan Journal of Zoology ,2015,34(2) :216-222.

[34] RUANO F,DEVERS S,SANLLORENTE O, et al.A ge- [38] THOMPSON J N.The coevolving web of life[ J].Ameri-
ographical mosaic of coevolution in a slave — making can Naturalist,2009,173(2) :125.
host — parasite system [ J].J Evol Biol,2011,24(5): (397  B&H, 22 05 XN, 28 0 — 1B R i /N e ] 1) & — 1
1071-1 079. SR )] AR ,2010,18(1) 1 1-10.

[35] GOMEZ J M,PERFECTTI F,BOSCH J, et al. A geo- CHEN Y,LI H Q,LIU M, et al.Species—specificity and
graphic selection mosaic in a generalized plant—polli- coevolution of figs and their pollinating wasps [ J] .
nator— herbivore system [ J ]. Ecological Monographs, Biodiversity Science,2010,18( 1) :1-10.

Drivers of phenotypes” geographic mosaic patterns between

Ficus semicordata and Philotrypesis dunia

XIAO Xue'?, WANG Gang', CHEN Jin'
(1.Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden,Chinese Academy of
Sciences , Menglun 666303, China;2.University of Chinese Academy of Sciences,Beijing 100049, China)

Abstract; One of the geographic mosaic theories of coevolution is that coevolutionary phenotypes diverge a-
mong populations , which shows mosaic geographic distribution.For Ficus and its non—pollinating fig wasps, Ficus
could defend their seeds by thick fruit wall and non—pollinators would parasite inside fruits by injecting long ovi-
positor through fruit wall.To examine the spatial heterogeneity between Ficus and its non—pollinating fig wasps
and reveal the most important factors that determine the traits divergence, Ficus semicordata var. semicordata and
Philotrypests dunia ,one of its non—pollinating fig wasp species across 6 populations were investigated. By using
ANOVA , linear regression and Redundancy Analysis,the results showed that both fruit wall thickness and non-
pollinating fig wasps showed significant spatial divergence patterns. Mean temperature and precipitation of crop
season have significant influence on the fruit wall thickness, according to Redundancy Analysis. Whereas, only
fruit wall thickness has influence on the ovipositor length. Fruits protect their seeds against parasites and cold
weather by allocating resources to wall thickness.Otherwise ,fig wasps strengthen their offense by increasing whole
body length.The results strongly indicate that for Ficus—non—pollinating fig wasps system, climatic factor is the
most important drive on the divergence of fruit wall thickness.Stepwise, fruit wall thickness puts influence on the
divergence of non—pollinating fig wasps ovipositor length.

Key words : plant—animal interaction ; phenotypic divergence ; Ficus ;non—pollinating fig wasps



