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Biological control (biocontrol for short) is the use of animals, fungi, or other microbes to 
feed upon, parasitize or otherwise interfere with a targeted pest species.  Successful 
biocontrol programs usually significantly reduce the abundance of the pest, but in some 
cases, they simply prevent the damage caused by the pest (e.g. by preventing it from 
feeding on valued crops) without reducing pest abundance (Lockwood 2000).  Biocontrol 
is often viewed as a progressive and environmentally friendly way to control pest 
organisms because it leaves behind no chemical residues that might have harmful impacts 
on humans or other organisms, and when successful, it can provide essentially 
permanent, widespread control with a very favorable cost-benefit ratio.  However, some 
biocontrol programs have resulted in significant, irreversible harm to untargeted (non-
pest) organisms and to ecological processes.  Of course, all pest control methods have the 
potential to harm non-target native species, and the pests themselves can cause harm to 
non-target species if they are left uncontrolled.  Therefore, before releasing a biocontrol 
agent (or using other methods), it is important to balance its potential to benefit 
conservation targets and management goals against its potential to cause harm. 
 
Organisms used to feed on, parasitize, or otherwise interfere with targeted pests are 
called biocontrol agents.  There are several general approaches to using biocontrol 
agents: 1. ‘Classical’ biocontrol targets a non-native pest with one or more species of 
biocontrol agents from the pest’s native range; 2. the ‘New Association’ or ‘Neoclassical’ 
approach targets native pests with non-native biological control agents; 3. 
‘Conservation’, ‘Augmentation’ and ‘Inundation’ approaches maintain or increase the 
abundance and impact of biocontrol agents that are already present, and in many cases 
native to the area.  Classical biocontrol is by far the most common approach for plant 
pests.  Conservation and augmentation approaches show great promise on their own and 
especially for enhancing the impacts of classical biocontrol and other weed control 
measures as researchers and managers focus on managing to maximize native biological 
diversity in invaded ecosystems (Newman et al. 1998).  
 
CLASSICAL BIOLOGICAL CONTROL OF WEEDS 
It is hypothesized that some non-native plants become invasive, superabundant and 
damaging, at least in part because they have escaped the control of their ‘natural 
enemies’, the herbivores and pathogens that checked their abundance in their native 
ranges.  Classical biocontrol addresses this by locating one or more herbivore and/or 
pathogen species from the weed’s native range and introducing them so they can control 
the pest in its new range.  These herbivores and pathogens are carefully selected and 
screened to determine if they will attack crops or other non-target plant species.  
Successful classical biocontrol programs result in permanent establishment of the control 
agent(s) and consequent permanent reduction in the abundance or at least the damaging 
impacts of the weed over all or in part of its introduced range.  Classical biocontrol is not 
expected to eliminate the pest species completely and it often takes years or even decades 
after the initial release of control agents before their effects are obvious.  Classical 
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biocontrol programs may fail for a variety of reasons.  Some biocontrol agents never 
establish, or it may take repeated releases to establish viable populations.  Some 
biocontrol agents may become established, but then have little or no detectable impact on 
the targeted pest (Greathead 1995). 

Some of ‘classical’ biocontrol’s greatest strengths are that once an agent is established, it 
will persist ‘forever’ and it may spread on its own to cover most or all of the area where 
the pest is present, generally with little or no additional cost.  On the other hand, these 
strengths can become great liabilities if the agent also begins to attack desirable species 
(Pemberton1985; Lockwood 1993, 2000; McEvoy and Coombs 2000).  Because of this, 
weed biocontrol researchers take pains to locate and use agents that are specific to the 
targeted weed and will not attack other “important” plant species. This screening process 
contributes to the high cost and long time required for the discovery, testing, and 
approval of new biological control agents. 
 
The selection and screening of candidate classical biocontrol agents 
The first systematic biological control projects for weed species began over 100 years 
ago, and even at that time, potential control agents were tested to make sure that they did 
not harm agricultural crops.  Scientific and public concern for native plant species with 
no known economic value has increased since then, particularly in the past few decades, 
and weed biocontrol programs administered by Agriculture Canada and the USDA 
expanded their host-specificity testing protocols to address these concerns.  These 
programs now require checks for potential impacts on native plants, particularly rare 
species (DeLoach 1991; Harris 1988).  This is in contrast to biocontrol programs that 
target insects and other arthropod pests, where even today, no host-specificity testing is 
legally required and few projects voluntarily screen potential control agents (Strong and 
Pemberton 2000).  It has been suggested that this situation prevails because there is little 
public or professional outcry for the protection of insects, with the exception of non-
native honeybees, other biocontrol agents, and possibly some native butterflies.  
 
A key part of the screening process is host-testing, wherein potential control agents are 
given the opportunity to feed on a variety of crop species and native plants, including 
those most closely related to the targeted pest.  No-choice tests isolate the potential 
control agent with one or more native species for feeding and/or egg-laying, so that if 
they do not use the native(s) they will die or fail to reproduce.  Other tests give the 
proposed biocontrol agent a choice between feeding or reproducing on the targeted pest 
and non-target native species.  Today, proposed biocontrol agents are screened for their 
ability to feed and reproduce on several to many native species, but it is still impossible 
to test all native species.  For programs targeting species such as leafy spurge (Euphorbia 
esula) with many native congeners (over 100 native Euphorbia spp. in the U.S.), it is not 
even possible to test all the native species in the same genus.  In addition, the tests cannot 
determine whether the control agents will adapt or evolve over time so that they will 
become more able or willing to feed on native species.  For a more detailed description of 
the selection and host-testing processes, and suggestions for improving them, see 
McEvoy (1996).   
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McEvoy and Coombs (2000) argue that the potential effectiveness of candidate 
biocontrol agents has been given too little attention in the selection process.  They note 
that ten or more species of biocontrol agents have been released against some weeds.  
Since there is some risk that each species will have unintended harmful impacts, the 
overall risk increases with the number of species released.  In addition, some relatively 
ineffective species may actually interfere with and lessen the impacts of species that 
might be effective in their absence.  Therefore, McEvoy and Coombs (2000) urge 
biocontrol practitioners to instead strive to release the minimum number of agents 
required to control the weed by first identifying and releasing only those species most 
likely to be effective.  They advocate efforts to systematically identify traits common to 
successful control agents and the types of insects the target weed is most likely to be 
vulnerable to, based on its lifecycle and physiological attributes.  Similarly, Louda et al. 
(1997) and Nechols (2000) advocate increased consideration of the interactions a 
candidate biocontrol agent is likely to have, with control agents and other organisms that 
are already present in the system.   
 
Use of formal risk assessment procedures, efforts to minimize the number of agents 
released against a given target, and requiring follow-up studies designed to assess 
impacts on target and non-target species in order learn how to improve later programs 
would answer many of the concerns of conservation biologists (Miller and Aplet 1993; 
Simberloff and Stiling 1994; Strong and Pemberton 2000).  The USDA has recently 
begun requiring post-release studies on the impacts of biocontrol agents for new releases 
in the U.S. (DelFosse personal communication), and is also considering the use of formal 
risk assessment procedures.  Australia already has a legislative framework that requires a 
formal risk assessment before releases are granted which is designed to minimize 
nontarget impacts (McFayden 1998; Withers et al. 2000) and New Zealand is in the 
process of developing protocols for assessing and balancing risks and benefits of 
proposed introductions (Barratt et al. 2000) 
 
Impacts of classical biocontrol on targeted weeds 
Successful classical biocontrol projects reduce the abundance or impacts of the targeted 
pests to acceptable levels across large areas.  There have been excellent post-release 
studies on Klamathweed (Hypericum perforatum) and tansy ragwort (Senecio jacobaea) 
biocontrol agents (Holloway and Huffaker 1951; Huffaker and Kennett 1959; McEvoy 
1985; McEvoy and Rudd 1993; McEvoy et al. 1990; 1991; 1993), which provide 
quantitative information about reductions in the abundance of the target weeds.   In each 
case significant reductions in the density of the targeted weeds were recorded after 
biocontrol agents were introduced.   
 
Impacts of the four insects released to control purple loosestrife in the U.S. and Canada 
have also been monitored.  The leaf feeding beetles Galerucella pusilla and G. 
calmariensis, first introduced in 1992, have apparently reduced purple loosestrife stands 
at several sites already (Blossey et al., 1994; Scudder and Mayer, 1998).  Results from 
release sites in Ontario, Michigan, and Minnesota indicate Galerucella beetles can 
significantly reduce above-ground abundance of purple loosestrife in as little as three 
years (Michigan State University, 1999).  In southern Ontario, introductions of 
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Galerucella spp. reduced above ground purple loosestrife biomass from 2,000g/m2 to less 
than 20g/m2 in 4 years (The Ontario Biological Control Program, 1998).  Additional 
studies found that at high Galerucella densities (200 larvae/plant), plants were entirely 
stripped of all green tissue and seed production was prevented (Butterfield et al., 1996).  
Even at lower beetle population densities, adult and early larval feeding destroyed 
meristematic regions thus, preventing normal growth.  Nonetheless, it is not yet clear 
whether this feeding is significantly reducing the root biomass of established loosestrife 
stands. 
 
