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a  b  s  t  r  a  c  t

“Beetrack”  is a  complete  software  designed  to analyze  the  2D  locomotor  behavior  of  four  simultaneous
honey  bees  moving  in  petri  dishes.  Several  dependent  variables  can  be measured:  traveled  distance,
number  of  jumps  and  % of  immobility.  A  spatial  analysis  can  also  be  performed  to  detect  if the  bees  are
ccepted 19 March 2012

eywords:
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using  preferentially  one  part  of the  box.  The  software  has been  successfully  tested  with  eight  honey  bees
and promise  to be  an  interesting  tool  in  the  pharmacology  field.

© 2012 Elsevier B.V. All rights reserved.
oftware

. Introduction

The open field test is one of the neurosciences basic behavioral
ests (Pierce and Kalivas, 1997; Walsh and Cummins, 1973). At the
cological level, locomotion is linked to a large panel of activi-
ies such as foraging for food or mates, or predator avoidance. In
ocial insects locomotion is also involved in colony management
nd domestic tasks. Locomotion can be purely respondent as it is
he case with taxis (Menzel, 1985), or influenced by learning mech-
nisms like habituation/sensitization (Aoyama and McSweeney,
001; Varty et al., 2000), pavlovian conditioning (Domjan et al.,
986) or operant conditioning (Skinner and Morse, 1958).

In honey bees, various methods have been used to measure loco-
otion. The simplest technique consists to put the insect inside a

etri dish with a grid drawn below the box, and to count the number
f line crosses (Aliouane et al., 2009; Baron et al., 2009; El Hassani
t al., 2005; Humphries et al., 2005). If it is a cheap method well
dapted to observe locomotion in large spaces with slow moving
nimals (Vianna et al., 2000), this kind of method may  be problem-
tic with flying insects. For example, at any time during a session,
oney bees can jump and try to fly in the petri dish, sometimes dur-

ng a very short time, and sometimes during a longer time. When
peed is high, and the open field small, it may  be completely impos-

ible to make reliable measures. For that reason, some authors have
roposed to use a wheel to measure locomotion (Abramson et al.,
000). However, with such tool, the number of possible dependent
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variables is very small and limited to speed and distance. Maze et al.
(2006) have used the Noldus software, “The observer” to measure
the percentage of time the honey bees were engaged in several
activities, like walking, upside down walking, immobility, groom-
ing, and flying. With such software, the observer has to press one
keyboard key when he detects one of the target behaviors. There
is no doubt that this tool can be very useful to detect and measure
various behaviors like grooming or wing flapping. However, reli-
able quantitative measures of behaviors are probably difficult to be
obtained if behavior changes at a high rate during a session, like fly-
ing, or if behavior needs to be defined precisely, like immobility. For
example, it is rare that an insect is completely without any move
and immobility has to be defined with a threshold. Without con-
siderable time to spend with slow motion video analysis we think
that keyboard coding can be the source of multiple errors when
measuring locomotion in flying insects.

Several firms propose commercial software for quantitative
locomotion analysis (see, for example “Anymaze” or “Ethovision”),
however, their price is very high (several thousand euros) and with
license limitation, it is not always possible to use them for research
and teaching. Moreover, if such software is well adapted to most
conventional laboratory species, their option list is closed and can-
not be expanded easily, except if a substantial amount of money or
time is spent to try to convince the firm to develop new analysis
procedures. Finally, it is not easy to integrate such commercial soft-
ware in another application. For example, if one wants to measure
the spatial behavior during an operant conditioning experiment,
it is not easy to link the data from the two  systems if they work

completely independently.

Original solutions well adapted to flying insects have been pro-
posed these last years. Such solutions propose to detect the insect
position in 3D space. For example, Fry et al. (2000) and Fry et al.

dx.doi.org/10.1016/j.jneumeth.2012.03.006
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length, and measure separately the dependent variables for each
block.

As shown in Fig. 3, the complete trajectories can be drawn with
12 M.B.C. Sokolowski et al. / Journal of N

2008) used two  cameras fixed on pan/tilt turrets and got the ani-
al  position from turret angle analysis. Other solutions have also

een proposed with the simultaneous recording of several fixed
ameras (El-Sayed et al., 2000; Fry et al., 2003; Straw et al., 2010).
owever, the complexity and cost of such apparatus is high as some
evices need several computers linked to a network to work. Con-
equently, the use of these devices may  be limited in neurosciences
nd behavioral pharmacology where we need to test a lot of ani-
als in a short period of time, with the simultaneous measurement

f several dependent variables.
Inspired from Tort et al. (2006), this paper describes “Beetrack”,

 new software for the quantitative analysis of honey bee (or other
imilar insects) locomotion in small petri dishes. The last version of
he software can be sent after request by the corresponding author
f this paper.

