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RESUMEN  

El aposematismo es una adaptación anti-predatoria en la que organismos tóxicos o no 

palatables, por medio de una señal de advertencia, reducen el riesgo de ser predados. 

La teoría clásica del aposematismo establece que las especies aposemáticas se encuentran 

mejor protegidas si estas son cromáticamente monomórficas ya que el predador aprenderá a 

reconocer la señal más rápido, si esta es relativamente invariable (ej. Mimetismo 

mülleriano y Batesiano). Sin embargo el polimorfismo sí existe en especies aposemáticas. 

Uno de los ejemplos más interesantes es el de la rana venenosa Oophaga histrionica, la 

cual presenta una extraordinaria variación en los patrones de coloración, inclusive entre 

poblaciones vecinas. Con el fin de solucionar esta contradicción nosotros proponemos un 

mecanismo llamado Equivalencia Aposematica en donde: ciertos elementos en el patrón de 

coloración deben ser mantenidos a través de todos los morfotipos de O. histrionica con el 

fin de establecer un mismo mecanismo asociativo en el aprendizaje del predador. Para 

estudiar los efectos del polimorfismo en el aprendizaje de predador y comprobar el 

mecanismo de equivalencia aposemática realizamos un estudio utilizando Gallus gallus  

domesticus como predador modelo. En primer lugar los pollos fueron entrenados a 

discriminar entre un estímulo palatable  (críptico) y un estímulo no palatable (aposemático). 

Posteriormente, con el fin de comprobar si los pollos extrajeron elementos aposemáticos 

relevantes durante la discrimación y los utilizan para reconocer otros morfotipos 

aposemáticos realizamos un test de generalización en donde el estimulo no palatable inicial 

era cambiado por un nuevo estímulo aposemático. Se encontró que los pollos aprenden 

rápidamente a asociar coloración con no palatabilidad. En el test de generalización 

encontramos que los pollos aprendieron a generalizar entre dos morfotipos  diferentes  de O 

histrionica (Arusí-Payasito) sugiriendo que la equivalencia aposematica puede ser un 

mecanismo real en el mantenimiento del polimorfismo en esta especie. Se analizaron siete 

variables de coloración y patrón las cuales demostraron que Arusí-Payasito son similares en 

el patrón indicando que el patrón es un componente importante de la señal aposemática.  
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ABSTRACT 

Aposematism is an important feature that allows prey items to exploit the ability of 

predators to associate, for example, conspicuous coloration with unprofitability. The 

classical theory of aposematism states that unpalatable and conspicuous prey should be 

chromatically  monomorphic (Purifying Frequency –Dependent Selection) because, by 

reducing the number of color morphs, predators detect, learn and recognize faster the 

aposematic preys (e.g Mullerian and Batesian mimicry). Interestingly, the dart poison frog 

Oophaga histriónica is aposematic but also exhibits a striking variation in color and 

pattern, even between adjacent populations. Recent studies have demonstrated that color 

pattern in O. histrionica  is a multicomponent system and that only some variables in the 

coloration should be important in aposematism. We suggest a possible explanation for this 

contradiction, that we name aposematic equivalence. Certain elements in the coloration 

pattern that are important for aposematism might be present in all the different morphs in 

order to enhance the same associative learning mechanism in the predator. To further 

investigate the effects of color polymorphism on predator learning behavior, and test 

aposematic equivalence, we conducted an experiment with young chicks (Gallus gallus  

domesticus) as predators. Birds were first trained to discriminate between a palatable 

(cryptic) positive stimulus and a distasteful (aposematic) negative stimulus. Secondly, to 

determine whether birds extract certain aposematic elements in the coloration during the 

discrimination learning test and then use them to recognize a different conspicuous morph 

as aposematic, we conducted a generalization test in which we changed the “training 

aposematic stimulus” used in the discrimination test, for another conspicuous morph of O. 

