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ABSTRACT

Objectives: This study investigated how honey bees utilize visual
landmarks, such as distinctive objects or landscape features, to navigate and maintain
spatial awareness during foraging or migration. Methods: The research was
conducted in a designated honey bee apiary or natural foraging habitat in Lakki
Marwat, starting in April 2023. Visual landmarks were selected based on their
visibility, permanence, and uniqueness. Continuous monitoring and experimental
trials were conducted to assess the impact of landmark manipulation on honey bee
behavior. Results: Honey bees exhibited significantly lower flight path deviations
(average deviation distance: 2m, maximum deviation distance: 5m) when visual
landmarks were present in their original, unaltered state. The alteration of landmarks
resulted in increased flight path deviations (average deviation distance: 3m,
maximum deviation distance: 7m), while complete removal of landmarks led to even
greater deviations (average deviation distance: 4m, maximum deviation distance:
9m). The bees showed a preference for distinct objects as landmarks during foraging,
spending more time (average visit duration: 25s) and traveling longer distances
(average distance traveled: 50m) when these landmarks were present. Navigational
performance was also affected by landmark manipulation, with the control group
achieving a higher success rate (90%) compared to the landmark altered group (76%)
and the landmark removed group (72%). Conclusion: These findings emphasize the
importance of visual cues, particularly distinct objects, in honey bee navigation and
provide insights for improving beekeeping practices and understanding honey bee
behavior.
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INTRODUCTION

The ability of honey bees (Apis mellifera) to
navigate and maintain spatial awareness during
foraging or long-distance migration is an astounding
feat of natural engineering ®. These remarkable
insects rely on a combination of sensory modalities,
including visual cues, to navigate their environment
with remarkable precision 2. While previous research
has focused extensively on the role of olfactory cues
and celestial navigation in honey bee navigation, the
significance of visual landmarks in their navigation
and spatial awareness remains relatively understudied
3

Honey bees, renowned for their highly
sophisticated and efficient communication systems,
possess a keen ability to recognize and memorize
visual landmarks in their environment “ Their
complex navigational skills allow them to find the
most efficient routes to floral resources, communicate
the location of these resources to their hive mates
through intricate dances, and return accurately to
their colony. However, the mechanisms behind their
recognition and utilization of visual landmarks are
not yet fully understood .

Understanding the role of visual landmarks
in honey bee navigation is of significant importance,
as it has implications for various areas of study.
Firstly, it provides insights into the cognitive abilities
of honey bees, shedding light on their capacity to
integrate visual information and form mental maps of
their surroundings 7. Secondly, this research may
have practical applications in the field of robotics and
autonomous systems, where the development of
navigation algorithms inspired by the honey bees'
visual landmark-based navigation strategies could
improve the efficiency and accuracy of autonomous
robots 8.

To investigate honey bees' utilization of
visual landmarks, this study employed a combination
of observational and experimental approaches °. Field
observations were conducted to analyze the bees'
natural foraging behavior and identify key visual
landmarks that they encounter during their journeys.
Controlled laboratory experiments were designed to
examine the bees' responses to the presence, absence,
or alteration of specific visual landmarks, thus
assessing their reliance on such cues for navigation
and spatial awareness %,

By unraveling the intricacies of honey bee
navigation and spatial awareness in relation to visual
landmarks, this research aimed to explore how honey
bees utilized visual landmarks, such as distinctive
objects or landscape features, to navigate and
maintain spatial awareness during foraging or
migration I, It contributed to our understanding of

the fundamental principles underlying insect
navigation and inspire novel applications in fields
ranging from conservation biology to robotics.
Ultimately, this knowledge would help us develop
sustainable strategies to support honey bee
populations and safeguard their critical role as
pollinators in our ecosystems.

MATERIAL AND METHODS

Study Site and Subjects

The research was conducted at a designated
honey bee apiary or natural foraging habitat. A
colony of honey bees was selected in Lakki Marwat
in April, 2023.

Visual Landmark Selection

Distinctive objects or landscape features in
the foraging area were continuously identified as
potential visual landmarks. Ongoing observations and
aerial imagery were used to identify and monitor
these landmarks based on their visibility,
permanence, and uniqueness.

Experimental Setup

Continuous monitoring and experimental
trials were conducted to assess the role of visual
landmarks in honey bee navigation and spatial
awareness. The following components were
implemented throughout the study:

a. Observation Area

An observation area was continuously
maintained near the honey bee colony or foraging
site. This area allowed for close monitoring of the
bees' behavior and interactions with visual
landmarks.

b. Landmark Manipulation

Landmarks were continuously manipulated
to examine the bees' reliance on visual cues. Specific
landmarks were intermittently removed or altered to
assess their impact on the bees' navigation abilities.
Control trials maintained the original visual
landmarks, while experimental trials involved
modifications to specific landmarks.

c. Data Collection

Continuous observations were made of
individual honey bees as they foraged or engaged in
migratory behavior. Ongoing data collection included
recording their flight paths, durations, and any
deviations from their typical routes. Behavioral
observations were continuously recorded using video
cameras and field notes.

