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Predation of Stethorus ( Allosstethorus) parapauperculus in different extent

of starvation to Tetranychus cinnabarinus

CHEN Jun-Yu'?, WANG Jian-Yun', ZHANG Fang-Ping', LI Lei', HAN Dong-Yin', ZHANG Cheng—
Hui’, FU Yue-Guan'~ ( 1. Environment and Plant Protection Institute, Chinese Academy of Tropical
Agricultural Sciences, Haikou 571101, China; 2. College of Ecology and Environment, Hainan
University, Haikou 570228, China)

Abstract: In order to clarify the effect of hunger on the control efficacy of Stethorus ( Allosstethorus)

parapauperculus to Tetranychus cinnabarinus, the functional response of S. parapauperculus to
T. cinnabarinus and its own density interference effect under different extent of starvation were explored in
this study. The results indicated that, the control efficacy of S. parapauperculus on different stages of
T. cinnabarinus belongs to the Hollingdl model. With the density increase of T. cinnabarinus, the feeding
of S. parapauperculus increasesed. lts predatory effect was also influenced by its starvation, with 48 h for
starvation >24 h for starvation > control ( without hungry) ; however, the effects of starvation for 24 h and
48 h on their predation were generally not significant. Within a certain range of space, there were
competitions and mutual interference among individuals of S. parapauperculus. The Hassel -Varley model

can reflect the interference of self-density of S. parapauperculus in different starvation states as they are
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feeding on different development stages of T. cinnabarinus. In the same starvation condition, with the

density of S. parapauperculus increased, the efficiency of predation decreased and the interference effect

increased.

Key words: Stethorus ( Allosstethorus) parapauperculus; Tetranychus cinnabarinus; functional response;

interference efficiency

KRR Tetranychus cinnabarinus ( Boisduval)
J& Wk U 24X Arachnida B4 H Acarifornes M Wi &}
Tetranychidae, EARZE. Hiib. 25, R, B
MGG ZMEY) R (R it
J7, 2010; FE/EESE, 2011, F RESE, 2019) .
A e e, AR, AR B R
R FATH R, SR E AR5 A
TEPRAF RS (JHD4E, 2018; FAFIE, 2018;
FRFAE, 2019) o FIFHREE RUB7I6 FH WA L
A ATRRSL. PR VAR SN A /N I 5K
Wt Stethorus ( Allosstethorus) parapauperculus Pang Jg&
T3 H 30 H AL Coccinellidae /)y & FL 4t A A}
Scymninae ‘£ 51 B % Stethorini %5 4565 i3 21 d W &
Stethorus, & ARAPHHE. 75 S 16 M5 Eotetranychus
sexmaculatus~ [ FCI 155 Tetranychus piercei~ 4% 4>
J\I Paunonychus citri~ 1= 5 /N TN Oligonychus
mangiferus 55 22T 1 1 B EEAE B EREL (AR
&, 2007; sKF4F, 20100 BKE RAE, 2016;
FEWIAE, 2018) o fLI/INED I TR A 454> B S 2 BE A
TARRP I, B B0 N T e (AR A,
2016) o HIREFIV S P REON 3 HUE I 5. 1 K/
MBS bR 2 — (RIPE SR, 2004; 50 55,
2019; H%x, 2019; BIERFRSE, 2019) , P25
AR EIIRE SN AT 1 B 3 i VR -

FESFAESE (1989) il 1 #0470 £ i Bk X
PG A R RE, ORI Be . Sl A
G R R 6 ) A B BR 29 i AT ik 146 kL. 87 Sk
O1 KA1 ko BRI, HHEMERBAIVUERRES R
M) FC A B BB 7 ) GBI 7 2 — ( Sabelis, 1990;
van Gils et al. , 2003), WYL 5 W % Arma
chinensis FIEL[A]/NERWR Hylyphantes graminicola 3
TRE K Tk (SHSE, 20105 5K 7 4,
2017) , {HAL A iz 1 fa 0 B HL Propylaea japonica
S8 Harmonia axyridis F1-t B 3L 3 Coccinella
septempunctata 55 RKELZe 3t 18 ~ 48 h AS[R] i [A] YLK,
WIS HAMEEZE R AR (481s 5%, 1999;
ARJEACHIFRIR AR, 20005 ARJEEAC AR, 2000) o BF5E
KB, BN TE R IUR AU 24 h RS

N AR -t 15 B A A AR R AT O A Sk
JAFAEM AR (R, 2016) , iy e HEd
DU AT AE 2 5t Al B e /™ R —E I . ST
1, ARWETE LA [ DL R 0L/ B g S X R
DU i) D RE ST L, LAY T 4 i DA 0L/ 2 i S
MR ERRE, PRI ELR, A
AR FIAEL/ N g S R R AT A A ot i 11 2 9y B 3 42 116
A -

