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Effect of feeding on conspecific and heterospecific prey on
the fitness of two species of phytoseiid mites
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Abstract [Objectives] To investigate conspecific and heterospecific predator-prey interactions between two exotic
phytoseiid mites, Amblyseius (Typhlodromips) swirskii and Neoseiulus cucumeris in order to assess the risk of using A. swirskii,
either alone, or in combination with other phytoseiid species, as a biocontrol agent. [Methods] The prey preferences and
predation rates of these two phytoseiid mites were determined by offering either conspecific or heterospecific eggs, larvae or
protonymphs, to female adults. The effect of feeding on either conspecific or heterospecific prey on the fitness (oviposition
rate and adult female survival) of females of each species was measured and compared. [Results] A. swirskii and N.
cucumeris both preyed on each other but 4. swirskii was more likely to be the IG-predator than N. cucumeris. There was no
significant difference in the likelihood of cannibalism by each species (*=0.118, df=1, P=0.732). Both species of predatory
mites displayed statistically higher predation on larvae than on protonymphs or eggs (4. swirskii: F,1,4=66.27, P<0.000 1; N.

cucumeris: F,14,=50.39, P<0.000 1). Both phytoseiid predators preyed significantly more on heterospecific larvae and
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protonymphs than on conspecific larvae and protonymphs. The oviposition rate of females of both species was significantly

higher when females fed on larvae than when they fed on protonymphs (4. swirskii: t=5.774, df=26, P<0.000 1; N. cucumeris:

t=3.334, df=26, P=0.002 6) and 4. swirskii had significantly higher oviposition rates after feeding on heterospecific larvae than

conspecific larvae (#=2.854, df=26, P=0.008 4). There was no significant difference in the survival of the two species when

they fed on either larvae or protonymphs. However, the survival of 4. swirskii was significantly higher when fed heterospecific

prey than when fed conspecific prey (=2.196, df=26, P=0.037 2). [Conclusion] A. swirskii and N. cucumeris preferentially

engage in reciprocal IGP rather than cannibalism. Females of either species that fed on larvae laid more eggs than those that

fed on protonymphs. Heterospecific prey appears to be more suitable than conspecific prey for 4. swirskii.

Key words predatory mite; reciprocal intraguild predation; intraspecific predation (ISP); fitness; risk assessment
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Fig. 1 Occurrence of intraguild predation and intraspecific predation by adult females of
Amblyseius swirskii and Neoseiulus cucumeris on immature stages

IGP: AEAT YAl B0 5 ISP« [RI2EAHER . 1R[] i 53 51 2 ) Pl RIS oAk 2 ) 7 1 0385 22 S5 R B35 2 57 (- test ),

IGP: Intraguild predation; ISP: Intraspecific predation. The same as below. ** and *** indicates significant differences and
extremely significant differences between conspecific and heterospecific individuals (x*-test), respectively.
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Fig. 3 Predation of adult females of Amblyseius swirskii and Neoseiulus cucumeris
feeding on con- and heter ospecific individuals
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A. Amblyseius swirskii; B. Neoseiulus cucumeris. The asterisks indicate significant differences between predation
(*: P<0.05; ***: P<0.001; ****: P<0.000 1), ns indicates no significant differences by Tukey’s test.
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Fig. 4 Averageoviposition rates of adult females of Amblyseius swirskii and
Neoseiulus cucumeris feeding on con- and heter ospecific larvae or nymphs per day
A TIREEZENE; B. BHJTGR/INGRI o * s 43 I 3R 7 H 3877 B A8 2 0] 1) 0 25 22 Pk
(**; P<0.01; ***+*; P<0.000 1, -4 55 ). Bl 5 [,

A. Amblyseius swirskii; B. Neoseiulus cucumeris. The asterisks indicate significant differences
between oviposition rates (**: P<0.01; ****: P<0.000 1, - test). The same as Fig.5.

