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Abstract. Testing the ability of the yellow-bellied toad, Bombina v. variegata to learn the relation between a 
conditioned stimulus and food, it was found that they are capable of associative learning. Toads were trained to use 
red bulb as a cue that denotes presence of food. Specimens were able to retain this associative memory for two 
months. This experiment also shows that this toad species can discriminate between two colours, red and blue 
respectively if they are trained to associate red light with food and blue light with a repulsive stimulus (mild electric 
shock and prey item). However their learning rate showed high intra specific variation and it seems that even a 
repulsive stimulus cannot prevent frogs from attacking the moving prey. 
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Introduction 
 

Memory and learning help animals to adapt 
themselves to the changing environmental 
conditions, thus increasing their chance to survive. 
It was proved that even invertebrates, such as 
honeybees, Apis mellifera are capable of associative 
learning (Ferguson et al. 1999). The more complex 
an organism the more important is learning in its 
ontogeny.  

There are a lot of studies that investigate the 
spatial learning and reversal learning in mammals 
and birds (Kimchi & Terkel 2001; Lipp et al. 2001; 
Michael et al. 2004). However the number of 
experiments dealing with the learning ability of 
reptiles is fewer (Day et al. 1999) and even less in 
case of amphibians. Amphibians are considered to 
have a relatively low learning capacity but to 
avoid harmful species they need to discriminate 
between these and prey that is suitable for 
consumption.  

As Brower (1962) showed in his experiment the 
learning ability of the common toad, Bufo terrestris 
represented considerable intraspecific variation, 
regarding their performance in rejecting the 
harmful honeybee and its drone fly mimic. 
Experiments done on Rana clamata, Rana virescens 
and Rana sylvatica also showed that these species 

can learn to refuse to eat the hairy catepillars after 
several trials (Schaeffer 1991).  

It is a proved fact that Bufo species learn faster 
and retain memory for a longer period than Rana 
species (Noble 1931; Greding 1971). 

The eye structure of the frogs was studied by 
Lettvin et al. (1959) demonstrating that they 
possess rods and cones in the retina, which 
supposes that they are able to see colours. 
However, color discrimination was only tested in 
the frog Rana esculenta by means of micro-electrode 
recording in the optic tectum. 

In the yellow-bellied toad neither the learning 
skills nor the colour discrimination ability were 
tested so far.  

Among the toad species the Bombina genus 
represents a primitive group so it is im-portant to 
have data on the duration of their memory and 
visual characteristics. 

The aim of this experiment is to demonstrate 
that this species is able to associative learning and 
can differentiate between two colours, red and 
blue respectively. 

This study helps to understand better the role 
of learning in the anuran species as well as their 
memorial capacity, because data on this study area 
are relatively few in comparison with other animal 
groups. 
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Material and Methods  
 
The yellow-bellied toad specimens were caught in ponds 
around Cluj-Napoca in spring of 2004. They were kept under 
laboratory conditions (12:12 h light: dark cycle and 24-27 °C 
temperature) in a shared water tank until the February 2005. 
During this period they were fed ad libitum with yellow 
mealworm, Tenebrio molitor and the water in tanks was changed 
monthly to eliminate stress caused by disturbing the toads too 
frequently. In February 2005, 14 specimens were moved into 
small separated tanks (14x14x7 cm) with little stones and water 
plants. A hole of 8 mm on the lid of each tank served for 
feeding. During the experiments the tanks were isolated from 
each other so that the frogs should not affect each other’s 
behavior. They were fed through the hole with tweezers. 

The experiment consisted of four phases. In the first 
phase, conditioning (between 25.02.2005 – 07.04.2005), the toads 
were provided with food (Tenebrio molitor) in the presence of a 
little red bulb attached to tweezers. The aim was to determine 
them to associate food with red light. Feeding took place on 
every second or third day at any time of the day. The 14 
individuals were then divided randomly in two groups. 

In the second phase of the experiment – testing of 
conditioning - the members of the group A (7 individuals), 
were tested for existence of associative memory: the testing was 
performed by presenting tweezers and red light, every 2-3 days, 
until all individuals ceased to attack the stimulus. These 
animals were fed a few hours after every testing by introducing 
prey items in the small tank. The testing period was: 09.04.2005 
– 08.06.2005. 

