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INTRODUCTION

Exotic invasive species pose a serious threat to global biological diversity by causing

rapid, local replacement and eradication of native species (Julien 1987, Drake et al. 1989

in Callaway 1999).  Noxious weeds are ‘plants out of place’ or highly competitive

invader species.  These plants are highly successful, often spreading at a rapid rate and

densely colonizing areas, resulting in reduced plant diversity, altered plant and animal

habitat, and reduced forage for wildlife and livestock.  

Noxious weeds are found through out the world.  Many weeds in British Columbia

originated in Eurasia.  In the early part of the 20th century many people in European

colonies throughout the world assumed that European species were inherently desirable,

and some of those interested formed acclimatization societies to promote the introduction

of the familiar plants and animals of Europe (Cox 1999).  Many pernicious weeds were

imported for horticultural or agricultural use and have simply escaped into the wild.

Such was the case with Dalmatian toadflax (Linaria dalmatica) and Purple loosestrife

(Lythrum salicaria).  Intentional or not humans were initially responsible for the

importation of weeds and, in our recent history, have exasperated the problem.  National

and international trade has grown enormously and so, concurrently, has the spread of

exotic weeds through seeds, grains, horticultural, forestry and agricultural stock. Locally,

vehicles, animals and people have physically moved weeds through the environment. To

date, more than 20 species of noxious weeds have infested over 100,000 hectares of

grassland and dry forests in British Columbia (MOF 1996).   



NOXIOUS WEEDS IN BRITISH COLUMBIA

For the purpose of this paper I will discuss Diffuse knapweed, Spotted knapweed

and Dalmatian toadflax in detail.

Spotted knapweed is one of the most economically destructive exotic invaders in

the northwestern US and Southwestern Canada.  Over 40,000 hectares (100,000 acres) in

British Columbia are infested with Spotted and Diffuse knapweed, reducing forage

potential by up to 90 % in some areas. There is approximately 1 million hectares (2.7

million acres) of grassland range and undetermined areas of fringe forest in British

Columbia which knapweed can potentially infest. If spread to its ecological limit,

knapweed could infest up to 8-10 million hectares in Western Canada. To date, knapweed

results in an economic loss of over $400,000 annually in equivalent hay production in

British Columbia. If knapweed spread to its limits, that figure could climb to over $13

million annually (MAF no date). A U.S. study indicated that a spotted knapweed

infestation allowed 52 percent more soil run-off into a stream than native bluebunch

wheatgrass, meaning it is reducing water quality as well as range quality (Sheley 2001).

The effects of Dalmatian toadflax are believed to be comparable to knapweed but are not

yet well documented.  

Biology/Ecology of Spotted knapweed

            Spotted knapweed is an aggressive plant and being highly competative it can

easily form a  dense monoculture. Spotted knapweed releases allelopathic chemicals from

its roots that stunt the growth of many of the surrounding native plants. Early spring

growth and lateral shoot development allows it to effectively compete with desirable



native plants for water and nutrients.  Each plant starts out as a rosette the first year and

produces one to six flowering stems in subsequent years. Spotted knapweed can send

lateral shoots and form new rosettes less than an inch from the parent plant.  It is not

uncommon to see multiple rosettes on a single root crown.  Seed production is extensive,

ranging from 1,000-40,000 seeds/m2/year (greater number during wet years or under

irrigation) (Powell et al. 1994). Germination occurs under a wide variety of conditions.

Seeds are generally dispersed by water, animals and humans, or with crop-seed and hay.

Diffuse knapweed has very similar life history traits.

