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Differentiation of wing forms in pure macropterous and brachypterous
lineages is less subject to photoperiod in rice planthoppers ( Hemiptera:

Delphacidae)

AN Zhi-Fang, YU Ju-Long, PENG Juan, ZHANG Chao, LIU Xiang-Dong” ( Key Laboratory of
Integrated Management of Crop and Pests, Ministry of Education, College of Plant Protection, Nanjing
Agricultural University, Nanjing 210095, China)

Abstract: [ Aim] To illustrate the influences of photoperiod and genetic factor on wing form of rice
planthoppers, the differentiation of wing forms in three rice planthopper species, i. e., the brown
planthopper (BPH) , Nilaparvata lugens, the white-backed planthopper ( WBPH ) , Sogatella furcifera
and the small brown planthopper ( SBPH ), Laodelphax striatellus, under different photoperiods was
studied. [ Methods] The survival rate, macropterous rate and brachypterous rate in females and males of
rice planthoppers under different photophases (4 —20 h) were measured using the pure or near pure
macropterous and brachypterous lineages of BPH, WBPH and SBPH whose wing form had been selected
for 4 to 45 generations under the same conditions in the laboratory. [ Results] The wing forms of the pure
macropterous or brachypterous lineages of SBPH and WBPH were not significantly different among
different photoperiods (P >0.05). The brachypterous rates in females and in the population of the near
pure brachypterous lineage of BPH were not significantly different among different photoperiods ( P >
0.05), but the brachypterous rate in males was significantly higher at 4 h and 14 h photophases than that
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at the 20 h photophase. However, when the BPH became a pure brachypterous lineage, the wing form was
not significantly different among 6 — 16 h photophases. The near pure macropterous lineage of BPH still
produced brachypterous offspring, but the brachypterous rates in females or males were not significantly
different among different photophases (P >0.05), except that the brachypterous rate in population was
higher at 12 h photophase than at 16 h photophase (P <0.05). The brachypterous rate of females in the
hybrid lineage of macroptery and brachyptery (M & x B @ ) of BPH increased significantly with the
increase of photophase. The brachypterous rate of males in hybrid lineage M & x B @ of SBPH increased
significantly with the decrease of photophase, but when the hybrid lineage was selected for 45 generations,
the increasing trend became insignificant. The survival rates of nymphs in pure or near pure macropterous
and brachypterous lineages of the three rice planthopper species were relatively lower than that in the hybrid
offspring, but not significantly different among 6 — 16 h photophases. [ Conclusion] The response of wing
form of rice planthoppers to photoperiod was strongly dependent on their genetic backgrounds, and the

differentiation of wing forms in pure macropterous and brachypterous lineages is less subject to photoperiod.
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Table 1 Differentiation rates of wing forms in the parents of rice planthoppers used in this study

* , S e Aw/ i M S 4 % (% ¥l 0 2% (o
A ke Z (LRHE) )mJiﬁ}\ e U AR (% ) WE U A (% )
N . . Selection Brachypterous rate Brachypterous rate
Species Lineages ( experiment block ) . . o
generations in males in females
M3 xBQ (%514 Block one) 11 0.00 £0.00 94.52 £2.89
B & xM®Q (%51 4t Block one) 7 14.55 £4.11 79.97 £4.78
Rl B3 xBQ (%14t Block one) 9 68.87 +12.98 98.61 £1.39
Nilaparvata lugens B & xBQ (%2 it Block two) 31 97.88 +1.44 100. 00 +0. 00
Mg xMQ (551 4 Block one) 11 5.70 £1.65 43.46 +5.78
M & xMQ (%2 4t Block two) 38 18.38 +3.59 48.42 +5.01
M3 xBQ (%14l Block one) 11 0.00 +£0.00 87.19 £4.15
M & xB < (552 # Block two) 45 4.62 £2.61 91.36 +4.58
KK k
, B & xBQ (524t Block two) 24 91.07 +2.97 100.00 £0. 00
Laodelphax striatellus
M & xMQ (%51 4t Block one) 10 0.00 +£0.00 5.13 £5.13
M3 xMQ (%2 it Block two) 5 0.00 +£0.00 1.67 £1.67
S M3 xBQ (%5 14 Block one) 11 0.00 £0.00 88.33 £6.70
Sogatella furcifera M & xMQ (%1 4t Block one) 7 0.00 +£0.00 0.00 £0.00

