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Mechanisms of phenotypic plasticity for wing morph differentiation in insects
WANG Xiaoyi, YANG Zhongqgi*, WEI Ke, TANG Yanlong

Key Laboratory of Forest Protection, State Forestry Administration, Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of

Forestry, Beijing 100091, China

Abstract: Phenotypic plasticity is a phenomenon in which the same genotype produces entirely different phenotypes in
response to changes in the environment, and grants an organism the ability to adapt to environmental variations. Wing
polymorphism is commonly observed in insects, including Homoptera, Hemiptera, Coleoptera, Hymenoptera, Orthoptera,
Diptera, Lepidoptera, Isoptera, Psocoptera, and Dermaptera, as a strategy to tolerate trade-offs between flight capability
and fecundity. As a result, it may confer an important adaptive value to the evolution of populations because these winged
individuals can migrate long distances and find suitable habitats for development and reproduction of their offspring more
easily. At the present time, there is limited knowledge of the mechanisms of wing polymorphism in varying populations. Both
genes and the environment are usually considered to affect the developmental outcomes of insect wing morphs. It is easy to
understand the contributions of genes to morphology as a consequence of the research of evolution and developmental
biology. However, very little is known about the influential mechanism of environmental factors on the development of
phenotypes. In fact, it is not yet clear that how the evolutionary shifts of character variation is realized between
environmental and genetic control. So far, studies on wing polymorphism are mostly reported on phytophagous insects, very
few are known in parasitoids, natural enemies of insect pests. Here we summarized the mechanisms of phenotypic plasticity
for wing morph differentiation in insects. Both genetic and environmental factors can act on the wing development of insects.
The genotypes have significant effects on the determination of insect wing morphs. External environmental conditions such as

temperature, photoperiod, food quality, population density, exogenous hormones, etc., also play important roles in
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regulating the insect wing development, which produce wing polyphenism. In addition, the parasitism or predation of natural
enemies may induce alternative variations across transgenerational wing morphs in some insects. The ecological significance
of insect wing polymorphism and its functions during their evolutionary process are discussed. Polyphenism is one of the
main reasons why insects have become so successful on the earth, and grants them the capability to effectively utilize the
same genome in order to best adapt to predictable changes in the environment, such as degradation of survival conditions
after overcrowding, by developing into different phenotypes. Wing polyphenism in insects is a clear example of adaptive
phenotypic plasticity, which provides a very good model to study alternative phenotypes from both genetic and environmental
perspectives. This may also be advantageous to evaluate how environmental and genetic factors jointly control the same
developmental events. Further study recommendations were also discussed in this review, as well as the potential utilization
of wing morph differentiation mechanisms of parasitic wasps in biological control, e.g., through artificially culturing the
winged individuals of parasitoids for field release to improve the dispersal ability of natural enemies. Some critical aspects
still need to be investigated further on the mechanisms of phenotypic plasticity for wing morph differentiation in insects.
Further development in functional genomics and epigenetics may provide novel opportunities and technological support for

revealing the mechanisms of polyphenism in insects completely.
Key Words: wing polymorphism; polyphenism; phenotypic plasticity ; adaptive evolution
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Table 1 Insects with wing dimorphism and major impact factors of wing development

H B fhk A i 2 3k
Order Family Species Winged or Macropterous Feeding habits Reference
I3 H IFR} Aphididaec Wi 45 Acyrthosiphon pisum [ AN LizR=xs [25, 36, 45-48]
Homoptera HAUF Aphis gossypii [ AN S e THEME [27, 49]
i

iﬁ%ﬁltﬁgmmbemulatum xH ELL [50]

#& — XUWF Schizaphis graminum [oF.35 THEM [40]

H K AEWE Sitobion avenae R Bk TR [25]

BEEF Myzus persicae iR P R R RIAH [51-53]

KEF} Delphacidae  FAF K Sogatella furcifera FEE KH B OERAL i-REXE [32]

