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Seeing what you want to see — feature extraction of patterns by visual

experience and top-down process in honeybee brain

Abstract

The top-down process of visual experience information can strengthen animals’
ability to discriminate patterns. Such ability of utilizing prior learning experience to
increase discrimination ability is opposed to the well-known process, by which eyes
communicate the information of patterns to the brain to discriminate. Thus it is called
top-down process. This study used a Y-maze to conduct a behavioral experiment with
trained honeybees. First, the honeybees were offered some complicated patterns which
cannot be discriminated directly. Then we extracted the simple features of patterns to
train the honeybees. After that we tested their discrimination ability to those initially
undistinguishable patterns. The results show that honeybees are able to top-down
process information. In addition, by changing various features of the patterns, we
further inquired into how such visual information communicates. Based on our finding,
we conclude that honeybees pollinate more efficiently to awaken related visual
experiences by means of picking and selecting significant patterns information. With a
brain smaller than 1 mm’, it is amazing that honeybees can deal with such complicated
visual information. Their behavior and neural mechanism are worthy of exploring

further.
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Seeing what you want to see ---- visual experience and top-down

processing in honeybee

Abstract

Prior visual experience information can strengthen the ability of pattern
discrimination. Such ability of utilizing prior learning experiences to increase
discrimination ability is so-called top-down processing in the visual system, by which

eyes communicate the information of patterns to the brain.

A Y-maze was used to conduct a series of behavioral experiments, training and
testing honeybees to discriminate patterns. After trained by being shown simplified
patterns, honeybees performed top-down processing and were able to discriminate those

complicated patterns, which they could not do before training.

We found that the pathway of honeybees’ top-down messages is color-blind in the
communication network. The geometrical information such as shape, visual angle, and
contour can be top-down processed, but neither position nor color. We also discovered
that honeybees can discriminate advanced information, such as searching for moved
features or discriminating contrast pattern groups which are beyond the original

threshold.

The mechanism of honeybee’s top-down processing is conducive to pollinating and
dealing with visual information more effectively. The particular communication path
accelerates the selected patterns to the brain and awakens previous relevant visual
experiences, which enhances the ability to discriminate. With a brain smaller than 1
mm°, honeybee can deal with complicated visual information. It works by feature

extraction and top-down processing mechanism.
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Introduction

What we see is often affected by our visual experience. For example, Fig. 1 may be
difficult to identify without any hints. However, once the object is discovered, it will be
recognized easily whenever re-encountered (reprinted from Lindsay and Norman,

1997).

Fig.1 A camouflaged Dalmatian dog.

Many animals rely heavily on visual experiences to discriminate images. The brain
feedbacks visual experiences from higher levels to lower ones, which strengthens the
ability to discriminate. Such mechanism by which past visual experiences influence on

current ones is called top-down processing (Moshe, 2003).

Top-down processing has been found in the visual system of mammals. And there
have existed some behavioral experiments with respect to humans’ top-down processing.
However, with many assumptions and uncertainties, our understanding is still quite
limited. Interestingly, according to Zhang and Srinivasan (1994), similar visual
neurological mechanism has also existed in honeybees. That means even small

neurological networks are able to execute complicated message transmission.

Honeybees are appropriate materials for behavioral and neurological sciences. As



honeybees own plenty of vision-related processes that are similar to humans’ (Chittka
and Niven, 2009), we believe they can enhance our understanding of the mechanisms of

top-down processing.

We do not have further significant understanding regarding honeybees’ top-down
processing due to few relevant studies after 1994. To grasp honeybees’ top-down
processing of message retrieve, classification and transmission, a hypothesis is to be
tested: Without resorting to perfect memory, top-down processing actually takes
advantage of as few selected messages as what a honeybee’s tiny brain can handle.
Indeed, the mechanism of information processing is much more important than the

amount of message restoration.



Motivation

Through conducting behavioral experiments with honeybees, this study intends to
analyze the image information used by honeybees for top-down processing and test
various visual experiences which form their top-down processing capabilities. Thus, we
can learn more about the visual information they capture and communicate and the way

they classify various information.



Materials and Methods

1. Materials

(a) Animal: Honeybee (Apis mellifera, worker) (Fig. 2)

(b) Equipment: Y-maze (Fig. 3)
(c) Screen display : 2 14 LCD monitors (Fig. 4)

(d) Calibrations: Spectrometer (Ocean optics Inc.) and SpectraSuite (Fig. 4)

(e) Experimental field: Tianliao District of Kaohsiung City

Fig. 3 Y-maze:

R (reward box), M (monitor), D (decision
area),E(entrance). The Y-maze trains and tests
honeybees by a pair of pattern shown on the tow
edges of the maze.

Fig. 4 Calibration and display equipments:
Using a spectrometer (red circle) to
measure the light captured by a cyber (blue
circle) from the monitor (green circle).



