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Abstract Variation in flower color, particularly poly-
morphism, in which two or more different flower color
phenotypes occur in the same population or species, may
be affected or maintained by mechanisms that depend on
pollinators. Furthermore, variation in floral display may
affect pollinator response and plant reproductive success
through changes in pollinator visitation and availability
of compatible pollen. To asses if flower color polymor-
phism and floral display influences pollinator prefer-
ences and movements within and among plants and
fitness-related variables we used the self-incompatible
species Cosmos bipinnatus Cav. (Asteraceae), a model
system with single-locus flower color polymorphism that
comprises three morphs: white (recessive homozygous),
pink (heterozygous co-dominate), and purple (dominant
homozygous) flowers. We measured the preferences of
pollinators for each morph and constancy index for each
pollinator species, pollination visitation rate, floral
traits, and female fitness measures. Flower color morphs
differed in floral trait measures and seed production.
Pollinators foraged nonrandomly with respect to flower
color. The most frequent morph, the pink morph, was
the most visited and pollinators exhibited the highest
constancy for this morph. Moreover, this morph
exhibited the highest female fitness. Pollinators re-
sponded strongly to floral display size, while probed
more capitulums from plants with large total display

sizes, they left a great proportion of them unvisited.
Furthermore, total pollinator visitation showed a posi-
tive relation with female fitness. Results suggest that
although pollinators preferred the heterozygous morph,
they alternate indiscriminately among morphs making
this polymorphism stable.
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Introduction

There is a wealth of information about how floral traits
influence components of a plant’s reproductive success
and mating pattern. Traits such as floral display size,
corolla size, flower color, and signal reward influence the
first step of the pollination process (pollinator attrac-
tion) (e.g., Hannan 1981; Hodges 1985; Campbell 1989;
Galen 1989; Real and Rathcke 1991; Mitchell 1993;
Gigord et al. 2001; Medel et al. 2003; Mitchell et al.
2004; Nattero et al. 2010), are expected to evolve in sit-
uations of floral variants (e.g., Galen 1989; Johnston
1991; Medel et al. 2003; Nattero et al. 2010), and induce
alterations in pollinator behavior that may influence
components of plant reproductive success and mate
diversity (Harder and Barrett 1996).

Variation in flower color, particularly polymorphism,
in which two or more different flower color phenotypes
occur in the same population or species, may be affected
ormaintained bymechanisms that depend on pollinators.
Pollinator behavior can induce changes in plant fertility,
outcrossing rates, and pollen flowbetweenmorphs, which
would result in variation in reproductive success and
morphological evolution of populations (e.g., Proctor
andYeo 1973; Kay 1978;Mogford 1978;Waser and Price
1981; Brown and Clegg 1984; Stanton et al. 1989; Jones
and Reithel 2001). In populations polymorphic for flower
color, pollinator behavior directly affects mating pattern
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among floral morphs through the influence of pollinators
on the quantity and quality of pollen export and receipt.
Polymorphism can be maintained by selection favoring
the heterozygote (heterozygosis advance), in which the
heterozygote genotype has a higher relative fitness than
homozygotes. There are many putative examples of genes
where heterozygote advantage acts to maintain genetic
variation in natural populations (e.g., Kalmus 1945;
Gemmell and Slate 2006 and literature cited therein). Kay
(1978) proposed different hypotheses to explain how
flower color polymorphism can be maintained in a pop-
ulation by selective action of pollinators, but did not
consider the effect of other interactions on the selection of
morphs. Briefly, Kay (1978) postulated the following
hypotheses: (1) pollinators alternate indiscriminately
among morphs and there is an excess of heterozygotes in
the population, (2) at least one pollinator prefers one of
the morphs: in this case polymorphism would be stable
only if the heterozygous morphs were preferred over the
homozygous ones, (3) two or more species of pollinators
differ in their preferences for the morphs: in this case, a
fluctuating polymorphism could be maintained if the
relative number of pollinators with different preferences
changed from 1 year to another.

