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Summary 

It is known that scorpions display homing behavior when returning to their burrows, but the method they use 
to locate their burrows is unknown. Some insects have been shown to use path integration to navigate, and others use 
visual cues. In this study, we are testing to determine if scorpions use visual cues in navigation. We used 12 
Paruroctonus utahensis scorpions to conduct this experiment. Testing occurred in circular arenas filled with sand, and 
containing a premade burrow for the scorpions to adopt. We suspended three landmarks behind each burrow, just 
above the sand. Each scorpion was allowed to become accustomed to its burrow and arena. Then, without moving the 
landmarks, we tracked its return to the burrow. This served as a control path. For our test, we moved the landmarks to 
the other side of the arena and allowed the scorpions to return to their burrows as normal. We evaluated these paths to 
see if there was a difference between the test and control. Our results were inconclusive, as most of the scorpions 
would not reliably adopt their burrows. However, this test setup will be useful in future testing of the navigational 
methods used by scorpions. 

 
 

Introduction 
 

The scientific community knows little about how 
scorpions perceive visual cues. Field tests have suggested 
that scorpions use path integration to some degree 
(Gaffin, et al. 2012). The texture and chemical signature 
of the terrain may also play a role (Vinnedge & Gaffin 
2015). However, vision has yet to be tested with regards 
to navigation. 

Studies of scorpion eyes have shown that the usefulness 
of their eyes may be limited to navigational cues based on 
the level of light in an environment. Scorpion eyes are 
described as too crude to accurately distinguish specific 
visual cues (Vachon 1953; Baerge 1961; Cloudsley-
Thompson 1961). The position of the two medial eyes on 
the dorsal side of the scorpion may be an indication that 
celestial cues, such as light from the moon or stars, are 
more useful than local cues, such as trees, bushes, and 
grass. (Warrant & Dacke 2010). This evidence, combined 
with the use of the scorpion pecten as a chemical and 
textural sensor (Knowlton & Gaffin 2011), raises a 
question regarding the strategy scorpions use to return to 
their burrows. Desert ants, for example, use chemical 
scents and path integration (Buehlmann et al. 2015) to 

navigate in a largely flat and visually uniform 
environment; an environment that is similar to the habitat 
of many scorpion species. Therefore, current 
understandings of scorpion eyes suggest scorpions do not 
use visual cues for navigation. 

However, because scorpion vision is understudied the 
possibility of visual navigation cannot be ruled out. The 
correlation between scorpions leaving their burrows at 
night (Bost & Gaffin 2004) and their eyes' sensitivity to 
intense light levels of a clear night sky (Fleissner & 
Fleissner 2001) suggests that vision plays a role in 
navigation. The medial eyes of the scorpion show a much 
higher sensitivity to light than usual during the nighttime 
hours, when the animal is most active (Fleissner 1972). 
Since a visual feature, such as a tree or hill, silhouetted 
against the night sky is especially suited for use as a 
navigational tool by nocturnal arthropods (Warrant & 
Dacke 2010), the nocturnal increase in sensitivity of the 
scorpions' medial eyes may allow the animal to 
distinguish prominent visual features of its habitat.  

We hypothesize that vision influences scorpion 
navigation to some extent because of the increased 
sensitivity to light in their medial eyes. To test this, we 
monitored scorpion homing in laboratory arenas in which 
animals were displaced and then induced to return to their 
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burrows by increasing the ambient light level. In the 
experimental condition, distinct features that were 
originally behind the burrow, which exists on the 
scorpions’ visual horizon, were moved to change the 
visual cues of the environment. The scorpions were then 
displaced and induced to return once more to test their 
ability to home. 

 

Methods 
 

We randomly selected 24 P. utahensis scorpions from 
those available in the biology department, which were 
gathered from sandy areas near Monahans, TX, were used 
as test subjects. Scorpions were kept in 3.8 L glass jars, 
filled with 4 cm of sand, labeled with numbers 1-24, and 

Fig. 1: Pictures of the scorpion test setup. Upper photo shows the 40-Watt bulbs suspended above the drain pans
and the IR cameras mounted so as to look down on the pans. Lower photo shows the sand-containing drain pan
arenas with lights suspended above.
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open at the top. The containers were set underneath 
shelves, and obscured from outside light by blackout 
fabric for the entirety of the experiment. We began 
shifting the day/night cycles of the scorpions as soon as 
we collected them, changing their cycles one hour per day 
for a week. We simulated the sun by using four 40-watt 
incandescent light bulbs, connected to a timer and secured 
to a wooden frame. The lamps were turned on and off one 
hour later each day so that after two weeks, dawn 
occurred at 1700 hours for the scorpions and dusk 
occurred at 0500 hours. We performed tests at 1400 
hours, which was close to the simulated dawn created by 
the lamps. While the scorpions were not running trials, 
they were kept in the shifted day/night cycle, isolated 
from outside light. They were fed a cricket once per week, 
except for the week leading up to their tests; they were 
not fed that week. Scorpions were given water once a 
week by wetting the substrate sand. 

