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Abstract
Studies examining direct interactions between arthropod predators and 
prey are relatively few, as are comparisons of different prey species 
interacting with the same predator. This study examines behavioral 
interactions between wandering arachnid predators (Araneae: 
Lycosidae) and four prey species: German cockroaches, Blattella 
germanica (Blattodea: Blattellidae), house crickets, Acheta domesticus 
(Orthoptera: Gryllinae), and terrestrial isopods Armadillidium vulgare 
(Oniscidea: Armadillidae) and Porcellio laevis (Oniscidea: 
Porcellionidae). Observations occurred under different combinations of 
mechanosensory, chemosensory or visual cues. Predators and prey 
usually exhibited coincident walking behavior, but prey typically halted 
and exhibited antennal movements if the spider stopped moving. 
Crickets changed behavioral states more frequently than other species 
regardless of sensory conditions. All prey species were more responsive to 
substrate vibrations (seismic cues) than to chemical or visual cues, 
although visual cues reduced the response to substrate vibration, 
especially in the isopod species. Seismic cues increased the frequency of 
shifting between behavioral states in cockroaches and crickets, but also 
increased the total amount of time these species spent in stasis (a 
quiescent state with no observable behavior). Crickets were more 
responsive to spider chemical cues than the other species, walking less 
and spending more time in stasis. Interestingly, the two isopod species 
never differed from one another in any sensory condition, despite 
marked differences in antipredator morphology. This may reflect 
evolutionary conservation in oniscid nervous systems, whereas the 
general responsiveness of all four species to substrate vibrations indicates 
the importance of vibration at the spatial scale of arthropod predators 
and prey.

Introduction
Predators and prey create mutual selection pressures, leading to the evolution of 
sensory adaptations for detection and capture/avoidance (Edmunds 1974; 
Vermeij 1994; Downes and Shine 1998). These adaptations may be tuned to 
specific predators or prey when closely interacting populations coevolve. 
However, adaptations that increase efficiency of predation or predator 
avoidance can also be generalized, as in background matching that is effective 
against multiple antagonistic species (Venesky and Anthony 2007). 
Antipredator behavior and morphology may decrease prey mortality risk, but 
can also impose foraging and mating costs (Lima and Dill 1990).

Sensory cues generated by predators are diverse, as are the mechanisms for 
their detection. Some sensory information is immediate and direct (e.g. visual 
and auditory), whereas other cues may be indirect and asynchronous (e.g. 
chemical). This is particularly apparent in arthropods, as the phylum is 
characterized by tremendous diversity in mechanisms for detection of visual, 
chemical, and mechanical stimuli. 

Here we examine how the sensory environment influences behavioral 
interactions between an arachnid predator and several arthropod prey species 
with diverse antipredator mechanisms and sensory systems. This study is 
unusual in that it manipulates combinations of visual, chemical and mechanical 
cues directly generated by arthropod predators and prey, and also allows for 
comparisons between different prey species under similar conditions. 
Behavioral differences among species should provide insight into the historical 
role of predation in the ecology and evolution of each species, whereas 
behavioral similarities would suggest ancestral and conserved antipredator 
mechanisms in arthropods.

Methods
Behavioral Recording. All trials took place within an arena with an outer 
circular wall constructed of aluminum flashing fashioned into a cylinder (22-cm 
diameter) (Figure 1.). A 7-cm diameter inner cylinder was constructed from 
transparent plastic and placed inside the outer wall.

Before the beginning of each trial a spider was placed between the two 
cylinders beneath a small aluminum blind attached to a string. A prey animal 
was then introduced into the inner cylinder and permitted to acclimate for 
approximately 20 seconds. The string was then retracted to remove the 
aluminum blind, allowing the predator access to the area between the inner and 
outer cylinders. Behavioral patterns for both predator and prey were recorded 
for 120 seconds, after which both animals were removed from the arena.

Seismic Cues: Responses to seismic cues (S+) were assessed by placing the 
arena upon a 33-cm diameter snare drum (Pulse™ Piccolo) with the snare 
removed. Trials not involving the assessment of seismic cues (S-) were 
conducted with the arena upon the drumhead removed from the drum 
resonating chamber and positioned atop a vibration dampening mat. 

