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Biological control of weeds in the
tropics and sustainability

R. Muniappan, G. V.P. Reddy, and A. Raman

1.1 Introduction

Efforts to manage weeds using biological control have been gaining momentum
throughout the world, especially in the recent past (Delfosse, 2004). Developed countries,
which are principally distributed in the temperate regions, have been practicing classical
biological control efficiently, whereas developing countries, most of which are distributed
in the tropical regions and have more limited resources, have not adopted deliberate
measures for biological control of invasive plants to the same extent as developed nations.
The first documented case of biological control of weeds in the tropics was in 1795 and
involved the invasive plant Opuntia monacantha (Wildenow) Haworth (Cactaceae), which
was controlled serendipitously in India due to the inadvertent introduction of Dactylopius
ceylonicus (Green) (Hemiptera: Dactylopiidae) from Brazil in mistaken identity for
Dactylopius coccus Costa (Hemiptera: Dactylopidae) (Rabindra and Bhumannavar, this
volume; Zimmerman et al., this volume). Thereafter, it took more than a century for
biological control of weeds to be rigorously adopted (e.g. biological control of lantana in
Hawaii in 1902; biological control of cactus in Australia in 1912; Julien et al., 2007) and
for invasive weed species to be recognized as an international problem (Harris, 1979).
Since the early 1900s, work has been predominantly carried out on weeds of the
temperate regions in countries such as Canada, New Zealand, Australia, South Africa, and
the USA. The USA, Australia, and South Africa, which include tropical segments (e.g.
states of Florida, Hawaii, Queensland, Northern Territory, KwaZulu-Natal, Mpuma
Langa, Limpopo) have developed programs on biological control of tropical weeds. Only
a few developing countries in the tropics have attempted biological control, and this has
been sporadic. Moreover, most efforts have been limited to technology-transfer activities
of some projects that have already been trialed and implemented in developed countries.
Clearly, there is a need for developing countries to receive support from donor agencies
or regional and international organizations in the form of methods for creating awareness,
knowledge, technical information, training, and financial resources to implement bio-
logical control of invasive species and to maintain sustainable programs in the future.
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This book attempts to consolidate and present biological control activities that have
been carried out in different parts of the tropical world on invasive weeds. It includes
chapters on biological, ecological, and economic management of 20 “top-priority” weeds,
of which 19 have invaded from their epicenters to other parts of the tropical world,
causing serious ecological damage to the local environment and economic problems to
the people. Striga is the singular nonexotic weed treated in this volume; it is a parasitic
species and a native of the Old World tropics. Of these 19 species, 16 have been intro-
duced from the New World into the Old World, and one each from Australia into Africa,
from Asia into Australia, and from Africa into the Pacific. They include 15 terrestrial (two
herbs, seven shrubs, four trees, and two vines) and five aquatic elements. Their habitats
vary from arid tropical (e.g. Parthenium hysterophorus, Asteraceae; cacti, Cactaceae;
species of Acacia, Mimosaceae; and species of Striga, Orobanchaceae) to humid tropical
(e.g. Chromolaena odorata, Asteraceae; Clidemia hirta, Melastomataceae; Coccinia
grandis, Cucurbitaceae; and Mimosa diplotricha and M. pigra, Mimosaceae). Lantana
camara (Verbenaceae) is cosmopolitan, whereas Passiflora mollissima (Passifloraceae)
and Solanum mauritianum (Solanaceae) are subtropical-tropical elements. Ageratina
adenophora (Asteraceae) is temperate and Azolla filiculoides (Azollaceae), Cabomba
caroliniana (Cabombaceae), Eichhornia crassipes (Pontederiaceae), Pistia stratiotes
(Araceae), and Salvinia molesta (Salviniaceae) are aquatic. All of these species are weeds
that have either already invaded or have the potential to invade tropical countries. Of
these, 14 species are adapted to lowlands; four species lowland to mid-level altitudes
(C. odorata and P. mollissima, 1000 m asl); one species (L. camara) lowland to higher
altitudes (2000 m asl); and one species higher altitudes (A. adenophora) (Table 1.1). In
addition to the 20 chapters on individual weeds, three chapters provide overviews of
activities pertaining to biological control of tropical weeds carried out in India; by a
regional organization, Secretariat of the Pacific Community (SPC); and by an inter-
national organization, International Institute of Tropical Agriculture (IITA).

