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Abstract 
Jumping spiders (Family Salticidae) are known for their exceptional vision, including 

color vision and spatial acuity. Salticids use their vision in many behaviors, including predation 
and courtship. Recently evidence of their ability to sense airborne vibrations, i.e. sound, was 
published. I used a specialized jumping-spider-specific eyetracker to study the visual reaction of 
the retinas of the jumping spider Phidippus princeps when exposed to the sound of a predator. I 
used a generic wasp sound, previously shown to induce a startle response, as stimulus and played 
it from different directions. The spiders showed strong reactions to the sound stimulus by large 
increases in retinal movement when exposed to the stimulus, and they showed no habituation to 
the stimulus over three rounds of exposure. However, I found no indication that the direction of 
retinal movement corresponded to the location of the sound source. Future experiments may ex-
amine whether spiders are primed to search for particular types of images by cross-modal cues 
such as sound and if they can determine the direction of a sound source. 
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Introduction 

Visually-guided behavior in jumping spiders 
Jumping spiders (Class Arachnida, Order Araneae, Family Salticidae) are a diverse group, 

with 34 genera and 6077 species (World Spider Catalog 2018). Compared to most spiders, jump-
ing spiders have excellent vision, including color vision and remarkably high spatial acuity, the 
ability to see details (reviewed in Harland et al. 2012).  

Salticid vision has been especially well-studied in two contexts, predation and courtship. 
Firstly, as reviewed by Jackson & Pollard (1996), salticids hunt their insect prey in a plethora of 
different ways but usually not in the “traditional” way that one first thinks of in spiders, with 
webs that trap prey. For example, spiders in the genus Phidippus hunt by orienting towards their 
prey, visually assessing it, and attacking by jumping onto it and biting it (Dill 1975, Edwards & 
Jackson 1993, 1994). They vary the angle and distance from which they execute the attacking 
jump but when doing so they face toward the prey (Edwards & Jackson 1993, 1994; Jackson & 
Pollard 1996). Jumping spiders will attack prey based on visual cues alone, even attacking a vi-
deo screen displaying crickets (Bednarski et al. 2012, Clark & Uetz 1990).  

Secondly, the courtship displays of salticids tend to be quite complex and multi-modal. 
For example, peacock spider males of the genus Maratus display their colorful abdomens to the 
females during courtship. In addition, the females also attend to vibratory components of the 
courtship display, caused by the males drumming on the substrate they stand on (Girard et al. 
2015). Other spiders use both vision and touch during courtship. In the open, Phidippus johnsoni 
males give visual displays, but a male encountering a female resting in her silken nest will pull 
and tap rhythmically on the silk, courting through vibration (Jackson 1977). The male Phidippus 
princeps first faces the female, who orients toward him. He then uses about six different “moves” 
while courting the female, attending to both her vision and to her sense of touch (Robertson 
2002). 

Division of labor in eyes 
Salticids have four pairs of eyes. Three sets are secondary eyes and are thought to be 

mainly responsible for motion detection (Zurek & Nelson 2012a, 2012b; Spano et al. 2012). 
They are known as the anterior lateral eyes (ALEs), posterior medial eyes (PMEs) and posterior 
lateral eyes (PLEs). The eyes are placed around the spider’s head in a way that gives it an almost 
360-degree motion detection view. To assist in identifying objects as prey or predator or a poten-
tial mate, the last of the four pairs of salticid eyes are moveable. These anterior medial eyes 
(AMEs), or principal eyes, have the highest spatial acuity and good color vision. Compared to 
the secondary eyes, the principal eyes have a very narrow field of view (Fig. 1) due to the small 
size of their retinas. However, thanks to the eye tubes being moveable, the field of vision of the 
principal eyes is extended from just a few degrees up to over 50 degrees (Land 1969, 1985, 
2012; Canavesi et al. 2011). The AMEs consist of an eye tube with a cornea at the external end 
and the retina at the proximal end. Three muscles surround each eye tube, allowing it to move 
side-to-side and up-and-down, as well as rotating (Land 1969, 1985, 2012). Once something is 
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detected, the spider first adjusts its body position so that it faces the object. The spider then scans 
the object with the AMEs. 
 