2. Methods and Procedures

(a) Apparatus

The apparatus is similar to that described in Hateren et al. (1990). The Y-maze
entrance is out of the window under a roof of the laboratory. Freely flying honeybees
can enter and leave the maze by themselves (Fig. 5). The walls of the Y-maze are made
of transparent Perspex. Pairs of pattern are shown at the end of both edges vertically on
a monitor. So honeybees must make a choice between the patterns after seeing them
simultaneously from the decision area. The distance from the decision area to the
pattern is 30 cm. One of the patterns is defined as “positive”, which provides 50%
sucrose solution as a reward in the reward box, and the other defined as “negative”
would provide an empty reward box. The reward box is connected to the wall of the
maze beside the monitor with a tube. The sugar solution is the unconditional stimulus

(US), and the positive pattern as a conditional stimulus (CS).

(b) Training and testing procedures

In each experiment, a group of honeybees (about 10 bees) were trained to enter the
Y-maze constantly. They were attracted to visit and collect sucrose solution from a hive
25 m away from the maze. The honeybees could return to the maze every 5 minutes,

which brings about two choices every 10 minutes.

Honeybees that entered the maze were then trained to go to both reward boxes at
the end of two edges randomly. This prevented honeybees from constantly visiting only
one side of the maze. After these training, individual honeybees were marked by colors

or labeled by number tags.

After the patterns were shown, the training started, and the locations of the patterns



were switched every 10 minutes. The reward was also moved, so that it stayed beside
the positive pattern. The learning lines (correct percentage) would be observed

throughout every experiment.

After the training procedure, Honeybees were tested. The testing part could not
give any training hints to honeybees. So both the reward boxes at two ends provided
sucrose solution. Images at both ends alternated every 10 minutes as well. During the

tests, the choice and number tags would be noted.

Fig. 5 Honeybees constantly visit the Y-maze
from the hive. They can return in 5 minutes.

(c) Visual stimuli and calibrations

Patterns are presented on the monitor. The prevented visual angles are calculated.
Both monitors are measured and corrected by Spectrometer and SpectraSuite (Fig. 6), to

make sure the contrast and brightness are the same to honeybees.

Calculation for the color contrast in patterns follows the formulas from Chittka et
al. (1994). Relative amount of light absorbed by each honeybee spectral receptor type is

determined by P:

P=R/TIs()S(})



The sensitivity factor R is determined by R:

R=1/Ig(M)S()

Photoreceptor excitations are determined by E:
E=P/(P+1)
Color contrast is determined as the Euclidian distance between target and backdrop
in the color hexagon, where stimulus coordinates are given as:

x=5sin60°(Eg— Eyy) y=Eg—0.5(Eyv+Eg)

Euclidean distances (DSt)between stimuli are calculated as:ASt:

ASt=\(Ax)*+ (Ay)’

(A) , B,
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E 5.00E+04
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Fig. 6 Visual stimuli
(A) Designed experimental pattern
(B) Spectral intensity of the LCD monitor

(d) Analysis of performance

The results of the scores on each pattern are examined statistically by Chi-square test,
and we compare the choice frequencies in each pair of patterns. In every tested result, n
denotes the number of honeybees that provide the choices, N denotes the number of

choices analyzed, and p denotes the value associated with the Chi-square test for



significant difference from random choice behavior. Definitions of p value are: p>

0.05(NS), p<0.05(3 ), p<0.01(k %), p<0.005( % %), p<<0.001( % * %)

(e) Experimental procedures

To examine whether honeybees can use specific visual message to perform
top-down processing, there should be pair of complex pattern which honeybees can not
discriminate after trained at first. To improve the discrimination ability, various visual
massages are provided as a hint to train honeybees. After these training, the complex
patterns would be tested again. We can then find out whether or not the specific

message can be a visual experience used in top-down processing.

The different visual messages can be separated into three columns. Each column’s
result answers a question about what exactly honeybees extract from their visual

experiences to increase their discrimination ability.

3. Procedure flow chart (Fig. 7):

Honeybees could Hinted by training Retest with complex

not discriminate » pattems asa * patterns and discover

complex patterns “experience” f0'r whether or not perfprm
top-down processing top-down processing

Fig. 7 Procedure flow chart



Results

1. Monochromatic contrast: Color vision or not?

Honeybees can use top-down processing to discriminate contrasts below the
threshold (0.05). But this ability only exists in green contrast, which means cues are

received by the achromatic green photoreceptor (Fig. 8).

