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Abstract

Reproduction and pollination of Centaurea diffusa, C. maculosa. Acroptilon repens, and C. solsiirialis were examined. Based on
controlled pollination, Centrren diffusa. €. maculosa, and A. repens were found 10 he obligale sulcrossers; wherous €, solstitialis
proved to be facultadvely senogamous. The Imporiance of floral visitors was determined by visilation frequency along established
transects and by pollen load analyses. Principal visitors to at icast three of the four species were Bombus spp., Anthophora sp..
Apis mellifera, and Megachile sp. None of the important flower visitors of €. diffuse discriminated hetween white and purple flower
heads. Time of day did nol significantly influence visitation, cxeept for Anthophora sp. which visiled primarily in the morning. Nec-
tar analyses showed sucrose and ractose in a ralio of approximately 2:1 to be the major sugars in three of the specics. In A, repens,
glucose was also present (sucrose: fructose: glueose: 2:1:1). The apen recombination systems of Cersaurea diffisa. C. maculosa,
and A, repens promoles genetic diversity allowing invasion of naturat habitats. The annual habit and versatile breeding svslem of
C. solstitialis contributes o its success as & noxious weed. Apis meflifera may inerease the reporductive capacilies of knapweeds.

Introduction

The knapweeds (three Centaurea species and
Acroptelon repens) examined in this study are of
greal importance in western North America be-
cause of their slatus as noxious weeds. They have
expanded rapidly on rangelands of the Northern
Intermountain Region since their introduction from
Eurasia during the early 1900’s (Cranston 1980,
Roché et al. 1986, Roché and Talbou 1986). The
knapweeds are competitive and often trigger eco-
system degradation by displacing native vegelation,
decreasing biodiversily, contributing 1o soil erosion
(Maddox 1979, Cranston 1980, Tyser and Key
1988), reducing the economic value of ranges
(Strang et al. 1979) and decreasing recreation and
property values (Talbott Roché and Reché 1988).

As is true of other successful weeds, the knap-
weeds combine many morphological and physio-
logical characteristics which allow them to quickly
oceupy and persist in disturbed habitats. Such
characteristies include high seed production (Wat-
son and Renney 1974, Schirman 1981, Roché et
al. 1986, Callihan et al. 1989); successful seed
dispersal (Watson and Renncy 1974, Roché
1992}); discontinuous seed germination and ger-
mination over a broad range of lemperatures (Wat-
son and Renney 1974, Watson 1980, Callihan e
al. 1989, Taylor and Harrod, unpublished study):
and allelopathy (Watson and Renney 1974, Muir
and Majak 1983).

Other characteristies of knapweeds which may
or may not relale to their success as weeds fall in
the general category of reproductive and pollina-
tion biology. The knapwceds are discussed [re-
quently in the literature, but their pollination
biology has received little attention. Watson and
Renney (1974) noted that the knapweeds are en-
tomophilous and self-compatible, but they did not
go inte further detail about specific floral visitors
nor did they provide supporting data. Proctor and
Yeo (1979, and relerences cited therein) refer to
visitation of several insects lo Centaurea species
but provide no quantitalive data.

Our study was designed to answer the follow-
ing questions: Are these four knapweed species
sell-compatible, and if so, can they be sclf-
pollinated in the absence of insect visitors? Whal
are the important insect visitors? What is the visi-
lation constancy of the representative insects? Is
insect visitation influenced by time of day (see
MeCall and Primack 1992)% What floral rewards
are heing collected by the various inscet visitors?
What are the types and ratio of sugars present in
nectar rewards of the species and does there ap-
pear to be a relationship between these sugurs and
insect visitors along the lines suggesied by Percival
1960, Baker and Baker 1975, Faegri and van der
Pijl 19797

Flower color varies in some Centanrea species.

especially C. diffusa which has both white and
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purple forms. Pollinator preference for a particu-
lar color morph could lead 10 grealer reproduc-
tive success of thal lorm (Kay 1978, Stanton
1987). Thus, in the context of the questions stated
ahove, we wanted Lo know if flower visilors dis-
criminate belween white- and purple-flowered

forms of C. diffusa.

