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Functional response of predatory thrips Scolothrips takahashii Prisener to
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Abstract: Scolothrips takahashii Prisener is an important specialized predator of hawthorn spider mite, Tetranychus viennensis
Zacher, a damaging pest in apple orchard in Northern China. In this study, a leaf disc bioassay was used to examine the functional
response of each active stage of the predatory thrips against the spider mite under the conditions of (25 +1)°C, RH 60% + 10% ,
and a photoperiod of 16L: 8D; the influences of temperature and age of adult thrips on the functional response were also
investigated at different level of constant temperatures and prey densities. Logistic regression was used to determine the type of
functional response and Roger’s random predator equation to fit the experimental data; then a non-linear regression, i.e. Gause-
Newton, was used to estimate and compare the attack rates and handling times among different treatments .

The results indicated that functional responses of the thrips, including 1* larvae, 2™ larvae, female and male adults against
each stage of the spider mite belonged to Holling- [l type. The number of prey killed by the thrips increased hyperbolically with
increasing prey densities in each trial. Handling time ( T}, ) estimates for the thrips decreased as the mite developed and increased
with the development of thrips themselves, e.g. the T, of female adults of S. takahashii preying on eggs, larvae, protonymphs,
deutonymphs, and females adult of T. viennensis weré 0.4031, 0.6066, 0.7622, 1.0829, and 1.4524h, respectively, but when
eggs of the mites were offered as prey, the T of the thrips decreased from 2.779 h in 1* larvae to 0.403 h and 1.2660 h in

females and males respectively. There was no significant difference in the attack rates ( @) among various stages of the thrips due
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to the overlaps of their associated 95% confidence interval, but significant différences were recorded in the handling times. In
other wards, the smaller the prey, the shorter the handling times. Handling times in female thrips were significant shorter than that
of males, indicating that female thrips were more voracious than males. The maximum predation of the spider mite eggs by females
and males of the thrips were 59.81 and 23.19, respectively.

The analysis showed that temperature had significant effects on the predatory capacity of adult thrips over the range of 20 ~
35%C. The values of a in both males and females were significantly lower at 20°C than at 25 ~ 35°C . The handling times in both
males and females decreased linearly with increasing temperatures. Based on these results, a temperature vs handling time model
was developed and parameterized. That is, T}, = 1.1438 —~ 0.0261x for females, and T, = 2.405 ~ 0.056x for males ( x is
temperature) , suggesting that the thrips would spend more time to handle the mite when temperature is low.

