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Abstract
Automated tracking methods facilitate screening for and characterization of abnormal locomotion
or more complex behaviors in Drosophila. We developed the Iowa Fly Locomotion and
Interaction Tracker (IowaFLI Tracker), a MATLAB based video analysis system, to identify and
track multiple flies in a small arena. We report altered motor activity in the K+ and Na+ channel
mutants, Hk1 and parats1, which had previously been shown to display abnormal larval
locomotion. Environmental factors influencing individual behavior, such as available “social
space,” were studied by using IowaFLI Tracker to simultaneously track multiple flies in the same
arena. We found that crowding levels affect individual fly activity, with the total movement of
individual flies attenuated around a particular density. This observation may have important
implications in the design of activity chambers for studying particular kinds of social interactions.
IowaFLI Tracker also directly quantifies social interactions by tracking the amount of time
individuals are in proximity to one another—visualized as an ‘interactogram.’ This feature enables
the development of a ‘target-preference’ assay to study male courtship behavior where males are
presented with a choice between two immobilized, decapitated females, and their locomotion and
interactions quantified. We used this assay to study the chemosensory mutants olfD (paraolfD,
sbl2) and Gr32a and their preferences towards virgin or mated females. Male olfD flies showed
reduced courtship levels, with no clear preference towards either, while Gr32a males preferentially
courted with virgin females over mated females in this assay. These initial results demonstrate that
IowaFLI Tracker can be employed to explore motor coordination and social interaction
phenomena in behavioral mutants of Drosophila.
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Introduction
Coordinated movements in Drosophila melanogaster, such as larval crawling (Troncoso et
al., 1987; Wang et al., 1997; Wang et al., 2002; Fox et al., 2006), adult walking (Gotz &
Wenking, 1973; Strauss & Heisenberg, 1990; Strauss, 2002) and flight (Frye & Dickinson,
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2004) are required for many types of complex behaviors including foraging (Pereira &
Sokolowski, 1993), aggression (Nilsen et al., 2004; Ueda & Wu, 2009), courtship
(Greenspan & Ferveur, 2000), and escape (Trimarchi & Schneiderman, 1995). Automated
analyses of fly locomotion using computer-based video methods have been utilized for
several decades and can be employed while studying these behaviors. Computer-assisted
analysis of larval locomotion using the Dynamic Image Analysis System (DIAS) revealed
involvement of several genes in modulating larval locomotion (Wang et al., 1997). DIAS
has subsequently been used to track adult walking (Rodan et al., 2002) and other groups
have developed similar methods to track fly walking (Martin et al., 1999; Martin, 2004;
Grover et al., 2008; Gilestro & Cirelli, 2009; Branson et al., 2009; Seeling et al., 2010).

This paper presents several applications of a set of MATLAB scripts, the Iowa Fly
Locomotion and Interaction Tracker (IowaFLI Tracker), which tracks both locomotion and
interactions between multiple adult Drosophila individuals in order to analyze how
particular genes and environmental conditions influence behavior. Our approach was to
develop a versatile system that requires relatively inexpensive components and can provide
information on both individual fly locomotion patterns and social interactions among
multiple flies.

To initiate quantification of adult locomotion in the large collection of Drosophila mutants,
we chose to extend our previous study on two ion channel mutants Hyperkinetic (Hk) and
paralytic (para) that show altered larval locomotion to their adult locomotion which had not
been quantified in a similar manner (Wang et al., 1997). The gene Hyperkinetic encodes a
K+ channel β subunit, and the mutant allele Hk1 displays vigorous leg shaking under ether
anesthesia (Kaplan & Trout, 1969; Chouinard et al., 1995). The second mutant used, parats1,
is a reversible temperature-sensitive paralytic (>29 °C) allele of the gene that encodes a Na+

channel (Suzuki et al., 1971; Siddiqi & Benzer, 1976; Loughney et al., 1989). Because these
mutants directly affect nerve and muscle excitability, it is important to quantitatively
describe how motor coordination and locomotion are affected in adults, as well as larvae.