M. K3#% Macroptery; B: %&3# % Brachyptery.
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A\ K % 5 & 7E 6L: 18D, 8L: 16D, 10L: 14D,
12L: 12D, 14L: 10D F1 16L: 8D ¢ JE 1 214 T iy #1
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iR TESE 6 BB HIT A M A R, Ab RS G IE
MY 25 UG i R RO A ) 1 A L 10
K (R 1), HAEYIEHAR (350 mL) Py 7 d
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FRFL™AR T, DA 1 SRR 10 Sty /RSy 1 A
52, BRER 2 kR REU AT R B 8 xB @ [
ARG T 10 RE AN, HoAth R bR mU) B L
b RTEAOGIRI BT #4405 12 YA, B 120 3k
WA A, A A R A SRR B TR x B x

B =22 em x 15 em x 16.5 em ¥R Y &b, It
Yy & (0 Y BEFN ANEESY FH G AT 25 1, A2 EE A 1%
BAGT 2RI, RIEENAEE, 6
W, NG MANZHOCATTIT, b & NAE E
AEHEAZ 2 3045 30 W HOGKT i g s st 2 4 &
S AT B, Biikiwot. RN T
vl M REVERARDLIEEE , I I 0 A v s s
TR, PRIERT B K R4 SERITE 25 CHE R A1
THET . A ORI, 230 SR Sk A A
AR, BRI &6 AL B A SR
FrAg R AR 30 ~ 110 Sk Z (8], 48R Z2 801k 60 k
Pk
1.3 HEHH

MR A 25 R, 4R B AR R R R
ATEA G B R A e SR T3 M 3
(%) = Jei 320 MfE T 20/ fE o S B > 100% 5 T 1 et 3l
(%o ) = JeL S BB/ AR x 100% 5 6 e
(%) = (J 3 ME B0 + e e e 80) /6l i R B
x100% ; SET-F (%) = [1 - (RN AL/ & Ik B
e ) 1 x 100% o 453 Y bR AE AN [FDE IR



11 39] LITA BTSN R 5 QA A R L 3 X i R AR A A e 1309

22 5 1 35 1k 70 R A Tukey G HSD 35 04T,

PE AR B AL BEAT 22 53 3025 R 23 BT AT 2 R AT AR 7%
V5 R g, LA RS R, BOHE gt A BT AE
SAS 9.0 HoE o SCH AT B 3 0 M + AR

i
2 ZHR5OMH

2.1 AEAXBPTECAMNETR

2.1.1 RECHIIEIET 3 AT REl s AR
HIZ 2 n 1, H Gl 4 Ffo UG i 2R A0 R TR
TEATRDG BRI T 5%, KOBARE S R M & x M
@ AR ALF e i R B & x B @ 7ERDE I 41L: 20D

FKOEHE 20L: 4D 5 F FRSET-H I B E = TR#
HEMNAS i A MS xBQABS xMQ,
MAESCIR MR 14L: 10D S5 44T 4 Fofrs 7 i 1€ 5
HHAAT R LR EER, KEAHENLR M x
MQ HISEHIFEM R B & x B Q #5 AET- RAE 4G
HEZ& 4 41: 20D R I 2 5 FIEH 6 R 14L: 10D 4544
TH(K#MAR: F=4.92, df=2, 31, P=0.0139;
BN Z, F=21.54, df=2, 30, P <0.0001), {A
HEOGH&ME20L:4D P LR EZESR ., K#S5H
R E A M S xBQ M B & xMQ7E 3 Ff
SRS TR RMAT- R LR EZR(MS xB
Q. F=1.17,df=2,31, P=0.3229; B4 xMQ?.
F=2.13, df=2, 25, P=0.1396) .

x2 BYEERERBKSUELHEFETHRETE (%)
Table 2 Mortality ( % ) of rice planthopper nymphs under extremely long and short photophase conditions

