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|. IDENTIFIERS
Common Name: Spotted Knapweed

Genera Description:
The following description of Centaurea maculosa is taken from Munz and Keck (1973) and
Roche et d. (1986).

C. maculosa is a biennid or short-lived perennia composite with a stout taproot. It has 1-20
dender, upright stems, 3-10 dm tal, most branching in the upper half. Seedling leaves form a
rosette; stem leaves are canescent, the lower once or twice pinnately divided into linear or
lanceolate |obes on each side of center vein, tapered at both ends, the broadest part above the
middle to 10 cm long and 3 cm wide; the upper with fewer lobes or entire, becoming smaler
up the stem to lessthan 1 cm long. Heads are solitary, terminal, egg-shaped to oblong, 1.5-2.5
c¢m broad and 1.3cm tdl. The involucre is pae and 1-1.4 cm high. Phyllaries are not spiny but
have obvious veins, the lower and middle bracts egg-shaped, green to brown, al with a dark
pectinate tip and the upper margin fringed with 5-7 pairs of cilia The dender tubular flowers
are whitish to pink or purplish; the margina florets somewhat enlarged. Seeds are ovd, brown
to black with pale lengthwise lines; the pappus copious and whitish.

C. maculosa resembles other species in the genus, including C. diffusa (diffuse knapweed), C.
nigra (black knapweed), C. jacea (brown knapweed), C. nigrescens (short-fringed knapweed),
and C. trichocephala (featherhead knapweed). The best way to digtinguish C. maculosa is by
the dark tips and fringed margins of its phyllaries. All of these species are capable of becoming
serious weed problems.

1. STEWARDSHIP SUMMARY
I1l. NATURAL HISTORY

Habitat:

A native of Europe, C. maculosa was accidentally introduced to North America most likely in
the 1890s in dfdfa seed from Asia Minor (Maddox 1979). Spotted knapweed was collected in
Victorig, B.C. in 1893 (Moore and Frankton 1974). It is assumed that soil carried on ships as
ballast and unloaded in the port transported knapweed seed to this Site at that time (Roche et
a. 1986). Although the earliest collections of C. maculosa are from coastal areas of British
Columbia and Washington, evidence of observed dengties and directions of spread suggest it
has moved into Washington more rapidly from the east (Roche et d. 1986). This species was
abundant in Montana before it became common in Washington (Roche et a. 1986).



Approximately 1.5 million ha of pasture and rangeland in Washington, Montana, Idaho,
Oregon and Cdlifornia are infested with knapweed, and it threatens 10.7 million ha in western
Canada (Harris and Cranston 1979). Inceptisol soils are susceptible to spotted knapweed
invasion in western Canada (Harris and Cranston 1979). In 1988, Alberta reported 145 Sites of
scattered individuals (Ali 1988). British Columbia reported that 100,000 acres were presently
occupied by Centaurea species, and 2.7 million acres could potentidly be infested. Diffuse
knapweed accounted for 75% of that total areainfested, with spotted knapweed accounting for
the second largest area (Cranston, 1988). In Montana spotted knapweed occupies 4.7 million
acres (Lacey 1988), the largest area in one state or province. There it appears best adapted to
well-drained, light-textured soils that receive summer rainfdl, including habitats dominated by
Ponderosa pine and Douglas fir, as well as foothill prairie habitats with bluebunch whegtgrass,
needle-and-thread, and Idaho fescue (Chicoine 1984). In Washington, spotted knapweed rates
third among the state's knapweeds, with four percent of the tota acreage. It is reported in 19
counties, with atota area of 10,777 ha. Ninety-two percent of the spotted knapweed is found
in three northeastern counties (Roche and Roche 1988). Thirty-nine percent (4,253 ha) grows
on land classfied as indudtrid, including gravel pits, sockpiles, power lines, grain devators,
railroad, and equipment yards. These are strategic seed distribution points (Roche and Roche
1988). Seventeen percent occurs on pasture, range, and timbered range, and sixty-eight percent
of this pasture-range-timbered range tota is on pasture (Roche and Roche 1988). In the
counties that reported few infestations, the plants were dmost exclusvely dong roads or in
urban areas. In centrd Washington, it is often associated with irrigation, preferring areas of
high available moisture, including areas of degp soil with threetip sagebrush/fescue and
roadsides receiving runoff (Roche et a. 1986). C. maculosa occurs statewide as individuas or
small colonies in North Dakota, and on at least 32 Sites in 10 counties in Utah. In Oregon, it
grows on 121,600 acres in 23 counties. Spotted knapweed seems to occur aong the more
mesic margins of the range of the more widdy didtributed diffuse knapweed (Centaurea
diffusa) (personal communication, Larry Larson).