Methods
Study Sites

The study sites were located in Okanogan Nalional
Forest, near Winthrop, Washington {diffuse knap-
weed Centaurea diffusa Tam.): in Lolo National
Foresl, near Missoula. Monlana (spotted knapweed
C. maculose T.am.); on private land near La
Grande, Oregon (vellow starthistle (€. solstitialis
L.} and on private land near Haines, Oregon
{Russian knapweed (Acroptilon repens (L.} DC.)).
For more precise locations, see Figure 1. At each
study site, the species studied was the dominant
plant. The populations were extensive, although the
areas studied were approximalely 25300 m?.

Pcllination Studies and Fertility Analyses

At each site, 1 x 1 x 1 m cages were used to ex-
clude insects from selected plants. The cages con-
sisted of wooden frames covered by | x 1 mm
mesh window screens. At the Maines, La Grande,
and Missonla sites. four cages were sct up, each
enclosing a single plant. Criteria used in selecting
plants included: {1) plant size —large enough Lo
have numerous heads but small enough to fit in
the cage; (2) location —well within the population,
avoiding “edge cffect™ (3) pre-anthesis develop-
mental stage —opened heads. if any, were removed;
and (4) sufficient spatial separation from other
caged plants to ensure independent samples. Al
the Washinglon (C. diffusa) site, eight white- and
eight purple-flowered plants werc randomly
sclected and caged prior to opening of flower
heads. The field work was carried out from mid
June through August, 1989, at the Oregon and
Montana sites, and from mid June through Sep-
tember, 1994, at the Washington site.

At the Oregon (A. repens and C. solstitialis) and
Montana (€. maculosa) sives, all controlled polli-
nations involved caged plants. In cach of three
cages, ten heads were selfed via geitonogamy (pol-
lination of Mlowers on the same plant} and ten out-
crossed (xenogamy}. by picking flowering heads of
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non-caged plants and gently rubbing these over the
florets of selected heads of caged plants. To avoid
pollen contamination, geitonogamy and xenogamy
were carried out on different days. All pollinated
heads were approprialely tagged. The fourth cage
at cach of the three sites, in addition 10 untreated
heads on the other three caged plants, was used
to test autogamy (pollination in the same Mower),
i.e. the plants or heads were lell untouched.

At the Washingten (C. diffusa) site. autogamy,
geitonogamy and xenogamy were compared by
randemly selecling eight white-flowered planis and
cight purple-flowered plants lor each reproductive
treatment. To test for aulogamy, exclusion cages
were placed around the sixteen selected plants, as
noted above, and left untouched. Exclusion cages
were not used in other tests. To test for geitonog-
amy, small collon bags were placed over Lwo uno-
pened but similarly developed flower heads of each
of the sixteen selected plants, Bags were briefly
removed to hand pollinate flowers when anthers
were dehiscing and stigmas were presumed to be
receptive, L.e. the heads were gently rubbed to-
gether. Bags were left on until afler the heads had
closed and the corollas had become senescent. Two
nen-hagged open pollinaled heads were sclected
and lagged from each of the additional sixteen
plants, providing the opportunity for xenogamy.

Heads from all reatments were collected when
mature and the seeds were counted. From each
of the €. maculosa, A. repens, and C. solstitialis
populations, 120 heads were collected: 30
representing  geilonogamy: 60 representing
xenogamy (30 from caged plants and five randomly
collected from each of six non-caged planis); and
30 representing autogamy (15 from the single, “au-
togamons™ caged plant, and five non-manipulated
heads from each of the other three caged plants,
all randomly collected). Seed count data of each
population were subjected o a 1 x4 factorial unal-
vsis of variance (ANOVA), faclor 1 being species
and the four levels of factor 2 heing autogamy,
geitonogamy, open-pollination. and  xenogamy
{bagged heads). If the probability of a Type T cr-
ror was 5% or less, the result was considered to
be significant.