Several volumes available today deal with biological control in general of insect pests
and weeds (e.g. DeBach, 1974; Huffaker and Messenger, 1976; Waterhouse and Norris,
1987; Nechols et al., 1995; Waterhouse, 1998; Bellows and Fisher, 1999; Gurr and
Wratten, 2000; Waterhouse and Sands, 2001; Neuenschwander et al., 2003; Hajek, 2004)
and a few relate to biological control of weeds specifically (e.g. Waterhouse, 1994;
Coombs et al., 2004). In such a context, the key aim of this book is to consolidate and
present the past and current research and development work which is progressing in the
area of biological control of tropical weeds.

In the backdrop of brief taxonomic notes, origin, distribution, ecology, economic
usefulness/uselessness and ecological criticality of the weed, biology and behaviour of the
biological control agents selected, trials relating to introduction, establishment, spread,
interference by local parasitoids and predators, and efficacy have been discussed at
length, citing specific examples. Most importantly, benefit-cost analyses referring to the
environmental and economic sustainability in the biological management of each weed
have also been considered, wherever appropriate data are available.

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521877916
http://www.cambridge.org
http://www.cambridge.org

oyoed )

SIBOA ()] OYIORd U} UI SPUR[S] Ul SPUR[S] BUBLIRJA! (9B20B)1qINON)))
10J uonerado u] eueLBly pue emeH sordon prung 19MO] QUIA pue uelremeq BOLIJY SIpUD.L3 PIUIII0))
SIBQA BOWES UBOLIDWY pUB
0S I1oj uonerado uy  ‘eowres ‘11 ‘nemey sordon prung 10MO] qnIys Spuel[s] og1oeq sordonoaN DY DIUIPILD)
BI[RNSNY
‘eaurnn moN ended
‘RISOUOIDIA] ‘BISY
JSBAYINOS pUB YINOS BI[BN)SNY pUB
sreok ‘eonyy uweynos  sordongns 0y ‘ogroed ‘BISY ‘BOLIJY (9B20RIAISY) DIDIOPO
0¥ Joj uonerado uf ‘BOLIJY UIASIA\ sordox prung 19MOT qnIys [eordon pruny sordonoaN DPUID]OUOLY))
VSN ‘SpueIoyIaN (oeadeqUIOqE)))
‘ueder ‘erpuy ‘eury) sordonqns BOLIJY DUDIUIOLDD
‘epeue)) ‘eIRISNY 0 sordoa], 1m0 Iy onenby  Inog pue eifensny sordonoaN pquIogn))
sordonqns (qeaorR[0ZY)
BOLIJY (INOS 0 sordoay, 19MO0T Iy onenby BOLIJY (INOS sordonoaN saprojnonf vjjozy
VSN ‘epuedn
‘uredg ‘eonyy yInos
‘uorunay ‘resnirod
‘pue[RdZ MIN (orooRSOWTA)
‘Arel ‘erpuj ‘oouen]  soidon puy 10MO] 1], BOLIY INOS BI[BN)SNY  SPIODIY URI[RISNY
ey
ynog ‘redoN ‘eury) puR[BIZ MON (seoorIdISY)
s1eok ‘eIpuj ‘pue[edyz qrerodwo) pue ‘rremef ‘eoLy p.ioydouapp
0¢ J1oJ uonerado ug MIN ‘eI[enSNY pruny I9USIH qnIys ‘RISY ‘BI[RISNY so1do1j09N PUIDLISY
(oeoorSOWIN)
soge)s Apreq erensny  sordon puy 10MOT 1], elfensny BIpuy DILOJIU DIIDIY
weagold UL QAISBAUL QAISBAUL Ipmny ULIO] SuoI3aI papeAu] usuQo Poom QAISBAUL

ay) jo eI PAIAPISUO))