Reproduction:

The biology and North American distribution of spotted knapweed are described in Reed and
Hughes (1970), Moore (1972) and Watson and Renney (1974). Seeds germinate in fall and
early spring. Thirty percent of seeds may be viable after eight years of burid (Davis and Fay
1991). Seedlings form rosettes which may produce 1-7 flowering stems the following spring.
Marked plants in the Glacier Nationa Park area in Montana have been observed to persst in
the rosette stage for four years or longer before bolting (Tyser, persona observation, in Tyser
and Key 1988). Plants may flower only once, or up to three years in succession, and perennid
plants may have up to 20 flowering stems. Each plant produces 4-5 capitula in the first year
(range 1-25), and 8-15 capitulas (range 1-89) in succeeding years. In centrd Oregon capitula
are visble on the plants in late June; flowers open from mid/late July until mid August.
Knapweeds are cross pallinated by insects, but are dso sdf-compatible (Lack 1982).

Estimates of the mean number of achenes (seeds) per capitularange from 9-37 in the literature
(Watson and Renney 1974, Schirman 1981, Harris 1980b, Maurer et d in prep). Variationsin
numbers of stems, capitula, and seeds have been observed between dites and years, and were
atributed to seasond differences in precipitation (Schirman 1981). Up to 146,000 seeds per



square meter have been reported using calculations based on seed capitula densty and seed
numbers (Schirman 1981). Dispersd is generdly passive, occurring in late summer (but may
continue throughout the fall, winter and spring), as seeds are shaken from drying capitula. The
short pappus and weight of the seed (1.7 mg) keep dispersa distances relatively short; seeds
generdly fdl within a 3-12 dm radius of the parent plant (Roche et a 1986). Existing
populations spread outward at the perimeter and downwind (Roche et d 1986). Movement
over greater distances requires trangport by rodents, livestock, vehicles, or hay or commercia
seed (Roche et a 1986).

Spotted knapweed seeds may germinate over awide range of soil depths, soil moisture content
and temperatures (Spears e d 1980, Watson and Renney 1974). Seed dormancy may be
induced by exposure to light (Watson and Renney 1974)? Seedlings emerging early in the
season (April and May) have a high probability of surviva and reproduction in the following
year. Those emerging in June and July have alow survival rate and dmost no stem production
the following season (Schirman 1981). Schirman (1981) estimated that surviva of only about
1% of seed production is required to maintain stands at observed plant densties in highly
disturbed aress.

In seed sowing studies Roze et d (1984) found that rosettes and bolting plants appeared on
plots sown a dengties as low as 208 seeds per m2. Numbers of bolted plants were lower in
plots with higher seed and rosette densities, possibly due to intraspecific competition. At low
dengties, the average number of capitula per plant tended to increase, dthough differences
were not sgnificant for the number of plots used in this study.

Lateral root-sprouting in C. maculosa may result in rosettes that may remain attached to the
parent for an indefinite length of time, but expanson of a colony is primarily dependent upon
seed production (Tyser and Key 1988).

The competitive superiority of this species suggests preadaptation to disturbance (Roche et d
1986). The initid invasion of spotted knapweed, like other noxious weeds, is correlated highly
to disturbed areas. Once a plant or colony is established though, it may invade aress that are
reatively undisturbed or in good condition with gradual, broad, frontal expansion (Tyser and
Key 1988, Lacey et d 1991). This invason is associated with a decline in the frequency of
some species and a decline in species richness overdl (Tyser and Key 1988). Widespread
invason of spotted knapweed often results from overgrazing. It has a low pdatability, as it
contains a hitter compound cnicin (Roche 1990). As the native grasses and forbes are
continually eaten, the food reserves of their roots are depleted, and they are less able to
compete with the knapweed (Roche 1988). The knapweed is highly adept at capturing
available moisture and nutrients, and it quickly spreads, choking out other vegetation (Roche et
al 1986). Asthe network root system of the native speciesislogt, replaced by the taproot of the
knapweed, the water storage capacity of the soil decreases (Roche 1988), and soil erosion
increases (French and Lacey 1983, in Tyser and Key 1988). Lacey et d (1988) compared two
elements of erosion on plots that were 90% bunchgrasses to plots that were 85% spotted
knapweed. The average tota runoff from the bunchgrass plots was 23%, and the average



sediment yield was 39 pounds per acre. The total runoff from the knapweed plots averaged
36%, and the total sediment yield averaged 114 pounds per acre.