1 HR57E

1.1 #iXREH

FEL/IN ol S e 0 A D Il X SR 1 T T A A
WESHA ARG Fo EENUAREN FIER
A F TR 0, DL AHD i A Sy 000N 2 5 S
HEY . ENEFFEE N 26 £1°C, HAGR
%M
1.2 REHE
121 RS[RIGUARAR B2 0 400 /0 £ il 3O e ol He X e 0
I 1) Dy B i N B

007N 056 S0 A i b T 0 ) R SR LR
YU 24 hy YUK 48 ho MR FISEER, RED i
BB/ 0P 100 30, 504 70, 90 Ki, 2
20, 25. 30, 35. 40 3k, 52 £k 10, 15, 20.
25. 30 3k, MEAGEE 8. 120 164 20, 24 3. HE
B3 R A B R T E S BOAN ) s 2 R
Wt ERE AR 5 L, R E T EAE N
12 em WREFRILA , SRJG 51 A 1 Lt RRDL
FRALFR A B A AL, FHFLAL A OR EE R T, R
7E26+1°C, RH70% +5% , L:D=14:10 Y AT
SAEFENIEAT, 24 h S EUR R R, R i stds
FRMLAN TR WA A i . a4 P 8 h WLEETT:
S8 B T P R BN . AR EE A 3 IR, RN
3 ANEHE
1.2.2 OR[EURR B 400/0N £ i S0 e 1) ) B % B T
E7% A

UL/ £ g TR A A R 5 O AR LR
YUk 24 hy YU 48 ho 3535 10 P3 JCE #7661 27 32
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1) R 8 b WELZE TS B3 1 s Fe = A O, A Ab R
B3R, BIHERE3NEE.

1.3 HuEsbE

ARGt % F SPSS 20. 0 5€ 1k, &% Excel
2007 24l -

IhBE S ] HollingT A5 4% J5 72 Na = a TN/
(1+aTh N) 14 (Holling, 1959) , Z=;f": Na iy
R E R, a MBRRTEGE R, T A5 Sa
], Agerh T 1 d, NASEYIRRIGG %R, Th
R b BRE [E] o

H 5% B T30 ) Hassell Verley #171 E =
QP "fll4 ( Hassell and Varley, 1969) , & /EH
FE=Na /NP, A Na BBV E R N &

YRR . P Ol R AR
B m NS

Q N FH

2 ZR5H5H

2.1 $UINRUH TN R X SR RD I 4 Y Th BE S R

U/ ER g SR AE AN [ LR AR BT X AN ) 2
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F4) o EMFERIEYEE T, YIRS il h &
S L H B B AR BN TR ILEOIRAS
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SR A UL ROPR 285 08 G 1T g4 2 ik ) 52 o R R 3 ¥
ks, I EHYUE 48 h AR LK 24 h AR BN
LI L HOGE I s 0 R R ) 8 A R A
A2 S RO g R AR, $BL/ £ 0 S
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Table 1 Daily predation number of Stethorus parapauperculus to Tetranychus cinnabarinus egg at different extent of starvation

M ER (K /1) Density of T. cinnabarinus egg

Hungry degree of
S. parapauperculus 10 30

50 70 90

Kk No hungry 6.67 £0.67 Aa

Wk 24 h Starved for 24 h 9.00 £0.58 Ab

14.33 £0.67 Ba  27.67 +1.45 Ca  48.67 £1.86 Da 50.00 1. 00 Da

20.00 £1.15 Bb  36.33 +2.96 Cb  51.67 £4.26 Da 57.00 £3.06 Da

Pk 48 h Starved for 48 h  9.00 £0.01 Ab  24.00 +2.52 Bb  40.67 +1.76 Cb  52.67 +2.40 Da 61.33 £5.24 Da

TE: RPRAE N FIME « bz RATEEE R A RS TR s RS A RN 7R RN AE 0. 05 K P25 B3 T A

Note: Means + SD. Different capital letters in same row and different lowercase letters in same column indicate significant at P <0. 05.