Unfortunately, studies of the impacts of other biocontrol agents released against weeds 
have been extremely rare.  For example, Lym and Nelson’s recent (2000) paper on 
impacts of two flea beetle species released against leafy spurge is the only published 
study that quantifies population level impacts of any of the 13 insect biocontrol species 
released against this widespread pest in the U.S. and Canada.  They found that both 
fleabeetles, Aphthona lacertosa and A. czwallinae reduced leafy spurge stem densities by 
about 65% up to 16 m from initial release sites within 3 to 5 years.  A mixed population 
of both Aphthona species reduced stem densities by over 95% within 4 years after 
release.  Establishment and rate of spread of these insects were similar regardless of the 
number of insects released initially.  Unfortunately, qualitative before and after 
biocontrol release assessments of weed abundance are far more common. 
 
Examples of weed biocontrol projects in North America that are regarded as having 
successfully reduced the abundance of the targeted species to acceptable levels include 
those to control Klamathweed (Hypericum perforatum), tansy ragwort (Senecio 
jacobaea), and alligatorweed (Alternanthera philoxeroides).  Programs to control leafy 
spurge (Euphorbia esula) and purple loosestrife (Lythrum salicaria) appear to be on their 
way to at least partial success (Anderson et al. 2000).  On the other hand, programs to 
control Canada thistle (Cirsium arvense), spotted and diffuse knapweed (Centaurea 
maculosa and C. diffusa) and yellow starthistle (Centaurea solstitialis) have not yet been 
successful, despite years of effort and releases of several insect species against each one. 
 
Nontarget effects of classical biocontrol 
Although biocontrol agents can be extremely selective against pest species, there is some 
risk that they may also attack desirable species.  For example, the weevil Rhinocyllus 
conicus which was first introduced to North America to control non-native thistles in the 
1960s has been documented attacking and significantly reducing seed set and 
reproduction of the untargeted native thistle species Cirsium canescens (Platte thistle) 
and C. undulatum (wavy-leaf thistle) (Louda et al. 1997; Louda 2000).  Earlier studies 
determined that R. conicus feeds on several native Cirsium species, but they had not 
indicated whether or not this was causing population level impacts (Turner et al. 1987).   
Similarly, the cinnabar moth (Tyria jacobaea) that was introduced to control tansy 
ragwort (Senecio jacobaea), is known to attack native Senecio triangularis in Oregon 
(Diehl and McEvoy 1990). 
 
Another example of a biocontrol agent causing significant damage to native plants 
involves the cactus moth, Cactoblastis cactorum, which was used with spectacular 
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success to control several introduced species of Opuntia in Australia and several 
Caribbean islands, and then spread inadvertently to Florida where it is damaging native 
Opuntia species.  It was first was released in Australia in 1925, and later to South Africa 
and to the islands of Nevis (1957), Montserrat and Antigua (1962) and Grand Cayman 
(1970) in the Caribbean (Habeck and Bennett 1990).  It dispersed, apparently on its own, 
to Puerto Rico, Haiti, the Dominican Republic, and the Bahamas.  It either spread on its 
own or was unintentionally imported from Hispaniola on ornamental cactus pads 
(Pemberton 1995) to south Florida, where it was first detected in 1989 (Habeck and 
Bennett 1990).  Two species it has already attacked in Florida are rare, and one of them, 
O. spinosissima, has just one known U.S. population containing a total of less than a 
dozen plants.  By 1997, C. cactorum had spread north to Jacksonville, Florida, and there 
are concerns that it will spread further north and west across the Gulf coast into Texas, 
and beyond to the southwestern U.S. and northern Mexico, where there are numerous 
native Opuntias, some of which are rare or are of economic importance (Habeck and 
Bennett 1990; Johnson 1994; Stiling and Simberloff 2000).  Ironically, one way to 
address the threat posed to North American Opuntia species may be by releasing 
biocontrol agent(s) to control C. cactorum.  
 
Recent research indicates that biological control agents may also have undesirable 
indirect impacts on nontarget plants and animals.  Callaway et al (1999) found that when 
biocontrol insects (knapweed root moth; Agapeta zoegana) fed on the roots of spotted 
knapweed (Centaurea maculosa), neighboring Idaho fescue (Festuca idahoensis) plants 
actually did more poorly than when grown with unattacked C. maculosa.  They also 
found that knapweeds fed on by another non-native root feeder (Trichoplusia ni) had 
smaller root systems and exuded more total sugars than knapweeds protected from attack.  
The authors hypothesize that moderate herbivory stimulated compensatory growth and 
production of defense chemicals that had allelopathic effects or otherwise altered the 
competitive relationship between the invasive knapweed and the native bunchgrass.  A 
different study in west-central Montana found that two spotted knapweed biocontrol 
agents, the gall flies Urophora affinis and U. quadrifasciata, were the primary food item 
for deer mice (Peromyscus maniculatus) for most of the year and made up 84-86% of 
their winter diet (Pearson et al 2000).  These deer mice tended to select microhabitats 
with high or moderate densities of knapweed when the gall flies were in their larval 
phase, but switched to sites dominated by native prairie after the gall flies emerged and 
were unavailable. In turn, deer mouse predation on the gall flies was so strong that the 
authors speculate it may prevent the flies from controlling spotted knapweed populations. 
 
Benefits and risks of using classical biocontrol in conservation areas 
Many conservation biologists have what might be called a “green light - yellow light” 
attitude towards the use of classical biological control against natural area weeds.  On the 
one hand, classical biological control gets a ‘green light’ or ‘go ahead’ since it has the 
potential to be one of the most selective, powerful and cost-efficient tools available for 
control of invasive plants.  It is an attractive option in natural areas particularly because 
of its potential for specificity and its ability to act over huge areas for the long term with 
little or no cost after the initial research and release(s) of agents.  In addition, many find 
biocontrol preferable to the use of herbicides because of the danger these compounds 
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may pose to other organisms, including humans, especially if they enter water supplies or 
otherwise move from sites of application.  Biocontrol may be the only affordable option 
capable of bringing certain widespread natural area weeds like tamarisk (Tamarix spp.), 
melaleuca (Melaleuca quinquenervia) and purple loosestrife (Lythrum salicaria) under 
control over large areas.  As a result, many land mangers and researchers have urged that 
particular widespread and difficult to control pests, be targeted for classical biocontrol.   
 
On the other hand, biocontrol gets a ‘yellow light’ (some might even say a ‘red light’) for 
caution largely due to concerns that biocontrol agents may attack and damage 
populations of non-target native species.  Natural area managers are typically concerned 
with the health and growth of a wide variety of organisms, far more species than most 
farmers, ranchers or foresters.  If a biocontrol agent does in fact attack any native non-
target species, its persistence and ability to spread to areas far from release sites become 
serious liabilities.  It is widely believed that the potential for harm to non-target 
organisms can be decreased with improved host-testing and risk reduction protocols for 
biocontrol.  While biocontrol offers great promise, it will provide long-term benefits to 
natural areas and biodiversity preservation only if it is practiced carefully and its 
potential risks are fully recognized and addressed.  In Australia, biological control 
programs for natural area and wildland pests are better supported and regulated, and as a 
result, are expected to be more successful (E. Delfosse pers. comm.; McFayden 1998; 
Withers et al. 2000). 
 
There is also concern about releases of classical biocontrol agents among some 
conservationists precisely because the agents are themselves non-native introductions.  In 
some cases the agents may carry additional non-native parasite and commensal species.  
There has been at least one case in the past decade in which a biocontrol release 
unintentionally included a second non-native look-alike species that has now become 
established.  Intentional introductions of non-native classical biological control agents 
may, however, contribute to global biodiversity by significantly reducing large 
populations of targeted non-native organisms that would otherwise reduce or threaten 
populations of native species. 
 
Of course, it must be recognized that all courses of action against pest organisms, 
including that of taking no action, carry some risk to valued, non-targeted organisms.   If 
no action is taken, the pest may continue to spread and reduce or eliminate valued native 
species, and in the worst cases, drastically alter community and ecosystem functioning 
(Vitousek 1986; Vitousek et al. 1987; Whisenant 1990).  Pesticide use may directly kill 
valued species or indirectly impact them by reducing food supplies, eliminating cover or 
otherwise altering the environment.  Mechanical methods often disturb the soil and 
destroy vegetation enabling ruderal plants and “weedy” pioneer species to gain a 
foothold.  With all control methods, there is also the risk that when one pest is eliminated 
another will merely take its place, and that the infestation is merely the symptom of a 
more fundamental problem.  For example, in Douglas County, OR, Klamathweed 
populations were sharply reduced by biocontrol agents only to be replaced by tansy 
ragwort (Senecio jacobaea), which was in turn sharply reduced by biocontrol agents only 
to be replaced by Italian thistles (Carduus pycnocepahalus; E. Coombs pers. comm.).  
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Coombs believes that while successful biocontrol agents will likely be found for these 
thistles, they will only be replaced by another pest and then another in an endless 
substitution series, unless cultural practices in the area are changed. 
 