Although the quality of the land being invaded does not seem to be able to exclude spotted
knapweed, it probably does effect the rate of spread of the infestation. In a study conducted in
Glacier Nation Park, the front of a C. maculosa colony advanced by 10 meters in three years
((Tyser and Key, 1988). In another study, adso conducted in Montana, the front of a colony
advanced 14 metersin four years (Lacey et a 1991).

V. CONDITION
V. MANAGEMENT/MONITORING

Management Requirements:

Mog literature on controlling knapweed has focused on reestablishing valuable range, pasture,
or cropland. None has looked at the problem from the point of view of restoration ecology,
with the intent of restoring the native community.

Spotted knapweed is increasing in its range and frequency in western North America. It is
important to monitor whatever means of control are used in order to determine the efficacy of
the efforts and the effects of control upon the larger community.

The extent of infestation can be monitored with either low dtitude aerid photographs or
permanent photo plots. A permanent line transect should be established so that plant and/or
gem dengity can be measured. The transect should extend outside the colony in order to
measure the direction and rate of change in the size of the colony. If biologica control agents
are used, sticky traps and capitula dissection should be used to monitor insect populations,
attack rates, and seed |osses.

There are severa methods of control for this species. It is important to determine and
document the methods most effective for different sSzed infestations, different communities,
and the specific characteristics of the Site, including soil type, exposure, drainage, and degree of
disturbance, human or otherwise.

Control of this species is receiving consderable attention by state agencies as well as colleges
and universities in Oregon, Washington, Idaho and Montana This speciesisvery aggressive. In
addition to the effects it could have on dements, control of this species is mandated by county
and state agencies. In most states and provincesit isunder the"A™ weed ligt for eradication.

Severd grasses and forbs, most of them non-native, have been used to explore the possibility of
replacing Centaurea species by the seeding of a competitor. A. H. Bawtree, Provincid Range
Specidig in British Columbia cited a group of studies from which he recommended the
gpplication of picloram a no more than 6 oz. per acre followed by fall seeding of crested
wheatgrass (Bawtree 1988). An Oregon State University study found six species--Palestine
orchardgrass, Berber orchardgrass, Nangeela subterranean clover, Mt. Baker subterranean



clover, and Covar sheep fescue--that over the course of six years were able to establish
themselves and outcompete yellow gtarthistle (Centaurea solstitidis) (Johnson 1988). A two-
year study of four grasses-Paiute orchardgrass, Covar sheep fescue, Critana thickspike
wheatgrass, and Ephriam crested whesatgrass--found that the greater the biomass produced by
the grass, the more it reduced the number of diffuse knapweed (Centaurea diffusa) seedlings.
The species are listed in the order of ther effectiveness. The researcher aso indicated that
those species whose growth period overlap the growth period of diffuse knapweed would be
more effective at competing for moisture and nutrients (Larson, 1988).

Mowing is a method of control that would be possble only in areas that are not too rocky or
steep, or without shrubs. If mowed in the early flowering state, the plants will usually regrow
and produce abundant |ate season seeds. Those mowed even the same day as florets appear out
of the bud have enough energy to produce seed. Among those mowed within ten days after
flowerheads opened, none produced more than four filled seeds per head, and the greatest
viability of these filled seeds was 57%, reached nine days after the flowerhead opened.
Although these results indicate that mowing greetly reduces the seed set, a well established
seed bank, such as would be present on alarge or severe infestation, would most likely be able
to compensate for this loss. Mowing would probably be away to control populations, but not
eradicate them.

No detailed research on vegetation response to kngpweed control exists in the literature. The
use of seeded or planted native bunchgrass species has not been explored. No studies have
explored control by timed remova of flower capitula Mot studies have been designed to
tackle infested areas on a large scde, and scae might prohibit removal of capitula by manud
methods. However, rdatively smdl areas that might be encountered on TNC preserves may be
more amenable to this sort of management. Documented successful control in smal aress by
capitularemova would add vauable new information to the control literature.

Chemica and biologicad control have been proposed for spotted knapweed, and most of the
control literature addresses these two categories.