From the C. diffusa population, 96 sced heads
were chosen at random, two from each of the 48
plants sclected for autogamy, open pollination, and
geitonogamy (16 plus 16 plus L6} The 32 open-
pollinated heads were selected randomly prior to




North Powder

Figure 1. Location of study sites (% ). The “diffusa” site s located on Forest Service land & miles north of Winthrop, Washington.
on West Chewueh Road, The “maculosa™ sile is located on state land northeast of Milltown, Montana, on Highway 83
approsimutely 2 miles north of Highway 200. The “repens™ site is located on private land by following 3rd Street 3 miles
east of Haines, Oregon. The “solstitialis™ sile is located on private land by lollowing Beoth Lane 4 miles casl of [sland

City. Oregon, 1o Lower Cove Road.

pollination. Seed count data from this population
were subjected to a 2 x 3 factorial ANOVA with
subsampling (o = .05}. The two levels of factor 1
were flower head color. white, and purple. The three
levels of factor 2 were reproductive treatmenls, au-

ogamy, geitonogamy. and open pollination,

To test for the possibility of anemophily {wind
pollination). a pollen sampler was operated for six
hours (from 0900 to 1500) for each of three days
during peak flowering (late July, early August) in
the €. diffuse population, The pollen sampler was
atlached to a vacuum pump which was calibrated
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at 486.5 L of air/hour. Pollen was deposited on
a clear petroleum grease coated mieroscope slide
which advanced every hour. At cach hour, wind
speed was recorded at canopy height using a tur-
bine digital anemometer and was averaged for a
five minute period.

Determination of Flower Visitor Frequency

Frequencey of insect visits was measured along a
30m transecl roughly through the center of cach
poprulation. The transects were traversed once in
the morning (ca. 0900) and once in the aflernoon
{ca. 1500) for three conseculive days in the C.
mactlosa, A. repens, and C. solstitialis populations,
and lor a total of ten times al various dates {late
July, early August) during flowering in the €.
diffusa population. One minute was spent at each
meter along the transect, counting the number of
visits to capitula (heads) by insect species. Visits
were counted only if they occurred within an area
approximately 200 x 20 ¢m, centered on and per-
pendicular to the transcet line. A wvisit involved
physical contact by the insect with any flower of
the capitulum. For €. diffusa. numbers of visils per
meter per minule, morning and aflernoon, were
analyzed using a 2 x 9 {C. diffusa. C. maculosa,
C. solstitialis) and a 2 x 12 (4. repens) faclorial
ANOVA (¢ = .05). Morning and aliernoon were
the two levels of factor 1 and the nine or lwelve
levels of factor 2 represented different inseet
species.

A representalive sample of inseets visiting the
respective knapweed species was collected from
each population. The insects were killed using ethyl
acctate and allowed to dry. The pollen was later
scraped from the head. abdomen, and legs, and
placed on a microscope slide in a small amount
of 30 pereent glyeerol in distilled water, with two
crystals of thymol {following Puris et al. 1964), We
counted up to 100 pollen grains at 100x or 400x
from a few random localions on the slide: or when
fewer than 100 grains were present. all were
counted. Pollen grains were identified using per-
manent reference pollen mounts of knapweed and
associated species. Differcnces among visitors
based on pollen load purity for each species were
analyzed using a complete randomized design,

ANOVA (o =.05)

In the €. diffusa population, we determined if
insects discriminated hetween white- and purple-
flowered plants. Ten equally spaced {ca. 1 m apart)
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combinations ol two white-flowered plants and one
purple-flowered plant, and ten combinations of two
purple-flowered plants and one white-llowered
plant were selected for a total of 20 experimental
sets. For each cxperimental sel, one plant, white-
or purple-flowered, served as a “subjeet” plant and
two plants, onc of each flower color type, served
as “choice” plants. Color preference was recorded
only when an inseet would visit the subject plant
and then select one of the choice plants. Tnsect ob-
servations were made for one hour bhoth in the
morning {ca. 0900} and afternoon {ca. 1500).
Differences among inscets based on color prefer-
ence and time of dav were analyzed using a 2 x
2 x 2 x 2 {actorial ANOVA (& = .03). The levels
of lactor T were color of the “subject” plant (white
or purple}, levels of factor 2 were colors of “choice™
plants (white or purple), levels of factor 3 were
morning and aflernoon, and levels of factor 4 were
insect species.