Faced with variation in flower color within a plant
population, pollinators may ignore the variation, treat-
ing plants randomly with respect to flower color, or they
may adjust their behavior as follows: one of the morphs
may receive more pollinator visits, or more flower visits
per plant visit (bout length) than the other morphs
(Waser 1986). If pollinators truly ignore the variation,
i.e., the morphs are visited in proportion to their rep-
resentation in the population and the sequences of plants
visited are random with respect to the polymorphism,
then the mating pattern among morphs will be random
in the population.

A pollinator visiting a plant of one morph is more
likely to move to another of the same morph than would
be expected based on morph frequencies in the popula-
tion (Waser 1986). The tendency of most pollinators to
restrict their visits to a subset of the available flowers
thereby encompassing both assortative transitions
among plants and nonrandom preferences is described
as floral constancy (Waser 1986). Individuals over-vis-
iting one morph are likely to pick up mostly that
morph’s pollen and carry it to stigmas primarily of the
same morph, and other individuals are likely to do the
same for the other morph(s). Selecting a single morph
type (constancy) minimizes the cost of alternating be-
tween flower types. This view of flower constancy in-
volves a trade-off between the costs of alternating
between flower types and the costs of specializing in a
single flower type (Gegear and Thomson 2004).

Floral display size, measured as total display size or
as floral display area, is important in attracting pollin-
ators and can be expressed as the number and size of
pollination units. Variation in floral display may affect
pollinator response and plant reproductive success
through changes in pollinator visitation and availability

of compatible pollen (Holland et al. 2002; Ghazoul and
Shaanker 2004; Maron and Crone 2006). Several studies
have reported a positive relationship between floral
display size and frequency of pollinator visits (e.g.,
Klinkhamer and de Jong 1990; 15 out of 17 studies re-
viewed by Ohashi and Yahara (1999, 2002). Once at a
plant, pollinators are likely to probe several flowers in
sequence (Klinkhamer et al. 1989; Mitchell et al. 2004)
but may probe a decreasing proportion of the flowers in
the display (Mitchell et al. 2004; Grindeland et al. 2005).
Several studies reported that pollinators prefer to visit
large flowers over small ones (e.g., Galen 1989; Campbell
1991; Vaughton and Ramsey 1998) probably because
flower size is often associated with nectar and pollen re-
ward (e.g., Galen 2000; Fenster et al. 2006). Large floral
display size promotes increased pollen receipt or removal
and is likely to enhance potential mate diversity (Wilson
and Thomson 1991; Harder and Barrett 1996; Jones and
Reithel 2001; Engel and Irwin 2003).

One way to understand how flower color polymor-
phism influences pollinator preferences and plant
reproduction is to estimate pollinator movements
within and among plants at each flower color morph
(visits observed, constancy index) and evaluate its
influence on female fitness. Moreover, we were inter-
ested in understanding how total display size and floral
area, affect pollinator movements within and among
plants (pollinator visitation rate, bout length, propor-
tion of visited flowers) and female fitness. For this, we
choose Cosmos bipinnatus Cav. (Asteraceae), a plant
with a simplified model system with a single-locus floral
color polymorphism. In this species, flower color
polymorphism is reflected in white, pink, and purple
ligulate flower phenotypes. This character is determined
by a locus with multiple alleles (Crowe 1954; Howlett
et al. 1975). C. bipinnatus has been previously described
as strictly self-incompatible and depending exclusively
on pollinator activity for seed formation (Crowe 1954).
Studies addressing the influence of pollinator prefer-
ences on the maintenance of flower color polymor-
phism have received little attention. Moreover, the
effects of floral display size on plant fitness are still
scarce and very little is known about how these vari-
ables affect visitation rate.

Specifically, we aimed at evaluating (1) whether
flower traits vary among flower color morphs, (2) whe-
ther pollinators prefer any of the flower color morphs,
and (3) whether attraction traits, such as total display
size and floral area, affect pollinator movements within
and among plants and female fitness.