PRAIBF KPR R

#KE Nilaparvata lugens SR e [54-57]
H#H WEERL Gryllotalpidae 75 J7 WEWG Gryllotalpa orientalis BRAR T [10]
Orthopteran & TR Tettigoniidae 32 [E 1L U & Metrioptera roeselii T % & e (58]
NP
iﬁ%ﬁlzﬁr ) SR BRYE Zonocerus variegatus 5 fe et [59]
yrgomorphidae
] ‘ 2 £ %% ) R R 5
BEIER} Gryllidae ZRFd HWE Gryllus rubens ;FJ%—TF{LEE \?:EL(E{ o ) BRAHER THEM [60-62]
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H # [HiES A K Bt S5 30k
Order Family Species Winged or Macropterous Feeding habits Reference
VO Gryllus firmus PRI IR RIS s in piEREis [63-64]
A KW Gryllodes supplicans e 2% 3 L[] e e T PE [65]
L R B e
Trigonidium cicindeloides R i [65]
[N = E N YN
5 7 Ho k% Allonemobius socius ;IE;-T‘JE NN SRS ek [43]
W3R Velarifictorus micado f=ixe iy i-REXE [66]
- 0% V. asperses S RO IR THEE [67]
MHPklEAS RN Hifet 681
odicogryllus confirmatus
W o .
. LW ARl Curculionidae EREUE L Hypera postica EE B HEEM [26]
Coleoptera
. M R R T F IR S |
SLEF Bruchidae Callosobruchus maculatus Y HRE [69]
TR 2% s - A N
B Carbidae DA R WS et [70]
terostichus melanarius
ﬂé% E L | . s . . B3 L =Y
] KIERE Lygaeidae H K" Cavelerius saccharivorus 1% K H M S HeEtE [71]
Hemiptera
ppkiE R K I 5 et (44, 72]
Dimorphopterus japonicus
F /M5 Nysius huttoni I R 0 A v L atE [41]
PSR Blissus insularis R THEM [73]
21 85F} Pyrrhocoridae — JCHUZLE Pyrrhocoris sibiricus R H R T EPE [74]
L1 P. apterus ERA H IR piEncxin [74]
BIERl Gerridae JK B Aquarius najas 4 H IR SR e [75]
AT B K B ‘
e - roveli o m’-ﬁ%\m(ﬁ\kﬁ,m .
G JH K B Microvelia douglasi et EiNCX R [42]
FHH UL T 1t 1 . .
IR Labiduridae P Paralabella dorsalis B J ik Wt [76]
Dermaptera
@%M H MRl Lymantriidae  HALFEEK Orgyia thyellina K H IR m iR THEM [77]
Lepidoptera
]Xf@ H %‘tfﬂ%ﬂ ' Pteren'zis fenestrleis , LTI Jefrbk (78]
iptera Sphaeroceridae Puncticorpus cribratum
PR Togiidae PR RisEE Kttt [79]
socoptera Psoquilla marginepunctata
L4 B R ] L ,
e HAUR JLr1E BRI KT Retett [50]
soptera Rhinotermitidae Reticulitermes speratus
s T T e o N ,
Thysanoptera Phlaeothripidae LR Hoplothrips karnyi ATt fHETE [81]
%l TR} Thripidae TR A AE BT D Frankliniella fusca 1551 EM [82]
T WUBA AR /NI Melittobia
fli/N# B} Eulophidae  digitata M F AR /N 4y Y 2 B SR S A [12-13, 22, 37]
Hymenoptera )
M. australica
6 H PR Cephalonomia
gallicola V4 5 1k IX| [ JiR 14
B R} Bethylidac Apenesia sahyadrica 5 [ i il 94 Rk KM [14-20]

Sclerodermus guani )| 5 {7 i
MBI S, sichuanensis , FIME R T fifr
BR¥% S. pupariae
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H P Tk ESpuraS | Exis E =B U
Order Family Species Winged or Macropterous Feeding habits Reference
PHR ARHR ¥ Trichogramma
IR R el tajimaense , 25 4% 7% W 94 . el
Trichogrammatidae T. kurosuae , B AR HR i A AL [21]
T. semblidis
SERER . VR Gelis corruptor FEMNEY A [83]
Ichneumonoidae
R} Formicidae ML Cardiocondyla batesii NeS pryegin [84-85]

AR AT R R T R R 25

1 ERPZAIRAHENIER

B2 R P s B Al DL RS R AR | AT S B A TC Rl R R R A S A AT T
R IO RE ©AT, HETAIARSCHT TSl 2 AR e A P B e, o oy i iy TR ke i S RN
IR e Z . — oAyl 22 LA 7 A 2 B XS BR G A2 A rh TR R RE AT BOR B0 B8 ) Z TR AU ) — b A=
BXPR, AR EEARXS G E AT ZFEI B A AT 3 2o 43S 22 B T SN S, S
WA YA AE IR T R R B R A B OB SR A P e R R n