Hearing 
It has long been known that spiders respond to substrate-
borne vibration. For example, male courtship displays often 
include vibratory components (Elias et al. 2003). Recent 
research showed that salticids can use auditory perception 
to detect airborne sound (Shamble et al. 2016). Using ex-
tracellular methods to record neural activity in the brains of 
P. audax, Shamble detected reactions to sound stimuli be-
tween the frequencies of 80 and 350 Hz. This range in-
cludes many of the sounds produced by hymenopterans 
(Ishay & Sadeh 1982), including those produced by wing 
movement, i.e. buzzing. Other arthropods have been shown 
to detect hymenopteran predators by air-borne vibrations 
(Tautz & Markl 1978). 
Hymenopterans are an important predator of jumping spi-
ders (Edwards 1980) and when exposed to buzzing sounds 
spiders tend to freeze, a common reaction in a startle re-
sponse (Koch 1999). The function is believed to be either to 
prepare the body for fight or flight, or to protect the body 
through tensing up. For example, humans close their eyes 

and tense the neck pulling the head backwards, protecting sensitive and essential body parts 
(Koch 1999).  

In addition, the same area of the brain that responds to airborne sound also responds to 
mechanical stimulation of hairs on the patella (Shamble et al. 2016). This evidence suggests that 
spiders detect airborne sound with external hairs.  

Cross-modal effects of sound on visual perception 
For many tasks, animals use several different sensory modes working together. For ex-

ample, when identifying a potential meal, a human may use olfaction, vision and taste to identify 
what is edible. In salticids, visual attention can be influenced by cross-modal signals (Cross & 
Jackson 2014). Cross & Jackson have collaborated on several studies of cross-modal interactions 
of senses in jumping spiders. They have shown that olfactory cues can prime selective visual at-
tention and vice versa regarding courtship and competition for mating partners (Cross & Jackson 
2007, 2009a) as well as in hunting (Cross & Jackson 2009b). When spiders were exposed to the 
smell of a conspecific potential mating partner, some species were more likely to escalate con-
flict with a rival spider (Cross et al. 2007). When spiders were exposed to odors of specific prey 
it was shown that they were more visually attentive to that prey than to images of other prey 
species. In one species, when spiders were exposed to images of a certain prey, they were more 
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Fig 1. Illustration of the field of view 
of the different eye pairs of a jumping 
spider. The green areas show the nar-
row field of view of the AMEs and the 
arrows outside the circle show the field 
of view the spider can attain by mov-
ing the AMEs. Image by David E Hill



attentive to the odor of that prey species (Cross & Jackson 2009b). Thus, priming through expo-
sure of a stimulus to one sense affects the attentiveness of another sense to that stimulus.  

Objectives and hypotheses 
The main objective of this study was to gain insight in to the interaction between the au-

ditory perception and visual perception in a Phidippus jumping spider. 
Based on Shamble et al.'s (2016) finding that jumping spiders (Phidippus audax) respond 

to airborne sounds both behaviourally (by freezing) and neurally, I tested the following hypothe-
ses. I predicted that (1) spider AMEs would move in response to sound, allowing a spider to 
search for a wasp even when its body is motionless, and (2) that gaze direction of the AMEs 
would differ depending on the direction of the sound source, and in particular gaze direction 
would be directed toward the sound. 

