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Summary 

Scorpions have chemosensory organs called pectines, which can detect substrate features smaller than a grain 
of sand. Based on this, we sought to test if scorpions can store memories of substrate textural patterns and using those 
to navigate their environment. We tested this by allowing scorpions to roam in an arena lined on one half with 
sandpaper the scorpion had previously been exposed to, and on the other side with sandpaper the scorpion had not 
been exposed to. The scorpions spent slightly more time on the acclimated substrate (M = 51.69%, SD =34.99%) 
compared to the non-acclimated substrate (M = 48.31%, SD = 34.99%). A one-sided t-test determined that this result 
was not statistically significant (P = 0.43). These findings provide a stepping-stone for further research on the role of 
textural patterns in scorpion navigation. Future research should examine familiarity in the scorpions’ natural habitat, 
to determine if scorpions may navigate back to their burrows by following familiar routes. 

 
 

Introduction 
 

Understanding animal intelligence is a major focus 
within biology. Some scientists study animal intelligence 
to examine similarities and differences between species’ 
cognitive solutions to daily tasks so they can better 
understand how different factors influence animal 
intelligence (Wystrach & Graham 2012). A common area 
of study within animal intelligence is their navigation. 
Studying animal navigation allows scientists to make 
cognitive comparisons across species because navigation 
behavior is common amongst most animals and involves 
complex cognitive processes (Wystrach & Graham 
2012). Of particular interest is insect navigation.  Studies 
have shown that even with their small brains, insects are 
capable of successfully navigating complex environments 
(e.g., Srinivasan 2010). 

Many insects derive navigational information from 
visual memories of their environment (e.g, Wiener et al. 
2011). It is thought that some insects, like bees and wasps, 
initially acquire these visual memories by engaging in 
fixed orientation behaviors upon leaving their home 
environment for the first time (Collett 1995). Research 
has found that animals may also store non-visual 

information from their environment and refer to it to 
navigate. In a study with desert ants, for example, 
researchers found that ants perform learning walks when 
leaving their nest to acquire distance and directional 
information about their environment (Collett & Collett 
2000). In each of these methods, the bees, wasps, and ants 
follow a route to their goal location based on previously 
experienced views and directions, suggesting that 
familiarity may be the mechanism underlying navigation 
in these animals (Baddeley et al., 2012). 

Although there is a significant amount of research on 
the navigational behaviors of some arthropods, like bees 
and ants, research on scorpion navigation is less common. 
Scorpions have chemosensory organs called pectines 
(Gaffin & Brownell 1997) and research has suggested that 
scorpions use these organs when navigating their 
environment (Wolf 2008). Some researchers suggest that 
scorpions may detect chemical trails left on sandy 
substrate to navigate back to their burrows (Bost & Gaffin 
2004). However, research has demonstrated that pectines 
can also detect tactile information in substrates (Carthy 
1968). In fact, the surface of the pectinal teeth contains 
peg sensilla, which are hair-like structures capable of 
detecting substrate features much smaller than a grain of 
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sand (Brownell 2000; Gaffin & Walvoord 2007). Thus, 
scorpions may use their pectines to identify patterns in 
their substrate, and may navigate by following familiar 
patterns in their environment. 

Considering how sensitive pectines are to substrate 
texture, we questioned whether scorpions navigate 
unknown environments by referring to stored memories 
of tactile information from the substrate in their home 
environment. If scorpions memorize textural patterns 
from their environment to navigate, and we expose them 
to surfaces they have and have not experienced before, 
then we expect they will spend more time on the known 
substrate than on the unknown substrate. We acclimated 
scorpions to a certain substrate and then introduced them 
to a new substrate. If scorpions store textural patterns and 
navigate by sticking to patterns that are more familiar to 
them, we predicted that the scorpions would spend more 
time on the substrate they were acclimated to than on the 
new substrate. We found that scorpions did not spend a 
significantly greater amount of time on the acclimated 
substrate compared to the non-acclimated substrate. 

 
 

Methods 
 
Animals 

Fifteen specimens of Paruroctonus utahensis were 
collected in the fall of 2015, 30 km Southeast of 
Monahans, Texas for use in this experiment. We used 
male (n = 8) and female scorpions (n = 7) to reduce 
variance stemming from sex-specific decision-making. 
These animals were maintained in 3.8 L glass jars filled 
with 2.5 cm of sand from their natural habitat. They were 
fed a cricket every two weeks and given 20 mL of water 
twice per week (Monday and Thursday). The scorpions 
had their light-dark cycles shifted back in 30 minute 
increments each day until their “sunset” was at 16.00 h 
for ease of experimentation. 

 
Apparatus 

The four test chambers for this experiment were 
Plexiglas boxes without lids (54.6 cm x 10.2 cm x 17.8 
cm; Fig. 1). The surface used was 220 grit sandpaper (3M 
General Purpose sandpaper) instead of actual sand 
because it allowed for consistency in texture patterns of 
the substrate.  While to the naked eye, two sheets of 
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Fig. 1: Rectangular test arena including detailed
placement of the two pieces of sandpaper.
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sandpaper look almost identical, when zoomed in to a 
millimeter scale, each piece is very different (Fig. 2). 
Each piece of sandpaper (27.3 cm x 10.2 cm) covered half 
of the floor of the container allowing for easy removal of 
the pieces. The sandpaper was washed of organic 
substances with 200 mL of a 70% ethanol solution and 
then rinsed twice with water and left to dry overnight. 
Opaque foam board dividers, cut to tightly fit the 
container were used to keep animals in one side of the 
container for the acclimation period. 

