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Effects of temperature on the development and reproduction of
Semidalis aleyrodiformis (Neuroptera: Coniopterygidae)
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Abstract [Objectives] To provide baseline information on the effects of temperature on the development and reproduction
of Semidalis aleyrodiformis in order to facilitate the application of this species as a biological control agent. [Methods]
Developmental duration and survival rate were measured under different temperature regimes and a life table constructed.
[Results] The developmental duration of each larval stage decreased with increasing temperature. The survival rate of adults
was highest at 26 °C, whereas that rate of larvae decreased at both high and low temperatures. The longevity and oviposition
period of adults decreased with increasing temperature. The highest fecundity (445.00 eggs) was observed at 23 °C, and was
not significantly different to that observed at 26 °C. The maximum net reproductive rate (Ry), intrinsic rate of increase (r,) and
finite rate of increase (1), were highest at 26 °C. [Conclusion] S. aleyrodiformis can breed and develop at temperatures
within the range of 23 °C to 29 °C but the optimal temperature is 26 °C. This suggests that this species has potential as a
biological control agent in Southern China.
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et al., 2001 ). M EH HURT A HUE i e AR A
TR U 5 5 | RS9, 30 AR BEIE
T 6 E&1EH (Byrne and Bellows, 1991 ),
AN, 4R A EUL BE 1% #E 2 Fh o 3 ( Hogenhout
etal., 2008; Tiwari et al., 2013). HuiF5iiaH
B EEAR A A 2, TRk A s
&, A% HURIDE LA 2R dil Rk Bl ( Palumbo
etal., 2001; Dangelo et al., 2018; Wang et al.,
2019 ), RIULF SRR AR 2545 6 KA mUAY 7
DB A YRR R R A R
W5 (Jonsson et al., 2017 ).

MR R R EE LR L, W el
g & ( Meinander, 1972 ). J E
Semidalis aleyrodiformis ( Stephens ) J&RKIHFIE
BB el o DL B KB L L ( Stelzl and Devetak,
1999), fefiE 4 R EL, HA T AN
Hgse (B/NIBAE, 2020 ), SR M AR AT & T
JEE R E R e S e P A DG . IR B AR o R AR
Y e i E R ARAE Y R R IR AR R
FRP) 25 T A W 2 R PR R BR . o T R L Xt
JTE R RS SIS AR R, A SCINE T H A R
TEARRNR BT AR L B B EN, )
e ORI AR AL ES K

1 #REFE

1.1 @ik HiE

JEE A W R R L SR B AR AR K2R R
2% Hibiscus rosa-sinensis &ALy, SCARLE T4
YIiG B T TR DM E N,

12 BEXEMWHBNEEHHMEEER
B = Nl

BT E A 8 B R B A 3 R R SR B AR R EL
F2 % (60 cmx60 cmx60 cm ) H77 B[ 24 h J5,
WEAT ERR IR b B T A RIBIE
I EEFRIL (=9 cm, h=1.5cm) ', FHFE
M2 50 ki) HA R BR R FE R RN Ay (1741 ),
(20£1 ), (23+1), (26+1), (29+1), (32+1)
F(35+1) CRNTAMEF T OLEM L : D=
14 : 10, RH=75%+5% ). &4 3 THEE, W

12 hid %) E R IE DREAL IR O, FH 4K Rk % i
YRR (=1 cm, h=75cm) 1,
Bkl DIERR Bk s o Rk, R
LR, AERE 12 h WK 1 IRGTHAE
IR I P T RV Ry 1 S D K

1.3 REXTERE R RIS EE SRR

NP1k B4 ) A e ok, O A X S A
i (p=1.5cm, h=12cm) ', FHFEBREE N
(17£1), (201 ), (23£1), (26£1 ) F1(29+1) °C
N TAMEFE S OB L : D=14 : 10, RH=
T5%%5% ), FFNIREEALER 10 XA M, RER
T kL, % H O ULEEC s R A PR B K B
ToIG0L, BB 25T,

14 iR

I E a4 SPSS 21.0 1Y ANOVA J5 24>
PSR | SRy e & AV AE 1t , JF ik
1T Tukey’s B EMEZEFRKL (P=0.05),

