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Effects of temperature stress on development duration
and longevity of Splangia endius

ZHENG Yuan LI Dun-Song
(Institute of Plant Protection, Guangdong Academy of Agricultural Sciences, Key Laboratory of Green Prevention and
Control on Fruits and Vegetables in South China Ministry of Agriculture and Rural Affairs, Guangdong Provincial Key
Laboratory of High Technology for Plant Protection, Guangzhou 510640, China)

Abstract [Objectives] The organisms are forced to face the challenge of extreme high temperature or cold weather for
growth, development, reproduction and survival. We aimed to explore the effect of short-term temperature stress on Spalangia
endius, to understand the differences in the tolerance on heat or cold stress when they were in low-age stage. [Methods] The
house fly pupae were placed at 40 ‘C or 5 C for 4 hours after parasized by Spalangia endius 1 day, 2 days, 4 days, 6 days later,
and then raised at 24 °C, dissected and observe development duration and adult longevity of S. endius. [Results] The results
showed that short-term temperature stress had significant effects on the development duration of S. endius. Heat stress had the
greatest effect on the pupal stages, significant differences were found between each treatment and the control (heat stress:
F4145=21.122, P<0.001; cold stress: F4145=3.387, P<0.05). When the 2-day-old parastitoids were treated by heat stress,
the pupal stages were only 4.00 days, greatly shortened than the other treatments. The durations of egg, prepupal and pupal
stages of the parastitoids were significantly prolonged after cold stress treatment, which were longer than heat stress treatments.
The extension of prepupal stages was the most significantly. The temperature stress had little effect on the longevity of adult,
but the longevity of female and male showed different differences. After the temperature stress, the adult hind tibia length of

female or male were significantly shorter than that of control. [Conclusion] The short-term heat stress or cold stress affects
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the growth and development of S. endius, the eggs were more sensitive to the temperature stress.

Key words heat stress; cold stress; development duration; longevity; hind tibia length

I AR /N % Splangia endius Walker Jig [F#
H Hymenoptera, 4:/Ni&F} Pteromalidae, S5
RIS g — o () M D A A e, AT DL AR
520 Bactrocera cucurbitae Coquillett, 1 /)N S
Bactrocera dorsalis ( Hendel ) . EJI J& £k 5 g
Zaprionus indianus Gupta F1 & £ ff ¢ i
Bactrocera correcta ( Bezzi ) %¥ ( Marchiori and
Silva, 2003; Kitthawee et al., 2004; Zhang et al.,
2014; Tang et al., 2015; #XiffHEsE, 2016) . 7F
F [, BRI e O Rk A T T B IR K bR
Musca domestica ( 2 13¢4F, 2010) . 7£ 26 °C,
RH 70%, L : D=14 : 10 &4, M4 {F /% 24 h
AT 27 A 31.6 M/ NS i i ( 75 5245, 2010 )
TEJNSEhE | B SCHE Bactrocera tau (Walker) | 4%
NS RS AEAE RIS DL T, W A /) i D 4 7 A=
JRSCHE, BEZFA: 8 om JE I Ay NSChEL; 3
A4 H A 0 e TSI i 0 Ay 12 8 2 A 1) e A A 1A
( XIXK4F, 2016a; 2016b; Z=#&%F, 2020) .

SRR MR E L, )z, ZRAET
A R G HB X ( ERERSE, 2012; B
¢l 2%, 2019) , dEAMIXIREEE R, fERE
R IX AR ] e O, AR )AL TP
WiRg . AR (AIRIX . EFET ), XEEHX
TEA B2 PRS00, SAHE 0 CHM
Ao R R (B ERSE, 2006; B EHLAE,
2014; RiE4, 2014; FEMSE, 2020). mMiFk
E AL e R M IX 7-8 A 1Y H s SR & & 2Tt
3| 38 °CUA I, BPAIhas IR BE 3 LY Jo] FRI A4 2%
F& 3 °CH( 3.8 °C, H ] RE<HF4L JL/NI( Zhang
etal., 2013; Zhou et al., 2018 ), ix 4840 iy iR ak
TRIEXTF KRB AL . WAF | sk S & i B
TSI TT R EAR R

