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Predation efficacy of the Neoseiulus longispinosus on the Tetranychus

cinnabarinus at different temperatures
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Abstract: The aim of this study was to examine the effects of temperature on the functional
response exhibited by predatory mite, Neoseiulus longispinosus Evans, preying on Tetranychus

cinnabarinus Boisduval. Predation efficiency of female adult of N. longispinosus on various life
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stages of T. cinnabarinus, including eggs, larvae, protonymphs, deutonymphs, and female adults
were observed across a temperatures gradient ranging from 15°C to 30°C. The predation of N.
longispinosus on T. cinnabarinus increased with elevating temperature and prey density. At
equivalent temperatures and densities, predation rates of female adult of N. longispinosus on
different stages of 7. cinnabarinus were found in a hierarchy: larvae > protonymphs >
deutonymphs > eggs >female adults. The predation function response of N. longispinosus on each
stage of the T. cinnabarinus followed the Holling-II equation within the 15~30°C temperature
spectrum. Predation ability was evaluated by average daily predation and predation efficacy (a/Th).
Notably, and the N. longispinosus exhibited the highest predation ability on the larvae of T.
cinnabarinus at 30°C, reaching 111.80, whereas the weakest predation capability (4.98) was were
found when preying on the female adult of 7. cinnabarinus at 15°C. The search efficiency of the N.
longispinosus on T. cinnabarinus larvae was higher than that of other stage, showing an upward
trend with increasing temperatures. At 30°C, N. longispinosus demonstrated a strong ability to
control T. cinnabarinus larvae and protonymphs.

Key words: Neoseiulus longispinosus; Tetranychus cinnabarinus; temperature; functional
response; searching efficiency

KU Tetranychus cinnabarinus Boisduval & —Fh H Z 1R E W (Bi et al., 2016; Lu
etal,2018) , HARBEEEDR. KHIIm. FEMEL . BHEERSR A CRILY, 1990;
Zhang et al., 2004) . ZME — A AR, oA T IREEIL. EE. BRI T.
R HNSEE, HEFEEWANT. RS, ME KE4% 100 £H (Liu and Gui, 2007) .
R i R DA RS S R IR Y BRI, B IR SR BB VR . B IR E R
e IR AT A R TR AR K, T2 I W R UK, JF 1 O™ A TR (254, 1990) .
PRI, 42 SR A0 P 096 P A A R T A A R R B S (R T, 0 SR T I P v B LA % 0
FIEATA AP v E . SR, KRB A AL 2 R 25 S B W e 25 VE AR 25 5% B 3, AN
AU KA LS gemag, I AR AEY P s S AR e N . BEE AR
W A ORI 0, ARAEWA P X 4y WIRRSE . B ARG ROE R O B HOR
okt H aRsgm (BRI IAE, 20165 RIS, 2019) o RABBOREGHAT “ DABEIR 2 %f
RESHHREATAERS . PR IR A R (kD7 P4, 2010; Lin et al., 2017) o 4REHRIHE,
M R BCR AL, AR TR EE S e IR A, iR gl Propylaea
Jjaponica Thunberg- I BT /N2l Neoseiulus californicus McGregor 55 R U A A -l A 45 55
49 7y (ERBRAL, 2006; RIS, 2015) .

K B /N 22 Wl Neoseiulus longispinosus Evans J& 18 22 i £ Phytoseiidae 7 /) 22 il J&
Neoseiulus, F&—MorAn T 7 ST HI X BE i B kNI Oligonychus coffeae Nietner
M4 TN Panonychus citri McGregor —BEM I Tetranychus neocaledonicus Koch #JE M
W Tetranychus truncatus Ehara 531 [1) 5 £ K (Bounfour and Mcmurtry, 1987; Huyen et al.,
2017; Jyothis and Ramani, 2019; Mondal et al., 2020; Bhownik and Yadav, 2021 ) . 1% Wi {E



15~30°C 261, KRR PIA7 15 3R AE 94%LA b, 7E 27-30°C A& AR K Pt (Rahman et al.,
2013) 5 J&—Fhid T-# X PR RO A, IR 0 12 A B 8 7 B0 R I 1 oK
SRS B R T AT I P4 T R 0 R IR, SR b g A [R] S (R R RE D R AR AE
ZERWHHE T Nk, ASCLE 15°C. 18°C. 21°C. 24°C. 27°C. 30°C ZEEE PR 1K
ST/ S A SO R D B L A AT S MER R R, DU K
ST /N R AR SRR g (A BT RE T, R R A TR /N 7 R SR A I S (R AR AR
1 #RIERZE
1.1 iR