REFPE I 6 JE Photoperiod
Species Lineage 4L:20D 14L: 10D 20L:4D
M& xM@Q 59.17 £6.45 Aab 30.88 £4.41 Ba 49.17 £6.90 ABb
. ) M3 xB¢Q 51.67 +7.26 Ab 34.33 £2.28 Aa 39.17 £5.29 Abc
#y KE\ Nilaparvata lugens
B& xMQ 45.00 £5.57 Ab 32.90 £3.72 Aa 29.17 £7.33 Ac
B4 xBQ 70.00 £4.26 Aa 39.44 +£4.19 Ba 75.83 £3.13 Aa
B K Sogatella furcifera M& xB¢Q 40.83 £3.98 A 27.89 £3.28 A 32.50 £5.09 A
) ) M& xM@Q 68.33 £5.75 A 37.73 +3.83 B 63.33+7.11 A
K RE\ Laodelphax striatellus v
M3 xB®? 30.00 £4.26 A** 9.39+1.79 B** 30.83 £4.99 A"

il CPIE = ARER) JF AR RIR'S FRERR Al — i RIEARDEA Y T TR 2R B3, ARV/NG FREEIRIFE — 6T A [R5 FR e
F 5 8% (Tukey [G HSD 425, P <0.05) , BUR'5F7s KM B R B i R 0] 22 5 35 (¢ 3%, P <0.05), 3 [A], Different uppercase

letters following the data ( means + SE') mean significant difference in mortality of the same lineage among different photoperiods, different lowercase

letters mean significant difference in mortality among different lineages under the same photoperiod by Tukey’s HSD test at the 0. 05 level, and double

asterisks mean significant difference between macropterous and brachypterous lineages by Student’ s ¢-test at the 0.05 level. The same for Table 3.

B RERKBSEHALMAMS xBAH
PIFET e g 1 AV PR B A T e 5 25 5%
(F=1.48, df=2, 24, P =0.2478) ; JK K@\ K38 7
AR M S xMQ KMS5HMRZEMAMS x
BQ &l AL TR AE K H B8 20L: 4D s % H B&
4L:20D°F ¥y i 3 m FIE R YE A 14L: 10D Ry (K
BRI Z . F=6.11, df=2, 31, P =0.0058;
K& F=8.37, df =2, 32, P =
0.0012) , H-H7EX 3 MRS T, K E#
AE G Ve i 2R B FE T 4 34 J 21 T K R B o o AR
(4L: 20DJ¢JEM T . ¢ =4.58, P =0.0001; 14L: 10D
JEFABITF . £ =6.30, P <0.0001; 20L: 4D 3¢ J& 1
F.1=3.63, P=0.0017) (%2).

2.1.2 ESAERWIAMET 3 FRE RERIET:
oM REWRKHERM S xMQ WM ATEO6h A8 h
PRSI FAE T R & FRICI AT,
HESBEBREARS(F=2.36, df =5, 66, P =

0.0497) ; # KCEVEMEI B & x B Q §h &4 HTE6 Ff
TR TSR R 25 (F=1.31, df
=5,66, P=0.27), A CAHKHAIG LS R M
& x M QA5 LT AL G FIA S5 F Tl i 2
ZR(F=1.01, df=5,45, P=0.4244) , JK K@K
WAL RTE 6 h MAEDCRAMF TR T REE ST
10 h FY(F=3.80, df=5, 66, P=0.0044) , {H7E
HHMOCRIH T IR & 2R K REFHB SR (F =
2.03, df =5, 64, P=0.0858) &x M & x B @ 2435 i
Z(F=2.16, df=5, 66, P =0.0691) [AFET HIEH
TR T R E 2R, HFHRSSM AT R
Y E R T RIMAAI R (£ 3)

2.2 AREBEEHET I #HETERNBRES L

2.2.1 3 FhAE CEUE AR s R G BRAR TR Y
ARG 4 REK BRI E SR M S xM Q1
W H R b R N B R A H R (20L: 4D) |
fIH BE(4L:20D) FIIEH H B (14L: 10D) 544 ] 3
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Table 3 Nymphal mortality ( %) of three rice planthopper species under different photoperiods

KA LT It JE 1 Photoperiod
Species Lineage 6L: 18D 8L: 16D 10L: 14D 121: 12D 14L: 10D 16L:8D
R E M3 xMQ 32.50+3.05A 34.17+3.13 A 28.33+2.07 A 25.00+2.89 A 20.83+2.88 A 25.83+4.34 A
Nilaparvata lugens B& xBQ 38.33+4.41 A 40.00+5.22 A 30.00+3.69 A 28.33+0.49 A 29.17 +4.34 A 30.83 +3.78 A
H Rl
. M3 xMQ 30.91+4.95A 29.17+3.98 A 36.00+9.57 A 41.43+5.98 A 26.67 £8.03 A 45.00 +8.46 A
Sogatella furcifera
- M& xMQ 42.50+2.18 Aa  29.17 +3.13 ABa 28.33 +4.05 Ba  40.00 £2.75 ABa 40.00 +2.46 ABa 39.17 +3.58 ABa
k%iﬂ‘ Md xBQ 45.00+4.85 Aa  29.17+3.78 Aa  34.17 +4.17 Aa 28.33 +4.58 Ab  25.00 +4.69 Ab 30.83 +4.99 Aab
Laodelphax striatellus
B4 xBQ 32.50+5.92 Aa  25.00+2.61 Aa  39.00 +5.47 Aa  37.50 £2.79 Aab 32.50 +3.05 Aab 24.17 +4.99 Ab

