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The purpose of  this project was to determine if  the flight simulator 

technique produced results that accurately represented free flight. This 
was determined by comparing flight both within the flight simulator and 
in free flight, examining several variables between the two. From the 
variables analyzed, a significant difference was found in wingtip speed 
only. As wingtip speed is derived from wingbeat amplitude and 
frequency, it may be concluded that a significant difference is present 
when these two variables are considered cumulatively. Therefore, the 
results of  this project suggest that V. cardui flies with a slower wingtip 
speed in the flight simulator than in free flight. Researchers should thus 
proceed with caution when using the flight simulator technique, being 
sure to account for the difference in wingtip speed when calculating 
error. For further research in regards to the flight simulator, other 
variables potentially affected could be tested, such as the insects’ 
metabolic rate.
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The flight simulator is a commonly used apparatus for creating 
simulated flight paths of  migratory insects over long distances, while 
keeping them under controlled conditions and being able to actively 
study their behavior. First developed by Mouristen and Frost (2002), this 
device has helped researchers uncover migratory patterns of  insects such 
as the Monarch butterfly, Danaus plexippus, in the initial study and later 
the painted lady butterfly, Vanessa cardui, (Nesbit et al., 2009). However, 
several studies have shown that similar techniques involving tethering, 
such as rotational flight mills, may affect various attributes of  insect 
flight. These attributes include wingbeat frequency and thrust kinematics 
(Snelling et. al., 2012) due to the extra upward support and forward 
resistance that tethering inherently provides. It was expected that similar 
issues may be present in the flight simulator method, potentially making 
observations in regards to subject insects’ flight times and behavior 
patterns inaccurate. It was also suspected that the parallel wind current 
used to incite flight may affect results further by providing additional 
upward support. Therefore, it was hypothesized that flight patterns 
within the flight simulator are not representative of  normal free flight in 
insects. To test this hypothesis, flight data from V. cardui was collected 
from both within the flight simulator and during free flight using high 
speed videography analysis.

A total of  70 larval stage V. cardui were ordered from the biological 
supply company Carolina Biological in two groups of  35 insects each. 
Larva were kept in the covered 8 oz plastic containers supplied by the 
company, sustained by a layer of  food mix on the bottom. Once larva 
reach a pupa stage (six to twelve days), the pupae were carefully removed 
from the containers and attached to the tops of  2 netted habitats, with a 
maximum of  15 individuals per container. Adult butterflies emerged 
between seven and ten days later at which point a feeder containing 
sugar-water solution was placed in each. Butterflies were kept indoors at 
approximately room temperature throughout the process (see Carolina 
Biological and Supply Company, 2009).

Butterflies were tested within 2 weeks of  emergence. From the first 
group, 10 of  the most active and healthy insects were chosen and placed 
in a cubic 2 ft × 2 ft × 2 ft clear plastic container. Butterflies were 
recorded one at a time and were not reused. Each butterfly was filmed at 
a rate of  500 frames per second using one Photron SA5 Fastcam camera 
in 45 second bursts (Figure 1).

From the second group, 10 butterflies were chosen as in group 1 and 
recorded within a flight simulator as in Mouritsen and Frost (2002). This 
device consisted of  a transparent plastic box, open at the top (Figure 2).

A wind stream was directed into a parallel current through a series of  small 
plastic cylindrical tubes positioned above a fan at the bottom of  the structure. 
The butterfly was suspended by a thin steel rod attached to its back at the dorsal 
thorax point with warm wax. The steel rod was in turn attached to a steel low-
friction ball bearing fixed to the center of  a horizontal beam across the top of  
the plastic box. The result was a fixture below which the butterfly could freely 
turn while being stimulated into flight via the parallel wind current below. Test 
subjects were filmed using a high speed camera as in the flight chamber tests, this 
time at 1000 frames per second (the subjects’ fixed position allowed for improved 
lighting and thus greater frame rate). Subjects flew in the simulator for a 
maximum of  45 seconds while being recorded by the camera with the bottom fan 
adjusted to the lowest speed that would incite active flight. After testing, subjects 
were separated from the tungsten rod by carefully removing the attached wax. 
Butterflies were tested one at a time and were not reused.

The video footage was analyzed in the motion tracking software included with 
the Photron SA5 camera. Butterfly flight in both phases was analyzed based on 
three criteria: average wingbeat amplitude, wingbeat frequency, and wingtip speed. 
Approximately 10 beats were analyzed for each subject. For the free flight trials, 
this occurred during periods in which the butterflies flew in front of  the camera 
field of  view in an approximately straight line.

Data was analyzed using three separate 2-sample t-tests for each variable 
(Graphs 1–3). The null hypotheses, H0, was that there is no significant difference 
between values obtained in free flight and the flight simulator. The alternate 
hypothesis, Ha, was that there is a significant difference. With an α-level of  0.05, 
H0 is rejected for wingtip speed only for free flight (M = 2.616, SD = 0.624) and 
the flight simulator (M = 1.821, SD = 0.818), t(16) = 2.44, p = 0.027. For 
wingbeat amplitude, H0 fails to be rejected for free flight (M = 108.5, SD = 16.2) 
and the flight simulator (M = 82.7, SD = 38.2), t(12) = 1.97, p = 0.072. For 
wingbeat frequency, H0 fails to be rejected for free flight (M = 19.90, SD = 4.55) 
and the flight simulator (M = 18.54, SD = 2.01), t(12) = 0.87, p = 0.403.

Figure 1 (above): The camera set up for 
the free flight trials is shown here. The 
flight chamber is visible to the left, along 
with the high speed camera to the right.

Figure 2 (above): This image shows the 
flight simulator. The fan (not visible 
here) is positioned underneath the 
plastic tube structure at the bottom.

Graph 1 (above): A 
unique outlier was present 
in free flight.

Graph 2 (above): Greater 
SD was evident in the 
flight simulator.

Graph 3 (above): Greater 
SD was evident in free 
flight.