R T RS SR T /N S i 35) SR A 11 B A M T 6 SR (0 28 G b R SR [ 1
JRAE v B Fhs ROl R 2 B 5 58 5 08 0 OR B 0F 9E BT 05 N B IX (KR BE DR 26+1°C . 1B N
70%~75% M N LA (Bl —1ERF2AGE A R A 7 MGC-100BP-2L) N PAsE &y 7E N
TR ARG, DL g £ Dy B PR SRR N i, PR R A7 = ) 5 3 AL
E&H.
12 XWRE

WA 7% /N 2 = 2 K< B8N 20 mm x 20 mm B 58 AR FIAE TR, 223 il 7% /N = i
ERIM KOS FER OREE 0.5 mm)  FEEE R (JEEER 2 mm, HAEE—EAAN
10 mm Y ETEALVE IR TE SN 28]« B P8 5 05 U RT AR (s Gy B4R (B
KFWw IO K FELT AR UEFE0.5mm) , AKEIKEZRNE R L = 2R
P, SRE AR IS R Lem) FIFREN, FH MR,
1.3 LW HE

PRSI (3. 6+ 94 124 158D + &l (104 20, 30, 40, 50 k)  AI#WH (10,
20, 30, 40. 503k) . JEAM (5. 100 15, 20 253k) SR (3. 6. 9. 12, 153K)
BONERIZR/ANE I, FEA BN 1Sk 24 h LA B A K R0HT /N a2 igh e o, AR5 B TR
J& 15£1°C+ 18£1°C. 21£1°C+ 24+1°C 271°CH1 30£1°C, FHXHRIE 75%+5%, HE M 14 L 1 10
D N TAMRFEP, 24 h 5 WD KRB N G R g S S e R, WES 6
Ko
1.4 BB

KT /N 20 0o 485 ) 36 P 1) Ty e e 82 U P 4540 R F Holling- 1A 5 48 7 78 N, =
aTN/(1 + aTuN) (KFEH], 2006; Udiarto et al., 2023) , FHRHN: S=a/(1+aTuN), FHh, N,
NSRS, NOEWERE, TORIRRE (240D, o NBERBGERER, TN
AEEERF R CT 54K, 1980; Bruzzone et al., 2022) .
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Table 1 Predation number of Neoseiulus longispinosus to Tetranychus cinnabarinus at different temperatures and

prey density
A AEE H¥# & & (ind.) No. of daily predation
(ind.)
Stage of prey 15°C 18°C 21°C 24°C 27°C 30°C
Prey density