TEEES (MEREHE: F=0.19, df =2, 31,
P =0.8306; MEdiEi#%, F=2.14, df=2,31, P=
0.1347; MiE#M %, F=0.15, df=2, 31, P =
0.8650) , #§ CEVEMRIGiEM R B S x B Q M
U FER B RAE 3 RO A T 2
(MRS, F=0.78, df=2, 30, P =0.4657;
MR, F=0.15, df=2, 30, P =0.8625) , {H1f
AR H BRI T A H R |
HB&ME T (F =11.29, df =2, 30, P =0.0002),
K A ASTHE S R M & x B Q (1hy M i J 0 R 7
IEF R H AT B8 s TR HBEAG T
(F=4.67, df=2,31, P=0.0169) , {FHifi i jm#=%=
3 FOEHBI T B E2ZS (F=0.91, df=2, 31,
P=0.4123), 1fi B3 x M Q [t ik 1 g 4 L% %
I RRAE 3 RO SR R ¥ 0 B 3 2 S (O e
K. F=0.13, df=2, 25, P=0.8827; I Hm#R.
F=1.95,df=2,25, P=0.1636; ME#*, F=
2.93, df=2,25, P=0.0722) (£4),

JRCE AR R M & x M@ 7E 3 Fiolt
JE1(41L: 20D, 14L: 10D 1 20L: 4D) F Mt fgi i1 R
(F=1.69, df=2, 31, P =0.2007) fl A% (F
=1.53, df=2,31, P=0.2321) ¥ L. &2 5, If
HIBA MR = A (£ 4) o K REK 3
FAZhfivedh 2 M & x B Q AR (F =0. 96,
df=2,32, P=0.3940) Fl 502 (F =0.24, df =
2,32, P=0.7854) 78 3 PG T Mo i 3 25 5,
U H S A S IR SRR (412 20D) F B & T
IEE MG AT (F=5.23, df=2, 32, P=
0.0108) (F4).

FH a2k iR M & xB Q1)
Wi R (F =0.98, df =2, 24, P =0.3888) fll.i4
S (F =0.77, df =2, 24, P =0.4737)7E 3 Fi
JEWIF C 25, HIYLE i b Bl (£ 4) .
2.2.2 3 FhAE CETE LA O A T R

UM Bt AR R M3 x M Q [ S =
FE12 h BT B EH & T 16 h G T 14k (F =
2.67, df=5, 66, P =0.029), H &P KEW %
SRR AE 6 TG AT A R T E S,
[FIERF 3 Fffed R mUA I i R ARSI i i
B BT R R (R 5) . 3 FhAg CElry Al 4
FIG AR AR 5256 R e

Xof 3 Ffres W mEA [7] 328 AU 7 1 5 R AR A
A7l R FOE T A5 () SR 2R 504, S5 R I, 48
KEW(F =238.49, df =1, P<0.0001) JK K@\ (F =
370.80, df =2, P <0.0001) fl (4% K@l (F =
370.80, df =1, P <0.0001 ) 3875 5 22 b I3 35 5 i
S ARSI, 17 A A X A5 i AR T TG
S (# KAl F=1.37, df=5, P=0.2399; Kk
fl: F=0.35, df =5, P=0.879; [ K@l: F =
1.12, df=7, P=0.362), 3 B30I 5 22 F156 5 1
T EAEH (R 6) . By, f QELm 7 32
B AR, L Al R BUE 4 R A2 A RO
JEI 52 AR

