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1. INTRODUCTION 

Amphibians can serve as indicator species for their environments (John H. Lawton and 

Kevin J. Gaston, 2001). In many farms throughout the world pesticides are commonly used to 

control crop pests (e.g., weeds, fungi, insects, etc.). These pesticides may unintentionally affect 

other, non-target species (e.g., amphibians). Croplands are commonly affiliated with wetlands 

used by amphibians for breeding and development. Consequently, these areas may be 

susceptible to distributed pesticides during periodic crop treatments.  

 Toad behavior has previously been studied as a test system for learning and visual 

recognition (Adler & Taylor 1981). Toads are primarily ambush hunters (viz. orient and strike), as 

opposed to pursuing prey over great distances (Bragg 1957). Characterizing the toad’s abilities to 

orient on prey may present a solid foundation for using the behavior in other tests. For example, 

these base behaviors may be used to investigate the effects (viz., inability to orient) of stressors. 

Chemical effects on prey orientation behavior could negatively impact the ability of the animal to 

feed and thus its overall fitness.  

 Despite the previous work on prey orientation in toads (Heatwole et. al., 1968, Adler & 

Taylor, 1981), little work has been performed to characterize responses in light vs. dark scenarios 

(Bragg, 1957), gender effects, habituation (Robins and Rogers, 2006), and others.  This study was 

designed to assess some of these variables, primarily the response to prey stimuli in light and 

dark scenarios, and as influenced by time and gender. Orientation numbers in light and dark 

environments are essential for understanding natural hunting behaviors (Bragg, 1957). 
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 Toads may hunt during day or night hours, and visibility can influence orientation 

behavior.  I hypothesize that light conditions may show higher numbers of orientations due 

solely to better visual quality of the testing arena. Dark trials however may be supported by 

natural hunting instincts as toads are primarily nocturnal hunters. This alone may be a large 

enough determinant for higher numbers of orientations in the dark. I further hypothesize the 

possibility of gender and time creating an effect on the number of overall orientations. This is 

largely due to the abilities and the learning capabilities of each gender. 

2. METHODS 

2.1. Species and laboratory housing: 

The anurans used in this trial were Wood House toads (Bufo woodhousii) collected from 

Oklahoma by graduate students in the department. Toads were separated into two groups (Male 

& Female) and housed individually in 9.5 liter standard glass aquariums. Each tank was filled with 

approximately 10.2 cm of a 2:1 potting soil/sand mixture and was continually kept moist. This 

provided the toads with enough soil into which they could burrow. Water dishes were placed at 

one end of the tank and filled with water. The housing room conditions were kept between 

about 26-28˚C (i.e., 79-81˚F) and relative humidity of about 45-50%. Day and night cycles were 

set at 14:10 h cycles in a room with fluorescent lights. Toads were fed the proper amount of 

food at least 1-2 times a week with either crickets or meal worms obtained from a commercial 

supplier.  

The forthcoming trials were assigned 10 toads total: five male, five female. Each toad was 

placed in their proper housing, on shelves organized by gender. Female on the top shelf, males 
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on the bottom. Each female was given an ID number from 1-5 or 11-15. Males also received ID 

numbers from 6-10 and 16-20. The approval for housing and use of all toads was approved by 

the Institutional Animal Care and Use Committee at OSU.  

 

2.2 Testing apparatus (Fig. 1) 

 

Fig. 1: Diagram of the basic testing apparatus used to test prey orientation by toads.  The basic design was derived from 

Ewert et. al. (2001) and Robins and Rogers (2004). A clear glass jar was placed over the toads on a supported, stationary, 
circular platform. A replicated prey lure was braced on a small wire and was spun ~1.7 rpm. 

 

The base of the apparatus consisted of two pieces of plywood, each about .09 sq. m. and 

1.9 cm. tall. The plywood was screwed together to form the base and a single circular hole was 

drilled in the top. A .64 cm. diameter metal dowel rod was inserted into the hole drilled in the 
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platform. The rod was reduced in size and attached to the end of a single ply board piece cut into 

a circle ~.09 cm in diameter. The supported circular platform was bonded to the metal rod with 

JB® weld epoxy adhesive. The surface of the circular platform was then covered in Parafilm® to 

keep the circular platform clean. A strip of white tape was put around the edge of the platform 

to help with ID strip placement for dark trials. Small clips of wire were attached at four points on 

the platform to secure a 0.5 L jar used to enclose the toad during testing. A cylinder of black 

paper was placed over the glass jar just prior to testing to provide an acclimation period. 

At the base of the platform suspending rod was 4.3 cm. diameter spur gear (made of 

polyethylene). A wire was inserted into the gear via an existing small hole. The wire was bent 

twice at 90˚ angles and the lure attached via a large twist tie (stripped of plastic). The twist tie 

gave greater reach and provided a flexible surface on which to attach the naturally preserved 

cricket lure.  