Nectar Analysis

The sugar constituents of nectar were determined
by paper chromatography. Eight mature plants of
each species and flower color (C. diffusa) were
selected at random and four 1o six flowering head
of cach plant were used per nectar sample, To ac-
cess the nectar, the upper part of the corolla tubes,
along with the anthers and styles, were cut away
with a sharp knife. The nectar was then squeezed
out into a spot on Whatman #1 chromatography
paper. Spotting was done both in the morning (ca.
0900) and afternoon {ca. 1500) of the same day
for a lotal of 16 nectar samples [rom each popula-
tion and floral color. Standards of approximately
2% glucose, fructosc, and sucrose were later spot-
ted alongside nectar samples. Ascending chro-
malography was used to separale sugars (Markham
1982). Nectar sugars were identified by compar-
ing spot colors (following treatment with a reagent
(Markham 1982)) and rate of flow to the standard
sugars. Color inlensilics were used to determine
the relative concentration of the nectar sugars,

Results
Wind-borne Pollen

A mean of 22 (sd, £ 15.9) pollen grains of €.
diffusa was fixed on the slides of the pollen sam-
pler per hour of operation. There was no appar-
ent correlation between wind speed or time of day
and pollen numbers.




TABLE 1. Mean numbcers® of seeds per head for the four knapweed species, with €. diffusa separated into white and purple color
forms. in respouse to different pollination Lrcalment.

Treaimenl

Spocics Aulogamy

Geltonogamy

Outerossed Open poilinated

C. diffusa

white 1.0 0.2 nia 7.1
purple 1.2 0.2 nia 10.6
C. maeulose 1.1 1.0 22.0 24.5
C. solstitialis 10.4 18.9 31.0 56.3
A. repens 1.8 L1 10,3 20.1

"For each species, underlined values are not significantly different from one another.

Seed Production

Based on seed production in response to the vari-
ous pollination treatments, C. diffisa. C. maculosa,
and A. repens are obligately xenogamous (Table 1).
The few sceds that were produced aulogamously
and geilonogamously could have resulicd from
anemophily since the presence of wind-blown pol-
len was confirmed. The lewer seeds produced in
bagged vs. caged capitila of C. diffusa also sug-
gests this, although the differences were nol sig-
nificant. In €. maculose and A, repens. open
pollinated heads produced significantly more seeds
than caged, crosscd heads. probably because
hand-pollinated plants were pollinated once,
whereas open-pollinated plants could have received
numerous visits.

Centaurea solstitialis produced significantly
more secds by xenogamy than by other treatments,
but it must he concluded that the species is facul-
latively autogamous, and the greater number of
sceds set by geitonogamy than by aulogamy can
prebably be aliributed to move pollen deposited
on the stigmas and thus greater opportunity for self-
compatibility {Table 1).

Open pollinated purple-flowered plants of C.
diffisa set significantly more seed than white-
flowered plants, even though white-flowered plants
out-numbered purple-flowered plants by a ratio of
3.2:1 and major insect visitors did nol discriminate
according to color (see below).