There were two methods of gathering data. In the first, 
experiments were carried out in four 76.2-centimeter 
diameter aluminum Camco water heater drain pans 
without drainage holes. The pans served as arenas and 
were filled evenly to a depth of close to 4 cm with 
autoclaved sand. Pans were arranged in a square (Figure 
1) under a wooden frame with dimensions of 1.52 m x 
2.29 m x 1.22 m (W x L x H). Double-sided tape lined the 
rims of the pans, so that the scorpions were unable to 
climb out of the pans during the trials. A 15.24 cm 
diameter circular piece of PVC pipe was embedded in the 
sand so that the top edge was level with the sand. Then, 
the sand was moistened with distilled water, leveled, and 
packed down. The back of a pair of forceps was pushed 
into the sand at an angle of 20-30 degrees to construct the 
beginnings of a burrow that the scorpion could adopt. A 
second PVC pipe of the same size was placed on top of 
the first, confining the scorpion to the burrow. Three 
cardboard cutouts in the shape of triangles with sides 5.08 
cm in length were hung from a dowel rod horizontally 
positioned across the wooden frame. These cutouts were 
suspended 3 mm above the arena with string. The string 
also had double-sided tape placed on it to prevent the 
scorpions from climbing up the string and escaping the 
arenas. The cardboard cutouts were positioned so that one 
triangle was to one side of the burrow, one was behind it, 
and one was to the other side of the burrow. The first 
cutout was spaced 2.54 cm from the second, which was in 
turn spaced 5.08 cm from the third. Four IR-sensitive 
video monitoring cameras (SN 21320) were secured with 
screws to a length of wood on the top of the wooden 
frame. Each camera recorded one arena. Cameras were 
turned on while a scorpion was in the arena.  

Scorpions were placed within a 15.24 cm diameter, 7.5 
cm tall PVC tubes for two days. The tubes were located 
7.62 cm from the edge of the arena. This technique 
allowed the scorpions to acclimate to their surroundings 
and adopt the burrows. On the third day, the upper 15.24 

cm tube was replaced with a 27.5 cm diameter tube, also 
7.5 cm tall centered on the same point to expand the 
familiar territory of the scorpion. The buried PVC tube 
remained in the sand. On the fifth day, the 27.5 cm arena 
was removed and scorpions were given access to the 
entire 76.2 cm pan to become accustomed to their 
surroundings. On the seventh day, the control experiment 
was performed at the scorpion’s adjusted sunrise of 1700 
hours. 

Each scorpion was placed inside a film canister and 
relocated to a predetermined point 15.24 cm away from 
the side of the pan, 38.1 cm away from the burrow, and 
equidistant from the burrow and the 25.4 cm marks to 
where the landmarks were relocated. The spot was 
marked with a divot in the sand in each arena to ensure 
consistency. For the control experiment we left the 
scorpion in the film canister, but did not change anything 
in the arena. After a minute, we released the scorpion and 
allowed it to return home. When it was released, we 
gradually turned on the lights with a dimmer switch to 
mimic the sun rising. The light served to encourage the 
scorpion to return to its burrow, since scorpions have been 
shown to spend most daylight hours in a shelter if 
available (Vinnedge & Gaffin 2015). The next day we 
performed the experimental test by relocating the 
scorpion as described above, but while the scorpion was 
in the film canister the landmarks were moved by sliding 
the dowel rod 25.4 cm across the top of the wooden frame. 
The scorpion was released, the light was turned on, and 
the scorpion's movements were observed. The process of 
transferring the scorpion, moving the landmarks, and 
releasing the scorpion was timed to take no more than 30 
minutes. If the scorpion exceeded this time, it was marked 
as unable to find its burrow. 

After preliminary tests, we devised a second method of 
collecting information about the scorpions' return to their 
burrows. Instead of displacing the scorpions and 
recording their return, we waited for the scorpions to 
adopt the burrows and leave their burrows on their own. 
We then moved the landmarks 25.4 cm to the side and 
observed how the scorpions behaved when they tried to 
return to the burrows on their own. 

 
Results 

 
Of the 12 scorpions we used in the experiment, 

scorpions 1-6 and 8 yielded no useful data because our 
method of displacing them with a film canister failed. 
Scorpion 9 gave no data because it was stuck to the tape 
lining its arena for two days when it should have been 
acclimating to the full arena, and we chose to remove it 
from the arena rather than fall behind schedule. Although 
we were able to observe scorpions 10 and 11, we did not 
have the time to subject them to an experimental 
treatment before the study ended.  
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Two scorpions returned useful data points; scorpion 7 
r eturned to its burrow quickly after being displaced, and 
scorpion 12 returned to its burrow three days after the 
cardboard triangles in its arena were moved to the side, 
away from the burrow. Scorpion 7 was displaced 15 cm 
away from the edge of its drain pan for a dry run of the 
original experimental design, equidistant from its burrow 
and the 25 cm point where the cardboard triangles would 
have been moved. The lights of the enclosure were 
gradually brightened over the course of 30 seconds. 
When the lights neared full brightness, it began moving, 
and described an arc (Figure 2) in its return to the burrow 
that passed underneath the three cardboard triangles. 