Age of adult thrips imposed significant impacts on the functional response of S. takahashii attacking T. viennensis eggs.
There was no significant difference in attack rates in both females and males among various ages tested, but obviously prolonged
handling times were noted in both females aged 15 d or more and males aged 9 d or more , compared to that of 3-6 days old thrips.
It was suggested that the ageing rate in males was faster than that in females.
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WAE M 4% Tetranychus viennensis Zacher, B % T. urticae RRIER 2N Panonychus ulmi Koch E R B EH
HREMYFEEFH S ANEEERK MEAE R, EXHREEEHENEENRY . B HEY
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FOAETEBFIEHEA L gL WBREFRE, FHEERRAFHEHERT F(REH L), BEA LB 8%
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FRFEANSE D HAFPRNER 2dBEHIRBAEBES SO, hEERMIKKIHTE DZ-8003 ML IHEE
FHE (FERKFEMRFRNEE,90x 90 x 45mm’ , FBH 245cn’ , FSRBME A —LL 40 B BLEE K Samd
BLESE,) P#T, AEFRERTBAER 25mm, 5 Smm BHAE—8, FHMAE B H KK E S 308 EF
3%, B 25mmé MIERMBE THIER L, BEARRE BHERERAANTSBEHER,
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B 60 5k, 12h fo EHE M, ROABE TR, WIRFHEERE 12h BE K, FEFBLBOLE (< 12h)
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10 ~ 18 X,
1.2.3 ARIBEMNEDRANERMOEE (U3 LE 857K, 8 E 20.25.30.35C 4 MR EAL
B EAHEOHTR, 5 —ABEF 12~ 18K,
1.2.4 AFRBARESRAXTHEIIERMMER (ST LEHERIFETRE, &6 MHE, B RA A B
53514 3.6.9.12.15.18 d, KA F A WATAR, B — A HEX 10~ 16 Ko
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FUAR BIBE R F SAS(V 8.2)GE it 84T 404 o Xt T Fr & Dh Bk 5 B A4 SR 0A 3048 B 5 3R A Tuliano 42 H
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B &SRB EMRERA Trexler Y o AT 89447 45 RAE 9 B B Dh 8 5z 39 % 11 Y Dh 88 5 B
(ERGERITED) . HEERNWLBHEE , BUGHERN TR, A TARRPEAE KB uiEEY
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B, KH, o AR RERE, T, AL BENE, T ARBE R (24h), S84 KA SAS %4 PROC NLIN
B, &ACEEESHZ AP HBRNBRERL 52 EFRKEIEEESRKHAT,
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BEENHRARD, P, H5 0 MERREBEKE, XHAREHMBERMORET, EH DR AHR LS
ML R I A, P, ERBMATH, RARRBRPEYNEEELNRERD SN EYOHERE
WRKBEFHEDEEABMEAFEH MAF P, HEEENRT T (INET T #E SRR 500, 5 D R il
B4 XA S EYHRROREYEENABCHEATEHT,

£1 FEEASHLUEHEEZTHRAONARESVHE KA logistic B 1745 R
Table 1 Results of logistic regressions of the proportion in each stage of T. viennensis eaten by S. takahashii as a function of initial prey density

H&EHES Stages E3 4 B M i, B Female thrips B T4 HE B, 3 Male thrips
of spider mite Parameters Estimates ( +S.E.) X2 P Estimates ( + S.E.) x? P
Py 9.0104 £+ 1.0302 76.49 < 0.0001 2.6656 + 0.6792 15.4 <0.0001
5 Eggs P, -0.614 + 0.0848 52.44 < 0.0001 -0.2778 £ 0.0596 7.7 0.0121
P, 0.0156 + 0.00220 50.16 < (.0001 0.0033 + 0.00162 0.03 0.8535
Py - 0.00013 + 0.000018 51.81 < 0.0001 8.49 x 10~7 +0.000014 0.00 0.9506
P, 1.718 £ 0.728 5.57 0.0183 2.1251 + 0.6646 10.23 0.0014
48 Larvae ﬁ: —0.0797—:_0.0392 4.13 0.0421 —0.1346_::0.0357 14.21 0.0002
p, 0.0001 + 0.000014 44.25 < 0.0001 - 0.00005 £ 0.000013 15.01 0.0001
Py 4.1376 + 0.9011 21.08 < 0.0001 2.8738 + 0.8630 11.74 0.0004
£% T Protonymphs }1:: —0.2331_1:—0.0479 23.65 < 0.0001 -0.1060—1—:0.0401 6.99 0.0082
Py 8.6 x 10~° £ 0.000017 0.25 0.6155 - 0.00067 £+ 0.000015 19.72 < 0.0001
Py 0.1019 £ 0.9232 10.58 < 0.0001 3.7404 £ 1.0302 16.49 <0.0001
£% [ Deutonymphs P, -0.1231 + 0.0479 5.65 0.0028 -0.2193 + 0.0448 22.44 < 0.0001
P, 0.00092 + 0.00017 0.00 0.9958 0.0117 £ 0.0167 0.49 0.4839
Py 0.00028 + 0.000017 0.02 0.8904 - 0.000162 + 0.000199 0.67 0.4145
P, 4.5598 + 0.852 10.74 0.0065 1.7454 + 0.3183 7.84 0.0077
P, -0.21383 £ 0.076 4.99 0.0157 ~0.1948 + 0.0097 15.52 < 0.0001
HE SR 4 Adult females P, 0.0053 £ 0.0045 1.02 0.383 0.00457 + 0.00124 2.16 0.0466
P, -~ 0.00007 £ 0.00005 0.96 0.4653 -9.25x10°¢ +7.329E-6 1.38 0.1566
BT 1 #4403 First stadium in thrips B 5 2 #4415 Second stadium in thrips
Py 8.635+£2.962 4.75 0.0293 3.5635 £ 1.145 10.91 0.0341
L] Eggs P, -1.435+0.382 3.98 0.0359 -0.1161 £ 0.0063 9.16 0.0452
p, 0.085+0.073 1.03 0.3105 0.0171 £ 0.0408 0.17 0.6759
P, -0.00179 + 0.00219 0.67 0.4143 0.000463 + 0.00076 0.36 0.5466