Materials and methods

Plant natural history and study site

Cosmos bipinnatus Cav. (Tribu Heliantheae, Family
Asteraceae) is an erect annual herb that grows up to 2 m



tall, and is native to Central America but naturalized in
Europe, Bolivia, Peru, and Argentina. The plants are
highly self-incompatible (Crowe 1954) and fruit forma-
tion depends exclusively on pollinator activity. Capitu-
lums are lateral or terminal, heterogamous, with eight
ligulate flowers in the periphery and there are about 60
tubular flowers in the center (Fig. 1a). Tubular flowers
are perfect and offer nectar as a reward, whereas ligulate
flowers are sterile and only fulfill an attraction function.
The flowers last about 3 days, have diurnal anthesis, and
are scentless. Cosmos bipinnatus is characterized by a
series of flower color polymorphisms of the ligulate
flowers that include white, pink, and purple phenotypes
(Fig. 1a). This character is determined by a locus with
multiple alleles (Crowe 1954; Howlett et al. 1975). This
locus is co-dominant, purple flowers being the dominant
homozygous state, pink flowers the heterozygous co-
dominate state, and white flowers the recessive homo-
zygous state.

This study was conducted from March to May, 2007,
in a population located in Villa Giardino, (Córdoba
province, Argentina, 31�02¢58.83¢¢S; 64�29¢24.66¢¢W). In
Córdoba province, this species grows at up to 1,000 m
a.s.l. and is typically found in the surroundings of the
mountain regions. In this area, the flowering season
extends from the end of February up to May, is the same
for all the morphs and across the whole of the popula-
tion. The population studied has at least 20 years of
establishment (Nattero J, pers. obs.). In this population,
plants grew naturally in plots (small piece of ground
ranging from 20 · 20 m up to 100 · 100 m) distant for

more than 50 m from each other. The whole population
is constituted with about eight plots. Plots were dis-
tributed in wasteland between dwellings, ranging from
about 100 to thousands of plants at each plot. In gen-
eral, the pink morph is dominant related to its spatial
frequency, with a frequency at the population level of
about 60%. Morph frequency does not vary spatially at
the population level, we only detected a few plots (about
three) with dominance of purple morph and none of the
plot exhibit dominance of white morph.

We estimated pollinator preferences in two natural
plots that differed in the frequency of flower color
morphs related to its spatial frequency. In plot A, the
pink morph was dominant (0.60:0.25:0.15 pink, purple,
and white, respectively). In plot B, the purple morph was
dominant (0.30:0.60:0.10 pink, purple, and white,
respectively). Both plots were located at the center of the
populations, with a size of approximately 20 · 20 m,
each containing about 100 plants. At each plot, morphs
were haphazardly distributed and no color morphs were
clustered.

Pollinators

We estimated pollinator preferences from partial pref-
erences of individuals for each color morph in the two
natural plots (A and B) described above. We did not
make experimental plots because the goal of this study
was to determine whether natural variation in frequency
of flower color morphs influences pollination and

Fig. 1 Visual description of the
study system. a Capitulums of
the three flower color morphs.
b The bumblebee pollinator
Bombus opifex visiting a
Cosmos bipinnatus capitulum.
c The bumblebee Bombus
bellicosus visiting Cosmos
bipinnatus capitulum. d The
honeybee Apis mellifera visiting
a Cosmos bipinnatus capitulum



reproduction. Pollinator observations were performed
during 9 days distributed throughout flowering period
(about 3 months). In addition, we studied pollinator
behavior for the different flower color morphs in several
plots of the population. For each observation day, we
recorded the identity of the visiting pollinator, the
number of open capitulums per plant, and the number of
times each plant was visited. We observed all study
plants in the plot simultaneously for pollinator visits,
totaling 560 observation minutes. From these data, we
calculated: average of capitulum display size per plant
(total display size), total number of visited capitulums
per plant, and pollinator visitation rate (number of vis-
its/number of open capitulum per plant), bout length
(number of capitulums probed during a single plant
visit), and the proportion of flowers visited (bout length
divided by floral display size).

Trait measures

We sampled plants from each color morph at random to
measure discal and radial capitulum areas. In 100 plants
per morph, capitulum characters were measured in two
capitulums per plant using digital photographs.

