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Classical biological control of exotic weeds
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Abstract : Biological invasion has become a serious ecological and economic concern in the international
community as well as in China. Invasive exotic plants have caused vast damage to the biodiversity and the
economy in China. Classical biological control of weed aims to suppress and achieve long term regulation of
weed populations by introducing host-specific natural enemies from the native range of the weed. It is a
self-sustainable and self-regulating management approach widely used in the world, while being
systematically explored in China since the 1980’s. This paper reviews the current status, main challenges
and prospect of classical biological control of weeds in the world, highlighting some important and
successful cases, and discusses the priorities, recent development and successes, and main challenges in
China. More than 70 countries have developed weed biological control programs. The U.S. A. , Australia,

South Africa, Canada and New Zealand have actively been using more agent species against target weeds
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than the other countries. There have been at least 63 families 369 species of invertebrates and fungi
utilized against 133 species of target weeds belonging mainly to the plant families of Astereae, Cactaceae
and Mimosaceae.

One case reviewed in the paper has demonstrated to be successful for more than 100 years in biological
control of weed history. And more successful cases are recognized as examples in controlling exotic weeds
by classical biological control, such as Opuntia inermis &.O. stricta, Hypericum perforatum, Alternanthera
philoxeroides, Salvinia molesta, Hydrilla verticillas Chondrilla juncea etc.. Biological control of
Eichhornia crassipes remains the most difficult and important program in the world.

Classical biological control of weeds began to be systematically studied and practiced since the mid
1980’s in China, although there had been attempts and even community campaigns of using fungus as
bioherbicides in the 1960°s. So far, 14 species of biocontrol agents have been introduced to control 4
species of target weeds, viz. Eupatorium adenophorum. Alternanthera philoxeroides, Ambrosia spp. and
Eichhornia crassipes. The introduction of Agasicles hygrophila from USDA to control Alternanthera
philoxeroides has been by far the most successful in China. Through collaboration with USA and Canada
by the Chinese Academy of Agricultural Sciences, 23 species of insects and fungi were found in China and
exported to North America for the control of Euphorbia esula, Tamarix spp.. Cirsium arvense.,
Myriophyllum spicatum, Hydrilla wverticillata, Trapa natans, Polygonum perfoliatum. Introducing
Agasicles hygrophila to control Alternanthera philoxeroides is by far the most successful case in China.
Classical biological control as a promising approach for the long-term control of invasive exotic weeds is
faced with many challenges in China, such as the development of the science, research in host specificity
testing, biosafety issues, funding for the long-term programs, just to name a few. With its rich and
unique biodiversity, China needs to develop and implement a sound management system to conserve and
protect the biodiversity. Classical biological control against invasive exotic weeds will, if given a priority
and support, play a promising and important role in the protection and utilization of the biodiversity.

Key words: biological control; exotic weeds; invasive species; biodiversity
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Table 1 The Most active 5 countries in biological control Table 2 The development of biological control agents and
of weeds target weeds
( ) ( )
Countries Agent species Target'weed End date Target Weeds No. of agents
released species (species) released
USA 168 57 19
Australia 162 52 ~1980 82 499
South Africa 73 34 1985 93 599
Canada 74 18 1990 117 729
New Zealand 30 16 1998 133 949
,133 NN , 52.6%
Asteraceae (33 ). Cactaceae(23 ), Mimosaceae(14 ), 63 369
s 344 .6 N 18 C 3
4 18 , Uredinales 11, Coelomycetes 4
Hyphomycetes 2, Ustilaginales 1 . s
Subanguina picridis Centaurea diffusa™? ", s
s o
s ., 161 43.6%,
Curculionidae 61 Chrysomelidae 55 ;
105 28.5% 3 46 3, 12.5%C  3), .

Cyprinidae 4 Cichlidae 6
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. 1920~1933
Cactoblastis cactorum Dactylopius spp. Opuntia inermis
Opuntia stricta, 2400  hm?* . N .
N N , ti.23] o
3 4 10
Table 3 A summary of the historical record as agents Table 4 Number of insect families used for weed
employed biocontrol
Order Families Species Family No. of species
Coleoptera 8 161 Coleoptera: Curculionidae 61
Lepidoptera 25 105 Coleoptera: Chrysomelidae 55
Diptera 6 46 Lepidoptera: Pyralidae 25
Homoptera & Hemiptera 10 22 Diptera: Tephritidae 25
Hymenoptera 3 5 Coleoptera: Cerambycidae 16
Thysanoptera 5 1 Coleoptera: Bruchidae 13
Orthoptera 1 1 Lepidoptera; Tortricidae 13
Acarina 3 6 Lepidoptera: Noctuidae 12
Fungi 4 18 Coleoptera: Apionidae 11
Nemanodes 1 1 Lepidoptera: Sesiidae 7
Overall 63 369 Total 238
, b=l Salvinia molesta™"*", “ 7
Pistia stratiotes™* Hydrilla verticillata™*"**
[18.2%3\]0
1963 8 162400hm?* o
53 , s 3
Agasicles hygrophila S N N N N
s 3 N N s
Lo7~31
,20 s
, franl 1980
Cyrtobagous salviniae , 14 ,Mondarra 200hm* ; la s
250km” . , . . . N N . .
, , 1+ 1673082073
N O9m 15m, ,
s N N . 1982~1992 13 s
3 . , 1987 ~1995 N N Hydrellia
pakistanae s [20.28.10.10
10 s N Cordia curassavica bl 1
Xanthium occidentale Eriocereus martinii bsd, N
Mimosa invisa s 1 Chromolaena odorata b,
Ageratina riparia Hypericum perforatum L6181 1985~1996
R . . . . . . Neohydronomus affinis
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Table 5 The significant program of biocontrol exotic weeds in the history

