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Effects of diets on the growth, development, and reproduction of the
predatory mite Neoseiulus zwoelferi
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Abstract: To clarify the impact of different diets on the population growth, development, and reproduc-
tion of the predatory mite Neoseiulus zwoelferi, age-stage two-sex life tables were employed to deter-
mine the survival rate, developmental period, lifespan, and reproductive parameters of N. zwoelferi after
feeding on Tetranychus ludeni, Carpoglyphus lactis, and Typha orientalis pollen, respectively. The re-
sults indicated that all three diets met the requirements for the growth, development, and reproduction
of N. zwoelferi. The net reproductive rate and gross reproduction rate in the 7. /udeni treatment group
were 28.99 and 36.99, respectively, significantly higher than those in the C. lactis and T. orientalis pol-
len groups. The developmental duration from egg to adult for N. zwoelferi when feeding on C. lactis, T.
ludeni, and T. orientalis pollen were 5.28, 7.34 and 6.87 d, respectively. The doubling time was 3.35,
4.22, and 11.77 d, respectively, with the former significantly shorter than the latter two treatment
groups. The average lifespan of adult females in the 7. ludeni and C. lactis treatment groups was 2.75
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and 4.92 days longer than that in the 7. orientalis pollen treatment group, but the difference between the
former two groups was not significant. The 7. /udeni treatment group had the longest oviposition period
(17.84 d), the shortest pre-oviposition period (2.75 d), and the highest fecundity (38.15 eggs/female).
The T. orientalis pollen treatment group had the shortest oviposition period (1.82 d), the longest pre-ovi-
position period (5.89 d), and the lowest fecundity (3.36 eggs/female). The intrinsic rate of increase and
the finite rate of increase in the C. lactis treatment group were 0.21 d™' and 1.23 d”', respectively, signifi-
cantly higher than those in the other two treatment groups. However, the mean generation time was
14.65 d, significantly lower than the other two treatment groups. These results indicate that all three di-
ets could support the entire generations of N. zwoelferi. C. lactis was the optimal food for indoor rearing
of N. zwoelferi, while T. orientalis pollen could serve as an alternative for short-term rearing.

Key words: Phytoseiidae; Neoseiulus zwoelferi; Tetranychus ludeni; Carpoglyphus lactis; Typha orien-

talis pollen; developmental stage; age-stage two-sex life table
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Table 1 Effects of different diets on the developmental duration of Neoseiulus zwoelferi d

% B BBt Development stage

i) Egg 1.86+0.04 b
4158 Larva 0.86+0.03 a
A7 Protonymph 2.14+0.04 a
JE A Deutonymph 2.49+0.05 a
EHTH Total pre-adult 7.34+0.09 a
Wk B0 74y Female adult longevity 35.67+1.55a
T B s 754y Male adult longevity 30.55+2.56 a

&% Food
JE I Tetranychus ludeni I Carpoglyphus lactis FF# ALK Typha orientalis pollen
1.77+0.04 b 2.1740.05 a
0.67£0.03 b 0.67£0.02 b
1.33+£0.03 ¢ 1.96+0.03 b
1.50+0.03 ¢ 2.08+0.04 b
5.28+0.06 ¢ 6.87+0.07 b
33.50+1.42 ab 30.75+1.18 b
33.61+£3.19a 22.05+£2.24 b

B A R bR . RTINS SRR R AN [ A R 28 Paired bootstrap test BE A6 56 2 5 i #5 (P<0.05) . Data

are mean=SE. Different lowercase letters in the same row indicate significant difference by Paired bootstrap test (P<0.05).
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B, A 1.82 d, 7= SR ET I [a] £ <, 2 5.89 d, 7
URdE A /b, K 3.36 Ri/ME(F2).

