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B E [BAN) HEREEXSMRNEE Scopula subpunctaria 4K R B IR, WA & B SR BE R
HRRBE. [AE] BB RNEET 13, 16, 19, 22, 25, 28 fl 31 CHYEEIRE T, MELEH
it iz M MR, SRR R R BT B & RS EE G EE. [ &R ] R
ROIERLA LB B AT A B8 (P<0.05), HAF YR E & mEgEE. m-miks
JifAM 13 °CF 1% 105.77 d 4% 3 31 °CT A 29.62 do FXAR RUEER | 4hde | TR . M6 A0 O -0 1) & B ke o 7L
FEAYHI 7.51, 7.94, 343, 8.73 F17.95 °C, ARBURSIIN 12092, 276.20, 43.65. 156.99 F1595.24 H-J&,
FE 13,16, 19, 22, 25, 28 F1 31 °CHlREET, BP-UHAYEAFEZ00 50.31% . 47.21%. 60.27%. 48.30%.
69.77%. 36.96%F1 12.67%. [ #i& ] ZVHR ML B MR A WA THm mindk, 25 CHE 4R RUE R 705 %
B, 25 CCRARRBAREBTRIEAMIRE . AU R NI REER B R R . FRAER
RN A R TR TR % 7 TR e BB AR o
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The lower threshold temperature and ther mal
constant of Scopula subpunctaria

GENG Shu-Bao”~ HOU He-Li JIANG Meng-Na QIAOLi YIN Jian ZHANG Fang-Mei
(Xinyang Agriculture and Forestry University, Xinyang 464000, China)

Abstract [Objectives] To investigate the effect of temperature on the development of Scopula subpunctaria and determine
the lower threshold temperature and thermal constant of this species. [Methods] The developmental period of S
subpunctaria was determined under at 13, 16, 19, 22, 25, 28 and 31 °C and the lower threshold temperature and thermal
constant of different developmental stages calculated using linear regression. [Results] Temperature had a significant
influence on the developmental duration of each stage (P<0.05), which decreased as temperature increased. The developmental
period of eggs-pupae decreased from 105.77 d at 13 °C to 29.62 d at 31 °C. The lower threshold temperatures of eggs, larvae,
pre-pupae, pupae and eggs-pupae were 7.51, 7.94, 3.43, 8.73 and 7.95 °C, respectively, and their thermal constants were
120.92, 276.2, 43.65, 156.99 and 595.24 degree-days, respectively. At 13, 16, 19, 22, 25, 28 and 31 °C, the survival rate of
eggs-pupae was 50.31%, 47.21%, 60.27%, 48.30%, 69.77%, 36.96% and 12.67%, respectively. [Conclusion] The
development rate of S. subpunctaria increased with temperature. The survival rate of eggs-pupae was highest at 25 °C, which
was the most suitable temperature for the growth and development of this species. These results provide important information
for predicting and preventing the growth of S. subpunctaria populations, and for implementing control measures for this pest
in the field.

Key words Scopula subpunctaria; temperature; developmental period; lower threshold temperature; thermal constant

*PEEI H Supported projects: YA HARFIAILESTNE (222300420269 ); A B A A RBMFBLRBIINE (54); {FRHAKMKE
B KRR S A BB S YE BN H (FCL202102); fRFIAARABE 7 4R ZUMRHITEE R B D0 H (QN2021028 ); 17 ey Beff:
Wy (B 155 i BRI AR B R AT BA

**5 {3 First author, E-mail: shubaogeng@163.com

=450 A /E# Corresponding author, E-mail: zhangfm@xyafu.edu.cn

WekS H ) Received: 2022-03-10; $2%3Z H ] Accepted: 2022-06-10



41 kP se: FOm RUE R & Bk S A RO - 795 -

ZH R % Scopula subpunctaria ( Herrich-
Schaeffer ) M 44 FH R | 5 R J&6# H
( Lepidoptera ) ]RUEFEl ( Geometridae ), &5
R E Rz — (BRIESE, 2009; FRAEMFMY
5, 2019), M EER, BEEENIFA
KA, SR TR 0. #iiL, 1
AR e SAAE AR (SRR Ak, 19775 i
SCHFAE, 2010, 20115 &S, 2016 ). 4
EXAFWAEN: il 2%, W o 30 2 52 AR 57
JEEBE, J5 A4 R I e R R TG T Y
“C”OBERA, KRR AR SRR R A R A
WG, AR MK, X AS A A R R A TR
REFEN (BRHEP 5255, 2019),