3 2.33£0.04 Be 2832287 Ab 3.003.05 Ac 3.00£0.12 Ad 3.0020.05 Ac 3.00£0.02 Ac
" 6 4.00£0.33 Bb 450+424 ABab  5.00+4.53ABb  3.83+0.55 Bdc 5.67+0.55 Ad 5.67£0.19 Ad
! 9 433£0.16 Cb 5.00£5.05BCa  5.00:540BCb  5.00:0.30 BCbc  6.33+0.28 Be 7.33£0.05 Ac
Fee 12 4.8320.22 Dab 533£5.58CDa  6.0045.98CDa  6.17+0.24 BCb 7.330.41 Bb 9.83+0.72 Ab
15 5.50£0.03 Da 6.00£5.96 CDa  633638CDa  7.50+1.13 BCa 8.67+0.04 Ba 11.17+0.35 Aa
10 9.33£0.01 Ad 10.00£0.39 Ac 9.83£0.09 Ac 9.3320.08 Ac 10.0020.04 Ae __ 10.00£0.02 Ac
20 14.330.08 Be 19.3343.22 Ab 18.67£0.64 Ad  18.67+1.50 Ad 1833£042Ad  17.67£0.49 Ad
i 30 17.6740.05Cb  19.50:0.23 BCab  25.50£0.74 Ac  21.00+2.65 Be 24006026 Ac  2633+1.34 Ac
Larva 40 20.000.18 Ba 2183040 Bab  29.83£0.62Ab  30.67+1.50 Ab 20.67£0.18Ab  30.330.45 Ab
50 21.3340.10 Ba 2133:273Ba 3333£1.99Aa  34.00£0.09 Aa 33334053 A2 35.33+0.42 Aa
10 8.30£0.05 Cc 867£032BCe  9.17:027ABCe  9.33%0.17ABCc _ 10.00:0.29 ABc _ 9.6720.03 Ad
o 20 11.20+0.45 Bbe 11.00+1.30 Bd 12006111 Bd  13.0060.73Bb  13.00£1.21 Bbc  17.0040.77 Ac
i 30 12.7020.59 Bb 13.331.27 Be 1433:123Bc 1533113 Bb 15.67+1.13Bb  19.00+1.93 Ac
Protony-mph 40 17.6740.34 Ba 17.671.55 Bb 1833+1.17Bb  19.33+1.04 Ba 19.67+1.18Ba 25.0040.52 Ab
50 19.33£0.22 Ba 19.3342.15Ba  2033+2.03Ba  21.00+1.41 Ba 21.6742.00Ba  28.33+1.09 Aa
5 4.00£0.15 Ad 433£023 Ad 3.000.05 Bb 4.00£0.05 Ad 43320.13Ad 4172008 Ad
e 10 5.000.58 Ded 5.00+1.04 Ded 5.67+£0.19 Cb 6.33+0.47 Be 6.50£0.97 ABc 7.000.95 Ac
A 15 6.17+0.38 Che 7.00£0.17 Cbe 8.00£0.52Ba  9.330.38 ABb 10.17£0.65Ab  10.67=1.55 Ab
Deutony-mph 20 7.00£0.18 Cb 833£042BCab  883:033BCa  11.0060.37Ba  11.83£0.80ABab  12.67£0.90 Aa
25 9.33+1.72 Ba 10.00+1.56Ba  9.83+0.75ABa  12.00:0.01 ABa  12330.14ABa  14.00£0.25 Aa
3 2.00£0.39 Ba 267106 ABc  2.67:035ABb _ 2.67:042ABb ___ 2.50£0.07 ABb 3.00£1.19 Ab
- 6 2.33+0.58 Cab 3.33:098 BCb  2.83+0.72BCb  3.00:0.63BCb  3.33£0.21 BCb 5.33£0.44 Aa
HE 9 2.67+0.18 Ba 3.33£041 ABb  3.00:049ABb  3.17+0.39ABb  3.67:0.51 ABb 5.000.54 Aa
Female adult 12 3.00£0.03 Ca 3.83£0.72 BCb 3.33£033Cb  4.00£0.26 BCa 4.830.24 Ba 6.33£0.18 Aa
15 3.67£0.52 Ca 5.17:0.99 Ba 5.67:1.89ABa  433:048BCa  5.67+0.79 ABa 6.33£0.27 Aa

Vi BT EAE N TR, K5 o AT AR R R R 5 BF (P<0.05) , NG 7 Ror Mo AR E
Tl A5 AN TR % B W) 22 53 55 3% (P<0.05)Note: Data in the table were presented as mean + standard deviation, uppercase letters indicated
significant differences between different temperature at the same density within the same row (P<0.05) , lowercase letters indicated

significant difference between different densities of the same prey mite stage and temperature within the same column (P<0.05).
2.2 FELRE TKFRIHF/ NS R A6 A0 T 88 & K2

KA Holling-HIF B BA 0 % 1 BHRHATIEG (£ 2D, IHEEAFRE TR EThaeR
REJTRE AR S AL 25 R TR, WS ERER 2 H 5 0.0222~1.2251, 3/ T-x2(0.05)=11.07,
FUHEACE 5O B A, U0 KT /N 220 %o 2R D il 25 S 1 B Th e IR L A



Holling-I[E £ 5 Rt A o FR 2 T L, A7 /)N S B of AR b o gl 1) A B ) BE AR SR I i
FURSETE R, RAE NG R ARAD H d  sRAS AR BRI [R] T X BB IR B B T R e d . DA
alTy (BRI ke 38 o AOAC BRI 18] 70 A LEAELD 5 B R BON 3 LAl & RE 77, KAH /N G2l R
b B AN R 095 28 A 4 RE 0 s B0 DA 9l > T 5> i o > O > e F i . 3l £T RE ) S B
EBRIILL 30°CH s BR 18°CH B AR M T i 5h,  #l frRE 0 el BERLL 15°CR AR
R 2 NELRE TR/ NZ R REDH A T R T RE R B