We estimated two measures of female fitness for each
individual plant: fruit set and seed number per capitu-
lum. Fruit set, measured as the proportion of fruiting
and nonfruiting flowers, assess pollination intensity as
pollinated flowers per capitulum, whereas seed number,
measured as the number of seeds per capitulum, assesses
mating quality. In two capitulums per plant and for the
100 plants per morph, we counted the number of fruiting
and non-fruiting tubular flowers to estimate the pro-
portion of fruit set and the number of seeds per capit-
ulum.

Data analysis

We performed one-way ANOVA to determine possible
variations in fitness measures or capitulum traits among
flower color morphs and to check for differences in
bout length among flower morphs. We tested the

assumptions of normality for all traits using the
Shapiro–Wilk test.

We conducted a Chi-square goodness-of-fit test to
determine possible preferences of pollinators for one of
the flower morphs at the population level. We also used
this test to evaluate preferences of different pollinators
for flower color morphs in the natural plots (A and B)
and preferences of pollinators for one of the flower
morphs regardless of the pollinator identity.

To calculate a constancy index, we used the plot A
described above and followed the path of pollinator
bees. When we found a bee visiting the plot, we traced
the bee and recorded the sequence of individual plants
and the number of flowers per plant the bee visited until
it left the plot. Flower constancy is defined as the ten-
dency to visit one flower type sequentially while
bypassing other equally or more rewarding flower types
(Waser 1986). In one of the study plots, we used the
measure of constancy proposed by Geager and
Thompson (2004): constancy index, CI = (c � e)/
(c + e � 2ce), where c is the proportion of moves be-
tween the same color, and e is the expected proportion
of moves between the same color based on the overall
frequency of each color selected in a given plot. Possible
values range from �1 (complete inconstancy) to 0
(random foraging) to +1 (complete constancy).

We used linear regression to test the prediction that
the pollinator visits observed, visitation rate, and bout
length were associated linearly with total display size.
We also used linear regressions to analyze the relation-
ship between seed per capitulum and visits observed and
visitation rate. A multiple regression was used to eval-
uate the influence of radial and/or discal capitulum area
on visitation rate of pollinators.

Results

Differences in floral display traits and fitness measures
among the three flower color morphs

Capitulum traits involved in attraction (discal and radial
area) and seeds per capitulum showed a wide variation
among flower color morphs (Table 1). Fruit set did not

Table 1 Mean ± SD for three capitulum traits and two fitness measures in a flower color polymorphic population of Cosmos bipinnatus

Flower and fitness traits Flower color morphs ANOVA
Among flower color morphs

Pink
x ± SD (n = 100)

Purple
x ± SD (n = 100)

White
x ± SD (n = 100)

Number of opened capitulums 5.70 ± 0.12b 4.01 ± 0.19a 6.98 ± 0.35c F(2,1022) = 42.93; p < 0.0001
Disc area (mm2) 99.33 ± 26.84c 88.75 ± 22.12b 71.29 ± 17.39a F(2,298) = 40.26; p < 0.0001
Radial area (mm2) 2,705.50 ± 833.71c 2,259.51 ± 701.20b 2,010.26 ± 626.33a F(2,298) = 24.44; p < 0.0001
Seeds per capitulum 38.32 ± 0.24c 36.98 ± 0.23b 33.22 ± 0.30a F(2,298) = 9.21; p < 0.0001
Fruit set 0.62 ± 0.14 0.63 ± 0.15 0.62 ± 0.19 F(2,298) = 0.28; p = 0.7545

The ANOVA column shows results of comparisons between morphs. Different letters indicate significant differences between populations
in a Tukey a posteriori test at the p < 0.05 level
n number of plants



show differences among morphs (Table 1). The white
morph exhibited the smallest values of discal and radial
areas and seed number, and the highest values of total
display size (Table 1). The highest values of discal and
radial area corresponded to the pink morph (Table 1).