FRAE) B Ry e S PR RE A AR PR AR IS x . A
TR L FERMER H = HEEL my, HR3E Birch (1948 )
M, AL T BRSO RR T AR AR
K LIAREN A Ar RS EGR UL AKX

. a1 InR
iEE%RO:Zmex N W%ikgrm: TO N

/
FBET S IEAPT T - gk

Z ZXmX

A=em
2 #RESW

21 BEXNEBRRHNE T HAMEEENZE

AR E T T EH A e 4 A B B R F
BN 1, ) EARIRON . & ORI 0 & D BB
Ab R B T =T 4R (P<0.05 ). FE 17, 20,
23, 26, 29. 32 Fl 35°CHfHIE ST, T EHH
i B 3 B HR 1Y) 2 IS TED 40301 R 56.46 43.52
28.73. 25.23. 21.30 f1 21.13 d, Hr 29 °CHI
32 CRRMTFTHAHMBEREIM LR E X
(P>0.05), AFNREET ) HE kg4 & BBy
TEWR I 20 R LI AR 2 i PR AR
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HIILHAEIE R (P<0.05), 76 26 CLLFETR)™  73.00%, ZFARE (P>0.05); 7E 32 CF,

[
TS B R R AT TS R i, A 85.00%; fE
23 °CHI129 CAHET, RHIRISER 68.00%F1

ARG R 6.67%; | HB I URLE 35 °Co%
F R ik

1 AERETI EMWRERENETHE (d)
Tablel Developmental duration of Semidalis aleyrodiformis at different temperatures

KB BB Development states

HEE (°C)

Temperature bl 1 i 2 i 3 i 4 % L B HL T A
Egg First instar ~ Second instar  Third instar ~ Fourth instar Pupa Preadults
17 16.74+0.05a  6.13£0.12a  4.55+0.23a  3.81+0.18a  4.34+0.26a 20.88+0.05a  56.46+0.20a
20 12.95£0.04b  3.62+0.10b  3.11+0.11b  3.31+£0.09a  3.00+0.05b  17.53£0.12b  43.524+0.09b
23 9.34+0.21c 2.25+0.05¢ 1.90+0.07¢ 2.19+£0.07b  2.08+0.23bc 10.97+0.07c  28.73+0.04c
26 7.95+0.09d 1.92+0.01cd  1.80+0.15¢ 2.06+0.13bc  1.85+0.11c 9.66+0.08d  25.23+0.12d
29 6.94+0.02¢ 1.78+0.02d 1.53+0.05¢ 1.57+0.10c 1.89+0.12¢ 7.58+0.06e  21.30+0.06¢
32 6.66+0.24¢ 1.72+0.07d 1.56+0.19¢ 1.56+0.06¢ 1.57+£0.35¢ 7.75+0.63¢  21.13+0.86¢
35 — — — — — — —

R PR R bR DR, WSV EE SR A AR PR 22 5 3% (P<0.05, Tukey’s K8 ) o 76 35 CHRMATT
FORIG A A TCEAFT , —Rm BRI . TR .

Data in the table are mean + SE, and followed by difference letters in a column indicate significant differences at the 0.05

level by Tukey’s test. None of each state of S. aleyrodiformis survived at 35 °C, — indicates no data obtained. The same

beolow.

£2 FRBETEMBEATHEEE (%)

Table 2

Survival rate of Semidalis aleyrodiformis at different temperatures

FE£1% % Survival rate

I (°C)

Temperature o 1% 2 % 3 4 1% L JIHLHIT S
Egg First instar ~ Second instar ~ Third instar ~ Fourth instar Pupa Preadults
17 62.00£2.08c  72.19£2.39b  89.66+3.52a 92.43 £1.64a 95.45+0.98a 95.21+1.07a 33.67+1.86d
20 82.33£1.20b  89.87+£3.30a  90.48+1.52a 93.55+£0.16a  89.95+£5.87a 96.36+1.88a  54.00+2.08c
23 83.00+£0.58b  89.17+1.32a  98.20+0.45a 99.09+0.46a 96.74+£1.25a 97.62+0.44a  68.00+1.16b
26 92.67£1.33a  95.00£1.85a 98.48+0.38a  98.45+0.40a 100.00£0.00a  99.60+0.40a  85.00+1.73a
29 80.00+1.16b  96.26+0.70a  97.82+0.46a 98.67+0.02a  99.09+0.46a  99.10+0.45a  73.00+1.53b
32 45.00+2.89d  54.13+6.74c  73.79+2.34b  72.11+4.60b  68.80+£8.52b  76.77+6.07b 6.67+0.88¢
35 0.00+0.00¢ — — — — — —
22 RENEMMRANSSHGEAGEE (005 DU 280 k.