QIYM YOIU
[eo130100H

Edited by Rangaswamy Muniappan, Gadi V. P. Reddy and Anantanarayanan Raman

978-0-521-87791-6 - Biological Control of Tropical Weeds using Arthropods
Excerpt

Cambridge University Press

More information

2UIN]OA S1Y] Ul PISSIAPPD SPIIM 241SDAUL JO (043100 [p2180]01q o SnIpIS “1'] J[qeL

www.cambridge.org

© Cambridge University Press



http://www.cambridge.org/9780521877916
http://www.cambridge.org
http://www.cambridge.org

SaIpuf

1SOM Pue ‘eIqIUIBN

‘amqequily ‘spue[sy

AIeue)) ‘0920I0]

‘elqely 1pneg

‘Uowo X ‘AU

‘eanuy ‘erdonpyg

‘Iremel ‘1eoseSepein

sIeak ()07 ‘BOLJY YINOS ‘eyue]

Spue[s|
oy10Bg Ay} pue

Ion0 uonerodo up 1S ‘eipuf ‘erensny  sordon puy 90I1) 0) qMIYS BI[BNSNY ‘PHIOM PIO  PHOA MON QBOOR)OR))
BISQUOPU]
sreak (¢ pue ‘sourddijiyq BISY (eBaoBSOWIIA)
100 uonerodo up  ‘puefrey], ‘erensny sordon pruny JSEAYINOS ‘eIEISNY sordonoaN p181d vsounpy
s1eAA (O Spue[s| Spue[s] JyIoed A} (oeadESsowIA))
IoA0 uonerodo up oyroed pue erensny soidon pruny qIUS  pue ‘BISY ‘BI[RNSNY sordonoaN  pyoryoydip vsowpy
SuOnIpUOd
prumny
pue pLe
0) paidepy
9erodwoy Spue[s|
uEY I sordon praopy  pue sordongns oY10Bd A} pue (9eaoBURQIOA)
19A0 uonerddo uy PIO Pue el[ensny ‘sordoxy, ueyrjodowso) qnuys ‘erensny ‘prpom pio sordonoaN DADUIDD DUDIUDT
sordon prIop
PIO PuUe ‘BOLIDWY spues|
s1eak (09 YJON puE yinos olI0Bq Ay} pue (eooRLIOPAIUO )
103 uonerodo ug reordon ‘errensny sordoi], q1oy onenby  erensny ‘prIom PO sordonooN  sadissnid piuioyyo1g
wesdoxd 1UT OAISBAUL QAISBAUL SUOI3a1 papeAu] uSuQ PooM QAISBAUL
Ay Jo eI PAIOPISUOD)  QIdYM OYDIU

[eo1301009

Edited by Rangaswamy Muniappan, Gadi V. P. Reddy and Anantanarayanan Raman

978-0-521-87791-6 - Biological Control of Tropical Weeds using Arthropods
Excerpt

Cambridge University Press

More information

(u00) “T°] dIqeL

www.cambridge.org

© Cambridge University Press



http://www.cambridge.org/9780521877916
http://www.cambridge.org
http://www.cambridge.org

