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Abstract

Bees are some of the most abundant generalist pollinators and are crucial to our

ecosystems. The mutualism between bees and the flowers they pollinate is strong as is the

selection of adaptations of both the structure of the flower and behavior of the bee to optimize

pollination and foraging success. Bee foraging behavior with respect to flower morphology has

been widely studied. Flowers have evolved to have bright colors and nectar guides to attract

pollinators to their nectaries. Some flowers even have invested additional energy in an additional

structure called a labellum that typically sticks out from the flower in both color and orientation.

The purpose of this labellum has been hypothesized to aid as a visual cue for bees as well as a

landing platform. However, the actual landing success of bees has been largely ignored, and to

our knowledge has not been tested in regards to labellum presence. Here, we aimed to test the

hypothesis that the labellum acts as a landing platform to pollinators. We did so by observing

landing attempts of lab maintained colonies of eastern bumble bees (Bombus impatiens) on

flowers identical in all ways except the presence of a labellum. Our results suggest that the

labellum does not increase bee preference in their initial flower choice, nor does it increase the

landing success of these individual pollinators. This leaves a gap in our knowledge of labellum

presence that needs to be studied further.
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Introduction

Pollinator foraging behavior has long been a topic of interest to scientists due to the

crucial role they play in the stability of our ecosystem. Plants and their respective pollinators

have been subject to intense coevolutionary pressures that has resulted in a mutualistic

relationship where reproduction of the plant is dependent on their interaction with a pollinator.

As such, many adaptations of plants and pollinators are a direct result of this mutualism (Barth

1985; Leonard et al. 2011). Bees are a primary pollinating group for many flower plants due to



their generalist nature. On a single trip, a bee may visit hundreds of flowers, collecting up to

around 100mg of pollen and nectar. In large colonies, several hundred individuals may make

several of these trips per day.

Bees are generalized foragers that pollinate a wide variety of plants. This research

focuses specifically on the common eastern bumble bee, Bombus impatiens. Any aspect of

foraging that influences the average yield or energetic efficiency of a foraging trip will thus

likely be evolutionarily selected for, as even a small benefit per flower visit will translate to a

significant increase in foraging success over a bees’ lifetime and for the colony as a whole. The

shape, color, complexity, and presence of nectar guide marks on a flower are all among the many

variables that affect individual bumble bees' foraging decisions. Bumble bees seek to be efficient

when foraging, needing to balance speed and success of gaining nectar rewards (Chittka et al.,

2003) and thus have evolved certain features for advantageous foraging. For example, their eyes

are highly sensitive to color and patterns, allowing them to quickly identify and locate flowers

from a distance (Meyer-Rochow 2019). They also have strong legs and claws that enable them to

grip onto the flower surface (Wilson 1996). Furthermore, many flowers have evolved to make it

easier for bees to locate and land on them. Flowers are often brightly colored and shaped in a

way that guides the pollinator towards the reproductive organs, where they can pick up or deposit

pollen. Bees will learn to associate a certain color flower with a certain reward (Amaya-Marquez

et al 2017). When rewards or negative incentives become associated with certain colors of

flowers, bees will change their behavior accordingly to prefer or avoid flowers of those color(s).

Some petals have patterns known as nectar guides that help direct the pollinator to the source of

food, which is usually nectar located at the base of the labellum. The labellum is a specific type

of petal at the bottom of a vertically oriented flower that sticks out horizontally.

Most research on floral structure and pollinator foraging either focus on the process of

locating flowers or on handling time which is the time between landing on the flower and

accessing the nectar. We know that bees improve their handling time with experience on a

particular flower species (Raine 2008). However, research has largely ignored the success of the

initial landing and whether bees need multiple attempts to successfully land on a flower. It is

often implicitly assumed that the orientation of a flower influences the ease of landing. One

hypothesized function of a labellum (lip) is that it provides a stable landing platform for the bee.



Despite these assumptions, bee foraging experiments using artificial flowers typically utilize

either vertical or horizontally oriented flowers with little justification or consideration as to the

influence this may have on bee foraging performance.

Our research aims to understand how the presence of an accessory floral structure, the

labellum, affects landing preference and success in bumble bees. Bumble bees are ideal models

as they are generalist pollinators and visit a wide variety of flowers. They are easily maintained

in a lab and readily forage from artificial flowers. Using artificial flowers, we can directly

manipulate aerodynamic features, while zeroing differences in other floral signals.