Pollinators’ behavior and preferences
for flower color morphs

Bombus bellicosus was by far the most frequent visitor in
the three morphs (Fig. 2). The Chi-square goodness of fit
test showed that the pink morph was the most preferred
one (Table 2). B. bellicosus was the most frequent visitor
in the plot dominated by the pink morph (Table 3). In
this plot, the three pollinators preferred one of the flower
morphs: A. mellifera and B. opifex preferred the pink
floral morph, whereas B. bellicosus preferred the white
floral morph; however, none of the pollinators preferred
the purple morph (Table 3). In the plot dominated by the
purple morph, B. bellicosus was the most frequent visitor
in the three morphs (Table 3). In this plot, this bee was
the only one that showed preference for one of the
morphs, selecting the pink morph over the other morphs
(Table 3). In the evaluation of visits to each morph
regardless of pollinator identity, the Chi-square test

showed, in both plots, preference for the dominated
flower morph, among one of the others two (Table 3).

There was an overall bias in the number of pollinator
visits to purple, pink, and white morphs. The most fre-
quently visited morph is the one that presented the
highest constancy index for the three bee pollinators,
indicating that bees foraged mostly on the pink morph
(Table 4). B. bellicosus presented the highest constancy
for the pink morph, whereas B. opifex exhibited the
lowest one (Table 4). All pollinator species showed a
high inconstancy for the white morph (Table 4).

Pollinator movements and its relation to total display
size, floral area, and fitness measures

Three bee species belonging to two genera accounted for
the total of visits observed in the three morphs: two
native bumblebees, Bombus opifex and Bombus bellico-
sus and the honeybee Apis mellifera (Fig. 1b–d).

We recorded a total of 1,352 capitulums visited dur-
ing the 560 observation minutes. The visits observed
varied greatly among morphs (Table 2), the pink morph
being the one that received the highest number of visits
(68%). The purple and white morphs had 16% of the
total visits each.

Bees responded strongly to total display size; the total
number of visits observed on plants increased with high
capitulum number, and this relation was significant for
the pink and purple morphs (Fig. 3). Flower visitation
rate decreased whereas total display size increased,
considering both the entire population (b = �0.25 ±
0.06; p < 0.0001) and the three morphs separately
(Fig. 4); this relation was significant in all cases except
for the white morph separately.

Seeds per capitulum increased linearly and signifi-
cantly with observed visits per capitulum (b = 0.37 ±
0.18; p < 0.05), whereas visitation rate did not show a
significant association with seeds per capitulum (b =
2.33 ± 1.04; p < 0.05).

Bout length (number of capitulums probed during a
single plant visit) varied significantly among color
morphs (F(1020,2) = 4.067; p = 0.0165), the white
morph being the one that had the longest bout length
(1.44, 1.34, and 1.24 for white, pink and purple,
respectively). In the three morphs, bout length showed a
positive and significant relation with floral display size
(Table 5), whereas the proportion of flowers visited
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Fig. 2 Total pollinator visitation observed for each pollinator on
each flower color morph in a polymorphic population of Cosmos
bipinnatus. Asterisks indicate rejection of a homogeneity G
(p < 0.0001) in the visit number of the three pollinators within
each color morph

Table 2 Total pollinator visitation observed and expected on each flower color morph in a polymorphic population of Cosmos bipinnatus

Flower color morphs Chi-square value

Pink Purple White

Observed visits Expected visits Observed visits Expected visits Observed visits Expected visits

715 539 171 309 163 201 68.35**

Significant Chi-square value indicated differences in pollinator visits among flower color morphs
** p < 0.001



showed a negative and significant relation with floral
display size (Table 5). This means that compared to
small floral displays, in large floral displays, pollinators
visit more flowers in sequence but probe a decreasing
proportion of the flowers in the display.

The multiple regression between visitation rate and
radial and discal capitulum area showed that only the
area of tubular flowers (radial area) was positively and
significantly associated (b = 0.03 ± 0.02; p < 0.05),
indicating that plants with big radial area, where reward
is located, showed a high number of pollinator visita-
tions.

Discussion

The results of the present study indicate that flower
color morphs of C. bipinnatus present ample and sig-
nificant variations in flower traits. Regarding seed pro-
duction, the pink morph was the one that produced the
highest number of seeds but the white morph was the

one that produced the highest number of capitulums per
plant, which would be compensating for the high seed
production of the pink morph.