The same below.

x2 FAREERZRENNRHIIHIIRUHHESHNEHHRE (L)

Table 2 Daily predation number of Stethorus parapauperculus to Tetranychus cinnabarinus larva at different extent of starvation

TRHCIRAS A4 B (S /1ML Density of T. cinnabarinus larva
Hungry degree of
S. parapauperculus 20 25 30 35 40

KUY No hungry 8.33 £0.33 Aa

Pl 24 h Starved for 24 h 12.67 £0.88 Ab  17.33 £2.40 ABa 21.33 £2.03 BCab 26.67 £1.20 CDb

13.67 +0.88 Ba  19.67 £2.52 Ca  22.67 £2.08 Ca 27.00 +1.73 Da

31.33+2.19 Da

Pk 48 h Starved for 48 h 14.67 +0.88 Ab  21.00 +£3.46 Ba 26.33 +1.45 Bb  36.33 +0.33 Cc 41.33 £2.03 Cb
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®3 FAENERZEENNRBIHIIRUHHEHNEHIHRE (L)

Table 3 Daily predation number of Stethorus parapauperculus to Tetranychus cinnabarinus nymph at different extent of starvation

AR
Hungry degree of

I s P ( Sk /L)

Density of T. cinnabarinus nymph

S. parapauperculus 15 20

25 30 35

KUk No hungry 5.33+0.33 Aa

iligk 24 hStarved for 24 h  7.33 £0.88 Aab 11.00 £0.58 ABab 14.67 +0.33 Bb

1/gk 48 hStarved for 48 h  8.00 =0.57 Ab

9.67 £0.33 Ba

13.67 +0. 33 Bb

12.00 £0.58 Ca  16.00 0. 58 Da 18.33 0. 88 Ea

19.00 £2.52 Ca 22.00 £1. 54 Cab

16.33 £0.88 Bb  21.00 £1.15 Ca 24.67 £1.33 Db

x4 TRNEREBNRHI AR HEA BN EHHERE ()

Table 4 Daily predation number of Stethorus parapauperculus to Tetranychus cinnabarinus female adult at different

extent of starvation

PR I} sl 05 25 B2 (S /L)
Hungry degree of Density of T. cinnabarinus female adult
S. parapauperculus 8 12 16 20 24
AU No hungry 3.00 £0.58 Aa 5.00 £0.58 Aa 8.00+1.15Ba  13.67 0. 88 Ca 15.33 £0.33 Ca
Wik 24 h Starved for 24 h 4.33 £0.33 Aab  7.00+1.00 Ba  10.00 +£0. 58 Cab 15.67 0. 67 Dab 16.67 £0. 88 Da

Wk 48 h Starved for 48 h  5.33 £0.67 Ab

7.67 £0. 88 Aa

11.67 £0.33 Bb  16.33 +0.33 Cb 18.00 £1. 15 Ca

He 5577 % Holling—I1 BERY 5% 46y — Je 2k ik 7
FE, XN K Na 235 BB T BI04, 25258 4n
£S5 P, SR R SR R ES KT
0.86, W] Holling—II 7[5 £ 75 2 RE L4 # fUL5 A
R JEE 2% T 0L/ 12 0 B H X 4% sR 2 R b it
AR AR

TEATRIPUERARZS T, 8L/ £ 156 B % A [7] i
A B AR - 46T ) I P 5 ek 3 R B [ 7 A
Ze5t o BRI 24 h Xt B (9 Ik Bl R de ok,
0.951, Fek Xof i H At o 285 1) B ) XA el R 24 e B
AARYUVE <UL 24 h <YLK 48 ho DAL E BFIR] -
KA, RYUERAL B A FIHRT 25 S i ) Ak
XA 5c i, WUER 24 h Ak PG TR 0T it 856 41y s A0
A Bl A T V) R L, T X Il B R s DU 2
U 48 h 4k B SN A N ) e e AN R LR
Ak 3 S ERX Pt T 40 g D s ) £ L R
AR AL RE 3 R B R YL < YLK 24 h < YLK
48 h, TR B AR U < LI 48 h < LK
24 ho YUHALBEAETE —E TR b B 4L/ R i
XY ALRE: TR —IUHCIRZES TS, WA
TR AR A I 1 i A BE A B AR R B
G > 2yl > w5 > R .

2.2 HUNREHIRE B SEE T HR
TEAHIR) S E A5 PF T, LR A B g 480/ £ s K

Hul R R oA BrH, R PUEK 48 h > YLk
24 h> ROV F—PURIRST . BEFR PR E /Y
B, BORE R EEZ W (% 6) o [F—L
TR, AN [ S 3 32 Ak B [ ) 6F - g B - &4y
Mgl o A 4 Al R B A A S 2 e A
[e 4 B2 A5 T 9 AN [ L Ak B Tl 18y S0 o % - il B
SR 25 5 AN S 35 T X 4y 5 ) HOET B 2 [RDE AE AE
BEES T, OMAEE Y 2 SKAS Sk
B AN TR UARIR 8 A S0 HL A £ A7 1 3 22 57
X R, BT BB E N 2 Sk, A RLCR
SRR R E R A RFE I, HREE K
PR, ASTRIYUECIR 28 18] A4 B0 Xk s B i £ 4 4
EiRTE SEE