Wildland weed species targeted for classical biocontrol 
Julien and Griffiths (1998) catalogued a world total of 1,120 intentional releases of 365 
species of biocontrol agents released against a total of 133 weed species in 75 countries 
between the late 1800s and 1996.  Until the 1980s most biocontrol programs directed 
against invasive weeds in North America were funded and initiated primarily because the 
targeted species were troublesome in rangelands, commercial forests, or in waterways 
used for navigation or irrigation.  Many of these weeds also invade conservation areas 
and other wildlands.  In the past decade or so, there has been greater focus on weeds that 
invade natural areas, but have little impact on agriculture or forestry.   
 
At least one biocontrol agent has been released in the U.S. (including Hawaii) and/or 
Canada against each of the wildland invasive plants listed in Tables 1a and 1b.  The 
invaders listed in Table 1c are currently the subject of research and testing as possible 
targets for future biocontrol releases. 
 
 
 
 
 
 
 
 
 
 

Table 1a. List of weeds with released/available biocontrol agents. 
 
Latin Name Common Name Where Available 
Acroptilon repens Russian knapweed mainland US 
Ageratina adenophora crofton weed HI 
Ageratina riparia Hamakua pamakani HI 
Alternanthera philoxeroides alligatorweed mainland US 
Calystegia sepium hedge bindweed mainland US 
Carduus acanthoides plumeless thistle  mainland US 
Carduus nutans musk thistle mainland US 
Carduus pycnocephalus Italian thistle mainland US 
Carduus tenuiflorus slenderflower thistle mainland US 
Centaurea cyanus bachelor's button mainland US 
Centaurea diffusa diffuse knapweed mainland US 
Centaurea maculosa spotted knapweed mainland US 
Centaurea pratensis meadow knapweed mainland US 
Centaurea solstitialis yellow starthistle mainland US 
Centaurea virgata ssp. squarrosa squarrose knapweed mainland US 
Chondrilla juncea rush skeleton mainland US 
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Table 1a (cont.). List of weeds with released/available biocontrol agents. 
 
Cirsium arvense Canada thistle mainland US 
Cirsium vulgare bull thistle mainland US 
Clidemia hirta Kosters curse HI 
Coccinia grandis ivy gourd HI 
Conium maculatum poison hemlock mainland US 
Convolvulus arvensis field bindweed mainland US 
Cyperus esculentus yellow nutgrass mainland US 
Cyperus rotundus nut grass HI 
Cytisus scoparius Scotch broom mainland US 
Eichhornia crassipes water hyacinth mainland US 
Elephantopus mollis tobacco weed HI 
Emex australis three cornered Jacks HI 
Emex spinosa lesser Jacks HI 
Euphorbia cyparissias cypress spurge mainland US 
Euphorbia esula leafy spurge mainland US 
Halogeton glomeratus halogeton mainland US 
Hydrilla verticillata hydrilla mainland US 
Hypericum perforatum St. Johnswort mainland US 
Lantana camara lantana HI 
Linaria genistifolia ssp. dalmatica Dalmatian toadflax mainland US 
Linaria vulgaris yellow toadflax mainland US 
Lythrum salicaria purple loosestrife mainland US 
Melaleuca quinquenervia Melaleuca mainland US 
Melastoma malabathricum Indian rhododendron HI 
Myrica faya firebush HI 
Opuntia cordobensis Opuntia HI 
Opuntia ficus-indica mission prickly pear HI 
Opuntia littoralis prickly pear mainland US 
Opuntia oricola prickly pear mainland US 
Passiflora tripartita banana poka HI 
Pistia stratiotes water lettuce mainland US 
Pluchea odorata sour bush HI 
Rubus argutus prickly FL blackberry HI 
Salsola australis = S. kali, S. iberica Russian thistle mainland US 
Salvia aethiopsis Mediterranean sage mainland US 
Schinus terebinthifolius Brazilian pepper tree HI 
Senecio jacobaea tansy ragwort mainland US 
Silybum marianum milk thistle mainland US 
Sonchus arvensis perennial sow-thistle Canada 
Tamarix chinensis tamarisk mainland US 
Tamarix gallica tamarisk mainland US 
Tamarix parviflora tamarisk mainland US 
Tamarix ramosissima tamarisk mainland US 
Tribulus cistoides puncturevine HI 
Tribulus terrestris puncturevine mainland US 
Ulex europaeus gorse mainland US
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Table 1c. List of weeds with biocontrol agents currently being researched. 
 

Latin Name Common Name 
Abutilon theophrasti velvetleaf 
Acroptilon repens Russian knapweed 
Alliaria petiolata  garlic mustard 
Amaranthus spp. pigweeds 
Crupina vulgaris common crupina 
Cynoglossum officinale houndstongue 
Cyperus rotundus nut grass 
Cytisus scoparius Scotch broom 
Eichhornia crassipes water hyacinth 
Euphorbia esula leafy spurge 
Hieracium aurantiacum orange hawkweed 
Hieracium pilosella mouse-ear hawkweed
Hieracium pratense yellow hawkweed 
Lantana camara lantana weed 
Ligustrum spp. privets 
Linaria dalmatica Dalmatian toadflax 
Linaria vulgaris yellow toadflax 
Mikania micrantha mile-a-minute weed 
Onopordum acanthium Scotch thistle 
Phragmites australis* common reed 
Polygonum perfoliatum mile-a-minute plant 
Potentilla recta sulfur cinquefoil 
Pueraria montana var. lobata kudzu 
Rhamnus cathartica buckthorn 
Rhamnus frangula 
Schinus terebinthifolius 

Buckthorn 
Brazilian peppertree 

Tripleurospermum perforatum scentless chamomile 
 
*Native to at least some areas where regarded as an invasive weed of conservation 
areas 

Table 1b. List of weeds with available native biocontrol agents. 
 
Cirsium arvense Canada thistle mainland US 
Convolvulus arvesis field bindweed Canada 
Cyperus rotundus nut grass mainland US 
Diospyros virginiana persimmon mainland US 
Eichhornia crassipes water hyacinth mainland US 
Morrenia odorata milkweed vine mainland US 
Myriophyllum spicatum Eurasian watermilfoil mainland US 
Opuntia ficus-indica Indian fig HI 
Opuntia littoralis prickly pear mainland US 
Opuntia oricola prickly pear mainland US 
Solanum elaeagnifolium silverleaf nightshade mainland US 
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Excellent updates on natural area weed biocontrol projects are available at: 
http://www.cabi.org/BIOSCIENCE/weeds.htm 
http://www.nysaes.cornell.edu/ent/biocontrol/weedfeeders/wdfdrtoc.html 
 
Use of classical biocontrol in North American conservation areas. 
Classical biocontrol agents targeting a wide variety of invasive weeds have been released in North 
American conservation areas or spread into them from other release sites.  For example, since their 
approval as biocontrol agents for purple loosestrife in 1992, four species of beetles have been 
released at hundreds of sites across the northern half of the U.S. and southern Canada.  At least two 
of these species, the leaf feeding beetles G. calmariensis and G. pusilla, have been released into 
conservation areas and other wildlands managed by public agencies and private conservation 
organizations including National Wildlife Refuges, U.S. and Canadian National Parks, and at least 
6 Nature Conservancy preserves in 5 states.  Blossey (personal communication) reported that there 
was strong evidence that one or more of these biocontrol insects are reducing cover and/or numbers 
of purple loosestrife at a variety of sites across North America including: 
 
1.) Tonawanda Wildlife Refuge, western NY, 25 acres of a 50-acre infestation defoliated; 
2.) Circle Lake, MN (southwest of Minneapolis) 30 acres defoliated; 
3.) Coulee Dam, WA, large stands being defoliated; 
4.) Providence Zoo, Providence, RI, 10 acres defoliated. 
Successes were also reported from the John Heinz National Wildlife Refuge (Tinicum 
Marsh), PA; a wetland near Logan, UT, and from a wetland along the Mississippi in IL. 
 
Similarly, several of the 13 biocontrol agents introduced to control leafy spurge have 
been released on conservation areas across the northern U.S. and southern Canada.  The 
flea beetles, Aphthona nigriscutis, A. czwalinae, and A. lacertosa have been more 
successful than most of the other agents, and have been released on BLM lands, National 
Forests and Grasslands, and National Parks and Monuments such as Theodore Roosevelt 
N.P. and Devil’s Tower N.M. in the U.S., and Spruce Woods N.P. in Canada.  These 
three species have also been released in over a dozen Nature Conservancy preserves in 
Montana, the Dakotas, Iowa, and Minnesota.  Unfortunately, although the first of these 
releases on preserves was made nearly 7 years ago, leafy spurge cover has been reduced 
on only small portions of some of these preserves, so far. 
 