Roff % 22 Ffrsll Z2 A4 14 B A4z 358 sk R A0E 4 70 B 235 SR SR WY, JR 3 A L S R 1 B4 g B g, 7 B ) i) B
SRR < Bt} B A = SR i = 2 i I | A (=18 A R N oAt s A Sk L1 - S 2y G A T N RS S ¢
RUPERhh 38 A A AR A (HA AR H ] 5 B AT LA A B AR e, DL S s>
PRI AT 2 R[] FE R P AR (R] B AR 5 A O R o 3k SR BT S ALK i LG A R AL R T % > PEAE
A BRI KOE_E3E e I AR TG HR 3 R R A R A B SR A 7 I o R 5 ke B A
ARG AN RAT WA A 32 i) i) BB 7K P AR B o BoF o oA S AR 5 JE S AR A T kB B B ) B
ik, ZKAE WS (Sitobion avenae) LRI HA B = WK E AWy it A W) 5 27 EAEY BT & A WAL 2 B A ) ot
¥ 512 (hydroxamic acids) FJ7KF R IE e, A 1F LL FEARAE RN A e K RIS T KATEER
VP (Gryllus firmus ) KB BYMEPE P AERE RAT A B 2H 25 ORI b 2 e P WA st/ T T T FE RE £, PRI g 7 B
Z R o WS H % ( Callosobruchus maculatus) 53R ME B F= B TE B P2l & £ | JE Ak EER , 5t
TR )7 W ( Gryllotalpa orientalis) ¥E S F WAL R 9—10 07378 Sy 4 38 700 g vt I A Bl ot i 4% i
6—7 A UYL AYRREEI DL gl dui&  FFAERAE 6 A & AR Al e 10 K ) ik Velarifictorus asperses) &
FIWVS A5 R G R B Z [BAFAE GRS BC AU O 2R | X R B 43 B0 9 2 e 1] R BRI AL 5 Je sl A AT
A SR b R SRR BT RATRE Ty, I A A R U A A B T AR S R s

T A A e 2 R AT 9T HGE 2D, H R T /N %R ( Hymenoptera ; Eulophidae ) f4 5 F AR 0 /)N
1 ( Melittobia digitata) FIRYN EARLE /NG (M. australica) """ | LI K i iR 8 R ( Hymenoptera : Bethylidae ) P i/
BOLFN A 04 | 4 H i R 8% ( Cephalonomia gallicola) ™™ V45 1E X I R ( Apenesia sahyadrica) '™ 5 IG5
1 ( Sclerodermus guani) """ J1IHfi Kz i R ( S. sichuanensis) """ ST T BRI (S. pupariae) ™' . Yashiro
LR TE YR WA A HR e ( Trichogramma tajimaense ) F5g Uk IRHRBE (T kurosuae) HEPE Y EAG ¥ Z2 BUP: (KRS Ja i
RIFTCAY ) | W A R W (T, semblidis ) EA7 3 Z B0 (A7 A BTG AL ) | He v 96% 1) U 18 ol AR 04 ( 7.
tajimaense ) TN TG RATRE ,50% H"Jﬁﬁj‘ﬁﬁﬁ%( T. kurosuae) t&‘ﬁﬁﬁ%%ﬁ“” o %ﬁ:(}?ﬁ%( Sialis melania) 5P
iR H BLF T A SR IR IR (T, semblidis ) HEVEYS A IR SOk U (A7 B0 1 0 26 25 A e Al N A7 75
ARG 2 T AR A i AL AR BT DU R DL IR A9 . A Consoli F1 Vinson $i 21 25 A= e 4 thu 191 1) %% 2 0
B IR AT BB TS A RIS AU BRI X RS B Y78 S n] BB 027 32 91 IR A e AL A B B B
Z IR >
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2 R ARV MRS R R

it PR R AR 22 PRI R 3R B SR A S B ME . AR AN & AR W~ 9 i 90 o 5 X6 28 1 BTk 25 o
PR AE RIS R 2 X0 R A & B S ma AL A 2 D S5 A SRR AR S A PR BT RN st A% 4 ] 2 1] ) gk Ak e
AR SR AT SR AT A AT 5L R U 2 R K HL 7= A LR T T 25381 Roff TA S 7E 57 5 B85 o
XAy HE P s 78 S (o L H ol R (s A 2 S AT ASERF Y Braendle S548G9 7= A Ry Tl N AR
YL, IR N T AR A i AR HE R (Hypera postica ) B Z 224 R T, B ARA A |
TRRE &y % B DL AT 3 i AR R R A — g S 20 i o 4 e S 7R 43 T Pl R R Y M A A 1Y
U B 3P A 53 Al SR PR B DR 1Y) AR 2 PR 2% 52 i M A 7 ITCOME 2 o) 2 v 3 (9 R st A% 22 PR 0 3Rk AN R 2% 32
A FAEY B R DGR BB R SRR AR R AR e A A T ) AR AR
P2
2.1 BENR

