Chinese Journal of Applied Entomology 2014, 51(4): 863-870. DOI: 10.7679/j.issn.2095-1353.2014.106

3
Iz*%
%
2
3
3
#

FoeR,
a

3
3
3
3
3
¢

KB s A E BRI

Z ORY eRa' EAW? mEF® X g7
1. 417000 2. 410300
3. 100101

i B

“ " Non-lethal effects

Stress

KA ,

Non-lethal effects of a natural enemy on herbivore insect population
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Abstract Natural enemies play an important role in regulating the population dynamics of insect pest populations. It is well
known that predators typically affect prey through either predation or parasitism. Furthermore, the non-lethal effects, or stress,
associated with encountering predators can influence the development and reproduction of pest species. In fact, these non-lethal
effects can sometimes have a greater negative influence on pest populations than predation. In view of this, non-lethal effects
(indirect stresses) should be taken into account when assessing the control exerted by natural enemies on pest populations. In this
paper, we discuss the non-lethal effects of predators and parasites on pest insects, analyze the impacts of changeable environments
on the non-lethal effects of natural enemies, summarize the possible mechanisms of non-lethal effects of predators on prey, and
provide suggestions for future research on the non-lethal effects of natural enemies on herbivore insect populations.

Key words predators, parasite, non-lethal effect, stress, indirect control, natural enemies assess

—
1 5I§
2014 2007
* 31200321 2012BAD19B05  *“
" 2013CB127604
*k E-mail: gef@ioz.ac.cn

2014-04-17 2014-06-24

973


mailto:gef@ioz.ac.cn

864

35% 42% 32% 2014

Stress
Kunert and Weisser 2003 “

Non-lethal
effect White et al. 2011 Zanette
etal. 2011 Andrew etal. 2012 McPeek

2001 2 Enallagma
cyathigerum  Ischnura rufostigma

Stoks 2001

Lestes sponsa

Kunert and Weisser 2003
Hippodamia
convergens

Mondor  Roitberg 2002

Nakaoka
2000 Relyea 2000 McPeek etal. 2001
Peckarsky et al. 2001 White ez al. 2011 Zanette
etal. 2011

Andrew et al. 2012
1987)

Predation risk effects
2013 Havel

20 90

Sih and Moore 1993
DeVito et al. 1998
Baker 1996 Chiversetal. 2001

Ball and

Norrdahl and Korpimki 2000

Mondor and Roitberg 2002  Peacor
2002 Swapnaetal. 2014 Thaler etal. 2014
Thaler

etal. 2012 2013b

2 HRMXERERMIERTEHE

Kunert and Weisser 2003
2012

Andrew et al.

Mondor
etal. 2005
Nakaoka
2000 Relyea 2000 Peckarsky etal. 2001
Preisser and Bolnick 2008

Werner and Anholt



1993

Peacor 2002

Peckarsky

and McIntosh 1998 Peacor 2002
Werner et al. 1983  Peckarsky et al. 2001
Andrew et al. 2012

Diehl et al. 2000

Kawada 1987 Dixon 1998

Sloggett Weisser 2002

Dixon 1998

Swapna et al. 2014

Sloggett and Weisser 2002 Nelson 2007
2010a 3
Propylaea japonica Thunberg

Sheriff et al. 2012

21 BrBIERAXMRE

4h

2.2 BBAE R I iE 4R B R

8 12 24h
4h
4h
12 24 h
2013a

23 AREZEMHERZ

Mondor  Roitberg 2002

Roitberg 2003

2010a

2008

Mondor and

2008

2008



866

2.4 AEMER R AR

2010b Drosophila

melanogaster

25 FEEWHEMW

Thaler et al. 2012) Thaler
2014

Manduca sexta

Podisus maculiventris

3 FHEMXENERAIEBIEHA

Quicke
1997 Swapnaetal. 2014

Carton and Nappi 1997 Frost 1999
Slogett Weisser 2002

Nelson 2007 Andrew 2012

Acyrthosiphon
pisum Myzus persicae
2013a
24 h
24 h
2 3
2008

4 IRBET I REBEEBTCRN B9 %
Afg)

4.1 MHEREXFORE



2008 CO2

4
CO;
CO,
Fi
F, Fs
CO;
CO,
42 MNEFEEXHEIFMW
2013b CO:
CO,
1 3
2
CO,
2 3
CO2

CO,

5 AEBRTCRL AT REHL B

51 “{RIAHTHERL”

Roitberg and Myers
1978 Swapnaetal. 2014
[ 1-B- (E)-B-farnesene
Pickett et al. 1992

Zhang et al.