Several biocontrol agents have been released recently against target weeds in the U.S., 
which are primarily natural area invaders. Since 1997, tens of thousands of adults and 
larvae of Oxyops vitiosa, a weevil that feeds on the meristems of flowering branches of 
Melaleuca quinquenervia (punk tree), have been released at sites in and around the 
everglades of south Florida, including Big Cypress National Preserve, Everglades 
National Park, and Loxahatchee National Wildlife Refuge (Center et al. 2000).  M. 
quinquenervia has invaded large areas of  Florida from the vicinity of Lake Okeechobee 
and south through the Everglades, but it is hoped that this agent and perhaps others that 
are still being tested, will bring it under control.  The insects are establishing and 
reproducing well at most release sites and by the year 2000, there were 83,000 adults and 
137,000 larvae at a site where just 3,300 larvae were released in 1997 (Center et al. 
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2000).  The weevils are damaging melaleuca plants at the release sites, but it is not yet 
clear whether if it will be enough to reduce melaleuca abundance. 
 
In 1997 the fungal pathogen Colletrichum gleosporiodes f. sp. miconiae was released in 
two test zones on Maui and the Big Island of Hawaii against Miconia calvescens, a 
tropical American tree that invades wet forests in Hawaii (Kilgore et al. 1999).  This 
fungus can kill seedlings and young M. calvescens plants, but its impacts on adult trees 
are unknown.  Nonetheless, by 1999 all plants inoculated at the two sites were defoliated 
and the fungus had spread to surrounding plants (Kilgore et al. 1999).   
 
In 1999 the weevil Diorhabda elongata was released in field cages at 8 sites in 6 states 
against tamarisk.  This is the first agent released against tamarisks in North America.  
Among the 8 release sites, are lands managed by the BLM, Wyoming Game & Fish and 
the U.S. National Park Service.  Researchers now have permission to release the insects 
outside of the cages.  Some conservation land managers in the southwestern U.S. sought 
to halt or delay releases of this species because they feared it might act so quickly that 
they would quickly kill and destroy tamarisk groves which are used as nesting habitat by 
the endangered southwestern willow flycatcher (Empidonax traillii extimus).  Because of 
this, no releases will be made within 200 miles of sites where the flycatchers are known 
to nest until it can be determined whether the biocontrol agents will quickly destroy 
tamarisk stands, and if so, whether native woody species suitable for nesting will quickly 
re-establish. 
 
The Oregon Department of Agriculture (ODA) began to emphasize the use of biological 
control against weeds in the mid-1970s in response to public pressure to reduce the use of 
pesticides (Coombs et al. 1992).  ODA has now introduced 42 species against 20 target 
pest plants and has focused much of its efforts on infestations on federal lands, which 
comprise the majority of the state’s wildlands (Coombs 1991).  The California 
Department of Food & Agriculture also operates a large biological control program that 
has given some attention to wildland pest infestations, although it is concerned primarily 
with insect pests of agricultural and ornamental plants (Bezark 1994).  Hawaii’s 
biological control program on weeds of forest areas was initiated in 1983 with joint 
funding from the Hawaii Department of Land and Natural Resources, the U.S. National 
Park Service, and the USDA Forest Service (Markham et al. 1992).  USDA’s programs 
against leafy spurge and purple loosestrife have also directed much effort towards work 
in wildlands (Malecki et al. 1993; P.C. Quimby pers. comm.). 
 
The Nature Conservancy requires careful review and formal internal approval of all 
intentional biocontrol releases on its preserves in order to ensure that potential non-target 
impacts are minimized.  The following text box outlines TNC policies on biocontrol 
releases and on requesting permission to intentionally release biocontrol agents on lands 
owned and managed by the organization. 
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TNC POLICIES & STANDARD OPERATING PROCEDURES REGARDING INTENTIONAL  
RELEASE OF BIOCONTROL AGENTS ON TNC LAND: 

 
TNC policy prohibits intentional releases of non-indigenous biological control agents on conservation lands that we own or 
manage.  However, exceptions allowing releases on individual preserves may be approved by the Executive Director of 
TNC’s Invasive Species Initiative (Ann Bartuska).  This policy is designed to ensure non-indigenous biocontrol agents are 
used only when the potential benefits clearly outweigh the risks that they may attack and damage non-target native species 
populations.  The policy, from page 17 of TNC's Policies and Procedures Manual, is copied below.   
 
The standard operating procedure for requesting permission to release biocontrol agents from pages 24 and 25 of the Manual 
is copied below.  A formal proposal must be submitted first to the Director of TNC’s Wildland Invasive Species Team (John 
Randall) who will evaluate it and make a recommendation to the executive director of ISI.  The proposal must address 
questions about the benefits and risks of the release, including how the agent was tested for host-specificity, whether it has 
been shown to reduce populations of the target pest in the field and how impacts of the proposed release will be monitored.   
Contact John for more details on the scope of the proposal and assistance in preparing it (John may be reached at 530 754 
8890 or jarandall@ucdavis.edu. 
 
1.) Intentional Release of Non-Indigenous Biocontrol Agents 
 
POLICY: 
The irreversible introduction or intentional release of non-native biological agents, except where required by law, is 
prohibited on conservation lands owned and/or managed by The Nature Conservancy.  Note that this policy does not apply to 
the release of organisms (such as cattle or angora goats to control vegetation) that 1) cannot persist on the site without human 
assistance and/or 2) can be maintained at desirable levels or removed entirely by managers. 
 
Exceptions may be approved by the Executive Director of TNC’s Invasive Species Initiative. 
 
PURPOSE: 
The release and establishment of non-native organisms has had devastating and unforeseen impacts on non-target organisms, 
contributing, in some cases to the alteration of ecosystems and the extinction of native species.  Releases are typically 
irreversible action with substantial ecological risks.  Failure to comply with this policy could result in permanent damage to 
the species, natural communities, and ecosystems The Nature Conservancy seeks to protect.  Furthermore, commercial 
enterprises, such as forestry or agricultural operations, could suffer extraordinary economic loses. 
 
ORIGIN: 
Approved by the Board of Governors on March 15, 1996.  This policy also reflects sections of the old Stewardship Manual. 
 
REFERENCES, RESOURCES, and EXPLANATORY NOTES: 
Conservancy land managers and scientists may request an exception to this policy (see standard operating procedure: 
Requesting Permission to Release Non-Indigenous Biocontrol Agents). Exceptions may only be approved by the Executive 
Director of TNC’s Invasive Species Initiative. 
 
2.) Requesting Permission to Release Non-Indigenous Biocontrol Agents  
  
STANDARD OPERATING PROCEDURE: 
Exceptions to The Nature Conservancy’s policy prohibiting intentional, irreversible introductions of any non-native species, 
including biocontrol agents, to preserves under its management, may be granted by the Director, Conservation Science 
Division, when it is deemed that the benefits of doing so clearly outweigh the risks.  Exceptions to this policy may be made 
on the basis of a written proposal (see Explanatory Notes, below) 
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TNC Policies & Standard Operating Procedures (cont.) 
 
 
PURPOSE: 
The Nature Conservancy prohibits intentional releases of biocontrol agents because some have been known to attack and feed 
on species other than those they were targeted to control.  In Hawaii and other Pacific islands, predatory snails (Euglandina 
rosea) introduced to control the giant African snail (Achatina fulica) were responsible for severe reductions and extinctions of 
native snail populations.  The mongoose (Herpestes auropunctatus), introduced for rat control, was responsible for reductions 
and extinctions of populations of native reptiles and birds on Pacific and Caribbean islands.  A moth (Cactoblastis cactorum) 
released to control prickly pear cacti (Opuntia spp.) in the Caribbean dispersed to south Florida where it now attacks native 
cacti, including the G1 species Opuntia spinosissima.  These incidents point to the need for great caution in use of biocontrol 
agents.   However, in some cases, use of biocontrol agents may be the only effective method to control pests, and Nature 
Conservancy land managers should be able to request permission to use biocontrol agents in appropriate situations. 
  
ORIGIN: 
This procedure was developed pursuant to Board-approved policy governing the intentional release of non-indigenous 
biocontrol agents and also reflects sections of the old Stewardship Manual. 
 
REFERENCES, RESOURCES and EXPLANATORY NOTES: 
To request permission to release a non-native biological control agent, a formal proposal must be submitted to The Nature 
Conservancy’s Weed Specialist.  Contact the Weed Specialist for more details on the scope of the proposal and assistance in 
preparing it.  The Weed Specialist will evaluate the proposal and make a recommendation to the Director, Conservation 
Science Division, who has sole authority to grant exceptions to the policy prohibiting releases of biocontrol agents.  Each 
introduction at each site will be considered separately and will require a separate proposal.  At a minimum, each proposal 
must address the following points.   
 