FEL/ N g SRR X AR A0 I s 5 A S A Al R AR
UL 1 ~ & 40 ZRRW], A R %R T A BLR
Xt % HLUAES - i 1) 4R P R B B DI R g
InA TGN, BV 48 h A SN HURl £ 1R R
i, AU A0 B A A R B i 7 AR [ DLk
AT, BEE DR E RS, i rE R R
GRS, B —E S EEE A, B
HAMARIAAESE S FAHE T4, H A SR,
FHERCREAR, TR
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Table 5 The Holling-I functional response parameters of Stethorus parapauperculus to Tetranychus cinnabarinus
at different extent of starvation
. W o ot 5 fib ] E LR THERLRE .
LIRS j , i N
267N (a) ( Th) (1/Th) (a”/Th) ) )
Hungry : . . . Functional response R
Stage Instantaneous Handing Daily maximum Predation .
degree ] . ] equation
attack rate time predation number capacity
YUK Na =0. 6845 N/
RO 0. 684 0. 007 142. 86 97.78 : 0.972
No hungry (1+0.0048 N)
i Wik 24 h Na =0.9506 N/
u e 0.951 0. 007 142. 86 135. 80 ! 0. 986
Egg Starved for 24 h (1+0.0067 N)
Wik 48 h Na =0.9328 N/
0.933 0. 004 250. 00 233.21 0.973
Starved for 48 h (1+0.0037 N)
IR Na =0.3018 N/
ARIUR 0.302 0. 052 19.23 5.81 ! 0. 963
No hungry (1+0.0157 N)
Il Wik 24 h Na =0. 5330 N/
Bisk e 0.533 0.015 66. 67 35.54 ! 0. 865
Larva Starved for 24 h (1+0.0080 N)
Pk 48 h Na =0.5618 N/
0.562 0. 021 47.62 26.75 0. 865
Starved for 48 h (1+0.0118 N)
. Na =0.2894 N/
ARIUR 0.289 0. 052 19.23 5.57 ! 0. 966
No hungry (1+0.0151 N)
—H—mw 0y k24 h Na=0.4144 N/
Gl i 0.414 0.026 38. 46 15.94 : 0. 996
Nymph Starved for 24 h (1+0.0108 N)
Wk 48 h Na =0. 4602 N/
0. 460 0. 025 40. 00 18. 41 0.973
Starved for 48 h (1+0.0115 N)
YUk Na =0.3002 N/
AR 0. 300 0.082 12.20 3.66 ! 0.981
No hungry (1+0.0246 N)
o
B Uik 24 h Na =0. 4726 N/
Adult 0.473 0.033 30. 30 14.32 0.984
Starved for 24 h (1+0.0156 N)
female
DLk 48 h Na =0. 6064 N/
0. 606 0.015 66. 67 40. 43 0.973
Starved for 48 h (1+0.0091 N)
06 06 r
—— R YR =KL
] 05 Plik24h B} Ui YLik24h
204 - JL#k48h # 204 - = {J1k48h
i = E
& 03 | & 503 +
o g & §
®io2 | oz, Bfoa | Ty
& . <
0.1 0.1 r
()-() 1 1 0~0 1 1 1 1 J
1 2 3 4 5 1 2 3 -+ 5
BURGHRE (Sk/M) PR (Sk/IL)
Predator density Predator density
1 S[R3 JEE UL/ g T HROS AR A o B 1 2 ANIRE E UL/ B 0 IR X AR Il 0 895 1)
e EHR R
Fig. 1  Predation ration of Stethorus parapauperculus Fig. 2 Predation ration of Stethorus parapauperculus

prey on Tetranychus cinnabarinus egg at different

predator density

prey on Tetranychus cinnabarinus larva at different

predator density
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F6 ARENEBEIWNEHIANSRUHENESEE TR
Table 6 Intraspecific interference by different densities of Stethorus parapauperculus to Tetranychus cinnabarinus at different
extent of starvation