1997
Mondor and

Roitberg 2002

Allan et al. 1996
Mondor  Roitberg 2002

Strong 1967

Montgomery and Nault
1978 Maynard 1965

Mondor
and Roitberg 2002
EBF

52 “HERKE” R

Peacor 2002



868

Sloggett and Weisser 2002
Teplisky 2005
53 WREHERR
Hawlena
and Schmitz, 2010 Stoks 2001
Lestes sponsa
Thaler 2014
White et al. 2011 2013
6 FRRE
2011 2013
Kunert and Weisser 2003

3

6.1 XEERRITH

Peckarsky et al.

6.2 {ERNBIBISHT

Roitberg 2002 “
2002

2000
13 600

6.3 HIERIEAYIEE

Preisser et al.

etal. 1999

2005)

2001)

" Mondor and
Peacor
2014

Thaler et al.

180 Mb

2006

2010a 2010b

Weisser



Kunert and
Weisser 2003

Weisser and Braendle 2001

Mondor
etal. 2005
Nelson 2007

SRk (References)

Allan RA, Elgar MA, Capon RJ, 1996. Exploitation of an ant
chemical alarm signal by the zodariid spider Habronestes
bradleyi Walchenaer. Proc. R. Soc. Lond. B, 263(1366): 69—73.

Andrew F, Elizabeth YL, Deborah LF, 2012. Non-consumptive
effects of a natural enemy on a non-prey herbivore population.
Ecol. Entomol., 37(1): 43-50.

Ball SL, Baker RL, 1996. Predator-induced life history changes:
antipredator behavior costs or facultative life history shifts.
Ecology, 77(4): 1116-1124.

Carton Y, Nappi AJ, 1997. Drosophila cellular immunity against
parasitoids. Parasitol. Today, 13(6): 218-227.

Chivers DP, Kiesecker JM, Marco A, DeVito J, Anderson MT,
Blaustein AR, 2001. Predator-induced life history changes in
amphibians: egg predation induces hatching. Oikos, 92(1):
135-142.

Devito J, Chivers DP, Kiesecker JM, Marco A, Wildy EL,
Blaustein AR, 1998. The effects of snake predation on
metamorphosis of western toads, Bufo boreas (Amphibia,
Bufonidae). Ethology, 104(3): 185-193.

Diehl S, Cooper SD, Kratz KW, Nisbet RM, Roll SK, Wiseman SW,
Jenkins TM, 2000. Effects of multiple, predator-induced
behaviors on short-term producer-grazer dynamics in open
systems. Am. Naturalist, 156(3): 293-313.

Dixon AFG, 1998. Aphid Ecology. London: Chapman and Hall.
113-168.

Havel JE, 1987. Predator-induced defences: a review// Kerfoot WC,
Sih A (eds.). Predation: Direct and Indirect Impacts on Aquatic
Communities. Univ. Press of New England. 264-278.

Hawlena D , Schmitz OJ , 2010. Herbivore physiological response to

predation risk and implications for ecosystem nutrient dynamics.

Proceedings of the National Academy of Sciences of the United
States of America, 107(35): 15503—-15507.

Kawada K, 1987. Polymorphism and morph determination // Minks
AK, Harrewijn P (eds.). Aphids, Their Biology, Natural Enemies
and Control. Elsevier, Amsterdam. 299-314.

Kunert G, Weisser WW, 2003. The interplay between density and
trait-mediated effects in predator-prey interactions: a case study
in aphid wing polymorphism. Oecologia, 135(2): 304-312.

Maynard SJ, 1965. The evolution of alarm calls. Am. Nat., 99:
59-63.

Mondor EB, Jay R, John FA, 2005. Predator-induced transgenerational
phenotypic plasticity in the cotton aphid  Oecologia, 142(1):
104-108.

McPeek MA, Grace M, Richardson JML, 2001. Physiological and
behavioral responses to predators shape the growth/predation
risk trade-off in damselflies. Ecology, 82(6): 1535—1545.

Mondor BM, Roitberg BD, 2003. Age-dependent fitness costs of
alarm signaling in aphids. Can. J. Zool., 81(5): 757-762.

Mondor BM, Roitberg BD, 2002. Pea aphid, Acyrthosiphon pisum,
cornicle ontogeny as an adaptation to differential predation risk.
Can. J. Zool., 80(12): 2131-2136.

Montgomery ME, Nault LR, 1978. Effects of age and wing
polymorphism on the sensitivity of Myzus persinae to alarm
pheromone. Ann. Entomol. Soc.Am., 71(5): 788-790.

Nakaoka M, 2000. Nonlethal effects of predators on prey
populations: predator-mediated change in bivalve growth.
Ecology, 81(4): 1031-1045.