1.  The target organism (plant or animal pest) is itself a non-native species and has been shown to be a serious threat to the 
ecosystem, natural communities, and/or species being protected.   
           
2.  Other measures (physical, chemical, or cultural), singly and in combination, have failed to adequately control the target 
organism or are judged to have potential to cause greater damage than the introduced biocontrol agent.   
 
3.  Research on diet and behavior of the biocontrol agent indicates it will not attack non-target native species. 
 
4.  Potential for the biocontrol agent to displace native species (e.g. other insects) through competition for food, nest sites, etc. 
has been considered and judged to be slight.    
 
5.  The biocontrol agent has been judged successful at reducing populations of the target species at other sites where it has 
been released.   
 
6. The identity of the biocontrol agent can be verified, preferably by an independent laboratory or museum.  
 
7.  A monitoring program to assess effects of the biocontrol agent on populations of the target species and selected non-target 
species (especially the target's congeners and other closely related species) within the dispersal range of the biocontrol agent 
has been designed and will be implemented.   
 
8.  Observations made during the monitoring program will be fully documented in-house (within The Nature Conservancy).  
Reports may also be published in scientific and resource management journals.  Because release of a biocontrol agent is 
intended to kill or reduce viability of other organisms, Nature Conservancy employees requesting permission to use 
biocontrol agents should be familiar with the policy: Removal of Plants and Animals and the standard operating procedure: 
Decision-Making Process for Removal of Plants and Animals. 
  
ORIGINATING DIVISION: 
Conservation Science 
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Obtaining and releasing Classical biocontrol agents 
 
It is best to obtain biocontrol agents locally, if possible, as this will minimize losses in storage and 
transport and increase the likelihood that the agents can survive in the local environment.   It is also 
wise to start lining up a supply of agents several months before you will need them.  Most can be 
obtained from state or county noxious weed or biological control programs.  They will often be 
free, but there may be a charge of $0.25 to $2 or more per insect for certain species that are difficult 
to breed or which were recently introduced and are not yet abundant.  Another possible source of 
information on where to get insects is the USDA-APHIS Plant Protection and Quarantine office in 
your state (every state has one).  
 
Contacts for several western states include: 
 
Montana: USDA-APHIS 406 657 6282; Jerry Marks, Montana State Extension Service 406 721 

4095, acxgm@montana.edu 
North Dakota: USDA-APHIS 701 520 4473; Dave Nelson, North Dakota Dept. of Agriculture state 

entomologist, 701 328 4765, dnelson@state.nd.us 
South Dakota: USDA-APHIS 605 224 1713; Ron Moehring, South Dakota Dept of Agriculture 

weed pest coordinator, 605 773 3796, ron.moehring@state.sd.us 
Wyoming: USDA-APHIS 307 772 2323; Lars Baker, Fremont County Weed and Pest, 307 332 

1052 
  
There are also several websites with good information about specific weed biocontrol agents and 
how to obtain them: 
 
http://www.for.gov.bc.ca/hfp/pubs/interest/bioagent/bioagent.htm 
http://www.nysaes.cornell.edu/ent/biocontrol/weedfeeders/wdfdrtoc.html (particularly 
good for information on purple loosestrife control agents) 
 
The Team Leafy Spurge homepage (http://www.team.ars.usda.gov/) has excellent information on 
biocontrol, including an excellent downloadable 24-page booklet titled ‘ Biological control of leafy 
spurge’ with excellent advice on obtaining and releasing insects. 
 
 (Some weed biocontrol agents are also available from commercial suppliers.  You can download a 
publication with a list of 143 suppliers of 130 organisms used for biocontrol of weeds, insects and 
other pests from the California EPA Department of Pesticide Regulation website at: 
http://www.cdpr.ca.gov/docs/ipminov/bensuppl.htm. 
 
Your choice of release sites may have a great deal of influence on the establishment and subsequent 
multiplication and spread of the agents.  Optimum release sites differ for different agents and target 
species.  The agency or company that supplies or gives you advice on how to collect biocontrol 
agents should be able to give you advice on selecting release sites.  Important considerations 
include soil type and moisture, density of the target weed, exposure, aspect and shade.    
 
The number of agents released at a particular site can also be of great importance in some species 
but for others any release of 50 to 100 individuals or more have the same chance of succeeding and 
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spreading rapidly.  Once again the agency or company that supplies the agents should be able to 
advise you. 
 
Finally, it is important to mark and map each release site so that impacts on the target weed can be 
monitored.  The easiest way to mark sites is with metal or fiberglass fenceposts.  At a minimum, 
before and after photographs should be taken at the same spot, time of day, and date and with the 
same (or similar) equipment.     
 
 
OTHER BIOLOGICAL CONTROL APPROACHES 
Conservation biocontrol 
Conservation biocontrol is usually defined as actions that preserve, protect, or promote 
the abundance of organisms that may keep the abundance of another, pest organism in 
check (Ehler 1998).  Usually this entails modifying the environment in ways that promote 
the abundance and/or impact of native or already established non-native organisms.  To 
date, this approach has received relatively little attention for weed control.  Studies to 
understand and enhance the impacts of two native insects species, and especially the 
weevil Euhrychiopsis lecontei on the non-native invasive Eurasian watermilfoil 
(Myriophyllum spicatum) are an exception to this (Creed and Sheldon 1995; Sheldon and 
Creed 1995.  The weevil actually favors the non-native M. spicatum over its native host 
M. sibiricum but nonetheless it effectively controls M. spicatum only in some situations 
(Sheldon and Creed 1995; Solarz and Newman 1996).  Researchers are currently 
studying the factors that limit the weevil’s effectiveness in hopes of finding ways to 
enhance it.  Competition from native aquatic plants, refugia from bluegill predation for 
the weevils in dense beds of native plants, and adequate shoreline overwintering habitat 
may all play a role in the success of the weevil (Newman et al 1998).  These and other 
factors could be manipulated to enhance control of Eurasian watermilfoil.   
 
There may be great gains to be made by focusing more attention and resources on 
conservation biocontrol approaches to management of weeds in conservation areas and 
other wildlands (Newman et al 1998).  Native insects and pathogens will work only 
against some invasive plants and only in some situations but they are also less likely to 
have unintended harmful effects on nontarget species that exotic biocontrol agents, 
herbicides and other control methods have.  In addition, the conservation approach can 
help enhance the impacts of non-native biocontrol agents that were intentionally or 
unintentionally introduced, perhaps in ways that will help reduce the necessity to use 
other, riskier control methods.  
 
Inundative biocontrol 
The "Inundative" or "augmentative" biocontrol approach uses mass releases of predators, 
herbivores, or pathogens, that are already present but whose effects on the target are 
normally limited by their ability to reproduce and spread.  To date, this approach has 
been more commonly used against insect pests. “Inundative” biocontrol agents that are 
non-native and/or not target specific, such as the grass carp (Ctenopharyngodon idella) 
used to control aquatic vegetation, may be sterilized or otherwise rendered incapable of 
establishing permanent populations before they are released.  Because they either fail to 
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establish or do not remain abundant enough to control the pest, they must be reared and 
released again each time the pest population erupts.  There have, however, been instances 
in which mistakes or back-mutations allowed purportedly sterile control agents to 
establish permanent wild populations.  
 
New Association (or Neoclassical) biocontrol 
The “new association” technique in which non-indigenous control agents are introduced 
to control native pests, was first proposed by Pimentel in 1963.  Later articles by 
Hokkanen and Pimentel provided more support for this technique (1984, 1989).  This 
inspired programs to develop biocontrol for native organisms ranging from grasshoppers 
to mesquite (Prosopis glandulosa and P. velutina) and broom snakeweed (Gutierrezia 
sarothrae) (Carruthers and Onsager 1993; DeLoach 1981; 1985).  Proponents of these 
programs seek agents that are host-specific and capable of reducing populations of 
species regarded as economic pests to acceptable levels.  They point out that successful 
programs could result in great reductions in pesticide use and concomitant environmental 
damage.  This technique has been tried in several instances in North America, most 
recently with the release of an Australian fungal pathogen to control native grasshoppers 
in North Dakota and Alaska (Carruthers and Onsager 1993).   An earlier case, the highly 
successful program to control native prickly pear cacti Opuntia littoralis and O. oricola 
with the introduced cochineal insect Dactylopius opuntiae, is notable for two reasons: it 
was begun in 1939 long before Pimentel’s proposal and; it was carried out on Santa Cruz 
Island on land now managed as a preserve by The Nature Conservancy (Goeden and 
Ricker 1981). There is some evidence that Pistia stratiotes, or water lettuce, may be 
native to the southeastern U.S. and it has also been the target of several foreign 
biocontrol introductions (Julien 1992; D. Habeck personal communication).   Phragmites 
australis is also native to North America and is currently the subject of research designed 
to identify and screen organisms from other continents where it is also native that might 
reduce its abundance here.  It has been suggested that non-native biotypes of Phragmites 
have been introduced to North America and are behaving aggressively so a program to 
control this species does not necessarily fit neatly into the ‘classical biocontrol’ or ‘new 
association’ categories 
 
Many native species targeted for control by exotic species, however, are ecological 
dominants in natural as well as in disturbed environments (Pemberton 1985).  Examples 
include the mesquites (Prosopis glandulosa and P. velutina), creosote bush (Larrea 
tridentata), and big sagebrush (Artemesia tridentata).  As dominants, these species are of 
critical importance in natural areas.  Significant reduction in their populations would alter 
the communities they dominate, perhaps rendering the communities unrecognizable and 
useless as habitat for many other native species.  Such damage has been caused by forest 
pests such as chestnut blight and Dutch elm disease, which were accidentally introduced 
to North America.  
 
