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became established at the primary study site in western Montana. The life history of V. affinis was
found to be closely synchronized with the flower head development of its host plant, spotted knapweed.
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ABSTRACT

“A gall-producing fly, Urophora affinis Frfld., was introduced
into western Montana for the biological:control of spotted knapweed
- (Centaurea maculosa Lam.). Releases were made in 1973, 1974, and 1975
on spotted knapweed infestations. In 1973, 150 7. affinis were'
released into a field cage, while 279 U. affinis were field released.
The .U. affinis population within the field cage was found to have
increased significantly over a two-year period. U:’ affinis galls were
found at a distance of 50 m from the initial release point after two
years; the adults were found throughout the field in very small numbers.
A spider, Dictyna major Menge, was found preying on U. affinis adults;
the impact of the spider on the U. affinis population was not deter-
mined. It is concluded -that U. affinis successfully overwintered and
became established at the primary study site in western Montana. The
life history of U. affinis was found to be closely synchronized with -
the flower head development of its host plant, spotted knapweed. An
increase “in the number of U. affinis galls was found to decrease
spotted knapweed seed production. Pronounced variation for morpho-
Togical traits occurred among spotted knapweed plants. Phenology of
spotted knapweed generally agreed with previous reports.




INTRODUCTION

Spotted knapweed (Centaurea maculosa Lém.), a member of the Com-
bositae family, is a serious problem in pastures, rangeland, and waste :
areas of western Montana. The plant is described by Watson and Renney
(1974) thus:

Spbtted knapweed is a biennial or short-1lived perennial,

reproducing by seeds; stems erect or ascending, branched,

pubescent, 30-100 cm high; leaves alternate, much divided,

upper leaves linear; flower heads eradiate, 6mm diam., 16-20

mm high, mainly terminal, numerous, corymbs or corymbose

panicles, bracts with a black-fringed tip 1-2 mm long;

flowers tubular, purple, rarely white; achenes brownish,

3 mm Tong; pappus of simple bristles, 1-2 mm long, persistent.
The plant was first introduced into North America in the nineteenth
century and has since spread to many parts of the United States and
Canada (Fletcher and Renney, 1963). Mooré (1972) reported that
spotted knapweed occurs in all areas of the United States except
possibly the Southeast. ‘Watson and Renney (1974) showed that spotted
knapweed can be found in the Canadian provinces of British Columbia,
Alberta, Ontario, New Brunswick, Quebec, and Nova Scotia. The plant
was first collected in Canada in 1893 at Victoria, lBritish CoTumbia
(Watson and Renney, 1974). The earliest collection of spotted knap-
weed in the Montana.State University herbarium was made in 1927 in
Gallatin County, Montana. The first herbarium specimen from western
Montana was collected in 1933 and a note accompanying this specimen

stated that the weed was probably introduced from states east of

Montaha. In 1975, a survey based on estimates by the County'Exténsion
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Agents and weed supervisors in those Montana counties having spotted
knapweed infestations showed that approkimately 647,511 ha (1.6 million
acres) are infested with spotted knapweed in Montana. The majprity of
the infestation occurs west of the continentai divide but it is rapidly
spreading eéstward into many areas of the State. It is so common in
western Montana that it is referred to 1oca11y as "Bitterroot é]fa]fa."
In Ravalli and.Missoula Counties, spofted knapweed can be found on
almost any unattended QrQUnd, especially on dry waste areas where the =
soil has at.one time been disturbed. Spotted knapweed can be found on
a wide variety of soil types (Watson and Renney,.1974) and it appar-
ently requires very Tittle moisture. The prevalence of spotted kpab-
weed along the high mountain trails in the Bitterroot Mountains |
apparently is not unusual as Watson and Renney (1974) feported obsef;
vations of the plant at ‘altitudes over 1200 m in British Columbia.

Watson and Renney (1974) and Renney and Hughes (1969) report that
spotted knapweed is an undesirable plant due to its unsuitability as
a forage plant for Tivestock and its tendency to suppress desirable
p]anf species. They report that the mature plant has a high fiber
content, has very little nutritional va]ue, and has a bitter taste all
of which make the p1ant unacceptable to Tivestock except in overgrazed
areas. Observations in the Bitterroot Va11ey were in agreement with

the aforementioned statement with one exception. Sheep wgre‘observed
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to not only eat the plant but to actually seek it out in pastures
where abundant grass and other forage were available.

Spotted knapweed's tendency to suppress other vegetation is due
to its dense overstory and its productfon of a substance inhibitory to
other plant species (Watson and Renney, 1974). The inhibitor has been
partially characterized as an {ndole, probably an indole alkaloid or
an auxin precursor (F1etcher-énd Renney, 1963).

The suppression of vegetation by spotted knépweed'was evident in
western Montana. Study Site B (sée page 8) was a good‘example of an
area where gradual suppression by spotted knapweed had resulted in the
complete elimination of all other competing vegetation. The economic
Tosses due to spotted knapweed can be significant. Watson and Renney

.(1974) have described range in good condition and the adverse affects
of spotted knapweed on range productivity. They cited the discussion
by McLean and Marchand (1968) in which it was pointed out that:
"'B]uebuﬁch wheatgrass-rough fescue' range in 'good’' condition pro-
duces, on the average, 896.8 kg/ha (800 Tb/acfe) of forage and would
have a stocking rate of 0.61 ha (1.5 acre) per animal unit month. "
Watson and Renney (1974) report that: " "Knapweed-infested range ma}
produce only 112 kg/ha (100 1b/acre) of forage resulting in a sfdcking
rate of 4.86 ha (12.0 acre) per animal unit month."

The beneficial aspects of spotted knapweed according to Watson

and Renney (1974) are: (1) the plant serves as a valuable pioneer
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species due to its rapid establishment which prevents soil erosion;
(2) the plant serves as an important source of héétar fof domestic
bees; and (3) the plant has an esthetic value due to its attractive
purple flowers.

Although chemical control has been effective against spotted .
knapweed (Furrer and Fertig, 1965; Renney and Hughes, 1969) it is
limited to those infestations which are readily accessible and not
located near waterways and livestock. Since spotted knépweed is found .
-1in a wide variety of habitats and soil types (Watson and Renney, 1974).
control methods are needed which can be effective]y used against the
_ plant in all of ité habitats and geographical Tlocations. |

Goeden (1975) stateg that bio1ogicé] weed control is the'delib-.
erate use of natural enemies (predators, parasites, or pathogens) td
reduce weed densities to more acceptable levels. Since this control
technique is environmentally safe and, under certain situations, moré
practical. than other control methods, it is being considered as a
possible alternative to the chemical control of spotted knapweed.

Urophoré affinis Frfld. is a fly (Diptera: Tephritidae) that
attacks the flower heads of Centaurea macuZo;a and Centaurea diffusa
Lam. Like its host plants, the fly is native to Europe and probably
western,Asfa (Zwo1fer, 1970; Watson and Renney, 1974). Zwslifer (1970)

describes the biology of U. affinis thus:
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If the flower head is accepted for oviposition the eggs

are deposited singly or in small groups (2-5) on the small,
undeveloped tubular flowers; between the tubular flower and
the interior bracts; into the tissue of the receptacle. Up-
to 35 and 40 eggs may be deposited by an individual female
per day, but the average number of eggs deposited per day
seems to be much Tower (5-10). After 3-4 days the first
instar-larva hatches and penetrates into the ovariole of

the undeveloped tubular flower, where it mines and causes

the latter to develop into a fusiform gall deeply rooted

in the receptacle and open at the apical end.' Larval develop-
ment takes several weeks during which time the walls of the
gall become 1ignified. There are usually one to three galls
per flower head but in some cases up to 8 galls had been
found within an individual flower head. Varying proportions
of larvae pupate without diapause and give rise to an addi-
tional generation. Most larvae, however, having reached
maturity (i.e. third instar) remain in diapause within their
galls until early summer when the diapause ends. Before a
larva pupates it turns within the gall so that its head is ori-
entated against the distal opening of the gall, the position
in which pupation takes place. The adults emerge after two
to three weeks and force their way through the opening of
the gall by using their ptilinum.