2.2 BN EE DXER R R F W ER LA 0 3h B8

BEMAS SR, A ARLES RS RREIE(WE 1 RE 2), FREFTHBEMEA S DL
BB EEEERABE(OSHEERKAER), B EYNEEN AMEH AR AT NENSEE,
M 1S 2.077h 454 B R A9 0.4013h (MEPE) ; BEIS B KB R B (1/ T, ) W B 1 B4 BA0 11.55 B0 fm 2
W B S B 59.81 K. 7ERE AR ORI T, e AL S xR A 0 At B D B 4T T M AR o, LA s 0 R
R TFH 8 (% 2).,

%2

ARSI LEHRTRLFRRNIER L SN

Table 2 Mean (SE) estimates of the attack constant [ o (h~')] and handling time [ 7, (h)] for larvae and adults S. takahashii attacking each

developmental stage of T. viennensis

Mg i M 3 Female thrips B SRR B Male thrips

Stages of spider mite a ( £SE) T,( £ SE) R? a (+SE) T,( +SE) R?
5 Eggs 0.1142 £ 0.0249a 0.4013 £ 0.0635¢ 0.9478 0.2140 + 0.0461a 1.0340 = 0.0455b 0.8448
1% Larvae 0.0892 + 0.0248a 0.6066 + 0.1417b 0.9482 0.1482 + 0.0363a 1.2215 + 0.088b 0.9227
# % 1 Protonymphs 0.0745 £ 0.0183a 0.7622 + 0.1068b 0.9341 0.1061 £ .0235a 1.3798 £ 0.1034ab 0.9273
# % 1 Deutonymphs 0.0698 + 0.0159a 1.0829 £ 0. 1665ab 0.9048 0.0913 £ 0.0136a 1.6053 £ 0.1357a 0.931
8 R Adult females 0.0554 + 0.0203a 1.4524 + 0.1065a 0.8639 0.0816 £0.0117a 1.7464 £ 0.1416a 0.8814

#5 1 #4) 3 First stadium in thrips B 3 2 # 41 L Second stadium in thrips

5 Eggs 0.3075 + 0.1090a 2.0779 £ 0.242a 0.9147 0.1713 £ 0.0401a 1.2216  0.1100b 0.9266

F—3 P HRFHERERERAEE(p>0.05), TR Means followed by the same letters within column are not significantly different ( comparison of
95% confidence intervals) ,the same below
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KT 2 T R, A B I %) 4k B TE) el 4 B9 0.6066h F1 1.2215h 340 B ALK Y 1.4524h F1 1.7264h, B ARE
BAEZALENAHERHE, R DHEAITILEMEOHE . ZH] AR I AERENELR B
BRI 2510 39.56.31.49.22.16.16.52 3k F1 19.65.17.39.14.95.13.74 k., MEREF XTG4 B BHL
REEFEEEZR MY TREVTHELR,