232 HWEEBE#MMBRMHE., EHENFEEER
iy [CET 22 Wl BN TR & B I B ( 4l il ) 4
IE MG R ITE E2ZS (209825, d4f=26,
P=0.334 9 ) ; {HAf & [F DA ST R4S BOAE TG 25
ZIREA BEER (=2.196, df<26, P=0.0372),
B 5 AR 4 hn 5 ) IS By AE TR R
(186.07% )it 3 = T & Rl AR C Sl 5 5 )

Ja BTG % (169.64% ), EAT £ [ A A1 55 b &)y
ot [ B AL S5 B 2 I S AR TR R R E R
(P's>0.05) (KEl5: A) .

B TCHT /NI R B AN ) 3 i B ( 4t Ry
) MEEMAAE R LR EZS (= 03436,
df=26, P=0.733 9) , & RIFFI SRS T
AR Z AR IC R 22 5 (P's>0.05) (& 5: B ).



- 162 - R B 244k Chinese Journal of Applied Entomology 59 %

I [E]Fh Conspecific

1 % Heterospecific
ns
1000, s 1
_ g 80
X g
%; s 60
pt £ 40
£ 5
“ 20
0 ™
%14 Larva #7i Nymph
BBt Stage

I [F]# Conspecific
1 % Heterospecific

ns

D
oS O

N
(=)

R (%)
Survival rate (%)
S

(=]

#+1% Nymph

4145 Larva
BBt Stage

B 5 WHEZBERBHRE M. SMYWIEHHFEER
Fig.5 Averagesurvival rates of adult females of Amblyseius swirskii and Neoseiulus cucumeris
feeding on con-and heterospecific larvae or nymphs per day
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A. Amblyseius swirskii; B. Neoseiulus cucumeris. ns indicates no significant differences.
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Montserrat et al., 2006), KIt, L ISP 1H,
PR 0 B 45 5) & A= 1GP ., Haghani %5 (2015)

W TG | BT /Nl | 8 ) /DA 2
Phytoseiulus persimilis 7 JCI AW 5500 T 04
ERPEEWRA T ARISE TS, FE B EC Al 2
TR 7 /0 22 g 34) EL AT TR 1) () o 60 S e 4 il 1)
BETT

IG-flfi & & X 1G-H5 Y ny 4l 8 I H 4% 5 37
AL BRSAEA A, X2 RA IGP
S5 (Polis et al., 1989; Fonseca et al.,
2017 o ASHIFFE 3 B3 A8 19 o 2 -4 406 K%
A 5 10 7 O R DA SAEE B R VAN a6
45 5 Wl 7S T PR 2 M A 4 L A il T A
T =, 1 HLT QB i & S A AR S )
N A7 A1 i T TORT /NG A 2 S b4
JE AR LA . XRE, X FHTIREEZEE, SRS
PRSP 2 L R AT SIS R kR . sk,
2 Sy Hr DG 2 gl B AL [] o R S o L2206 Ewseius
concordis %] W W}, W@ s T [E AR R 45 2R

( Cavalcante et al., 2017) .

Hr [ s 22 il 55 50 T /0N 222 Al Al £ ) o > A
JEHRREF B, (E A A A5 I s 30y D A 232 G o
ANRE LTI & R FhBp FImT 4, IF H A AHAR A

( B4 R AP 4l ) J5 t A g™ B AR TR AL
T- (Momen and Abdel-Khalek, 2009 ); [RA,
i i 2 55 5 TR /0N 222 06 T 40 0 1 7 B9 %8
e, 33X T RE A PR Ay W St 205 e g B R
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WG, X IR B I A B R T AN
BT P24 TR (Schausberger and Croft, 2000b;
Meszaros et al., 2007 ),

XoF T30 CQ B 206, Fh T 3 00 Ak [ B % S A A
A, X B | 0 FC Al 2 i X S b A i
1o TR S 9 D B 1 SO O™ D I e
151 5 TG /NGB 0k [ T R S A A B R R e T O
Mo &2, (RS A AR (L.
FFh 36.67% >[AFh 16.67%; k. S 30.00%
>[A|Ff 10.00% ), SLEXFRHEE L, HIF
RFE A B2, et A 2L g
B (Momen and Abdel-Khalek, 2009 ), iXa%if
SRR IR A S BUEARMR, 76 7 d SER BN R
BRI R S b L R A A A S 77 B TE 2 1 4
eE2E R RME, TR EAH A A A AE [RIRE
0L, BV PP 22 5 00 7= O B AR S T B
() oo AL 22 el 18) 7 DR i, (L™ B ST R 2 AR T
BRI ELS: ( Walzer and Schausberger, 1999;
Schausberger and Croft, 2000b; Zannou et al.,
2005; Negloh et al., 2012 ),