MRS R K A T EEN T, /Eh
NSRBI, B BRI AR BURk, IRE
OR300 2 I A2 AR M o P 5 1) e DR ST I BIL ) 22
— (EREHAE, 2021) o B MHEZ38 A Y5 IE
W AR AR B 2 A I B SO, A R IR e RN

JEMA (Kangetal., 2009 ) o i i 2350 B
HEER I SOk Ear ., PRI ESE, B
S AR & J8 (Klockmann et al., 2017a;
2017b ), Anve A E K T BER A H% Meteorus
pulchricornis (Wesmael) -1t 84 41 i i % & 11 0]
(daff%, 2017 ) , If ) 2k B i 5 A ik /)N i
Metaphycus parasaissetiae Zhang & Huang 1) 7
iy DU) i 5 v s A B S ) ) S T 4 6, SR Ab Rl
B2 AR ( FAHZE, 2017); [ARE, (RGN
e RIS R A IR RS
SRS (A] S0, 2 50 JBE/ N4 Elasmus punctul atus
Verma & Hayat 11%2P14k 3517 O it 34 324 Wi B A1
(A ZE4E, 2011) o A 1 DAY Ja eyl 3 3 xof
DR A /NI ) S TR, AR SC DA GRS B 3 ) S
MR AR /N, 7 e R {1 /) e 2 A R S 1 A (] s
W, 53 AT R BRI A B, W5 A
/NIRRT DT . U TR A AT S AR TR, B
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(TR 32 Pk 25 57, DA e R PR 2 v i A 1 /)N e
P SIS T IR, Sk e 1 /N 0 1) ] 1
FOARPE AR R B BRI ARE

1 HEERE

11l RiE

BEIRAAF A S AR AT /DR A T RN,
aob WS AR T ) A% Bk 75 A AR % SR o A A /) S e
133, fEZE N AR MIEVE 2 e R, g
10%1) W 2 KA E AN FEE 7 o

PR T G AS SR R SRR .
FHWSA3 A1 OB SRR (0 - EIBE=1: 1) fA]
Fi, M AR B SR, eI 1-2 H iR
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TRAR /N B A B2 3 em, K 10 cm BE R84
H [RIAF A B 1-2 H i B 2 M S B4
TEATEE T HARAETE 100084 25 /K A 0 25 2 1 A b
FUESE, DA/ SRy 10 30
e, PEIEAE ORI L L IRARE O, KRR S
WU /NPT 1, 2, 4. 6 d JERIZR IR IES T
FEIR (40 °C/5 °C ) Wi kb ¥ 4 h ( 12:00-
16:00) , — FLIEATH IR AL B Y SRR I A X R
FEWe 24 h J5 TR LR RS R WaNE, 4 8 h i —ix,
55 3 RIFURAE KM K e mg , 7e A0 e T UL
SR SR MR /Nt 4 U (R, 4ot o
WEL . wMI) R E /DI, ELEHPME,
USRS 45 S I IR /N 4% 30 3k

K Pk o 1 A e 220 B R A MR S 7
B FER, W e S L RE TR, AR ER
W7E 30 XF Al o K PIAb e A R il 1 375
SR £ (15ecmx 15cm x 15cm) Hr, FfikA
R FIBIHAL T A=, FIARAERE 10907 14 % 7K
VERANFEE T, K Bk & B T EA N[ ( 24+
2) °C. RHB0%-80%] 3% 55, 4™ &b FH iy i e e
A3 I E 30 3k AL, A H SR B 1A T O
FFid sk A AR R R LT L.
1.3 BB

AR Excel 2010 #4750 S i Fkdk
P, SR SAS V9.0 7EH ML T4

55, NI H % 22 18] A9 I8 2 22 5 e R B R K AT
1 Tukey i385 ( P=0.05) , /= iR AR IR W30 b ¥