Biology/Ecology of Dalmataon toadflax

           A single toadflax plant can produce up to 500,000 seeds from late June until early

October. Seeds usually develop first in the lower flowers while the upper flowers may

still be budding. Although seeds may lay dormant in the soil for over 10 years, usually

only 50% of them will germinate (Robocker 1974).  Germination can occur in the Fall,

but most develop in early Spring, usually on south-facing slopes first. As toadflax

develops it becomes very competitive for available water, but while young it is

vulnerable to dehydration and competition by other plants.   First-year toadflax plants

form prostrate rosettes, spending most of their energy establishing an extensive root

system. Toadflax has rhizominous roots which can grow 4-10 feet deep (Vujnovic and

Wein 1996). Dalmatian toadflax plants live an average of 3-5 years. Populations can

disappear, "die out, and then return again a few years later from dormant seeds or living

roots (Robocker 1974).  Similar to the knapweeds, Dalmatian toadflax can easily form

very dense monoculture stands.  However, unlike the knapweeds, the leaves of toadflax

are covered in a waxy cuticle layer which helps to prevent dessication and also serves to

limit the effectiveness of herbicide application. 



CONTROLLING NOXIOUS WEEDS

Biological Control

Biological control is the use of a specially chosen living organism to control a

particular pest. This chosen organism might be a predator, parasite, or pathogen which

attacks the undesired species.  The biological control of weeds typically involves the

local establishment of host-specific organisms.  

In Canada, the biological control (biocontrol) of weeds began in British Columbia in

1952 with the release of two defoliating beetles (Chrysolina quadrigemina and C.

hyperici).    Since 1952, biocontrol has spread through out the country and the program

now uses more than 50 insects and pathogens to control more than 20 different

introduced weed species (Powell 1994).

Advantages of Biological Weed Control

Biological control methods can be used as part of an overall integrated pest

management (IPM) program to reduce the legal, environmental, and public safety hazards

of chemicals. In addition, it may be a more economical alternative to some herbicides.

Unlike most herbicides, biological controls are species specific. Other helpful insects,

animals, and plants may go completely unaffected or disturbed by their use. There is less

danger of impact on the environment and water quality.

Disadvantages of Biological Weed Control

Biological control takes more intensive management and planning. It can take more

time, require more record keeping, more patience, and sometimes more education or



training.   Successful use of biological control requires a greater understanding of the

biology of both the biocontrol agent and its host weed. In some cases, initial biological

control may be more costly than herbicides; although over the long term these costs are

reduced.  Furthermore, the results of using biological control are not as quickly realized

as with herbicide use. Most biocontrol agents attack only specific weed species - unlike

broad-spectrum herbicides, which may kill a wide range of weeds.  

However, ecologists have expressed alarm about the widespread use of biocontrols,

because biocontrols may exert indirect effects that are not yet understood (Howarth in

Callaway et al.  1999).  According to Callaway et al:

The use of biocontrols to weaken or elimate exotic plants is based on a 
general, but untested, assumption: invasive exotics are successful because 
they have escaped intense consumer pressure in their native habitat.  Implicit 
in this assumption is that direct top-down effects in these systems are 
paramount and that indirect effects are weak.  However, in some 
circumstances, indirect effects in natural communities can be stronger 
than direct effects (Strauss 1991, Wooton 1994 in Callaway et al 1999).

Callaway’s experiment studied the effect of a popular biocontrol agent Agapeta zoegana

on Spotted knapweed and the indirect effect of this relationship on Idaho fescue.  This

experiment actually found that Agapeta zoegana had no significant direct effect on the

biomass of Spotted knapweed.  As well, the Spotted knapweed that had been exposed to

the biocontrol agent had a greater negative impact on Festuca than those that were kept

free of the biocontrol agent.  Callaway’s conclusions were that biocontrols can make an

already superior competitor even better, especially if biocontrols do not badly damage or

kill the target plant.  Perhaps the stronger, more resilient plants survive to reproduce,

thereby evolving into a hardier strain.  Thus, evaluation of biocontrols prior to their use

should include some screening for their indirect effects.  A fundamental rationale for



using biocontrols is that by weakening the invader, natives may gain a competitive

advantage.  Callaway’s data suggests that this may not always be the case.

Two Approaches to Biological Control 

Biological control uses naturally occurring predators, parasites and diseases to control

weeds.  The two main types of biological control are inundative and classical.

Inundative Biological Control uses mass application of an organism to attempt to

eliminate a weed from an area.  Unfortunately, it does not deal with the residual seedbank

in the soil or prevent future weed colonization.