Methods and Materials 

Spider collection and care 
The experimental subjects were collected locally in the Pioneer Valley in western Mass-

achusetts during the fall of 2016. Using sweep nets, we collected spiders in areas of high grass, 
flowers and brushy vegetation, a common habitat type of Phidippus species (Hoefler & Jakob 
2006, Hoefler et al. 2002, 2006). For all experiments, adult or penultimate Phidippus princeps 
females were used. Males were excluded due to difficulties of testing them in the eyetracker as 
well as them handling the stress of the lab environment worse than females. At the lab spiders 
were kept under 16:8h light:dark cycle at room temperature (approximately 22-27˚C) with water 
provided ad libitum. They were fed crickets (Acheta domesticus from Ghann’s Cricket Farm) of 
about one-third their body size once per week. Spiders were housed in rectangular plastic con-
tainers 20x14x11cm height. Some plastic fern branches, a small plastic tube and a green wooden 
stick provided environmental enrichment (Carducci & Jakob 1999). During late winter, to in-
crease humidity in the rearing area, we had  plastic sheets hanging down from the ceiling, form-
ing the walls of a small enclosed area where we kept the spiders together with a humidifier. The 
enclosed area was kept at 50% relative humidity +/- 20%. 

General experimental setup 
Overview of the eyetracker  

The specialized salticid-specific eyetracker used in my experiments is described in detail 
in Canavesi et al. (2011) and Jakob et al. (2018). The eyetracker illuminates the retinas using 
NIR light (Thorlabs IR 850 nm Mounted High-Power LED 1000 mA with T28 Cube LED Dri-
ver, directed with an Edmund’s dual branch light guide #54202 equipped with 29 Thorlabs OSL2 
focusing lens), which is invisible to the spiders. An NIR-sensitive camera (EO-1312M CMOS 32 
Monochrome USB camera, equipped with an additional premium long-pass filter (Thorlabs) with 
a cut-on wavelength of 800 nm) captures the images of the boomerang-shaped retinas of both 
AMEs at 30 fps (frames per second). A projector and screen makes it possible to, simultaneously 
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show the spider a video of stimuli in visible light. The experimenter sees a display of both the 
stimulus video and retinal position in real time; this display is captured for later analysis.  

Securing the spider 
Before conducting an experiment, the subject was prepared through “hatting”. Hatting is 

the process of attaching a small plastic brush-tip, i.e. the hat (Easysmile dental disposable 38 mi-
croapplicator brush) to the top of the cephalothorax of the subject in order to provide a means of 
tethering the spider in the eyetracker, following Jakob et al. (2018). A wax-carving pencil was 
used to melt a mixture of beeswax (Stackich) and rosin (Acros Organics). The hat was dipped in 
the mixture and, using the carving pencil to precisely manipulate the wax, attached to the top of 
the subject’s cephalothorax. The wax was applied carefully, so as not to get any on the spider’s 
eyes as that would maybe obstruct its vision and thus affect behavior. When the wax/rosin mix-
ture had set, the hat was painted using black chalkboard paint (Americana Chalkboard Paint) to 
minimize reflections during the eyetracking.  

Aligning spider and finding retinas 
A spider was fixed in the eyetracker by attaching the hat to an alligator clip. The spider 

was then positioned in front of the eyetracker. The retinas were illuminated with an NIR light 
shone directly at the spider's cephalothorax. I used a separate NIR camera and monitor to aid in 
positioning the spider: when the spider was in the correct position, the moving eye tubes were 
visible in NIR. I could then fine-tune the image of the retinas (Fig. 3) captured by the eyetracker 
by making small adjustments to the spider's position and the position of the light source (Fig. 2). 
The spider's alignment was checked through a calibration protocol (Jakob et al. 2018) to ensure 
that the spider could see all areas of the screen. 
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Fig. 2. The spider eyetracker. Grey boxes illustrate speakers placed behind, in front to the left and right. IR light il-
luminates the retinas and camera captures video of the retinas. Projector is used to show images to the spider as well 
as for doing the calibration routines for recording retinas. Photo by Philip Denbaum. 

Experiment 
Speaker setup 

Three bluetooth speakers (Sony SRS-X11) were placed on speaker stands (VideoSecu 
MS07B) around the spider in the eyetracker, angled towards the subject. The stand platforms 
where the speaker was placed were angled downward toward the subject (at 7-9º) which was 
slightly lower than the speaker position.  