In developing IowaFLI Tracker’s ability to track multiple flies simultaneously, we found
this system was suitable for exploring the role “social” factors play on an individual’s
activity. A significant amount of interest has been generated in understanding how these
factors that influence locomotion and activity in Drosophila (Ruan & Wu, 2008; Ueda &
Wu, 2009; Sokolowski, 2010). By altering the number of individuals in an arena, we
examined the role of available “social space” (i.e. crowding, Simon, et al., 2012) on an
individual’s locomotion.

Social interactions could be directly identified by finding sequential frames in which flies
were in close proximity to each other, and visualized as an ‘interactogram.’ Based on this
approach, we developed a ‘target-preference’ paradigm amenable to video analysis via
IowaFLI Tracker that allows for direct analysis of courtship preference and used it to study
how chemosensory mutants olfD (paraolfD, sbl2; Siddiqi, 1987; Ayyub et al., 1990), and
Gr32a (Miyamoto & Amerein, 2008) interacted towards mated and virgin females.

Our research has benefited by the pioneering work of Prof. Obaid Siddiqi and his continued
contributions to Drosophila neurogenetics. This work has been inspired in part by his early
work on adult and larval physiology as well as his more recent work in the neurogenetics of
chemosensory behavior. Some of the mutants used in this study find roots in his early work
(Siddiqi & Benzer, 1976; Ayyub et al., 1990). His life-long contributions to Drosophila
neurogenetics will impact researchers in the field for generations to come.
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Materials and Methods
Drosophila Stocks

Genotypes used include previously described lines: wild-type Canton-S (CS), Hk1, parats1

(Wang, et. al, 1997), olfD (Siddiqi, 1987; Ruan & Wu, 2008), and Gr32a (a gift from Hubert
Amerlin, see Miyamoto & Amerein, 2008). All fly stocks were raised on standard cornmeal
media at room temperature (23°C). Flies used for the locomotion and male-male interaction
assays (Figures 2 - 4) were between 3 and 6 days old; and males used in the target
preference assay (Figures 5 - 6) were between 4 and 8 days old. All flies were collected over
CO2 anesthesia 24 hours prior to use, unless otherwise indicated.

Fly Imaging
For most experiments, male flies were placed in a disposable 35 mm petri-dish (Becton
Dickinson, Falcon 351008, Franklin Lakes, NJ, USA) filled with approximately 7 ml of
standard cornmeal media, leaving approximately 2 mm of headspace. In this configuration,
flies are free to walk, but flight is suppressed. We also examined behavior in a smaller
chamber (a 28 mm diameter beaker) filled with standard cornmeal media with a small
amount of live yeast smeared on the center (Ueda & Wu, 2009). A sliding transparent
ceiling, consisting of a clear polyethylene film placed over one end of a hollow cylinder of
the same diameter, was adjusted to be 2 mm above the food surface to enclose the arena. All
chambers used for video recording experiments were pre-conditioned by placing at least 6
CS males in the arena for at least 12 hours.

As illustrated in Figure 1A, recording chambers were placed on a light-box (DW Viewbox,
DW Group, LTD, Milton Keynes, UK), and video recordings were taken by a Logitech
webcam (c905, Logitech, Newark, CA, USA) approximately 8 cm above the chamber.
Videos were recorded at 640 x 480 resolution and at 30 frames-per-second. A custom-
written MATLAB (version r2010b, MathWorks, Natick, MA, USA) routine was used to
control video acquisition, although it is not required for subsequent image analysis. A 15
minute video recording session was started almost immediately after flies were introduced to
the chamber (< 10 s), and the entire video was used for subsequent analysis.