W B2 W 2 510 1GP, 2804 A i
&4 (Rasmy et al., 2004; Buitenhuis et al., 2010;
Sato and Mochizuki, 2011; Haghani et al., 2015;
Guo et al., 2016; Maleknia et al., 2016 ) ; T
JRCHT /NG W AN ) A 232 ik 2 v 22 R 2R TN 8
¥y (Buitenhuis et al., 2010; Z B, 2013)
Buitenhuis 55 (2010 ) fMBFFERM, W7 G A2
A B TR /N 22 0 T A L S v A
1], ASBIFGE AL I 7 35K R AT 22 B 47 1 S5 4 il
Ja B S AR o AW AURTE R N A TR
FRIEE SR, ARAE LB R (03 R 1 7 36
WE, AR ] 2237 R == v R A T 30y At il Rt I
/NG 2H A 0 FH A JRURS: P TR

S &3k (References)

Buitenhuis R, Shipp L, Scottdupree C, 2010. Intra-guild vs
extra-guild prey: Effect on predator fitness and preference of
Amblyseius swirskii (Athias-Henriot) and Neoseiulus cucumeris
(Oudemans) (Acari: Phytoseiidae). Bulletin of Entomological
Research, 100(2): 167-173.

Calvo FJ, Knapp M, van Houten YM, Hoogerbrugge H, Belda JE,
2015. Amblyseius swirskii: What made this predatory mite such a

successful biocontrol agent? Experimental and Applied
Acarology, 65(4): 419—433.

Cavalcante ACC, Sourassou NF, de Moraes GJ, 2017. Potential
predation of the exotic Amblyseius swirskii on Euseius concordis
(Acari: Phytoseiidae), a predatory mite commonly found in
Brazil. Biocontrol Science and Technology, 27(2): 288-293.

Fonseca MM, Montserrat M, Guzman C, Campos TI, Pallini A,
Janssen A, 2017. How to evaluate the potential occurrence of
intraguild predation. Experimental and Applied Acarology, 72(2):
103-114.

Ghasemloo Z, Pakyari H, Arbab A, 2016. Cannibalism and
intraguild predation in the phytoseiid mites Phytoseiulus
persimilis and Typhlodromus bagdasarjani (Acari: Phytoseiidae).
International Journal of Acarology, 42(3): 1-4.

Guo JH, Meng RX, Zhang DX, Yin YF, Jia YH, Liu WM, 2016.
Intraguild predation and cannibalism in the phytoseiid mites
Euseius utilis and Neoseiulus barkeri(Acari: Phytoseiidae) . Acta
Entomologica Sinica, 59(5): 560-567. [ER#HS, dhid, KA
B, Pk, BUKL, XISCH, 2016. A i 2G5 ELIGHT/
2 Wl 1) A VAL DN AR R SR AR AR AE . B sz, 59(5):
560-567.]

Guo YW, Lv JL, Jiang XH, Wang BM, Gao YL, Wang ED, Xu XN,
2016. Intraguild predation between Amblyseius swirskii and two
native Chinese predatory mite species and their development on
intraguild prey. Scientific Reports, 6: 22992.

Haghani S, Golpayegani AZ, Saboori A, Allahrari H, 2015.
Aggressiveness and predation preference of predatory mites
Amblyseius swirskii (Athias-Henriot) Neoseiulus californicus
(McGregor) and Phytoseiulus persimilis(Athias-Henriot)(Acari:
Phytoseiidae) towards to heterospecific larvae. Ecologica
Montenegrina, 3: 46-55.