- Zwolfer further states that:

The effect of U. affinis upon its host plant consists in the

destruction of achenes and in the deformation of the recep-

tacle of the capitulum which Teads to a reduction of the

production of viable seeds.

After being tested to insure its safety for release, the insect
has been released into Canada and in the United States in Montana,
Idaho, Oregon, and Washington (Harris and Hubbard, 1970; Andres, 1975).

The purposesof the present study were to: (1) study the behavior '
and Tife history of U. affinis in conjunction with the phenology of

. spotted knapweed and to determine if the.re1ationship‘between the two

organisms is affected in any way by environmental factors in western
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Montana; (2) measure the ability of U. affinis to successfully over-.
~ winter, increase its population, and>dispéfse at the initial (1973)
release site in western Montana.
Field work was conducted from May to September, 1974 and from May
to September, 1975 ét the Western Agricﬁ]tura] Research Center at

Corvallis, Montana.




DESCRIPTION OF STUDY AREA

A11 of the sites used for this study are located in or near the
Bitterroot Valley of Western Montana. The Bitterroot VYalley is approx- |
imately 104 km (65 miles) from north to south and 16 km (10 miles)
widei If extends from Lolo, Montana, on the northern boundary to
Connor, Montana, where the East Fork of the Bitterroot River and.the
West Fork of the Bitterroot River merge to form the Bitterroot River. .
The valley is bordered on the west by the Bitterroot Mountains and on
the east by the foothills leading to the Sapphire Mountains. The soils.
of the valley vary from highly calcareous on some east-side benches to
moderately acid on west-side benches; Soil textures range from loamy
coarse sand to clay loam (U.S. Department of Agriculture, 1959).

A waste field containing a heavy infestation of spotted knapweed .
was selected as the primary study sitg: The field was approximately
5000 m2. This field will be referred to as "Site A" throughout the
remaindér of this paper. The field was located near the Western Agrié
cultural Research Center at Corvallis, Montana, 26° 20" N. and 114° &
W., at an elevation of 1,096 m (3,597 feet). A soil survey of the
Bitterroot Valley reports the soil at Site A as Burnt Fork Loam and is
described as "deep permeab]é soils that are high in naturé] fertility
and have good water-holding capacity" (U.S. Department of Agriculture,
1959). The field was generally dry although the eastern half was

usually more moist as a result of seepage from a nearby irrigation
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ditch. Consequently, the vegetation 1ﬁ the eastern half was much
taller. In August 1975, the absolute deﬁsities of spotted knapweed
and kentucky b1degrass (Poa pratensis L.) in the moist half 6f the
field were 107.92 and 24.50 shoots/mz, respectively while the.
absolute densities of the same plants in the dry half were 201.53 gnd
92.67 shoots/m2 (see page 20). The field was bordered on the west by:
an alfalfa-hay field, on the south and east by a pasture, and on‘the
north by a garden. |

Tab1e 1.summah1zes the weather data at the Western Agricultural
_Research Center during the 1973-1975 periodf The highest temperature
recorded at phe Center over the three summers was 39 C (102 F) in July
1973. High temperatures of 36 C (97 F) and 37 C (99 F) were recorded
for the summers of 1974 and 1975, respectively. The coldest temper-
ature recorded at the Research Center during the 1973-1975 period was
-32 C (-26 F) in January 1974; for an 11 day period in January 1974,
the mean minimum temperature was -25 C (-13 F). The coldest femper-
ature recorded during 1975 was a January reading of -26 C (-15 F).

‘Site B, the only study site located outside the boundaries of the
Bitterroot Valley was Tocated near Missoula; Mpntana, a distqnce of |
80 km (50 miles) north of Site A. Spotted kﬁapweed, the only plant
inhabiting the area, was recorded at an absolute density of 60.65

shoots/mz.
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Monthly maximum and minimum temperatures (in degrees Celcius)

Table 1.
and precipitation recorded at the Western Agricultural
Research Center from June 1973-Sept. 1975. (Converted from
U.S. Weather Bureau Climatological Data.) ' S
Temperature
Date Avg. Avg. Avg. High Low Precipitation
- Mean Max. Min. Temp. Temp (in cm)
June 1973 15 23 7 34 0 4.85
July 1973 18 30 8 38 3 .38
Aug. 1973 18 28 8 35 3 1.47
Sept. 1973 12 20 4 31 0 4.24
Oct. 1973 7 14 1 23 -7 3.43
Nov. 1973 0 3 -4 12 -20 5.38
Dec. 1973 0 3 -4 13 -14 2.46
Jdan. 1974 -6 -1 -10 12 =32 - 3.78
Feb. 1974 1 7 -3 13 -8 A1
Mar. 1974 2 8 -3 19 -15 2.49
Apr. 1974 7 15. 0 25 -6 .51
May 1974 8 18 1 24 -6 3.07
June 1974 17 26 7 36 0 2.49
July 1974 18 28 8 32 5 2.31
Aug. 1974 16 26 7 31 3 5.00
Sept. 1974 13 23 3 29 -2 89
Oct. 1974 8 17 0 25 -8 86
Nov. 1974 2 7 -3 16 -11 86
Dec. 1974 -1 2 -5 10 -15- 51
dan. 1975 -3 1 -8 10 -26 3.23
Feb. 1975 -5 0 -10 8 -25 2.49
Mar. 1975 1 6 -4 11 =17 1.50
Apr. 1975 3 10 -2 17 -7 5.16
May 1975 8 16 2 28 -3 5.33
June 1975 13 21 5 26 0 2.54
July 1975 21 30 11 36 6 .-
Aug. 1975 16 25 7 33- 2 5.64
Sept.' 1975 12 22 2 28 -2 .76
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Site C was located 4.8 km (three miles) northwest of Site A;
Plant densities were not recorded at thié site.

Site D was located 16 km (10 miles) southwest of Site A. The -
absolute density of spotted knapweed at this site in 1975 was'62.29;‘
shoots/mz. The rest of the vegetation\was not measured. |

Sfte E Qas located 6.4 km (four miles) south of Site A. The
absolute density of spotted knapweed at this site in 1975 was 73.17
shoots/mz. The rest of the vegetation was not measured.

Field cages were placed on Study Site; A, B, and C.




MATERIALS AND METHODS

A total of 1,329 U. affinis adults was received from the Bio-
Togical Control of Weeds Laboratory (U.S.D.A., A.R.S.) in Albany,
California from 1973-1975} The insects were released on spotted knap-
weed infestatioﬁs immediately after they were received. The dates and
Tocations of the releases are shown in Tab]é 2. Of the total, 659 v.
affinis were field-released at Sites A and C whife 550 U. affinis were
.re1eased into 3.6 m Tong x 1.8 m:wide x 1.8 m high field cages.p1aced
on heavy infestations of spotfed knapweed af Sites A, B,.énd C. A
field cage is shown in Fig. 1A. The cageé consisted of a wooden .
frame enclosed by a 1ight colored, No. 32-mesh, nylon net. The
cages were used to aid in studying the behavior of U. affinis adults
since theiir small sizeA(2.5-5 mm 1ong)'énd protective coloration made
them not only difficult to observe but also difficult to Tocate in a
typical spotted knapweed .infestation. In 1974, the field cage at
Site A was removéd in late July at the onset of flowering by spotted
knapweed. The cages were not removed from the other sites until
September: The on1y cage used iﬁ 1975vwas the one at Site A and,
again, it was removed in late July.

The remaining 120 U. affinis were released into three small cages
placed around single spotted knapweed plants located in the western
half of Site A. “The three small cages will bé referred throughout the

paper as mini-cage A, mini-cage B, and mini-cage C. Thesg.cages"are
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Table 2. Date, number released, and location of U. affinis veleases.

Dates of U. affinis

Number of U. affinie

Release Sites

releases -released .