R2 REIRYI R RITNRIFHEIHR #0
Table 2 Effects of different diets on the fecundity of Neoseiulus zwoelferi

1% Food
4 Parameter R e AL
Tetranychus ludeni  Carpoglyphus lactis Typha orientalis pollen
7= BIHITHA Pre-ovipositional period/d 2.75+0.09 b 3.01£0.12 b 5.89+0.44 a
P20 K HL Egg-laying days/d 17.84+0.94 a 12.1140.56 b 1.8240.12 ¢
7B S/ CRi/E ) Total egg production/(eggs/female) 38.1542.02 a 26.47+1.28 b 3.36:0.25 ¢

T B T B EAR R s [RATAS /NG A1 3R R R R 4h B [E] 28 Paired bootstrap test Ky 025 5 i 2% (P<0.05) . Data

are mean+SE. Different letters in the same row indicate significant difference by Paired bootstrap test (P<0.05).
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Fig. 1 The age-stage specific survival rate of different development stages of Neoseiulus zwoelferi fed on Tetranychus ludeni (A),

Carpoglyphus lactis (B) and Typha orientalis pollen (C)
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Fig. 2 The age-specific survival rate, age-stage specific fecundity, age-specific population fecundity and age-specific net reproduc-

tive rate of Neoseiulus zwoelferi fed on Tetranychus ludeni (A), Carpoglyphus lactis (B) and Typha orientalis pollen (C)
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Fig. 3 The age-stage specific life expectancy of Neoseiulus zwoelferi fed on Tetranychus ludeni (A), Carpoglyphus lactis (B) and

Typha orientalis pollen (C)
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Table 3 Effects of three different diets on population parameters of Neoseiulus zwoelferi

TS %L Population parameter JE G T ludeni S C. lactis TRWAENT T orientalis pollen
P B1b K R Intrinsic rate of increase/d™! 0.16£0.00 b 0.21£0.01 a 0.06+0.01 ¢
JEIBR %K % Finite rate of increase/d™ 1.18+0.01 b 1.23+0.01 a 1.06+0.01 ¢
HrH%5E % Net reproductive rate 28.99+2.24 a 20.65+1.48 b 2.59+0.24 ¢
ST 2R Gross reproduction rate 36.99+2.47 a 24.57£1.83 b 2.89+0.25 ¢
SEIHEAR R Mean generation time/d 20.52+0.24 a 14.65+0.28 ¢ 16.16:0.41 b
FREEAT 1R ) Doubling time/d 422+0.11b 3.35+0.10 ¢ 11.77£133 a

R PG R bR E R . RIAT R IR)ING R s R [R] A ] 25 Paired bootstrap test 7K 56 22 5 8. 2 (P<0.05) . Data

are mean+SE. Different lowercase letters in the same row indicate significant difference by paired bootstrap test (P<0.05).

3 Pl e 34 R AL 25 TR A /N Y AR K K
B PRUEFR R LS EC g A SR 0 T 2%
IR /INGEE R 34 o 5 R A 2 g ki
B (28.99 ) FILEVE 2R (36.99 ) 44 I 2 =5 T T 2R
I 385 A6 B b B ZH (P<0.05) (F3) , LA IR
I 5 Ay £ 7 Ak 3 2 B R T SR 06 R A v AR A

AbFRZH
3 Tt

ABIFFER AR - BOPI MR A i 22 70 AR ST T
DA i | H SR 005 0 7 0l 2E ) 3 Bl B 0 25 7KK
HNEEIR A KRBT BRI . BEITA SRR 3



130 e/ A 514

Y AR LT, DL IR i
BR B R R S BT A i, LR R R
DL QAR SRR ), e P R S il ), FEAE A
TS A A AR IR, R SR AR
TR AL S TARIL. B A G IR A o
I, 76 3 A E Y TR R R RO AR RSB, A
TAC ATVE BB . AR L3 Fh
Yo RN 2% IR IR N A B BN TR e B v B e
BIG VEMATR L B HEAE . AR (2019)
WAZMIEEE , K ILAAT AR5 0 0P 87 /N2
LUyl p b B N =l = TG EE=3iUE S

TEAMGE 3R Y, L IR i S B Yy
2R IR B /I 75 i L AR R b B K B R T
(2006 ) % 30 LA - 1) 5% 1) )¢ TG FL 22858 Euseius
nicholsi #7451y HG R AT AL B AL 3 %) K ; Riahi et al.
(2017 )T 45 5 7 17 DG Bl 22 6 Ei e — B 1) 75
iy L3 S B A A6 A FAZ R AR A6 1 A i L, (ELLE
B e A5 1) A3 i A, U WA ) L 22 gl £ ] Ao
W AR R EF SR E] . /ARSI, AN
FE A6 A DR 3 1l o3 AN ] X6 AN v A 22 0 1) A
KB FEFE ) 2 A B i 2 7 (Broufas & Koveos
2000; Goleva & Zebita,2013) . A< i 56 (B 55 7 il
TEMIRT 25 IR IR BT /N A BT R ), A AR K
(I SEIRA A ik — T