Nelson EH, 2007. Predators avoidance behavior in the pea aphid:
cost, frequence, and population consequences. Oecologia, 151(1):
22-32.

Norrdahl K, Korpimki E, 2000. The impact of predation risk from
small mustelids on prey populations. Mammal. Rev., 30(3):
147-156.

Peacor SD, 2002. Positive effect of prodators on prey growth rate
through induced modifications of prey behaviour. Ecol. Letters,
5:77-85.

Peckarsky BL, McIntosh AR, 1998. Fitness and community
consequences of avoiding multiple predators. Oecologia, 113(4):
565-576.

Peckarsky BL, Taylor BW, McIntosh AR, McPeek MA, Lytle DA,
2001. Variation in mayfly size at metamorphosis as a
developmental response to risk of predation. Ecology, 82(3):
740-757.

Pickett JA, Wadhams LJ, Woodcock CM, 1992. The chemical
ecology of aphids. Annu. Rev. Entomol., 37: 67-90.

Preisser EL, Bolnick DI, Benard MF, 2005. Scared to death? The

effects of intimidation and consumption in predator-prey


http://link.springer.com/search?facet-author=%22Edward+B.+Mondor%22
http://link.springer.com/search?facet-author=%22Jay+A.+Rosenheim%22
http://link.springer.com/search?facet-author=%22John+F.+Addicott%22
http://link.springer.com/journal/442

870

interactions. Ecology, 86(2): 501-509.

Preisser EL, Bolnick DI, 2008. The many faces of fear: comparing
the pathways and impacts of nonconsumptive predator effects on
prey populations. PLoS ONE, 6: €2465.

Quicke DLJ, 1997. Parasitic Wasps. Chapman & Hall. 67-98.

Relyea RA, 2000. Trait-mediated indirect effects in larval anurans:
reversing competition with the threat of predation. Ecology,
81(8): 2278-2289.

Roitberg BD, Myers JH, 1978. Adaptation of alarm pheromone
response in the pea aphid, Acyrthosiphon pisum. Can. J. Zool.,
56(1): 103-108.

Sheriff MJ, Wheeler H, Donker SA, Krebs CJ, Palme R, Hik DS,
Boonstra R, 2012. Mountain-top and valley-bottom experiences:
the stress axis as an integrator of environmental variability in
arctic ground squirrel populations. Journal of Zoology, 287(1):
65-75.

Sih A, Moore RD, 1993. Delayed hatching of salamander eggs in
response to enhanced larval predation risk. Am. Nat., 142(2):
947-960.

Sloggett JJ, Weisser WW, 2002. Parasitoids induce production of
the dispersal morph in the pae aphid, Acyrthosiphon pisum.
Oikos, 98(2): 323-333.

Stoks R, 2001. Food stress and predator-induced stress shape
developmental performance in a damselfly. Oecologia, 127(2):
222-229.

Strong FE, 1967. Observations on aphid cornicle secretions. Ann.
Entomol. Soc. Am., 60(3): 668—673.

Swapna R, Purandare BT, Jennifer AB, 2014. Comparison of the
wing polyphenic response of pea aphids (Acyrthosiphon pisum)
to crowding and predator cues. Ecol. Entomol., 39(3): 263-266.

Thaler JS, Heidy C, Goggy D, 2014. Effects of predation risk and
plant resistance on Manduca sexta caterpillar feeding behaviour
and physiology. Ecol. Entomol., 39(2): 210-216.

Thaler JS, McArt SH, Kaplan I, 2012 Compensatory mechanisms

for ameliorating the fundamental tradeoff between predator

avoidance and foraging. Proceedings of the National Academy of

Sciences of the United States of America, 109(30): 12075-12080.
Teplitsky C, Plenet S, Le’Na JP, Mernet N, Malet E, Joly P, 2005.
Escape behaviour and ultimate causes of specific induced
defences in an anuran tadpole. J. Evol. Biol., 18(1): 180—190.
Weisser WW, Braendle C, Minoretti N, 1999. Predator-induced
morphological shift in the pea aphid. Proc. R. Soc. Lond B,
266(1424): 1175-1182.
Weisser WW, Braendle C, 2001. Body colour and genetic variation

in winged morph production in the pea aphid. Entomol. Exp.

Appl., 99(2): 217-223.

Werner EE, Anholt BR, 1993. Ecological consequences of the
trade-off between growth and mortality-rates mediated by
foraging activity. Am. Naturalist, 142(2): 242-272.

Werner EE, Gilliam JF, Hall DJ, Mittelbach GG, 1983. An
experimental test of the effects of predation risk on habitat use in
fish. Ecology, 64(6): 1540—1548.

