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ABSTRACT

between flower.
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Foraging activity of honey bees is greatly affected by the region and local conditions with higher foraging rate
occurring at afternoon period. Judging the forage worthiness of resource depends on various benefit and cost
assessment. The ability to use and learn colour to optimally discriminate profitable food sources from inefficient
ones is prerequisite for an efficient foraging strategy. Visitation time of local honeybee Apis cerana indica on three
flowers types of different colour was recorded in early summer in a Gorakhpur locality in Eastern Uttar Pradesh,
India. Longest visitation time was on Mustard flowers with a mean of 23.97+6.99 sec, followed by sweet pea and
hibiscus flowers with a mean of 16.60+4.24 sec and 10.22+2.74 sec respectively. The study validates the reported
foraging strategies of bees based on colour stimulus, energetic value, handling time, flow rate and flight distance

INTRODUCTION

Animals have evolved efficient mechanisms to maximize
foraging success by being able to judge the quality and
availability of foraging resources."*** Animals like
honey bees foraging on resources to which they may
make multiple trips has to make a “exploitation vs.
Exploration” trade-off. It involves judging the worthiness
of foraging resources and choosing whether to return or
to quit for search of new resource off.>®! Several
previous studies have also shown that forager honey bees
do respond to energetic returns in adaptive ways.!"!
Flower colour plays an important role in foraging
response. Bees’ visual range extends to UV but less
towards red. Thus, UV absorption or reflection from
floral parts mixed with other colours form patterns which
may help bees to judge the foraging resource.®% Apart
from colour, they often chose flowers based on their
energetic value, handling time,"**! flow rate™™ or flight
distance between flowers.!***4

Foraging activity can be classified into water, nectar,
pollen or resin foraging according to the resource forager
bees collect.”™ The type of foraging, whether for pollen
or nectar, is considered to be a colony-level trait with a
genetic component and is affected by the genotype of bee
strain.*®! It has also been found that under shortages of
pollen or in conditions of poor pollen quality the honey
bee colonies increase the proportion of pollen foragers
without increasing foraging rate.™ The foraging choice
between pollen (protein) and nectar (carbohydrate
sources) is influenced by insulin receptor substrate (IRS)

as demonstrated by Wang et al.*” It seems that the
foraging activities and tasks are under the control of
many factors warranting detailed studies.

Honey bees collect pollen and nectar as food for the
entire colony and in this process they pollinate plants.
Although honey and pollen comprise the main diet of
honey bees is, they do collect other liquids and juices
from plant and fruit exudates as well. Honey bees have a
wide range of nutritional requirements, including
vitamins, minerals, lipids, proteins and carbohydrates.
Honey bees need these nutrients for taking care of their
young ones, the development of }/oung workers and the
overall survival of a the colony.™

Honey bees are known to initiate foraging activity in
early morning and finishes in the evening. Studies have
shown that the commencement of foraging activity by
honey bee workers can be greatly impacted by the region
and local conditions. The honeybee time sense is highly
adaptive, allowing bees to synchronize their foraging
behavior with the peak time of daily floral nectar
rhythms.™8 Algarni found that, under desert conditions a
higher number of foragers left the colonies at 8 am than
at 10 am.' In general, the foraging activity tends to
fluctuate during the day from the morning until the
evening. Reyes-Carrillo et al. found higher pollen
collection in the early morning than in the afternoon.?”
Pernal and Currie reported a higher foraging rate mean
during the afternoon period (36.02 foragers/min) than
during the morning period (17.66 foragers/min). Yucel
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and Duman found that honey bee workers visited onion
flowers from 8.15 to 16.30 h and the peak foraging was
between 11.00 to 12.00 h.”? Foragers even have the
ability to remember the time of the day at which the
higher food resources are available and such ability may
correlate with foraging activity peaks. In general, the
normal foraging interval at the same feeding site is less
than 5 min and bees spend different times per flower
depending on the plant species.

Apis cerana indica, a common honey bee subspecies in
this region, is an important pollinator with maximum
foraging activities during flowering seasons. The present
study aims to determine the flower preference and time
spent by these local honey bees on it for collection of
nectar and pollen. Since there are no previous reports in
this regard from this region of Uttar Pradesh, in India,
this study tries to unravel some aspects of bee foraging
behavior pertaining to this region.

MATERIAL AND METHODS

Five spots were designated in a field plot randomly in
Gorakhpur locality (26.758°N 83.369°E), eastern Uttar
Pradesh, India, having abundant flowering plants.
Mustard (Brassica compestris L.), sweet pea (Pisum
sativum) and hibiscus (Hibiscus sp.) plants were
designated for study of bee visit on their flowers. They
were chosen for their distinct colour ranging across the
visible spectrum and UV. The time spent by the bees
visiting these flowers was recorded by digital stopwatch.
Only the bees collecting pollen and nectar were
considered. The observations were made in the month of
March at noons with temperature ranging from 24 to
30°C and relative humidity of nearly 55+10%. For each
spot visitation time of ten foraging bees were noted for
each flower.

Table 1: Visitation time of bees on the flowers.

The data was assessed by One-way ANOVA for
differences among visitation time on each flower type in
all five plots and to compare differences between the
time spent by bees on each flower type. The significance
threshold was set at p=.05. The Tukey post hoc test was
also conducted to find any statistically significant
relationships.

OBSERVATION AND RESULTS

A total of 50 observations were made for each flower
type ranging across the five designated spots. Longest
time was spent on Mustard flowers by honey bees and it
ranged from 11.30 to 49.81sec with a mean + S.D. of
23.9746.99 sec, followed by sweet pea and hibiscus
flowers ranging from 9.41 to 24.74 seconds with a mean
of 16.60+4.24 sec and 5.94 to 17.48 sec with a mean of
10.22+2.74 sec respectively (Table. 1).