3 i

ZAEK, VFZ 5 N B U B Ak Al T E ST,
TR BREE W OGH H 8 B B R AR e
PR -2 0] B R 3 B AL A — RE R e, {E 2 W
SRR FREN, RIERAERME . # RETE
21°C 5 27°C K A oAk LRI TE 50% oA,
WEZEFARE, MAE3RCT, KFLEREEST
B AR (kg 4, 1983) , RIRA B THAE M2
Hypera postica ( Gyllenhal ) A4 50 - % 45 331 70 48 49
b, T R A B TR R Sk (TR R4S, 20105 B
e, 2010) , {HXF FHEEF Myzus persicae ( Sulzer)
545 NF Lipaphis erysimi ( Kaltenbach) i 5, K&
A B TR B Y A T e i DU AR A A
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Table 5 Brachypterous rates ( % ) of rice planthopper lineages under different photoperiods

W& 36 JE ] Photoperiod
Lineage 6L:18D 8L: 16D 10L: 14D 12L: 12D 141L: 10D 16L:8D

6K EUME HH 5 3 Z Brachypterous rate in females of Nilaparvata lugens

M3 xMQ 71.11 £5.61 A 68.75 +7.26 A 63.06 +5.93 A 76.53 £4.51 A 68.89 +7.10 A 50.83 £10.08 A

Bd xB? 1.00 £0.00 A**  1.00+0.00 A** 1.00£0.00 A** 1.00+0.00 A** 98.61 £1.39 A** 1.00 £0.00 A ™"
ey K EUE %53 R Brachypterous rate in males of N. lugens

M3 xM@Q 11.67 £4.70 A 22.50 £6.08 A 13.06 £4.11 A 18.65£6.19 A 15.42 £3.49 A 14.72 £4.19 A

B4 xB¢ 73.33 +10.88 A** 81.94 +£8.51 A** 65.83 £11.02 A** 72.82+6.36 A** 69.58 +10.61 A** 69.58 +7.71 A
¥ R AR S ZR Brachypterous rate in population of N. lugens

M3 xMQ 39.90 £3.12 AB  46.28 £3.29 AB  37.60 £4.72 AB 48.69 £3.82 A 40.05 £5.15 AB 29.31 £5.52 B

Bd xB? 86.22 +5.18 A™" 89.48 +5.51 A" 84.84 £4.44 A** 85.25+3.78 A** 87.03 £4.43 A** 83.52 +4.55 A**
JR K EUME 45381 % Brachypterous rate in females of Laodelphax striatellus

M3 xMQ 69.44 £4.79 Ab  20.56 £6.37 Ab  17.15 +£5.58 Ab 9.72 £5.21 Ab 6.25+4.48 Ab 4.86 £3.32 Ab

M3 xBQ 100.00 £0.00 Aa  94.44 +4.27 Aa 98.61 £1.39 Aa 96.67 £2.25 Aa  93.75 £3.26 Aa 94.84 £3.49 Aa

B4 xB? 100 £0.00 Aa 100 £0.00 Aa 100 £0.00 Aa 100 £0.00 Aa 100 £0.00 Aa 100 £0.00 Aa
JR K EE H 453 %R Brachypterous rate in males of L. striatellus

M3 xMQ 3.75+2.55 Ab 4.17 £2.81 Ab 0.00 £0.00 Ab 0.00 £0.00 Ab 0.00 £0.00 Ab 0.00 £0.00 Ab

M3 xB®Q 0.00 £0.00 Ab 11.11 £8.54 Ab 7.78 £5.49 Ab 0.00 £0.00 Ab 0.00 £0.00 Ab 1.67 £1.67 Ab

Bd xB? 73.21 £1.51 Aa 57.92+2.39 Aa  54.00+£3.46 Aa  77.22+2.02 Aa

81.25 £1.90 Aa

61.53 £2.97 Aa

JR RE AL 43 R Brachypterous rate in population of L. striatellus
M3 xMQ 7.02 £3.26 Ac 12.78 £3.79 Ac~ 9.45+3.20 Ab 4.86 £2.61 Ac
M3 xBQ 44.88 £5.47 Ab  50.88 £7.65 Ab  53.19+3.67 Aa  46.87 +5.79 Ab
B& xB? 85.05+3.32 Aa  79.14+4.70 Aa  73.33+6.92 Aa  85.93 +4.36 Aa

4.17 £2.99 Ac
44.15 £3.10 Ab
88.10 £4.49 Aa

3.06 £2.07 Ac
46.19 +2.98 Ab
81.20 £5.40 Aa

& mUE H %593 % Brachypterous rate in females of Sogatella furcifera

M& xM¢Q 24.39 +£9.38 A 38.89£8.10 A 25.83+£7.50 A 25.00£10.94 A 11.11 +£7.03 A 4.17 £4.17 A
17y K EULE H1 %5 3 R Brachypterous rate in males of S. furcifera