Target Preference Assay
Males and mated females that were used as targets were co-housed together ensure mating;
virgin targets were collected within eight hours of eclosion over CO2 anesthesia and housed
separately. All target flies used in the assay were 2–3 days old. Immediately prior to video
recordings, target flies were briefly anesthetized on ice, decapitated (to reduce female
movements, Ferveur & Sureau, 1996), and a minuten pin was placed through the 1st or 2nd

abdominal segment. Only flies which were able to regain a standing posture unaided and
showed scratching reflexes after decapitation were pinned and used in subsequent
experiments. The pinned target flies were placed on opposite sides of the 35 mm petri-dish,
approximately 10 mm away from the wall with their abdomens facing inward. Three male
“seekers” were aspirated into the arena and video acquisition began immediately after
introduction of the three male flies. Target preference assays were done over several days.

Image processing
All image processing was done using IowaFLI Tracker, a suite of custom-written scripts in
MATLAB (with Image Processing Toolbox, r2010b) running on a PC. Prior to image
analysis, image scaling parameters were defined in order to convert from pixel units to
dimensional units and to correct for aspect ratio error introduced by camera alignment.
Additionally, the coordinates of each fly in the initial video frame were selected—this
information is later used to assign an identity to each fly. All frames were first converted
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into 8 bit grayscale images (Figure 1B). Subsequently, each video frame was converted to a
black-white (binary) image based on user-selected threshold for each video to achieve clear
differentiation between the flies and background features (Figure 1C, Figure S1). A
‘background’ frame was calculated for each video by selecting every 900th black-white
frame throughout out the recording period (15 min) and identifying all pixels which were
always black. To simplify analysis, we keep track only of the centroids of each fly to
compute their locomotion parameters and to extract interaction information among
individuals. To determine fly locations, the video’s background frame was subtracted from
each processed frame and the objects (sets of adjacent pixels) were found and sorted by size.
In most cases, the large objects in an arena corresponded to individual flies—other objects
observed were much smaller and considered noise. For each object, the center-of-area
(centroid) was calculated and represented a fly’s location (Figure 1D). The identity of each
fly was tracked by comparing the set of fly locations in the previous frame to those in the
current frame (or in the case of the first frame, compared to the initial, user-defined,
coordinates).

In the vast majority of frames we analyzed, this procedure successfully identified tracks of
individual flies and their interaction history. However, in relatively rare instances when the
two objects merge, usually when two flies are touching, IowaFLI Tracker relied on an
additional procedures to track individuals (See Supplementary Information and Figure S2).
We found that based on a selection of fifteen videos previously used in analyzing
locomotion in CS, Hk1, and parats1 (Figure 2), on average, there were less than twelve
instances per video where human intervention was required to resolved the identity of flies
after an interaction (Supplemental Table 1), and that in a 35 mm chamber containing
multiple flies (up to eight), the rate at which IowaFLI Tracker mistook the identities of flies
following a short-range interaction was low enough that human supervision and manual
correction for such errors was not a technical hurdle.

The output of IowaFLI Tracker is an array of position vectors that may be used to calculate
several kinetic parameters, and may be exported as a text or Excel file. Additionally, within
IowaFLI Tacker, several other parameters were calculated and plotted. The cumulative
distance traveled was determined by summing the translocations in a fly’s centroid over
time. Similarly, a fly’s velocity was computed by multiplying the changes in its centroid
between frames by the frame rate (30 Hz). In addition, we measured the fraction of time
spent moving by counting frames in which the fly’s velocity was greater than 3 mm/s
(slightly larger than one-body length per second). For each genotype, IowaFLI Tracker can
display the velocity spread about the median and skewness of the distribution in a
cumulative velocity plot. This is done by collecting the velocity data from the entire sample
population of each genotype. A parameter of particular significance is the inter-fly distance,
which was calculated for each frame and used as the basis for determining fly-fly
interactions. In this report, flies were defined to be interacting in a sequence of frames if
their centroids were within 2.5 mm of each other (approximately one body length).
However, the user is able to modify the criteria for interaction. We demonstrate the use of
IowaFLI Tracker to document the sequences and quantify the durations of fly-fly
interactions.

