POLLINATION BIOLOGY AND EFFECTS OF COLOR CHANGE
ON LANTANA CAMARA (VERBENACEAE) INVASION ON
MO’OREA, FRENCH POLYNESIA
BRANDY CHAVEZ
Environmental Science Policy and Management, University of California, Berkeley, California 94720 USA
Abstract. Lantana camara is one of the world’s most pervasive exotic and inhabits over 60
regions globally. It relies heavily on pollination services for its reproductive success and flowers
undergo a sequential color change from nectar and pollen rewarding yellow to orange then pink.
This study investigated into the role sequential color change has on L. camara pollination and
how pollinator presence affects L. camara reproductive success. Rates of change for each flower
color were calculated at different elevations and in the absence of pollinators. A preliminary
survey of flying insect pollinators was also conducted. Pink flowers increased their presence over
time while yellow flowers decreased when pollinators were not excluded. Fruit set was
significantly lowered in the absence of flying insect pollinators. Three flying insects were observed
pollinating L. camara, Apis mellifera, the European honeybee being the most dominant
pollinator. Although results are inconclusive, this study suggests color composition plays a role in
pollinator attraction and pollination facilitates L. camara invasion.
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INTRODUCTION
Invasive species pose a serious threat
to biodiversity when a population establishes,
proliferates, and outcompetes the natural
assemblages in the invading ecosystem (Schei
1996). Plant invasions in particular have
contributed to ecosystem structure and
function shifts in many regions, ultimately
contributing to global environmental change
(Theoharides and Dukes 2007). Several
hypotheses denote how species-specific traits
or ecological opportunities create a higher
likelihood of successful establishment and
invasion, however each trait or opportunity is
restricted to local and spatiotemporal
constraints within the invaded region
(Theoharides and Dukes 2007). In other
words, substantial environmental and
ecological barriers must be overcome for
successful invasion (Sargent and Ackerly
2007).
Pollination plays a substantial
ecological role because it is responsible for
plant sexual reproduction. Reproductive
success results in the production of offspring
and therefore population establishment.
Although some plants are capable of selfpollination or can be abiotically pollinated, coevolution of plant-insect mutualism through
cross-pollination requirements has
contributed to angiosperm floral modification
for increased reproductive success (Bronstein
et al. 2006). This specific plant-insect
mutualism has contributed to overall

angiosperm diversification and success
(Pellmyr 1992) and is also proposed as a
facilitator for invasive non-indigenous spread
(Sargent and Ackerly 2007).
Pollination may be regarded as an
ecological facilitative process because it
involves a mutualism between an angiosperm
and pollinating organisms that provide
nutrient rewards to pollinators in exchange for
fertilization through pollen transfer
(Stachowicz 2001). Although this definition
indicates a general mutual interaction,
facilitative effects occur when a pollinating
organism aids in reproductive success of an
establishing invasive. Therefore, pollination
may be regarded as facilitative of invasion,
especially when generalist, novel pollinators
fulfill previous pollinator roles for a nonindigenous species. However, interspecific
competition between plant species can occur
once pollinators make this shift to nonindigenous species. Brown et al. (2002) found
that when the non-indigenous invasive
Lythrum salicaria co-occurred with the native L.
alatum, pollinators were shared and the nonindigenous invasive’s presence greatly
reduced seed set and pollinator visitation of
the native. Another study found that presence
non-indigenous invasives with large, showy
flowers can both facilitate pollination
visitation to natives and compete with natives
for pollinators in other instances (Bartomeus
et al. 2008). These studies highlight the
variability in pollinator responses to nonindigenous species and their unpredictable