In the present work, pollinators did not ignore the
variation in flower color polymorphism and foraged
nonrandomly with respect to flower color, since they
preferred the pink morph. A nonrandom pattern of
pollinator visitation in polymorphic populations has
been previously reported (e.g., Levin 1969, 1972; Kay
1978; Mogford 1978; Brown and Clegg 1984; Jones and
Reithel 2001). In this study, Bombus bellicosus was the
most frequent pollinator and mostly preferred the pink
morph. This flower color polymorphism could be main-
tained by selection favoring the heterozygote (heterozy-
gosis advance), since this morph exhibited the highest
female fitness of the three morphs. Although pollinators
visited all flower morphs, the most frequent morph, the
pink morph, was the most visited one, and pollinators
exhibited the highest constancy for this morph. Levin
(1972) suggested that pollinators choose disproportion-
ately the most common floral morph, even if nectar re-
wards are the same. So, pollinator behavior would lead
to common-morph advantage among floral morph, i.e., a
positive frequency dependent selection (e.g., Mogford
1978; Eppersson and Clegg 1987). Smithson (2001) pre-
dicted a positive correlation between morph frequency
and relative fitness of plant population that exhibited
flower color polymorphism either in corolla color or in
the presence of corolla spot. Considering Kay (1978)
hypotheses, our results seem to respond to the first one,
i.e., pollinators alternate indiscriminately among morphs
and there is an excess of heterozygotes in the population.
Through their behavior, pollinators can directly affect
the mating pattern among flower morphs by inducing
changes in fertility, outcrossing rates, and pollen flow
between morphs; such changes would result in variation
in reproductive success of the different morphs. The

Table 3 Pollinator visits observed and expected in two natural plots with different flower color arrangement in a Cosmos bipinnatus
population

Pollinator Flower color morphs Chi-square values

Pink Purple White

O E O E O E

Total visits observed/morph 443 335 70 141 122 81 44.32***
(A)
Apis mellifera 116 112.72 24 24.94 23 30.78 6.08*
Bombus bellicosus 167 181.18 22 40.09 73 49.48 33.48***
Bombus opifex 160 145.22 24 32.13 26 39.66 15.35**
Total visits observed/morph 134 28 169 48 4 4 10.23**
(B)
Apis mellifera 44 29.75 39 51 2 4.25 5.16
Bombus bellicosus 73 57.75 90 99 2 8.25 6.02*
Bombus opifex 17 19.95 40 34.2 0 2.85 3.54

(A) Plot dominated by pink flower morph. (B) Plot dominated by the purple flower morph. Significant Chi-square values indicated
differences in total visits observed per morphs and per pollinator per morph
O observed visits, E expected visits
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4 Average constancy index ± SD of each pollinator bee
species to each flower color morph in a natural plot of Cosmos
bipinnatus

Pollinators Average constancy index

Flower color morphs

Pink Purple White

Apis mellifera 0.507 ± 0.566 �0.374 ± 0.73 �0.979 ± 0.06
Bombus bellicosus 0.510 ± 0.630 �0.510 ± 0.63 �0.975 ± 0.06
Bombus opifex 0.396 ± 0.629 �0.409 ± 0.71 �0.952 ± 0.109

Frequency of morphs in the plot studied was 0.81:0.16:0.03 for
pink, purple, and white morphs, respectively. Possible values range
from �1 (complete inconstancy) to 0 (random foraging) to +1
(complete constancy)



nonrandom pollinator visitation in flower colors may
affect pollinator visitation rates and, in turn, plant
reproductive success.

Bees visiting C. bipinnatus showed a high foraging
constancy for the pink morph and a high inconstancy
for the white morph. Previous studies found that bum-
blebees tend to be constant for a flower morph when
inter-flower distances or flight times are short (Gegear
and Thomson 2004) and because the pink morph is the
most frequent, flight distance between pink capitulums
would be shorter than between any capitulums of the
other two morphs. Preliminary results obtained in this
population indicate that there is a threshold beyond
which pollinators change floral morph on their way,

probably because the flowers of a certain morph become
non-rewarding. This was already observed in other
species in which pollinators learn to avoid a flower
morph when it is not rewarding any more (Smithson and
Macnair 1997).