June 12, 1973 150 Site A—field_cage
June 12, 1973 279 Site A-field

July 10,1974 200 Site B-field cage
July 12, 1974 200 Site C-field cage
July 12, 1974 200 Csite C-field
July 9, 1975 180 Site A-field

July 9, 1975 120 Site A-mini cages

Total 1,329
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Figure 1. Study cages. A. Field cage for behavioral studies.
B. Mini-cages over individual plants.
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shown in Fig. 1B. The caées consisted of 25 cm Tong x 25 cm Wide x1m
high wooden frames enclosed by a green,:N6.>32-mésh, nylon net. The
three spotted knapweed plants used for the experiment‘were carefully
selected on the basis that: (1) they were of equal height, (2) had
the same nqmber of shoots, (3) had approximately the samelnumber of
flower heads, and (4) possessed many flower heads of the size range
preferred by ovipositing U. affinis females. Releases of 1b pair;
20 paif, and 30 pair of U. affinis adults were madé into mini-cages A,
B, and C, fespéttive1y in July 1975. A pair represeﬁted one male -
U. affinis and one fema]é U. affinis. The purpose of this experiment

was to detevmine the effect of U. affinis on spotted knapﬁeed seed
productiOnu The cages were removed at the-onset of flowering. Seed
heads from each plant were harvested and examined in August.

Spotted knapweed p1ants'were‘co11ected along transecfs at Sites A
(dry half), B, C, and D in 1974. 1In 1975, a collection was made at
Site E in addition to the other four sites. Also, in 1975, p]ant;
were collected in both the moist and dry halves of Site A. The plants
were measured for height and scored for the number of flower heads per ‘
plant. In 1975, the number of shoots per plant was also scored. A
~Tline transect was established at each of the sites and the nearest
plant to the transect at intervals.of 50 cm along the transect was .
measured; Approximately 30 pTant% were measured at eaéh site. One

co11ection of. plants was made at each of the sites per year.
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Unopened but nearly mature seed heads of épotted knapweed were ran-
domly collected at the five study sites in August 1975 for the purpose
of determining the average number of.seeds per heéd at the five sites.
The seed head collections from each site were bagged and stored. When
the heads were examined five months later, it was found tﬁat some of'
the seed heads had shattered. Therefore, to calculate an accurate
varﬁance, the "seeds-per-head"'data Were‘taken from only thoﬁe heads
which did nof appear to have lost any of their seeds. Seeds that were
immature or obviously abnormal were not counted. Dependin§ on the
- availability of "nearly mature" seed heads, collections of 82 to 112
seed heads were made at the five sites. The "nearly mature" desig-
nation'refehé tb those seed heads on which fhe green color, charac-
teristic of flower heads, Was begfnning to Be rep1aced by a straw
color. The .straw color first appeared on the seed heads about two to
five days prior to their 6pen1ng for seed dispersal. It was essentfa]
that the seed heads be collected in this "nearly maturé" stage for two
reasons:
| (1) It was necessary that tﬁe seeds be almost mature to facil-
ftate.accurate analysis of the numbers.of normal seeds. It is often
difficult to distinguish between §ma]1, immature §eeds and abnormal
seeds. | |

(2) It was essential that the number of seeds counted per head

was accurate. Since the mature seed heads are hygroscopic (i.e.,
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they close due to the absorbtion of moisture), é co]Tector_cannpt be
sure that a closed head has not been previously openéd and'has'already,
shed some of its seeds. _

In May 1974, five spotted knapweed plants in the eastern half of .
Site A were randomly seTected, tagged, and assigned a number, ‘Mea- -
surements of plant height, based on the average of three randomly .
selected shoots measured from ground level to the top flower head, and
flower head width; based on the diameter of the top flower head oh
each of the three measured shoots were made. Measurements of the five
plants were recorded on a Week1y basis throughoutlthe sﬁmmer until
maximum growth was reached and all of the heads were flowering. By
the end of the summer it was obvious that this technique had'a major‘”
drawbaék, Since the shoots chosen for meaéurement on the tagged‘p]ahfé
were raﬁdom1y'se1ected each week, occasionally the shoots measured 6n
a plant one week would be shorter than the ‘ones measured on that plant :
the previous week. Thus, the average height recorded would be less
than the previous week representing a negative growth pattern. To
eliminate this problem, in 1975 five shoots were tagged on eacH of tﬁe '
"test" plants and the avérage height of those five shoots was recordéd
.on a weekly basis. Since the same five shoots were measured each week;
there was no longer any chance of recording negative growth rates.

It was also noticed by the end of the.summer of 1974 tﬁat fhé

~ spotted knapweed plants in the eastern half of the field were .
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considerably larger than those plants in the western half. Therefore,'
in 1975, -10 spotted knapWeed,p1ants were randomly selected, tagged,
and assigned a number in each of the two halves of the field. Fol-
lowing the procedures of 1974, the 20 plants were measured on a weekly
basis throughout the summér_unt%T they reached maturity. In each half,
the plants selected were at a distance of at least 46 meters from the
initial v. affinis release point. The correlations of plant héight and
flower head width were based on specific calendar dates which were coh¥4'
verted to numerical scores on a linear ééaié correspéndfng'to the number
of days following the first measurement; e.g., in 1974, June 10 =1,
June 18 = 9 and so on to July 18 = 39 and in 1975, June 12 = 1.

Seed heads froh spotted knapweed plants were co11écted from within
the field cage af Site A in May 1974; in May 1975, collections were
‘made within the ffe]d cages at Sites A, B, aﬁd C, and from thé field
at Sité A. During both years, the collected seed heads were p1aced in
quart jars. Sections of nylon stockings, secured by rubber bands, were
placed over the mouths of the jars to‘protect the seed heads while
allowing for air movement. To prevent moisture accuﬁulatioﬁ and
excessive heat, the jars were placed upside down in a we11-ventif§ted,
shaded box with a wife—mesh f]oof>positioned in the field. A total of
138 seed heads was randomly gathered in the 1974 collection while |
6,918 seed heads were gathered in 1975. Daily observations were made

to note the emergence of U. affinis adults. Mean dates of emergence
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of U. affinis adults were estimated by converting calendar dates to
numerical scores on a linear scale; e.g., in 1974, June 24 = ],-June
27 ='4 and in 1975, June 30 = 1. After emergence, the adu]t‘U. affinis
. were released into the field cage at Site A.-
The 138 seed head and 305 seed head collections made from within

the field cage at Site A in 1974 and 1975, respectively, werelaiso'
uséd in a study to determine the rate of increase of the 0. éffinis :
population within the cage. An addifiona1 150 seed heads were
‘collected and;dissécted‘in August of 1975 (i.e., any galls 1in these
heads would Eontain the progeny of the May 1975 U. affinis generétion);
Each of these three collections of seed heads represented a separate

U. affinis generation. The 1974 collection of 138 seed heads was

placed in three jars, each containing about 46 heads. The 1975 col-

lection of 305 seed heads was divided among 12 jars, each containing 5 

about 25 heads. The collected seed heads were dissected in late
August of each year and scored for the presence of galls. 1In 1975,
the total number of infested seed heads in the 12 jars as Qe]] as the
number of* infested heads in each jar was recordeaﬂ The only data
recbrded‘in 1974 were the total number of galls in the 138 seed head
collection; the number of ‘galls found in each of the three jars was
not recorded. The ga1]§ were examined to detect the percentage of .

empty galls (i.e., the percentage of successfully emerging adults).
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Galls which wére not empty:were examfngd to note the stége of devel-
opment of.the dead U. affinis within.

Seed heads were collected in'both‘May and October of 1975 a10n§
five compass~based transects at Site A. The five transects ran east,
southeas;, south, southwest, and west from thg initial U. affinis
release point. The nearest 100 seed‘headﬁ to the transect at 10 meter
intervals out to 50 meters were collected on each of the five transects .
in May 1974. In October 1975, all of the seed heads in a '’ plot at
each of the 10 meter intervals were_coT]ected. The co}1ected'head5a.
were dissected and examined for the presence df‘§a11s in Januafy 1976.