sordon prrop PIO

eIRISNY

pue eoLy INOS

s1eak sordon

Ot 1oA0 uonerado U] PIOA\ MIN PUe PIO
eidorypg pue

‘@AUQY ‘BOLIJY YINOS

‘erpuj ‘erjensny

sordon

PIOM MON PU® pIO

pue[edZ MIN ‘TleMeH
Ieose3epejy pue
‘sSnnuney ‘euemsjog
‘BOLJY INOS

qIoy onIsereq

sordonqns pue
sordoxy pruny

PHOM PIO

PHOM PIO
eIfensSny
pue ‘PHOM PIO

eIfRISNY
pue ‘eISYy ‘BoLy
Spue[s] JoyIoe pue
‘elIENSOY PHOM PIO

memer

SPUB[S] OLIoBJ QWIOS
pue ‘oY UWIYINOS
pue umjlsey ‘eIsy
Inos ‘erensny

UI9)SBI-YIN0S

(9edoRyOURQOI())
‘dds p31ug
(oedorUR[0S)
wWNnUpLNDU
wnupjog
(oeooRTUIATRS)
pisajour DIUIN]DS

(eraoesouwt]y) “ds
sidosoad

(oeoorIy)
s2101DAIS DUSIJ

(eeoorIOYISSR])
pi1avdiy vAOYISSPJ

(oe2oRI)ISY)
snioydoaarsy
WNIUYLIDJ

sIeak ‘eAuoy] ‘erdonpyg

0¢ Jojy uonerado ug ‘e1pu] ‘erensny
wesdoxd JUT QAISBAUL

Ay Jo AeIS PAIAPISUOD)

SUOI3aI papeAu]

PoaMm QAISBAU]

Edited by Rangaswamy Muniappan, Gadi V. P. Reddy and Anantanarayanan Raman

978-0-521-87791-6 - Biological Control of Tropical Weeds using Arthropods
Excerpt

Cambridge University Press

More information

(u00) 17 9IqeL

www.cambridge.org

© Cambridge University Press



http://www.cambridge.org/9780521877916
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-87791-6 - Biological Control of Tropical Weeds using Arthropods

Edited by Rangaswamy Muniappan, Gadi V. P. Reddy and Anantanarayanan Raman
Excerpt

More information

6 R. Muniappan, G. V. P. Reddy, and A. Raman

Interest in ecologically sound management of invasive species is currently on the rise,
among both scientists and the general public (e.g. Drake et al., 1989; Devine, 1998).
Among the many diverse invasive organisms, alien plants induce serious economic losses
to humankind by competing for natural resources, especially in an agricultural context,
which includes not only grain production but also the pasture and forestry industry, by
reducing overall yield and quality through allelopathy and contamination (Dhileepan, this
volume; Zachariades et al., this volume). Weeds also increase the likelihood of fires,
reduce property values, poison domestic and wild animals, reduce quality of milk and
meat, interfere in the movement of wild animals and their breeding habits, endanger
native vegetation, interfere with irrigation, navigation and recreational water bodies,
inflict allergies, enhance chances for disease incidence in humans, animals, and crops by
harboring disease-agent vectors, and reduce market access because of strict quarantine
practices (Culliney, 2005).

1.2 Management strategies

The major weed management strategies usually applied are prevention, eradication, and
control (Mack et al., 2000; Monaco et al., 2002; Culliney, 2005). Quarantine laws pro-
mulgated with assistance from regional and international organizations regulate move-
ment of weeds and products from weed-infested areas in intra- and intercountry
transportation. In developed countries, clamping of strict quarantine regulations is
common whenever an impending threat from an invasive species becomes obvious. Such
regulations in developing countries are either rare or nonexistent. As an effort to assist
smaller countries in the Pacific, such as Fiji, Kiribati, Samoa, Tonga, and Vanuatu, Pest-
Alert Bulletins appear from the Secretariat of the Pacific Community (SPC) whenever a
“pest” problem becomes evident in the region. This practice is done so that the member
countries of SPC can promulgate their own regulations (SPC-PPS, 2003). Eradication is
possible when the introduction and consequent spread of a weed species is spotted early
and sustained efforts to monitor it are made. For example, when C. odorata and Mikania
micrantha Kunth (Asteraceae) infestations occurred in northern Queensland in 1994 and
1998, respectively, Australia instituted immediate monitoring programs (Galway and
Brooks, 2007), which paved the way for possible eradication. Early detection and
determination to eradicate, backed by an adequate budget and human resources, are
critical to achieve a successful program. Eradication becomes economically unviable
when the weed spread is extensive (Myers and Bazely, 2003; Culliney, 2005). To prevent
the spread of P. hysterophorus in the state of Karnataka (India), a quarantine act was
passed in 1975 declaring it a noxious weed; and notices were issued to remove this weed
once or twice in the 1980s by the Bangalore Municipal Corporation (Bhan et al., 2007).
Because of the failure to initiate the correct action in the most appropriate manner,
management of P. hysterophorus was a failure, as it was not supported by adequate funds,
human resources, nor by commitment from either people or the administration. Fur-
thermore, the neighbouring states paid either little or no attention to the establishment and
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Biological control of weeds in the tropics 7