15
40 — —— M#: Females 8 ﬁ —— M# Females
----- Mal =
) ¥ Male g g g %
30 |- o ° 8 g
5 8 g ° ° =10
g k=
S20L ] 1 ‘}'l |
; -t i g
) 8- - . » E 05 |
& oL £
= - il Sl O
& 2
0 L L L1 ] 1 4 0 I ] ! 1
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¥ Prey density ¥ Temperature (T)
1 375 8 Bxt ol H o 5 58 A9 T BB IR R B2 BARNSXLEHHEBOLBIERSBENXE
Fig.1 Functional response of S. takahashii to T. vi is eggs Fig.2 Relationship between handling time of S. takahashii and temperature

2.3 AFNERE XS S EH DI HE RN W

FRAERREE T8 DR R LSRN E R RSN MG EYEE#T Logistic BIH447, 4 5%
(8n5% 3)RBIH DI RE R N 200 11 B ; 3575 A5 30 25 M o S (5] 98 B F XoF L R b 0 BB A9 o 8B 2 19 3 i A (L 4
x4, BEMNBEXSE DIHERNARFEREAEWE, BRI IR IGERYBEEEN T B TERS,
{BTE 25 ~35CZH, HEMBN I EEBEE -EXH, HERREE M 20CT, &5 MB35 R EEK
THMRE  BEH DX EINLEN MYEERENABMAEE, FRAHRFHRELE(E 2) M.y
=1.1438 -0.0261x, R* =0.8436; HE¥E y =2.405 - 0.056x, R?=0.9965, TE 20 ~35CiRBIBE T, B X 4 59
FEEREXHEERMKIKY 34.78.59.81.72.90 1 85.96 i, HEHE A 4514 18.96.23.19.33.54 Bl 54.74 $i,

®3 TRRETHAAS DN M58 R R 5% E A logistic E| TS %R
Table 3 Results of logistic regression of the proportion of T. viennensis eggs eaten by S. takahashii as a function of initial prey density at different

temperatures
BE(T) 28 & M i . Female thrips &7 5B A S Male thrips
Temperature Parameters Estimates ( + S.E.) Xx? P Estimates ( £ S.E.) x? P
Py 4.3596 + 2.0248 6.64 0.0313 7.1807 £ 0.2302 34.07 <0.0001
35 P, - 0.0545 + 0.1008 5.26 0.0389 -0.2785 £ 0.0645 18.67 <0.0001
P, 0.000155 + 0.00158 0.01 0.9216 0.00387 £ 0.00105 13.47 < 0.0002
Py 1.665x 1077 £7.871x 10"  0.00 0.9831 -0.00002 +5.437 x107% 11.58 0.0007
Py 4.7312+£1.3522 12.24 0.0005 5.5728 £ 0.8630 41.7 < 0.0001
30 P, - 0.1068 + 0.0803 4.717 0.0184 -0.2477 £ 0.0529 21.96 <0.0001
P, 0.000867 + 0.00148 0.34 0.5578 0.00357 £+ 0.00100 12.72 0.0004
Py -2.71x10"% £8.545x 10" 0.10 0.7510 -0.00002+£5.945x 10" 9.11 0.0025
Py 3.5598 £2.152 2.74 0.0981 1.1409 + 0.5183 4.84 0.0277
20 P, -0.2483 1 0.176 4.9 0.0159 -0.0957 £ 0.0197 23.52 <0.0001
P, 0.00593 + 0.00452 1.72 0.1899 0.00157 £ 0.00034 2.16 0.0643
P, - 0.00005 + 0.000037 1.76 0.1845 -9.37x10°%+3.449 x 10-* 7.38 0.0066

25T T HI¥IE WK 1 See table 1 for. Data at the condition of 25°C

2.4 IR IR ET D R X R T 68 I R
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EES IR A BROAKEEK HABYEESEE, B HEFEK, ST SNSRI NERS, 58
BB BB TN BB R N 22 Logistic [B] 15 43 #7 (45 R #& ) IEBH 548 % Holling- 11 B ,ThRER M S B WM R nEk 4,
M BN SE O 25 CH PRI R 17.8d" , AH 5t 5t 18d ZHTHWE D HTRE.