U L AR AR R R AR B
B AU B D 2 B 1) T T 2 4 e [
WM SR FEEXT R AR K AT M H R &R AR
FE 58 RO 0B 58 B, a0 BT M BT A B
Spodoptera frugipetda ( fAIFjHESE, 2019; TR
%, 2020 ). KA Ectropis grisescens ( &=
R4, 2016). LW ETIE Diaphania angustalis
(SR EFAE, 2016), EWHEIHE MM Acleris
fimbriana ( XII7k48%5, 2019 ). = HR¥Fi#E Creobroter
nebulosa ( X4k A0 %, 2020 ). = IR i /) g
Pediobius yunnanensis ( A8k %%, 2020) K4
2 2tk Phyllonorycter ringoniellal Geng and Jung,
2018a, 2018b) 45, HHI, EHNIME AL
HIBIF Y BP0 S 2S8R RO (¥ A 38 2T 1 L G R
MLBERTTEE . HdR L il R R A L R
RPN AE BE 2 P e PR AR B 2R 5 0 55 1
(fk#, 1977; skatagfpkds, 1977; KRS,
2009; HICERSE, 2010, 2011; EEIJESE, 20165
AR 5555, 2019; Maetal., 2019; 5K77
M5, 2019; Gengetal., 2021 ), HREEXFARER R
WA K R B IR e S H e R AU AT AAORR
T B 5T 0 R WA . IR AR R & Bl
SR BE A AR R X S R W AR Y S S
0, AT TP A AR ROMEAE A A AR, HERR R AR
el i A= v WY, DT SR B B %) 25 4 3 U ZR5 By
B

IR SCHE I E SRR RO e 7 DARRE TR

MARAETSE, BEEPEEN HAERETH
SO, WA HAS A A B By A e A R A
BB o« ASBIFFE LS RAA A 2 R U 4 38 R Rl SR
FIHAUAR S EE R 7T S LR AR , i HoW AR
JOE Y F Ta) RS I | A A A AR e A i
T T4 K 76 £ (R B

1 MRERE

11 #ihiR

R RUME R ] R A8 5 PH T Il X =
B 2 /Nd AT (132°01735”N, 113°5921"E ) 2B .
2019 4 3 Ha) & 4 H BA), e 44E 30
XFZEAT 2 AR RO B el A7 (] S0 2 B T R U
(50 cmx50 cmx45 cm) HiEFE, WIFREE N
(25+1) °C, HHXHEEHR 60%+10%, FHBLIEH
R 10%05 7K, AFh OB AN E IR, BRI
R EE K 4 6-8 BUFTEEASMIAL (20 cm )
AWK HEIE (300 mL) 7, SRIF LA SR
WG, HEESER ROME e ™ B, B R BB
AME O, AT A — AT, RR ORI
fb)E, MRt im e, ERgm i, 1w
(i) S Bof B it e A o RSl BUARI S, RER LR
U RSk i AHEIE I (300 mL) Y, SRJA FHZb A
(100 B ) #ERE, FEPMLG, %I EiR Tk,
gkerimgE T —1Q, ZFEMEE

12 REF*

TEZAR RUERDRE SR B S8 rh, BRI it 1)
Yikr, BAREFRIL( HAE x & =9cmx 1.5cm)
Hr, B 300-323 K] ER (< 24 h) AR5l A R
EERN 13, 16, 19, 22, 25, 28 Fil 31 °CHY
ANTA M4 (RTOP-310Y, WiTIEdE =4 )
T 5 S AE 2 AR 75%+5%, JEEW] 141 -
10D, BRI OP g, A B BE SR ML
FROPWALS , %) Ak SE B S AR 5 55 L rp L i 2%
MR SR, AR AR AL T IR AR RE K R, R
KB R i 5t JF 10 skl U I AR 11 %))
HOHE AT H I, FR AU o b 2 e, S
PSRN HEIEH (300 mL ) 1, R FHZb A (100
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HO EHMERE, fepfe)n, M, goitoe
I HEBR P W8 B4 B o DR DA s B A 2 P
G, BERICREE, B DLATARSE I A ik

WCOH MRS 2 4R, TR MBS ER I | 4%
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KB BB BRI 1 s .
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Tablel Survival numbers of different stages of Scopula subpunctaria at different temperatures (ind.)