Han YH, Meng RX, Dong Z, Wei CG, Yi WD, Zhang QW, 2016.
Evaluation of the potential of six phytoseiid predators as
biological control agents of the western flower thrip
Frankliniella  occidentalis.  Chinese Journal of Applied
Entomology, 53(5): 996-1004. [#E TdE, #HHids, ®Eh, HEL,
PYIR, 3K 3C, 2016, LASCIRFEA: @R P4 6 FE Sz xT
PUAES] Eh AT 1. B R 3L, 53(5): 996-1004.]

Kutuk H, 2017. Performance of the predator Amblyseius swirskii
(Acari: Phytoseiidae) on greenhouse eggplants in the absence
and presence of pine Pinus brutia (Pinales: Pinaceae) pollen.
Entomological Research, 47(4): 263-269.

Li Y, Wang X, Meng RX, Hou LL, Jia YH, 2018. The influence of
females and males of three species of predatory mites on their
intraguild predation and cannibalism. Journal of Northern
Agriculture, 46(5): 85-88. [Zh7, T35, &int, BEMAM, Tk
41, 2018. MEMEMOIIXT 3 FhviriZsi 2 ) 4 A Py R R 264
Feisemm. I gl 2R, 46(5): 85-88.]

Lucas E, Coderre D, Brodeur J, 1998. Intraguild predation among
aphid predators: Characterization and influence of extraguild
prey density. Ecology, 79(3): 1084-1092.

Maleknia B, Fathipour Y, Soufbaf M, 2016. Intraguild predation
among three phytoseiid species, Neoseiulus barkeri, Phytoseiulus

persimilis and Amblyseius swirskii. Systematic and Applied



- 164 - R B 244k Chinese Journal of Applied Entomology 59 %

Acarology, 21(4): 417-426.

Marques RV, Sarmento RA, Oliveira AG, Rodrigues DM, Venzon M,
PedroNeto M, Pallini A, Janssen A, 2018. Reciprocal intraguild
predation and predator coexistence. Ecology and Evolution,
8(14): 6952-6964.

Meng RX, Janssen A, Nomiko M, Zhang QW, Sabelis MW, 2006.
Previous and present diets of mite predators affect antipredator
behaviour of whitefly prey. Experimental and Applied Acarology,
38(2/3): 113-124.

Meng RX, Zhang QW, Liu XX, 2007. Recent progress in biological
control of Bemisia tabaci with phytoseiid predators. Chinese
Bulletin of Entomology, 44(6): 798-803. [#3HeE, #HC, X
/MK, 2007 FIFIHEZEMERT IR MO B HERE. B HURI, 44(6):
798-803.]

Messelink GJ, van Steenpaal SEF, Ramakers PMJ, 2006. Evaluation
of phytoseiid predators for control of western flower thrips on
greenhouse cucumber. Biocontrol, 51(6): 753-768.

Messelink GJ, Maanen B, van Steenpaal SEF, Janssen A, 2008.
Biological control of thrips and whiteflies by a shared predator:
Two pests are better than one. Biological Control, 44(3):
372-379.

Meszaros A, Tixier MS, Cheval B, Barbar Z, Kreiter S, 2007.
Cannibalism and intraguild predation in Typhlodromus
exhilaratus and T phialatus (Acari: Phytoseiidae) under
laboratory conditions. Experimental and Applied Acarology,
41(1/2): 37-43.

Momen FM, Abdel-Khalek A, 2009. Cannibalism and intraguild
predation in the phytoseiid mites Typhlodromus swirskii, Euseius
scutalis and Typhlodromus athiasae (Acari: Phytoseiidae).
Acarina, 17(2): 223-229.

Montserrat M, Janssen A, Magalhdes S, Sabelis MW, 2006. To be
an intra-guild predator or a cannibal: Is prey quality decisive?
Ecological Entomology, 31(5): 430—436.

Montserrat M, Magalhaes S, Sabelis MW, De Roos AM, Janssen A,
2012. Invasion success in communities with reciprocal intraguild
predation depends on the stage structure of the resident
population. Oikos, 121(1): 67-76.

Negloh K, Hanna R, Schausberger P, 2012. Intraguild predation and
cannibalism between the predatory mites Neoseiulus neobaraki,
and N. paspalivorus, natural enemies of the coconut mite Aceria
guerreronis. Experimental and Applied Acarology, 58(3):
235-246.