Each trial was recorded with an infrared camera 
(Defender Ultra High Resolution Indoor/Outdoor Dome 
Security Camera) positioned above the containers to 
record two test chambers at a time. The infrared lighting 
from the camera was enough for the camera to detect the 
scorpion even though the trials were performed in the 
dark. 

 
Protocol 

Each experimental trial (n = 20) began with an 
acclimation period of at least 23 h, where the test animal 
was confined to half of the container and allowed to walk 
only on the sandpaper in that half. The half used in the 
acclimation period was randomized as to eliminate any 

geographical/geometrical decision-making. The 
sandpaper was attached to the floor of the containers with 
double sided tape (Scotch Permanent Double Sided Tape) 
to ensure it did not come off the Plexiglas. After this 
period was complete, the animal was removed from the 
test arena and the sandpaper (acclimation piece) was 
removed and washed with the 70% ethanol solution and 
rinsed twice with water. The same washing process was 
performed on another piece of sandpaper (control piece) 
for the other half of the container to keep the two sides as 
similar as possible.  

After the sandpaper had dried, the acclimation piece 
was placed in the same container on the same side and in 
the same orientation as it was during the acclimation 
period. The control piece was then placed on the other 
side of the arena. Then, the same animal that was used 
during the acclimation period was placed in the center of 
the test arena at 16.00 h and each trial lasted 45 min 
(scorpions are the most active in the early part of night 
(Hadley & Williams 1968; Polis 1980; Warburg & Polis 
1990)). 

 
Analysis 

The cameras recorded each trial, and the footage was 
put through a MATLAB tracking program to determine 
where the scorpions were during the trials. These data 
were converted into percentages of time spent in either 
half of the containers. We calculated the one sided t-test 
statistic comparing the average percent time spent over 
the acclimated sand paper to a random 50:50 distribution. 
We set our significance level at α = 0.05. 

 
 

Results 
 
We tested the behavioral response of twenty animals to 

both familiar (acclimated) and unfamiliar (non-
acclimated) substrates. For each trial, scorpions were 
placed in the center of the arena, and their behaviors were 
filmed for 45 minutes. We sped up the recordings to 20 

Fig. 2: Magnified images of two sheets of
sandpaper. The same section of two sheets of
sandpaper were photographed and zoomed in
to show each piece of sandpaper has many
small differences.

Fig. 3: Scorpion behavior in the behavioral test apparatus. Sample plot of animal movements during the 45 minute
trial; the points are plotted at 3 s intervals. The animal moved along the arena walls for the first few minutes until it
got to the upper left corner where it remained for the remainder of the trial.

10 cm
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times their original speed and ran them through a video 
detection program in MATLAB to track scorpion 
movement patterns in the arena. Every three seconds, the 
program recorded the position of the scorpion as a data 
point, which we graphed in a scatter plot in Microsoft 
Excel. A sample plot of one animal’s trial in an arena is 
shown in Fig. 3. Scorpions tended to walk the wall of the 
arena for a few minutes and then stay in one corner of the 
arena for long periods of time. Most of the animals 
traversed the length of the arena, but five of the scorpions 
stayed on one half of the arena for the entire trial. We 
excluded these trials from the analysis because the 
animals did not experience both conditions of the test. 

We compared the percentage of total data points in each 
half of the arena to determine if scorpions spent more time 
on the acclimated or non-acclimated substrate (Fig. 4). 
The time that scorpions spent on the acclimated vs. the 
non-acclimated substrate did not differ significantly 
(acclimated substrate: M = 51.69%, SD = 34.99%, non-
acclimated substrate: M = 48.31%, SD = 34.99%; P = 
0.427, one-sided t-test). As a result, we fail to reject the 
null hypothesis. 
 
 
Discussion 
 

The purpose of this experiment was to determine if 
scorpions referred to stored memories of textural patterns 
in their substrate to navigate their environment. We tested 
this by allowing scorpions to navigate in an arena, half of 
which was lined with sandpaper to which they had 
previously been exposed, and half of which was lined 
with sandpaper the scorpions had not been previously 
exposed to. The scorpions spent more time on the 
acclimated substrate compared to the non-acclimated 
substrate, however, statistical analysis found that this 
difference was not significant. This leads us to reject our 
hypothesis and support our null hypothesis that scorpions 

would not spend significantly more time in the acclimated 
side than the non-acclimated side. 

We based this experiment off of previous studies 
suggesting that animals may store information about their 
environment and refer back to it when navigating from 
one location to another (e.g., Baddeley et al., 2012). 
Based off our findings, we are not able to conclude that 
familiarity with substrate texture plays a statistically 
significant role in scorpion navigation under the 
conditions of our experiments. However, scorpions did 
spend a slightly longer amount of time on the acclimated 
substrate. As a result, this study is a stepping-stone for 
further research on textural familiarity and the role it may 
play in scorpion navigation. 

Although this experiment did not produce any 
significant results, there are ways to manipulate it to 
change this. While scorpions’ peak activity time is in the 
first couple hours after night begins, they do not always 
spend that time roaming around on the surface. This lack 
of consistency suggests we need to run many more trials 
than the twenty we did. This was hindered further by five 
of the scorpions on experiencing one side of the arena, so 
we could not include them in the analysis. Scorpions 
create burrows in their natural habitat, however we did 
not allow the animals in our experiment to do this. A 
future experiment could be performed in which simulated 
burrows were created to make the test more like the 
animals’ natural conditions. Scorpions use navigation 
mainly to return to their burrows; without a burrow, there 
is not a goal that the familiar substrate could guide the 
animals to. 
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