J B G i Y LE R F t B (P=0.05)
2 #REHWH

21 BEAMTEXE &S RAE T H KRN

MR 1-3R AT LA, XEASTR] H o 8 b i 4
AN T R IR MR AL I, A7 e R R
P 455 (Fy145=21.122, P<0.001), F5oll72& 2
H 1 b 38 % 7 A W i ) A J . A 4.00 d, R A2
B R M B KB 2 4 B ( Fy145=57.863
P<0.001), 6 H #Ab3H ()27 A etk A 7 i W ae ik
PRIE, %R A A PR R 4, (Y 8.67 d.,
FOGE REAH LG, R D7 A SZ 52 RN, A AR B X R
YR EZES (UM Fu145=1.305, P=0.271>
0.05), FLURAZFZ M B /N 2 THU 3] (o0 0
F4145=6.121, P<0.001), ¥ 4 H &1 6 H % 4b#H
(14) 2 A W6 110 TG 1 1 S K

ASTR) H 4w AR /N e 2R P b B, &
BIYARTIER (£ 1-% 4), 1 HIRALFER A
A T B T 3 K T AR B Y ( Fge5=
2.718, P=0.032<0.05); 2 HiF1 4 HKAL B
AF A 4 U R R T X IR (P
22.366, P<0.001); FMHHINILL 1 H AL HE Y 27
AWK, A 7.00d, S5HADANEERINT R
W E 2R (Fu145=102.654, P<0.001); FIX}HEAH
L, ANTA] H i A 3 A 2 A e i 1 Dy B 3 4, LA
2 HIEF 6 H b3 i 7 Az e iy i 1 4 ol ey
% (F4145=3.387, P=0.011<0.05).

F 1 BERHIE TR 5E{F /N U0 5 HR A 20
Tablel Effectsof temperature stresson duration of Splangia endius egg

gt Hig (d)

YUGTH (d) Egg duration (d)

ey At fncaswes 0 F
1 1.18+0.09 a 1.45+0.08 b* 2.220 58.000 0.030
2 1.00+0.08 a 1.33+0.07 a* 4.072 58.000 0.000
4 1.00+0.08 a 1.23+0.05 a* 2.500 58.000 0.015
6 1.20+0.10 a 1.24+0.08 a 0.288 58.000 0.774
Xt 8 Control 1.12+0.08 a 1.12+0.08 a

Wi P AR R, RSV R b AR PR 2253 3 (P<0.05, Tukey 1% ); * o FfTEE 257 % (t

KB, P<0.05), T,

Data are mean = SE, and followed by the different letters in the same column indicate significantly different (P<0.05,

Tukey’stest). Data within arow followed by “*” are significantly different by t-test (P<0.05). The same below.
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® 2 RERMEXTHRAE /N ) RE R
Table2 Effectsof temperature stresson duration of Splangia endius larvae

it H g (d) i (d) Larvae duration (d)

Par?:};gg;ﬂ?:;:glg)e of =i Heat stress {75 Cold stress ‘ o P
1 14.20+0.36 d 12.17+0.26 b* 4.560 58.000 0.000
2 9.90+0.21 b 9.93+0.17 a 0.124 58.000 0.902
4 12.30+041 c 10.23+£0.22 a* 4.403 44.625 0.000
6 8.67+0.19a 12.27+0.32 b* 9.753 47.045 0.000
Xf #& Control 11.55+0.13 bc 11.55+0.13 bc
xR 3 IR RhIE X R 5 4 0N i T HR A 2 N
Table3 Effects of temperature stress on duration of Splangia endius prepupae
ria et H % (d) ilgi (d) Prepupae duration (d)
Parasitoid age at the time of — - t df P
temperature stress (d) =i Heat stress fik i Cold stress
1 2.60+0.18 a 7.00£0.16 c* 18.502 58.000 0.000
2 2.77+0.16 a 6.30£0.13 b* 17.451 58.000 0.000
4 3.60+0.25 bc 6.43+0.11 b* 10.400 40.851 0.000
6 3.73t0.24 c 6.10+0.18 b* 7.875 54.075 0.000
X} & Control 3.07+0.17 ab 3.07£0.17 a
R4 R ERME R BRAEE /N E HA R B
Table4 Effects of temperature stress on duration of Splangia endius pupae
e st H % (d) 1§ (d) Pupae duration (d)
Parf:};gga??ﬁea;rglg)e of T i Heat stress fiGi& Cold stress t & ?
1 5.00+0.16 b 6.77+0.41 ab* 4.004 37.470 0.000
2 4.00+0.15a 6.23+0.20 a* 9.017 58.000 0.000
4 6.67+0.37 c 6.7310.38 ab 0.126 58.000 0.900
6 5.20£0.25b 5.80£0.34 a 1.419 53.338 0.162
X} #8 Control 7.67+0.50 d 7.67£0.50 b