role in facilitation of invasion. Although
pollinator responses to invasive plants is less
certain, evidence of pollinator response to
flower color display is much more suggestive
of preference.
Flower display remains integral to
pollinator attraction and many plants have
evolved adaptive strategies to increase their
attractiveness. Several more derived lineages
of angiosperms have developed a strategy that
allows flowers to undergo a sequential color
change (Weiss 1995). Pre-change colors
typically yield high pollen or nectar rewards
while post-change colors do not (Weiss 1995,
Barrows 1976, Lunau 1996, Mathur and Ram
1986). This not only signals to pollinators that
differential rewards may exist but may also
attract specific types of pollinators through
flower color recognition. Birds are typically
associated with pollination of red flowers
while insects generally respond to yellow
(Lunau 1996). However, response to color
could arise from increased floral display
rather than color, as demonstrated with
Nymphalid butterflies visiting Lantana camara
(Schemske 1976).
Lantana camara has been well studied
as it poses a grave threat to many natural
ecosystems. The woody shrub is native to
Central and South America, and provides a
prime example of an aggressive invader that
has successfully established in over 60 regions
worldwide (Sharma et. al 2005). It is also
recognized as one of the world’s 100 most
invasive species (IUCN 2001). Gooden et al
(2009) suggest that 75% L. camara cover may
be the necessary threshold to displace native
communities, causing significant species
richness decline and shifting ecosystem
composition and structure. L. camara flowers
are also known to undergo a sequential color
change.
Persistence of L. camara may
be attributed to its dependency on effective
pollination. L. camara undergoes sequential
color change and produces yellow flowers that
contain both nectar and pollen with negligible
nectar and pollen supply as the flower reaches
orange coloration, and containing no nectar or
pollen at the last color change (red in their
polymorphic species) (Barrows 1976, Mathur
and Ram 1986). Butterflies, moths and thrips
are noted to play major roles in pollination
with honeybees and various birds playing a
minor role (Sharma et al. 2005). However, a
study of L. camara in an Australian population
suggests the European honeybee (Apis
mellifera) is the most dominant and effective

pollinator, ultimately contributing to greater
reproductive success of this non-indigenous
invasive (Goulson and Derwent 2004).
Several studies have previously
investigated the pollination biology of L.
camara (Mathur and Ram 1986, Barrows 1976,
Goulson and Derwent 2004, Schemske 1976),
but none of the previous literature occurred in
insular ecosystems. To contribute to
understanding the role of pollination on
invasive facilitation, especially on islands, this
study investigates the reproductive biology of
L. camara on Mo’orea, French Polynesia and
how the phenomenon of unidirectional color
change influences pollination and, indirectly,
reproductive success.
Specifically, I task the following
questions:
1) Does rate of sequential flower
color change differ between each
color in L. camara? Does altitude
affect rate of color change?
2) How does L. camara’s floral
display change in the absence of
flying insect pollinators? Does the
absence of flying insect pollinators
reduce L. camara reproductive
success? Does altitude have an
effect?
3) What flying insects pollinate L.
camara?
METHODS
Study organism: Lantana camara
L. camara can be found in dry open
canopies and thrives in disturbed habitats. L.
camara’s native region in Latin America
contains low-density populations of plants
less than one meter diameter and height,
while invaded areas can reach 1-4 meters in
height and diameter in dense, robust thickets
(Sharma et al. 2005).
L. camara flowers all year long if light
and moisture conditions are favorable
(Sharma et al. 2005). Corollas are salverform
and three colors compose the umbel. The
umbels in L. camara bloom in a centripetal
fashion with the most recently bloomed
flowers in the center of the inflorescence (Plate
1). L. camara inflorescences experience 2
sequential color changes on Mo’orea, opening
as bright yellow to orange to pink-purple
(personal observation). One study found that
flower color change occurs approximately
every 24 hours, with individual flowers
lasting for about 3 days (Barrows 1976).
Abscised yellow florets of L. camara experience

color change two days after an artificial and
natural pollinating event, providing evidence
that pollination induces this change (Mathur
and Ram 1986). Because L. camara flowers are
monoecious, self-pollination is possible,
however higher seed set and reproductive
success occurs when cross-pollination occurs
(Goulson and Derwent 2004; Barrows 1976).