One speaker was directly behind the subject and the other two in front of the subject, all 
at a distance of 53 cm. The frontal speakers were placed at angles of approximately 20º to the left 
and right (Fig. 2), well within the approximately 50˚ visual field of the AMEs (Canavesi et al. 
2011). The spiders were thus able to direct their gaze at the two frontal speakers, but not at the 
speaker located behind the spider. Each speaker was connected to an iPod Touch (Apple Inc., 
Cupertino, CA) via Bluetooth. Those iPods were used to play the sound stimulus, a generic wasp 
sound (see Appendix). The sound was also used in testing, prior to experiments with data collec-
tion, to ensure that the spiders had the same reaction as observed by Shamble et al. (2016), where 
they showed a startle response by freezing when exposed to the stimulus.  
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Experimental protocol 
Once the subject was aligned the eyetracker was covered with dark cloth and the room 

had all lights turned off. The sound stimulus was played once from each speaker in a random or-
der, as determined by an online randomizer (see Appendix). The volume of the sound stimulus 
was determined by testing prior to the experiments to ensure that there were reactions to the 
stimulus. This procedure was repeated for a total of five sets, using a different random order each 
time. The sound stimulus was five seconds long. In between each exposure to the sound stimu-
lus, there was a pause of a minimum of 30 seconds followed by as much time as was needed for 
the subject’s retinas to become still for at least 10 seconds. During the entire experiment, the spi-
ders were shown a blank white screen with no visual stimulus. Thirteen spiders generated use-
able data. 
  
Data analysis 

Videos of retinal movement were recorded at 30fps through a camera in MATLAB 
(v2015a) and downsampled to 10fps before they were analyzed through frame-by-frame eyetrac-
king using the software ImageJPro (v 1.51) as in Jakob et al. (2018). Both left and right retinas 
were observed. The x and y position of each retina, in pixels, was marked in each frame of the 
video during sound stimulus playback and for approximately 8 seconds before and after stimulus 
playback. The position was marked in two places, the center of the boomerang shaped retina at 
the “elbow” as well as along the inner edge of the retina (Fig. 3). The line between the center of 
the retina and the point along the edge was used to measure retinal torsion. Data were exported to 
Excel and statistically analyzed using R, described below. 

I performed the following analyses. First, I tested whether the retinas moved more or 
showed more torsion based on the presentation of sound. I calculated average straight-line 
movement of the retinal center from frame-to-frame, as well as average retinal torsion from 
frame to frame for before, during and after sound playback for each of three rounds of stimulus 
exposure. 

Next, to test whether speaker position influenced the direction of retinal movement by 
causing the spider to either look toward or away from the sound, or to look up toward the sound,  
I analyzed x and y position separately. The average coordinates before sound playback were sub-
tracted from the average coordinates during sound playback for each round of stimulus exposure 
for each spider. For the horizontal axis, a positive number would indicate that the retina was, on 
average, further to the right during playback, and a negative number would indicate that the reti-
nas were, on average, further left during playback (Figure 8A). I carried out a similar calculation 
for the vertical axis where a positive value signifies an upward movement of the retinas and a 
negative value signifies a downward movement (Figure 8B). 
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Fig. 3. Retinas as seen through the eyetracker. The left and right eye focusing on a visual stimulus come together at 
the “elbows” of the boomerang-shaped retinas (left). The retinas at rest, not focusing on a stimulus (right). Black 
arrows indicate the places marked to obtain x- and y-coordinates. 
Image by Beth Jakob. 

Statistical analyses 
All analyses were performed using the statistical software R, version 3.4.1(R Core Team 

2017). Linear mixed effect (LMER) models using the lsmeans package (Lenth 2016) were used 
to analyze categorical(discrete) data i.e. retinal movement in distance moved and angle change 
during different treatments.  

Data on retinal movement in distance moved and angle change were log-transformed to 
normalize distribution of residuals from the models. Patterns of significance were similar in 
transformed vs. non-transformed data.  