LD RIS B MBStk e BoAT W35 52l A S B e s e 1 BOIT R R iR £ 5 AU Z B AU, G Tb
W& (G. firmus) WIWFIEEE SR 46 oy S0 0 PR T UK S AY LU B RN, I AR S 7 1 326 436 D A 7 b 2 1
Je AT ST (4 3], 33k T B L A R e B A T RS Y oAk B B ELAT g A A FE R Y BT M ( Terrix
subulata) FHRF B FR [A] 09728 A T2 252 st AL 45, B B 260 3R AR A 1 3R 85 mT S 1 1) 52 i D AN
B AR R AE A ] AR P A% A8 S A3 38 AT R S i 1 H 3R AU R 15 o o %) 38 AR Hh S 3800 23 ] 4336
IR IEAAE G . B HUE (Allonemobius socius ) I 434k 5 BB T 22 (8] 7775 25 (0 R AL GOk G, ELDY
TS AR R A 10 B A W R T A M . A S ) B AR AR S A 3 A A T B AN [ ) 2 Y PR T
B AR S —Fh L T 2250 A R AE B BB/ ) 3 R R X 25 R FH K ( G rubens ) WV 19 52 1) B A 1 B 56
H KR AT AT R E— 5540 T H SRR 1Y L 7Y KE( Sogatella furcifera ) 8 22 B PR 52 2 22 3 IR s il
B B ARAE M A 3R 52 o R O S R K X R 0 (R T Y Aukema
S\ Ky BEE 252 1 ( Prerostichus melanarius ) B8 — B2 st AL 0l 9 2 0 A JC AT Hy B —1o7 o %o 452
PR Bl 2 HE DR A ] 3ok SEast A 2SR SA AT |l — 0 P ) B (R A T 34, Fiiie v Je sl AR B AT g
J2 P T RIS A )RGI8 AR ) R s R Sack R Stern A7 AR AT S (1 4y A
ARSI I 2R A, MR I RE RS T 2 e LA Y MEE H R 3% ( Cavelerius saccharivorus ) 22 Bk
(14930 Ak T R 7 S S 32 Aty A A3 5 B R i LA A P ) P s A AR S S TR R iy >

Brisson S5 5E T B &4 (Acyrthosiphon pisum ) 38 % 8 3K (5 F 48 ( Drosophila) #H[R] ) , i #2JE [A BE AR 4 A
] A EREE 2544 % B H AT SR el G ) s R 0 At & B SR v T 9 0 5 3 Ok T A O ) 32 B 3 PR AR 1 i 3 )
2l AR 1 HICMEE N (apterous ) e K A= 3L M ( decapentaplegic) IR il . X 11 Fpk B IRHFTEMAG &
ORI U I I 0T 0 AR KT I o R BT o 6 A3 DR e 3 o Yk 1 9 B R S P R SR AL 1T T R ]
(apterous ) TEA ARV T B rh Y RIA KR I B 25 57 0 ATREIZFE P A EHIE I SE I T 2 k2 &
ZERL

W EL AR W /N (M. digitata ) WESETER T R B R LA AR 8 — ARG O HIX AR R 22 S (077 A &
TR 22 FARAI AR T3 AN W12 P A e A [ 300 T 0 0 1) A 2 R 9 2 T, A 300 R 3 7R ) e o A
Yo I Ve A AN b RS B e Sy O E Y A SR ZU RGN HCRE 7 T S Y i Ry R A
AR S, I HRE SIARAK N [w) 30 PR e o A B R 1E R HORE 0 i 110 25 53 S W T AR ] P e 78 0k orp =
A A 3 SRR AR
22 ARBfENER