(A) Low contrast:

+train — +test — + train + test —
IUU -- 100””
0.05 ¢ . 0.05 3 Ns 0.05
(N=113. »“=0.009)
(B) Green contrast:

+ train — +retest — ~+ retest — -+ retest —

o - - - - - - - -
. ] s

52.2%

Choice percentage

] | 0.02 |
| | 1

(C) Blue contrast: i tal‘n' """"""""""" +retest —

+ retest —

H
=]
=

Choice percentage

(N=106. y*=9.660) (N=121. 72=3.645) (N=114. »*=0.561)

Fig.8 Effects of monochromatic contrast in honeybees’ top-down processing
Bars in each set mean the choice percentage to each pattern [positive (+) or negative (-)] above. The
bolded line in the middle means the contrast for patterns in (B) and (C), and red arrows mean

top-down processing performance.



2. Form or position: Is the stimulus from its form or its position?

Honeybees can not directly discriminate the complex patterns at first (Fig. 9-A).

(a) Shape: Honeybees use the cues from shape to perform top-down processing and

discriminate the complex patterns after trained (Fig. 9-B).

(A) Complex patterns: (B) Shape:
—+train — —+test — —+ train — -t-retest—
bbb|[bbb] [bbb]bbob b b b|lbbb
babfbcbd|l% |bab|lbcob 100% a c b ab|lbchb
b b bflbbb b b b|lbbb b b bflbbob
NS "

Choice percentage
Choice percentage

(N=112. »?=0.036) (N=122. °=09.475) (N=128. y?=5.281)

Fig. 9-A, B Effects of cues from shape in honeybees’ top-down processing

(b) Position: Honeybees still perform top-down processing even when the position is

changed (Fig. 9-C).

(C) Position:
-+ train — —retest—
. b b bl[bbob
100% b a bflb cb
a c b bb|bbb

63.1%

Choice percentage

(N=115. 1 *=7.895) (N=112. »?=6.063)

Fig. 9-C Effects of cues from position in honeybees’ top-down processing

(c) Positive or negative pattern: Message from the positive (rewarded) pattern is more

important than the negative one (non-rewarded) (Fig. 9-D, E).

10



(D) Positive pattern: (E) Negative pattern:

~+train — ~+retest— ~+train — +retest—
b b b bffb b b
0% a ]12 a E E E E 100% c b a b|lbchb
3 b b b|lbbb 3 b b bbb b
?: 61 '-“ ! § ‘ .
2 2
s 2
e E
“ o

(N=108. 7°=5.333) (N=105. y°=8.010) (N=109. x°=4.046) (N=105. »°=1.152)

Fig. 9-D, E Effects of cues from the positive pattern and negative pattern in honeybees’
top-down processing

3. Cues from images: What is advanced and memorized?

(a) Brightness contrast: Messages of high contrast can trigger top-down processing,

while lower contrast can not (Fig. 10-A).

(A) Brightness contrast:

+ train — + test — ~+train — ~+ retest—
a g | 100% a € 100% a & a c
3.7 2 2 1:9
2 2
g g
(N=105. *=10.371) (N=106.
+ train — +-retest—
100% a @ a @

Choice percentage

(N=104. x°=7.538) (N=108. x*=0.037)

Fig. 10-A Effects of brightness contrast in honeybees’ top-down processing

(b) Visual angle: Messages with bigger visual angles can trigger top-down processing,

however, smaller visual angles can not (Fig. 10-B).
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(B) Visual angle:

(N=103. y°=0.087)

—)
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S
5
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£
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S
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£
o

(N=122. »°=9.475)
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Fig. 10-B Effects of visual angle in honeybees’ top-down processing

(c) Resolution: Messages with clear contour can trigger top-down processing; however,

blurred patterns can not (Fig. 10-C).

(C) Resolution:
+ train — + test —
. B | oo . [ ] 1009
) &
2.5pixel £ Ns2.5pixel g
5 5

Fig. 10-C Effects of resolution in honeybees’ top-down processing

~+retest —

100%

Choice percentage

(N=52.

(N=112. x“=20.571) =6.231)
+ train— —+ retest—
® | N e | N
6;(:; fpixel o 9;‘;52.5(’pixe1

(N=132. »?=14.667)

(d) Memorized messages: Honeybees link the cues from complex patterns to their prior

experiences. Here, we discover that the extracted cues are geometrical cues from

12



patterns (Fig. 10-D).

(D) Orientation cues

—+ train — 4+ test — —+train — —~+retest —
b b bl[bb b b b bfbbb b b bflbb b
b2 bl NDb[1% b Lou|lbN\Db 1000 | 4 \ b/ bllbN\ND
b b bllbb b, bb bfbbob ° b b bj|b b b

£y 2 % %
Z g 64.0¢
2 g
2 g
= 2
S @)
(N=100 y°=1.000) (N=100. x°=17.640) (N=100. y*=7.840)

Fig. 10-D Effects of orientation cues in honeybees’ top-down processing
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Discussion

1. We find that honeybees only use specific extracted cues for top-down processing.
They can find the shape they need, what is more important than where, meaning
honeybees may have the “active vision” ability to find cues (Lehrer et al., 1985). This
may be related with the evolution of honeybees’ pollination. Honeybees prefer to
constantly visit the same species of flower during a period of time to decrease use of
memory and also boost the co-evolution with flowers (Dyer and Chittka, 2001).
Learning to recognize the flowers whenever encountering them may be time-consuming.
So, top-down processing should be an important ability in performing flower constancy.
It can help honeybees find what they “want” to see or “should” see to distinguish

flowers efficiently.