Methods

Experimental Design

Multiple active bumble bee colonies, Bombus

impatiens, (Koppert Biological Systems) will be used for this

investigation. The bees are contained in a wooden hive box,

and have access to a wooden feeding arena through connecting

plastic tubes. The first arena contains regular nectar feeders that

have been elevated off ground level (Fig.1), to incentivise

flying.

An individual who is observed to fly in order to try to

forage the nectar will be removed from this first feeding arena.

The individual is then placed in a second foraging arena

containing four artificial flowers, two with and two without labellums.The artificial flowers

contain 20㎕of 2M sucrose solution and linalool oil as a foraging incentive. Bees can try and

land on the flowers to access the nectar. Data is observed for successful and unsuccessful

landings of flowers both with and without a labellum.

Originally, individual bees were let into the feeding arena with four artificial flowers via

a connecting tube. However, we had changed our method of collecting data shortly after starting

and realizing that there was a more effective way of getting bees. The previous method was an

inefficient way to collect data as most of the bees did not attempt to fly, forage, nor land.

Specifically selecting bees actively attempting to forage helped productivity.

Flower Construction



The artificial flowers are made of identical fake silk flowers from a craft store, with

“labellum” flowers having no modifications and “non-labellum” flowers having the labellum

structure taped down flat. In our experiment, to prevent any color influences, we still place the

cut off labellum piece on a petal to look similar in color to a flower with a labellum for the

“non-labellum” flower. The labellum is taped down rather than cut off so that all flowers retain

the same coloration pattern. Flowers will be propped up with wire stems, all having the same

orientation and angle. Inside of the center of each flower is a microcentrifuge tube containing the

2M sucrose solution reward.

Data Collection

A landing is considered successful when a

bee lands and remains on a flower, without falling

or needing to immediately fly to readjust.

Additionally, the number of landing attempts

before an individual successfully lands on a flower

will be recorded.

Four flowers will be placed in the foraging

arena at a time, alternating with every other flower

having a labellum, two having a labellum and two

lacking a labellum (as seen in Fig. 2). When

successful and unsuccessful landings are observed

and recorded, it will also be noted the type of

flower the bee chose, and if it was a flower with a labellum, whether the bee landed on the

labellum or a different part of the flower.

The bees will be placed in the feeding arena containing the artificial flowers with and

without a labellum. Individuals will be given ten minutes after a forage or attempt recorded

before being returned to the hive box, or returned if they do not make any foraging attempts

within ten minutes.

Results

We observed a total of 71 bees from three different colonies. For the first two colonies,

63 bees were observed using methodology that did not include recording the specific petal or



labellum that the bee landed on. The last colony with 8 individuals observed did include the

specific landing spot and therefore were included in additional analyses.

Out of all landing attempts, bees

were successful 66% of the time. Bees

overall did not preferentially forage at one

type of flower over the other (Wilcox test;

p=0.42; Fig 3). Additionally, the type of

flower had no significant influence on

whether a bee was successful at landing or

not (chi-square, p=0.38).

For the subset of 8 bees where data

included landing location, we found that

when foraging at a flower with a labellum,

bees landed on the labellum 77% of the

time. Within the landing attempts of these

bees at labellum flowers, there was no

significant influence of landing location on

success.

Discussion

Bumble bees show no change in landing success rate on flowers with or without a

labellum. Because of this, it is unlikely the labellum developed to help bees land on flowers.

Additionally, besides success rate, bees had no preference for choosing to visit a flower with or

without a labellum. This experiment controlled for color as a visual cue by having non-labellum

flowers have the labellum taped down, rather than cut-off. So, with identical coloration, bees do

not prefer the visual cue of a flower with a labellum.

Debunking previous assumptions about the relationship between landing success and

labellums, or labellums individually acting as a visual cue for bees, opens more research



opportunities. To develop the separate structure of a labellum, a flower must dedicate additional

resources and time, but there is currently no known reason for this to benefit the flower in

relation with bee pollination. It is possible that flowers with labellums have evolutionarily relied

on non-bee pollinators, and the labellum provided a benefit in that relationship. There could also

be a common flower ancestor that evolved the labellum for a different reason, and tracing the

history could reveal more about how flora adapt to their environments.

Bumble bees failed to land on a flower about 34% of the time. For being one of the most

well known pollinators, and generally held as efficient foragers, such a high failure rate is

unexpected. Researching the landing success rates and characteristics of other pollinators and

insects could yield insight on different strategies and challenges when landing on a flower, and if

lower success rates have a notable impact on survival. Alternatively, bees may require a period

of learning how to best land, forage, and generally handle a flower and improve their success on

future visits, but are not inherently good at early foraging attempts.
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