. Method

.1. Recording video samples

The recording software has been written in Delphi 6. The soft-
are offers several recording options like frame rate and video

esolution (the parameter range match the recording options of
he selected webcam).

.2. Video analysis

The same language has been used to write the video analy-
is software. The first step of video processing is to extract single
ictures from the video. Then, the video tracking task can be per-
ormed. Fig. 1 shows a copy of the video tracking window. First,
he user has to define the borderlines of the four open fields to
nalyze. Then, the software applies a threshold (this threshold

an be adjusted) to convert the video in black and white col-
rs. If necessary, the contrast and brightness of the video can be
hanged. At this step of analysis, as shown on the right part of
ig. 1, the insect should appear in black on a white background.

ig. 1. Screen copy of “Beetrack” video processing window. The left part shows a
icture of one bee video. The red small dots represent the last detected positions of
he bee. The right part shows the same picture with black and white transformation.
he honey bee now appears as black dot on a white background. The black circle cor-
esponds to the picture part that the software was analyzing when the screen copy
as  been done. (For interpretation of the references to color in this figure legend,
he reader is referred to the web  version of this article.)
ience Methods 207 (2012) 211– 217

The software then reads all the pixels of the defined zones and
computes the center of gravity of all the black pixels detected.
At this step, it is possible to add on the video the detected posi-
tion of the bee (see the red dots on the left part of Fig. 1). If
the tracking protocol is working well, the position of the last red
dots should perfectly match the position of the bees. Because of
the algorithm we used, only high object/background ratios can be
correctly detected. However, all the tests have been successfully
performed with white paper or white PVC positioned under the
arena.

As it is well known that the position of a detected target can
oscillate (Hen et al., 2004), a smoothing protocol can be applied on
the detected coordinates of each bee. Eq. (1) has been used with
n = 5 and  ̌ = 0.95.

Positionsmoothed(t) =
∣∣∣∣

 ̌ − 1
 ̌ + 1 − 2ˇn+1

∣∣∣∣
j=n∑

j=−n

ˇ|j|positionraw(t + j) (1)

For each picture of the video and each bee, the raw and smoothed
coordinates are stored in a text file. Fig. 2 shows part of a bee tra-
jectory with raw (red) and smoothed (green) data. As expected, the
smoothed algorithm reduces the lateral oscillations of the trajec-
tory, but with some shortcuts when the bee did large curves at high
speed.

2.3. Locomotion measurement

Once the trajectories have been extracted, the software now
provides a lot of options for locomotion measurement. For most
of dependent variables, the software can define blocks of equal
one color for each bee. At the same time, the traveled distances are

Fig. 2. The red line corresponds to part of a bee raw trajectory. The green line shows
the  smoothed trajectory using Eq. (1).  (For interpretation of the references to color
in  this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. Screen copy of the “Beetrack” locomotion measurement window. Each bee
has  its own  color. A black circle has been drawn around the petri dish. Note that
the  size of the petri dish surface has been increased by a factor of two. A doted
circle corresponding to 60% of the whole arena has been added for each bee. (For
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nterpretation of the references to color in this figure legend, the reader is referred
o  the web version of this article.)

omputed (1 pixel = 1.33 mm).  As a lot of animals show a great ten-
ency to turn around an arena (Drai et al., 2001; Yaski et al., 2011),
e can define for each bee a central zone in which the software will

ompute the percentage of time spent (see the four left panels of
ig. 4). The software also offers the opportunity to make a spatial
nalysis (see the four right panels of Fig. 4) of behavior. The arena
urface is first divided in four equal parts and the percentage of
ime the bee spends inside is then computed.
The software includes a simple algorithm to detect jumps. A
ump involves a big step in the trajectory. However, as a jump can
verlap several pictures in the video, we must detect only one jump

ig. 4. Left panel: the software shows in black the movements that have been done in the 

hat  have been done in each quarter of the petri dish. (For interpretation of the references t
ience Methods 207 (2012) 211– 217 213

event if we detect big steps on several consecutive pictures. We
use two  separate thresholds to fix this issue. The first threshold,
the bigger one, defines when the animal shifts from slow motion to
fast motion (for two consecutive pictures). The second threshold,
the shorter one, defines when the animal shifts from fast motion
to low motion. When a jump has been detected, it is continuously
recorded until the lower threshold is achieved. The dots on left
panel of Fig. 5 show where jumps have been detected. Of course,
the two  thresholds can be adjusted.