A T ek B A BT T S A i L ) o R
B 3, 76 17-29 CA&MUET, B IREMTH
R, LR A L 7 B A O A R R R
o UEBMSME AR 23 CCAMEER IR IR
h7 445.00 ki, 526 °CALER (414.30 %) L&
#Z5 (P>0.05); 7 29 CAMT, MEHF=HE

I EE R I i LY 2 A TR A HOE 8
FEERE (1) nRVE M, FERRREE R E
0 0 Pl ELA AR 7= IR 7 B O
TG ek B, JFREE Hid KIS T
Rt o AN )R B T ORI S5 A7 6 R A i 72 29 °C
TRCRAESS 15 RAFTE RAGEEAL, Wi 17 °C
FEARTETE 25 52 RAHBSET .
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Table3 Longevity and fecundity (mean+SE) of Semidalis aleyrodiformis adults at different temperatures

H Y2450 Ecological parameters

T (°C)

Temperamre  WERVEAT () FHHAIM (d) P (d) SRR CBL)  EHE (d)
Female longevity Preoviposition period  Oviposition period Eggs laid per female = Male longevity
17 67.40+5.52a 10.50+0.83a 54.00+6.29a 155.00+37.45bc 47.50+4.70a
20 57.00+4.00a 7.20+0.73b 49.80+4.32ab 278.20+43.16b 42.90+4.55a
23 56.70+3.99a 3.40+0.31c 53.00+4.08a 445.00+45.81a 41.20+4.51a
26 43.30+3.35b 3.60+0.31c 39.50+3.66b 414.30+62.47a 42.50+2.28a
29 26.10+£1.77¢ 3.60+0.31c 19.10£1.19¢ 92.80+10.82¢ 22.30+2.65b
17°C 20 °C
100 ——ZHER 16 1001 —— B HAEER 16
—_ Survival rate ’:‘\ - Survival rate "\T
S g sor e pEEE {12 R R S 80 e {12 R
~ i 2~ i
vy § 601 Fecundity i 3 . 2 6ol Fecundity i :S‘
&g 40r L8 G240 €8
IIlgzo— 14 ﬁmmg 14 gm
R @ 151 A 20 o
0 1 L 0 0 L L L 0
1 21 41 61 81 101 1 21 41 61 81 101
Hi (d) Age(d Hi¢ (d) Age(d
23 °C ! & @ 26 °C ¢ g (@
100 1 ——ZHAEER 16 100 3 116
Survival rate ’:‘ * H.ﬁ iR /:|
o380 & >3 80+ Survival rate &
S ——HEHEHE12 . 2 & . s 112 —
- 3 Fecundity iz 2 <3 H 297 B ik iz 2z
Mg 60 = ’Fﬁ']"a 60 |- Fecundity =g
T £ a0t 52 55 o
m & s £7 58 | §
Ry A 20 61 R A 20 [ o
0 1 1 1 0 L L L L | O
1 21 41 61 81 101 1 21 41 61 81 101
Hi% (d) Age(d) 29 %C Hit (d) Age (d)
1 116
100 —— B ~
~ L Survival rate &
- <o 80 | 3
s< —a— A |12 - o
o *é 60 - Fecundity g -g
s 8 H B
® E 40 oy =
jung
P 207 4 '?lj
0 1 1 1 1 1
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Hi#t (d) Age(d)

Bl AEEELET EHWRERNZBAFERMAEH~NE
Fig. 1 Survival rate and fecundity of Semidalis aleyrodiformisfemale under different temperature treatments