In addition to the above technical description, several general operational guidelines are
provided in the Supplemental Information, in which the input and output parameters are
defined and explained within the conceptual framework.
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Results
Quantitative Measurement of Altered Locomotion in Ion Channel Mutants

A straightforward use for our system is to detect and describe modified locomotion in
mutant flies. We chose to examine the ion channel mutants Hk1 and parats1 that have
previously been well-characterized in the context of larval locomotion (Wang, et. al, 1997).
We placed four males in a chamber and recorded their movements for 15 minutes. Sample
tracks of 30 seconds from a representative fly of each genotype are plotted in Figure 2A at 0,
3, 6, and 12 minutes. To assess overall activity we plotted the cumulative distance traveled
versus time (Figure 2B), and found that Hk1 showed significantly increased total locomotion
as compared to CS flies (mean travel distances over 15 min of 6.19 m vs 4.33 m, Mann-
Whitney U test, p < 0.01). Interestingly, parats1 showed significantly decreased activity
(3.05 m, Mann-Whitney U test, p < 0.01) compared to the other genotypes—even though the
experiments were done at permissive temperatures for parats1. These results correlate with
the observations of larval locomotion where the pause duration between bouts of locomotion
is increased in parats1 mutants (at permissive temperatures) and decreased in Hk1 mutants
(Wang et al., 1997).

We found that many flies did not move over portions of the recording period. We measured
the fraction of time moving with a criterion for fly movement when its velocity exceeded 3
mm/s, slightly more than their body-length per second. CS flies spent approximately 38% of
the time moving, while Hk1, true to their namesake, were significantly more mobile (55 %),
and parats1 flies were least mobile (29 %, Figure 2C). While the proportion of time spent
moving varied across the three genotypes, the velocity distribution profiles of Hk1 and
parats1 (Figure 2D, see Materials and Methods for computational details) were not
significantly different from that of CS (Kolmogrov-Smirnov test, p>0.05), with median
velocities of 6.86, 7.87, and 5.37 mm/s for CS, Hk1 and parats1 respectively. These
velocities are similar to the value reported in a study by Martin et al. (2004), where CS flies
showed a mean velocity of around 10 mm/s in a single-fly open-field walking assay.
However, both of these values were substantial lower than the velocity reported in the
“Buridan Paradigm” (Gotz, 1980), where a single, wing-clipped, CS fly continuously walks
back-and-forth towards unreachable visual targets placed on opposite sides of an arena,
producing a mean walking speed of approximately 16 mm/s over a 15 minute period
(Strauss et al., 1992). Taken together, these observations highlight the distinction between
two different walking behaviors, one with clear visual targets while the other without
distinct visual targets during exploration.

Social Space Effects on Drosophila Activity
Because IowaFLI Tracker was designed to track multiple flies in an arena, the influence of
fly-fly interactions, as well as the effect of altering crowding conditions, on locomotion was
of particular interest to us. In addition to the 35 mm petri dish arenas used in previous
experiments, we also looked at a 28 mm arena that contained Drosophila media as well as a
small amount of yeast paste in the center, and was designed to facilitate studying
‘aggressive’ behaviors (Ueda & Wu, 2009). Both arenas had similar circular planar
conformations and headroom amounts (2 mm). To explore the effects of social factors on the
movement of individuals, we recorded videos with 1, 2, 4, 8 and 12 flies in the 35 mm arena,
and 1, 2, 4, 6, and 8 flies in the 28 mm arena.

Interestingly, the trends of crowding effects on locomotion seemed to be consistent on fly
locomotion in the two arenas when the ‘fly space,’ defined to be the surface area of the
arena divided by the number of flies in the arena, was corrected for. We found that, despite
the differences in arena construction, the proportion of time individuals were moving