histrionica and checked whether the chick recognized it as aposematic. We found that birds 

learned to discriminate between cryptic and aposematic coloration during the 

discrimination test. In the generalization test birds did not recognize the new conspicuous 

morph stimulus as aposematic, except for the treatment Arusi-Pacurita, suggesting that 

there is only aposematic equivalence at some level. Measurements of seven color and 

pattern variables on digital photographs, were done to determine the difference between the 

studied populations, supported these results. Although Arusi and Pacurita morph were very 

distinctive at the color level, they resembled in pattern, suggesting that birds can also attend 

to pattern elements when they extract aposematic information. 
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INTRODUCTION 

 

When avoiding predation two main strategies can be used: prevent identification as an 

edible prey by reducing the probability of detection against the visual background, through 

crypsis (Endler 1988) or signaling unprofitability with conspicuous signals by means of 

aposematism (Poulton 1890; Cott 1940). Aposematic animals advertise their unprofitability 

to potential predators using conspicuous signals, which can consist of sounds or odors but 

are often bright color patterns that advertise their distastefulness or toxicity (Ham et al 

2006).  

 

Conspicuous coloration signals involve simple color schemes, with a few revealing colors  

(Gamberale-Stille & Guilford 2003) such as red, orange, yellow and white usually 

combined with black (Poulton 1890; Cott 1940; Lindström et al 2001a). Such colors form 

specific patterns that are highly contrasting, not only with the natural background, but also 

with each other. The conspicuousness of these coloration patterns is directly addressed 

towards predators that mainly use visual cues to identify their preys.  

 

The classical theory of aposematism states that aposematic species are best protected if they 

are chromatically monomorphic because: (1) if a constant number of unpalatable 

individuals per unit time must be sacrificed to teach local predators a given color pattern, 

the fraction dying in each species will be reduced if they share a color pattern (purifying 

frequency- dependent selection) (Joron & Mallet 1998; Mallet & Joron 1999), (2) the 

predator would detect, learn and recognize faster the aposematic preys if the signals are 

relatively invariable, (3) The novel forms will suffer from antiapostatic selection 

(Lindström et al 2001b; but see Greenwood et al 1981); this would explain why some 

aposematic species resemble each other with an striking accuracy as in Müllerian mimicry 

(Müller, 1879) and why edible prey would benefit by resembling to aposematic models as 

in Batesian mimicry (Bates, 1862). The emergence of polymorphism in aposematic species  

seems to be in contradiction with the adaptive theory of aposematism because it appears to 

complicate the avoidance learning by predators (Greenwood et al 1981; Joron & Mallet 

1998; Mallet & Joron 1999; Exnerová et al 2006; Machado & Valiati 2006).  
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However, polymorphism in aposematic species do exist and it  has been subject of 

numerous studies in the past decade (e.g  lepidopterans, coccinellidae, heteroptera, 

coleopterans; Joron & Mallet 1998; Mallet & Joron 1999; Machado & Valiati 2006;  

Gamberale-Stille 2001; Exnerová et al 2006: anurans: Summers & Kennedy 2003; Santos 

et al 2003). One of the most striking examples of this phenotypic variation in an 

aposematic species is the poison dart frog, Oophaga histrionica, in the family 

Dendrobatidae. It is widely distributed along the pacific coast of Colombia and northern 

Ecuador (Myers & Daly 1976; Lötters et al 1999). Inter-population variation in coloration 

and patterns is huge, occasionally even between neighboring populations (Myers & Daly 

1976). The closeness between some populations make us think that they might be sharing 

the same selectivity pressures. At least nine different morphs within its relatively limited 

distribution have been reported, varying from black with red spots to a pale blue (Medina 

2008; see appendix 1).  

 

Different studies suggest that some specific patterns and colors used in the aposematic 

signaling act directly to the predator’s psychology, facilitating avoidance learning and 

stimulating memory (Aronsson & Gamberale-Stille 2007; Gamberale-Stille & Guildford 

2003; Speed 2000). Medina (2008), demonstrated that color pattern in Oophaga histrionica  

evolved as a multicomponent system, in which selective constraints may have acted on 

certain color pattern traits making them more o less variant than others; these last ones 

might have greater aposematic value and therefore be important for predator’s recognition.  