¥4 XAWSETARETXLEHWRNIIERESH
Table4 Mean (SE) estimates of the attack constant [ a (h™')] and handling time [ 7, (h)] for S. takahashii females and males attacking T.

viennensis eggs at various temperatures

BE(CC) A 5 M 8 2 Female thrips A B 3 L Male thrips

Temperature a(xS.E.) T,(£S.E.) R? a (xS.E.) T, (£S.E.) R?
20 0.0654 + 0.0149b 0.6900 £ 0. 0106a 0.9312 0.0474 £ 0.0105b 1.2660 + 0.1392a 0.9261
25 0.1142 £ 0.0239a 0.4013 £ 0.0635b 0.9138 0.2140 £ 0.0676a 1.0350 + 0.061ab 0.8448
30 0.1683 + 0.0566a 0.3292 + 0.0523bc 0.8917 0.1456 £ 0.04132a 0.7640 £ 0.0567b 0.8617
35 0.1862 + 0.0416a 0.2792 1+ 0.0300c 0.9265 0.1280 £ 0.0222a 0.4384 + 0.0323¢ 0.9001

REE3~18d BREZM MBS SEHEHNBRNGERRE EEWES B 3L M 559 /4 40 B a6
FEREER, K9S, HidKR 15d.18d #9ME 3t (&M PR AL Bt MBI B K F 3d f6d H i a8 B
BRT ISAMBRBEEEAEINES, HEGIRHEE TR, SR LB EYHEIRE, MY iEHiE
FC A T [ ;6d B9 M R (UBRET oo R/, i B 5 5 4 19 b B 6 11 5 4, B ok o 9 A Zh 3 - i o 8 4
HEBXRHTFHGBRNEACHAERBEN EROERBEISLFAUR RN EFRYR VER, A
BEK, AR WKL BNRIMEESN DM EEMER BEKMEFERTH A, E od AR, HA4E
HECEERKTFI~6d WER(HH 5% BEREIAESR), I M b 7EE] 5 #p B b o g8 /N | sk 7E H A
T R T X o e A M R D o

%5 TRBHWI LN ERKTHERESM
Table 5 Effects of ageing on the functional response in S. takahashii aduits

H &% (d) B I Mt /8 . Female thrips B 5 B i, HL. Male thrips

Age e (£S.E.) T,(£S.E.) R s (2S.E.) T,( £S.E.) D

3 0.0844 £ 0.0149a 0.4188 + 0.0696¢ 0.9235 0.2035 £ 0.0543a 1.0807 + 0.0545bc 0.8910
6 0.1231 £ 0.0239a 0.3969 + 0.0673¢ 0.9138 0.2141 £ 0.0676a 1.0350 + 0.0610¢ Q.8445
9 0.0690 £ 0.0127a 0.4458 + 0.0859b¢ 0.9022 0.2514 + 0.0640a 1.2594 + 0.0546b 0.8266
12 0.0643 + 0.0105a 0.5514 £ 0.0797be 0.9070 0.1445 £ 0.0363a 1.4605 + 0.0684ab 0.8545
15 0.0877 £ 0.0161a 0.6981 + 0.0515ab 0.8840 0.1513+0.0427* a 1.6953£0.0763% a 0.8452
18 0.0844 + 0.0126a 0.8101 + 0.0586a 0.9030 0.1292+0.1040% * a 1.7724 £ 0.0832* * a 0.7369

#ZHABBE A IRETWE R ¢ # ZHBREHOKREENE R, ARSHAB AL F10KEER # The data were derived from nine replications;
# # the data derived from six replicates
3 Wit
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RIBEHL I AR, Gotoh % RE AT M AL X —BEMH &R A9 B B AW G RN 75.7 B, WA 55 R H 3 1L #E
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