22 e T AP I AL B, R A /) e %
AR T D2 B AR, AR S & H
e Kb B 25 A M ORI ] S 0, HLR T il

S ROALER; 4 AL R AL BRI G s A
K, /+T 867-14.20 d, #H2 553 d; iR
M4 BRI T 9.93-12.27d, #H2% 2.34d; MFE5

RS R RE X4 5 7 )N AL FR AT HA B 2 A

Table5 Effects of temperature stress on duration of Splangia endius preadult

e s H ik (d)

ACHATIY (d) Preadult duration (d)

P e oo ™ il Hest stres 5 Cold sress oot
1 22.98+0.54 a 27.38+0.67 b* 5.140 58.000 0.000
2 17.67+0.39 b 23.93+0.30 ac* 12.806 54.379 0.000
4 23.56+0.62 a 24.63+0.58 ac 1.259 58.000 0.213
6 18.80+0.51 b 25.41+0.50 c* 9.263 58.000 0.000
X1 iE Control 23.41+0.65a 23.41+0.65a
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ATLE N, SRS, 104 H S ALBE ) B T
W SRR R TC 3 25 55, HoAth H % S iR Ab
NS RFEREES (1 HiR: t=5.140,
df=58, P<0.05; 2 H#%: t=12.806, df=54.379,
P<0.05; 6 Hi##%: t=9.263, df=58, P<0.05), M
N S = R Y SERQ L LGN =95
AT BT A B (& Faus=
26.381, P<0.05; ﬂ&am: Fs145=7.892, P<0.05),
AN EESE , 2 HEEAT 6 H A B (1) b b
¢W&EM%E%%$H% (RN ISIEV L=
S A A /0 1) ok RTS8 BT S G

2.2 BREAIBI R EE AR R NE

TR H i 2 A e %ﬁﬂ%LL@FﬂWE
W 1) 7 A ﬂ%e%7:fﬂﬁ%%¢% T
EALEESE, X 6 H AL TH 1) e F5 iy %?ﬁ%
@%#$ﬁ%ahmﬂ A A B ) M 0 A A T
SRR (F4145=5.423, P<0.05); ¥ 4 HIRLHAY
W g 7 iy 5 R — H o 2 I TR 3 Ak B %)
FA L E S, ARG TR E 2574
Hif%: t=2.209, df=43.819, P=0.032<0.05), M
6 MIZE R AT LA H , (IR f5 5 a4 X

HR, {EIZ A0 T I 1 75 4 TG W 52 ) ( Fg1as=
1.542, P=0.193>0.05 ).

2RI A AL B, N TR H 8 A B ) I 4

fiir 5 [F]— H % 28 I ol 20 Ak B 5 1 fl e 75 i 3%
%ﬁ%%#@uw4%3pﬂ%¢O%X%7)
ZARIE A AL FRS , AN 6 H A B A i 8 11 75 iy
T RERR 25 Ak 3 i) I e A 5 o) BRI T I 2 2
5% (Fu145=0.454, P=0.769>0.05), %i$%0,
TR JHAPAED Xof A /) g e 1) i S RS K, R
Al e o L TR S AR R R 1 25 57 &
TEIREANERIS , 1-4 H S 0 0 5y i 5 K T
W Fdi AN 6 H 1 M A 0 i G i 35 25 S [ A
1 Hi#% (t=13.359, df=29, P<0.05), 2 Hi#
(t=6.815, df=29, P<0.05), 4 H#4 (t=13.904,
df=29, P<0.05), 6 H# (t=1.865, df=29,
P=0.072>0.05) ]; fRiRPHELH)S, L 1 HiR
W e 7 ol K TR A, LAt H R AL Y
Wi Sz B R FEZ 5[t KK, 1 B
(1=8.893, df=29, P<0.05), 2 H#* (t=1.859,
df=29, P=0.073>0.05 ), 4 H % (t=0.423, df=29,
P=0.675>0.05), 6 Hi#% (t=0.089, df=29, P=
0.930>0.05) .