M& xM¢Q 0.00 £0.00 A 0.00 £0.00 A 0.00 £0.00 A 0.00 £0.00 A 0.00 £0.00 A 0.00 £0.00 A

H KA Brachypterous rate in population of S. furcifera

M& xM¢Q 11.92 +4.16 A 18.41 +4.49 A 15.47 +4.70 A 17.04 £7.44 A 8.33£5.27 A 2.78 £2.78 A

B CEBME + frUERR) J5 A RIKE FRER R — 5 REARDCR I T R a5 0¥, RRVNG TR R W — G B TR R & &R E 2 5 0
2% (Tukey [G HSD #358, P <0.05) , XURS RN MR G R 7 5 R (0] 22 57 8 3% (¢ 58, P <0.05), Different uppercase letters following

the data ( means + SE) mean significant difference in brachypterous rate of the same lineage among different photoperiods, different lowercase letters mean

significant difference in brachypterous rate under the same photoperiod among different lineages by Tukey’s HSD test at the 0. 05 level, and double

asterisks mean significant difference between macropterous and brachypterous lineages by Student’ s ¢-test at the 0. 05 level.

F6 VRIGRAMNFHX 3 B CRBBELMPINERAESH

Table 6 Two-way analysis of variation for the rice planthopper lineages and photoperiods

on wing form of three rice planthopper species

REFP 7 S R A ¥575 (MS) F p
Species Source df Mean square
. a WAL &R Lineage 1 13.23287 238.49 <0.0001
Nil ﬁj‘%il 65 Photoperiod 5 0.07598 1.37 0.2399
ilaparvata lugens
P € ARG R x G JE ] Lineage x photoperiod 5 0. 02900 0.52 0.7588
el WAL &R Lineage 2 20.23650 370. 80 <0.0001
X LE . Y& 18] Photoperiod 5 0.01934 0.35 0.8790
Laodelphax striatellus
FR L 2 x G JE ] Lineage x photoperiod 10 0. 08000 1.47 0. 1544
| WAL R Lineage 1 3.71667 50.28 <0.0001
H Il' . Y65 Photoperiod 7 0.08262 1.12 0.3622
Sogatella furciferaa

WAL EL R x 6 Lineage x photoperiod - -

- BFAE CERR B R E A MR, Tk T BEAEF 48T, Interaction between lineage and photoperiod on wing

form of S. furcifera was not analyzed because the photoperiods for its macropterous and brachypterous lineages were not the same.
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(XUBSHAEFN RIS bR, 1994) o FR X B U AL Al
A —E W, JE R R PR A kB, TRAKVE
X e RT3 B ) 091 o 20 R TR DX AN R K DX
W A TR AL Y AR (E ARl AR
1981) o eI 1152 ) B e 7Y 434k 1) BF 5% b
B, K HBAE I HE /N R0 (R 1A A, 2001) Ry
K0 (Fujisaki, 1989 ) FIH< 5 3| & (#9455, 2010)
KRR 534k, T H BRI A R i o3 Ak, A
if, AR, H R LA SR A A
ok A e g R R A TG R ( E4R4E, 2014)
DARTABFFE & BUA H A TR BB
7=H: (Kisimoto, 1965; k18 4>, 1983, X1 #g &,
2010) . AWFFEA B AL T SR 3 FAE UK
A ApRE T AR H B R H BRANE R H RS
FTFREABL MBI R, 4RRW], B REATK K
AV ARG R R M 8 x M@ 133 B ) i il
ORSER L LU LA - G I SR A i A v S e
JCIA A T IR E 2 5 . ARh A EE €
AR QBRI B G 0k 5 RIEA B 2E AR, B il
B, A R EU R B A R 5 A A B B AR 52
TR RS, # CEEHAE4 R B & x B
@ Ayl R S AR N 52O SR R A s e, E R
AR ARG IR 201 4D 4508 T B8 T 1IE %
JERRRDE RS T Y, R KOG RO F) 740 33
ML A, X — 55 R 5 R R BF 58 A — B
( Kisimoto, 1965 ; k44> 1983, %{Eie4E, 2010)
T 2240 & R g6t 32 8 R 0 82 0 e 42 0 T i 4l R
5, HIGAMAIZE6 ~16 h L R LR &%
o ABFRARBL, T T ~ 11 A CEW(M 8 xB
MBS xMQ)FIKKE(M S xBQ)K AR
S0 i ZR WS BT AN [R]O' J A A7 7R 8 3% 25 5
B CEM & x B @ & ik 45 5 ry @ B 7E &
JERBI T ERA RS, Xt LB R AR R
JE AL 34 5 OGRS . 534k, HE K
AR M AR (M S8 x B Q)78 3 Fiot & 1]
TRSERITC 2 , X AT RE S BT AU s
b e e (A ORI R B A2, 19815 Mori and
Nakasuji, 1990; XIHEPE4E, 2010) , i & i 5 H b
H100% Jp R RY, T ME L 88% DA b Ry Ay, F
TE b R OB B S TR E A G, R, XS
(2010) FI IR AL R 75 REWIR AL, 5
HENAAT AR CEVE 3R~k . (AR
AITFE B AE A R AL 4 h 206 h B IR E T,
7 6 ot R ) RS A e e e B, X