and higher elevation category to investigate
altitudinal effects. Belvedere, (17°32'25.69"S,
149°49'37.72"W) located inland, is the sole
higher elevation site with an altitudinal
gradient ranging from 240-44 m above sea
level. The University of California, Richard B.
Gump Research Station (17º29.667’S,
149º49.768’W) and Opunohu Bay
(17°29'54.86"S 149°51'7.97"W) are both located
adjacent to shoreline occurring at sea level
(0m). Each site experiences substantial human
disturbance because of its close proximity
(approximately 1-3 m) to the main road that
surrounds Mo’orea’s perimeter. Studies took
place between 18 October 2011 and 16
November 2011.
Color Change

Plate 1. Lantana camara inflorescence on
Mo’orea, French Polynesia. Photo credit:
B.A. Chavez

Study Sites

To determine how L. camara floral
display changes spatiotemporally and
assuming pollinators affect sequential color
change, 10 random sample plants were
unsystematically chosen for low and high
elevations, each containing 10 tagged
inflorescence replicates. Because surveys were
unsystematic, flagging tape was used to
indicate plant sample number and waterproof
paper labels tied to string enabled individual
inflorescent identification.
Each observation examined tagged
inflorescences of all 10 plants per site. Date
and time since last and initial observation
were noted. Elevation category, number of
each floret color present, and number of fruits
produced were also documented. Rate of color
change was later calculated as (Np-Ni)*(tp-i)-1;
where N is number of florets for a given color,
p represents present observation, i represents
at previous observation and t represents time
in days. Observations were made between
8:30 hour and 16:30 hour.
Pollinator Exclusion

Figure 1. Map of study sites on Mo’orea,
French Polynesia.

This study was conducted at three
sites along Mo’orea’s main road where dense
L. camara populations occur (Figure 1). Sites
were divided into a low elevation category

Effects of pollinators on L. camara
reproductive biology were observed by
excluding pollinators from 5 inflorescences
from 10 plants (five plants per elevation). Of
the 20 plants surveyed from the color change
experiment, 10 plants were randomly chosen
to participate in this study. Five additional
inflorescences that contained five or fewer
dehisced yellow florets were randomly
documented, tagged, and treated. Black
9X9cm mesh bags were placed over treatment
inflorescences and tied at the stem with string.

Treatment disallowed flying insect
pollinators from visiting L. camara
inflorescences while allowing the possibility
for small insects and wind pollination. L.
camara inforescences that were not bagged but
occurred on the same plant were considered
controls. Data collection for this experiment
was identical to the color change experiment
and observations were simultaneous.
Pollination Survey
To determine which potential flying
insect species pollinate L. camara and observe
during peak pollination hours, observations of
plants at each location occured between 8:30
hour and 15:30 hour. Survey L. camara plants
were chosen at random if anthesis occurred
and at least 4 inflorescences contained open
florets with different corolla color
composition. Plants were also chosen based on
observation accessibility from at least 1-2
meters away. Pollination observations were
made for 20 minutes at each plant.
During each trial, flying insect
pollinators were identified or collected. Insects
that could not be identified in the field were
hand collected or sweep-netted, put in a
plastic vial, and brought back to Richard B.
Gump Station, Mo’orea for identification.

=60.96, p=<0.0001, r-squared=0.06,
N=1824). Tukey-Kramer analysis confirmed
discrete differences between color change
rates; pink floret rates significantly differed
from yellow (p=0.0001) and orange (p=0.0001)
and orange florets significantly differed from
yellow (p=0.0318). Pink florets experienced
positive rate of change. Yellow and orange
florets experienced negative rate of change.
Yellow florets had the highest overall change.
1821

Elevation: Within floret colors, elevation had
some effect on rate of change. Pink (t-test,
t605=2.09, p=0.0373, r-squared=0.01, N=608)
and orange (t-test, t553.01 = 2.98, p=0.0030, rsquared=0.01, N=608) floret rates of change
significantly differed with elevation while
yellow (t-test, t524.17=0.12, p=0.90, rsquared=0.000002) rates of change did not.
Yellow experienced negative rate of change
for both elevations, pink positive rates of
change for both elevations, and orange florets
had positive change rates for lower elevation
while negative rates of change for higher
elevations. (Figure 3).
A low elevation plant with 10
replicates was excluded because tags had
fallen off.

