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Summary 

This study tested the effects of visual stimuli on the hunting behaviors of scorpions. Scorpions demonstrate 
a unique visual anatomy, but limited information is available regarding their visual pathways. Although scorpions are 
not considered highly visual animals, many species possess eight eyes that may serve a biological purpose. We 
investigated how these animals use their eyes to locate and hunt prey by separating scorpions from their prey, allowing 
the scorpions to see the prey, but not sense them in any other way. The scorpions were held in a glass jar and a clear 
case holding two crickets was placed outside of the glass jar, with no direct contact between the two. We predicted 
that if the scorpions could see the nearby crickets, then they would demonstrate hunting behaviors. However, the 
results indicated that the visual stimulus alone was not enough to elicit significantly more hunting behaviors than 
scorpions that were not given any visual stimuli. Within the parameters of this experiment, scorpions did not use vision 
to hunt. The contribution of vision in scorpion hunting behavior remains unknown. Further research will be necessary 
to understand how and why scorpions use their eyes.  

 
 

Introduction 
 

Scorpions are sand dwelling creatures that exhibit high 
sensitivity to environmental stimuli. Various sensory 
organs detect vibrational, light, and chemical stimuli that 
affect the scorpion’s activity and orientation. 
Physiological and anatomical studies (Wolf 2008; 
Brownell 1998) reveal that pectines, ventral bilateral 
organs that detect chemicals and mechanical stimuli, are 
scorpions’ primary means of sensing their environment. 
Additional sensory organs include tarsal hairs that detect 
moisture (Gaffin et al. 1992) and mechanical disturbances 
(Brownell 1977), slit sensilla that detect vibrations 
(Brownell 1977), and the tail, which detects light 
(Geethabali & Rao 1972). Most scorpions also have four 
pairs of eyes: three lateral pairs and one medial pair. 
Physiologically, the eyes are highly sensitive to low levels 
of light (perhaps as low as starlight levels) and detect 
wavelengths from 350 nm to 565 nm (Fleissner & 
Fleissner 2001). Behaviorally, scorpions respond (Gaffin 
& Barker 2014) to light at least as low as 0.01 irradians 
(µW/cm2), which corresponds to the light intensity 

between the time of sunset and a full moonlit night sky 
(Johnsen et al. 2006). This is the period during which 
scorpions are most active (Brownell & Polis 2001). 

Scorpions are not considered highly visual animals, and 
their eyes do not appear to form images as the human eye 
does (Brownell & Polis 2001). W.D. Sissom notes that 
some cave-dwelling scorpions do not have eyes but still 
manage to find food (pers. Comm. from Brownell & Polis 
2001). For those with eyes, it is unknown to what extent 
vision contributes to behaviors such as hunting prey. The 
eyes give scorpions a 360° range of vision (Brownell & 
Polis 2001) and the positioning of these eyes led us to ask 
if the eyes have a role in prey detection. We hypothesized 
that if vision contributes to prey detection, and scorpions 
were presented with an isolated visual stimulus of prey, 
then they would respond with hunting behavior. 

To test this hypothesis, we separated scorpions from 
their prey with an air gap to eliminate vibrational stimuli 
and enclosed crickets in a plastic case to eliminate 
odorous stimuli. This allowed us to test whether visual 
stimuli are sufficient to elicit hunting behavior. Scorpions 
demonstrated nearly equal amounts of hunting behaviors 
in both experimental and control (crickets not visible) 
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trials, suggesting that vision was not involved in locating 
the stimulus. Our experiment provides useful information 
about the use and limitations of vision in scorpion 
orientation and may help guide the design of future 
studies of scorpion visual sensitivity.  

 
Methods 
 
Animals 

In our experiment, we used female Paruroctonus 
utahensis collected near Monahans, Texas. The scorpions 
were housed in Sutton Hall at the University of Oklahoma 
under normal building conditions, at room temperature 
with artificial lighting. Each scorpion was housed 
separately in a 3.8-liter glass jar containing a small 
amount of sand from the scorpion’s natural habitat. To 
induce hunting behavior, all animals were deprived of 
food for two to three weeks prior to testing. Prior to the 
deprivation period, each scorpion was fed one cricket 
(Rainbow Mealworms Inc). The scorpions were watered 
every other weekday. Animals that died during the 
experimental period were replaced with new scorpions 
that were also starved for two to three weeks before trials. 
The scorpions remained on their natural night-day cycles 
and we conducted trials at night during their normal active 
period. 