Attached to the 4.3 cm. gear at the base was another smaller spur gear (2.7 cm. 

diameter; polyethylene). This smaller gear was attached to a 12v, high torque motor that could 

rotate at 3.5 rpm. Two separately colored wires were attached to the motor and extended 

outside of the testing arenas to a 12v car battery. The resulting current causing the lure to spin 

at ~1.7 rpm.  

For testing in the light, a “light arena” was made out of cardboard box with the top and 

bottoms folded in and taped to keep them from folding in again. The inside of the box was then 

covered in white printer paper to eliminate exterior distractions and to ensure the cricket was 

the most prominent item of interest. A separate box was constructed for the dark trials.  It 
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consisted of a box with the bottom cut out, but the top taped and kept intact. On one side of the 

box, a square hatch was cut to create a flap for the purpose of apparatus manipulation and 

placement of toads for trials. The hatch folded outward during placement but was closed before 

the trial started. Another hatch was cut into the front, and completely removed.  From this 

rectangular hole, a porthole was then made by bending cardboard in such a way that one end fit 

around the rectangular hole, but narrowed as it came toward the viewer. The goal of the cone 

was to ensure that as little light filtered into the apparatus as possible. The end of the bent 

cardboard porthole was made to fit around just the lens of the camera used in testing.  

For light and dark, the prey orientation apparatus was placed inside the respective box 

and the wires were run to the 12v car battery outside the box arena. For dark trials, the camera 

was set to night vision for viewing. The side hatch was then opened and the apparatus was 

manipulated until the suspended platform and the white ID tape strip was within view of the 

camera. The pieces of tape that contained the ID of the toad to be tested were placed onto the 

white strip of tape on the front of the circular suspended platform for confirmation during dark 

trials which toad was in testing.  

2.3. Explanation of light and dark trials 

A data log was created in Microsoft Excel®, which contained columns for date, time, ID, 

gender, weight, snout/vent length, minute 1 (orientation count, same for minutes 2 and 3), 

minute 2, minute 3, initial verification of person conducting trials, and environment.   

To begin trials, toads were selected going in order and placed under the glass jar of the 

apparatus in its according scenario. Acclimation to the apparatus was different for light and dark 
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trials. In the light, toads were placed under the glass jar and then a black folder was slipped 

around the glass jar to keep the toad from seeing the lure, but the top was not covered, so light 

was still allowed into the jar during acclimation. As the toad acclimated for one minute, the lure 

rotated clockwise or counterclockwise. After one minute the black folder was removed and the 

three minute trials began. Orientations for each minute were counted on a hand counter.  

Acclimation to the apparatus for dark trials required a different method. The black folder 

would not fit into the dark box so the toad was placed in the apparatus, hatch shut and allowed 

to sit there for one minute. During this time the cricket was not moving (as toads hunt by sensing 

motion). Both light and dark scenarios used the same previously naturally preserved field cricket 

(Gryllus sp.) during all trials. After one minute to acclimate to the dark box, the wires were 

connected to the battery and the three minute trials began. Dark trails required a night vision 

camera in order to observe the toads’ orientations. Orientations were taken live during both 

light and dark trials although dark scenarios were observed through the camera’s viewing 

window. Trials in the dark were recorded, but recordings were not used. Again, the orientations 

were counted for each minute on hand counters. All data were logged into the Microsoft Excel® 

sheet in the proper place after every individual trial.  

3. RESULTS 

3.1. Light verses dark 

Comparing light and dark in only Week 1, in the first minute only, it is seen that 

orientations in the light are 3 to 4 times greater than dark (Fig. 2). In the second week however, 

differences between light and dark are not as significant (Fig. 5-7). For Males only in Minute 1 for 
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the second week, light is still greater than dark (Fig. 6). During the second week, for both 

genders Minutes 2 and 3 showed an equal number of orientations (Fig. 6 & 7). Light and dark in 

Week 2 are equal due to the decrease in light orientations and not due to a dramatic change in 

dark responses (Fig. 6 & 7).  

3.2. Time 

In Week 1, habituation to the test can clearly be seen as generally (not statistically) 

Minute 1 > Minute 2 > Minute 3 (Fig. 3 & 4). Week 2, there is habituation again, but this time 

only in males (Fig.6). Habituation to a prey item is an important quality in a toad’s learning 

ability, specifically in relation to discounting extraneous visual stimuli as unworthy food sources. 

A test stimulus that offers no reward causes the toad to either lose interest or entirely stop 

trying. (Robins & Rogers, 2006). 

When comparing Week 1 to 2, females demonstrated the greatest memory of the 

apparatus (Fig. 2 & 5) as orientation numbers in females were significantly lower in Week 2 (Fig. 

5). Males were still active in Week 2, but only in Minute 1 and only in the Light scenario (Fig. 6).  

3.3. Gender 

In week 1, minute 1 only, females had almost twice the amount of orientations when 

compared to the males’ data (Fig. 2).  However, this result switched in week 2 (Fig. 5). For both 

males and females the differences are largest in the light scenario (Fig. 6).  
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Fig. 2: Relationship between males (dark bars) and females (lighter bars) in the dark and light scenarios, minute one 

only. Results show female orientations > male orientations and light ~2-3× > dark. 