Classical Biological Control uses the weed’s natural enemies to establish a long-

term balance between the biological control organism and the weed.  This involves

travelling to the weed’s ‘mother land’, determining the weed’s natural enemies,

importing and propagating them, and finally, successful local establishment of the natural

enemy or biocontrol agent.  The agents are thoroughly tested to ensure that they will not

harm non-target plant species.  When effective, classical biocontrol provides self-

perpetuating, self-dispersing, continual control of weeds.  It is a cost-effective,

sustainable, and environmentally compatible means of controlling widespread introduced

weeds.  The agents of classical biocontrol may kill the weeds directly, but more often,

they reduce the weed populations indirectly by decreasing plant vigour, reproduction, and

competitive ability.  

The goal is not to eliminate noxious weeds from the landscape, as this is presently

unachievable.  Rather, the mandate of biological control is to reduce weed coverage to an

acceptable percent (as determined by land managers) within the landscape. Often, several

agents are needed to effectively control a weed.  For example, one agent may attack the



seed head, while another targets the root system.  Together, the two agents will

drastically reduce the vigor of the plant.  Biological control is a long-term solution and

can take a long time to establish in an area.  Protected areas like Kenna Cartwright Park

(Mount Dufferin) are ideal locations to release and study biocontrol agents as the

biorelease sites are protected from disturbance.  The release sites within Kenna

Cartwright Park are excellent sites to evaluate the relatively long-term effects of

biocontrol.

Classical biocontrol is currently the method used in Mount Dufferin and British

Columbia in general.

Mechanical weed removal

Mechanical weed removal refers to mowing the weeds and does not provide any

long-term solutions other than eliminating the developing seed source. As well, mowing

must be conducted every year to realize results.  However, reducing the seed source is a

worthwhile endevour as most weeds are spread via seed dispersal.    

Manual weed removal

Hand-pulling, grubbing or clipping may provide some control of light

infestations.  Plants are less likely to re-sprout if allowed to ‘bolt’ (stem elongation)

before removal. As with mechanical weed treatment, these methods must be repeated

over several years to deplete the seed bank.  Because handpulling weeds is very labour

intensive it is imperative that locations be chosen carefully to achieve the desired results.



Chemical Weed Control

Historically, herbicide application has been the favoured method of knapweed

control and continues to be so at this time.  However, with the advent of Integrated Weed

Management, land managers must consider and integrate other options for weed control.

Advantages of Chemical Weed Control

Knapweed is generally easy to control with herbicides, but an area must be

monitored for several years and retreated as necessary for seedling control.  

‘Picloram’ (Tordon) is a broadleaf herbicide and therefore grasses are relatively tolerant

to exposure.   Studies have found that applied at .5625% solution, picloram will control

spotted knapweed plants and seedlings for two to five years (LaBrie 2001). The residual

control period may be shorter on gravel soils, in wet areas, and where soil organic matter

is high. The optimum application time is when the plant is in the rosette growth stage in

the fall or in the bud to bloom stage in the spring.  

The economic losses from knapweed invasion are high.  A 1979 report estimates

that the annual loss from reduced grazing due to knapweed infestation costs U.S. ranchers

80 cents/acre. (www.ceris.purdue.edu/napis/pests/misc/fknap.txt).  A model function was

developed to determine the economic efficiency of herbicidal knapweed control using

Picloram over a 20-year period and discounted to the present.  An economic loss in

current dollars of $2.38/ha was incurred under the no treatment strategy when 25% of the

area was initially infested with Spotted knapweed and the weed was spreading to new

areas and displacing desirable forage.  Benefits of the treatment program outweighed the

costs, $3.41/ha and $1.99/ha, respectively. (Griffith and Lacey, 1991).



Disadvantages of Chemical Weed Control

Almost all disadvantages of chemical weed control are related to environmental

effects.  Although herbicide manufacturing companies claim that Picloram has a lethal

dose less than that of coffee or aspirin (Russell 2001), public perception of herbicides is

the opposite.  Future herbicide use could become increasingly onerous for land managers

through public scrutiny.  Risks of ground water leaching, poisoning non target plant

species, bioaccumulation in the food chain, health effects to the applicator, and weed

resistance to herbicides are considerations for land managers.  