— PR SR KRG A Al R 200 A R AR 25
B, SGJEIARAE R AL A R AR N
3 ARG SRR, 5L all R RSB 2O
JEIRE I, EARSER S 52 R R . AR5
ZE RS 7N A R EU R B s A8 R S E
(1, SRR EE SR AU FBIE I

A, ISR R e B AR k. w
i Eobiana engelhardti subtropica TE B k4w 35 F HB N
FOMAL, WMAERE N 2 kM4 KT R#BRET
60% , 1555 BE AL AL 1) 534k ( Higaki and Ando,
2003 ) . AT ] Hhy AR E 5 B ) 28 Al HH A
(RN W, AN 56 42— B0, WiV RP IR d R 5 % i
B TR s FEHE TS TR AE A4 E e 7E AN ) %5 B2
a3y oS Y T e A e A i R R b A
NP U N el S SN R A (R AT
FEE, 1997) o 5KIG 4 (1983) B i 18 AN iRk Fi b T
frfh AL B0, 49 U AL o34 L S il R R 2 i
AR S AL . X EEIF RS R 22 5, FIfesi 2t
T SRR L 1 SO R T, B HU A gy
ez R R e, XCAPMIRS R, &
T G TR HAH A 57 1 6P B g R4, 3 Ry o e £
PR, KN G RGN, fF G d iR e E
£ (Hsiao and Hsiao, 1985) , #&§ & @\ %0 0 bt &
1 O0F S P e PRI 1 1 T 6 S e HR AN S0 3 4% 3 15
EHE(Iwanaga et al., 1985; ATHEE4E, 1997) , {HiE
Tojo(1991) I\ Fyty K EUH A2 Z B HIR . K
TRE A AL A 57 2 PR R 45 ) (Mahmud , 1980
Mori and Nakasuji, 1990) . #1555 (2012) B 5T %
B, e CEURBUIEART G 1 X S50 5k PR 42 il fg DA
PRRBAL AL, B CEVRK Qa3 B AL
2 X SEALAE R ] B AR M, o 1 XS AR SR
(DA I 227 SR EER NI IS B DG VA 7SR S 7 NI i N i
FIFH 3 FiAECEUGH A IS 1 26 R B 40 R G T
TR SRS BOREAIESE AN [R R
ARKFEAEE W FRFRE, X e al R e 4 R
AR R AR 2 R AR, X H I — PSR .

AT, R CEUEHA B 8 x B @ 5K
BIM & x M Q i & it & I SE T R AEA L6 T
Bl T R e s i e i &R, O AR R AR R
BVTEAR i 1 FH LAY O J 4 41: 20D 1 20L: 4D R4
ToREFE R TIE R G 141 10D £ T, A
o, 3 FREA R ALE 6 ~ 16 h G Ay sE o482
AR XTSRRI 2 ] BE s L Al R 5 A
AMARERAD LS BT K A IR AL B AT RE 2
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AT FOEEIR M T RS RR A IE B AR, T 2R
BRARITE

B BT I3 A X6 S 391 A A ) T R AL
RSSIPAE RN S CH I A Lk SR U Db
PEPREE . ASHESE A DA K mG T 4l 2% 5 A A B
TR A AR, T AR 2L 280 R A2 5 R 3 1
Wi, FHTRIARS R\ 5 S8R Y Y 245 A AR
PRI, HAAR BE A2 6 R S i A8k, 36 I 3] 8
B, R ARAFR AR
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