One-way analysis of variance (ANOVA) vyielded no
statistically significant difference on the visitation time
spent on five plots for each flower type, namely,
Hibiscus (F 5= 1.748, p=.156), Mustard (F 4 45= 1.370,
p=.259) and Sweet Pea (F(45= 1.023, p= .406) (Fig.1).
The mean visitation time on these three flower types
were also compared with each other for statistically
significant relationship using one-way ANOVA. There
was a statistically significant difference between the
visitation time on the three flower types (F 147=95.552,
p< .001). A Tukey post hoc test revealed that the
visitation time was statistically significantly higher for
Mustard flowers (23.97+6.99 sec, p< .001) than Sweet
Pea (16.60+4.24 sec, p< .001) and Hibiscus flowers
(10.224£2.74 sec, p< .001). There was also statistically
significant difference between the visitation time of bees
on Sweet Pea and Hibiscus flowers (p< .001).

. Mean £S.D. for time spent on flowers (sec)

Observation Plots Hibiscus Mustard Sweet Pea

1 10.29+2.67 27.48+11.14 16.19+3.22

2 10.51+2.59 23.51+6.79 17.34+4.65

3 9.07+2.67 20.61+4.44 18.54+4.01

4 11.874£2.92 23.07+4.22 15.79+4.62

5 9.33+2.42 25.15+5.43 15.12+4.49

Total Mean + S.D. 10.22+2.74 23.97+6.99 16.60+4.24
F.s) 1.748 1.370 1.023
Significance (p=.05) .156 .259 406
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Fig 1: Visitation time of Honeybees on Hibiscus (Hibiscus sp.), Mustard (Brassica compestris L.) and Sweet
Pea (Pisum sativum). Dots are places at the statistical mean and the bars represent the 95% confidence intervals.
The three means have statistically significant difference between them (p<.001).

DISCUSSION AND CONCLUSION

Bees were found to spend significantly more time on
mustard followed by pea flower and then Hibiscus (Fig.
1). The flowers with long visitation time must therefore
be the most rewarding in terms of foraging resource such
as pollen and nectar. Factors such as flower colour,
energetic value, accessibility, handling time etc, are
important for bees to judge the worthiness of the
foraging resource.

The temporal accuracy of visiting time of foraging bees
varies more considerably for the foraging groups coming
out later in the day. Studies seem to show that individual
bees are continuously and accurately aware of the time of
day, but are programmed to forage with greater
anticipation to late-day food sources.™® In our
experiment, the feeding time varied from bee to bee on a
single flower type but not significantly.

Colour plays an important role in the foraging preference
of honeybee. Bees have trichromatic colour vision, based
on three photoreceptor types maximally sensitive in the
ultraviolet (UV), blue and green waveband suggesting
that bees are less able to detect red colours.”** Color
and response of honeybee to color have long been
studied since the discovery that foragers could be trained
to visit certain colors and are able to discriminate
different color wavelengths.'?®?! Honeybees can become
“constant” to certain colors thus making the role of color
important in forager decision making.?”’ Wells and
Wells were able to show “individual constancy”, using
artificial flowers, as a foraging strategy where
individuals visited a single color irrespective of hivemate
behavior.””) This is beneficial for the flowering plant as
it reduces the amount of wasted pollen and prevents
stigma blockage by heterospecific pollen.

Bees are observed to be attracted to yellow and blue-
purple coloured flowers. Most yellow bee-pollinated
flowers displayed a pattern with UV-absorbing centres
and UV-reflecting peripheries.’! A statistically
significant preference for human-blue coloured flowers
has been seen during initial foraging activity. Flower
colors that contrast with their background are more
important to foraging bees than patterns of colored veins
on pale flowers. Recent works suggests that color veins
give clues to the location of the nectar. There is little to
suggest, however, that bees have an innate preference for
striped flowers.” Mustard and Sweet pea flowers must
therefore be more visually promising than the red
Hibiscus.

Flower distribution and density also seem to affect the
judgement of bees. Plants with larger inflorescences
were visited more often than those with fewer flowers.
Seed production in plants also increased with increasing
size of inflorescences as bees made few long visits (of
more than 60s) than large numbers of short visits (of less
than 60s). Therefore, visitation time (duration of
foraging) rather than the frequency of visitations
(number of visits) was critical for higher fecundity.
Hence, plants with larger inflorescences, such as
mustard, which provide a conspicuous signal to
pollinators and offer greater rewards in terms of nectar,
received longer visits by bees.*!

Bees also judge flower worthiness based on quality and
accessibility of pollen and nectar. Studies have shown
that the frequency of zygomorphic and vertically
arranged corollas is significantly higher in bee-pollinated
flowers.®? Foragers chose shallow-well flowers (short-
handling time) with a smaller net harvest rate over deep-
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well flowers (long-handling time) with a greater net
harvest rate.*” This implies that short-welled Mustard
flower and zygomorphic pea flower is selectively chosen
by prospecting and foraging bees over deep-welled
hibiscus when all these flowers are present together.

Forager honey bees do respond to energetic returns in
adaptive ways.["! Given choices, apart from colour, they
often chose flowers based on their energetic value,
handling time,"®* flow rate™ or flight distance
between flowers.'* The type of foraging, whether for
pollen or nectar, is a colony-level trait with a genetic
component, and is affected by the genotype of bee strain.
Also, these tasks depend on collective and individual
decisions of forager bees. The prior experience at a
feeding place plays a role during collective foraging.
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