Requiem for the ‘king of noxiousness’ on Boulder Open Space.

(Author’s note:  A local web site describes diffuse knapweed as “ perhaps the king of noxiousness” as an invasive weed.  The following is a true story – as best as I can reconstruct it – of the ‘king of noxiousness’ on a parcel of our public lands.)

Last spring, a 160-acre plot of Boulder County Open Space near Superior seemed doomed to become blanketed by diffuse knapweed—an invasive weed that by most accounts threatens native grasslands and greatly diminishes the worth of grazing lands.  As part of a study I’ve been conducting since 1997, my students and I estimated that the plot was home to 1.7 million knapweed plants.  Each of those plants was theoretically capable of producing 150 flowers that, in turn, could produce 10 seeds each.  The math was scary and unavoidable: those 1.7 million knapweed plants could produce about 2.5 billion knapweed seeds. 

 But this reproductive explosion was not to be.  With a handful of lowly insects, we have been able to do something that hundreds of thousands of dollars worth of herbicides have failed to accomplish: reduce the weed to low level and maintain the weed in these low densities. This knapweed had moved into the Front Range of Colorado in the 1980s from sites further west and further north.  The plant had arrived into this country about a century ago in shipments of seeds or livestock forage and had become established in grasslands of the Northwest.  Slowly at first, and then very rapidly, it colonized large areas of Oregon, Washington, British Columbia, Alberta, Idaho and smaller areas of Montana, Wyoming, Colorado, and Utah.  Studies of this weed indicated that this plant was not only largely inedible to native insects, wildlife and cattle, but was reported to even poison other plant species. The plant is susceptible to a number of herbicides, but these tend to be expensive and toxic to a large number of native plant species and agronomic crops.  And, unless one truly drenches the landscape with herbicides, the chemicals are not capable of sustained control of the weed.  

As the soil warmed in late May of 2005, an army of seed-head weevils, insects imported from knapweed’s homeland of Eurasia, emerged from the soil.  About 200 of these insects had been obtained from the Colorado Department of Agriculture’s Biocontrol Division in Palasade Colorado, and had been released on this site in 1997.  Over the eight growing seasons between 1997 and the spring of 2005 the insects had increased in numbers by feeding upon the knapweed.  The 2005 crop of insects had developed in the flowers of the knapweed during the previous summer.  To survive the winter, the weevils had dropped from the mature knapweed to the soil surface and burrowed beneath the leaves of immature knapweed plants.  About the size of a very large grain of rice, these insects climbed to growing knapweed plants and began to gnaw on the foliage.

Their numbers were startling.  About 50 insects emerged per square yard of soil, yielding 20 per knapweed plant and a total of about 85 million weevils on the 160-acre parcel.  At least a portion of these insects would decide to look for greener pastures (rather, greener knapweed) in other portions of Boulder County.  Their ability to fly over long distances, along with similar migrations in previous years guaranteed that no knapweed in the County would go undetected by this plant feeder.

Meanwhile, a second species of weevil was developing in the roots of the knapweed.  Having grown from an egg laid upon the juvenile knapweed plant the previous year, the weevil burrowed into the taproot of the plant.  Fully one-third of the knapweed on our plot was playing host to these insects.  About 600,000 of these insects would therefore emerge as adults in July to continue feeding on the foliage and stems of the plant.  This weevil was much larger than the seed-head weevil, and unlike most adult insects, this species lacked wings.  It must walk to its next meal. 

During the summer of 2005, the knapweed did its best to grow and produce flowers.  The insects, however, sapped the vitality of the knapweed, which produced only 50 flower-heads per plant.  Still, this flowering attempt can be viewed as impressive: 1.7 million plants produced a total of about 85 million flowers.  Yet this number only matched the numbers of weevils that emerged from the soil.  These weevils laid eggs in many of the flowers and consumed the contents of the seed-heads.  While not all flowers were consumed, this damage, combined with the already extensive destruction of stems and leaves, resulted in a huge reduction in the seed production by these plants.  Less than three seeds successfully matured per plant.  

Here, too, the math is impressive.  The weevils reduced seed production to 0.2% of its potential.  The seedlings of knapweed are only average competitors.  In the face of competition from other plants, well over 100 seeds are needed to produce one flowering knapweed plant.  At least 99 out of every 100 – and in some years a much higher percentage – die before reproducing.  In 2005 the 1.7 million flowering plants produced about 5 million seeds, which in a wet year that might create a legacy for at most 50,000 plants.  This would average about 300 plants per acre, about 1 plant every 15 square yards.  This autumn, there is less than one juvenile knapweed plant for every 60 sq. yards of grass, and the seeds produced by this year’s crop are insufficient to enhance these now-low densities.

The seed-head weevils did their job.  But now they have paid a price for their success.  As many as 99% of the larvae – well over 50 million insects - starved this summer for lack of food.  The root-feeding insects fared very poorly as well.  Because they require immature knapweed plants to successfully reproduce, most of these insects walked themselves to death in search of plants that could house their eggs.  Juvenile knapweed plants found by the weevils will be fed upon this coming year by both species of insects.  This suggests another very bad year for the remaining knapweed. 

Some might argue that these insects should never have been released because other insect species introduced to control noxious weeds have found native plant species to their liking too.  This is a legitimate concern.  In theory, the weevils could start eating native plants.  But there is no evidence that the weevils can use any species other than the knapweed to complete their life cycles.  The odds that they will change are low.  I think the risk is acceptable, especially considering the economic and ecological risks associated with the alternative to biological control, the use of herbicides over thousands of acres of public land. The estimated savings by not spraying the 160 acre parcel twice during the last nine years is about $10,000.  Now, multiply that by about 600 to estimate the cost to treat the Colorado Front Range for the same time period. Then, multiply that number by 30 to figure the cost to treat most of the area in this country affected by knapweed.

Pockets of knapweed survive here and there, mostly in areas of human disturbance such as along roadsides.  The weed will persist.  But, we will likely never again experience the densities of knapweed plants that occurred here in the earliest part of the 21st century.  The insects will see to that. The “king of noxiousness” is dead.
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