 
Behavioral Apparatus 

Our experiment used two identical experimental setups 
to conduct two trials at a time. Each setup (Figure 1) 
included a glass jar (16 cm diameter) that held sand and 
one scorpion, one clear plastic cassette case (7 cm x 11 
cm x 1.6 cm) that held sand and two crickets, two infrared 
cameras, and a black paper cylinder (20 cm height, 32 cm 
diameter). A circular piece of cardboard (16 cm diameter) 
was placed under each glass jar for stability. A memory 
foam base (30 cm x 40 cm x 5 cm) was placed under each 
setup to eliminate vibrations. The black paper cylinder 
surrounded the materials atop each memory foam base to 
control the amount of light reaching the scorpion inside 
the glass jar. Surrounding both trial setups were cardboard 
walls (64 cm tall) covered with black cloth. A string of 
lights (5 ft. string of 20 clear mini lights, Walmart) 
attached to a dimmer (Japen FD-10 Foot Dimmer Switch 
White for Halogen Incandescent LED Lamp 120 V 500 
W) controlled lighting inside the arena. The lights were 
located inside of the cardboard walls, but outside of the 
black paper cylinders. We used an Ocean Optics 
spectrometer to measure the light intensity inside each 
experimental glass jar. The brightness of the lights was 
adjusted so the spectrometer detected an absolute 
irradiance of approximately 0.01 irradians. The cassette 
case stood vertically on its short side, 2 cm away from the 
glass jar. Clear packaging tape sealed the open side of the 
case to hold sand and crickets. One infrared camera was 

mounted above the glass jar using a cardboard ring that 
rested on the upper edges of the jar. The other infrared 
camera was mounted next to the glass jar to monitor 
scorpion and cricket movement from the side. 

 
Procedure 

For the experimental trials, sand was leveled inside the 
glass jar holding the designated scorpion (according to the 
trial schedule) and the jar was placed on top of the 
cardboard circle in the center of the memory foam base. 
The cassette case was filled with sand to the same depth 
of sand in the glass jar and two live crickets were added 
to the case. Having two crickets in the case prompted 
motion in the visual stimuli, as the crickets agitated each 
other. The case was placed on the memory foam base 
directly across from the side camera and 2 cm away from 
the glass jar. Both cameras were adjusted to properly 
monitor the entire setup. The black cloth covering was 
draped over the cardboard walls and the inside brightness 
was adjusted and recorded. The four infrared cameras 
began recording the two setups, marking the start time of 
that trial. Control trials were run using the same procedure 
with the addition of a black paper covering surrounding 
the cricket case to prevent the scorpion from seeing the 
crickets. Each trial lasted one hour. 

We ran 18 trials over the course of four weeks, using 
nine scorpions total. All nine scorpions participated in the 
first round of trials, which were experimental trials. The 
animals were fed one cricket immediately following the 
first trial and then deprived of food for two more weeks. 
The same nine scorpions then participated in the second 
round of trials, which were control trials. 

 
Analysis 

All recorded trials were later viewed and scored based 
on predetermined reference hunting behaviors: alert 
stance, orientation behavior, and grasping behavior (Bub 
& Bowerman 1979). An alert stance is a posture in which 
the pedipalps extend with pectines in contact with the 
substrate. Orientation behavior is a movement directing 
the front of the scorpion towards the prey. Grasping 
behavior is a noticeable effort to hold the prey. 
Experimental and control trials were given a score of 0 to 
3, indicating the number of reference behaviors displayed 
at least one time during each one-hour trial. For example, 
if a scorpion displayed an alert stance and orientation 
behavior (two reference behaviors), the trial was scored 
as a 2. If no reference behaviors were present but the 
scorpion moved at any point during the trial, the trial was 
scored as a zero. Trials were disqualified if the scorpion 
remained motionless for the entire hour. Recordings from 
both the overhead and side cameras were viewed for 
analysis. To increase reliability, two different reviewers 
independently scored each trial and the two scores for 
each trial were averaged for analysis. Both experimental 
and control trials were scored using the same system. 
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Results 

 
The main behaviors scorpions demonstrated during the 

trials were walking around the inside edge of the glass jar, 
attempting to climb up the side of the jar and remaining 
still in the sand. Previous observations indicated that this 
is typical behavior for captured scorpions. The average 
light intensity during the trials was 0.0054 irradians (SD 
= 0.0080 irradians), which was somewhat lower than our 
target level of 0.01 irradians. The scorpions were starved 
for an average of 16.67 days (SD = 3.12 days) prior to 
trials. All scorpions moved at least once during both of 
their trials, making all 18 trials legitimate. 

To analyze the results, two of four reviewers were 
assigned to an individual trial at random. The two 
analyzers independently scored each trial on an integer 
scale from 0 to 3, based on how many of the three 
reference hunting behaviors (alert stance, orientation, 
grasping) that the scorpion displayed at least once during 
the trial. There were some differences in the scores from 
different analyzers for a given trial, but the scores never 
differed by more than one (error rate of + 0.5). Scorpions 
in both experimental and control trials displayed hunting 
behaviors, though scorpions from the experimental trials 
scored higher for hunting behaviors than scorpions from 

the control trials (Figure 2). The most frequent hunting 
behavior observed was the alert stance, which was 
recorded in 10 of the 18 trials (55.6%). The second most 
frequent behavior was orientation behavior, recorded in 

Fig. 1: Diagram of two experimental setups, side by side. Numbers correspond to materials as follows: 1) Glass jar, 2) cassette
case, 3) side view infrared camera, 4) overhead view infrared camera, 5) memory foam base, 6) black paper cylinder, and 7)
strand of lights. Not pictured: cardboard walls and black cloth covering surrounding both setups. Scale bar approximately 10 cm.