Iyengar et al. Page 5

J Neurogenet. Author manuscript; available in PMC 2013 October 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(velocity > 3 mm/s) decreased as the available space decreased (Figure 3A). Perhaps
surprisingly, in both types of chamber, the total distance traveled did not follow this
monotonic trend. We found that as the fly space decreased, individual distances traveled also
decreased down to a local minimum before it increased again when the fly space is below
about 120 mm2/fly (Figure 3B). When available fly space was between 120 and 150 mm2/
fly, corresponding to 8 flies in the 35 mm arena, and 4 flies in the 28 mm arena, the total
travel distance was most attenuated (Tukey Post-hoc Test, p<0.05). Given our results on the
role of crowding on fly locomotion, we were interested in directly tracking social
interactions between flies. We used IowaFLI Tracker to determine when individuals came
into close proximity to one another (when a fly was within 2.5 mm, about one body length,
of another individual). While this does not provide direct information about the “type” of
interaction, it does enable an assessment of how fly space affects the frequency of social
interactions. As shown in Figure 3C, in both arenas, the time spent interacting with other
flies increases as the fly space decreases, as expected. However, our results based on two
different arena designs provide rather similar activity parameters.

An ‘Interactogram’ of Male-Male Short-Range Interaction in Chemosensory Mutants
Based on identification of individual time periods in which flies are in close proximity,
IowaFLI Tracker enabled us to track the location, duration and frequency of interactions
among the flies in an arena for the entirety of the observation period. Figure 4A-B shows
examples of male-male interactions among CS flies as well as the chemosensory mutants
olfD and Gr32a. The entire history of fly interactions can be mapped out in this manner over
space and time, documented as an ‘interactogram’ (Figure 4C-D). In each interacting group
of flies, individuals are identified by different colors and the interacting events are marked
by cross-hatches of colors corresponding to the interacting partners. These interactions may
be correlated with fly positions to elucidate the spatial information regarding social
interaction patterns (Figure 4B). While we only looked at male flies of a single genotype in
an arena, this approach may be extended to a number of experiments, including studying
interactions between genotypes or among individuals raised under various environmental
conditions.

An Open-Field ‘Target-Preference’ Assay of Courtship Behaviors in Chemosensory
Mutants

Courtship is perhaps the best studied ‘social interaction’ in Drosophila (Spieth, 1974;
Greenspan & Ferveur, 2000; Hall, 2002). In spite of a large body of literature on courtship
behavior based on observations using ‘mating wheels’ or similar designs (Hotta & Benzer,
1976; Siegel & Hall, 1979), there have been fewer studies on a male fly’s courtship
preference when presented with multiple mates. Using IowaFLI Tracker in this manner, in
principle, could enable an incisive quantification of the temporal and spatial characteristics
of fly courtship choice behaviors. We first investigated the suitability of using IowaFLI
tracker to track the behavior of three males (‘seekers’) in an arena presented with two
decapitated ‘target’ flies, a virgin female and a young male (Figure 5A). Target flies for the
preference assay were decapitated and pinned to reduce their courtship rejection movements
and locomotion during short-range interactions. Previous reports have indicated that males
will still vigorously court with the decapitated targets (Ferveur & Sureau, 1996; Miyamoto
& Amerein, 2008). It should be noted that in our simplified design, male flies did not
copulate with a target even following vigorous courting.

We used IowaFLI Tracker to determine the positions of the males over time as well as
identify the periods that they were in proximity to each target and to one another. Figure 5B
shows a male fly’s track in the arena within a 30-s period and Figure 5C depicts the position
map for all three male flies over the entire 15 minute video. Figure 5D displays the
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‘interactograms’ at three 30-s time periods (at 3, 6 and 12 min) for the two targets with the
identity of approaching males coded by color. During interactions with a target virgin,
courtship behaviors (e.g. ‘licking’, ‘orienting,’ and ‘singing’, Spieth, 1974) were observed
very frequently, which could in principle be annotated on an ‘interactogram.’ Furthermore, a
‘preference index’ may be calculated as (T1-T2)/(T1+T2) for each fly, where T1 is the
amount of time interacting with the first target, and similarly T2 is the amount of time
interacting with the second target (values < 0 indicate a preference towards T2, whereas
values > 0 indicate preference towards T1). When presented with a choice between male and
virgin female targets, IowaFLI Tracker clearly demonstrated that male flies had a preference
towards virgin female targets (Figures. 5B-D), with a statistically significant preference
index of 0.43 ± 0.2 (mean ± S.E.M, Student’s T test p <0.05, n = 15 flies). IowaFLI Tracker
records the behavior over time and can reveal time-dependent characteristics such as
priming or latency, onset kinetics, sustainment or decay, and recurrence of fly interactive
behaviors. In Figure 5E, we examined the ensemble of 5 trials of different groups, and found
that there is a clear latency to courtship (~4 min), and a characteristic peaking time (median
~6:30 min), followed by a gradual decay in the frequency of courtship activity in our ‘target-
preference’ assay.