 

 Nowadays it is still unknown which evolutionary events and ecological pressures lead or 

maintain striking variation in the coloration patterns of these species. Therefore it is  

necessary to understand which micro-evolutionary forces act on the establishment of this 

phenotypic variation in nature. Due to the fact that: (1) aposematic coloration pattern is 

directed towards predators (2) the majority of color pattern variables in Oophaga 

histrionica do not vary neutrally (Medina 2008), we might think that this variation might be 

maintained through selective pressures like predation by hunting predators that use color 

visual cues to locate their prey (Endler 1988; Stimon & Berman 1990; Mallet & Joron 

1999; Exerenová et al 2006). However it’s still uncertain how the relation predator-prey 
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maintains this variation; although a considerable effort has been put into understanding this 

relationship, where predators must learn to avoid aposematic preys (Ihalainen et al 2006). 

 

A possible hypothesis for the maintenance of polymorphisms in aposematic species, is that 

predators are maintaining color polymorphism by aposematic equivalence: Certain 

elements in the coloration pattern that have the greater aposematic value; would be 

maintained through all the different morphs of species such as O. histrionica  in order to 

enhance the same associative learning mechanism in the predator. This mechanism would 

rely on the predator’s ability to extract, discriminate and generalize relevant aposematic 

elements in order to recognize all the different morphs of a polymorphic species, as 

warning. With relation to this mechanism, the aim of the present study is to answer the 

following questions: (1). Can predators with color vision recognize the different morphs of 

Oophaga histrionica as equivalent signals of unpalability? (2) If so, which color or pattern 

variables predator’s extract in order to generalize aposematism?  

 

To investigate these questions we used a common experimental paradigm of aposematic 

and mimicry studies (Forsman & Merilaita 1999; Osorio et al 1999a; Gamberale-Stille & 

Guilford 2003; Ham et al 2006; Ihalainen et al 2006; Aronsson & Gamberale-Stille 

2007).We conducted a discrimination and generalization tests using young chicks Gallus 

gallus domesticus  as a model of color vision predators and paper stimulus in association 

with a rewarding or punishing food items as preys (Aronsson & Gamberale-Stille 2007). 

 

METHODS 

 

Our methods largely follow Aronsson & Gamberale-Stille 2007 and Medina 2008. 

 

Subjects and Housing 

As color vision predators we used domestic Chicks Gallus gallus domesticus. This species 

was chosen because: (1) avian color vision has been topic of several studies (e.g Osorio et 

al 1999b; Osorio et al 1999c; Jones et al 2001; Baddeley et al 2007; Bennett & Thệry 
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2007), and (2) previous studies of aposematism and mimicry have used chicks as predators 

(e.g Gamberale-Stille & Tullberg 1999; Osorio et al 1999c; Gamberale-Stille 2001; 

Gamberale-Stille & Guilford 2003; Rowe & Skelhorn 2005; Skelhorn & Rowe2006; 

Aronsson & Gamberale-Stille 2007). We obtained, 57 newly-hatched (2-5 days old) chicks  

of both sexes from a commercial hatchery. Chicks arrived in batches of 10-15 individuals, 

they were housed in groups of four in metal cages (70 x 50 x 20 cm, length x width x 

height) and heated with light bulbs 25 W. The floor of the cages was covered with brown 

paper, to make the clean-up easier. They were fed with chicks started crumbs and water at 

libitum during the housing period, except in training and experimenting when food 

deprivation was necessary. On the day of the arrival all chicks were individually marked 

with numbers in their right leg using non-toxic tape. The marking did not appear to have 

any adverse effect on the chick’s behavior. After the experimental procedures all chicks  

were re-housed in small free-rang holdings.  