Statistical Analysis
Statistical tests and graphs were
analyzed and constructed using JMP 9.0.
ANOVA was run to determine if
mean rates of color change for control and
treatment groups differed. Tukey-Kramer
HSD was ran to assess which mean rates of
color change differed. A T-test evaluated a
significant difference between rate of each
color change for low and higher elevation in
addition to treatment effects for each color.
Percentage of overall species visitation
frequency was calculated by the following
equation: (visiting species present * number of
overall visitations)/ overall number of
inflorescence observations. All significant
results were graphed.
RESULTS
Color Change
Mean rate of change between colors: Each
floret experienced distinct rates of color
change (Figure 2). Mean rates of color change
differed significantly (one-way ANOVA, F2,

Figure 2. Overall L. camara floret rate of change by
color on Mo’orea, French Polynesia. Data are means
+ SE. Different letters denote significant differences
between means. Data means are significantly
different, p< 0.0001

Pollinator Exclusion

Figure 3. Average rates of L. camara color change by
elevation on Mo’orea. Data are means + SE. (*) Asterisk
denotes significant difference. Orange and pink rate of
color change differed between elevations (p<0.03).

Figure 4. Mean overall rate of L. camara color
change for control and treatment inflorescences on
Mo’orea, French Polynesia. Data are means + SE.
(*) Asterisk denotes significant difference between
excluded and not-excluded inflorescences for
orange (p<0.0002), pink (p<0.0001), and yellow
(p<0.0001) florets.

Figure 5. Average rate of change for L. camara
floret colors by elevation on Mo’orea, French
Polynesia. Data are means + SE. (*) Asterisk
denotes significant difference between high and
low elevations for orange florets (p<0.0011) and
yellow florets (p<0.0055).

Mean rate of color change: There was a
significant difference in average rate of
color change between treatments. The mean
rate of color change for yellow (t-test, t139=4.96, p= 0.0001, r-squared=0.15, N=141),
orange (t-test, t139=-3.78, p=0.0002, rsquared=0.07, N=141), and pink (t-test,
t139=4.54, p=0.0001, r-squared=0.09, N=141)
florets differed significantly by treatment
(Figure 4). Excluded yellow and orange
florets experienced a positive overall average
change while not-excluded yellow and orange
florets experienced a negative overall rate of
change. Excluded and not-excluded pink
floret overall average rate of change rates was
positive.
Elevation: Pollinator excluded inflorescences
experienced elevation differences across rate
of color change. The mean rate of color change
for orange (t-test, t26.54=3.67, p=0.0011, rsquared=0.26, N=52) and yellow (t-test,
t37.09=2.95, p=0.0055, r-squared=0.16, N=52)
florets differed significantly between low and
high elevations, while pink (t-test, t35.83=1.29,
p=0.21, r-squared=0.03, N=52) did not (Figure
4). With the exception of low elevation orange
florets, all rates of change by elevation were
positive, with yellow florets experiencing the
most positive change rate.
Control inflorescences also
experienced elevation differences in rates of
color change. Mean rate of color change for
pink(t-test, t48.4=3.87, p=0.0003, r-squared=0.17,
N=89) and orange(t-test, t75.56=3.49, p=0.0008,
r-squared=0.13, N=89) florets were
significantly different between low and high
elevations while yellow (t-test, t46.23=-1.02,
p=0.32, r-squared=0.01, N=89) exhibited no
difference in elevation. Negative rates of
change in high elevations were found in
orange(-0.55 + 0.12) and yellow (-0.64 + 0.22)
and positive rates of change in pink (0.67 +
0.30) (mean + SE). Orange (0.09 + 0.13) and
pink (2.52 + 0.33) experienced positive rates of
change in low while yellow (-1.0 +0.24)
experienced negative rates of change. Low
elevation had the greatest positive and
negative rates of change. Yellow experienced
the most negative rate of change while pink
experienced the most positive.
Fruit Set: Final fruit set was documented for
excluded and not-excluded inflorescences.