In this C. bipinnatus population, of the three morphs,
the pink morph is the one that receives the highest
number of visits and the white morph has the longest
bout length. These results showed consequences in fe-
male fitness, which were reflected in each morph: the
pink morph presented the highest seed number and the
white morph the lowest one. This means that a high bout
length does not translate into a high seed number per
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capitulum. Pollinators visitingC. bipinnatus probed more
capitulums from plants with large total display sizes but
left a great proportion of them unvisited. Empirical evi-
dences support that bout lengths usually increase with
plant size, but this is often accompanied by a decrease in
the proportion of flowers visited (references in Mitchell
et al. 2004). This tendency has been repeatedly observed
in other plant-pollinator systems (e.g., Ohashi and Ya-
hara 1998, 2001, 2002; Goulson 2000; Mitchell et al.
2004; Grindeland et al. 2005). Large displays can maxi-
mize the benefits of their attractiveness (maximal pollen
export) when visitation sequences are short, whereas
small displays maximize pollen export (and partly com-
pensate for their inevitable disadvantage) when a larger
fraction of available flowers are visited (Klinkhamer
et al. 1994). The optimal fraction of flowers visited per
approach therefore decreases with the total number of
open flowers available (Iwasa et al. 1995). In most
studies, these factors have resulted in a constant rela-
tionship between display size and flower visitation rate
(e.g., Robertson and Macnair 1995; Ohashi and Yahara
2002; Mitchell et al. 2004), whereas in C. bipinnatus,
flower visitation rate decreased with increasing total
display size. This tendency has also been observed in
other plant-pollinator systems (e.g., Ohashi and Yahara
2001; Grindeland et al. 2005). One possible explanation
for the lower number of flowers being probed by bees in
plants with large floral display than in plants with small
floral displays could be that the variation in per flower or
per capitulum reward level increases with total display
size (Biernaskie and Cartar 2004).

The total pollinator visitation observed showed a
positive and significant relation with seeds per capitu-
lum, indicating that the consecutive and non-consecutive
visits to the same plant result in high seed number per
capitulum; also, because mean bout length in this system
is relatively low (1.5 capitulum per plant), in a high
number of the visits observed bees may carry foreign
pollen, which may increase females fitness (outcross
pollen deposition).

The present results show that the area of tubular
flowers was positively associated with visitation rate,
whereas the area of ligulate flowers did not show a sig-
nificant association with this variable. Pollinators prefer
visiting larger flowers to small ones (e.g., Galen 1989;
Campbell 1991; Vaughton and Ramsey 1998) probably
because flower size is often associated with reward (e.g.,

Galen 2000; Fenster et al. 2006). In heterogamous ca-
pitulums of Asteraceae, reward is located mostly in the
radial area, In C. bipinnatus, the number of ligulate
flowers and therefore the limb area of the tubular
flowers vary among plants (Malerba R, 2007, unpub-
lished data), indicating that the area of ligulate flowers is
highly variable among plants and pollinators may use
this area as a cue for flower reward.

In this study, we examined whether flower color
polymorphism influences pollinator preferences and
movements within and among plants and fitness-related
variables in a plant with a simplified model system with a
single-locus floral color polymorphism. In general, we
found that pollinators did not ignore variation in flower
color polymorphism and foraged nonrandomly with re-
spect to flower color. The most frequent morph, the pink
morph, was the most visited and pollinators exhibited the
highest constancy for this morph. Moreover, this morph
exhibited the highest female fitness suggesting that this
polymorphism could be maintained by selection favoring
the most common floral morph. Our results stress that
bees responded strongly to floral display size, while
pollinators probed more capitulums from plants with
large total display sizes, they left a great proportion of
them unvisited. Furthermore, total pollinator visitation
showed a positive relation with female fitness, indicating
that the consecutive and non-consecutive visits to the
same plant result in high seed number per capitulum.
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