Peng YQ, Meng RX, Zhang DX, Zhang PF, Han YH, 2013.
Cannibalism and intraguild predation of phytoseiid mites
Neoseiulus barkeri and Neoseiulus cucumeris. Chinese Journal
of Ecology, 32(7): 1825-1831. [WKik, ke, sKZRJH, 5KIY
K, EEEAE, 2013 PR 2 0 R A R AN A P IR AR
HEAERZRAR, 32(7): 1825-1831.]

Polis GA, 1984. Age structure component of niche width and
intraspecific resource partitioning: Can age groups function as
ecological species? American Naturalist, 123(4): 541-564.

Polis GA, Myers CA, Holt RD, 1989. The ecology and evolution of

intraguild predation: Potential competitors that eat each other.

Annual Review of Ecology and Systematics, 20(1): 297-330.

Rahmani H, Afshari N, 2020. Intraguild predation and cannibalism
between two phytoseiid mites, Neoseiulus californicus and
Amblyseius andersoni. Journal of Agricultural Science and
Technology, 22(2): 477-487.

Ramaker PMJ, 1980. Biological control of Thrips tabaci
(Thysanoptera: Thripidae) with Amblyseius spp. (Acari:
Phytoseiidae). Bull. SROP/WPRS, 3(3): 203-207.

Rasmy AH, Abou-El-Ella GM, Hussein HE, 2004. Cannibalism and
interspecific predation of the phytoseiid mite, Amblyseius
swirskii. Journal of Pest Science, 77(1): 23-25.

Rosenheim JA, Kaya HK, Ehler LE, Marois JJ, Jaffee BA, 1995.
Intraguild predation among biological-control agents: Theory
and evidence. Biological Control, 5(3): 303-335.

Sato Y, Mochizuki A, 2011. Risk assessment of non-target effects
caused by releasing two exotic phytoseiid mites in Japan: Can an
indigenous phytoseiid mite become 1G prey? Experimental and
Applied Acarology, 54(4): 319-329.

Schausberger P, 1997. Inter- and intraspecific predation on
immatures by adult females in FEuseius finlandicus,
Dyphlodromus pyri and Kampimodromus aberrans (Acari,
Phytoseiidae). Experimental and Applied Acarology, 21(3):
131-150.

Schausberger P, Croft BA, 1999. Predation on and discrimination
between con- and heterospecifi eggs among specialist and
generalist phytoseiid mite species (Acari: Phytoseiidae).
Environmental Entomology, 28(3): 523-528.

Schausberger P, Croft BA, 2000a. Cannibalism and intraguild
predation among phytoseiid mites: Are aggressiveness and prey
preference related to diet specialization? Experimental and
Applied Acarology, 24(9): 709-725.

Schausberger P, Croft BA, 2000b. Nutritional benefits of intraguild
predation and cannibalism among generalist and specialist
phytoseiid mites. Ecological Entomology, 25(4): 473-480.

Schausberger P, 2003. Cannibalism among phytoseiid mites: A
review. Experimental and Applied Acarology, 29(3/4): 173—191.

Walzer A, Bliimel S, Schausberger P, 2001. Population dynamics of
interacting predatory mites, Phytoseiulus persimilis and
Neoseiulus  californicus, held on detached bean leaves.
Experimental and Applied Acarology, 25(9): 731-743.

Walzer A, Schausberger P, 1999. Cannibalism and interspecific
predation in the phytoseiid mites Phytoseiulus persimilis and
Neoseiulus  californicus: Predation rates and effects on
reproduction and juvenile development. BioControl, 43(4):
457-468.

Xu XN, Lv JL, Wang ED, 2013. Review of research on predatory
mites and its applications in China. China Plant Protection,
33(10): 26-34. [frde, BAHR, TER, 2013, ek
EBE S, o ERARR, 33(10): 26-34.]

Zannou I, Hanna R, De Moraes JG, Kreiter S, 2005. Cannibalism
and interspecific predation in a phytoseiid predator guild from
cassava field in Africa: Evidence form the laboratory.
Experimental and Applied Acarology, 37(1/2): 27-42.