Random:sweebs for'U;laffinis ady1t§ were made throughout the
fié1d at Site A in Ju1y 1975. The sweeps were directed at the top of

spotted knapweed plants and the contents within the net were examined

- after each sweep. Approximately 50 sweeps were made during each of .

four trials. The distance and direction from the initial release site’
to the points at which U. affinis adults were captured were recorded.

Random searches for infested seed heads on spotted knapWeed
p1ant§'in the field were also made at Site A. The distance and
direction from the initial release site to any seed heads containing
galls were recorded.

A study of the flower head size preferred by ovipositing‘female |
U. af?inis was made in the field cages at Sites A and B in 1974'and in

the field cage at Site A in 1975. Spotted knapweed flower heads
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being probed by oviposit1n§ female U. affinis were tagged. At the
time of tagging, the width of the selected flower heads was measured
with a vernier caliper. In August of both years, the heads were
collected and dissected. The number of heads containing galls and
the number of galls per infested head‘wefé_recorded.
In July 1975, an attempt was made to measuré the population qeﬁ-

sity of the spider, Dietyna major Menge, at Site A. Ten 2m2

plots were
randomly set up throughout the field.  The numbér of D. major and D.
major webs found in each plot were recofded on July 16 and July 21.
The study was 1imited to two surveys due to cool, wet Weatﬁer which
hampered later attempts to census the population. When fair weather
finally returned in early August, only a few spiders and webs were
seen, apparently due to normal attrition and the surveys were, con-
sequently, abandoned. |

The densities of spotted knapweed pTénts were measured at'SitéS'
A, B, D, and E during the summers of'1974 and 1975 using a modifi-
cation of the‘point-centeréd quarter méthod described by Dix (1961).
Modifications of the procedures described by Dix (1961) used in this
experiment were: (1) approximateiy 30 individuals of a particular
species had to be encountered before the density of that species was
recorded; (2) of the herbaceous plants like spotted knapweed, only

those plants with differentiated Teaves were recorded (i.e., estab-

Tished p1§nts); (3) the transect in the western half of Site A was a
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permanent transect while the transects at the other study sites were
randomly selected during each trial; and (4) in 1975, vegetation
(other than spotted knapweed) which had gone to seed was not'measuyed,
The results are shown in Appendix A. | | |

The definitions of the statistical symbols and botanical terms
used throughout the paper are as follows:

N = number of individuals |

X = estimate of the mean

U = mean
S2 = variance
SE = (Si) = standard error (standard deviation of the mean)

r = correlation coefficient

a = y-intercept

b = slope of the regression line

The term "seed" is equated with the achene typicql of_the.69m~
positae family. '

The term "flower" is equatedTwith.the.individual head inflores-

cences.




RESULTS AND DISCUSSION

Observations and Measurements of Spotted knapweed

Obsékvations on the phenology of spotted knépweed were generally
in agreement with Watson and Renney (1974). Spotted knapweed plants
began their growth in Tate April or early May and by mid-Jdune tiny
stems bearihg immature f10Wer heads appeared on the.shoots. The stems
elongated and began to branch with new flower heads appearing at the
end of each branch. This growth and branching continued until about
mid-Juiy when flowering began. The continual branching ahd‘appearance
of new flower heads on thé plants resulted in each pfant havjng'a wide
variety of flower head sizes. Once a plant had reacﬁéd max imum gronh,
most of the immature flower heads (less than 4 mm) ceased growth.

Each flower bloomed from two to six days (Fig. 2). After the
flower had Wi1ted, a period of 18.to 26 days passed before the bracts
of the head pulled back exposing the seeds within. A seed head ap-
proaching maturity could be recognized in the field by a straw color
that appeared on the seed head about two to five days prior to its
opening. Once the seed head had opened, friction between the stiff,
white receptacle hairs on the floor of the head ana the short pappus‘
hairs on the dorsal end of the seed pushed the seeds up to ‘the mouth
of the ‘head. Any sudden movement of the plant produced'by wind, efq.,
caused the seeds to be ejected within a radius of about 1 meter from

the plant. The seed heads were found to be hygroscopic, closing at




Figure 2. Flowering sequence of a typical spotted knapweed flower head during a period

of 4-7 days.
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night and also during the day under conditions of cool, wet weather.

Periodicé] measurements of spotted knapweed ‘plant heights were
made during 1974 and 1975 at Site A. .The resu1ts.are shown in Tab]e:.
3. In 1974, mean height of spotted knepweed,'besed on one sample of
five plants, increased linearly from nearTy 68‘em on June 10 to‘127_cm
on July 2, wi%h Tittle addftiona1 height increase from July 2 to Jely :
18. The correlation of height with time is highly significant, r =
0.87 (a = 82.07 and b = 1.52).

Mean height, in 1975, was based on two samples of 10 plants each.‘
The mean height of the 10 plants sampled in the eastern half of the' ‘
field increased 1inear1y from s1ightly Tess than 3) cm on June 10 to
slightly more than 69 ch'on July 14. There was Tittle additional
height increase from July 14 to August 6.l The correiatien of height
with time is highly significant, r = 0.89 (a = 39.48 and b = 0.71).

Measurements on the 10 p1ants.samp1ed in the weStern half bfithe
field did not begin until June 30. The pattern of gronh was com-
parable to the plants éampTed"in the eastern half of the field, r =
0.78 (a = 39.28 and b = 0.17).

The r values for the three samples (one in 1974 and two in 1975)
are comparable and they all indicate a strong correlation between time
and height. However, the.wide variation in b values among the three
samples indicates that the rate of height increase Variee with each

sample.




Table 3._ Periodic measurements of spotted knapweed'p1dnt heights in 1974 and 1975.

Date
Year  Lacation 6/10 6/12 6/18 6/23 6/26 6/30 7/2 1/7 7712 1/34 7/18 7/21 7/28 8/6 r a b
Site A .
1974 67.8 - 99.4 123.4 127.2 130.0 130.0 0.87 82.07 1.52
(eastern half-moist)
Site A . .
1975 30.96 46.76 56.46 67.06 69.36 . 70.16 70.7 70.86 0.89 39.48 0.71
(eastern half-moist) N -
Site A . : )
1975 . 39.74 45.52 46.87 - 47.46 47.53 0.78 39.28 0.17

(western half-dry)

G¢
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The difference in growth pattern betweeﬁ the plants sampled in the
western half of the Fie]d and those sahp1ed in the eaﬁtern half was
probably due to the seepage of irrigation water onto the eastern half
of the field while the western half of the field remained relatively
arid. These déta suggest that there'is-an increase in height with time
and that the amount'of'increase is probably 1nf1ueﬁced by'water. In
addition, the marked differences in plant height between 1974 and 1975
may reflect the plants' responses to year1y,,env1rohmenta1 differences.
The spring of 1975 waé markedly cooler than 1974; thus, plant growth
was Tess on comparable dates. _

In 1974, flower head width increased linearly from June 18 through‘
July 25. The correlation between flower head width and time is high]y\
significant, r = 0.95 (a = 2.73 and b = 0.13). | |

The results of the 1975 flower head width study for the two
populations in the eastern and western hé]vés‘of the field, respec-
~ tively, are highly signﬁ%icant and comparable to the,1974.data (Table

4).. Mean flower head width 1ncrea§eq with time forlboth populations.

Correlations of flower head width with time were identical, r = 0.97.
Regression equations for the populations in the éastérn &nd western
halves of the field are: a =4.03, b = 0.13 and a = 4.33, b = 0.10,
" respectively. The apparent effects of moisture, discussed previously
for plant height, did not appear to affect flower head widths.

The relationship of spotted knapweed height to number of shoots




Table 4. Periodic measurements of spotted knapweed flower head widths in 1974 and 1975.