Visual Cues: Responses to visual cues (V+) were assessed by using clear 
transparency sheets to construct the inner cylinder of the arena. For trials in 
which visual cues were excluded (V-), the transparent inner cylinder was 
occluded with a black Sharpie™ marker (allowing 24 hours to elapse for 
dissipation of solvent odors). 

Chemical Cues: Responses to chemical cues (C+) were assessed by modifying 
the inner cylinder with small (<5 mm) holes and 5 mm horizontal slits above the 
line of sight. Trials excluding chemical cues (C-) took place in a cylinder 
without holes or slits.
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Figure 1. Experimental arena for modulation of seismic, visual, and chemical predator
cues. Focal prey animals were introduced into the inner cylinder. Stimulus spiders were
initially held beneath an aluminum blind (7 cm, pictured left of the inner cylinder) and
then released into the space between the inner and outer cylinders as each trial began.
Scale bar represents 6 cm, each small subdivision 0.5 cm.

● Pairwise comparisons of frequency and duration of antennal movement and 
walking across all species and treatments indicated significant correlations 
among all dependent variables.

● Trials with both seismic and visual cues had significantly lower PC1 and PC2 
scores than trials with only seismic cues (Figure in publication). 
○ This was associated with lower frequencies of antennal movement and 

walking in seismic trials that also included visual cues.
● PC1 scores were significantly greater in trials with both chemical and visual 

cues (Figure in publication).
○ This was associated with more frequent and longer antennal movement, but 

shorter walking duration, in visual trials that also included chemosensory 
cues.

Species:
Crickets
● exhibited generally more frequent antenna movement and walking, but 

shorter walking duration.
● when exposed to chemical cues - shorter and less frequent walking.
● lower frequencies of antennal movement and walking in trials with seismic 

and visual cues.
● crickets in control trials had markedly less frequent and shorter antennal 

movement than crickets in any other experimental treatment. 
Roaches
● when exposed to seismic cues -  long duration of antennal movement
● effect of seismic cues most pronounced in this species.
Isopods
● the two isopod species generally did not differ from one another.
● both species had less frequent and shorter antenna movement, and longer 

walking duration than other species.
● when exposed to visual cues - longer antennal durations but shorter walking 

durations in visual trials. 
● the only species to have consistently negative PC1 scores in all trials except 

(V+/S+/C+) - antennal duration was longer and walking duration shorter 
than all other experimental treatments.

● The only treatment in which the two isopod species differed from one 
another was the (V-/S+/C+):

○ A. vulgare exhibited greater frequencies of both antennal movement 
and walking, with long durations of antenna movement but short 
walking duration. 

Figure 2. Mean principal component one (PC1) scores for interactions 
among sensory cues. Cue states are visual cues present (V) or not (N), 
seismic cues present (S) or not (N), and chemical cues present (C) or not 
(N). AD = Acheta domesticus, AV = Armadillidium vulgare, BG = 
Blattella germanica, PL = Porcellio laevis. Error bars represent one 
standard error on the mean. 

Figure. 3. Mean principal component two (PC2) scores for interactions 
among sensory cues. Cue states are visual cues present (V) or not (N), 
seismic cues present (S) or not (N), and chemical cues present (C) or not 
(N). AD = Acheta domesticus, AV = Armadillidium vulgare, BG = Blattella 
germanica, PL = Porcellio laevis. Error bars represent one standard error 
on the mean. 

All four prey species behaviorally responded to all three sensory cues, but the 
structure of responses differed among species. In general, vibrational stimuli 
produced the strongest behavioral responses. However, responses differed in 
some cases when vibrational stimuli were presented in concert with other 
stimuli, particularly visual cues. There were also a number of species-specific 
response patterns to combinations of cues. 

The testing arena appears to have effectively damped the strength of seismic, 
chemical, and visual spider cues in experiments designed to exclude particular 
stimuli. The arena did not modulate other kinds of sensory information (e.g., 
airborne auditory cues) that may have also have been detected by focal animals.

Crickets, cockroaches, and terrestrial isopods evolved diverse sensory and 
antipredator modifications, which presumably underlie differences in 
responsiveness to mechanosensory, chemosensory, and visual aspects of the 
sensory environment. Nonetheless, there are similarities among species, 
particularly in response to predator induced substrate vibrations. This suggests 
either convergence or conservation of substrate mechanoreception as an 
antipredator adaptation among diverse arthropod species. 