Floral Visitation

The various insects collected from the flowers of
the Tour knapweed species are listed in Table 2

with the purity of pollen loads provided. The pu-
rity of pollen carried by honey hees (Apis mellifera),
a species of digger bee {Anthophora sp. 1), bum-
ble bees (Bombus bifarius nearcticus and B. oc-
cidentalis), and a specics of lealculling bec
{Megachile sp.) was significanlly greater than other
specics. However, Lhere was a considerable amount
of overlap in the multiple range tests and several
gpecics of Bombus, Anthophora sp. 2, various bees
of the familics Megachilidae and Haliclidae, and
some of the syrphid flics also carried relatively pure
loads of knapweed pollen. Other insecls were in-
frequent visitors or carried very little knapweed pol-
len. as was the case of lepidopterids. Most of the
important floral visitors exhibited a high degree of
constaney as noled by pure pollen loads, although
there were exceplions, such as Megachile sp. (Ta-
ble 2).

Based on transect samples (Table 3}, Apis mel-
lifera dominated the visitor faunas of all knapweed
species except A. repens which was most frequently
visited by Megachile. The second. significantly
most frequent visitors were Bombues bifarius (at the
€. maculosa site), B. huntii (at the A. repens site),
B. occidentalis (at the C. solstitialis site), and An-
thophora sp. 1 at \he C. diffusa site. Among the
important visitors, only Anthophora sp. 1 and
Bombus huntii differed significantly in the time of
their visits, both favoring morning over allernoon.

Only Apis meliifera and Anthophora sp. 1
visited C. diffusa in suflicient numbers to assess
their color diserimination. Based on number of
visits per hour. neither showed a significant prefer-
cnee for Mlower color, nor did time of day inflluence
color choice. Based on observations made in the
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TABLE 1. lusects collected from heads of knapweed species und purity of pollen loads. Data represenl mean numbers bused on
counts up to 100 grains from cach of ten individuals, or fewer in cases when specimens were lmited.

Knapweed pollen'/foreign pollen/# insects’
[nscel 1axa

ORDER — family —sp. diffusa macul. repens solst.
HYMENOPTERA — Apidae

Apis mellifere 10041/10 Leo+2zh0 0 o 10041170
Bombus bifarius B67/2/08 81/1/06 100%/3/05 93°117106
Bombus occidentalis 8941710 582005 ————— 62/1405
Bombus hereee - _____  _____ 87508 0 ————
Bombuys centrels o _____  _____ 88/2/04

Bombuy fervidus
Bombus flavifrons
Bombus vosnesenskic . ___  _____  _____ 1004001
— Anthophoridae

Anthaphora sp. | 9723110 100419102
Anthophora sp. 2 66%/1/10 oo
—Megachilidae

Megachile sp. 882/12/05 1004/8/05
Osmia sp. 8822 ————e -
unknown sp. ae2/05 - o
—Haliclidae

unknown sp. 1 _____  _____ 82/5/06 51/15/047
unknown sp. 2 _____  _____  _____ 02/0/01
Agopastemon sp. . _____ 6a/102
—Colletidae

unknown sp.  _____  _____ 76/45/025
—Sphecidae

Bembix sp. w22y - =
unknown gp. 01/3/0 18101 ——e—
Seeliphron sp. . _____ 255000
— Vespidae

Vespe sp. o300 e
DIPTERA — Syrphidae

Eristalis arbustoram - _____ 47115/04 63/1/03
Eristalis tenax ook ——e 28/7/03
Eristalis hirms . _____ looa2f2
Seaeve pyrastri woFer o 201302
Helophilus fociares o  _____ 753308 -
—Bombyliidae

Swstocchus oreas 00/0/01 00/0/03 06</H05 25/0/02
Villa sp. 14:0/01 og/izio2 -
—Tachinidae

unknown sp. 13/42/02° 63/38/04*
LEPIDOPTERA-Hesperidae

Ochlodes svlvanoides 13i2/02 L s T —
— Lycaenidae

Lyvcaeaa sp. — _____ L ____ 04306 e
Plebejus melissa =2/0% e
--Pieridae

Colias philodice 240110 ———.—
Pontia protodiee . _____ 03105 0 ———__
--Satyridae

unknown sp. ~ _____ 04iv0L e o

884/24/05°%

‘a.b.e.d—For cach knapweed species. means are not significantly different from each other. In €, diffuse, overlap in the Newman-
Keuls multiple range test is indicated by double lettering, Fewer thun five individual insects were not included in the statistical analyses.
*0ne specimen had a large load of Hieracium sp. pollen.

