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Advances in research on the effect of elevated
ozone concentration on insects

CUI Hong—Ying Su Jian-Wei GE Feng**
( State Key Laboratory of Integrated Management of Pest Insects and Rodents Institute of Zoology

Chinese Academy of Sciences Beijing 100101 China)

Abstract Ozone ( O;) is one of the most harmful air pollutants. The global atmospheric concentration of ozone has risen
from less than 10 ppb ( part per billion) a century ago to 40 ppb today and will continue to increase at an annual rate of
1% —2% . Levels of atmospheric O, are anticipated to reach 68 ppb by 2050. Due to alterations in plant quality the
preference behavior growth and life history of herbivorous insects are influenced by elevated O, levels. Elevated O,
impacts on insect behaviors by changing semiochemicals. Consequently interactions between herbivores and the next
trophic levels are greatly affected. In this paper we review advances in domestic and foreign research on the effects of
elevated ozone concentration on phloem-feeding insects browsing insects and their natural enemies and discuss prospects
for future research in this area.
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Table 1 Effects of elevated O, concentrations on phloem-feeding insects

0, (' ppb)
Phloem-feeding 0, level Experiment
. Host plants ’ . Responses References
msect (ppb) environments
. . 70 OTC Whittaker et al. 1989
Acyrthosiphon pisum
Braun and
. . oTC ]
Phyllaphis fagi Fliickiger 1989
Rhopalosiphum 36 Stuart 1989
padilinnaeus
. . . 102 OTC Summers et al. 1994
Diuraphis noxia
. - . 120 Holopainen et al. 1994
Cinara pilicornis
Metopolophium 100 Jackson 1995
dirhodum
1.2 = 1.7 times the open—air exposure .
. o . 92 Holopainen et al. 1997
Cinara pini ambient O, system
. 55.5 OTC Percy et al. 2002
Aphids spp.
Cepegillettea 50 =60 (1.5 times) OTC Awmack et al. 2004
betulaefoliae
Salt and Whittaker
oTC
Pachypappa tremulae 1995
Braun and Fliickiger
. oTC
Aphis fabae 1989
. o 70 OTC Whittaker et al. 1989
Aphis rumicis
. 100 OTC Brown et al. 1992
Aphis fabae
Holopainen and
. . . 120 OTC .
Cinara pilicornis Kossi 1998
85 indoor chamber Dohmen 1988

Aphis fabae




Chaitophorus stevensis
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1
0, (' ppb)
Phloem-feeding 0, level Experiment
. Host plants ’ . Responses References
sect ( ppb) environments
1.5 or 1.7 times the
. . . OTC Manninen et al. 2000
Lygus rugulipennis ambient O,
. . 200 Elden et al. 1978
Acyrthosiphon pisum
. . 206 Whittaker et al. 1989
Acyrthosiphon pisum
. . . 100 OTC Brown et al. 1993
Cinara pilicornis (20C
. - . 100 OTC Holopainen et al. 1995
Cinara pilicornis
. L. 100 OTC Holopainen et al. 1995
Schizolachnus pineti
Metopolophium 100 Jackson 1995
dirhodum
1.2 -1.7 times open-air 93
. . . Holopainen et al. 1997
Cinara pini the ambient O, exposure system
1.2 - 1.7 times open-air exposure 90 .
. L . Holopainen et al. 1997
Schizolachnus pineti the ambient O, system
1.2 —1.7 times the  open-air exposure 93 .
. L . Holopainen et al. 1997
Schizolachnus pineti ambient O, system
1.5 or 1. 7 times the
. . . OTC Manninen et al. 2000
Cinara pint ambient O,
1.5 or 1.7 times
. L . OTC Manninen et al. 2000
Schizolachnus pineti the ambient O,
. .. 48 Zhang et al. 2002
Cinara pinitabulae
. .. 48 Zhang et al. 2002
Cinara pinitabulae
. e 48 Zhang et al. 2002
Cinara pilicornis
. . . 48 Zhang et al. 2002
Cinara pilicornis
. _ 48 Zhang et al. 2002
Elatobium abietinum
. L 48 Zhang et al. 2002
Elatobium abietinum
. .. 48 Zhang et al. 2002
Cinara pini
. . 48 Zhang et al. 2002
Cinara pini
51 +£22 OTC Mondor et al. 2004
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1
0, (' ppb)
Phloem-feeding 0, level Experiment
. Host plants ’ . Responses References
sect ( ppb) environments
Acvrthosivh . 51 +£22 OTC Mondor et al. 2005
cyrthosiphon pisum
2 times the oTC i ; 6
Euceraphis betulae ambient O, T Peltonen et al. 200
M . 100 - 120 OTC Menéndez et al. 2010
yzus persicae
Aevrthosioh ) / 51 OTC Mondor et al. 2010
cyrthosiphon pisum
Bemisia tabaci 73 oTC Cui et al. in review
emisia labact
2.3 et al. 1997) ,
. ( Peltonen et al. 2010) .
( 2.
(Ren et al. in review) .
( Whittaker et al. 1989) ; o
( Manninen
( Trumble et al. 1987) ; et al. 2000) ;
( Holton et al. 2003; Kopper and ( Bolsinger et al. 1992);
Lindroth 2003b) ; N
( Jondrup et al. ( Lindroth et al. 1993) ;
2002) ;
( Fortin et al. 1997) ;
( Chappelka et al. 1988,; 1990) ; ( Costa et al. 2001) ;
Bt. Bt
( Manninen et al. 2000) ; ( Himanen et al. 2008; Himanen
( Jackson et al. 2009a) ;
et al. ; tikainen
[. 2000 Lyytikai
( Kopper and Lindroth 2003b) ; et al. 1996) ,
( Kopper et al. 2001) ; o 150
( Pinto ppb 90 ppb
et al. 2008); 3
( Fortin 60 ~90 ppb 90 ~ 120 ppb