Date
Year Location /18 6/26 7/2 7/7 7/12 7/14 7/18 7/21 7/25 ‘7/28 8/4 r a b
Site A ' : :
1974 . 2.00 "4.40 5.40 6.40 . 6.80 7.33. 0.95 2.73 0.13
(eastern half-moist)
Site A . -
1975 ) 3.83 5.20 6.21 7.03 7.31 0.97 4.03 0.13
(eastern half-moist) :
Site A ’
1975 : 4.17 5.42 ‘ 6.90 7.05 0.97 4.33 0.10

{western half-dry)

L2
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and flower heads and number of flower heads to number of shoots is
shoWn in Tables 5, 6, and 7. Very little correlation was found between
spotted knapweed height and number of shoots. The highest corre1ation
occurred -in the moist half of Site A where about 34% of the variation
in number of shoots was due to p1anf height (r = 0758). |

The correlations between plant height and number 6f flower heads
also were not significant. The highest correlation occurred in the
dry half of Site A where about 55% of the variation in number of flower
heads was associated with differences in plant height (r = 0.78). The
r values are comparable in 1974 and 1975, although they are slightly
Tower in 1974,

The correlation between the number of flower heads and the number
of shoots was highly significant at Sifés A and D. The correlation
was especially high in the moist half of Site A where r = 0.96. The
r values for Site D and the dry Ha]f of Site A were 0.88 and 0.85,
respectively. The r values for Sites B, C, and E were 0;59, 0.65, and
0.58, respectively.

| The average spotted knapweed seed production at the five study
sites is shown in Table 8. The mean numbers of seeds per head at the
§ix sampling sites‘were fairly uniform, averaging about 32 seeds per
head except for Site B where only 19.59 seeds per head was recorded.
The SE values ranged from 0.59 at Site E to 0.92 at Site B. The mean

number of flower heads per plant was comparable at Sites A (moist half),




Table 5. Means, variances, correlations and regression estimates for plant height (x)

and number of shoots (y) of spotted knapweed, based on single plants in 1975,

= = 2 2

Site N X y S™X STy r a b

A (eastern half-moist) 30 41.57 4.50 336.74. 108.81 0.58 -9.09 0.33
A (western half-dry) 30 35.50 2.67 112.81 3.26 0.49 -0.27 0.08
B - 29 75.10 5.41 343.74 25.25 0.14 2.52 0.04.
C _ 29 48.86 2.93 90.05 4.42 0.38 -1.19 ‘0.08
D " | - | 31 53.52 6.48 211.86 46.79 0.30 -1.05 0.14

E . 30 33.73 7.53 96.27 11.50 0.24 4.69 0.08

62




Table 6. Means, variances, correlations, and regression estimates for plant height (x) and
number of flower heads (y) of spotted knapweed, based on single plants in 1975.

2

Site and Year ' N X y Sx Szy r a b
A(eastern half-moist) - -
- 1974 27 37.15 15.11 90.98 150.79 0.58 -12.84 0.75
B-1974 30 59.60 129.70 168.25 22289.18 0.53 -231.49 6.06
C-1974 .' - 31 47.39 33.65 127.58 1988.77 0.50 -60.78 1.99
D-1974 - 27 37.78 40.11 83.95 891.26 0.46 -16.79 1.51]
. A{eastern half-moist) |

1975 30 41.57 28.40 336.74 5294.73- 0.66 -79.96 2.61
A(western ha]f-dry): : _ o ' 4

1975 30 35.50 9.20 112.81 92.86 0.74 -14.55 0.67
B-1975 (. 29 75.10 62.24 343.74 3679.33 0.64 -94.29 2.08
C-1975 - 29 48.86 27.93 '90;05 _ 677.42 0.67 -61.28 1.83
D-1975 | ' ' 31 53.52 30.84 211.86 1278.34 0.54 -39.78 1.32
E-1975 | | 30 33.73 27.33 96.27 328.09 0.69 -15.94 1.28

0€




Table 7. Means, variances, correlations, and regression estimates for number of flower
heads (x) and number of shoots (y) of spotted knapweed, based on simple plants

in 1975.
Site N X y s2x 52y r a b
A(eastern half-moist) 30 28.40 4.50 5294.73 108.81 0.96 0.61 0.14
A(western half-dry) 30 9.20 2.67 92.86 3.26 0.85 1.19 0.16
B o 29 62.24 5.41 3679.33 25.25 0.59 2.36 0.05
c . | 29 27.93 2.93 677.42 4.42 0.65 1.47 0.05
D 31 30.84 6.48 1278.34 46.79 0.88 1.31 0.17

E ‘ _ 30 27.33 7.53 328.09 11.50 0.58 4.58 0.11

LE




Table 8. Averagé seed production of spotted knapweed in western Montana in 1975.

Flower heads ' Assumed
per plant Seeds per head Annual
— - Seeds per. Reproductive .
Location N X SE N- X SE | plant Capacity

Site A |
(eastern half-moist) 30 28.40 13.28 82 35.12 0.73 997 798
Site A : ' :
(western half-dry) 30 9.20 1.76 112 30.00 0.61 276 221
Site B : 29 62.24 11.26. 100 19.59 0.92 1219 975
Site C - 29 27.93 4.83 97 36.74 0.72 1026 821
Site D - | 31 30.84 6.42 96 28.83 0.81 889 711

Site E | 30 27.33 3.31 110 32.52 0.59 889 711

¢€
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C, D, and E, averaging aboﬁt 29 flower heads per plant. The«mean
number of flower heads per plant at Sité A (dry half) was very Tow
(9.20) while at Site B it was extremely high (62.24). The wide
range of SE values (1.76 to 13.28) indicatés é tremendous variation
among spotted knapweed popu]étions in regard to.flowef head nhmbers
per plant. .

Assuming 80% survival of all seeds (as did Watson and Renney,
1974), the annual reproductive capacities of spotted knapweed ranged
from 221 seeds in the dry half of Site A to 975,$eeds‘a£ Site B. . The
expected high seed production in the mojst half of Site,A’Was not
evident in this study due to the large number of small plants sampled
along the transect. Thelwide spacing of the large plants and the high.
density of small p1ants made the chance of sampling the large p1énts
along the transect slight. Watson and Renney (1974) reported the
annual reprpductive capécity of spotted knapweed on rahge]and in |
British Coiumbia to be 349 seeds per plant. |

Spotted'knapweed growing in irrigated areas often exhibits tre-
mendous groﬁth and seed production. Since the above study did not
adequately show the reproductive potential of spotted knapweed growing
under moiét conditions, flower heads were counted on 10 1arge'p1ants
in the moist half of Site A in 1975. The average number qf flower
heads per plant was 1247.90 (SE = 111.06). Using the avérage number
of seeds per head 1isted in Table 8 for the moist half of Site A
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(35.12) and assuming 80% survival of all seedé, the annual repfoduétive
“capacity for the 10 plants Wag 35,061 seeds per plant. The large
number of fjower heads per'plant inxthé moist half was-1ess than the
number recorded -on 10.p1ants-1n thé same area in 1974; the average
number of flower heads per p]aﬁt in 1974 was 2028.60 (SE = 247.87).
The mean number of flower heads per plant, mean number of seeds per
head, and annual reproductive capacity of irrigated spotted knapweed
in British Columbia was 706.66 + SE 64.81, 35.75 « SE 4.00, and
20,210, respectively (Watson and Renney, 1974).

Extremely low seed per head numbefs_were recorded from spotted
knapweed seed heads within the field cages at Sites B and C in 1974.
At that time it was not known whether the Tow seed numbers were due
to U. affinie or the exclusion of insect pollinators by the cages.
The cages were removed in 1975 to 1so1ate:the causative factor7 The
resulting seed production within the cage areas increased appreciably
(Table 9). The éage at Site A wés removed at the onset of flowering
in both 1974 and 1975 to allow access for insect pol]jnqtors. Seed
production of plants in the Site A field-cage (removed at the‘onset
of f1ower1ng)'was comparable to that of plants outside the cage in
both 1974 and 1975. This indicates that: (1) U. affinis was appar-
ently not fhe cause of the low seed numbers and (2) the cage affécted
‘seed production only during the time of flowering because it served

as an exclosure to pollinators. The fact that spotted knapweed is




Table 9. The effect of cages on spotted knapweed seed production.