Other disadvantages of herbicides include their expensive application costs.

Picloram (Tordon) is an expensive treatment, especially if spotted knapweed infests a

large area.  The Thompson Nicola Regional District spends approximately $40,000 per

year on Tordon (1700 liters) and over $100,000 per year in application labour to control

knapweed on approximately 3500 hectares of private land.  Application is spot treatment

and the actual area treated is approximately 20% of the area considered controlled (ie – of

the 3500 hectares, 700 hectares is actually treated) (LaBrie 2001).  This figure is expected

to increase to a total budget of $230,000 for the year 2002 (LaBrie 2001). The costs

become astronomical when combined with Provincial, Federal and Municipal expenses.

MT.DUFFERIN BIOCONTROL PROGRAM

The biocontrol program at Mt. Dufferin (now Kenna Cartwright Park) was

initiated in 1989 through the Ministry of Forests and the Thompson Nicola Regional

District.   Currently, there are 28 biocontrol release sites within the Mount Dufferin area. 

The program uses the insects Larinus minutus, Agapeta zoegana, Cyphocleonus achates,

Sphenoptera jugoslavica, Urophora affinis and Metzneria paucipunctella,to control



Spotted and Diffuse knapweed; Aphthona nigriscutis to control Leafy spurge; and

Mecinus janthinus to control the spread of Dalmatian toadflax.  In Kenna Cartwright

Park, the two weeds of major concern are knapweed (spotted and diffuse) and

increasingly toadflax.  The insects use various parts of the plant for food.  For example:

Larinus minutus will lay an egg in the seed head of knapweed.  As the egg develops into

an adult over the winter, it will eat the knapweed seeds for food – thus reducing

knapweed’s seed production.  In the early summer, the adult weevil emerges from the

seed head and begins the cycle of reproduction. 



Table 1 – Biocontrol insect, host plant and attack location

Insect Host plant Attack location

Agapeta zoegana Spotted and diffuse knapweed Larvae mine roots
Aphthona nigriscutis Leafy spurge Adults and larvae eat

vegetation
Cyphocleonus achates Spotted and diffuse knapweed Eggs develop in roots and

root mining larvae
Larinus minutus Spotted knapweed Larvae eat seeds in flower

head
Mecinus janthinus Dalmatian toadflax Larvae pupate in stem

and feed on vegetation 
Metzneria
paucipunctella

Spotted knapweed Larvae eat seeds in flower
head

Sphenoptera jugoslavica Diffuse and spotted knapweed Root mining larvae
pupate in root 

Urophora affinis Spotted and diffuse knapweed
Presence of larvae makes
plant produce galls in the
seed head.

Examples of biocontrol insects used in Kenna Cartwright Park:

Cyphocleonus achates and Larinus minutus (left and right photos), both insects used to
control Spotted and Diffuse knapweed. (photo credits – Dr. Peter Harris and USDA).
Cyphocleonus results have varied, where as Larinus results have been excellent.



Mecinus janthinus, weevil used for Dalmatian toadflax control within the park.  Results
have been excellent.  (photo credit – Dr. Peter Harris)

NOXIOUS WEED CONTROL – KENNA CARTWRIGHT PARK

Biocontrol

Biocontrol is the favored method of long term sustainable noxious weed control

within the park.  However, existing biorelease sites must be updated and reassessed to

determine actual weed control success.  Following the assessment of existing bioreleases,

more releases should be made in areas where justified by results.  Biocontrol should

continue to be used as the main method of weed control within Kenna Cartwright Park.

Chemical Weed Control

Although the area does lie within a park there is some opportunity for chemical

weed control in high traffic areas.  Herbicides are very useful to reduce the potential for

seed and plant material to be moved inside and outside the park.  I suggest using

‘Transline’ (active ingredient ‘Clopyralid’) as it has little herbicide activity in the soil and

therefore low potential for mobility  (ie -  low leaching capability).  It has a residual of 3

years (versus 5 for Tordon), can use under tree canopy and is less toxic to non target

plants than other herbicides (Russell 2001). 