In the third phase – negative and positive conditioning, 
members of the group B (the other 7 individuals) were 

continuously fed in the presence of the red bulb (positive 
conditioning), but before this real feeding took place, they were 
offered food associated with blue light and mild electric shock 
(negative conditioning) of 7,5 V (Greding 1971). The frequency 
of feedings was once at 2-3 days, and the period was between 
17.04.2005-19.05.2005. The role of this procedure was to 
determine individuals to avoid prey items associated with blue 
light and electric shock. 

The fourth phase consisted of testing the members of group 
B for color discrimination (red and blue lights) and the duration 
of associative memory. Both testing were performed by 
presenting the two bulbs (red and blue) in the same time to 
each individual, every 3-4 days, without any connection with 
food items. In this test we recorded the number of attacks to 
each bulb and latency for all attacks in a 2-minute period. 
Animals were fed a few hours after every testing by 
introducing prey in the small tank. The testing period was: 
19.05.2005-16.05.2005. 

Data analyses. Each feeding and testing was recorded with 
a SAMSUNG VP-U10 8mm video camera recorder. The film 
was analyzed with the soft MGI Video Wave III and the latency 
of the first attack (LA= time elapsed from prey presentation to 
the first attack) was measured to the nearest 0, 01 seconds. Raw 
data were assign and log transformed. STATISTICA 5.0 and 
Microsoft Excel soft were used to analyze data and to create 
graphs. To compare the LA in case of red and blue conditioning 
Wilcoxon Matched-Pairs Test was used.  

Ethical note. No individuals deceased during the 
experiment. The electric shock did not seem to affect them very 
much; it only made them to stop to attack for less than a 
second. After the experiment all the specimens were released in 
the ponds, where they had been caught. 

 

 
 

Figure 1. Average LA (Y values) for conditioning (14 individuals) and testing of conditioning (7 individuals, group B).The 
vertical line separates the two periods. 

 

 
 

Results 
 
Conditioning period. In the first phase of the 

experiment the time elapsed from prey 
presentation to the first attack (latency to 

attack=LA) decreases (Figure 1) although it shows 
considerable individual variability. 

Testing of conditioning. In the second phase of 
the experiment, the LA the red bulb without prey 
item has in the first period (09.04-03.05) a very low 
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level, compared to conditioning period (4,383 / 
1,653 seconds), then it suddenly increases to an 
average of 19,258 seconds starting from 9.05.2005. 

In the first weeks of testing, the conditioned 
toads attack the red bulb, proving the association 
between prey and red bulb. After 9.05.2005, this 
association becomes inactive.  

Negative and positive conditioning. In case of 
group B (Fig. 2) the average  LA to the red bulb 
associated with food was significantly shorter than 
the LA to the blue bulb associated with food and 
electric shock (Wilcoxon Matched-Pairs Test: p< 
0,05). The latencies presented individual 
variations.
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Figure 2. Comparison of LA in case of positive conditioning and negative conditioning in the group B. The Y values indicate the 

asin of LA and the X values represent the days of the experiment (p< 0, 05 Wilcoxon Matched Pairs test). 
 
 
 

Color discrimination and associative memory 
testing. When the toads from group B were 
presented both red and blue bulbs without prey or 
electric shock, percentage rate were 97, 14: 2, 85 
attacks to red vs. blue bulbs (Figure 3).  

On 19. 05. percentage of attacks to red vs. blue 
bulbs was 95,65 : 4,34. On fallowing test days there 
were no attacks on blue bulb. The LA increase 
dafter each testing day and after 32 days there was 
no attack. 
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Figure 3. Average number of attacks to each bulb and average latency for all attacks. 
 
 

Discussion 
 
This experiment clearly demonstrates that the 
Bombina v. variegata species is capable of 
associative learning. In the period of conditioning 
(between 25-02-2005 and 07-04-2005) the specimens 

learned to use the red light as a cue that indicates 
the prey item. This is the reason, why the latency 
to the first attack decreases as the reinforcement of 
the conditioned stimulus goes on. In the first phase 
of the experiment there were 14 individuals that 
showed notable differences regarding the latency 
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to attack. However this is not surprising because in 
other experiments that implied learning in frogs, 
the ability of the individuals to perform a certain 
task varied greatly as well. For example in the 
experiment of Brower (1959) there were 
individuals that could not learn to avoid catching 
harmful honeybees and the trials after which an 
individual managed to reject the honeybee varied.  