One particularly interesting aspect of courtship is the role of chemosensory cues in male
courtship behavior. Normally, CS flies court more vigorously with virgin females than with
previously mated ones (Scott et al., 1988), and several cuticular long-chain hydrocarbon
pheromones have been identified to play a role (Ferveur, 1997; Everaets et al., 2010).
Altering production of these hydrocarbons in mated females leads to increased attractiveness
to males (Billeter et al., 2009). The pheromone 7-tricosene is an example of an inhibitory
pheromone that is sufficient to inhibit courtship behaviors (Scott, 1986). Loss-of-function
mutations of the chemoreceptor Gr32a in males also increase the frequency of courtship
towards mated females and even other males (Miyamoto & Amerein, 2008). We used the
courtship ‘target-preference’ assay to study male CS, olfD, and Gr32a responses to two
different targets, a mated and a virgin female, on opposite sides of the arena. As Figure 6
shows, CS males had a strong preference to interact with virgin targets versus mated ones
(preference index = 0.47 ± 0.21, p<0.05). In contrast, olfD mutant males did not have a
strong preference towards either option (0.08 ± 0.16, p > 0.05), and we noted that these
males showed a decreased amount of courtship in general, consistent with prior observations
(Tompkins, 1984). Interestingly, Gr32a males showed a pattern of interaction similar to that
of CS males, with a clear preference towards virgin targets (0.45 ± 0.18, p < 0.05), despite
previous implications towards increased courtship towards mated females (Miyamoto &
Amerein, 2008).

Discussion
Historically, a computer-assisted motion analysis software system, DIAS (Dynamic Image
Analysis System) was first developed at the University of Iowa to analyze cell motility in
cell culture systems (Soll, 1995). DIAS was initially utilized in Drosophila neurobiology to
study growth cone motility in neuronal cultures (Kim & Wu, 1991; Wu, 1998), and was
subsequently found to be suitable for tracking larval locomotion to reveal subtle dynamic
differences in motor control in a variety of behavioral mutants (Wang, et. al, 1997; Wang, et
al., 2002; Caldwell, et. al., 2003; Fox, et al., 2006; Scantlebury, et al., 2007; Pulver, et al.,
2009). Such applications of DIAS involve analysis of dynamic changes in object shapes.
DIAS, initially developed for analog video input, requires preprocessing prior to analysis
and it would be labor-intensive to quantify social interactions among individuals while still
tracking their shapes. In our analysis we tracked only the centroids of each fly which
provides essential information for locomotion parameters and interaction events among
individuals. We aim at an effective yet simple approach to the need of quantitative
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description of Drosophila behaviors, particularly social interactions. By using an ordinary
PC to run MATLAB and to control an off-the-shelf webcam, we have constructed a versatile
tool suitable for basic quantitative analysis of fly behavior.

In developing IowaFLI Tracker, we first extended the study of the Na+ channel mutant
parats1 and the K+ channel mutant Hk1 that have previously been characterized for larval
locomotion defects (Wang, et. al, 1997). We found that like their behavior as larvae, adult
flies of these two mutants display contrasting motor activity levels (Figure 2). Based on the
preliminary results, our system has the promise to characterize mutations for changes in
several locomotion parameters under different environmental conditions, such as crowding
factors that affect social interactions.