No.of seedhead No.seed heads Cage Avg. No.
Location Date Collections Collected Removed? Seeds/head
inside cage Area  Aug. 1974 1 10 yes* 30.7
Site A
Field Aug. 1974 2 a)10 - 38.7
- b)30 - 31.7
inside cage Area Aug. 1975 1 43 yes* 29.6
Site A :
Field Aug. 1975 1 82 . - 35.1
inside cage Area Aug. 1974 1 16 No 0.6
Site B '
Field . Aug. 1974 . 1 30 - 25.3
inside cage Area Aug: 1975 2 a)29 yes 16.8
b)26 yes 19.9
" Site B
Field Aug. 1975 2 a)100 - 19.6
: b) 35 - 29.8
inside cage Area  Aug. 1974 1 8 No 0.4
Site C :
Field Aug. 1974 2 a)10 - 43.0
' b)28 - 34.7
inside cage Area . Aug. 1975 1 25 yes 39.8
Site C .
outside cage Aug. 1975 2 a) 97 - 36.7
b)115 30.8

*removed before onset of flowering

1
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rentomophilous was also reported by Watson and‘Renney (1974); they

stated that the plant is self-compatible.

Observations'and Measurements of d. affinis

U. affinis is a small fly belonging to tﬁe family Tephritidae.
The male and females avérage about 3mm and 4% mm in length, respec-
tively (Fig. 3 and 4). Like most members of the faﬁi]y, U. affinis
has distinct markings on its wings.

Tﬁe Tife cycle of U. affinis‘was found to be closely synchronized'
with the flower head development of its host p1anf, spotted'knapweed
(Table 10). Adults of U. affinis first appeared in the field cage at
Site A on June 10 in 1974 and on June 17 in 1975. The adult popu-
lation reached its peak during 1974'and 1975 on June 24vand July 6,
respectively. In both cases, the populations reaéhed their peak at
. a time when thé majority of spotfed knapweed flower heads wére about
3% - 4% mm in width, the size range preferred by ovipositing female
U. affinis (discussed later). The majority of U. affinis emerged
much later in 1975 than in 1974 apparent]y due_tq the unusually cool,
wet spring in 1975. The cool weather haq the same de]aying effect on
'spbtted knapweed since fhe plant.development was considerabTy behind
that of 1974 on comparable dates.

Having reached its peak, the u. affinis popu]atjdn s]ow]y!de-

clined‘with'the last adults being seen on July 30 in 1974 and August 7
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Figure 3. U. affinis. A. Male (x 18). B. Female (x 14).
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Figure 4. U. affinis on spotted knapweed (c. maculosa). A. Male
U, affinis (x 4). B. Female U. affinis (note ovipositor)
(x 4). C. Copulation (x 4). D. Oviposition (x 4).




Table 10. Seasonal history of U. affinis in relation to the phenology of'spotted

knapweed '
U. affinis
_ Status of spotted . Overwintering Summer ~ Overwintering
Month knapweed ___generation generation generation
danuary- dried shoots and seed Larval :
mid-April heads from old plants - diapause - -
2231;a1f small rosettes ' _ - -
May growing rosettes - - - -
June emergence . -
Ist half shoots of adults
June branching and emergence of egg stage egg stage
2nd half flower heads : adults;begin-
- ning of ovi-
: position
July . flower heads; N . .
st half few Flowers oviposition eggs;larvae eggs;larvae
- July . _ larvae; larvae enter-
2nd half flowering : . pupae ing diapause
August - seed heads progres- _ emergence  larval
sively-maturing - of adults; diapause
, oviposition
September- plants progressively . . larval

- December dying ' ' .o ‘ diapause- -

6€
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in 1975. A periodic census of the cage pobulation in 1975 is shown in.
Table 11. Due to the very sma11_size‘of thg flies, it is poéﬁib]e that
a number of flies were overlooked in the census; thus, the validity of
the census is questionable. ,' ' ?.

In both 1974 and i975, small numbers of U. affinis adults were |
found emerging in late August and early Sgptémber from seed head; pro;
‘duced that summer. This showed that a period of diapausé was not
essential. Individuals of this second generation were seen in both
the field and in the field cage at Site A. This early emergence Was
mentioned by ZW61fer-(1970). Any bio]ogical advantage of this early
emergence 1s questionable since the availability of flower heads of
proper size for the ovipositing féma]es is almost negligib]e. No
evidence has been found to indicate that ﬁ. affinis can overwinter as
an adult.

~ Adults emérged from the seed heads in the quart jars‘much later

than the normal-emerging (i.e., those adults that underwent diapause
and thus, did not emerge "early") "wild" popu]atioh. This delayed
emergence was probably a result of the coo1er temperatures associated
with the shaded conditiéns under which the jars were maintained.

The dates and frequency of U. affinis'emergence from the jars is
shown in Fig.'57 The'first emergence from the jars 6ccurred on June
24 and June 30 in 1974 and 1975, respectively. Based on a total of

39 individuals, the mean'date of émergence in 1974 occurred on July 9




Table 11. Sightings of U. affinis adults in the field cage at Site A in 1975.

Date | Number of U. affinis

' male female total
June 16 3 1 4
June 22 - | 5 2 7
June 24 : 14 -2 .16
June 28 18 1 19
July 2 E /A 5 39
uly 3 ' 45 13 58
July 6 ' : 89 27 116
July 17 ‘ 73 29 102.

281 80 361

Lt
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'(i = 15.90). In 1975, the mean date of emergence, based on 435 indi-

viduals, was July 19 (x = 20.46). The S2 and SE values for the 1974
and 1975 emergence dates were 49.88, 1.13 and 50.68, 0.34, respec-
tively. . ' .

A high Tevel of confidence in x is suggested by the 10W value of
SE in 1975. The distribution of emergences §uggests a concentration

slightly ear]y'in the season with relatively few flies emerging at the

- end of the season.

Analysis of emergence by sex was also made in 1975. Tﬁe mean
emergence date for males (N = 244) was July 18 (x = 18.60) while for
females (N = 191) it was July 22 (x = 22.82). The corresponding
values of 52 and SE for mé1es are 44.82 and 0.43 while for fema]es'
they are 48.39 and 0.50; The difference between hean emergence dafes
of the two sexes of 4.22 is highly significant} P < .01 (t = 6.39).
| The earlier emergence of males is apparently typical of Urophora
spp. Wadsworth (1914), 1in his observations of U. solstitialis Linn.,
reported ihat'the number of males emerging in early June greatly out-
numbered the females, buf the disproportion in the sexes decreased
towards the end of the month. The biological significance of the
earlier emergence.of males is not known. | |

The emergence data in 1?74 were comparable to 1975 but on a much
smaller scale due to the Timited sample.size (N = 39). The SE value

(1.13) was relatively high and may-be due to the small sample size.




Emergence dates by sex were July 7 (x = 14.40) for males and July 10
(x = 17.47) for females. The difference between the two emergence’
dates (3.07) was not statistically significant which may be due to

high S

and SE values associated with smaller samples.

The jar emergence was also later in 1975 than in 1974. Again,
this was probably due to the coo]hspring in 1975. (

The successful estab]ishment.of U. affinis in the field cage at |
Site A was evident in late 1975. The percentage 6f infested seed |
heads increased linearly over three U. qffinis generations (Table 12).
The correlation between infestatidn percentage and U. affinis gehér-_
ations was highly signifibant, r = 1.00 (a=-13.17, b = 28.05). It is
obvious that a positivé change in the percehtage of heads with galls
occurred over the three generations but confidence in a perfect corre-
lation is Tow in any biological system. With additional seed head
samples and generations, the value of r can be expected to change but
hopefully the conclusion that U. affinis is becoming estab]ished‘wi]]
not éhange;

Other traits such as the total number of galls, the average
number of galls per head,.and the highest number of galls found in any 3
one seed heéd also incréased over the three‘generations but they were
not statistically analyzed due to the variability occurring among the

number of seed,heads sampled for each genehatfon. ‘The 10 galls found

in oné seed head in the August 1975 co]]éction is of interest in that




Analyses of seed heads in field cage at Site A from May 1974-August 1975.