i R 2 FUHCIRAS PR (Sk/1m)
Stage of Hungry degree of Density of Stethorus parapauperculus
T. cinnabarinus ~S. parapauperculus 1 ) 3 4 5
AU No hungry 28.67 +£2.60 Aa  39.67 +2.90 ABa 51.33+£3.76 BCa 57.33+6.69 Ca 61.00+3.61 Ca
E:g YLk 24 h Starved for 24 h 33.67 +2.84 Aab  46.33 £5.36 Ba 55.67 +4.70 BCa 59.00+1.53 Ca 63.67 +2.33 Ca
YLk 48 h Starved for 48 h 38.00+1.53 Ab  48.00 £3.51 Ba  59.33 £+4.98 Ca  65.33£1.76 Ca 67.00+0.58 Ca
KUk No hungry 13.67£0.88 Aa  24.33+1.20 Ba 33.00+4.04 Ca 37.67+1.76 Ca 46.00x1.15 Da
szfi YUk 24 h Starved for 24 h 22.33+1.45 Ab  32.67+0.88 Bb  42.67+1.20 Cab 51.33+1.86 Db 53.33 +0.88 Db
Uik 48 h Starved for 48 h 29.33 £2.60 Ac  36.67+1.20 Bc 49.00+3.79 Cb  57.00+1.53 Db 58.00 +0. 58 Dc
KYUEK No hungry 14.67 +0.88 Aa 20.00 +1.53 Aa  27.33+3.93 Ba 32.67 +1.45 BCa 37.67 +0.88 Ca
N;;Ejfh YUk 24 h Starved for 24 h 17.33 £1.76 Aa 23.33+1.20 Aa  33.67+£2.96 Ba 37.00+2.65 Ba 45.33 +4.62 Cb
Yk 48 h Starved for 48 h 21.00+3.21 Aa 30.33+1.33 Bb 35.33 £0.88 BCa 41.33 £2.91 CDa 47.67 +0.33 Db
W it AW No hungry 7.67+0.88 Aa 13.67+0.67 Ba 16.00x1.15Ba  19.33+0.88 Ca 21.33+1.20 Ca
Adult Pl 24 h Starved for 24 h  8.67+0.88 Aa 16.67 £1.45Ba  22.00+1.15Cb 25.67 +0.67 CDb 29.67 +1.86 Db
female

YU 48 h Starved for 48 h 12.33 +0.88 Ab

18.33 £1.33 Ba

24.00 £2.52 Cb

29.00 £1.53 CDb

31.33 £1.76 Db

B R BRI ECE A B S {E £ ARniE2ZE . Note: Data in the table for the means + SD of Tetranychus cinnabarinus were

feeding.
0.6
——RYUR
0T lik24h
TE £04 ¢ lifk48h
& 503 r
o™ 7 <
ETO02 .\"N\._'
="
0.1 r
0~0 1 L L 1
1 2 3 4 5

A (Sk/)

Predator density

3 ORIV A NV E B R X AR W A AR
Fig. 3 Predation ration of Stethorus parapauperculus prey on

Tetranychus cinnabarinus nymph at different predator density

e

05

e SRR

04 r Ylik24n
=2
=l Jetls
803 L YLR48h
(=1
£
202 t
@
o

0.1

0.0 1 1 1 1 ]

1 2 3 4 5
Pl EE (Sk/IL)

Predator density

&7 HWUNRHIHR B ST ENARMH SN TR ERSH AT

Table 7 Equations and estimated parameters of interferential effect Stethorus parapauperculus density to

Tetranychus cinnabarinus

P4 RIS RSN ET B R X A - S (e B VE
Fig. 4  Predation ration of Stethorus parapauperculus prey on

Tetranychus cinnabarinus female adult at different predator density

IR Ui Egg 405 Nymph Pl Larva M 45 Female adult

Hungry degree 0 m 0 m 0 m 0 m
R No hungry 0.4110 0.5100 0. 2340 0. 2500 0. 2820 0. 4000 0.2010 0. 3700
YLFk 24 h Starved for 24 h 0. 4920 0. 6000 0. 3730 0. 4300 0. 3340 0. 4000 0. 2280 0. 2400
L% 48 h Starved for 48 h 0. 5420 0. 6200 0.4770 0. 5400 0. 4200 0. 5000 0. 3080 0. 4000

W Q N EEEL m AMHETILFRL. Note: Q means searching coefficient; m means disturbance coefficient.
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K H Hassell Varley A5 Y X5 A [a] YLK Ak 2R
TUNE R 52 B B T A B O AT
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FAIE T R A0S B B PUHCIR 85 R0 R Y i 6 ot
BAEK (RT) o EMAHERPIVEREST, Bd X
W56 09 P 4 2R H B i, R g ) B S RO A
AFEFYVRAR ST, BB HBEER . Zhih. 2
W6 R s 241 BOM L 48 h SR PR 2R B v
UEAATE ] — & R B % 2T, — L
kA PR 2 g N HOX 6 ) PRAR BE o TEAA A 1Y

DA, AN [ IUACIR 28 0% S A 2 o ol B9 7
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FHesN; DAIR]— 285 0 -0 Ry S ik, Bt G LR
FREERGIN, AR TR0 B WG o -

ANTRIU AR 400/ £ 56 S0 e IR 4% s R b
6 %) B 25 B TR SN AR Ay R4 R N3 8
Frzn . 4 6 AR ] 3R 0 e % R 2 TA) Y e R A
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Table 8 The interference effect theory model of Stethorus parapauperculus to Tetranychus cinnabarinus

at different extent of starvation

MU ZS I Egg %85 Nymph #il Larva 4 Female adult

Hungry degree E R? E R? E R’ E R’