KB BBt Developmental stages

e (oc ) PIRIIECE

Initial

Tempera- LA 2 gl 3 kgl 494l 5 ReAhm Fd - HfE ol e e
tures (°C) number Ist instar 2nd instar 3rd instar 4th instar 5th instar Pre- Egg- Female Male
ofeggs  Fee larva larva larva larva larva pupa pupa adult adult
13 322 255 221 211 200 198 197 185 162 162 81 81
16 322 207 178 173 169 168 166 166 152 152 81 71
19 302 260 221 216 212 211 206 200 182 182 90 85
22 323 229 186 180 176 176 173 172 156 156 63 92
25 301 279 242 237 234 233 228 228 210 210 88 122
28 303 227 185 175 168 163 156 139 112 112 56 57
31 300 209 145 132 123 105 93 58 38 38 15 11

13 REEXSFEEZANEMHRBRLZEE
RiBEMERRBHTE

RBRNES AN BN AT RBEFIRE
DA, MR PEA R IRE I (230 1) ( Geng
and Jung, 2018a), kK& HUR5IREZ [MAFFELL
PR, TUHAR (2) Fon, BT A RE,
A (2) B RAK (3), TSR
MEAR[R & B B BAEAS IR T W R B 33, it
S8 a Ml b, HEMNMABRESEE (LT
=—b/a) FAHANE (K=1/a),

DT-LT)=K (1)
1/D=-LT/K+T/K (2)
y=ax+b (3)

A, DAHRET(C) FTRAFHY (d),
LT BAHEAERE(C), K EAMBIR(d °C ),
y (=1/D) EARBFHEF (d"), x BEE T (C),
a il b RL MBI A S50

14 HHESHT

BARA BT FH Excel 2016 21441 SAS 9.3 %X
1o KB EFGEEZ M LXK, fid SAS
A A TERME T, SRASLR M R ARG S

B AR T 254 RO % & Iy 9 =2 [a] 1) Jh 25
22 5 R I )7 225041 ( One-way ANOVA ),
Y e H SNK K255 ( Geng and Jung, 2018a ),
() — ik B b LTS A 2z ) %) & 7 T 0 2 S
EPEFH OGS tR2 5 (SAS Institute, 2013 ),

2 HREHH

21 BEMNFRRIELZTHHHRIE

ZRAR RUMETE 13-31 °CYREE Y BBl 9 vl DL B
RE B, X AR RO e B B B A A
ER0 (D, F=2404.21, df=6,987, P<0.000 1;
1 B4hd . F=571.98, df=6, 987, P<0.000 1; 2
e, F=375.11, df=6,987, P<0.000 1; 3 #*
hd. F=312.53, df=6,987, P<0.000 1; 4 &%)
4. F=520.13, df=6, 987, P<0.000 1; 5 {44t .
F=151.82, df=6, 987, P<0.000 1; M4y, F=
2416.76, df=6, 987, P<0.000 1; Tl . F=143.52,
df=6, 987, P<0.000 1; 4 : F=1 049.55, df=6, 987,
P<0.000 1; BR-Wf. F=5 942.01, df=6, 987,
P<0.000 1), £ &8 MrBeny & E Dk i s i 7t
e (2 ). BB ITHITE 13 °CHY
K, }2024d, 7628 °CF&E, 56.02d,
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Table2 Developmental periods of different stages of Scopula subpunctaria at different temperatures
KB B KB (d) Developmental periods (d)
Developmental N . . . . . .
stages 13 °C 16 °C 19 °C 22 °C 25 °C 28 °C 31 °C

Ui Egg 2024 £0.11a 18.13+£0.19b 9.32+0.10c 8.28 £0.15d 6.87 +£0.03¢ 6.02+0.01f 6.12+0.27f
! @%E 11.79 £0.11a 10.89 £0.21b 7.09+£0.08c 5.52+0.11d 4.79+£0.09¢ 4.16 £0.10f 4.08 £ 0.25f
Ist instar larva