Table 12.
(3 U. affinis generations)
9 , . Stage of
o, L et
seed heads Total galls/galls/ No. % No. of ©OF dead 7.
heads  with No. seed seed empty galls dead y, —Gffinis
Date examined galls galls head* head galls empty affinis Larva Pupa
May 1974 138' 15.2 46 2.19 5 39 84.8 7 4 3
May 1975 305 42.3 242 1.88 6 151 62.4 91 48 43
August 1975 150 71.3 337 3.156 10 *k

*only those seed heads containing galls, not the total number examined.

**the galls -were not dissected to note contents within,
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_ it is the highest number of galls per head that has been repbrted.
Prior to this study, the highest number of galls found in a single
spotted knapweed seed head was eight (Zwdlfer, 1970).

The percentage of empty galls (i.e., the percentage of success-
fully emerging adults) decreased from 1974 to 1975. Although the dead
U. affinis within the ga1Ts were examined, it is not known what caused
the mortality or why the mortality increased in the 1975 generation.
The stage of development of the dead U. affinis was noted. Since u.
affinis larvae and pupae are very similar in appearance, the develop-
mental stage of the dead U. affinis was determined by noting whether
the head was orjented toward the distal opéning'of the gall. Zwolfer
(1970), as méntioned earlier, reported that prior to pupation, the
larva reverses its position in the gall . such that its head is oriented
distally in the gall. Therefore, all immature U. affinis that died
with their héad oriented distally were considered to be pupae, while
those in the reverse position were_considéred Tarvae. Many of the
dead immature U. .affinis were in such a shrivelled, desiccated con-
dition that it was impossible to determine where the head was oriented.
Consequently, the validity of these data is questionable. Dissection |
of the galls did not reveal the presence of parasites.

An attempt to estimate-the total U. affinis population within the
field cage at Site A was made in September 1975. This estimate repre-

sents the populatioh that should appear as adults in the summer of
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1976. Based on the total number of seed heads in the cage (6,132),

the infestation percentage of the 150 seed heads collected in August

(71.3), and the average number of galls per seed head (3.15), a -

.population estimate of 13,772 U. affinis was calculated. Potential

U. affinis mortality was not considered.

Assuming the number of seed heads within the field cage to be
fairly uniform in both 1974 and 1975, the estimatéd population. in the
summey of 1975 (based on an infestation pgrcentage of 42;3, an average
of 1.88 galls per head, and 62.4% successful emergence of adu]té) was
3,027 U. affinis. This figure is far in excess'of the number of v. |
affinis recorded in Table 11. It is not known which of the two popu-
lation counts most accurately describes the v. affinis population
within the field cage as it occurred in the summer of 1975.

From Site A in May 1975, a total of 305 seed heads, separated

into 12 jars of about 25 heads each, was scored for percent infestation

and number of galls per heéd. The average infestation was about 42%

(SE = 3.05). Infested heads had an average of 1.88 galls (SE = 0.09).
Thus, for percent- infestation, n = 42.3 = 6.71 and for number of galls
per head, u = 1.88 = 0.20. These data suggest that any éo]]ectfon of
about 25 seed heads collected within the field cage during the summer

of 1974 would have shown an infestation percentage -of about 42.

~ Similar data were not recorded for the May 1974 collection of seed

heads.
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Due to the very small number of U. affinis in the field at Site A,
adequate'data describing the success of the field population were not
obtained. Galls of U. affinis were found at a‘distance of up to 50lm'
from the initial release point (Fig. 6, 7, and 8). The frequency of
spotted khapweed plants was fairly unfform throughout the sampling
area; thus, the number of galls per sampling site was probably fairly
indicative of the entire sampling area in regard to distance and
direction from the initial release point. Adults were seen throughout
most of the field, but in very small numbers (Fig. 9). On July 15,
1975, two male U. affinis were found on ;potted knapﬁeed in the
farthest corner of the field, a distance of 94 m from the initial
release point. Although no supporting data are available, it is felt
that the U. affinis population is established in the field at Site A,
js dispersed throughout the field, ahd is increasing in numbers,
although very slowly. Reports on the U. affinis population increases
in British Columbia (Harris, 1974) suggest that the Canadian U..afV%nis
population is increasing at a considerably faster rate than in wgstern
Montaﬁé. A population of 174,000 U. affinis was estimated at the
Chase colony in 1973 after apparently the same period of U. affinis
estab]ishment in'western Montana (two years). The number of U. afjinis
involved in the initial fe]ease at Chaéé,'British Columbia is not
known.

Observations of U. affinis behavior mainly involved those




Figure 6.
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Number of galls found in collections of 100 seed heads at the release
point and at 10 m intervals along compass-based transects in June 1975.
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Figure 7. Number of galls found in % m2 plots at the release point and at 10 m
intervals along compass-based transects in October 1975.
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Figure 8. Results of random search for galls in compass-based directions from the
initial release point.
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Figure 9. Results of random sweeps for adult U. affinis in compass-based directions
from the initial release point.
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individuals cohfined.within the field cage at Site A. A1th6ugh it is
conceivable that the behavior exhibited by those individuals could: '
“have been altered as compared to behavior characteristic of "un-
confined" flies, the observations generally agree with those of Zviolfer
(1970). o

U. affinis adults, both inside and outsfde the field cage, were
not highly act%ve insects. Although they are extremely responsive to
movement, an observer can readily move near them and‘caﬁ often coax
one onto a finger without the insect f]yiﬁg away.

The adults are weak fliers; individuals }arely flew farther than
1 meter both inside and outside the field cage. Most of their
traveling consisted of walking from one flower heéd to another via the
branches of spotted ‘knapweed panicles. After investigating two or
three flower heads on opé'spotted knapweed plant, they usually flew
a short distance to another plant and investigated a few flower heads
on it.” The flower heads investigated almost always were limited to
the top five or six branches of the sbotted knapweéd planté; theyl
rarely traveled below the top six branches.

The investigation of flower heads by the U. affiﬁis adults within
the field cage was generally a slow process. Depending on the time of:
day, the time spent on an individual flower.héad varied from 30 seconds
to 1 hour. The short periods of investigation were typical of the

more accelerated activity occurring in the cool (21 C) hours of the
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morning and evening. During the warmer parts of the day, the adu]ts
Qou]d genera]]y rest on one flower head up to an hour in Tength.

Observations made on “un-confiﬁed" U. affinis, although few in
number, did reveal a slight modification of behavior. These fiies '
(both males and females) were much more active, spénainglfar less fime
on individual flower heads than the caged flies. Also, the males
appeared to be more persistent in their courting and mating attempts.

The flower heads of the host plant served different purboses for
the male and female U. affinis. The main objéctive of a female U.
affinis is to find acceptable flower heads in which she can lay her
eggs. Therefore, her activities consist of methodically 1n§estigatihg
many flower heads in an attempt to find those acceptable for ovipo-
sition. A flower head serves the male as a potential site for a
rendezvous with a female. The male essentially spends most of his
time waiting on a single flower head for a female to either approach
"his" flower head dr one in fhg near viéiﬁity, If; after a peribd
of about an hour, a confrontation with a female has not been made,
the male will f]f to a flower head on a nearby plant and will -again
assume his waiting. position.

The behavior of a male waiting on I.'h1's" flower head changes
immediately upon.the aﬁproach of another U. affinis, regardless of
the sex. If the intruder is another ma]e, the two males shbw a

territorial behavior involving display movements such as spreading of
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wings and "bobbing" motions of the body. After carefully stalking 6ne‘
Ianother, they usually grapple and often attempt to mate before the
loser takes flight. But, if the waiting male is confronted by a
female both‘individué1s spread and wave‘théir Wings and after the male
slowly stalks the fema]e he will fly onto her and attempt to copulate
unless the female takes flight. The males are readily attracted to |
the movements of other U. affinis and will fly to any U. affinis they
see moving, regardliess of sex. Once he recognizes an individual v.
affinis as being a female, he will continue to follow her from flower
head to flower head and make repeated attempts to mate before either
being successful or losing sight of her.