spread of P. hysterophorus. Examples of such failure to implement and follow up the
correct measures (e.g. quarantine regulations) in developing countries exist plentifully.

When a weed escapes quarantine and exceeds the eradication stage, the next level of
options available for management are: mechanical, chemical, cultural, and biological.
Mechanical control varies from the use of hand tools to the use of heavy machinery in
the removal of weeds. Slashing the weeds such as Chromolaena odorata in India and
Coccinia grandis in Mariana Islands proved futile as the stubbles sprouted and the
operation had little impact. Burning is one of the methods used extensively for the control
of some weeds, especially in forests and rangelands; but fire is a factor that supports
C. odorata spread. In C. odorata-infested areas, fire killed most of the adjoining vege-
tation but not the stubbles of C. odorata, inducing their immediate sprout soon after rains
and invasion of the land occupied by native vegetation (Muniappan et al., 2005). In
Hawaii, A. adenophora was cleared from a vast spread of grazing land by farmers
between 1920 and 1948 at great expense without much relief, whereas the introduction of
the gall fly Procecidochares utilis Stone (Diptera: Tephritidae) enabled an impressive
control of the weed, eliminating the need for mechanical control (Bess and Haramoto,
1958). Chemical control is widely used in croplands and rangelands, and along roadsides
(Monaco et al., 2002). Cultural control involves the use of mulch, cover crops, and
competitive suppression. This practice is used in annual and perennial cropping systems
and, to a limited extent, in vacant land areas (Mahadevappa and Ramaiah, 1988).
However, these methods have only a limited effect. They are expensive and entail several
repeats. Moreover, herbicides cause health problems to humans and domesticated
animals, and adversely affect the environment. Most infestations of these invasive weeds
are either too extensive or the land value infested by them is too marginal, thus rendering
physical, cultural, and chemical control methods uneconomical and unsustainable.
Benefit—cost analysis of different control options of Salvinia molesta in Zimbabwe
showed that physical and chemical control measures were expensive and ineffective,
whereas biological control was effective and inexpensive (Chikwenhere and Keswani,
1997).

1.3 Biological control

Classical biological control is the most sustainable method used in biological control of
invasive, exotic weeds. This method employs the introduction of arthropod natural
enemies that exist naturally in their places of origin. The method, however, involves
importation, colonization, and establishment of exotic natural enemies, which include
predators and parasitoids (McFadyen, 1998). This method provides long-lasting and
affordable management, either alone or in combination with other methods. It is usually
useful in the control of perennial weeds that infest low-productivity cropland areas,
rangelands, and disturbed forests. Whereas other methods are either expensive or
impractical in specific circumstances, biological control methods are affordable, safe to
the environment, and economical as well.
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Biological control of weeds plays a key role in the management of natural resources in
Oceania (Julien et al., 2007) and other parts of the world. It will usually require a long
period of research and a high initial investment of capital and human resources
(Culliney, 2005). A program typically requires 10-20 years to achieve satisfactory
results and can easily cost US$3-8m (McFadyen, 2000). Over 350 species of natural
enemies, including arthropods, pathogens, and vertebrates have been released for the
biological control of weeds (Julien and Griffiths, 1998) with nearly 1000 releases made
from the mid nineteenth century to the end of 1996 to control 133 weed species
(Culliney, 2005). The success rate of biological control of weeds programs on the whole
was 33% (Culliney, 2005). Benefit—cost analysis of weed biological control projects in
Australia has been reported by Page and Lacey (2006). They quantified the overall return
on investment in the form of a benefit-cost ratio of 23.1, implying that for every dollar
invested in biological control of weeds there is $23.1 returned as benefits. Benefit—cost
ratios available for the biological control of weeds covered in this book are given in
Table 1.2.