Zﬁ%ﬂﬂ 9.17+0.14a 8.93+0.25a 5.10+£0.08b 3.74+0.13¢ 3.11+0.08d 2.69+0.07d 3.00=0.18d
2nd instar larva

3 ﬂ{%@]ﬁ 8.75+0.23a 7.55+0.22b 5.65+0.08c 3.93+0.11d 2.60+0.05¢ 2.07+0.07¢ 2.27+0.15¢
3rd instar larva

4%2}]& 10.10+0.21a 593+0.17b 3.30£0.11c 2.54+£0.06d 2.41+0.05d 2.23+0.08d 1.54+0.15¢
4th instar larva

> @%E 7.52+0.16a 525+020b 4.55+0.15¢ 3.51+0.06d 3.16+0.07d 2.58+0.12¢ 2.27+0.19¢
Sth instar larva

M Larva 47.35+0.39a 38.55+0.36b 25.69 +0.23¢ 19.24 £0.17d 16.08 £ 0.09¢ 13.73 £0.19f 13.15 + 0.29f
ik Pre-pupa  4.86+£0.12a 4.03+0.13b 2.54+0.11c 2.19+0.05cd 1.84+0.06d 2.01+0.08d 1.92+0.12d
1§ Pupa 33.32£0.46a 2493 +£0.47b 14.86 £0.21c 11.31+0.11d 9.82+0.08¢ 8.16 £0.10f 8.27 +£0.15f
BR-4% Egg-Pupa 105.77 £0.41a 85.63 £0.68b 52.41 £0.35c 41.02+0.21d 34.61 £0.09¢ 29.92 + 0.22f 29.62 + 0.32f

FPBAEERE £ bR, AT R AR AR NS FREERR R — & F O B 2R R RO AR TR R R B A E
X5 (P<0.05, SNK KL ),
Data are mean+SE, and followed by the different lowercase letters in the same row indicate significant differences at

different temperatures in the same developmental period of S. subpunctaria (P<0.05, SNK test).

AR R B I 13 °CHY 47.35 d B4
F|31 °CFAY 13.15 do Wi E B T HITE 13 °CHY
K, ~3332d, 7628 °CFHJHE, M 8.16d.
BRE I & T I 13 °CHY 105.77 d B 44
F]31 °CFHY 13.15d.

IR MEGRAE 25 °C N 7778 o35 Bt ) 25 57
(t=2.61, df=208, P=0.009 8 ), £ HAtIEJE T L i
FEIN 225 (P>0.05 X 3% 3 ). 1 ¥4l HirE 22 °C
A PR 22 5 (t=3.40, df=154, P=
0.000 9 ); 2 4l H7E 28 °C N AFAE & AR 2%
F(t=4.09, df=111, P<0.000 1 );3 24 H7E 25 °C
T W E 2 5 (t=2.70, df=208, P=
0.007 5); 4 A% H7E 28 °C FAEAE W& e 2
S (t=2.26, df=111, P=0.0255 ), 54N A T
DIIAE 13-28 °CHuE N A W3 v 22 7
(13°C: t=3.71, df=160, P=0.000 3; 16 °C:
t=4.11, df=150, P<0.000 1;19 °C:t=3.45,df=173,
P=0.000 7; 22 °C: t=3.72, df=154, P=0.0003;

25 °C:t=4.14, df=208, P<0.000 1;28 °C:t=2.52,
df=111, P=0.013 1), 7£ 16-28 °CF, #&/ 4l
KRB EREZER, R ETIERK T
HEd (16 °C: t=2.64, df=150, P=0.009 3; 19 °C:
t=2.92, df=173, P=0.004 0;22 °C:t=4.81, df=154,
P<0.000 1; 25 °C: t=5.71, df=208, P<0.000 1;
28 °C: t=2.30, df=111, P=0.023 4 ), 7E@&ik 25-
31 °CHu [y, MM Y & & D 3 I 2 A0 T Af
(25°C: t=4.72, df=208, P<0.0001; 28 °C:
t=2.04, df=111, P=0.043 7; 31 °C:t=2.94, df=24,
P=0.007 2). MERZNEHAEENS KB, R1E
22 CTHPAERENMNZESR (t=2.40, df=154,
P=0.017 5 ).