HPRIGE AT AR PR BRI DC R B R | B B R SR B U R ) A R A A R
PR B A 2 R AR 3t 1% 22 B S 48 ) — 356 DR 700 7 A b ol 2 b 0 0 S TR A R BB A B4 ) i
S A RAT RN RE D R B IR MR G EE MRS . P2 R SR I 2 R R AT L &
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A A LRI RS R AR 0, 505 1S I Megoura crassicauda) JEt P 0 ME N RATE U0 2 75
PET AL T R Ak SR M S & 7 T s B A B SR A — R i ) 2 XUIF ( Schizaphis graminum ) 45 8 %
(77 A 57 1 B BE R R B R, JLUO G 27 A AR B A R 20 AR SO R i R SR R T 45 24
PR ZRIAT T RSG5 (R 1) (B EPE AR A A 25 5

2/ ( Nysius huttoni ) B FPHEH 94.19% RS B 5.5% 19 3 K838 A1 0.4% 1) J $8 AU 29 Big, ARG (15
°C) (Rl (35 °C) FRE G FE AR UL T 2 i sk STV 3 AR AR o 3 A6 7 2 i A 6 SR 0T 1 v T A5 1 T 7 A K 3
Rz | BT B K ( Microvelia douglasi) 3 L4552 20 IR G A& Y 5 E w2
FATPE I S AR L Pl B S AR B AR R P B 7 bR (A, socius ) JEARIBRI MG FZ R R P 25 By
Br & Dy B - an s iR A H BRI BT TR SR 5 ( Dimorphopterus japonicus ) 3R 77 A= i HAK
SRV S A BEAE IR OGS AN B R4 im0 T iR, 2 PR AR AR RO SR S X L RS A Y 5 e ] RE 1 B
TR T 2 R X 2 A A A SR e S8 L ek ( Metrioptera roeselii ) KW R 5 H % R 5 ZAE A
oK, GRS R AR B 10 B2 TCOC RS RN 2% B 0 2 2 TR, % R S A T IR AR IE ARG TE
5, IX AR S 4 A 3 R ) 2 5 RS BIR sh P RS A AT 56

W CE( Nilaparvata lugens ) R332 J6 MR 520 2 0 H I KRR 2 K OH R i L2 1
WA SN N A H BRIE S0 2 1 S R R S AR = 2R A SO (A, fasciatus ) /N [R) 3 30 RR B T 4 3 780 11y
KA IR 2 5 SE LT U5 ( Pyrrhocoris sibiricus ) £ 8 70 5 B i) 7= A BAG 225 AR 4k, 78 ARk 3
e Socha BF5E K& BRPLIE URELIE (P. apterus) S BE I FO6 A I LA 26 BERE ™ R S8 K W% ( Blissus
insularis) FIFR EAE E —K R W E H TA—FF, KB IO EEE K FRE S TA—HFF, KA
B S EOE ) BAR H K ( Cavelerius saccharivorus ) K38 RY [ 77 Ae 2 95 B I 241 1 ] sFHe, 57 3]
BT R SR ZUEE A, 4 H BN R AR A A S AR b R R AU R AR L e e, X
A SR B R R, R B A 5 0 R R A R O R B A AR o R R O, O
ZRIVERIGRUE B SR B IR T P06 R 3, UG O ity & BT, Nakao il Chikamori BIF5E & BUAR 245 4E
8] 2 ( Frankliniella fusca) 15346556 A OC R AN K, 322232 311 2 (9 45 1 R R B vy A S A 1 L 131
i,

B (A, pisum ) TR JBE I 7 A2 JCIHWE | i %% JE I = A A S, SR ok 2 W0F e Rb B 50 55 97 HIO AL
I IR R A S IR K H AT BRI (D, japonicus ) KR SR F=A: TR
SAFTR A U B R e HLE AL F Y — A DGR 2 SO B BB R X SR 2 — . Clark %
WS TEFRARAXIUDER(G. firmus ) MY BOR SHH 2 (A AUHE (19 52 i AL, 3 B 7 A 5 1 0 Y
IRE A VIS B IR T ATRE R (IR 2S) M #5 , B FR AT IR AR AN T T T 1 Al LA ) AR BRI
Hardie il Leckstein 5 1 0F BUB 4 % & i 1l A58 3701559 S B AR IR sle g 56 Higashi I Bressan 4
PRAESRYY T R KA M B A8 K b= AR KA A TR KB ( Peregrinus maidis ) B L 151 i 3 5 T4FE 3 AH
UEA BRI F , R AE 9 B0 T B B A A i 7= A S T R AT R OGR ek  Jie
I EAFIREE T R XA A (477 A W A AR R Y S R A R A T I [ R A 25 T i
(A. pisum) F=2E 50 Z (A AR 10524 A 5T A 0 7 A I SR 50 25 32 1) — 2 (il >