 

Fig. 3: Orientation values of females (dark line) and males (lighter line). In Minute 1, Females > Males. Light ~2-3 × > 

Dark (Fig. 4). Overall orientations: Week 1 > Week 2, (Fig. 5 & 6). 
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Fig. 4: Orientations for females (dark line) and males (lighter line) are equal in minute 1&2 until minute 3 when the 

orientations intersect, but the orientation values for minute 3 are still equal. Overall orientations: Week 1 > Week 2, 

(Fig. 5 & 7) 

 

Fig. 5: Relationship between males (dark bars) and females (lighter bars) in the dark and light scenarios, minute one 

only. Results show male orientations > female orientations and light is still ~2-3× > dark. 
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Fig. 6: Orientation values of females (dark line) and males (lighter line). In Minute 1, Males > Females (+2 × greater). 

Due largely to dramatic decrease in female orientations and not to the rise in male orientations (compare with Fig. 

3). Male and Female; Min 2 = Min3. Light ~2-3 × > Dark (Fig. 7). Overall orientations: Week 1 > Week 2, (Fig. 2 & 3). 

 

 

Fig. 7: Orientations for females (dark line) and males (lighter line) are equal. No minute or gender shows dominance 

in number of orientations. Overall orientations: Week 1 > Week 2, (Fig. 2 & 4). 
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4. DISCUSSION & CONCLUSION 

The Dark trial box was designed to eliminate as much light as possible. Consequently, the 

estimated darkness of the box was ~ .0001 Lux (i.e., comparable to an overcast night with no star 

or moon light). In comparison, a night with a full moon would register at ~.1 Lux. The light 

conditions in the arena may have been too low for any reliable visual ability.   

In speculation, the toads may also have been partially re-trained by the laboratory 

conditions they are housed in. All toads are fed during the day on Tuesdays and Fridays. The prey 

fed to the toads are within the closed quarters of their tanks and thus the toads do not 

commonly need to orient on their prey. When presented to light then, the toads may be so 

accustomed to day time feeding, they have been more motivated to hunt in the light scenario as 

this is naturally when they would expect greater reward.   

From Week 1 to Week 2, it can be seen that females may show better memories than 

males (resulting in fewer orientations in the second week), and males may possibly be 

(continuously) more determined to succeed. The latter observation may be related to higher 

levels of testosterone in the males, leading to an increase in aggression and stamina. 

Consequently, males may not tire as quickly and thus result in higher numbers of orientations 

than the females. Body mass may indicate higher or lower amounts of energy to be used during 

trials. In speculation smaller toads, may naturally consume less food on feeding days and thus 

have less energy to give than larger toads. Specifically in the case of larger females, there is the 

possibility that she is gravid (carrying eggs) and thus doing so uses more of her energy, so 

perhaps larger females orient less. This is a field of future experimentation.  
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During the first three minutes of each trial, habituation is expected from both males and 

females. This is likely due to the lack of reward during trials. If rewards had been given (live prey 

presented at each strike at the lure) the toads would most likely have been more motivated to 

continue orienting on the lure until they were either tired or full. Within the three minutes 

(especially in Week 1), the toads repeatedly orient and lunge at the lure only to never receive a 

reward for their efforts. Thus, loss of interest in the prey stimuli is the most likely response. 

The trials provided conclusive evidence that both males and females preferred orienting 

on the prey item in light environment. This corresponds with my hypothesis that light conditions 

showed higher numbers of orientations. There are many reasons as to why this could be the 

case. The first and most obvious being that they naturally have better sight in the light 

environment. The box arena is white walled and the black cricket is distinct against the contrast, 

providing higher prospects for the toad’s hunting “success” during the trial.  

Based on the results, toads housed in a lab setting preferentially feed in ample lighting as 

opposed to the darkened environment.  Future testing using this system should be performed 

during the day hours and again at night, preferentially with starlight and a moon for natural 

accurate representation.  In addition, the data suggests that there may be differences between 

males and females; however, these differences are clouded by further speculations. Other 

possibilities related to lack of motivation for hunting in the dark scenario include: they are 

laboratory housed (as previously stated, fed in fluorescent lighting), and they are on day/night 

hours different than what nature would have them in. They are fed during the day with constant 

humidity and temperatures all year round which causes no need for storing up foods and fats for 

hibernation. The need to orient on their prey is minimal as meal worms are dropped in front of 
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them and they are not required to orient constantly on crickets or beetles like they may have in 

the wild.  

These trials will be used as a characterization of prey orientation behavior for future 

studies. Possible future trials include: body mass/size influence, actual day and night, and 

seasonal differences. All data collected will then be utilized for toxicant studies to identify how 

natural orientation abilities may have been altered by the pesticide. The application of these 

pesticides act as stressors on the animal and takes them out of homeostasis. If this removal of 

normal behavior causes them to be unable to orient and strike at prey, the animals’ fitness may 

be severely compromised. These preliminary and characterizing trials will aid us in gaining 

understanding of the basis of their abilities in various scenarios before application of stressors.  
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