FHdk No hungry 0.4110 P7%'° 0.992 0.2340 P~ "»® 0.952 0.2820 P~ *** 0.976 0.2010 P> 0.946
m/ﬁk 24 h Starved fOI‘ 24 h O. 4920 P—(). 6000 O 993 O. 3730 P—[). 4300 O. 985 0’ 3340 P—(). 4000 O. 955 O. 2280 P—(). 2400 O 880

J1ifk 48 h Starved for 48 h 0.5420 P™"®® 0.994 0.4770 P~ 0.978 0.4200 P~>*" 0.995 0.3080 P~**" 0.992

i E BT WARAY Note: E means the interference effect theory model.

3 SFit5iTit

FEAT A=A 1 SR PR35 R AR A AT BE T e 7L 48K
M0 PR F L HOTE AR W B 1 v e
TEH Bk A ) AT R, Mk I ) 5 e e 1
JEAR, X B SR 4 T I B ) Rk A T L
BEAh, REO™ i AL 5 TEis M A i e rp, R ke
A RE 2 1 A N R A LR IE . X T ORER B
FREON S, PUBER T2 m A KA T %M
RENZ A1, bl BE 2 X AR fE S = R, B
ESRSE QEl  Y r VA DRI o o G G
2010; Z=[HAE, 20165 5KifE-F-25, 2017) o AHFS
H, SUNVEEECR AR LR UK 24 h F148 hok
AT, HR AR RD Mg % HUES A D) BE S B R T
HollingdT #5281, 3% 52 57 £ S5 0F 58 RO TEVLI 24 h
ZRAE N HO AR A Il ) 2 8 S B A — 8 (s
AR, 1989) , HAU/METWERRXT Bz [l 7S
AR AEARE A TR R SR/ TUE A 2 BE B 26
TYgJE T Hollingdl BERY (#2742 45, 1990; BKH
B, 2004; 5K75F-4%, 2010; JRAEIAAE, 2018) ,
XSG ABIESE A AL/ B X AR A i g 1Y 2 e
PEZRRUAR—E, R B 7 YL AL BT A BE L

AR HOO A - 1) 2y e B iy 2 A

PUARAL 3 5 400/ £ 096 S0 Y 4l 2 i 3 7 —
FREE A RTEm, HYVHCRES MR E = 825
FARYUIRAR , YUHRALFE 24 h F148 h /N (194
/N B SIS X el O o R S ) A 2
ARE, ZEER S AR AL, Wt
EEURAEE 18 hy 24 h 148 h 5, Hoxtdz — Wi
Schizaphis graminum i EEMIHEEELERALDFH
(4RizShAE, 1999) , =8 I A S0 AR 45
YUK SAIET 24 h NXTIREF Myzus persicae 4 &
MR E 227 A B E (MRE KA, 2000; AR5
KRR, 2000) , A [F] R LR Ab 2T i s B
HURE IO R E R (KRR, 2017) o RH]
BB #E (a7) SACERETE] (Th) /) HAESE R
VRN TEPR, YUEK 48 h iy 400 /)N £ i B H g X 45 He
BRI ERRE (a7 /Th) fm, HKETLURK
24 h, RYURABIRIERGE AL I, &5
PUERAT 1) T 48 o 000N 1 6 SO R R A - 6 P o
A1 XA fEAE T YU AL B S REOAS B B A 85
ZWRem oK, W ERIfE —ERE LA
P, H A I B IUE O R 0 H A BRA K
AR BRI (SRIETAE, 2017) R LER R
B HA B e 152 A K



1208 W5 B 244 Journal of Environmental Entomology 42 %

5 0L/ g S R AR AR AR e TG 1 B2 K - g
AL, A 2% S OR AR gl A 1 B R T Rk
AT & Hassell-Varley B ( F27 4255, 1990; Bk
AR, 2014) , (ERYURAR EEX L A B 5% B TR
PR, AT LR 48 b 400/ B g SR
XY R R W B, DL — 5 T2 B O DL AL
HRE S I B AR I A R BE ST, SR
mf, HAHEAA AR R R ik, BRI
E g AL HAE — E BB ARAE  aE Y DLEAL BEn]
DA i LAl A0 RE, (H2 B Z (el B & 404
BB R Zia % R, dt i I )R AT
XU/ NV B AT YUK AL BE 24 h, LIRASAE—
EREE b fe A H AR, (HEYUMR A R 7 2
XPELHL B A0 BT B R B ) 1 Y
Wi B A it — BTN PEA o

SE#k ( References)