10 cm

Fig. 2: Average number of hunting behaviors observed in
experimental and control animals. This figure compares the
average number of behaviors (+SD) present in
all experimental trails versus control trials. Crickets in a
plastic cassette case were visible to experimental animals but
not control animals. Scorpions were assigned a score of0, 1, 2,
or 3, depending on the number of different hunting behaviors
observed in video footage of the hour-long trials.
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6.5 of the 18 trials (33.3%). The least frequent hunting 
behavior was grasping behavior, recorded in 1.5 of the 18 
trials (8.3%). The frequency of these behaviors represents 
the average score between two raters.  

We hypothesized that visual stimuli are sufficient to 
elicit hunting behaviors in scorpions. After a matched-
pair, one-tailed t-test, the results showed that there was no 
significant difference in behaviors between the 
experimental (M = 1.167, SD = .458) and the control 
group (M = 0.778, SD = .507), p = .055. Since there was 
no significant difference between the two groups, the 
hypothesis cannot be accepted. 

 
Discussion 
 

This experiment tested the role of vision in scorpion 
hunting behavior. We hypothesized that if vision 
contributes to prey detection, and scorpions were 
presented with an isolated visual stimulus of prey, then 
they would respond with hunting behavior. We failed to 
accept this hypothesis because there was not a significant 
difference in the incidence of hunting behaviors with or 
without visual stimuli. These findings are congruent with 
previous research that indicated a lack of vision 
contribution in scorpion hunting. Specifically, one study 
noted that scorpions do not use visual cues to hunt, but 
instead used only substrate-based information (Brownell 
& Farley 1979).  

Hunting behaviors were present in both experimental 
and control trials. When scorpions were deprived of all 
visual stimuli in the control trials, we expected the 
scorpions not to exhibit any hunting behavior. It is 
possible that the behaviors that scorpions demonstrate 
when hunting are also used in other situations; i.e., the 
hunting behaviors of the scorpions in the control trials 
may not have been associated with hunting. Specifically, 
the alert stance is a behavior that could be generalized to 
situations other than hunting, and we saw many examples 
of alert stance in both experimental and control trials. It is 
possible that scorpions demonstrate the alert stance when 
they are startled or trying to escape, in addition to when 
they are hunting prey. 

Once active, scorpions in nearly all trials attempted to 
escape the glass jar at some point in the trial. Escaping 
behaviors included circling the edges of jar and 
attempting to climb up the sides. These behaviors were 
differentiated from the predetermined hunting behaviors 
to prevent overlap in analysis. For example, the alert 
stance was sometimes observed in the behavior of 
scorpions attempting to escape. However, the trial only 
received a point for the alert stance if the behavior was 
not directly related to the escaping behavior. 

Although the difference was not statistically 
significant, scorpions visually exposed to crickets 
demonstrated more hunting behavior than did animals in 

the control group. It is possible that this was due to a 
variance in the individual rater’s scores. To keep the 
criteria broad enough to be analyzed, there could have 
been multiple interpretations of the different behaviors. 
Future researchers could improve the research and 
analysis conditions used in this experiment in multiple 
ways. First, they should measure behaviors that are 
exclusively associated with scorpion hunting to ensure 
that the behaviors are directly linked to a hunting reaction 
elicited from visually detecting a prey item. A more 
specific set of scoring criteria should decrease variations 
among raters scoring the same trial. Second, the control 
and experimental trials should be randomized. Third, the 
raters, who were aware of the type of trial they were 
analyzing, should have been blind to trial type to 
eliminate possible confirmation bias. Finally, conducting 
more trials would reduce the likelihood that the results 
were due to coincidence. Deaths of the animals and 
experimental setup changes resulted in fewer legitimate 
trials being completed than originally planned. 

While there were obvious problems that need to be 
addressed in future research, we are excited about what 
these findings suggest about scorpions. If scorpions do 
not use their eyes for hunting, the question arises: What 
do they use them for? Do they only use them for light 
detection like previous research suggests (Fleissner & 
Fleissner 2001). Can they use light detection alone to 
navigate or do they form images of their surroundings? 
These are only a few questions that can be made from this 
study. We still do not know why scorpions have eight 
eyes. These animals demonstrate great anatomical 
complexity and further research is important to increase 
the understanding of their visual pathways. 
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