In separate ANOVAs, I tested distance moved and retinal angle in response to sound. 
Each model used a repeated measures design with treatment (whether it was before, during or 
after sound stimulus exposure) and round (whether it was the first, second or third round of 
sound stimulus exposure), and interaction between treatment and round as fixed effects and spi-
der ID as a random effect. Tukey pairwise tests were used to distinguish between the three treat-
ments.  

To test the direction of movement, I again used ANOVA, this time with stimulus round 
(round one, two or three of stimulus exposure) and direction of stimulus (whether the sound 
came from the speaker located behind, to the right or to the left of the spider) as fixed effects and 
spider ID as a random effect. I tested whether the retinas moved toward or away from the sound 
stimulus on the horizontal axis in one test, and whether they moved up or down on the vertical 
axis in a second test. 
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Results 

Analysis 1 
Amount of retinal torsion in response to sound 

I measured retinal torsion, or the average change in angle of the retinas from one frame to 
the next, for 8 seconds before the sound stimulus was played (“pre”), during playback (“sound”) 
and for 8 seconds after the end of the stimulus (“post”). The data was analyzed using an ANOVA 
with stimulus (“pre”, “sound” and ”post”) and stimulus round (first, second or third round of 
stimulus exposure) as fixed effects and spider ID as a random effect.  

The average retinal angle change significantly differed across all groups (F2,95=165.1738; 
P<0.0001; Fig. 4). There was a significant difference between all three categories in pairwise 
Tukey's comparisons (Post-Pre: P<0.0001; Post-Sound: P=0.0069; Pre-Sound: P<0.0001; Fig. 
4).  

Fig. 4. The average torsion (angle change) of the retinas in the subject from one frame of recorded video to the next; 
before (pre), during (sound) and after (post) exposure to a wasp buzzing sound for all rounds of stimulus exposure 
combined. Shown as average angle change of the retinas in degrees. 
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The inclusion of  stimulus round in the ANOVA analyses allowed me to test for habitua-
tion. No habituation was seen (F2,95=0.4056; P=0,6677) and all three rounds of exposure ren-
dered the same result (Fig. 5). 

Fig. 5. The average torsion of the retinas in the subject from one frame of recorded video to the next; before, during 
and after exposure to stimulus with all rounds of stimulus exposure shown separately. Shown as average angle 
change of the retinas in degrees.  

Amount of retinal movement in response to sound 
I measured the average distance that the retinas moved from one frame of video to the 

next, for 8 seconds of video before (“pre”), during (“sound”) and for 8 seconds of video after 
(“post”) individuals were exposed to sound stimulus (Fig. 6). The data was analyzed using an 
ANOVA with stimulus (“pre”, “sound” and ”post”) and stimulus round (first, second or third 
round of stimulus exposure) as fixed effects and spider ID as a random effect. It showed that 
sound playback had a significant effect on the average distance moved by retinas from one frame 
of video to the next (F2,95=213.4281; P < 0.0001). A Tukey’s follow up test showed that pre, 
sound and post significantly differed in pairwise comparisons (P<0.0001). 

!11



Fig. 6. The average movement of retinas, from one frame of recorded video the next; before, during and after expo-
sure to sound stimulus. Shown as average distance moved in pixels, by the retinas. 

The inclusion of stimulus round in the ANOVA analyses allowed me to test for habitua-
tion. No habituation was seen (F2,95=1.2060; P=0.3040) and all three rounds of exposure ren-
dered the same result (Fig. 7). 

Fig. 7. The average movement of retinas, from one frame of recorded video to the next; before, during and after ex-
posure to sound stimulus divided in to the three rounds of exposure. Shown as average distance moved in pixels by 
the retinas. 
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Analysis 2 
The location of retinas in response to sound stimulus from different directions 

I tested the average change in horizontal and vertical position of the retinas when exposed 
to a sound stimulus from speakers located behind, left and right of the spider’s position. I ana-
lyzed the data using an ANOVA with spider ID as a random effect with position of the speaker 
and round of stimulus exposure as fixed effects. Horizontal and vertical position of the retinas 
were tested separately (Fig. 8).  