Two specimens had Targe loads of Cimsium vudgare pollen.

*Some specimens had large loads of Comvoludus arvense pollen.

*Some specimens bad large loads of Chrsothamnus viseidiflorus pollen.

“Both specimens had large loads of Laciaca serriola pollen.
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TABLE 3. Mcan® morning (0900) and afternoon (15001 visits made Lo transeet observation arcas of the four Centenrea populations
by various insects. The number of visits represents importance values of the petential pollinators.

Transect vizitations per population

Insect taxa diffusa macul. repens solsl.
Apis mellifera 38.4 42.4 0.0 25.3
Bombues bifarius 1.9 19.7 0.2 11.8
Megachile sp. 1.3 2.1 27.5 10.2
Anthophora sp. 1 8.1 11.3 5.8 4.7
Bombus occidentalis 0.3 7.4 0.0 10.8
Bombus huntii .0 0.0 13.1 0.0
Syrphidae’ (.1 0.7 5.7 3.9
Lycaena sp. 0.0 0.0 8.3 0.0
Halictid sp. (.0 0.0 4.9 3.0
Tachinidae 0.0 0.1 6.6 .0
Bonthus centralis 0.0 0.0 0.0 5.9
Ponria protodice 0.0 0.0 5.0 0.0
Systaechus oreas 0.0 0.4 0.8 0.3
Aathophora sp. 2 0.3 0.0 0.4 0.0
Villa sp. 0.5 (UR1] 0.2 0.0
Bombus fervidus 0.3 0.0 0.0 0.0
Ochlodes svlvanoides 0.0 0.3 0.0 0.0

Mean values represent mulliple a.m. and p.m. transecls in respeclive populations. In only three cases did a.m. and p.m. values
diller signilicantty: (1) Arthopfiora sp. b visited more frequently in the a.m. al the diffuse and macalosa sites: (2) Bombus hunnl
was ohserved more frequently in the am. al the repens site; (3) the tachnid 1y was observed more frequently in the pom. al the repens site,

*Erstalis spp.. Scaeva pyrasti and Helophilus fociatus are included in this fumily group.

field, the same can be said for other insects visit-
ing C. diffusa. The general trend for pollinators was
to visit several heads of the same plant and then
fly to the next closest plant, regardless of its flower
color. The only exceptions were the Lepidopterids
which visited sporadically.

Nectar Analysis

Chromatographic analyses showed the nectar to
consist of sucrose and fructose in a 2:1 ratio in
C. diffusa. C. maculosa, and C. solstizalis. In A.
reperns. glucose was detected in small quantities (su-
crose:fructose:glucose: 2:1:1). The similarity of
sugar lype and concentration belween morning and
afternoon samples (and between flower color in €.
diffusa) helps 1o explain the general lack of visita-
tien digerimination by major visitors.

Discussion

Autogamy may function 10 promole population es-
tablishment and most weeds are obligately or facul-
tatively autogamous (sec Allard 1965, Baker 1965,
Stebbins 1965, Mulligan and Findlay 1970). How-

ever, inbreeding restricts recombination and, ac-
cordingly. limits adaptability. For moest weeds this
seems nol 1o be a serious compromise hecause they
have broad ecological tolerances (Baker 1965,
Tavlor 1990) and can exploit a variety of open
habilats. The knapweeds examined in this study
are somewhat exceptional in thal they are obligale
or preferential (C. solstitialisy oulcrossers. This
open recombination system may Limit reproductive
success of isolates but promotes genetic diversity
allowing invasion of natural habitats.