6 BECEITRIEE/NNEMESGNZN
Table6 Effectsof the temperature stresson longevity of female receiving the treatments at different ages

WE i H i (d) W e 7 iy

(d) Thelogevity of female (d)

Parf:”t]glefﬁfea;t:glgf o i Heat stress {7 Cold stress ' . P
1 17.47+£0.99 b 17.90+1.41b 0.251 58.000 0.803
2 15.20+0.84 ab 17.03+1.16 ab 1.277 58.000 0.207
4 17.63+0.62 bc 14.67+1.19 ab* 2.209 43.819 0.032
6 13.13£0.99 a 16.37+1.45 ab 1.839 51.163 0.072
X} H& Control 14.43+£0.66 a 14.43+£0.66 a

R 7 REREIRIFENNEEEEF SN
Table7 Effectsof the temperature stresson longevity of male receiving the treatments at different ages

WE i H i (d) T 8 i

(d) Thelogevity of male (d)

Parf:;rt]ggﬁfea::gl(rg)e o TR ik Heat stress &7 Cold stress t . P
1 13.47+1.03 a 13.87+1.47 a 0.223 58.000 0.824
2 11.93+0.92 a 14.90£1.18 a 1.979 58.000 0.053
4 13.63£0.55 a 14.13+1.43 a 0.327 37.363 0.745
6 14.93+1.35 ab 16.17+£1.65a 0.578 58.000 0.566
X} H& Control 14.37£0.90 a 14.37£0.90 a
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23 BREAAEBIMKERRERETHMm

T AL UGS e R IR K B R R, 48
ERSACEMA IS, AN B e R
TREWEEE TR (SR % (Fj 4=
64.548, P=0.000), #E#% (Fj145=35.311, P=
0.000 ); flKik . Mi%e (Fu145=51.714, P=0.000),
MW (Fu145=17.193, P=0.000)), =&

Jei, A 6 H A 3 i) M 0 1 I R IR R S [ —
H LR K E TR EES (t K. t=
0.595, df=29, P=0.556>0.05) ( % 8); fiki&/iHna
J5i, 2 HERFT 4 H i kb A e i e R IR T K B Y
5 — H 8RR S K A 3 22 Rt K
. 2 Hi® (1=3.129, df=29, P=0.004<0.05); 4
Hi% (t=5.772, df=29, P<0.05)] (% 9),

%8 IREAEIMRIFE/NNEEEEERTKENRN
Table8 Effects of the temperature stresson adult hind tibia length of female
receiving the treatments at different ages

e Hig (d)

JE RIRA K (mm) Hind tibialength ( mm)

Parasitoid age at the time of — - df P
temperature stress (d) 251 Heat stress fikIE Cold stress
1 0.429+0.004 b 0.412+0.007 b* 2.214 29 0.035
2 0.432+0.004 b 0.410£0.003 b* 4.318 29 0.000
4 0.387+0.006 c 0.412+0.005 b* 3.965 29 0.000
6 0.437+0.003 b 0.433+£0.005 ¢ 0.595 29 0.556

X8 Control 0.515+0.009 a

0.515+0.009 a

F9 IREEIRIFENEIGEERERTKENRM
Table9 Effects of the temperature stresson adult hind tibia length of male receiving the treatments at different ages

JEpiE ey H g (d)

Ja R (mm) Hind tibialength (mm)

Parasitoid age at the time of . - df P
temperature stress (d) 51 i Heat stress {7 Cold stress
1 0.373+0.005 b 0.368+0.010 b 0.375 29 0.711
2 0.399+0.005 ¢ 0.375+0.004 b* 3.129 29 0.004
4 0.348+0.009d 0.400+0.004 c* 5772 29 0.000
6 0.393+0.003 ¢ 0.394+0.006 ¢ 0.205 29 0.839

%I 8 Control 0.435+0.005 a

0.435+0.005 a

3 itig

FEIt LA B, R CHR 43 X #R 28 1Ty
THEAHR, A5 X R G IR B 5 R 1
i, B M X K 22 BN 52 A PRI B RS ]
JEH (Lietal,2017) , MuAjeBkEER, K
SR H, WIRIEL KW D2 (L,
2020) o AEWIIRIATIG 5 K Bk 2 T Xof A ity
TR B FER KPR, R AR, Wnid Y
fe A8 A Bl T4 i SR AR IR % Trichogramma
pintoi Voegele &7, (HBER A 1T Al

b FRAS ] RE K, B AR A7 B R A (R
%, 2008) ; FEAHF AR GRS T, HMRE
JEnk/Nig Tetrastichus nigricoxae Yang 1P 1k 3%
B V2 T BSF [ 19 B 4 522 R R A ( BRI AR,

