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Many animals build or adopt homes to which they return after leaving. While many animals’ homing behaviors have 
been studied, the inability to manipulate external factors such as humidity, light patterns, and temperature make it 
difficult to determine which cues the animals use. Furthermore, animals such as bats, pigeons, and bees travel long 
distances from their homing sites, making behavior duplication difficult in a laboratory setting. The desert grassland 
scorpion, Paruroctonus utahensis, lives in clean sand habitats and is faithful to a burrow site. Scorpions have a 
variety of sensory structures that could be used in homing. Eyes, located medially and laterally on the prosoma, are 
sensitive to starlight levels (1,2). Sensitive, mid-ventral organs called pectines (3,4) or tarsal taste hairs (5) could be 
used to detect previously-deposited chemical and textural cues that may signify burrow entrances. Mechanosensory 
structures such as trichobothria on the pedipalps (6) could detect minute pressure changes near the burrow 
entrance. The typical foraging range of sand scorpions is within a square meter of the burrow, which is easily 
reproduced in the laboratory where environmental factors can be controlled. 
 
We have developed a lab-based assay that facilitates year-round observation, allowing maximal control of potential 
sensory cues. Our objectives were to induce scorpions to display homing behavior towards an artificial burrow in an 
arena and to document nighttime surface activities in these arenas. Scorpions’ patterns of burrow occupation were 
consistent with normal field behavior. At night, the period when most movements occurred, the animals tended to 
walk along the arena wall. However, we noted occasional departures from the wall, and scorpions sometimes 
moved from the wall directly into the mock burrow. 

1 Introduction 

Our MATLAB script uses a frame-by-frame comparison method to automatically detect whether a scorpion has 
moved in its arena. Previously, we plotted videotaped scorpion movements by hand. Our new automated tracking 
method allows us to monitor scorpions over much longer periods, revealing more realistic activity patterns. A: 
Nocturnal movements of three scorpions over a 7-hour period. Scorpions displayed wall-walking behavior 
interspersed with periodic forays toward the center. The movements of the scorpions were variable. Scorpion 2 
(middle row) had the highest movement density in the center of the arena and made several off-wall excursions 
that retraced consistent elliptical paths. The off-wall excursions for scorpions 1 and 3 (top and bottom rows, 
respectively) appeared more random. B: Movement density maps. To create the maps, we wrote an Excel macro 
that separated each arena into a 101x101 grid, producing 0.648-cm2 sections, then plotted the amount of time (in 
seconds) that the scorpion spent moving in each section. During the 420-minute observation period, scorpions 1, 
2, and 3 were moving a total of 118 min (28.1%), 129 min (30.7%), and 124 min (29.5%), respectively. Times 
along the wall varied, with scorpions 1, 2, and 3 spending 92%, 54%, and 86% of their movement time along the 
wall, respectively. 

2 Scorpions show site fidelity 

3 Tracking scorpions in the laboratory 

4 Automated, long-term tracking of scorpion 
activity 

6 Conclusions 
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A: Scratching the sand surface with a thin stick 
(dotted line) enticed a scorpion (solid line) from its 
burrow. The scorpion returned to the burrow on its 
own volition. B: Results of a 7-day study indicate that 
scorpions show site fidelity in a lab environment. Top: 
Average percentages of in-burrow observations at 
randomly selected times of day. Bottom: Summary of 
“lights on” and “lights off” percentages (mean ± SE). 

•  In the laboratory, scorpions show homing behavior that is similar to 
normal field behavior. 

•  We have developed a means to automatically track scorpions during 
homing trials. Several animals can be tracked at once, and trials are not 
constrained by season or time of day. 

•  To determine the most important cues scorpions use during homing, in 
future experiments we plan to induce homing while manipulating 
potential stimuli. 
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B Site	  fidelity	  in	  the	  laboratory	  arenas	  
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M
atLab	  A: Experimental apparatus. Scorpions were placed in 

circular arenas (metal drain pan; 65 cm diam, 7.5 cm deep) 
containing 2 cm of sand and a small circular shelter in the 
center (canning lid, with three equidistant slots cut from the 
rim). White lights mounted above the center of each arena 
were controlled by a timer to simulate a regular day:night 
cycle. IR cameras mounted above each arena recorded 
scorpion activity and sent videos to video recorder. B: From 
camera to final product. Files were saved to a DVR as a 
secure .264 file, which was ultimately converted to a .mov 
file before being imported into MATLAB for processing and 
“cleaning.” 
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5 Future experiments 
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A: Using light to induce homing. Scorpions return to burrows shortly after lights turn on during our in-lab 
experiments. Manipulating the on-off light cycle may be a useful way to induce homing for experimentation. B: 
Chemical trail hypothesis test. This hypothesis suggests that scorpions lay a chemical trail when leaving the burrow 
(Bi) and follow that trail on return routes (Bii). Disrupting the sand between the scorpion and its home should alter 
the animal’s homing ability (Biii). C: Modified sand slip experiment. With overhead lights on and scorpions in 
burrows, a partially buried piece of cloth or cardboard can be used to displace the scorpion into the light (Ci). Direct 
pathways into the burrow (Cii) may indicate the use of visual cues to return home. Alternatively, indirect paths (Ciii) 
may suggest random search methods or a search for chemical or footprint signatures signifying burrow location. 
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