2. Interestingly, similar results are found in the experiments of brightness contrast,
visual angle, and resolution cues. Honeybees may link important cues with the complex
patterns and “fix” the advanced cues from patterns to discriminate them. However, we
find that when the cues are weaker, they can still learn the hints with same cues, but
these learnt experiences can not trigger top-down processing. This result may bring up
another hypothesis. There should be an “intensity detection” mechanism during linking
and recalling in honeybees’ brain. Although honeybees link the extracted cues to the
correct group of visual memories, their top-down processing may still not be triggered if
the intensity of the hint is not strong enough. This is a finding worthy for future work to
discover the recalling mechanism and hinting threshold in honeybees top-down

processing.
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3. Honeybees’ top-down process takes the color-blind “achromatic” path. Using the
green channel may also increase efficiency for honeybees to pollinate. According to the
results, we can compile a procedure for honeybees to perform top-down processing
during pollinating. After navigating to the place with flowers, what honeybees see first
should be the achromatic cues like brightness contrast or slight contour in low
resolution. When they fly a bit closer, more subtle cues like modulation, size, and
geometrical cues may appear. So this is when honeybees link the extracted “blurred”
achromatic cues with their prior experiences and perform top-down processing, giving
an initial guess quickly. Once they approach the object even closer, chromatic cues
appear. Honeybees can then use motion detection in the green channel or color
preferences in other channels to distinguish flowers (Zhang, Srinivasan, and Collet,
1994). Therefore, we surmise that honeybees use solely the green channel to perform

top-down processing to have an early guess for the images.

4. Like human being, honeybees take advantage of informational “parallel processing”
to separate different messages (Horridge, 2000). Beginning with the reception of green
receptor in bees’ retina, top-down processing goes through lamina and takes the
color-blind “achromatic” path. It then enters medulla with various messages of shape,
location, and movement. After that, the color-blind messages in lobula, including
geometric information like angle and symmetry, are the important messages for

top-down processing.

5. We can sum up with a pathway in the neural network of honeybees (Fig. 11). This
pathway extracts the specific messages to proceed and recall the experiences to
top-down process. According to the previous studies, we know that the mushroom body
in honeybee’s brain may be a place to form memories (Horridg, 2009). A hypothesis

pathway is that the messages extracted may be proceeded to the mushroom body and

15



then honeybees recall the specific experiences. After the messages link together, the
brain then feedbacks messages to the lobula again. So the top-down processing

mechanism gives an initial guess to these advanced messages, and increases the

discrimination ability in honeybees.
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Conclusions

1. We can sum up with a pathway in the neural network of honeybees (Fig. 11),

extracting specific messages to recall the experiences for top-down processing.

2. Top-down processing in honeybees is related to form information, while the location
does not affect the process. This visual pathway which starts with the green

photoreceptors has no relation with color vision.

3. Cues from images like contrast, size, and resolution, which are presented weakly, can
be discriminated after hinted. What links the prior visual experience to perform

top-down processing is geometrical cues. ( @

Applications and future work

Honeybees provide readily accessible existence theorem showing that low-level
natural vision can function in minimal circuits (Horridge, 1992). Their visual processes
are obvious lessons for robot vision. Surprisingly, honeybees evolved an extraction
ability to deal with top-down processing by a brain no bigger then 1mm?®. It is important
for us to further explore the mechanism of top-down processing in honeybees. This may

advance the technique of artificial image detection.

In this research, we had already analyzed the procedure of visual messages in
top-down processing before these messages entering the brain. However, the feedback

mechanism and the linking or recalling details are still unknown.

An experiment is designed to investigate the neurophysiology in honeybees’ brain
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during top-down processing. We can conduct a classical olfactory conditioning
experiment with honeybees’ by using PER (proboscis extension response) methods
(Hammer and Menzel, 1995). But the stimulus we use here is a visual one. Fixed
honeybees, which can only move their antennas and mouth part, will be trained to
associate a visual stimulus (CS+) with sucrose solution (US) as a reward. And another
visual stimulus (CS-) would be associated with non-reward. The experimental
procedure is just like what we did with freely flying honeybees in the Y-maze. By using
PER conditioning, the difference is that we can record honeybees’ brains simultaneously
when they perform top-down processing. By this way we may discover more about

honeybees’ top-down processing mechanism.
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