AGRE H, DA 06 A B 1 2% IR IR BT /Nl 7
PN ELHE R A6 (0.21 d7) KT A S il i ol Ak A
(AT EC /N 22 0 ) P B4 44.(0.19 ') (Niguyen et
al.,2013) , WK TREAR AT (2014) AR 565 £ )
IR 7 8 2% W6 Amblyseius orientalis W) P BE 34 K R
(0.18d™"). Gotoh et al.(2004 )i T 22 i &l 7¢
(25%1) “CH Y PN B KR AE 0.030~0.465 d7 Z [H] .
FW2EIR IR/ NI ) N B R S5 B
T A2 7 AR A B0 ) N B R . 2K IR
/NG S A HB AN 3l AR MR e A A R
mnAEAE PR BT T o AN 2EIR IR B/ N i R R
P G SRR S8 A T L TR B 2% IR OR B/ IN G
PGS BT B e T, AT R X LG i B A By
V1, — 2T 2L IR R BT /NGl Xof = G Il 1 Ak
BHE I AHICHISY
Bt : LTG0 KA DRAF 2 e AT 5 )2 7 o Pl A
S35 TS B R

£ % X Wt (References)

Broufas AGD, Koveos DS. 2000. Effect of different pollens on devel-

opment, survivorship and reproduction of Euseius finlandicus (Ac-

ari: Phytoseiidae). Environmental Entomology, 29(4): 743-749

Chi H. 2022. Twosex-MSChart: a computer program for the age-stage,
two-sex life table analysis. National Chung Hsing University, Taic-
hung, Taiwan, http://140. 120. 197.173/Ecology/Download/
Twosex- MSChart.zip

Chi H, Fu JW, You MS. 2019. Age-stage, two-sex life table and its ap-
plication in population ecology and integrated pest management.
Acta Entomologica Sinica, 62(2): 255-262 (in Chinese) [5F L,
T, JURA: L 2019, 4R I ST P IE A i 36 B HAE IR AR 25
5 dZEAiaB R R 2ER, 62(2): 255-262]

Chi H, Liu H. 1985. Two new methods for the study of insect popula-
tion ecology. Bulletin of the Institute of Zoology, Academia Sini-
ca, 24: 225-240

Chi H, Su HY. 2006. Age-stage, two-sex life tables of Aphidius gifuen-
sis (Ashmead) (Hymenoptera: Braconidae) and its host Myzus per-
sicae (Sulzer) (Homoptera: Aphididae) with mathematical proof
of the relationship between female fecundity and the net reproduc-
tive rate. Environmental Entomology, 35(1): 10-21

Dosse VG. 1957. Morphologie und Biologie von Typblodromus
zwélferi n. sp. (Acar., Phytoseiidae). Zeitschrift fiir Angewandte
Entomologie, 41(2/3): 301-311

Dunnett CW. 1980. Pairwise multiple comparisons in the homogeneous
variance, unequal sample size case. Journal of the American Statis-
tical Association, 75(372): 789-795

Fayaz BA, Khanjani M. 2012. Phytoseiid mites (Acari: Mesostigmata:
Phytoseiidae) in some regions of western and north western
Iran. Journal of Crop Protection, 1(2): 161-172

Fayaz BA, Khanjani M. 2013. Redescription of four species of phyto-
seiid mites (Acari: Mesostigmata) associated with alfalfa farms in
western Iran. Persian Journal of Acarology, 2(1): 9-24

Goleva I, Zebitz CPW. 2013. Suitability of different pollen as alterna-
tive food for the predatory mite Amblyseius swirskii (Acari, Phyto-
seiidae). Experimental and Applied Acarology, 61(3): 259-283

Gotoh T, Yamaguchi K, Mori K. 2004. Effect of temperature on life his-
tory of the predatory mite Amblyseius (Neoseiulus) californicus
(Acari: Phytoseiidae). Experimental & Applied Acarology, 32(1):
15-30

Govindan BN, Hutchison WD. 2020. Influence of temperature on age-
stage, two-sex life tables for a minnesota-acclimated population of
the brown marmorated stink bug (Halyomorpha halys). Insects, 11
(2): 108