Table 2 Predation functional response of Neoseiulus longispinosus to Tetranychus cinnabarinus at different

temperatures
HEE (°C) EiES TfE S SR Wi Bk % () KBRS RI (T (D FiRAE) (T i ER QUTD
Temperature Stage Functional response equation Instant attack Handling time Predation Daily maximum Ve
rate capacity predation amount
15 Na=1.1152N/(1+0.1373N) 1.1152 0.12 9.06 8.12 0.0458
18 Na=1.4736N/(1+0.1807N) 1.4736 0.12 12.02 8.16 0.0279
21 L3 Na=1.5564N/(1+0.1771N) 1.5564 0.11 13.68 8.79 0.0803
24 Egg Na=1.4027N/(1+0.1535N) 1.4027 0.11 12.85 9.14 0.3002
27 Na=1.2583N/(1+0.0791N) 1.2583 0.06 20.01 15.90 0.0933
30 Na=1.0945N/(1+0.0262N) 1.0945 0.03 38.14 34.84 0.0861
15 Na=1.3198N/(1+0.0416N) 1.3198 0.03 41.90 31.75 0.0026
18 Na=1.4637N/(1+0.0408N) 1.4637 0.03 52.46 35.84 0.9771
21 g Larva Na=1.1044N/(1+0.0113N) 1.1044 0.01 108.27 98.04 0.1703
24 Na=1.0424N/(1+0.0107N) 1.0424 0.01 101.21 97.09 0.5072
27 Na=1.1409N/(1+0.0137N) 1.1409 0.01 95.08 83.33 0.0222
30 Na=1.1044N/(1+0.0110N) 1.1044 0.01 111.80 101.01 0.1703
15 Na=1.2246N/(1+0.0516N) 1.2246 0.04 29.09 23.75 0.7506
18 IEER] Na=1.2987N/(1+0.0556N) 1.2987 0.04 30.34 23.36 0.6790
21 Protony-mph Na=1.3852N/(1+0.0557N) 1.3852 0.04 34.46 24.88 0.5030
24 Na=1.3759N/(1+0.0502N) 1.3759 0.04 37.70 27.40 0.2803
27 Na=1.5340N/(1+0.0580N) 1.5340 0.04 40.58 26.46 0.4653
30 Na=1.2047N/(1+0.0242N) 1.2047 0.02 59.93 49.75 0.2695
15 Na=1.2475N/(1+0.1238N) 1.2475 0.10 12.58 10.08 0.4782
18 J A5 U Na=1.2762N/(1+0.1113N) 1.2762 0.09 14.63 11.47 0.5090
21 Deutony-mph Na=0.6875N/(1+0.0265N) 0.6875 0.04 17.86 25.97 0.1352
24 Na=0.9428N/(1+0.0387N) 0.9428 0.04 22.99 24.39 0.0615
27 Na=1.0310N/(1+0.0424N) 1.0310 0.04 25.09 24.33 0.1741
30 Na=0.9314N/(1+0.0254N) 0.9314 0.03 34.12 36.63 0.0671
15 Na=1.3349N/(1+0.3576N) 1.3349 0.27 4.98 3.73 0.2795
18 Na=1.8423N/(1+0.3745N) 1.8423 0.20 9.06 4.92 0.4686
21 U e il Na=1.9861N/(1+0.4586N) 1.9861 0.23 8.60 4.33 1.2251
24 Female adult Na=2.0525N/(1+0.4655N) 2.0525 0.23 9.05 4.41 0.2860
27 Na=1.2913N/(1+0.1980N) 1.2913 0.15 8.42 6.52 0.2165
30 Na=1.5347N/(1+0.1659N) 1.5347 0.11 14.20 9.25 0.4417

2.3 RIFR/NGWRT RED A Y T 38R

MR A S=a/(1+aTaN)THSEAS RTINS RSl 1 S0 (B 1) o FE SR
0 AR/ ST A b P 5 10 R 220 A P T RN T B o A [ S K [R] —
FEPVE LT RHT /NS AR A i (1 TR RNAE 30°CI IR 2 d s TR AR IR AR



AR RS A FREMARKESR, VORI BRI 00 205, A HERSows i 3424
RIFE 15°CHR AR, X TR a2 0, AEARIE M LIS, FHRBANAE 21°CI Ao

LOF
P
209+
5]
2
0.8
5]
2
S0
2
Sos6r
sl
=
o4
me
0.3 F
0.2 ) | 1 | 1 | )
2 1 6 8 10 12 14 16
W= OB Prey density(grain)
Hi#74# Protonymph
Lip
LoF
'
2
8095
5
=
b5}
0,081
g
=
20.7F
<
3
7]
206
&
0.5
m
0.4
0.3
5 10 15 20 25 30 35 40 45 50 55
EWEE (k) Prey density(ind.)
MERE Female adult —=— 15C
Llr —e— 18C
1.0
z
£ 0.9
5]
2
£o.8
5
2
£0.7
g
Bo.6
B0
g
0.4
e
0.3
0.2

8 10 12 14 16
EEE (Js)  Prey density(ind.)