1.4 Technology transfer

Government agencies in the USA, Canada, Australia, New Zealand, and South Africa
were able to initiate new biological control projects for invasive weeds starting with
identification of the native range, searching for potential natural enemies, screening for
host specificity, assessing acceptable risk, establishing the agents, and evaluation of
impact. Most developing countries lack the knowledge, capital, human resources, and
infrastructure to carry out different steps involved in biological control. Programs on
biological control of weeds carried out in developing countries involved mostly tech-
nology transfer supported by donor countries, assisted by international organizations like
CAB International or through bilateral and reciprocal arrangements. Exploration,
screening, introduction, and evaluation of the natural enemies introduced into these
countries have already been carried out either by the developed countries or by inter-
national organizations. The advantage in such technology transfer is that only the natural
enemies that have been tried elsewhere and proven effective may be selected for intro-
duction. As noted in this volume, some spectacular successes have been achieved in
controlling the invasive weeds by technology transfer, such as Opuntia spp. in Australia,
Hawaii, Sri Lanka, and South Africa (Zimmermann et al., this volume); S. molesta in
Africa, Fiji, Papua New Guinea (PNG), Malaysia, and India (Julien et al., this volume);
C. odorata in Micronesia (Zachariades et al., this volume); M. diplotricha in PNG, Fiji,
Samoa, Solomon Islands, Pohnpei, and Yap (Kuniata, this volume); C. hirta in Fiji
(Conant, this volume); and E. crassipes in PNG, and Africa (Coetzee et al., this volume;
Beed and Dubois, this volume). It is hoped that the information presented on the 20
tropical weeds will assist in sparking an interest to start biological control projects in
developing countries through bilateral programs with the resources available within the

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521877916
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-87791-6 - Biological Control of Tropical Weeds using Arthropods

Edited by Rangaswamy Muniappan, Gadi V. P. Reddy and Anantanarayanan Raman
Excerpt

More information

Biological control of weeds in the tropics 9

Table 1.2. Benefit-cost analysis for the biological control of invasive weeds in the tropics

Benefit/cost
Weed Country ratio Reference
Acacia longifolia (Andr.) Willd South Africa 104 van Wilgen et al., 2004
Acacia pycantha Benth South Africa 665 van Wilgen et al., 2004
Acacia saligna (Labill.) Wendl.) South Africa 800 van Wilgen et al., 2004
Azolla filiculoides Lamarck South Africa 2.5 McConnachie et al.,
2003
13 Hill and McConnachie,
this volume
Eichhornia crassipes Benin 124 De Groote et al., 2003
(Mart.) Solms-Laub.
Australia 27.5 Page and Lacey, 2006
Lantana camara L. South Africa 22 Van Wilgen et al.,
2004
Australia 5.6 Page and Lacey, 2006
9 AEC group, 2007
Mimosa diplotricha Australia 17.6 Page and Lacey, 2006
Mimosa pigra Australia 0.8 Page and Lacey, 2006
Opuntia aurantiaca Lindley South Africa 709 van Wilgen et al., 2004
Opuntia spp. Australia 312.3 Page and Lacey, 2006
Parthenium hysterophorus L. Australia 7.2 Page and Lacey, 2006
Pistia stratiotes Australia 27.5 Neuenschwnader et al.,
this volume
Prosopis spp. Australia 0.5 Page and Lacey, 2006
Salvinia molesta D. S. Mitchell Australia 27.5 Page and Lacey, 2006
Sri Lanka 53 Doeleman, 1989
Zimbabwe 10.6 Chikwenhere and

Keswani, 1997

host countries; and regional and international programs with the assistance of donor
agencies.