Jiang CX, Shui L, Pu P, Li Q. 2019. Population growth development,
fecundity and predation rate of Neoseiulus californicus (Mc-
Gregor) (Acari: Phytoseiidae) Sichuan strain fed on Tetranychus
cinnabarinus Boisduval (Acari: Tetranychidae) based on two-sex
life table. Chinese Journal of Biological Control, 35(3): 364-373
(in Chinese) [ #5c, Bi¥%, WM, 220K . 2019, BT Wik L Ak
B AT I Sl S s 0 B T H 8/ N o ) N R a2 K R 7 B
KA R P EAEYIBIA, 35(3): 364-373]

Kaimal SG, Ramani N. 2011. Feeding biology of Tetranychus ludeni
Zacher (Acari: Tetranychidae) on velvet bean. Systematic and Ap-
plied Acarology, 16(3): 228

Li XB. 2022. Breeding and predation evaluating of longevity popula-



140 Ly A B 2R IR IR N A A R N BB S 131

tion of Neoseiulus californicus (McGregor). Master thesis, Gui-
yang: Guizhou University (in Chinese) [45/N . 2022, A EY)
XEIHUET NG AR S A B DI RE IR . T L2283 BEFR:
DR

Liu JE, Zhang ZQ. 2017. Development, survival and reproduction of a
New Zealand strain of Amblydromalus limonicus (Acari: Phytosei-
idae) on Typha orientalis pollen, Ephestia kuehniella eggs, and an
artificial diet. International Journal of Acarology, 43(2): 153-159

Luo CP, Chen B, Li YF, Cao NN, Yang L, Yu Q. 2017. Study on the de-
velopment and reproduction of Amblyseius swirskii (Athias-Henri-
ot) by feeding the different plant pollens. Journal of Yunnan Agri-
cultural University (Natural Science), 32(4): 594-599 (in Chi-
nese) [% &, WO, FARE, & T T, &, AT . 2017, iR
LZWEICE JLRMAEYIAE R 5 B AR KO B I EIARE IS . sk
W KAEZR(HAATEE), 32(4): 594-599]

McMurtry JA, Croft BA. 1997. Life-styles of phytoseiid mites and
their roles in biological control. Annual Review of Entomology,
42:291-321

McMurtry JA, De Moraes GJ, Sourassou NF. 2013. Revision of the
lifestyles of phytoseiid mites (Acari: Phytoseiidae) and implica-
tions for biological control strategies. Systematic and Applied Aca-
rology, 18(4): 297-320

Mohammadi K, Fathi SAA, Razmjou J, Naseri B. 2021. Evaluation of
the effect of strip intercropping green bean/garlic on the control of
Tetranychus urticae in the field. Experimental and Applied Acarol-
ogy, 83(2): 183-195

Nemati A, Riahi E, Moghadam AK, Gwiazdowicz DJ, Bahari MR,
Amini P. 2019. Comparison of different pollen grains and a facti-
tious prey as food sources for Amblyseius swirskii (Acari: Phyto-
seiidae). Systematic and Applied Acarology, 24(12): 2427-2438

Nguyen DT, Vangansbeke D, Lii X, De Clercq P. 2013. Development
and reproduction of the predatory mite Amblyseius swirskii on arti-
ficial diets. BioControl, 58(3): 369-377

Pascua MS, Rocca M, Greco N, De Clercq P. 2020. Typha angustifolia
L. pollen as an alternative food for the predatory mite Neoseiulus
californicus (McGregor) (Acari: Phytoseiidae). Systematic and
Applied Acarology. 25(1): 51-62

Qin SY. 2006. Study on biology and predacious function of Euseius
nicholsi (Ehara et Lee). Master thesis. Chongqing: Southweat Uni-
versity (in Chinese) [Z Zf . 2006. J& [& B 220 Euseius nicholsi
(Ehara et Lee) 4= 2% M Al & AE FHIBFSY . A2 00 3C . 5K
PHRIR]

Riahi E, Fathipour Y, Talebi AA, Mehrabadi M. 2017. Linking life ta-
ble and consumption rate of Amblyseius swirskii (Acari: Phytosei-
idae) in presence and absence of different pollens. Annals of the
Entomological Society of America, 110(2): 244-253

Ristyadi D, He XZ, Wang Q. 2019. Dynamics of life history traits in
Tetranychus ludeni Zacher in response to fluctuating tempera-
tures. Systematic and Applied Acarology, 24(11): 2272-2277