FHRESL Searching efficiency
e e = o o
@ > ~m ® © o
T T T T T T

o
T

o
w
53

FHRESL Searching efficiency
° o o o 2 9
T

T T

e
w
T

L I
10 15 20 25 30 35 40 45 50 55

Y= (3k)  Prey density(ind.)

Ji 47 Deutonymph

o
I}

10 15 20 25 30
Y (k) Prey density(ind.)

P 1 AN [ T AT /N SRS AT - ) 3 R

Fig. 1 Searching efficiency of Neoseiulus longispinosus to Tetranychus cinnabarinus at different temperatures
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2004) o AHEFEA, AT/ G ME BT SR D i Y T B8 S B35 7 & Holling-1TH T g
JABAY , Gh 5 0 BT /N S B R AT 4 T /S S UG Eotetranychus sexmaculatus (Riley)
SRR NI AR — 3 (RSB, 2013; BURFERSE, 2019) o TEVFM RO F R4
TREJIRT, BRSO R S A ER M HE (/T (EAEEREERNEES 2 —,
al Ty (HAEK, RERECN F R A kg CBUgges, 2019) , B, AP EER
WA @ T TR PAN AT /) S M6 X8 A b ol 1) 4 2

TR S R SO B S M E B R T (Brown er al., 2004) . fEASRIG T, K HH/ N2
AT B AR 0 PR BT L 00 L A G A U M P o ok e T % 5 Ak N ) ) LU AE Ca/ T
WA R BE B T TGN, YIE 30°CHY fi K, 2R WY 30°CH AT /N S o) 400 - BT A7 g 2
A R e o 45 S5 KRBT /NG AE 15~35°C 451 A& — B I Bl R 1 T, 3l
I a5 TR AL /ISR AR U ARLL (Sugawara et al., 2018) o X W B W S5 5 i K )
Hr/NRIE IR B Re )T, ZERREIE & T X I F AR A TR IR A AR T
CRUA T, FH RS R B R s A AR IR R

AT B B S Re ) SRS L R R I S A TR AR DG o AT 7 v KSR 397 /N 22 6 o
X AR D 0 47 6 0 S RS B B AR ARG, (H X SR I R R R B — e R, K
ZINERAHERT AR P T ol RIS B, 45 A5 R KR Anystis baccarum Linnaeus.
PR /IN 20 S R FOR DGR 45 RAR L (PR, 20145 YLF5¥95E, 2017) , SLELER] KA
BTN B VR A S R AR A B 2 S LR AT . DA Mok R 5 Ab B R 2 B o/ T AR
NVFAFERR, AT /AN S 0T A0 P 5 1) 408 5 0 e A 2 T g 4> A > > 5 e >
RO, 45 R B 2 Amblyseius vulgaris B IR Euseius nicholsi i & AR i
PG B W T AN B AP O A R GRAEAREZE, 1993) A{BL, X AT A8 S AR (1035 50 /159
REER S 3K S 3. Rahman $RIEKHRHTNZWETE 25, 30 F1 35°CHH £ ummE /) JTClH HE F5c i
(#] a/Ty H 5.685+ 6.892 F1 6.912 (Rahman ez al., 2012) , HZ 5221 Amblyseius makuwa Ehara
25°CHH B ARRD MM 1 o HE ORI @/ T 23 70008 5.8730. 4.4009 (5KIEFHEE, 2017) , AHFFT
H, 27°C 30°CH K AT /N 2285 BR A B A il - WS 1 o/ T 79 8.42~118.80 3k CHED , 21°C.
24°CHI i B J5 4l . A W S ) @/ Th N 17.86~108.27 Sk, 15 B BT /N 22 i o) R b i
W B R AT R e Re .

AT FE 38 S AN R IR RE T R/ S AT g A 5] SRS R D R SR, B T AN RN
JEERS TR HT /N Z 4 B R0 P D 136 S S 18 5 ) o P T R FH KSR /N 2206 977 76 S A ot g 55
CREHIEME R R DA RORSER R, A IE M 8 L AT RS S Ah,
BT RECH IS B DI Re AN 2 H B 5 B B, B SZ R B« JEW s e L 2 ) e o 5 A
FR (GRS, 2015; FEL, 2019) , S TARRMURE SN 404 N T, 5H
() I /) £ W E FH [0 SR A0 et gl 1) SE A2 S R A 22 e (CERTAE, 2023) , sEE it
TR AE FH PR3 B o RS 70 RSO 35 A WE S, LA B B ME AR 2 S Y, AT BT AN R] A A
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