22 MEFBEREFARALAEHRATREAER
MEHRE

AR NIRRT B LT R 55
FERENLERIECR (K1, £4), &R
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Fig.1 Developmental rates of different stages of Scopula subpunctaria at different
temperatures and their linear relationship

T, ASEREEN R B R B, 13-
31 CIREEJERIN, ST ABHBNATHRREY
T Z AT i G R (P<0.05 ), HR 4
KB R Z Bt R, AR
WEAC R H B B R B R SUR A RORIR (R
5)o ASERRUMEMEMEDY | 4l TN . R DT 2
0 & B ESIRE A 7.61, 7.79, 3.76., 8.87
797 °C, AR BN 119.47, 288.18,

43.18, 150.83 1 598.80 H-J; METEASH I 1)
B . Gy H TN LR B R A AT
743, 8.05. 3.09. 8.61 Fl17.92 °C, A &AL
Wk 122.10. 266.67. 44.19. 161.81 Fl 591.24
H-BE; ZRRNMER (Q+3) DI, i, i
W A B 28 05 0 A A TR B Ak 7,520 7.94
3.34, 8.73. 7.95 °C, HRFUEITMN 120.92,
276.24. 43.65. 156.99 159524 H-J¥,
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®5 FAEFRRENZBEERREMFHURE
Table5 Developmental threshold temperature and effective accumulated temper ature of different
developmental stages of female and male Scopula subpunctaria

RAERSEE (°C)

Lower threshold temperature (°C)

KAEBrB

Developmental stages

AR (H-BE)

Thermal constant (degree-days)

? 3 +d3 ? 3 +3
51 Egg 7.61 7.43 7.52 119.47 122.10 120.92
1 #4110 st instar larva 5.71 6.85 6.31 95.88 84.75 89.85
2 #¥4)1 L 2nd instar larva 9.63 7.33 8.52 46.21 58.34 52.14
3 A% 3rd instar larva 9.96 10.77 10.39 41.88 37.05 39.25
4 {54 H 4th instar larva 7.63 8.48 8.08 43.61 38.12 40.78
S ¥44) M Sth instar larva 4.69 4.64 4.87 68.54 55.90 61.24
4l Larva 7.79 8.05 7.94 288.18 266.67 276.24
T Pre-pupa 3.76 3.09 3.43 43.18 44.19 43.65
¥ Pupa 8.87 8.61 8.73 150.83 161.81 156.99
Yi-1f Egg-Pupa 7.97 7.92 7.95 598.80 591.72 595.24
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AN T BT A5 AR RO A B 3 1 44~ K B
BETEIE M 2 FiR, 25 CIEACH i
ARKRE RIS SRR, &R 31 CRFIT24
FRRMEAEYE . 7E 13,16, 19, 22, 25, 28 131 °C
X7 AEER T OR M5 B AEE R A0 50.31% .
47.21%. 60.27%. 48.30%. 69.77% . 36.96%F
12.67% (F 1, Kl 2),
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Fig. 2 Survival rates of different stages of Scopula
subpunctaria under different temperatures

TR s R U KR R )
R —o HATHE P T SA 0 2 I R
RAMERKER ST N B AR R
A (Cuietal., 2018; 254, 2019;
BRooA: 4%, 20205 FESCHESE, 20205 B ARG,
2020; FEMEEFEE, 2020 ), 2SR (2019 ) #F5T
FW, 78 15-30 CHIJERIN, Ttk Tuta
absoluta £5 #2251 & 1 D A Bk B v 1717 28 2 4
Ri; 25 CTRYMUBAERE R AR ETNATE 3.
W HRUE B L | R B R  P B R A PR Y
KR, Cui 25( 2018 )F5Y T A AR BE( 22,
25, 28, 31 Ml 34 °C) X E 7k Heliothis
viriplaca ZE KK H . AR A IR REA5E , 25
TR W 7 o Mk 0 2 7 ) i 2 T BE T T 5
WA L FEEREAE (2020 ) & IRALE AL/ MG
Grapholita molesta FhfF&E 584 b & H s <
A IEARDG, HAE K R B R SR
I S EAROG A RS N, REMAR
T3 190 i o Yk v T 2 4 e ( ARG AR A%, 2020
FECHESE, 20205 B EAESE, 2020 ), AW
RIREX SRR R K B A BEYN, &
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B R R T R e R, SR RS
(2016 ) X I ROMEA: | % 6 5 T B A 5
TR — 2