Finally, it is also possible to detect when the honey bees stop
with the following algorithm: immobility is detected when the
honey bee moves less than a defined threshold between two
consecutives pictures (standard value: 1 pixel). However stop is
recorded only if immobility is observed during several consecutive
pictures (the number of pictures can be selected as a parameter,
but the standard value is 15). The right panel of Fig. 5 shows where
stops have been detected for the four bees.

2.4. Test experiment

2.4.1. Subjects
Eight European bees served as test subjects. They were captured

at the hive with 5 ml  plastic syringes when they were about to fly
off.

2.4.2. Apparatus
The recording device includes a removable pyramid

(37 cm × 37 cm,  70 cm height see Fig. 6) to isolate the bees
from the room light. The top has a small opening for the webcam
lens. A line of four white LEDs (60◦) is glued in the middle of each
side of the pyramid. The purpose of the 16 LEDs is to provide
a constant light during video recording. This pyramid is putted
on the bee plate (32 cm × 32 cm) whose dimensions are large
enough to contain four 15 cm diameter petri dishes. A 3 cm high
white PVC partition divides the space in four equal parts without
any possibility for the bees to see and communicate with each
other. A USB Philips Toucam pro II is exactly placed on the top of
computer (Intel Core i3 2.53 GHz, memory 3 Gb, hard disk 500 Gb,
Windows XP) connected to the USB webcam has been used to
record the video files and to analyze the data.

central zone. Right panel: The software shows with a different color the movements
o color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. Left panel: the software shows where stops have been detected. Right panel: the s
each  bee has its own  color. (For interpretation of the references to color in this figure lege
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ig. 6. Picture of the experimental device including the observation pyramid, the
ebcam, and the laptop.

.4.3. Procedure
Immediately after the capture, the honey bees were transferred

t the lab and putted individually in a 150 mm diameter, 20 mm
igh transparent petri dish. If a bee escaped during the transfer pro-
ess it was replaced by another one to avoid exposing the bee to new
timuli related to another capture. The four bees were observed
uring a total 30 min  (resolution: 320 pixels × 240 pixels). To avoid
reating voluminous files, the video has been recorded in three
0 min  length separate files with no delay between recordings.
. Results

The upper left panel of Fig. 7 shows the average distance covered
y the bees during successive 2 min  blocks. As it has already been
oftware shows where a jump or a flight attempt has been detected. For both parts,
nd, the reader is referred to the web version of this article.)

shown with rodents (Tort et al., 2006), the distance decreases with
time and most animals stopped completely moving after 30 min.
As expected, as shown on the upper right panel of Fig. 7, the aver-
age percentage of immobility increases with successive blocks, the
value for the last block being close to 100%.

Contrary to the distance and immobility functions that are
monotonous, the average jump number increases and then
decreases with successive blocks (see lower left panel of Fig. 7).
Finally, the average time spent in the center of the arena also
shows a tendency to decrease. Note that we analyzed that depen-
dent variable only during the first five 2-min blocks because some
bees started to stop completely to walk after 10 min. A very long
stop in one part of the petri dish may  have a large effect on that
dependent variable even if the bee is inactive at that time. To
assess if the honey bees preferentially explored the center or the
peripheral area, we  computed the surface percentage of the inter-
nal zone. The value corresponds to the dotted line on the lower
right panel of Fig. 7. The internal diameter was 77.25% of the
arena diameter. The graphic shows that despite the fact that the
surface of the center zone was about 60% of the total arena sur-
face, the honey bees spent only about 20% of their time in that
zone.