1.5 Economics of biological control of weeds

As a concept classical biological control is for the public good (Tisdell and Auld, 1990)
and it is not amenable for individual profit (Culliney, 2005). Whereas chemical, cultural,
and mechanical control methods benefit only the users and the geographical localities in
which it is used, biological control benefits the public at large (Cullen and Whitten, 1995).
Because it usually has a high initial investment and is unlikely to recover research and
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development expenses, biological control is unattractive as a private entrepreneurial
effort (Hill and Greathead, 2000; Coombs et al., 2004). Although developing countries
are unable to initiate biological control programs because of the need for a high initial
investment, the technology transfer of the programs developed in other countries has
benefited low-income farmers and the environment (Greathead, 1995). The economic
evaluation of benefits of biological control of weeds involves considerations of esthetics,
health, and natural resources (Culliney, 2005). Only in recent years has biological control
of weeds been subjected to rigorous economic analysis, mostly in USA, South Africa, and
Australia (van Wilgen et al., 2004; Culliney, 2005; Page and Lacey, 2006). The success
rate of weed biological control programs is estimated at 17%, based on the character-
ization of the small number of outstanding successes and large number of failures
(Crawley, 1989), which could be due to bias in the way success has been measured
traditionally. Culliney (2005) estimated the success rate of biological control to be 33%
based on analysis focusing on the outcomes achieved by each program. Walton (2005)
has estimated the success rate to be 80%. Success rates have varied in individual coun-
tries: Hawaii — 50% (Markin et al., 1992), Australia — 51% (McFadyen, 2000), South
Africa — 61% (Zimmermann et al., 2004), Mauritius — 80% (Fowler et al., 2000), and New
Zealand — 81% (Fowler, 2000).

Biological control of invasive weeds is economical. In most countries, data on the
agricultural and environmental impact of one or more weeds, as well as any costing done
towards control, are unavailable. Whereas the benefit-cost analysis method is reliable in a
broad-brush context, analyses need to be done independently for each country, because
the impact of one or more weeds on agriculture and the environment is bound to vary.
The cost of control will be far less and the benefit-cost ratio will be high in countries
where the program had been transferred from other countries. For example, natural
enemies of L. camara introduced into Guam, Micronesia, and the Solomon Islands were
already host-specificity and field tested in Hawaii. Similarly, exploratory work and most
of the host-specificity testing for natural enemies of Coccinia grandis introduced into
Guam and Saipan were done in Hawaii. McConnachie et al. (2003) reported a benefit to
cost ratio for controlling Azola filiculoides in South Africa at 2.5:1 in the year 2000,
which was increased to 13:1 for 2005 by adjusting for the value of the South African R
and for inflation (Hill and McConnachie, this volume). In some instances, it may not be
possible to separate benefits, as examples such as Eichhornia crassipes, Salvinia molesta,
and Pistia stratiotes occur in the same water bodies and locations (Julien et al., this
volume). Doeleman (1989) estimated a benefit cost ratio of 53:1 in terms of money and
1671:1 in terms of labor for the complete control of the weed Salvinia molesta in Sri
Lanka. These examples highlight the substantial “economic” benefits of using biological
control in weed management (Julien ef al., this volume). Biological control of invasive
weeds is a better investment than the remaining procedures that apply to management of
invasive weeds and it is needed more than ever before with the rise in the traffic of
introductions of diverse plant species through extensive and rapid human movements
across the continents.
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