Cheng LS, Han YG, Lie JL. Studies on predation of Stethorus
parapauperculus to Panonychus citri [ J 1. Chinese Journal of
Tropical Crops, 1990, 11 (2): 113 —118. [Fesr/:, wER, &
A SN TN e R AR AR R VR (0], B
YEW#3%, 1990, 11 (2): 113 -118]

Cheng LS, Liu JC, Song GM. Studies on predation of Stethorus
parapauperculus to Tetranychus cinnabarinus [J]. Chinese Journal
of Tropical Crops, 1989, 10 (2): 99 —105. [#~r/F, XIHE K,
REEC. Bl A RS i e R T (1]
PUFEYI24, 1989, 10 (2) : 99 —105]

Fan YL, Gu XH, Xian JD, et al. Funcional response of Eocanthecona
Sfurcellate ( Hemiptera: Pentatomidae) to Spodoptera frugiperda
( Lepodoptera: Noctuidae) [ J ]. Journal of Environmental
Entomology, 2019, 41 (6): 1175 —1180. [Jufifi, AR, v
HAR, . U RO SRR T Re s (1], %
B HaER, 2019, 41 (6): 1175 -1180]

Fu YG, Geng ZL, Zhang FP, et al. Effects of temperature on predatory
functional responses of Stethorus parapauperculus to Tetranychus
piercei adults [J]. Chinese Journal of Ecology, 2007, 26 (9):
1397 - 1401, [4¥B05E, BKA R, 3K F, 4. ARSIl el
SRR £ B EC T o G D BE SR e (D). RS AR,
2007, 26 (9) : 1397 - 1401

Geng ZL. Biological and Ecological Characteristics of Stethorus
( Allosstethorus) parapauperculus and It's Predation Efficiency on
Tetranychus piercei [D]. Danzhou: South China University of
Tropical Agriculture,, 2004. (BkE R . /N E S b 2 2 B xok
B I A B ALRERT T (D] AN AEmg ety el R+
B3, 2004 ]

Geng ZL, Wu WJ, Ma HB, et al. Effects of temperature on the
development and fecundity of  Stethorus ( Allosstethorus )
parapauperculus ( Coleoptera: Coccinellidae) [ J]. Journal of
Environmental Entomology, 2016, 38 (2): 280 —285. (IkE R,

B, AR, A IRLRE /N I B R R R A Y R
[J]. FEEE d247, 2016, 38 (2): 280 —285]

Hassell MP, Varley GC. New inductive population model for insect
parasites and its bearing on biological control [J]. Nature, 1969,
223 (5211): 1133 -1137.

Holling CS. Some characteristics of simple types of predation and
parasitism [J]. Canadian Entomologist, 1959, 91 (7): 385 -
398.

Jia JJ, Chen JY, Zhang FP, et al. Function response of Neoseiuius
californicus feeding on Eoteranychus sexmaculatus at different
temperatures [J 1. Journal of Environmental Entomology, 2019,
41 (4): 857 -865. [BA#h#, BifRify, TKI7F, 5. MH/N
CRIETEAN TR T XIS s m T Wi frane 0], R
%, 2019, 41 (4): 857 —865]

Li Y, Meng L, Li BP. Effects of starvation stress on larval developmental
performances of Harmonia axyridis [J]. Chinese Journal of
Biological Control, 2016, 32 (2): 149 —154. [Z=[{, &35, Z&=
B PURBax S OB i R F R I, hEEY B
AR, 2016, 32 (2) : 149 —154]

Lu YH, Yang QF. Evaluation of dominant natural enemies preying on
Tetranychus  cinnabarinus [ J 1. Journal of Environmental
Entomology, 2010, 32 (4) : 556 —=560. [f5K7, My . Kb
WA AR R B e PR A (D). PRI R R 4R, 2010,
32 (4): 556 -560]

Ma HB, Chen JY, Hu ZH, et al. Predatory behavior of Stethorus
parapauperculus adult on Tetranychus cinnabarinus [J1. Journal of
Environmental Entomology, 2016, 38 (2): 293 -298. [Ih4E1d,
Wrfim, WIKE, 45 . UV B a0 AR A i il B O B AT
S [J]. PR H2dRk, 2016, 38 (2) : 293 298]

Ma M, Zhang B, Li SC. Control efficiency of Hylyphantes graminicola in
different extent of starvation to Lipaphis erysimi [J]. Jinlin
Agricultural, 2010, 11: 59 -61. [Dhf, skae, 244 . RREYL
R 1 I/ SR 1 SR H W S i R (0. bR
Wk, 2010, 11: 59 -61]

Phongsakorn Chana. Functional Response of Harmonia axyridis ( Pallas)
( Coloptera: Coccinellidae) Preying on Mixed Prey [D]. Shaanxi:
Northwest Agriculture and Forestry University, 2019. [Phongsakorn
Chana. S AIMHER G MTGe RN [D]. BEE: ik
FRAMBHE R, 2019]

Sabelis W. How to analyse prey preference when prey density varies? A
new method to discriminate between effects of gut fullness and prey
type composition [J]. Oecologia, 1990, 82 (3): 289 —298.

van Gils JA, Schenk IW, Boso, et al. Incompletely informed shorebirds
that face a digestive constraint maximize net energy gain when
exploiting patches [J]. American Naturalist, 2003, 161 (5):
777 -793.