Other native species that have been targeted such as Astragalus wootonii are less 
conspicuous, but nonetheless important members of native communities (Pemberton 
1985).  Some of these plants may provide the main source of support for certain 
herbivores and pollinators.  Lockwood (1993) noted that control agents considered for 
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release on pest grasshoppers would likely attack non-target native grasshoppers.  He 
pointed out that one grasshopper species likely to be hit this way, Hesperotettix viridis, 
feeds on and may limit populations of native snakeweeds (Guttierrezia spp) that are 
considered range weeds.  Thus, an inadvertent effect of this program could be to allow 
rangeweed populations to expand.  Lockwood’s (1993) cost/benefit analysis of the 
grasshopper control program suggests that control agents will likely be greater liabilities 
than assets, even on rangelands.  Their impacts on natural areas, where native insect 
diversity is valued, would likely be even more detrimental. 
 
Pemberton (1985) and Lockwood (1993) both note that the ability of biocontrol agents to 
spread and perpetuate themselves becomes a clear liability when native species are 
targeted.  Control techniques that are more confined in space and time should be used 
against native pests.  This might include other biologically based techniques as well as 
pesticides, mechanical and cultural methods.  Pemberton (1985) and Lockwood (1993) 
also note that when grazing and other harvest practices promote native pests, alteration of 
these practices may well be the best way to address the problem. 
 
OTHER BIOLOGICALLY-BASED WEED CONTROL TECHNIQUES 
Compounds derived from several pathogenic organisms have shown promise for use as 
bioherbicidal agents against wildland pests but development of delivery systems for some 
has proven difficult (Prasad 1992; Prasad 1994).  For example, Gary Strobel of Montana 
State University and his students isolated a compound toxic to spotted knapweed 
(Centaurea maculosa) from cultures of Alternaria alternata, a fungal pathogen specific 
to it (Kenfield et al. 1988; Stierle et al. 1988).  The compound, named maculosin, may be 
produced synthetically and may find use as a species-specific herbicide against C. 
maculosa which infests natural areas across much of the northern U.S.  A few other 
mycoherbicides have been developed and some were marketed for short periods but only 
one, which controls a vine pest in Florida citrus orchards, was effective enough to be 
commercially successful.  The best known biopesticides have been derived from various 
strains of Bacillus thuringiensis (Bt) and used against insect pests, particularly 
lepidoptera (moth and butterfly caterpillars).  In the past few years plants that have been 
genetically manipulated to produce Bt on their own have been released for sale and the 
subject of intense controversy due to questions about the effects of such widespread 
presence of this compound in agroecosystems and in human food. 
 
Mixing fungal bioherbicides (also called mycoherbicides) with pesticides can increase or decrease 
the severity of diseases they cause (Altman and Campbell 1977; Katan and Eshel 1973).  Some 
adjuvants may sharply increase the severity of disease by allowing pathogens to penetrate plants 
where they otherwise would have difficulty (Wymore and Watson 1986).  Certain growth-
regulators have also been shown to enhance the effectiveness of bioherbicides (Wymore et al. 
1987).  In a few instances it has been found that sunscreens help extend shelf-life of bioherbicides 
presumably by protecting the active agents from harmful ultraviolet radiation (Morris 1983; Prasad 
1994).  Prasad (1994) also suggests that the addition of rainfastness agents may enhance the 
effectiveness of some bioherbicides.  Different bioherbicides will probably require different 
mixtures of additives and different delivery systems to insure maximum effectiveness and these 



Biological Control  4.18 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

will likely be discovered both by further research and by trial-and-error as more people attempt to 
use them.   
 
INTEGRATION OF BIOCONTROL WITH OTHER CONTROL METHODS 
Although biocontrol is often seen as an alternative to other methods, particularly herbicides, it can 
in fact be used in combination with them.  Such combinations may interfere with or enhance each 
other.  For example, prescribed fires could sharply reduce populations of biocontrol agents if lit 
when the agents are exposed and unable to flee, but the timing, frequency and spatial distribution 
of the burns might be adjusted so that they do not interfere or harm the agents, and may perhaps 
even enhance their impacts (Briese 1996).  Likewise, mowing and other mechanical treatments can 
be timed or adjusted to enhance biocontrol.  For example, mowing the thistle Carduus thoermeri at 
the bud or bloom stage significantly reduces populations of the biocontrol agent Rhinocyllus 
conicus, but mowing later in the season, after the primary inflorescences have senesced, actually 
enhances control by chopping lateral inflorescences usually missed by R. conicus (Tipping 1991).   
 
Herbicide applications can also interfere with or enhance biocontrol.  In most cases the 
interference is indirect and results from the reduction in food supply or other habitat changes 
caused by herbicide.  Such indirect interference can sometimes be mitigated by leaving untreated 
areas where high populations of the control agent can survive and re-colonize treated areas if and 
when the weed re-appears there (Haag and Habeck 1991); of course these untreated sites may also 
provide the weed seed that re-colonizes the treated area!  It has been hypothesized that sub-lethal 
doses of herbicide may make leafy spurge more attractive or nutritious to biocontrol agents and 
therefore enhance their impacts (Carrithers, personal communication).  Similarly, application of 
plant growth retardants such as EL-509 and paclobutrazol can actually enhance the effectiveness 
of water hyacinth weevils by preventing the plants from outgrowing the damage inflicted by the 
weevil (Van and Center 1994; Newman at al 1998).   
 
Addition of nutrients to an infested site may seem counterproductive, but in some cases it 
may help by making the weed nutritious enough to support rapid population increase of a 
biocontrol agent.  For example, addition of nitrogen to nutrient poor waters infested by 
Salvinia molesta increased the weed’s acceptability and nutritional quality for two 
biocontrol agents, and allowed one to increase to densities sufficient to effect control 
(Room et al. 1989; Room 1990; Room and Fernando 1992). 
 

 
 
REFERENCES 
Altman, J. and C.L. Campbell.  1977.  Effects of herbicides on plant diseases.  Annual 

Review of Phytopathology 15: 361-365. 
Anderson, G.L., E.S. Delfosse, N.R. Spencer, C.W. Prosser and R.D. Richard.  2000.  

Ecologically-based integrated pest management if leafy spurge: an emerging success 
story. Pp 15-25.  In Proceedings X International Biological Control Symposium. 
Bozeman, Montana 4-9 July 2000. 

Barratt, B.I.P., C.M. Ferguson, SL. Golson, CM. Phillips and D.J. Hannah.  2000.  
Predicting the risk from biological control agent introductions: a New Zealand 



Biological Control  4.19 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

approach.  Pp. 59-75. In P.A. Follett and J.J. Duan (eds.) Nontarget effects of 
biological control.  Kluwer Academic Publishers. Boston, Massachusetts. 

Bezark, L.G. (ed.)  1994.  Biological control program annual summary, 1993.  California 
Department of Food and Agriculture, Division of Plant Industry, Sacramento, CA. 

Blossey, B.D., Schroeder, D., Hight, S.D. and R.A. Malecki.  1994.  Host specificity and 
environmental impact of two leaf beetles (Galerucella calmariensis and G. pusilla) 
for biological control of purple loosestrife (Lythrum salicaria).  Weed Science 42: 
134-140.  

Briese, D.T.  1996.  Biological control of weeds and fire management in protected natural 
areas: are they compatible strategies?  Biological Conservation 77: 135-141. 

Butterfield, C., Stubbendieck, J., and J. Stumpf.  1996.  Species abstracts of highly 
disruptive exotic plants.  Jamestown, ND: Northern Prairie Wildlife Research Center 
Home Page. http://www.npwrc.usgs.gov/resource/othrdata/exoticab/exoticab.htm\  
(Version 16JUL97). 

Callaway, RM, T DeLuca and WM Belliveau. 1999.  Biological control herbivores may increase 
competitive ability of the noxious weed Centaurea maculosa.  Ecology  80(4): 1196-1201. 

Carrithers, V.  DowAgroSciences. Personal communication to John Randall, March 
1997. 