Herbicides-C. maculosa can be controlled with picloram (4-amino- 3,5,6-trichloropicolinic
acid) and 2,4-D but there are problems. Control by 2,4-D is temporary since it does not
prevent germination from seeds in the soil. Picloram perssts in soils but in 4 years, enough is
logt from a .4-.6 kg/ha treatment to alow germination and reinfestation (Harris and Cranston
1979). The costs of applying picloram are estimated at $37/ha, and are prohibitive for very
large infested areas (Maddox, 1979).

Biologica--Four insect species have been introduced into North Americafor biologica control
of knapweeds. Two gdl flies, Urophora affinis and Urophora quadrifasciata (Diptera
Tephritidae) (Maddox 1982, Story and Anderson 1978, Harris 1980 aand b, Myers and Harris
1980, Berube 1980) and a moth, Metzneria paucipunctella (Lepidoptera: Gelechiidae) attack
seed capitula (Englert 1971, Myers persond communication). A beetle which attacks the
roots, Shenoptera jugodavica (Coleoptera Buprestidae) has dso been introduced more
recently (Zwolfer 1976).



U. affinis lays its eggs into young buds of C. maculosa. Egg hatch is synchronized with rapid
growth of the receptacle in which each larvaformsagall. The seeds are not destroyed directly,
but the diverson of nutrients to the gall reduces seed production by the plant as a whole
(Harris 1980b). One generation of flies per season is usua, but a smal proportion of the
population completes a second one. Reported percentages of capitula attacked range from
10-50%, with up to 97% reduction in seed numbers per capitula.

U. quadrifasciata lays its eggs into florets inside more mature buds. Both species of Urophora
can coexist in the same capitula. Some studies (Harris 1980) have found that U. quadrifasciata
may attack capitula missed or more lightly-attacked by the earlier-attacking U. affinis, and
result in ahigher overal attack rate among capitula

Metzneria paucipunctella lays eggs at the base of spotted knapweed buds and a young larva
bores into the capitula after hatch. It feeds first on florets, then directly on seeds and does not
form agal. Establishment of this species has been somewhat difficult and increase has been
dower than the fly species.

Female Sphenoptera beetles ovipost at the base of C. maculosa rosettes, and first instar larvae
feed externdly on plant tissues. After the first molt, the larva enters the plant tissue and mines
into theroot. A gdl forms as the rosette terminates aestivation and resumes growth. Thelarva
overwinters in the rosette root and pupates the next pring in a pupa chamber in the root
crown. Adult beetles emerge and feed on knapweed leaves, adding to the root damage

imposed by larvee.

Insects are available from USDA sources and could be released in target areas as afirst step for
control with relative ease and at no or little cost. Seed capitula attack percentages seemtorise
quickly within a few years, but noticegble decreases in reproductively mature plants will take
longer because of seed bank reserves and dormancy. This method, though dower, may be
desirable because of minimd disturbance to soil and surrounding vegetation.

Other methods of control should be explored:

Mowing--adthough this would not be feasible in rocky, or sagebrush areas, in some knapweed
gtands with little other vegetation it might be possible to mow the plants just after most
flowering has ended but before seeds have matured. This would make regrowth unlikely since
moisture levels late in the season are probably too low for continued growth, but would offer a
poss ble advantage of reducing reserves for flowering the following year.

Hand Remova--by August, in centra and eastern Oregon, soils are often dry and dusty, and it
may be possible to pull up a large number of seedlings, rosettes and reproducing plants in a
gmall infested area.  However, effects of soil disturbance on knapweed seed germination are
not well documented. Even if seed germination of knapweed were not a problem, colonization
by other weed species may be.



Hand Clipping--This method might dleviate the soil disturbance problem outlined above.
Again, this would probably be feasible only in smdl infested areas. Timing would be the same
as mowing and the stems and capitula would be removed from thearea.  Again, control might
be dower, due to continued emergence from seedbank reserves.

Burning--although no literature specificaly mentioned this as a control method for knapweed,
it might be considered in areas with enough surrounding vegetation or litter to carry a
controlled burn. Often however, dense stands of knapweed have little surrounding vegetation,
possibly due to dlelopathy. Litter from the previous year's sems often decays or scatters
during the current season, but it may accumulate in very dense stands and create more
favorable burning conditions.

VI. RESEARCH

Management Research Programs:
Identify infestations on or near preserves. Experiment with manual control methods.
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