For example, IowaFLI Tracker can be applied to study the concept of “fly space”—the
amount of space afforded to individual flies in a population (the total arena area divided by
the number of flies), and how it influences individual fly locomotion and group interactions.
Simon et al. (2012) have previously developed a computer-assisted paradigm to study social
space in Drosophila and show that flies tend to congregate in groups. As Figure 3B shows,
the total travel distance for individual flies in two arenas of different sizes is similar when
allowing for sufficient social space. As the number of flies in the arena increases, a minimal
total travel distance was found at approximately 120 mm2/fly. Upon further crowding, fly
travel distance significantly increased again and individuals displayed higher amounts of
interactions, spending more time within proximity among each other (Figure 3C). Taken
together, these findings are consistent with the idea that there is a particular density at which
flies tend to space themselves (Sexton & Stalker 1961; Connolly, 1968; Simon et al., 2012),
a characteristic social space (Figure 3B), and that a compressed social space with further
crowding induces interactive behaviors (Figure 3C). It should be noted that a variety of
arena shapes and sizes have been used in studies of Drosophila behavior to obtain
quantitative indices in different reports. It will be important to consider “social space”
effects in interpreting such parameters and in designing arena-based assays to study
particular types of behavior.

The IowaFLI Tracker also facilitates the construction of an ‘interactogram’ to document the
complete time-series of interactions among flies. This can be extended to serve the function
of an ethogram when interaction events of particular interest on the’ interactogram’ are
qualified. This can be done during video acquisition or upon replay with the time sequence
identified on the ‘interactogram’. Other, more sophisticated computer-assisted systems have
been developed to serve this function at a greater detail (Branson et al., 2009; Dankert et al.,
2009).

We present here an exploration into a new design of choice paradigm, the ‘target-
preference’ assay for mate-choice behavior by using IowaFLI Tracker (Figure 5). We used
three male flies in the experiments to develop and validate tracking of multiple individuals
in an arena. An immediate extension in future work would be to investigate the potential
social effects by varying the number of males in the arena and detecting any non-additive
effects on their individual mate-preference behavior. Our initial work focused on two
established chemosensory mutants, olfD and Gr32a. Our results show a decreased amount of
courtship in olfD males, which is consistent with previous observations of their behavior in
other paradigms (Tompkins, 1984). Interestingly, Gr32a males do show a preference
towards virgin females over mated ones (Figure 6). This contrasts with a previous report
where loss of the Gr32a chemoreceptor results in an increased courtship index of Gr32a
males towards mated females (Miyamoto & Amerein, 2008). The ‘target-preference’ assay
reported here provides a direct test of a male fly’s preference towards two distinct immobile
targets, while the courtship index quantifies the fraction of time spent on courting when a
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male is presented with a freely moving single female. These two paradigms can provide
distinct, yet complimentary, information on Drosophila courtship behavior.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overview of the IowaFLI Tracker system
(A) Flies are placed in a 35 mm petri dish containing standard Drosophila medium. The
chamber is illuminated by a light box, and a webcam images the arena. (B) A sample image
taken by a webcam used to capture fly locomotion. (C) The same image after intensity
thresholding. Dotted lines indicate chamber perimeter. (D) Image after static background
subtraction. Red points indicate the area-center for the eight largest objects—which
correspond to the eight flies in the arena. See Materials and Methods and Supplemental
Information for details on how these are established. (E) Sample 30 s plot of fly tracks.
Colors indicate individual’s identity.
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Figure 2. Locomotion in two Drosophila ion channel mutants: parats1, and Hk1