  
I found no evidence that the position of the speaker influenced the horizontal position  

(F2,21=0.2735; P=0.7634) nor vertical position (F2,21=1.0768; P=0.3588) of the retinas. There 
were no significant effects of stimulus round for horizontal (F1,21=1.8949; P=0.1832) nor vertical 
position (F1,21=0.7405; P=0.3992).  

!  
Fig. 8. The average change in horizontal position of retinas (A) and the average change in vertical position of retinas 
(B). Shown as average change made, in pixels, by the retinas with stimulus played from different locations of the 
speakers, “behind”, “left” and “right”.  
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Discussion 

Both the average angle change (Fig. 4) and the average distance moved (Fig. 6) by the 
retinas were significantly larger during sound stimulus exposure than before and after the stimu-
lus exposure. This supports the findings in the study by Shamble et al. (2016) that jumping spi-
ders of the Phidippus genus have airborne acoustic perception i.e. they can hear sound through 
airborne vibrations. Shamble et al. (2016) propose the possible use of hearing in predator detec-
tion. In their paper, they highlighted that the sound stimulus frequencies the spiders reacted to 
overlapped with the frequencies produced by flying hymenopterans. This proposition inspired 
the usage of wasp-buzzing as acoustic stimulus in my study rather than a single tone as in the 
Shamble study. My results show that the spiders have a clear and consistent reaction to the stim-
ulus with their eyes.  

The reaction to the stimulus, measured in movement (distance moved (Fig. 7) and angle 
change (Fig. 5)) of the retinas, was not significantly different in the three different rounds of 
stimulus exposure. I found no habituation to the wasp sound over repeated exposures. Had there 
been habituation, one would have expected a decrease in retinal movement from the first to the 
last exposure; declining responses to repeated presentations of sounds have been shown in other 
arthropods (May & Hoy 1991). I suggest that habituation to the sound stimulus used would be 
maladaptive. I might have found different results had I chosen a recurring but non-salient sound 
in the spiders’ surroundings, such as a car passing nearby or leaves rustling in the wind, rather 
than a potential predator.  

The location of the sound source did not influence whether the retinas moved toward or 
away from the sound source on the horizontal (Fig. 8A) nor the vertical plane (Fig. 8B). This 
finding suggests that the spiders cannot determine where the sound is coming from. Given that 
ascertaining the directionality of sound requires the comparison of the timing of the arrival of the 
stimulus at physically separated sense organs, this may well be true. However, we must be cau-
tious, as there are several other possible explanations for why the spider’s gaze does not differ 
depending on the source of the sound. Assuming that the spiders can determine the direction of 
the sound source, the spider could have a few different reactions. It could, had it not been teth-
ered in the eyetracker, turn and focus its gaze on the source to further analyze it using its princi-
pal eyes as they have been shown to do both during predation (Jackson & Pollard 1996, Edwards 
& Jackson 1993) and in courtship (Jackson & Willey 1995). This seems unlikely, as the sound 
sources in the experiment were placed in a way that allowed the spiders to direct the gaze of their 
principal eyes directly toward them, within the visual range of their AMEs, 50˚ (Land 1969, 
1985, 2012, Canavesi et al. 2011) which they did not. Although spiders seem to respond naturally 
to visual stimuli in other eyetracker studies, the fact that it is possible that being tethered may 
affect the behavior of the spider when exposed to this stimulus cannot be ignored. It is also pos-
sible that the spider’s reaction of rapid eye movement is a strategy to locate the sound source vi-
sually (Land 1969) or that the threatening sound of a potential predator overrides the instinct of 
looking at the sound source with a startle response. Assuming instead that the spiders cannot de-
termine the direction of the sound source, intense movement of the eyes could still be a strategy 
to locate the sound source (Land 1969). It seems that acoustic perception could serve in a similar 
fashion to the ALEs in signaling that there is something for the AMEs to observe (Jakob et al. 