Target weeds Agents Countries Date Note Reference
1855 20
Linaria vulgaris
. . . . 1836 20
Opuntia vulgaris Dactylopius ceylonicus
31 33 1902~ ’ 18
Lantana camara ;
Opuntia inermis &. Cactoblastis cactorum &. 1920~1933 11,23
O. stricta Dactylopius spp.
. R 1920~ 1953 42;
Hypericum perforatum — Chrysolina quadrigemina ’
Alternanthera . X 1964 29
. . Agasicles hygrophila
philoxeroides
Puccinia chondrillina 1960 43,44
Chondrilla juncea ’
Eriophyes chondrillne
1980 18,24,39
Salvinia molesta Cytobagous salviniae
. . . Neochetina bruchi &. 1960s~ ) 18
Eichhornia crassipes . .
N. eichhorniae
1987~1995 27,28
Hydrilla verticillata Hydrellia pakistanae ?
2
4 14 C 6), C D,
b 2 N Y
b o
2.1
b ~ Y 6) o
(D 1845 . 1984 s
s 63 N

52=54) 11985,1988
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Table 6 The status of agents introduced for biocontrol weed in China

Target weeds Agents Countries Date
Procecidochares utilis 1985
Eupatorium adenophorum Cercospora eupatorii 1988
Agasicles hygrophil 1986
Alternanthera philoxeroides gasicles hygrophita
Ambrosia spp. Zygogramma suturalis 1987
Epiblema strenuana 1990
Euaresta bella-E. festiva 1991
Tarachidia candefacta 1991
( ) 1992
Liothrips sp. 1992
. . . Neochetina bruchi &. 1994
Eichhornia crassipes X i
N. eichhorniae 1996
Eccritotarsus catariensis 2000
(2 1964 Vogt s
s . 1986 ,1987
21 39 s s
b b N Y N N Y
. R 1999~2000
18 s 14 H
b ’
[58]
o 9
(3) N 20 60 s
400 s o 1987
6 s s N N
[59~62]
’ o .
[63]
o b
(4) 1994 , 2000
. o N N *
[64~66]
o Y ’ .’
o b b
[51,66~69]
2.2
1988 s ’

@ Ma R Y. Wang R. Ecological adaptation of the introduced biocontrol agent. Agasicles hygrophila, for alligatorweed,
Alternanthera philoxeroides,in China. The dissertation of Chinese Academy of Agricultural Sciences. 2001,132.
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Euphorbia esula

Tamarix spp. .

N )
Cirsium arvense

°

Myriophyllum spicatum .

. Trapa natans. Polygonum perfoliatum C 7.
7
Table 7 The status of agents exported for biocontrol weed in China
Target weeds Agents Countries Date
Euphorbia esula Euromyces sp. 1987
Eudophyllom sp. 1987
Euphabia esula 1990
Puccinia spp. 1992
Leaty spurge 1996
Chamaesphecia sp. 1987
Oberea sp. 1987
Hyles sp. 1987
Aphthona chinchili 1987
Tamarix sp. Diorhaabda elongata 1993
Hydrelli kist g 1987~1995
Hydrilla verticillata yareiia paxistanae
Bagous sp. 1993
Mycoleptodiscus terrestris 1994
Cirsium arvense Lizus sp. 1993
Cleonas sp. 1994
Thammrgus spp. 1995
Aleica carduorum 1996
Mornigglory sp. 1996
Morionhull ( ) 1996
. yriophyteum Euhrychius sp. 1994
spicatum
Phytobius sp. 1994
Polygonum perfoliatum Alternaria spp. 1997
Polygonuom pertoheitun L. 1997
Tirand griseata petersen 1998
o 20 76 6
27 ’ 40 ’ 21 ) 11 ) N ~ 1 H 80% ’
N s 3 Timamdra griseata
Homorosoma chinensis Cletus schmidti trol
3
3.1 100 ,
, o Cactoblastis cactorum Opuntia spp.
b 9 ~ . o
1989 s s s s
[16:23.71~73] , 10 )
[74~76] [76~79]
b b o
3.2 s N
“
9 9 b o ’ A Y
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3.5.1 100 41
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