AN ] B R 2 R 11 3 1o 7 PR AS AR []
e it B 2 i) B OO B P U, DT S i)
L TR IS i FEPE G AL, B R R b EL ) A
( Buckley and Huey, 2016 ). 7E i ‘H ik X
(15.6-32.5 °C ), AFEIFHA R BB K& & f™
P ) i i JE A —FF . Geng 1 Jung (2017)
W T IR X 4 8e4n ik Phyllonorycter ringoniella
A A O R, 2 M i e AR AR
15.6 °CT I~ BP i fae s (65.2 hi/MERH ), Ffm
ek (18.3d). Ju s (2011 ) WFFE TR BEXT B4
AR W g A K B RA RS R  REm , &5 58 &
PR AR K 3 R i o N T) [ 2 L T T
Wi, 30 °CoEdil AR E K A B 1Y Rib iR
J ., Nishi Al Takahashi (2002 ) #F5% T iR X}
Amphibolus venator 1= FIL B (I, 45
RIEHAE 35 °CF A7 O f e (52,1 A/ B
H), AHGE AR REA K R R B el e
32.5 CLA  AMFEEIL 25 CRREGE A AN
WEA KRB TR

BARmAERER B MR LA R
M2 Z B EE B, [ 252 2R . Ot
S BB R R AR FLA R R A s (R T A%,
2018; Rl T A, 2019; HATESE, 2020; Miki
et al., 2020), ZRiATEF (2019) BFFE T AIRLA
TAAPRHEL 7 AS RN BE A5 T e b B 7k 1 A
KET M ERIEMN, KIIEE 27 °C. MXHEE
70%, SGJEW 161 : 8D &4, KA 4 (&
KBy 150 g, EETKY 87 g WEREKY 30 g, THRE
15 g, HEHE 10 g, ZXMH/K 685 g, BIEHY 15 g,
PRI eR 2.2 ¢, MHEEL 0.2 g, ULEE 0.1 g, 1HFY
21 g FHALMRGH 0.5 ¢ XRIAHFRHFEE 14 .
BEHMAEZBOS g, FHIKE 0.1 g FEAM2g)
HEAT Y AR SR AT, R D, M B AL
. KBT4% (2018) WFST TIRE . B | fHFF
5 FE RN RDRHBC T XK e AR K R RS S
GEIR R TRV 25-28 °C, FHXTIEE 72%-82% .
TRl FR 5 5 ok 8 000-10 000 Ki/kg faleH;, ik iy

KB PR, b IR A, oA AT oK
AR ET . BEFESF (2020 ) B 1A [F S Fp
K R 5 ik Spodoptera frugiperda Az K &
B BB IR, S IR TR AR R oK
FEAEESNAFEGE ., Miki % (2020) i
T TR RO R AR 4 ) B R p 2 B A K
KB o ASCHIG TR X — FE IR X 2%
BB KRB RS, A PR i anie R L Ol
JEL I R 5 A 0 LA K R T R B 1) 5 e 3R
HE— 5T .

ABEEE O E T = NEIR T 2Nk
B R, 7E H AR N R Rk R T
5 EEAMAFAE (Kelsey etal., 2019; #&X =
FAF, 2020) , BT ELEIA MR L,
T S R AR TR IR A5 T R AR T Y
KK T KRR A sh A e — Do, Ak,
T BE AN B A K B A L 7 B A 5]
1 ELAT B B A S ) L AR FE ACTE S RATAE Jy T
A B E R ( Berger et al., 2008 ; 77 )45, 2015;
FEARUEAE; 2016 ), PRI, T8 X A AR RO R e
SEHCAT A e i M AT A5 T ) 5 10 A, 5 g —
SR

A SCAIRGE T AN [ B S5 AT i e 5 R L
BN KEO B LT P, EUAGE TR RS
BRRUBEBR | £ 40 L T R %) K 7 DT 0T R
mal, T AR RO ) kA AT A R
Tk o R RE S BRI A TR A K AT
AN, 25 CRAF TARBRNEAK KT
TR o AR RO 1 2 PN ) 3 R A A DG A
WA T FE AR R, oy AR RO (g FE [ o
B | AR AR ARBORN e A= e W B TN T i A
FH 1] B 16 i it B 22 PR AR 4
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