(A) Four male flies were placed in an arena and tracked for 15 minutes. Shown are sample
tracks from individual flies at four 30 s intervals. (B) The mean cumulative distance traveled
for individuals from each of the three genotypes. Shaded regions represent S.E.M. Hk1 and
parats1 showed significantly altered patterns of locomotion with increased and decreased
total distances traveled respectively when compared to CS (p < 0.01, Mann-Whitney U Test,
n=40, 32, 24 flies for CS, Hk1 and parats1 respectively) (C) The proportion of time
individuals were moving, defined to be when their velocity was <3 mm/s. Error bars
represent standard error of proportion (** p < 0.01, *** p < 0.001, Mann-Whitney U Test).
(D) The cumulative distribution of fly velocities indicate the proportion of time a fly is
moving (velocity > 3 mm/s), but is traveling slower than the corresponding velocity. The
velocity profiles for CS, Hk1, and parats1 were not significantly different, (Kolmogorov-
Smirnov test, p > 0.05).
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Figure 3. Fly activity levels depend on available “social space”
(A) A varying number of CS flies were introduced to each chamber (1, 2, 4, 8, 12 flies for
35 mm chamber, dark blue line; 1, 2, 4, 6, 8 flies for 28 mm chamber, light blue line), and
their activity was recorded for 15 minutes. Show are the fraction of time that the flies were
moving (velocity > 3 mm/s) during the video (error bars represent standard error of
proportion, n= 12, 18, 40, 72, 72 flies respectively for 35 mm chamber 1, 2, 4, 8 and 12 fly
videos; n=16, 10, 56, 54, 64 flies respectively for 28 mm chamber 1, 2, 4, 6 and 8 fly
videos ). (B). Plotted are the average distance traveled versus the per-fly surface area was
plotted. Error bars represent S.E.M. (*p<0.05, ANOVA, Tukey Post Hoc HSD). (C) The
amount of time an individual fly spends interacting with other flies (within 2 mm of another
fly) during the video. (mean ± SEM). It should be noted that when one fly is in an arena
(denoted by pentagrams), no interactions occur.
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Figure 4. Interactions among male chemosensory mutants
(A) Sample frames of interactions among eight individuals of CS, olfD, and Gr32a
genotype. White arrows indicate ‘tapping,’ ‘tapping’ and ‘head-butting’, respectively in the
frames. (B) Tracks of locomotor activity in the 5 seconds around the time of the events in
(A). The width of a fly’s track is expanded during a period of interaction, and the arrows
indicate the interactions shown in (A). Tracks of individual flies are identified with different
colors. (C) Representative pair-wise ‘interactograms’ over a 30 s period for the three
genotypes. History of interactions for each individual are identified with the same color of
the track in (B) and interacting events are marked with hatches of different colors to identify
the interacting partner. (D) Expanded period of interactogram (at a compressed resolution to
cover 150 s) of the corresponding panels in (C).
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Figure 5. The ‘target-preference’ assay
(A) Sample frame from the preference assay. Three male flies (white arrows) were
introduced to a chamber with two pinned and decapitated ‘targets’ (virgin female on right,
male on left, black arrows). (B) Sample 30 s track of a male fly. (C) A 15-min log-place map
of fly locations the sample video. (D) 1-min interactograms for each target at (i) 3-min, (ii)
6-min, and (iii) 12-min in the video. Colors indicate the identity of interacting male, and
ticks are stacked during periods when multiple males interact with the target. (E) Plot of the
average time an individual fly spends interacting with a target during 30-s intervals through
the 15-min videos (n = 15 flies).
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Figure 6. Preference towards virgin target flies in the chemosensory mutants olfD and Gr32a
(A) Sample 30-s tracks of a male CS, olfD, and Gr32a fly approaching the virgin target flies
(on right). (B) 15-min interactograms from the sample videos shown in (A). (C) Sample log-
place map from videos in (A). (D) Bar graphs of the average amount of time male flies
interact with targets during a 15-min video. Male olfD mutants spent far less time interacting
than either CS or Gr32a males (Student’s T test, *p < 0.05, n= 15, 30, and 15 flies
respectively for CS, olfD, and Gr32a). (E) The preference index of the mutants studied.
Values greater than 0 indicate preference towards virgin targets, while those less than 0
indicate a preference towards mated targets. CS and Gr32a males showed a significant
preference towards virgin targets (Student’s T-Test, *p < 0.05).
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