!14



2018); however, sound seems to provide less information than the ALEs, as I found no evidence 
that spiders could use sound to determine the location of the object. 

 In this experiment, spiders were looking at a blank screen, and thus had nothing to attract 
their visual attention. Further studies, following from the work described here, are underway in 
order to test whether spiders exposed to wasp sounds are more attentive to particular visual cues. 

Predator detection and avoidance 
If the spider has an innate reaction to the sound as a threat, a spider preparing to flee may 

look in the opposite direction away from the sound, toward a natural escape route. This was not 
evident in my data, since the analyses showed that there was no difference in the direction the 
spiders were looking whether the sound source was on the left or the right, or behind.   

In the Shamble et al. (2016) study, spiders were shown to react by freezing when exposed 
to a sound stimulus of similar frequency to the one used in this study. Freezing was sometimes 
followed by crouching, running or turning. Freezing is a common reaction to threat by many an-
imals, probably to minimize the risk of detection by a potential predator (Chelini et al. 2009). A 
big advantage that jumping spiders have over most other arthropods is the ability to move their 
eyes. This would enable them to search for and evaluate the sound source while staying com-
pletely motionless.  

Future studies 
Cross-modal effects of acoustic stimuli 

In my thesis project, I also conducted a second experiment in which I attempted to test 
the cross-modal priming effects of spider’s reactions to images of predatory wasps. I showed two 
images, one of a wasp’s face and one of the same image but cut up and scrambled. These images 
were shown to the spiders before and after exposing the spider to the same sound stimulus as in 
experiment 1. The hypothesis was that spiders would be primed by the sound stimulus to be 
more attentive towards the normal, unscrambled image (Cross & Jackson 2007, 2009a, 2009b, 
2014). Unfortunately, the data collected were largely unusable due to insufficient calibration of 
the eyetracker. Thus, I suggest a study of this nature to shine light on the possible cross-modal 
role of auditory perception in predator detection (and possibly detection of prey as well) by 
jumping spiders. 

Reaction to different types of acoustic stimuli 
I observed a strong visual reaction to the threatening sound of a wasp buzzing in my 

study. In Shamble et al. (2016) a freezing response was seen to stimulus of the same frequency as 
that of buzzing wasps. A suggestion for future studies of jumping spider’s auditory perception 
would be to test some of the same things using a different sound as stimulus. A non-threatening 
sound could be used to study if the auditory perception is used for detection of prey or con-
specifics. Perhaps the reaction would be different than the freezing startle response and vastly 
increased eye-movements. Perhaps a less threatening sound would be subject to habituation, in-
dicating that the lack of habituation to the wasp sound is perhaps an evolved trait which gives 
spiders an advantage in natural selection. 
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Conclusions 

Phidippus princeps adult females react to the sound of a wasp by increasing the move-
ment of their principal eye retinas, vertically, horizontally and by torsion. This result confirms 
the previous findings that Phidippus jumping spiders do have auditory perception. The results 
also show that this reaction is the same every time when individuals are exposed to the stimulus 
several times in succession. This tells us that there is no habituation and that it is a specific reac-
tion to the sound stimulus rather than a form of general reaction to a sudden sound.  

The spiders do not look in different directions depending on the direction of the stimulus.  
This is contradictory to my hypothesis that they would direct their eyes toward the source of the 
sound. The reasons why can only be speculated on, and it does not necessarily mean that they 
cannot hear the direction the sound is coming from. It is worth further study with additional 
types of sound stimuli to increase understanding of hearing and its usage by jumping spiders in 
for example the cross modality of vision and hearing in deciphering the world around them 
through sensory perception.  
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Appendix 

Links 

Wasp sound stimulus: https://www.youtube.com/watch?v=oyFrtN_udx4 

Online randomizer: https://www.random.org/lists/

!19

https://www.youtube.com/watch?v=oyFrtN_udx4
https://www.random.org/lists/