TP (G. firmus ) &8 1 B DR 4R TR TS 14 B9 228 A0 0T 98 5 b 22 v 58 DR 403803 7K 1 DA 52 Wi 3281 251
SRR BB AR R (G, rubens) foJm 2 NI BT R IR LI EE TIT A= 90 1o S A
[F) — P I [R]3 A 22 [R] A I 3 2 5, 33X 02 PR A 05 LA 5% 1 T AS 2 DR 4 V53 T S P 1 v 38 T R
IR K1 SR T B, PTBE IE SR X P TR 8 TAE S K E ™ o Zera Ml Tanaka WIS 1E e
i KA 8% ( Modicogryllus confirmatus ) ¥ %1 % T () 3 72 vh Al BB 2 — & B9 /E FEES B d A A1 i B9 3R 38
Schwartzberg 25 % BRI 5B E0F (A, pisum) A BESRA =4 0060 0 BRAEM R A AT BA
0 2 SE I R I 2 R G875 S RO 5 A SRR (%) BB R DR T BELLE PRGN 15 i, A IFS I AR
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AR S R B IR R 22 th THIT A SRR a7 5 R i TARAIMER X R BT 2 i £ 5
PR, WA S B AT, R MM QL 22 00, 38 00 T8 DR 401 53R 30 P A v ] i M 7 A DI S R
T E T EE R AR R & ., BFTE W], (bR & i & S A R D R RARG A, PR
A PEAE RE(N. lugens ) #5 BT 55" A RSB ™ A5 85F (Aphis gossypii ) 1 32 B JC 8 Y 2 [ 715 8. 3%
A BIIE S o FE R HCPIAE 12h DA S LR AR IR S CHE I = 307 0 R Y 55 2 S 2 v T
TE 4 #4102 R R Y TR Y L AR R 5 B 22 A L, O A 3—4 iy B sl ) 5 i ] R T A
EAERCROPIE S 12h RS BUAH B o ATV IR 2 1 o) o5 e DAyt 2 R T oy el S0 D % g 1 A S 0,
S 12h PR YRR A3 e TE R 3 T
2.3 RIS PREERY A AR AR

T AL FIPR T DR R B0 R AR S A T, A L 00 o R 218 9 A= TG 5 20 b sl 25 e A R S ARk (AR gt % 2 7 )
T (2250 ) Z RIS . I, 731 8% 2 e B Ak 22 TR I G ) ot A 42 o)L mT B P — A IR A
AT fiff A it 1 22 BVE I 43 JE i, o mT LRGBS D — PR A8 55 8t A 42 i i BIL k) -

IR Z AR 15 1 22 TP AR S 1 I 3R T ] S ) 913, R0 54— 3% 256 DR 8 PR RO X 058 PR 3R T A R AN [ ) 3
B JEAR B9 2 B3 1 ST DR T4 I 0 S0 0 (AL piswm ) BV A9 1 38 1 22 TR0 R 5 22 TR ik R 45
PR AE P A4 B — S5 RS 1 14 5 DR 28 T LS e PR BT DG (R s A 2 M it A 78 S Bt Ak 7
AR B PREEAAE T, AN TR DO 28 A 85 1 F Rl — L6 FL e F UM 2 1 7 A A M s AR A ST M B & R A 5
FI R AN A X g %728 S A1 B U 13 PR I5E A 1 ] M SR, A 2878 S5 vl B 00F HRUR 2 SE A 19
DR 0%, AL 78 ) —2F EAE AR T AR B8 S (1 & A2 Brisson 45 & HL 50 12 W AR % 22 UM g 1%
2 RUE 2 () ANSCAFAE AR A £ B2 S5 7 EL A AR MEE P — et HAT S0 15 47 S A A, 3 AR ASU A S IR A1 5
FRIBK LRIAT AR 4 B D 2 B DR A 0

Ogawa I Miura $& HH B G0 “ITEE R B ZRIMIG I FE Bl 00 2 SR B IF 874 B F A
(R IBAFAE AR T POE AT & B3 185 B0 AR [RIRLR AE e R R Sy BRI SRAS Y, X0
WO 35 A% 22 PP A RIS T, 56 DAL 00 2 v A7 50 Ao ik PR 7 A S 8 v 2 RS 14 T 7 IS8 Y 3k 6 v BT 14 67 18
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