Areas for chemical weed control include the parking lots and the edges of the

tower trail.  The tower trail is heavily used by recreationalists and motorized vehicles and

has the greatest potential to provide a source for noxious weed dispersal.  Transline

should be applied to provide a 4 meter buffer around the parking areas, where possible,

and a 1 meter buffer, where possible, along the tower trail.  

Transline should be applied in conjunction with native grass planting.  This involves

planting native grasses in all areas where herbicide has been applied.  The native grass

will have 3 years to establish and hopefully provide strong competition against the

emerging weeds.  Native grasses to be planted include Bluebunch wheatgrass (Agropyron

spicatum) in the dry areas and Rough fescue (Festuca scabrella) in the wetter areas.

Transline must be applied by a certified herbicide applicator following the directions as

outlined on the product.  As well, the public must be made aware of the rationale for

using herbicides at select locations. Temporary signage must be installed to warn park

users of its application.  If chemical application is not feasible, then mechanical treatment

should be initiated in the same areas as mentioned above.

Mechanical Weed Control

In Kenna Cartwright Park mechanical weed control, or mowing, is suggested for

areas around the parking lots and the main tower trail where chemical application is not

feasible due to public or other concerns.  Mowing should be applied to provide a 4 meter

buffer around the parking areas, where possible, and a 1 meter buffer, where possible,

along the tower trail.  Planting native species is not a feasible combination with mowing

as the competition is not reduced, just the yearly seed source.  It is imperative that

mowing be done prior to seed development or it will only aid in the spread of seeds. 



However, mowing does provide a partial solution which is potentially less

environmentally explosive. 

Public Education

Public education is critical to proactive weed management.  ‘An ounce of

prevention is worth a pound of cure’  - this expression could not be more appropriate for

weed prevention.  The cost of trying to control weeds once they have established in an

area is enormous; the Thompson Nicola Regional District spends over 150,000/year on

noxious weed control on private land alone (LaBrie 2001).  Although the benefits of a

successful education program are hard to quantify, it is certain that the benefits far

outweigh the costs.

One large information sign (approximately 4ft X 3ft) was installed at the Hillside

Drive entrance to the park.  The information sign discusses noxious weed transmission

and the use of biocontrol to reduce weed infestation.  The information board was

produced by the Thompson Nicola Regional District and was mounted on two 4X4”

pressure treated posts.  As well, biorelease site signs were installed at the actual

biorelease sites within the park.  More large public education signs should be installed at

each of the main parking lots.  As well, noxious weed informational brochures should be

made available at the main parking lot.  Finally, guided hikes in the park should discuss

noxious weeds and practical solutions each person can do to reduce the spread of noxious

weeds.

         



Biocontrol release sign        Public Information signage

Manual Weed Control

     In Kenna Cartwright Park handpulling efforts should be used as an educational tool

rather than an effective weed control method. Weed removal should focus on a very

small area along the trail edge.   Rather than trampling existing vegetation to access

knapweed and toadflax it is imperative that ‘handpullers’ stay on the trail and pull the

weeds alongside the edges.  Handpulling provides an excellent opportunity to educate the

public about the ecology and biology of noxious weeds, while providing a first hand

opportunity for the public to experience the overwhelming issues and tasks of weed

control.



CONCLUSION

The control of noxious weeds poses an overwhelming task to local and

international land managers.  The struggle to slow down, if not stop, the spread of these

weeds throughout our environment seems to be unachievable.  However, biocontrol does

appear to be making some progress towards weed control.

However, that is not to underestimate the value of public education.  We are the

primary mechanisms for noxious weed invasion and dispersal.  Public education is

pivotal to weed prevention and must be increased both locally and internationally.  Kenna

Cartwright Park provides an invaluable opportunity to study and monitor the effects of

biocontrol, as well as providing an accessible location to educate the public.
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