White PJ, Garrott RA, Hamlin KL, Cook JG, Cunningham JA,
2011 Body condition and pregnancy in northern Yellowstone
elk: Evidence for predation risk effects? Ecol. Appl. 21(1): 3-8

Zanette LY, White AF, Allen MC, Clinchy M, 2011  Perceived
predation risk reduces the number of offspring songbirds produce
per year Science, 334( 6061): 1398-1401

Zhang ZN, Tu MH, Du YJ, Fang YL, Lu Y, Liu X, Lu H, 1997.
Behavioral and eletrophysiological response of Myzus persicae
to stimulus of (E)-B-farnesene. Acta Entomol. Sinica, 40(1):
40-44.

s , 2007.

, (3): 40—41. [CHEN QM, ZHAO FQ, 2007. The
protection and utilization of natural enemies to control cotton
aphid spread. Xinjiang Agricultural Science and Technology, (3):
40-41.]

s s ,2014.
, 51(3): 597-605. [GE F, OUYANG F,
ZHAO ZH, 2014. Ecological management of insects based on
ecological services at a landscape scale. Chinese Journal of
Applied Entomology, 51(3): 597-605.]
,2011. - -
, 48(1): 1-6. [GE F, WU KM, CHEN XX, 2011.

s s

Major advance on the interaction mechanism among plants, pest
insects and natural enemies in China. Chinese Journal of Applied
Entomology, 48(1): 1-6.]
> s s ,2013a.
, 50(4): 951-958.
[LT J, LONG DB, XIAO TG, OUYANG F, 2013a. The impacts
of stress from Lysiphlebia japonica Ashmead on the development
and fecundity of the three successive generations of aphids .
Chinese Journal of Applied Entomology, 50(4): 951-958.]
, s , 2013b. CO>
, 50(4): 959-066.
[LI J, LONG DB, XIAO TG, 2013b. Response of three
successive generations of aphids to stress from Lysiphlebia
japonica Ashmead under ambient CO2 and elevated CO2 .
Chinese Journal of Applied Entomology, 50(4): 959-066.]

, 2008.


http://c.g.wanfangdata.com.cn/Periodical-xjnykj.aspx
http://c.g.wanfangdata.com.cn/Periodical-xjnykj.aspx
http://c.g.wanfangdata.com.cn/Periodical-xjnykj.aspx

The indirect effect of stress from Propylaea japonica Thunberg a
nd Lysiphlebia japonica Ashmead on development, fecundity and
fitness of Aphis gossypii Glover.

s ,2010a.

, 47(1): 139-145. [LI YP, GE F,
2012a. Effect of prey stress from Propylea japonica on
development and fecundity of Drosophila melanogaster in
successive three generations . Chinese Bulletin of Entomology,
47(1): 139-145.]

s ,2010b.

, 29(3): 554-559. [LI YP, GE F,
2010b. Effects of predatory stress imposed by Harmonia axyridis
on the development and fecundity of Drosophila melanogaster .
ChineseJournal of Ecology, 29(3): 554-559.]

s s ,2013.

, 50(2): 305-310. [GE F, ZHAO ZH, OUYANG F, 2013.
Insect ecological services . Chinese Journal of Applied
Entomology, 50(2): 305-310.]

,2013.
, 4: 8(1) : 150—158. [SHI JB, 2013. Effect of
Predation Risk on Prey Population Dynamics and Its
Mechanisms . Chinese Journal of Zoology, 4: 8(1) : 150—158.]
s , 2006.

, 28(5): 112-114. [WANG ZB, QU ZC, 2006. An
Investigation on Optimal Ecological Factors for Breeding Fruit
Fly. Journal of Heze University, 28(5): 112—114.]

,2014.

,51(1): 107-113. [YU HL, LI LM, ZHANG SC, YU Y,
ZHANG AS, LI LL, ZHOU XH, ZHUANG QY, 2014. Effect of
suppression of natural enemies on wheat aphids using enclosures
in wheat fields . ChineseJournal of Ecology, 51(1): 107-113.]

, 2008. CO2
. [ZHOU BO,
Effects of CO2 elevation and predation pressure on the fitness of

Aphis gossypii (Glover)]


http://c.g.wanfangdata.com.cn/Periodical-kczs.aspx
http://c.g.wanfangdata.com.cn/Periodical-stxzz.aspx
http://c.g.wanfangdata.com.cn/Periodical-dwxzz.aspx
http://c.g.wanfangdata.com.cn/Periodical-hzszxb.aspx
http://c.g.wanfangdata.com.cn/Periodical-stxzz.aspx