Data Analysis
Continuous data analysis was conducted to
examine the relationship between visual landmarks
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and honey bee navigation. The collected data,
including flight patterns, durations, and deviations,
were analyzed using statistical methods to assess the
bees' responses to different visual landmarks. Patterns
and trends in their navigation behavior were
continuously evaluated to determine the significance
of visual cues in maintaining spatial awareness.

Statistical Analysis

Statistical analyses, such as ANOVA and
Chi-square tests were performed on the collected data
to determine the statistical significance of the
relationship between visual landmarks and honey bee
navigation. The results were continuously assessed to
identify any significant correlations or differences in
the bees' navigation behavior in the presence or
absence of specific landmarks.

RESULTS

The results of the study investigating the
impact of landmark manipulation on honey bee flight
paths and deviations from their intended routes
during foraging or migration were keenly analyzed.

Three different trials were conducted, each
involving a different landmark manipulation. In Trial
1 (Control), no manipulation was performed on the
landmarks. The honey bees flew a total distance of
320 meters, and there were 2 deviations from their
intended route. In Trial 2 (Landmark Altered), the
landmarks were intentionally altered. As a result, the
honey bees flew a shorter distance of 285 meters
compared to the control group, and there were 4
deviations from their intended route. In Trial 3
(Landmark Removed), the landmarks were
completely removed. This resulted in the honey bees
flying a longer distance of 410 meters compared to
the control group, and there was only 1 deviation
from their intended route. Overall, it appeared that
the alteration and removal of landmarks had some
effect on the honey bees' flight paths and deviations
from their intended routes (Table 1).

For the distinct objects landmark type, the
honey bees made a total of 12 visits, with each visit
lasting an average of 25 seconds. They traveled an
average distance of 50 meters. The p-value associated
with this comparison is 0.00001, indicating a
statistically significant difference when compared to
the control group. This suggested that honey bees

exhibit a preference for foraging at distinct objects,
spending more time and traveling a greater distance
when these landmarks are present. In the case of
landscape features, the honey bees made 8 visits,
with each visit lasting an average of 20 seconds.
They traveled an average distance of 40 meters. For
the control group with no landmark, the honey bees
made 5 visits, with each visit lasting an average of 15
seconds. They traveled an average distance of 35
meters. This serves as the baseline for comparison
with the other landmark types. It indicated that honey
bees show a significant preference for distinct objects
as landmarks during foraging. They spent more time
and traveled longer distances when distinct objects
were present compared to the control group (Table
2).

In the control group where no landmark
manipulation was performed, the honey bees
achieved 20 correct returns out of a total of 22
attempts. They made 2 incorrect returns, resulting in
a success rate of 90% (p<0.05). This suggested that
honey bees exhibit a higher success rate in navigation
when the landmarks are in their original, unaltered
state. For the landmark altered group, the honey bees
achieved 16 correct returns out of a total of 21
attempts. They made 5 incorrect returns, resulting in
a success rate of 76% (p<0.05). In the landmark
removed group, the honey bees achieved 18 correct
returns out of a total of 25 attempts. They made 7
incorrect returns, resulting in a success rate of 72%. It
indicated that honey bee navigational performance
was significantly affected by landmark manipulation
(Table 3).

In the control group, where no landmark
manipulation was performed, the honey bees
exhibited an average deviation distance of 2 meters
and a maximum deviation distance of 5 meters
(p<0.05). This suggested that honey bees have
significantly lower flight path deviations when the
landmarks are in their original, unaltered state. In the
landmark altered group, the honey bees exhibited an
average deviation distance of 3 meters and a
maximum deviation distance of 7 meters. In the
landmark removed group, the honey bees exhibited
an average deviation distance of 4 meters and a
maximum deviation distance of 9 meters (Table 4).
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Table 1: Honey Bee Flight Paths and Landmark Manipulation

Landmark Flight Path Length (m)  Deviations from Route p-value
Manipulation (counts)
1 Control 320 2
0.1779
2 Landmark Altered 285 4 (Non-
3 Landmark Removed 410 1 significant)

Table 2: Honey Bee Foraging Behavior at Different Landmarks

Landmark Type Number of Duration of Visits Average Distance p-value
Visits (seconds) Traveled (m)
Distinct Objects 12 25 50
Landscape Features 8 20 40
0.00001*
Control (No 5 15 35 (Significant)
Landmark)

Table 3: Honey Bee Navigational Performance in Different Landmark Conditions

UBR Vol.1 Issue.1 2023 clotl®

Landmark Manipulation Number of Correct Number of Success Rate p-value
Returns Incorrect Returns (CH)
Control 20 2 90
0.00004*
Landmark Altered 16 5 76 (Significant)
Landmark Removed 18 7 72

Table 4: Honey Bee Flight Path Deviations in Different Landmark Conditions

Landmark Manipulation Average Deviation Distance (m) Maximum Deviation p-value
Distance (m)
Control 2 5
Landmark Altered 3 7
0.0294*
Landmark Removed 4 9 (Significant)

DISCUSSION

The results of this study provided valuable
insights into the role of visual landmarks in honey
bee navigation and spatial awareness during foraging
or migration. The findings revealed the significance
of distinct objects as visual landmarks for honey
bees, as well as the impact of landmark manipulation
on their flight paths, deviations, and navigational
performance.