23 ARBETI ERRHMBEEGRSE

1E 5 AMEERE T AR B i A58 )

RSB 4. | HBIEHY AT ) Ry 75 26 °C

TR, N 147.869 9, HKJE 23 °C(140.653 6 ),

17°C (27.17) Ak, FEERENTE, FHH:
R TR, 17 CCEF R TIHZ 4 29 °CHY
2.6 1%, PEIARR p IR FRIGK K 1 76 26 °CHY
e (0.101 6 £11.107 0), HkJ& 29 °C (0.096 8
F11.100 7 ), HfK K 17 °C (0.035 7 F1 1.036 4 ),
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Table4 Lifetable parametersof Semidalis aleyrodiformis at different temperatures

A (°C) FIEsE S (Ry) AT (T) WNESE KR () JAIRRME AR (1)
Temperature Net reproductive rate Generation time Intrinsic rate of increase  Finite rate of increase
17 27.174 8 924251 0.0357 1.036 4
20 82.781 8 74.782 7 0.059 1 1.060 8
23 140.653 6 58.029 8 0.0852 1.0890
26 147.869 9 49.153 4 0.101 6 1.107 0
29 31.374 0 34.5959 0.096 8 1.100 7

3 itig

PB4k B4 T B R AR A AR
e 1Ry28 4k ( Powell and Logan, 2005 ), J H Ay
WRTE 17-29 CHIAI 2L, S HEMET
T3 103 Bk ) P e T A o [ P R —
B Adalia bipunctata FREEE RS Chrysoperla
carnea TE—E R EEVEH N R I FIFE 2, &
H A B R T E A (Jalali er al.,
2009; Nadeem et al., 2012), 7£29 °CHI132 °C
PR, AT ERIS R A E D0 2
{H 32 “CARBER AT RAH 6.67%, 1l
29 CAFET B T AAG %R 73.00%. Briere
85 (1999 ) A B s T fead e DL B 3RER,
A7 R [ o AR AN IR AR AR T ERy
Wy s AET , REAZAEXTRESS RO R 1 154
W EF R AT SRS URAE 35 °C Tk
A o BT IR A Y 20 HOG PR s PR S, AN
FIHA R E B H R BEHUR (Avad et al., 2014 ),
MR FTAAE 2R E , TR 4 R E 1
WHEE R 23-29 °C, FefEiREN 26 °C.

15 17-29 CHUML LR, B R T
=, )RS L A L IR R O 1
BN R TEAHFIELEE T M R A e R
FEOJRETE 17 CHIAHZEIE 199 d. R4k
Phenacoccus solenopsis F B i %] & Thrips
hawaiiensis )W IE 751y 22 S5t bl 25 I B 09 T R
MK (Caoetal., 2018; Wagqas et al., 2020 ).
T AR A B U DR S AR K, e iR VIR
IR SR AT FORy I e AU P O i, U
IRIFE, 29 °CARBET FUME™ B AN 92.8 i

A B B REAR AT RE R ARIR AT E IR R B ARREA B
BCEA T v TS e B SR 45 R4 IR JIG A& B ( Daumal
and Boinel, 1994; X%, 2021 ),

A RSB B R RE R RS A
gtr (Razmjou et al., 2006 ), | FAMIRFPIFEARY 7,
FRoTE 26 CHMF T R, HRE 23 CH&MT.
BRI, T HR SR A B o R 23-26 °C.
Xie &F (2011 ) fRIEMHB BFIHEECRTE 24 °CLA
ARG TR e S ARy EUELAT R R A 3
WAL, JEFE AR EUR S ) K

ZE LR, )RS K E A IS R
il 23-29 °C, HidifEE N 26 °C, XHEEE RS
L R, A R TR e DX R R
EAT I R I FH o 7 S50 2 6 SE I % N AN [R] 9 1 2
TR AT, SRMTEPAMOTEE . GRS
Hee &R R sh 248 et £ o0 B R R = A 52 i)
(Jalali et al., 2009; [ESe4i%5, 2016; RAED)
4%, 2018; Ferreira et al., 2020; Wagqas et al.,
2020 ), XUEH A ShAASALXT ) E AL AR RE
KB BN EAS E— 5
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