Finally, we analyzed the spatial dimension of locomotion. We
computed the percentage of time each honey bee spent in each of
the four quarters of the petri dish. The upper left panel of Fig. 8
defines the four parts (A–D) for the four petri dishes (from position
1 to 4). The lower four panels show the percentage of time spent
as a function of parts and positions. A pattern of spatial behavior
seems to emerge from that analysis. In position 1 and 2, the bees
spend more time in quarter D and C, respectively. In position 3
and 4, bees spend more time in quarter B and A, respectively. Such
an asymmetric exploration pattern can easily be explained with

phototropism. The upper right panel of Fig. 8 represents a model
of light repartition. As previously explained, light comes from LED
(60◦) that is glued in the middle of each side. The light beams are
represented on the figure and the summation of light from the four
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Fig. 7. Main results of the test experiment. Upper left panel: distance (cm) as a function of 2-min blocs. Upper right panel: % of immobility detected as a function of 2-min
blocks. Lower left panel: number of jumps as a function of successive 2-min blocks. Lower right panel: percentage of time in the center of the arena as delimited by the black
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otted line of Fig. 3 (black circles). The dotted line represents the prediction of the 

ll  these graphics, the vertical line shows half of the standard deviation.

ifferent sides is shown with shades of gray, a darker surface corre-
ponding to more light. As we can see, the spatial preference of bees
oes perfectly match the light distribution in the arenas: in position

 and 2, there is more light in quarter D and C, respectively and in
osition 3 and 4, there is more light in quarter B and A, respectively.

. Discussion

The goal of our work was to propose simple but complete soft-
are for automated measure and analysis of several dependent

ariables about the 2D locomotor behavior of four honey bees in
etri dishes. It has been shown that the software functions well to
etect the spatial coordinates of bees and to measure a complete
et of dependent variables.

The test experiment shows that honey bee locomotion
ecreases and bee inactivity increases with time, thus revealing
s classically observed for example in rodents, the habituation
o novel environment (associated with a decrease in exploratory
ehavior) appearing 15–20 min  after placing them in the open
eld. Such an observation contrasts with Maze et al.’s study (2006)
here only a small decrease in walking and a limited increase

f immobility among the session have been observed in normal
ees. This discrepancy could come from the fact that contrary to
aze et al. (2006),  we did not feed our bees before the loco-
otion test. Perhaps their honey bees decreased their walking

peed during the session. Another possibility is that the discrepancy
omes from the different measurement tools used. We  recorded
he number of jump/flight attempts when Maze et al. measured
he % time spent flying. To make interesting comparisons between
xperiments, we need standard measures about bee locomotion
ehavior.
Several hypotheses can be proposed to explain observed
ecreasing locomotor activity. It is possible that it is the result of
atigue because we did not feed the bees before the experiment.
abituation would be another possibility as suggested above.
pent in that part of the arena if the time was proportional to the zone surface. For

However, the fact that the jump curve does not follow the same
monotonic function than the distance curve raises interesting
questions about the dynamics of observed locomotion. For exam-
ple, as most flying attempts are followed by wall contact, flying
may  be strongly punished inside a petri dish.

The current version of our software does not detect upside down
walking. A technical improvement could be to stick a colored tag
or paint a colored dot on the bee and detect the color with the
webcam. When the color is detected, it would mean that the bee is
walking normally.

Data about spatial behavior show a strong bias toward the
part of the petri dish that receives more light. Another bias con-
cerns the external part of the petri dish. In the present work,
the absence of homogeneity of light conditions is a result of the
structure of the observation pyramid. It is likely that better light-
ing could suppress the bias. One technique could be to put the
light (several white LEDs, for example) under the petri dishes and
use a white Plexiglas to diffuse the light. With such a technique
we would equalize the light conditions of each petri dish. On the
other hand, the spatial preference of honey bees can be consid-
ered as an interesting feature of bee behavior and consequently,
phototropism may be one of the numerous dependent variables
that one could wish to measure in controlled conditions with
“Beetrack”.

This software offers new perspectives for example in the addic-
tion field and could be useful for testing the place preference
induction by drugs of abuse. It is a classical conditioning test used
in the addiction field of research when analyzing the reward-
ing effects of drugs of abuse. Associated with the measure of the
locomotor effects of drugs of abuse it could provide a lot of informa-
tion regarding the sensitivity of the honey bees to the progressive

increase in locomotor effects of repeated administration drugs
of abuse (locomotor sensitization phenomenon) and its poten-
tial association with an increase in drugs of abuse induced place
preference.
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Fig. 8. Upper left panel: definition of the four positions (from 1 to 4) and the four zones (from A to D). Upper right panel: model of light distribution in the observation
pyramid. White LEDs that light the pyramid from inside are positioned in the middle of each side. The light beam with a 60◦ angle is shown with a line. The light touching
the  petri dishes is shown with shades of gray, the more light, the darker the surface. The four lower panels show the percentage of time spent by the bees in each petri dish
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