Sheng FJ, Wang ED, Xu XN, Wang BM. 2014. Life table of experimental
population of Amblyseius orientalis feeding on Carpoglyphus lac-
tis. Chinese Journal of Biological Control, 30(2): 194-198 (in Chi-
nese) [Btm A, TR, tRaEAe, AW . 2014, LLETAREE, £
AT EEE SRR A dn k. T EAMIBR AR, 30(2): 194-198]

Solano-Rojas Y, Gallego JR, Gamez M, Lopez I, Castillo P, Cabello T.
2022. Effect of relative humidity on the population dynamics of
the predator Amblyseius swirskii and its prey Carpoglyphus lactis
in the context of slow-release sachets for use in biological control
in greenhouses. Plants, 11(19): 2493-2504

Sugawara R, Ullah MS, Ho CC, Gokge A, Chi H, Gotoh T. 2017. Tem-
perature-dependent demography of two closely related predatory
mites Neoseiulus womersleyi and N. longispinosus (Acari: Phyto-
seiidae). Journal of Economic Entomology, 110(4): 15331546

Tuan SJ, Lee CC, Chi H. 2014. Population and damage projection of
Spodoptera litura (F.) on peanuts (Arachis hypogaea L.) under dif-
ferent conditions using the age-stage, two-sex life table. Pest Man-
agement Science, 70(5): 805-813

Tuovinen T, Lindqvist I. 2014. Effect of introductions of a predator
complex on spider mites and thrips in a tunnel and an open field
of pesticide-free everbearer strawberry. Journal of Berry Research,
4(4): 203-216

Wu WN. 1987. New species and new records of phytoseiid mites from
Northeast China II. Amblyseius Berlese (Acarina: Phytoseiidae).
Acta Zootaxonomica Sinica, 12(3): 260-270 (in Chinese) [
9. 1987, Fv [ AR b s DR 2 R T A AR H 20 5% 1L Bl i i
S22 ER, 12(3): 260-270]

Wu WN, Ou JF, Huang JL. 2009. Fauna Sinica, Invertebrata Vol. 47,
Arachnida, Acari, Phytoseiidae. Beijing: Science Press, pp: 511
(in Chinese) [ZRAfiFg, WG|, BFEFS . 2009. T E B, TTH
HESW, 55 47 45, WL A9, WG 49, A 22 i) dbat: JeaiRle:
HRAL, pp: 511]

Xu XN, Wang ED. 2008. Techniques for production and application of
natural enemies in abroad. Chinese Journal of Biological Control,
24(1): 75-79 (in Chinese) [#&2=4%, FRZR . 2008. [E /ML HURHEL
FIALARLE RO BT . ARG, 24(1): 75-79]

Yang YT, Li WX, Xie W, Wu QJ, Xu BY, Wang SL, Li CR, Zhang YJ.
2015. Development of Bradysia odoriphaga (Diptera: Sciaridae)
as affected by humidity: an age-stage, two-sex, life-table study.
Applied Entomology and Zoology, 50(1): 3-10

Zhang B, Ma M, Fan QH. 2021. Morphological ontogeny of Neosei-
ulus zwoelferi (Acari: Phytoseiidae). Zootaxa, 5086(1): 7-28

Zhang KS, Zhang ZQ. 2021. The dried fruit mite Carpoglyphus lactis
(Acari: Carpoglyphidae) is a suitable alternative prey for Ambly-
seius herbicolus (Acari: Phytoseiidae). Systematic and Applied
Acarology, 26(11): 2167-2176

Zhou JH, Xu T, Li PL, Huang J, Wang ZH. 2022. Effects of Diaphori-
na citri feeding on the growth and development and population pa-
rameters of Cheilomenes sexmaculata and Propylea japonica
based on two-sex life tables. Journal of Plant Protection, 49(2):
629-636 (in Chinese) [ J8 2505, TR 5, 4 7, B0, AT,
2022. KT PITEA: A TN HUOE AR A TR TE T S0 A L2
A KR T MR . R DRIP4, 49(2): 629-636]

Zhou P, He XZ, Chen C, Wang Q. 2021. Reproductive strategies that
may facilitate invasion success: evidence from a spider mite. Jour-

nal of Economic Entomology, 114(2): 632-637

(RAEHE. T 5E)