Carruthers, R.I. and J.A. Onsager.  1993.  Perspective on the use of exotic natural 
enemies for biological control of pest grasshoppers (Orthoptera: Acrididae).  
Environmental Entomology 22:885-903. 

Center, T. D., T.K. Van, M. Rayachhetry, G.R. Buckingham, F.A. Dray, S.A. Wineriter, 
M.F. Purcell and P.D. Pratt.  2000.  Field colonization of the Melaleuca Snout Beetle 
(Oxyops vitiosa) in South Florida.  Biological Control 19: 112-123. 

Coombs, E.M.  1991.  Implementation of biological control on Federal lands in Oregon.  
In Proceedings of the First Oregon Interagency Noxious Weed Symposium.  3-4 
December, 1991, Corvallis, OR.  Oregon Department of Agriculture, Salem. 

Coombs, E.M., Biological Control Entomologist, Noxious Weed Control, Oregon 
Department Of Agriculture, Salem, OR, personal communication to J.M. Randall, 
November 1994. 

Coombs, E.M., D.L. Isaacson and R.B. Hawkes.  1992.  The status of biological control 
of weeds in Oregon.  In E.S. Delfosse and R.R. Scott (eds.) Proceedings of the Eighth 
International Symposium on Biological Control of Weeds.  2-7 February 1992, 
Canterbury, New Zealand.  DSIR/CSIRO, Melbourne. 

Creed, R.P. and S.P. Sheldon.  1995.  Weevils and watermilfoil: did a North American 
herbivore cause the decline of an exotic plant?  Ecological Applications 5: 1113-
1121.   

Delfosse, E.S., Director National Biological Control Institute , Animal and Plant Health 
Inspection Service, U.S. Department of Agriculture, Hyattsville, MD, personal 
communication to J.M. Randall, September 1994. 

DeLoach, C.J.  1981.  Prognosis for biological control of weeds of southwestern U.S. 
rangelands. pp. 175-199 In E.S. Delfosse (ed.) Proceedings of the V International 
Symposium on the Biological Control of Weeds, 22-27 July 1980, Brisbane, 
Australia.  CSIRO, Melbourne. 

DeLoach, C.J.  1985.  Conflicts of interest over beneficial and undesirable aspects of 
mesquite (Prosopis spp.) in the United States as related to biological control. pp. 301-



Biological Control  4.20 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

340 In E.S. Delfosse (ed.) Proceedings of the VI  International Symposium on the 
Biological Control of Weeds, 19-25 August 1984, Vancouver, Canada.  Agriculture 
Canada. 

DeLoach, C.J. 1991.  Past Successes and current prospects in biological control of weeds 
in the United States and Canada. Natural Areas Journal 11:129-142.. 

Diehl, J. and P.B. McEvoy.  1990.  Impact of the cinnabar moth (Tyria jacobaea) on Senecio 
triangularis, a nontarget native plant in Oregon.  Pp. 119-126.  In E.S. Delfosse (ed.) 
Proceedings of the VII International Symposium on Biological Control of Weeds, 6-11 March 
1988.  Ministerio dell’ Agricolturae delle Foreste, Rome, and CSIRO, Melbourne. 

Ehler, L.E. 1998.  Conservation biological control: past, present and future. Pp. 1-8. In P. Barbosa 
(ed.)  Conservation biological control.  Academic Press, San Diego. 

Goeden, R.D. and D.W. Ricker.  1981.  Santa Cruz Island - revisited.  Sequential 
photography records the causation, rates of progress, and lasting benefits of 
successful biological weed control.  pp. 355-365  In  E.S. Delfosse (ed.)  Proceedings 
of the V International Symposium on the Biocontrol of Weeds.  July 22-27 1980, 
Brisbane, Australia.  CSIRO, Melbourne. 

Greathead, D.J.  1995.  Benefits and risks of classical biocontrol. Pp 53-63 In H.M. 
Hokkanen and J.M. Lynch (eds.) Biological control: benefits and risks.  Cambridge 
University Press, Cambridge, U.K. 

Haag, K.H. and D.H. Habeck.  1991.  Enhanced biological control of waterhyacinth 
following limited herbicide application. Journal of Aquatic Plant Management 29: 
55-57.  

Habeck, D.H.  Professor, University of Florida, Gainesville, Florida, personal 
communication to J.M. Randall, October, 1994. 

Habeck, D.H. and F.D. Bennett.  1990.  Cactoblastis cactorum Berg (Lepidoptera: 
Pyralidae) a Phycitine new to Florida.  Entomology Circular N. 333, August 1990, 
Florida Department of Agriculture and Consumer Services, Division of Plant 
Industry, Tallahassee 

Harris, P.  1988.  Environmental impact of weed-control insects.  BioScience 38: 542-
548. 

Hokannen, H. and D. Pimentel.  1984.  New approach for selecting biological control 
agents.  Canadian Entomologist  116:1109-1121. 

Hokannen, H. and D. Pimentel.  1989.  New associations in biological control: theory and 
practice.  Canadian Entomologist  121:829-840 

Holloway, J.K. and C.B. Huffaker.  1951.  The role of Chrysolina gemellata in the 
biological control of  Klamath weed.  Journal of Economic Entomology 44:244-247. 

Huffaker, C.B. and C.E. Kennett.  1959.  a ten-year study of vegetational changes 
associated with biological control of Klamath weed.  Journal of Range Management 
12:69-82. 

Johnson, D.M.  1994.  M.S. thesis, University of Central Florida. 
Julien, M.H. (ed.). 1992.  Biological control of weeds: a world catalogue of agents and 

their target weeds, 3rd edition.  Commonwealth Agricultural Bureaux, Wallingford, 
United Kingdom. 

Julien,M.H. and G.W. Griffiths (eds.)  1998.  Biological control of weeds: a world catalogue of 
agents and their target weeds.  CABI Publishing, CAB International, Wallingford, United 
Kingdom.  240 pp. 



Biological Control  4.21 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

Katan, J. and Y. Eshel.  1973.  Interaction between herbicides and plant pathogens.  
Residue Review 45:145-177. 

Kenfield, D., G. Bunkers, G. A. Strobel and F. Sugawara.  1988.  Potential new 
herbicides - phytotoxins from plant pathogens.  Weed Technology 2:519-524.  

Kilgore, E.M. L.S. Sugiyama, R.W. Baretto and D.E. Gardner.  1999. Evaluation of 
Colletrichum gleosporioides for biological control of Miconia calvescens in Hawai’i.  
Plant Disease 83(10): 964 

Lockwood, J.A.  1993.  Environmental issues involved in biological control of rangeland 
grasshoppers (Orthoptera: Acrididae) with exotic agents.  Environmental Entomology 
22:503-518. 

Lockwood, J.A.  2000.  Nontarget effects of biological control: what are we trying to miss?  Pp. 15-
30 In P.A. Follett and J.J. Duan (eds.) Nontarget effects of biological control.  Kluwer 
Academic Publishers. Boston, Massachusetts. 

Louda, S.M. 2000. Negative ecological effects of the musk thistle biological control agent, 
Rhinocyllus conicus.  Pp. 215-243 In P.A. Follett and J.J. Duan (eds.) Nontarget effects of 
biological control.  Kluwer Academic Publishers. Boston, Massachusetts. 

Louda, S.M., D. Simberloff, J. Conner, G. Boettner, D Kendall and A Arnett.  1997.  Insights from 
data on the nontarget effects of  the flowerhead weevil.  Biological Control News and 
Information.  19:70-72. 

Lym, R.G. and J. A. Nelson.  2000.  Biological control of leafy spurge (Euphorbia esula) with 
Aphthona spp. along railroad right-of-ways. Weed Technology. 14: 642-646. 

Malecki, R.A., B. Blossey, S.D. Hight, D. Schroeder, L.T. Kok and J.R. Coulson.  1993.  
Biological control of purple loosestrife.  BioScience 43(10):680-686. 

Markham, G.P., P-Y. Lai and G. Y. Funasaki.  1992.  Status of biological control of 
weeds in Hawaii and implications for managing native ecosystems.  pp. 466-482 In 
C.P. Stone, C.W. Smith and J.T. Tunison (eds.) Alien plant invasions in native 
ecosystems of Hawai’i: management and research.  Cooperative National Park 
Resources Studies Unit, University of Hawaii, Manoa. 

McEvoy, P.B.  1985.  Depression in ragwort (Senecio jacobaea) abundance following 
introduction of Tyria jacobaeae and Longitarsus jacobaeae on the central coast or 
Oregon.  pp. 57-64 In E.S. Delfosse (ed.). Proceedings of the VI international 
symposium on biological control of weeds, 19-25 August 1984.  Vancouver, Canada.  
Agriculture Canada, Ottawa.  

McEvoy, P.B. 1996.  Host specificity  and biological pest control.  BioScience 46: 401-405. 
McEvoy, P.B. and E.M. Coombs. 2000.  Why things bite back: unintended consequences of 

biological weed control. Pp. 167-194  In P.A. Follett and J.J. Duan (eds.) Nontarget effects of 
biological control.  Kluwer Academic Publishers. Boston, Massachusetts. 