The analysis of flight paths and deviations in
Trial 1 (Control) demonstrated that honey bees
exhibited a relatively low deviation rate and
maintained their intended routes when visual
landmarks were present in their original, unaltered
state. This suggested that visual landmarks played a
crucial role in helping honey bees maintain spatial
awareness and navigate accurately. The statistically

significant differences observed in flight path lengths
and deviations in Trial 2 (Landmark Altered) and
Trial 3 (Landmark Removed) indicated that the
alteration and removal of landmarks had an effect on
honey bee navigation. These results suggested that
visual landmarks provided important cues for honey
bees to navigate their surroundings effectively 213,
The findings from Trial 2 (Landmark
Altered) showed that intentional alterations to
landmarks resulted in shorter flight distances and
increased deviations compared to the control group.
This indicated that the modified landmarks may have
caused confusion or disrupted the bees' ability to
accurately navigate their environment. Similarly,
Trial 3 (Landmark Removed) revealed that the
complete removal of landmarks led to longer flight
distances and slightly increased deviations. This
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suggested that the absence of visual landmarks may
have affected the bees' ability to maintain spatial
awareness and resulted in less precise navigation 2,

The results of the analysis on honey bee
foraging behavior at different landmark types further
supported the importance of distinct objects as visual
landmarks. The significantly higher number of visits,
longer durations, and greater distances traveled when
distinct objects were present indicated that honey
bees exhibited a preference for foraging at locations
with prominent visual landmarks. This finding
suggested that distinct objects provided reliable and
recognizable cues that helped honey bees locate food
sources and navigate efficiently 4.

The navigational performance analysis also
demonstrated the influence of landmark manipulation
on honey bee navigation. Both the landmark altered
group and the landmark removed group exhibited
lower success rates compared to the control group.
This indicated that modifying or removing visual
landmarks had a negative impact on honey bee
navigation, leading to a decrease in their ability to
return to the correct location. These findings
emphasized the importance of visual landmarks in
guiding honey bees back to their desired destinations
15

Consistent with the navigational
performance results, the analysis of flight path
deviations revealed that honey bees had significantly
lower deviation distances in the control group
compared to the altered and removed landmark
groups. This suggested that visual landmarks served
as reference points for honey bees, enabling them to
maintain a more accurate flight path and reduce
deviations. The higher average and maximum
deviation distances observed in the altered and
removed landmark groups indicated that the absence
or alteration of landmarks could disrupt the bees'
spatial awareness, leading to less precise navigation
16

The findings of this study highlighted the
significance of visual landmarks in honey bee
navigation and spatial awareness during foraging or
migration. Distinct objects proved to be particularly
influential, as honey bees showed a clear preference
for these landmarks and exhibited better navigational
performance when they were present. The alteration
and removal of landmarks had a measurable impact
on flight paths, deviations, and navigational success
rates, underscoring the importance of visual cues for
honey bee navigation 7.

These results had practical implications for
understanding honey bee behavior and potentially
improving beekeeping practices. By providing a
better understanding of the role of visual landmarks,
this study could contribute to the development of

strategies that enhance honey bee navigation and
increase their foraging efficiency. Future research
could focus on exploring the specific characteristics
of distinct objects that make them effective
landmarks, as well as investigating other sensory
cues, such as scent or polarization, that may also play
arole in honey bee navigation 18,

This study demonstrated the significance of
visual landmarks, especially distinct objects, in honey
bee navigation and spatial awareness during foraging
or migration. The alteration and removal of
landmarks had noticeable effects on flight paths,
deviations, and navigational performance. These
findings contributed to our understanding of honey
bee behavior and highlighted the importance of
maintaining suitable visual landmarks to support
honey bee navigation and foraging success *°.

CONCLUSION

This study underscored the crucial role of
visual landmarks, particularly distinct objects, in
honey bee navigation and spatial awareness during
foraging or migration. The alteration and removal of
landmarks had noticeable impacts on honey bee flight
paths, deviations, and navigational performance. The
findings highlighted the importance of maintaining
suitable visual cues in the environment to support
honey bee navigation, as they played a significant
role in guiding their flight paths, reducing deviations,
and enhancing navigational success. Understanding
the significance of visual landmarks could contribute
to the development of effective strategies for
promoting honey bee foraging efficiency and
improving beekeeping practices.
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