2011) , MUCREBLNAE Y Rt AR LR B T 2 AR
B o YA FEE P 7 1 o R R YRR 3 )T 57 7
S B RO 3 1o M i — e B, 3 1 M 1 e A1
X RRRE () A A N e B L W ( FHORAE,
2010 ) o P A= NI ()38 1 1 SR i AR I BT IR
RORP BN ZR, S0 F fE 0y E ik 5 H
SR PR EEIE NV e 1 B AR OC , T B ELA A 2 1Y
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PR IE NV 8 T AR A A et i i

R A /e 22 ] O B e b B, 5 RS
A=l sl s AU N I (1 SER B L) S i1
WA B A s R AR S, A A P AR
) U 40 5 0T HR A0 B 3 2 o R AP /)N e 1) B0 44
9 1-2d, Hi&N 1d 2R 25T B0,
DU HEA T R R SRR A B, S e SR B
1915 78 4 MU A2 B 2 b B A 2 SR A AN R R
F2e5 (R 1, £2), [, i & B E
oy 360 b B AN /DA A e 1Y) BR AN RESREAL , Al Ut
AHEL , B /)N 04 P B9 S0 0S5k Polp a3 ) SRz B
R, TR (Angilletta, 2009 ), B H1 1A
[ A K B B T8 AT 32 P AR TR) , 3l AR
TSP B A CORAIE ) (i sz P e, WK
Sl DL BRI Sz A (A E A, 2021),
S B % Her petogramma basalis (Walker) LA
AT 2 4 (R THTESE, 2019 ), XA
W, HARAI AT ERRAANATE, X
PRI AT REIEANGE T, AN e R IR e ( SR,
2008 ), BRfEEAEEE (EE%, 2017) MRy
Xof i R O AR, RIS SRR AT 4G AR TR
WAL, AR /)N ) BRAEAR IR A5 (10 °C)
e, CHIER R E B (5 SCGE ),
2 B2 06 11 O HEE X I 3R TR A AR

T30 J5 45 H i A 21 2 A 0 1% B9 A 1
WG D AR RE A, HASF S iR a JE AL B, 1R
IR B30 Ab BRS04 27 A e i A K R B U, 3
Xof LI 11 A g M AN R o 1T R BRR A A anshy
F 2 d) N BRI 2 B 45 40 02 1T 39 ) ( Lavy
and Verhoef, 1998 ). af A 4 1 K/ INVE LU RS
e bn (R AR, 2009 ), £ i s AR
JOIR3EL i, A ) e A e 1) S R TR T R R
ST R T B2 ) AR RN 2 e B I
TEFEMAATC, T g B S A S A A
AMAEK/NETE L (Heimpel and Rosenheim, 1995 ),
P IE 0 5L B AL TT 56 5 e i e ) BB B T R
iy N R RA Y < N 7 G <9y N B B 2 2 6
W %F2F BT (Henry et al., 2009; S5 5] 45 |
2022), A A e AR /)N e g D () Rl g FH B
IO A 2 P R I e I AP IR X % W B e )
RIS

A7 i A8 R AE AR [ B Az 21 A e i aE o B
W RS K R T WA, 1 =i B Bz 216
JEE T3 DUk B SR A B B2 e B K ( Berger
et al., 2008; Zhang et al., 2015), Nz LMK &
1% Metopolophium dirhodum (Walker)7E i 37711
I RE S AE S FAME HAE K B 5009 52 30 1 e T
B Maet al., 2004 ); ¥ 2% 1 Galeruca
daurica Joannis 1Y 1 #&4 R ARIRIMNAFE A B 2
3UA ST, HAET 3 5 R ZRIRME X BEAH
W25 (2205, 2015), AU &
TR A X R NME R AE R R R L R AE
SRR TR BRI REIA , X% A B e T RS A 1
Tit— 5
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