Control inflorescences produced more fruits
than excluded inflorescences. Final fruit set

Unidentified Hymenoptera 1 composed bee
visits, Hypolimnas bolina (Nymphalidae)
composed butterfly visits, and Unidentified
Calliphoridae 1 composed fly visits. Of each
species observed visiting, only the butterfly
was not documented potentially pollinating
during timed observations.
Of all observations made, A.
mellifera frequency visiting L. camara was
10.13%, Unidentified Hymenoptera 0.0006%,
and Unidentified Calliphoridae 0.0006% (15, 1,
1 visits over 148 observations, respectively).
131 inflorescences did not have any flying
insect pollinators visiting them during the 20
minute timed observation. Apis mellifera
visited L. camara more than any other species.
DISCUSSION

Figure 5. Average final fruit set of L. camara for
exclusion by elevation on Mo’orea, French Polynesia.
Data are means + SE.
significantly differed between excluded and
not-excluded inflorescences (t-test, t121.71=5.77,
p= <0.0001, r-squared=0.07, N=608). Mean and
standard errors for final fruit set of excluded
and not-excluded inflorescences are (4.48 +
1.09) and (11.21 + 0.79), respectively.
Elevation effects occurred on excluded
inflorescences. Elevation significantly affected
final fruit set for excluded inflorescences (ttest, t15.86=2.77, p=0.0137, r-squared=0.02,
N=178). High elevation had a mean fruit set of
(2.72 + 0.84) and low elevation (7.87 + 1.16).
Additionally, excluded and not-excluded
inflorescences significantly differed within the
higher elevation category (t-test, t59.76=7.03,
p=<0.0001, r-squared=0.11, N=336) but not
significantly by lower elevations (t-test,
t29.55=1.20, p=0.24, r-squared=0.04, N=227)
(Figure 5).
Any treatment inflorescence whose
bag had fallen off was excluded from the
analysis. Four inflorescences from a low
elevation plant were not counted in the
analysis because exclusion bags had fallen off.
To account for incongruent sampling,
averages of each floret color rate were
calculated for each inflorescence to give a
weighted average for each replicate.
Pollinator Survey
A total of 148 inflorescences were
observed. Five different species were observed
visiting L. camara. Apis mellifera (Apidae) and

Sequential flower color change
Floral color change rates suggest the
trend that pink and orange post-change
flowers increase while yellow pre-change
flowers decrease overall floral display over
time. It is also suggested that elevation alters
rates of change. Although the results indicate
a trend, evidence may not be regarded as
conclusive and should be interpreted with
caution. Every analyzed trend had an rsquared value of 0.6 or less, despite statistical
p value significance. The association between
elevation and color change rate variables is
small or unlikely because the effect size (rsquared value) is small while variance is large.
The large variance indicates that data is
widely spread and with such a small sample
size, trends may be spurious. This is true for
all results presented in this study. A
significant increase in sample size and
replication number would provide the
necessary tools to conclude an association
between variables, if a trend did occur.
However, results occurred in the
hypothesized direction.
Although a conclusion on sequential
color change rates may not be made, floral
composition in a color-change system might
be affected. Increasing floral display with nonrewarding florets has been hypothesized as a
beneficial trait for reproductive success.
Although low-rewards of post-change flowers
are generally less attractive to insect
pollinators (Lunau 1996), retention of postchange colors may increase conspicuous
display and long-distance attraction to
potential pollinators. (Kudo et al. 2007,
Barrows 1976). A comparison study between
L. camara and L. trifolia supports this