The data gathered from displacing scorpion 7 shows a 
fairly direct path back to the burrow. (Figure 2). Like the 
other recordings, the scorpion follows the edge of the 
arena rather than tracing a straight line back. However, 
the scorpion does not double back on itself like the other 
recordings, nor does it pause as long. By comparing the 
plots in figure 2, we see that scorpion 7 appears to move 
more purposefully back to the burrow, with few pauses 
and changes in direction.  

Scorpion 12 was observed as it returned to its burrow 
each night, and the cardboard landmarks were moved 
after two days. Afterwards, it did not display any homing 
behavior for two days. Then, it began returning to its 
burrow once more. Its return paths, both before and after 
the landmarks were moved, were all very similar (Figure 
3). The scorpion started from a point in the arena, moved 
in a random pattern to the edge of the arena, and then 
followed the edge around the circumference of the arena 
until it was close to its burrow. Then, the scorpion 
changed course and left the arena wall to go straight to 
the entrance of the burrow. Since the number of 
successful observations recorded in this study was so 
small, statistics could not be applied to the data. 

An additional piece of useful data gathered during 
these observations is the first four hours of complete 
freedom in the arena of scorpion 12. The scorpion stays 
at the edge of the pan, close to the region of the burrow 
during the first hour. The second and third hours show the 
scorpion moving more and more uniformly around the 
outside edge of the arena, with a small number of 
excursions through the middle. In hour four, the scorpion 
makes another deviation from the wall and heads in the 
general direction of the burrow. As it gets to the ring left 
in the sand around the burrow by the PVC section, it 
makes a small shift in its direction so that it is heading 
directly towards the burrow (Figure 3). 
 
Discussion 
 

The results of this study were inconclusive, largely due 
to small sample size, time constraints, and unpredictable 
test subjects. The intended sample size was 24 scorpions, 

Fig. 2: Scorpion activity plot. Plots of the movement of
scorpions #7 (A) and #12 (B-D: Nov 21, 22, 23,
respectively). Scorpion 7 Returns to its burrow after
displacement; scorpion 12 returns until the landmarks
are moved.
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but was later reduced to 12 scorpions, because of limited 
time for testing. Of those 12, two provided usable data. 
The other 10 scorpions were not useful because they 
either escaped the enclosures or did not adopt their 
burrows. With only two data points, each in a separate set, 
we cannot conduct statistical analysis on the results. 
Instead we are left with a qualitative analysis of the two 
scorpions’ paths, along with circumstantial evidence of a 
possible connection between path integration and chemo-
textural familiarity drawn from plots of a scorpion’s 
explorations of its arena. 

We observed a trend of the scorpions following the 
edge of the arena to the burrow, regardless of landmarks. 
It therefore does not appear that the scorpions needed 
landmarks to return to their burrows, which does not 

support the hypothesis that we proposed. Again, due to 
the ambiguous nature of the results we collected, it is 
more correct to say that the lack of evidence in general 
provides no support for our original hypothesis. 

Should the experiment be repeated, it would be more 
effective to start with the second method of recording data 
that we used, in which we did not displace the scorpions. 
This altered methodology proved superior because we did 
not have to account for frightening the scorpions by 
displacing them. Furthermore, more time is needed to 
have a larger sample size and compensate for the 
scorpions that do not adopt their burrows. As for the 
experiment set-up, it would be helpful to place rubber 
mats underneath the metal arenas to reduce vibrations 
from the experimenters moving about in the testing room.  

Fig. 3: Plots of scorpion 12’s movement after all of the PVC sections are removed. A: hour 1, B: hour 2, C: hour
3, D: hour 4. Each plot depicts movement over the course of an hour. Note the slight change in direction marked
by dotted circle in D.
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Despite our inconclusive results, this study yielded 
useful information regarding future experiments and 
methodology. For instance, after setting up the cameras, 
we gathered usable footage of scorpion movement within 
the confines of the arenas. Perhaps most significant is 
how the scorpion begins to explore the entire arena, 
shown in figure 3. Two parts of this path are significant. 
Firstly, the way the scorpion left the wall and began to 
move in the exact direction of the burrow suggests that it 
was using a path integration mechanism during its wall 
following to keep track of where it was in relation to its 
burrow. Secondly, the slight correction to its direction at 
point A of figure 3 once it finds the ring in the sand 
suggests that once it reaches familiar territory, the 
scorpion can switch from path integration to some form 
of chemo-textural familiarity navigation using its 
pectines. Future experiments could research a possible 
connection between path integration and chemo-textural 
familiarity, such as how the path integration functions as 
a rough estimate, while the chemo-textural mechanisms 
are a much more fine-tuned approach reserved for when 
the scorpion recognizes a familiar region. 

Further research is needed to determine to what degree 
scorpions use vision in navigation. Learning more about 
visual navigation and its feasibility in various situations 
can have applications in other areas. For example, the 
current industry standard algorithm for robots designed to 
detect and remove explosives involves moving over all 
the available area in the search (Dakulovik & Petrovic 
2012). By discovering more about the limitations of 
visual navigation, we can provide information for refining 
the strategy into a visual search for unfamiliar areas in the 
terrain. 
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