Wang MY. Mechanism Analysis of UGT201D3 Associated with
Abamectin Resistance in Tetranychus cinnabarinus ( Boisduval)
[D]. Chongging: Southwest University, 2018. [F 455 . Afibnf
B UGT201D3 M2 5 B e i R PTG oLl aroT (D). &
PRe PRI, 2018]

Wang SL, Zhang YJ, Xu BY, et al. Feeding preferences of carmine



5 1] WG AT AN R LR BE 0L/ N 2 0 TN ER T A -l 14 22 1 1209

spider mite, Tetranychus cinnabarinus, on different host plants
[J]. Journal of Environmental Entomology, 2011, 33 (3): 315 -
320. [Ewi, SKA%E, thEz, . R A [ 8 5 2
ERHEESEE U] R mAER, 2011, 33 (3): 315 -
320]

Wu HC, Cheng XN, Zou YD. Predation on Myzus persicae by Propylaea
Jjaponica adults with different extents of starvations [J]. Chinese
Journal of Applied Ecology, 2000, 11 (5): 749 -752. [MJEK,
FRIRAE, 4Riz i . ANV YURAR BE (Y o SO g e o 08 35F Fr) 3l £
fER ). BEAARZS24R, 2000, 11 (5): 749 -752]

Wu HC, Cheng XN, Zou YD, et al. Predatism of Harmonia axyridis
adults on different ranges of starvation to Myzus persicae [J].
Journal of Anhui Agricultural University, 2000, 27 (4): 348 —
351 [ARJREAG, BRBAE, ARizdh, 4. AFEDLERRE I 5 a5
R AR S B R (1] e el KA = 4, 2000,
27 (4): 348 -351]

Wu KJ, Sheng CF, Gong PY. Equation of predator functional response
and estimation of the parameters in it [J]. Entomological
Knowledge, 2004, 41 (3) : 267 —269. [ZIWFE, Ik, M
. R W RE RN R RIS E A S (1], R
P, 2004, 41 (3): 267 -269 ]

Xin TR, Lian T, Li XE, et al. Sublethal effects of diflubenzuron on the

growth and reproduction of an experimental population of

Tetranychus cinnabarinus ( Boisduval ) ( Acari: Tetranychidae )
[J1. Chinese Journal of Applied Entomology, 2019, 56 (4):
736 743, [VRE, Gk, FEIL, . EBSEHREER IR

Kbt dh A KRB AL o (], B R ok 24 4R, 2019,
56 (4): 736 —743]

Xing CM, Han DY, Li L, et al. Effects of functional response of
Stethorus parapauperculus to Oligonychus mangiferus at different
temperature [J]. Fruit Tree of Southern China, 2018, 47 (3):
7779 UMW, wiARM, 28, 55, BN B 5 ST
BASR/IN R Ty i BB [T]. b [ g 07 SR, 2018,
47 (3): 77-79]

Yan L, Wang Q, Xu QN. The joint toxicity effect of bifenazate and
bifenthrin against Teranychus cinnabarinus [J]. Chinese Journal of
Hygienic Insecticides & Equipments, 2018, 24 (6): 530 - 533.
U™Mi, E3F, VFI5H . DR IRTR 5 58 4 T8 R TC 6 2R 0 - i
WERGREIEM [T]. e A R i Zitg, 2018, 24 (6):
530 -533]

Zhang FP, Han DY, Zhang JB, et al. Predation of Stethorus
parapauperculus on  Eotetranychus sexmaculatus [ J ].  Chinese
Bulletin of Entomology, 2010, 47 ( 6): 1236 - 1239. [k )53,
AL, SRR, S SIUINVE I U B N U 0 A A0 2 L
g2 [J]. RHAiN, 2010, 47 (6) : 1236 —1239]

Zhang HP, Pan MZ, Yi ZJ, et al. Effects of short term starvation on
longevity, fecundity and predation of Arma chinensis ( Hemiptera:
Pentatomidae [J1. Chinese Journal of Biological Control, 2017,
33 (2): 159 -164. [3RIET, WEIHEL, S, & . myUs
AL PERT U Ar A SR Rl (). P E AR
R, 2017, 33 (2): 159 —164]