suggestion as butterfly pollinators
preferentially frequented the larger floral
displays of L. camara (Schemske 1976). It has
also been shown to discourage visitation time
of post-change flowers by bees, causing the
bee to forage more efficiently (Ida and Kudo
2003).
Studies have shown that color change
is pollinator induced in both natural and
artificial settings in L. camara with minimal
pollen transfer (Mathur and Ram 1978).
Because yellow has negative color change
rates and decreases its presence over time, it is
plausible that efficient pollination induces
positive change rates in post-change colors
(orange and pink) and perhaps may serve as a
proxy for pollinator evidence and efficiency.
Pollinator roles on L. camara reproductive strategy
and success
Absence of pollinators produced
positive rates of change in each L. camara floret
color relative to negative post-change color
rates in non-excluded L. camara inflorescences.
Although this suggests flying insect
pollinators contribute substantially to L.
camara color composition, results are
inconclusive due to a poor experimental
design. Control and treatment groups were
not equal in anthesis stage or sampling
numbers. In other words, each sampled
inflorescence in the control group could
contain a range of newly dehisced
inflorescences to inflorescences undergoing
senescence, while treatments all began at the
freshly dehisced stage. Additionally, only half
of the number of inflorescences was used to
test the treatment, relative to controls.
Therefore, conclusions cannot be drawn on
diffential color change rates and a pollinator’s
role on influencing reproductive biology of L.
camara.
However, this study does suggest that
exclusion of flying insect pollinators
significantly reduces reproductive success in
L. camara by means of fruit production.
Because evidence of fruiting occurs after
approximately 10 days, each sampled
inflorescence had opportunity to display this
(Mathur and Ram 1986). When flying insect
pollinators were not allowed to visit L. camara,
fruit set lowered significantly.
Interestingly, some inflorescences did
set fruit amidst flying pollinator exclusion.
This could be explained one of two possible
scenarios. L. camara’s monoecious nature
provides the opportunity for selfcompatibility and has been demonstrated by

several pollination studies (Mathur and Ram
1986, Goulson and Derwent 2004). The more
likely scenario arises from the likelihood that
more than flying insects are pollinating L.
camara. For example, thrips have played a
substantial role of L. camara pollination in
New Delhi (Mathur and Ram 1986). A recent
survey found several species of thrips on the
island of Mo’orea (Hoddle et al. 2008),
therefore the probability of small insects
engaging in L. camara pollination is very
likely.
Pollinator Community
L. camara’s observed diurnal
flying pollinator network contains only two
bees, a fly, and a butterfly from three
taxonomic orders. However, flying insect
surveys only took place in the day and
therefore nocturnal pollinators were not
accounted for. Small insects known to
pollinate L. camara and seasonal presence were
not accounted for. This study suggests that
more than just flying insects contribute to L.
camara pollination and overall success as an
invasive on Mo’orea, French Polynesia.
Despite this study’s narrow survey, it
is likely that Mo’orea may contain a
depauperate pollinating community. Insular
ecosystems generally sustain low biodiversity
and disharmonious communities (Simberloff
1974). Dispersion to remote localities becomes
especially difficult when organisms do not
possess abilities to travel long distances.
Increase in human-induced introduction may
also account for the pollinator community on
Mo’orea. The intentional introduction of L.
camara from Europe during the 19th century
did not likely couple with associated
pollinators (Myer and Florence 1996).
Future Directions
Several aspects of the current need
further investigation. To gain a thorough
understanding of the pollination network of L.
camara and its associated pollinators, a
comprehensive survey of all small, seasonal,
and nocturnal insect pollinators is necessary.
Additionally, further assessment of pollinator
efficiency by means of sequential flower color
change might provide empirical evidence for
the suggestion that post-color change and
post-color change rates could be used as
proxies for pollinator frequency. The role of A.
mellifera plays in Mo’orea’s pollinating
community may also be of conservation
importance.

Conclusion
Sequential color change causes
differential composition of yellow, orange,
and pink flowers on L. camara, which may
have consequences on further pollinator
attraction. In the absence of pollinators, L.
camara reproductive success is decreased as
fruit set is significantly minimized, further
highlighting pollinator importance to L.
camara. However, a more comprehensive
pollination survey is necessary to conclude
about accurate trends in L. camara pollinator
diversity and frequency.
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