McEvoy, P.B., C.S. Cox and E. Coombs.  1991.  Successful biological control of 
ragwort, Senecio jacobaea, by introduced insects in Oregon.  Ecological Applications 
1:430-442. 

McEvoy, P.B., C.S. Cox, R.R. James and N.T. Rudd. 1990.  Ecological mechanisms 
underlying successful biological weed control: field experiments with ragwort 
Senecio jacobaea.  pp. 55-66 In E.S. Delfosse (ed.).  Proceedings of the VII 
international symposium on biological control of weeds, 6-11 March 1988, Rome, 
Italy.  Ministero dell’Agricoltura e delle Foreste, Rome/CSIRO Melbourne, Australia. 



Biological Control  4.22 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

McEvoy, P.B. and N.T. Rudd. 1993.  Effects of vegetation disturbances on insect 
biological of tansy ragwort, Senecio jacobaea.  Ecological Applications 3:682-698. 

McEvoy, P.B., N.T. Rudd, C.S. Cox and M. Huso. 1993.  Disturbance, competition and 
herbivory effects on ragwort Senecio jacobaea populations.  Ecological Monographs 
63:55-75. 

McFayden, R.E.  1998.  Biological control of weeds.  Annual Review of Entomology.  
43: 369-393. 

Michigan State University, 1999.  Michigan State University Purple Loosestrife Project 
Home Page. www.msue.msu.edu/seagrant/ppl/html/the_project.html 

Miller, M. and G. Aplet.  1993.  Biological control: a little knowledge is a dangerous 
thing.  Rutgers law Review 45:285-334. 

Morris, O.N.  1983.  Protection of Bacillus thuringiensis from inactivation by sunlight.  
Canadian Entomologist 115:1215-1227.  

Nechols, J.R. 2000.  Biological control of musk thistle: a reassessment.  Pp 245-259 In P.A. Follett 
and J.J. Duan (eds.) Nontarget effects of biological control.  Kluwer Academic Publishers. 
Boston, Massachusetts. 

Newman, R.M., D.C. Thompson and D.B. Richman.  1998.  Conservation Strategies for the 
biological control of weeds.  Pp. 371-396. In P. Barbosa (ed.)  Conservation biological control.  
Academic Press, San Diego. 

Ontario Biological Control Program.  1998.  Biocontrol Insects Feast on Purple Loosestrife.  
Manitoba Purple Loosestrife Project Home Page.  www.ducks.ca/purple/biocontrol/biocon2.htm 

Pearson, D.E., K.S. McKelvey and L.F. Ruggiero.  2000.  Non-target effects of an introduced 
biological control agent on deer mouse ecology.  Oecologia 122: 121-128. 

Pemberton, R.W.  1985. Native weeds as candidates for biological control research.  pp. 
869-877 In E.S. Delfosse (ed.) Proceedings of  the VI International Symposium on 
the Biological Control of Weeds.  19-25 August 1984, Vancouver, Canada.  
Agriculture Canada. 

Pemberton, R.W. 1995.  Cactoblastus cactorum in the United States: an immigrant biological 
control agent or and introduction of the nursery industry.  American Entomologist 41:230-232. 

Pimentel, D.  1963.  Introducing parasites and predators to control native pests.  Canadian 
Entomologist  95:785-782. In E. Delfosse (ed.) Proceedings of the VI Symposium on 
Biological Control of Weeds,  August 1984, Vancouver.  Agriculture Canada. 

Prasad, R. 1992.  Some aspects of biological control of weeds in forestry.  Proceedings of 
the 1st International Congress on Weed Control 2:398-402. 

Prasad, R.  1994.  Influence of several pesticides and adjuvants on Chondrostereum 
purpureaum - a bioherbicide agent for control of forest weeds.  Weed Technology 
8:445-449. 

Quimby, P.C., Research Leader, Biological Control of Weeds Research Unit, Rangelands 
Weed laboratory, Agricultural Research Service, U.S. Department of Agriculture, 
Bozeman, MT, personal communication to J.M. Randall, July 1994. 

Room, P.M.  1990.  Ecology of a simple plant herbivore system: biological control of 
Salvinia.  Trends in Ecology and Evolution 5: 74-79. 

Room, P.M. and I.V.S. Fernando.  1992.  Weed invasions countered by biological 
control: Salvinia molesta and Eichhornia crassipes in Sri Lanka.  Aquatic Botany 
42:99-107. 



Biological Control  4.23 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

Room, P.M., M.H. Julien and I.W. Forno.  1989.  Vigorous plants suffer most from 
herbivores: latitude, nitrogen and biological control of the weed Salvinia molesta. 
Oikos 54:92-100.  

Scudder, T., and M. Mayer.  1998.  Release of Galerucella calmariensis and Galerucella 
pusilla (Coleoptera: Chrysomelidae) to Control Purple Loosestrife, Lythrum 
salicaria.  New Jersey Department of Agriculture Home Page.  
www.state.nj.us/agriculture/plant/pls98.pdf 

Sheldon, S.P. and R.P. Creed.  1995. Use of a native insect as a biological control for an 
introduced weed.  Ecological Applications 5: 1122-1132. 

Simberloff, D.  and P. Stiling.  1994.  Risks of species introduced for biological control.  
in prep. 

Solarz, S.L. and R.M. Newman.  1996.  Oviposition specificity and behavior of the watermilfoil 
specialist Euhrychiopsis lecontei.  Oecologia 106: 337-344. 

Stierle, A.C. J.H. Cardellina II and G.A. Strobel.  1988.  Maculosin, a host-specific 
phytotoxin for spotted knapweed from Alternaria alternata.   Proceedings of the 
National Academy of  Sciences 85:8008-8011.    

Stiling, P. and D. Simberloff. 2000.  The frequency and strength of nontarget effects of invertebrate 
biological control agents on plant pests and weeds.  Pp. 31-43 In P.A. Follett and J.J. Duan 
(eds.) Nontarget effects of biological control.  Kluwer Academic Publishers. Boston, 
Massachusetts. 

Strong, D.R. and R.W. Pemberton.  2000.  Biological control of invading species – risks and 
reform.  Science 288: 1969-1970. 

Tipping, P.W.  1991.  Effects of mowing or spraying Carduus thoermeri on Rhinocyllus conicus.  
Weed Technology 5: 628-631.  

Turner, C.E. R.W. Pemberton and S.S. Rosenthal.  1987.  Host utilization of native 
Cirsium thistles (Asteraceae) by the introduced weevil Rhinocyllus conicus 
(Coleoptera: Curculionidae) in California.  Environmental Entomology 16:111-115. 

Van, T.K. and T.D. Center.  1994.  Effect of paclobutrazol and waterhyacinth weevil 
(Neochetina eichhorniae) on  plant growth and leaf dynamics of waterhyacinth 
(Eichhornia crassipes).  Weed Science 42: 665-672.  

Vitousek, P.M.  1986.  Biological invasions and ecosystem  properties: can species make 
a difference? pp. 163-176 In H.A. Mooney and J.A. Drake (eds.) Ecology of 
biological invasions of North America and Hawaii. Springer-Verlag, New York.  

Vitousek, P.M., L.R. Walker, L.D. Whiteaker, D. Mueller- Dumbois and P.A. Matson.  
1987.  Biological invasion by Myrica faya alters ecosystem development in Hawaii.  
Science 238:802-804. 

Whisenant, S.G.  1990.  Changing fire frequencies on Idaho’s Snake River Plains: 
ecological and management implications.  Proceedings - Symposium on cheatgrass 
invasion, shrub die-off, and other aspects of shrub biology and management.  Las 
Vegas, NV 1989.  USDA, Forest Service Intermountain Research Station General 
Technical report INT-276. 

Withers, T., R. McFayden and J. Marohasy.  2000.  Importation protocols and risk 
assessment of weed biological control agents in Australia: the example of Carmenta 
nr ithacae.  Pp 195-214. In P.A. Follett and J.J. Duan (eds.) Nontarget effects of 
biological control.  Kluwer Academic Publishers. Boston, Massachusetts.  



Biological Control  4.24 

 
Weed Control Methods Handbook, The Nature Conservancy, Tu et al.  

 

Wymore, L.A. and A.K. Watson.  1986.  An adjuvant increases survival and efficacy of 
Colletotrichum coccodes: a mycoherbicide for velvet leaf (Abutilon theophrasti).  
Phytopathology 76:1115-1116. 

Wymore, L.A., A.K. Watson and A.R. Gottlieb.  1987.  Interaction between 
Colletotrichum coccodes and thidiazuron for control of velvetleaf (Abutilon 
theophrasti).  Weed Science 35:377-383. 

 
 
 
 
Date Authored: April 2001 
Updated: June 2003 