The reason of these differences may be the 
intraspecific variation. The learning ability also 
represents an interspecific variation in amphibians. 
In the experiments of Shaeffer (1911) individuals of 
different species: Rana clamata, Rana sylvatica and 
Rana virescens learned to avoid hairy catepillars 
after different numbers of trials. The comparison of 
Rana and Bufo species by Greding (1971) also 
revealed interspecific divergence. Toads fed 
previously in the presence of red light kept on 
attacking to the red bulb without food. This 
memory lasted approximately 60 days and 
represented variations too among the specimens. 
Bombina v. variegata is able to distinguish two 
colours, blue and red. It is important to mention 
that none of these 7 individuals ceased to attack to 
the prey item offered with blue light and mild 
electric shock. An explanation can be that the 
reflex to attack a moving object of the prey size is 
so strong that even an aversive stimulus cannot 
repress it. This is unlikely, because in the 
experiments mentioned above (Shaeffer 1911, 
Brower 1959, Greding 1971) some individuals were 
able to reject moving harmful species. Another 
possible explanation can be that the electric shock 
is an unnatural stimulus and the frogs hardly were 
able to associate it with the moving prey item. 
However when they were offered the blue and red 
bulbs simultaneously al the individuals attacked at 
first to the red bulb. This means that they 
succeeded in differentiating between the two 
colours and what is more, they associated the red 
one with food and the blue one with a less 
attractive prey source. 

Data could have been influenced by the small 
sample size, but in similar experiments the number 
of specimens was reduced as well. Another 
disturbing factor may have been the relatively 
short duration of the double conditioning phase 
with the group B, this can explain why the 

differences between the latencies to attack to blue 
and red lights were not higher. The differences are 
statistically significant and they show that 
probably exists a period of confusion (3.04-13.05) 
after which toads learn to differentiate (Figure 2). 
These individuals did not have the sufficient time 
to learn to renounce of the food offered with 
electric shock and blue light. This study indicates 
that although amphibians represent a primitive 
vertebrate group, they cannot be treated as simple 
organisms which behavior is determined 
genetically because by the aid of learning they can 
flexibly adapt to the changing environmental 
conditions. 

 
 

Acknowledgements. We would like to thank Alina S Rusu for 
linguistic assistance and for the review of the manuscript. 
 
References 
 

Brower, J., Brower, L.P. (1962): Experimental studies of mimicry. 
The reaction of toads (Bufo terrestris) to honeybees (Apis 
mellifera) and their drone fly mimics (Eristalis vinetorum). Am. 
Nat. 96: 297-307. 

Day, L.B., Crews, D. & Wilczynski, W. (1999): Spatial and reversal 
learning in congeneric lizards with different foraging strategies. 
Animal Behaviour 57: 393-407. 

Ferguson, H.J., Cobey, S., Smith, H.B. (2001): Sensitivity to change in 
reward is heritable in the honeybee, Apis mellifera. Animal 
Behaviour 61: 527-534. 

Greding E.J. (1971): Comparative rates of learning in frogs (Ranidae) 
and toads (Bufonidae). Caribbean Journal of Science 11 (3/4): 203-
208 

Kimchi, T., Terkel, J. (2001): Spatial learning and memory in the 
blind mole-rat in comparison with the laboratory rat and 
Levant vole. Animal Behaviour 61: 171-180 

Lettvin, J.Y., Maturana, H.R., Mcculloch, W.S., Pitts, W.H. (1959): 
What the frog’s eye tells the frog’s brain. Proceedings  IRE. 47: 
1940-1951 

Lipp, H.P., Pleskacheva, M.G., Gossweiler, H., Ricceri, L., Smirnova, 
A.A., Garin, N.N., Dell’omo G. (2001): A large outdoor radial 
maze for comparative studies in birds and mammals. 
Neuroscience & Biobehavioural Reviews 25: 83-99. 

Michael, W., Shiflet, M.W., Tomaszycki, M.L., Rankin, A.Z., 
Devooged, T.J. (2004): Long-term memory for spatial locations 
in a food-storing bird (Poecile atricapilla) requires activation of 
NMDA receptors in the hippocampal formation during 
learning. Behavioral Neuroscience 118: 121-130 

 Schaeffer, A.A. (1911): Habit formation in frogs. Animal Behaviour 
1: 309-335 

Smith, B.H., Abrmson, C.I., Tobin, T.R. (1992): Conditional 
withholding of proboscis extension in honeybees (Apis mellifera) 
during discriminative punishment. Journal of Comparative 
Psychology 105: 345-356.  

 
 

Submitted: 03 April 2009 
/ Accepted :04 June  2009 

 

 