Although self-compatibility had been reported
in Centaurea species (Watson and Renney 1974),
many specics are ncarly completely  self-
incompatible {Marsden-Jones and Turrill 1954,
Lack 1976, 1982). Roché (personal communica-
tion) noted that C. diffusa. C. maculosa, and A.
repens appear to be self-sterile and €. solstitialis
nearly so. The polenual for selfing in C. solstitialis
suggested by our study, may be correlaled with ils
annual habit. According to Crant (1981}, autogamy
is a particularly commeon and adaptive trait of an-
nuals. In any case, the versatile breeding svstem
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of C. solstitialis must contribute 1o its success as
a noxious weed in the Pacific Northwest.

Most weeds have a generalist pollination
strategy, that is, they can be successfully pollinated
by a variety of insect types, an adaptive trait of
colonizing species (Allard 19635, Baker 1963). In
knapweed species, the pollen 1s openly presented
and readily accessible to all pollen-foraging Coleop-
tera, [Diptera, and Hymenoptera. On the other
hand, nectar is concealed in short. narrow corolla
tubes which also attracts “specialist” pollinators
known for their high degree of floral constancy.
In their comprehensive treatment of Centaurea.
Marsden-Jones and Turrill (1954) list numerous
floral wisitors from several Orders, including
“generalists” and “specialists,” many of the same
genera collected by us. Finally, the fact that knap-
weed species flower later in the summer than most
associated species probably reduces competilion
for pollinators and increases constancy and
reproductive success.

The importance of the respective insect visitors
concentrating on the Centaurea and Acroptilon
populations of our study can be judged by a com-
hination of: (1) visitation frequency — as measured
in transect observation arcas; and {2) conslancy —
as determined by purity of knapweed pollen. It
should be noted that our data do not previde di-
rect evidence for the relative success of floral visi-
lors as pollinators. 1t is known that frequent visitors
are somelimes poor pollinators (Faegri and van der
Pijl 1979). However, the open flower structure of
the knapweeds likely promotes effcetive pollination
by any visitor.

In three of the four populations (A. repens ex-
cluded). Apis mellifera was the most frequent visi-
tor by all criteria. This species was present
throughout the flowering season (at least at the C.
diffusa site) and exhibited slow, deliberate manipu-
lation and probing of florets. This behavior likely
makes the species an important pollinator. It
foraged throughout the day, primarily for nectar
but some individuals coellected pollen. Apis mel-
lifera is an important pollinator of other Centaurea
species including €. jecea and C. nemoralis
(Marsden-Jones and Turrill 1954), C. nigre (Lack
1976), and C. solstitialis (Gary et al. 1980).
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Considering all Centaurea and Acropiilon popu-
lations, bumblebees {Bombus spp.) were Lhe sec-
ond most important frequent visitors. These bees
foraged on nectar, apparently exclusively, and ex-
hibited a high degree ol constancy suggesting that
they are also important pollinators. The nectar of
the Centaurea and Acroptilon species was found
1o be sucrose dominant, typical of flowers visited
by bumblchees (Baker and Baker 1975, Faegri
and van der Pijl 1979).

Other frequent visitors, listed in apparent or-
der of importance, were solitary hees (Anthophora,
Megachile, and colletids), halictids and syrphid
flies, all pollen foragers. Butterflies were {requent
visitors. feeding on nectar, but they carried little
pollen and were probably of minor importance as
pollinators.

Finally, there was the question ol color prefer-
ence among pellinators in €. diffusa. Obscrvation
and statistical analvsis indicated that at least the
major visitors did not discriminate by color. In the
absence of favoritism for the while lower color and
the significantly greater seed production of the pur-
ple form, it would seem that the population struc-
ture would shifi toward the purple flower color.
Perhaps it does but the greater numbers of white
capitula in this population (3.2 white/1 purple) and
in others observed but not analyzed suggests not.
This apparent anomaly could relate 1o allele fre-
quency of colonizers; greater fitness of white flow-
ered plants (while celor alleles linked with genes
promoting fitness); greater predation of white
flowers by {ly larvae (a statistical analysis suggests
not}; or inadvertent sampling error. Further work
iz needed to distinguish among these possibilities.
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