During the first two or three days after emergence, female U.
affinis will reject all mating attempts by males.. Any confrontation
with a male during this period.resulfs in the female iﬁmediate]y
taking flight. After this period, however, the females are very
passive and confrontations with males will result in copulation nearly
100% of the time. The femaTes mate many times during their adult Tife
which, according to Zwolfer (1970), lasts up to three weeks.

The act of matiﬁg usually lasts about 90‘mihutes but-it can vary.
from 15 minutes to 2 hours in .length. After disengaging, the same
pair may mate again after a resting period of about 10 minutes. Océa-
sionally a mating pair will be confronted by another male in which

case the Tatter male will also try to copulate with the female. 1In
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such a situation, the cbpu1ating male kicks his legs in an attempt to -
repeal the intruding male while at the same time maintain his copu-
latory position.' Because of this activity, the usually bassiye femaie
also attempts.to remove the intruding male by kicking her Tlegs. If.
the intruding male is not succegsfu1 at dislodging the copulating male
within a minute or two, he takes flight.

The procedures involved in 7. affinis copulation (see Fig. 4C)
were identical to those described for Urophora siruna-seva (Hg.) by
Zwo1fer (1969). The female turns her oviﬁositor sheath up to about a
'450 angle upon being mounted by a male. 'The.ma1e'connects his geﬁi-
talia to the tip of the ovipositor sheath while his legs simultan-
eously secure. a position'on the dorsal surface of the female's thorax.
Copulation terminates when the male disengages his génita]ié from the
female's ovipositor sheath. _ |

As mentioned earlier, the behavior of a female U; affinis is
oriented toward finding spotted knapWeed flower heads of a size accep-
table for oviposition. The Qidths qf flower heaas preferred by ovi-
positing females in the fie]d.cagés at Sites A and B varied slightly
over the two years (1974 and 1975). A liberal estimate of the size
preferred was determined by using the smallest sample which had the
highest mean (4.06) and the highest standard error (0.24). Mean
width (u), was estimated: u = 4.06 = 0.52 mm. when‘fhe fema1e-Found

a flower head in this range, she investigated the head with her.
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ovipositor sheath bent down touchinglthe head. If the flcwer heéd was.
aécéptab]e, she inserted her ovipositor between the bkacts, usually on
the Tower han of the head (Fig. 4D). The female probed from 1 to 10
times on a single head with each brobe lasting between 5 and 90 seconds.
Most of the probes were short in duration but if the -female was on an
acceptab]e‘flower head, she would usually make two or three lengthy
(one minute 6r 1ther) probes before leaving the head. At the start
of the study it was assuméd that the short probes were.just explora-
:tory probes.and that is was during the lengthy probes that eggs were
being deposited. Dissection of probed heads later proved that the
latter Was not necessarily true. During July 1974, tags were placed.
on those flower heads upon which. female U. affinis were seen making
lengthy probes. These observations were conducted in the field cages
at.Sites A and B. Dissections of the flower heads in August 1974
revealed the presence of galls in'on1y 50.0 and 63.6% of the flower
heads at Sites A and B, respectively. The pooled percentage of 55.6
suggests that either: (1).eggs were not deposited during many of the
'1engfhy probes; (2) sterile eggs were deposited; or (3) mortality of
some of the eggs or first-instar larvae occqrred. The most 1ikely “
exp]anétion is that eggs were not deposited because 251 Fer (1970)
states that: ". . . ektensivé probing of the bud [flower head] of the
propef host plant (i.e. of a ﬁotentia] oviposifion subétrate) does

not always lead to the deposition of eggs."
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U. affinis was found to be highly host specific. A1l of the
ébufting copu]ation; and egg—]ay?ng occurred on the host plant,
‘spotted knapweed. Adults were observed to fly onto other plants of
heights similar to spotted knapweed but the time spent on the other
plants was usually quite brief. The high degrge of host specificity
of U. affinis is.d%scussed by Zwo1fer (1§70). He stafés thét U.
affinis are highly specialized in their host selection due to: (1)
the ability to induce gall formation, -(2) the modification of the
ovipositor length whiéh restricts ovipoéitfon to flower heads of 1ess
‘than 10 mm in Tength and diameter,,ahd‘(3) their almost exclusive use
of physical tokens for host plant selection. Two édditiona1 special-
izations applicable to U..affinis were mentioned by Zwolfer (1969).
when he described the adaptations of U. siruna-seva to its host plant,
Centaurea solstitialis. These specializations were: (1) the synchro-
nization with the phenology of its host plant, and (2) the restriction
of courtship and‘copu1ation to the specific host plant.

An example pf‘how effective U. affinis is in locating a épotted
knapweed plant which has flower heads of. the size appropriate for ovi-
position occurred on August 22, 1974. At this time, six "early-
emerging" U. affinis adults were seen on a spotted knapweed p1ant that
was only 40 cm tall in a field where all surrounding spotted knapweed
was about 100 cm tall. This plant's shoots had been severed at ground
level on June 28, 1974. The subsequent regrowth resulted in flower

1]
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heads on Ahgust 22 being the size preferred for oviposition by U
affinis féma1est This plant was the only spotted knapweéd plant in
the entirekfield with appropriate sized flower heads and; consequently, -
it had attracted six 0. affinis adults that were present in the field.
Zwo1fer (1970) reported that the branched pattern of spotted knapweed
was the main factor attracting flying U. affinié He further statedi
that olfaction is probably not an 1mportant factor in host p1ant
recogn1tton. Neverthe1ess, the plant that attracted the six U athnzs
had very short shoots and branches with an abundance of large 1eaves,
the cohbihation of which essentia11y eliminated any branching pattern.
The relative insignificance of this small plant in the field plus 1ts
lack of a pronounced branching pattern 1end credence to the 1dea that
olfaction p1ays a -role in host p1ant selection and that the branch1ng‘ :
pattern is not the only attracting feature.

Food requirements of U. affinis adults were not determined. The
adults were frequently ohserved touching the surface of spotted knap-
weed flower heads with. the1r probosc1ses, but it is not known whether
any food mater1a1 was 1ngested Zwo1fer (1969), in his d1scuss1on of
- U. siruna-seva, suggested that honeydew might be an important source
of food. U. affinis adults in the‘1aborator¥ were observed feeding on
honey_so]utidn but since no associatton between 0. affinis and insects
produ;ing honeydew. was noted in the field, the extent of honeydew-type

food utilization by 0. affinis was not determined.
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The only organ1sm observed caus1ng any degree of consistent mor-
ta11ty to U. affinis was a small sp1der, Dictyna major Menge, that
captured- the adult flies in its web. " The webs of these spiders were
| found most often on spotted knapweed due to the.b]ant's extensive
branching and superior height over the other plants associated with
spotted knapweed eommunitfes (Fig. 10). The webs, although small,
were very efficienf. A number of honeybees (Apis mellifera L.) and
small wasps were seen in the webs along with many small jnsects of
sizes comparable to U. affinis. Although it is possible that the
large insects, such as the honeybees, captured in the webs were sick
or otherwise weekened, the strength aﬁd efficiency of this:spider's
web was obyious. There is no indication that the U. affinis ensnared
in the webs were merely weakened or senescent individuals. ;The
strength of the web plus the speed at which the spider attacked the
struggling insect made fhetspider very capable of attacking and
killing even the most vigorous of individuals in the U. affinis size
range.

The spider was present throughout the Bitterroot Valley in very
large numbers. A survey coneucted‘to measure the population density
of the spider showed a high1y'sign1ficanf corre]ation.between the
number of webs and the number of spiders. For the Ju1yv16, 1975,
survey, v = 0.99 (x = 9.40, ¥ = 10.70) and for the July 21 survey,

- 0.99 (% =-10.10, § = 11.20). In both samples, § (mean number of


























