5 *1135-
( Jeffords and Endress 1984) .
200 ppb ( Agrell et al. 2005) .
( Jones ( Endress and Post
and Coleman 1988) . 2 1985; Lin et al. 1990) .
2

Table 2 Effects of elevated O, concentrations on chewing insects

0, (ppb)

Experiment

Chewing insect Host plants 0, level ( ppb) . Responses References
i environments
o . 144 outdoor chamber Trumble et al. 1987
Keiferia lycopersicella
. o 60 OTC Chappelka et al. 1988
Epilachna varivestis
o 70 Whittaker et al. 1989
Gastrophysa viridula
. L 114 1990
Epilachna varivestis
o 3 times the ambient O, OTC Fortin et al. 1997
Malacosoma disstria
1.5 or 1.7 times the
oo . . OTC Manninen et al. 2000
Gilpinia pallida ambient O,
1.4 or 1.7 times the
. OTC Jackson et al. 2000
Manduca sexta ambient O,
1.5 times the orC K 1 2001
. t al.
Orgyia leucostigma ambient O, opper et a
o ) 75 OTC Jondrup et al. 2002
Pireis brassicae
sunny day 90 - 100 01C Kopper and
Malacosoma disstria cloudy day 50 - 60 Lindroth 2003a
S day 90 — 100 K and
Phyllonorycter sunny qay OTC . opper ane
o cloudy day 50 - 60 Lindroth 2003b
tremuloidiella
s lay 90 - 100
sy qay oTC Holton et al. 2003

Malacosoma disstria

Plutella xylostella

Dasychira pudibunda

Rheumaptera hastata

Epirrita autumnata

Danaus plexippus

cloudy day 50 — 60

2 times the ambient O3 open-air exposure

66.3 OTC
66.3 oTC
66.3 oTC

Pinto et al. 2008
Peltonen et al. 2010
Peltonen et al. 2010
Peltonen et al. 2010

Bolsinger et al. 1992
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2
0, ( ppb) Exveriment
xperimen
Chewing insect Host plants 0, level ( ppb) p Responses References
: environments
. . 99 - 115 OTC Lindroth et al. 1993
Lymaniria dispar
L 99 - 115 OTC Lindroth et al. 1993
Lymantria dispar
1.5/3 times the )
OTC Fortin et al. 1997

Heterocampa guttivitta

Neodiprion sertifer

Gilpinia pallida

ambient O,
1.5 - 1.6 times the
ambient O,

1.5 - 1.6 times the

ambient O,

1.5 or 1.7 times the

open-air exposure

open-air exposure

Lyytikainen
et al. 1996
Lyytikainen
et al. 1996

. OTC Mannine l. 2000
Neodiprion sertifer ambient O, ITC anninen el a
Leptinotarsa Costa et al. 2001
decemlineata
B 75/1 T Himanen et al. 2
Plutella xylostella t 5/150 OTC imanen et al 008
Bt/non Bt 50/75/100 0TC Himanen et al. 2009a
Plutella xylostella
Jeffords and
60/90/120/150 OTC
Lymantria dispar Endress 1984
Lin et al. 1990;
Epilachna varivestis Endress and Post 1985
Jones and
2 T
Plagiodera versicolora 00 oTe Coleman 1988
sunny day 90 — 100
N T Agrell .2
Malacosoma disstria cloudy day 50 - 60 ote grell et al 005
2.4 o 100 ppb
( 3). 5 10% ( Gate et al. 1995) .
1)
o Bt Bt
( Bt ) ( 2006) . 5)
( Himanen et al. 2009b) . (
2) encapsulation)
. ( Turlings and Benrey 1998) .
( Holton et al. 2003) . 3) ( 3).
o 100 ppb o 60 ppb
( Himanen ef al. ( Awmack

2009b) . 4)

et al.

2004) .
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3

Table 3 Effects of elevated O, concentrations on natural enemy

0, ('ppb)
Experiment
Insect Natural enemy  Host plant O, level ( ppb) ) Responses References
environments
10%
. closed-chamber ( ?) Gate et al.
Drosophila . 100
Asobara tabida system 1995
subobscura
1
. suniy day Holton et al.
Malacosoma Compsilura 90 - 100 OTC 2003
disstria concinnata cloudy day 50 — 60
A Awmack et al.
. Chrysopa perla 50 - 60 OTC
Aphids spp. o 2004
Coccinellidae
Pinto et al.
. 120 oTC
Plutella xylostella Cotesia plutellae 2007
2 times the open-air Pinto et al.
Plutella xylostella Cotesia plutellae ambient O, exposure 2008
Bt Himanen et al.
. . 100 oTC
Cotesia plutellae  Cotesia plutellae ( Bt/non Bt) 2009h
Himanen et al.
. . 100 oTC
Cotesia plutellae  Cotesia plutellae 2009b
2007) .
3
( Larsson 1989)
1) ( Koricheva et al. 1998; Manninen et al. 2000) .
12) (
0TC ) . 0TC
( Valkama et al. 2007)
4
( Oksanen et al. 2005) .
oTC
( Valkama et al.
2007) ;3) N ° - -
1 4) o
'5) o o

( Valkama et al.
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