 

The prey 

 We use as prey, Tenebrio molitor and Tribolium confusum larvae that were either untreated 

(palatable) or made distasteful by soaking them for two hours in a solution of 30 ml of 

water and 2 g of chloroquinine phosphate (Malaria drug Heliopar, henceforth ´quinine´),  

(Unconditioned Stimulus, US). Preys were placed centrally on the top of an oval 

photograph (2,5 x 1,5 cm) on which the colored stimulus was printed, (Conditioned 

Stimulus, CS). The photograph stimulus was taped to the bottom of a petri-dish. As positive 

stimulus throughout the experimental procedure we used a brown morph of a cryptic 

Colostethus frog, and as negative stimulus we used different morphs of the aposematic frog 

O. histrionica. The photograph stimulus maintains the natural intra-individual variation in 

the coloration pattern present on the froǵ s dorsal surface. A predator’s perspective might 

be dominated by a dorsal view, because the ventral surface of a walking or resting frog is  

close to the substrate  (Mann & Cummings, unpublished data).The photographs used to 

create the stimulus were obtained from a photographic collection of the laboratory of 

ecophysiology, behavior and herpetology, GECOH, Universidad de los Andes. They were 

printed in Kodak mate paper (10 x 12 cm), and then the dorsal surface of the frog was cut 

with the dimensions before mentioned. 
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The experimental arena and the pre-experimental training 

Training and testing took place in a rectangular arena (1,30 x 60 x 80 cm high) made of 

white plastic carton. There were 10 circular wells, 4 cm in diameter, sunk about 1 cm into 

the floor, and spaced uniformly along the runway. The stimuli (US, CS) were presented in 

the wells. On the day after arrival,  the chicks were evenly divided in two treatment groups, 

even though they were still housed together. The two groups were exposed to four training 

sessions during two days, one morning session and one afternoon session per day, were 

they learned to forage alone for the prey in the wells along the runway. During the training 

sessions no paper stimulus was used and all the mealworms were palatable, the session 

ended when the birds passed the 10th well and the number of mealworms eaten or attacked 

was noted. In the first training session (morning after arrival) the chicks learned to forage in 

the runway in triplets, we gradually reduce the number of companion chicks until the birds  

seemed not to be distressed for being alone; by the fourth training session almost all birds  

learned to forage alone in the runway. We only used birds that were not distressed during 

the experimental procedure. During all the training sessions, three live mealworms were 

offered in each well in order to enhance the chicks to forage from the wells; also birds were 

forced to 1 hour of food deprivation before each trial. To reduce the stress chicks were 

moved in groups of 4-6 individuals.  

 

The experimental procedure 

The experimental procedures consisted of two main parts (1) a discrimination learning test 

with seven trials, and (2) a generalization test with one trial under extinction conditions. In 

the discrimination learning test the two groups of chicks learned to discriminate between a 

positive (cryptic-palatable) and a negative stimuli (aposematic-distasteful), the negative 

stimuli differed between groups (see table 1): group 1 received Arusi morph of 

O.histrionica N=21; group 2 received Buenaventura morph of O histrionica N=22. In this 

test the stimulus were evenly divided in the run way,  half of the 10 wells had the positive 

stimuli with the palatable prey and half the negative stimuli with the distasteful prey, with 

no more than two of the same stimuli in sequence. Each trial started in a different position 
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along the runway and ended when the chick passed all the 10 wells and the number of prey 

attacked or eaten was noted. 

 

To determine wether chicks had extracted relevant aposematic cues from the discrimination 

learning test and used it to recognized other aposematic morphs; we conducted a 

generalization test in which we divided each group of chicks in three subgroups. The chicks 

were divided according to their performance in trial six of the discrimination learning test, 

with the mean performance as equal as possible between each subgroup. The subgroup 1A 

and 2A were presented with Lehmani red morph as negative stimuli ; the subgroups 1B and 

2B were presented with Pacurita morph; and subgroup 1C and 2C were presented with 

Payasito morph (see table 1). This replacement trial was conducted in the same way that the 

discrimination learning tests but under conditions in which all preys were palatable.  

 

Discrimination test Generali zation test 

 
Group 1 (N =21) 

 
 
            S +                                          S- 
 

                        
 

Subgroup 
             S+                                               S- 

           1A (N = 7)        
 

          1B (N = 7)         
 

          1C (N = 7)        

 
Group  2 (N =22) 

 
 
             S +                                         S- 
 

                                

Subgroup 
              S+                                               S- 

         2A (N = 7)          
  

          2B (N = 8)         
 

          2C (N = 7)         
 

Figure 1. Experimental design.  Chicks were divided in two main groups that first participate in 7 trials of the 
discrimination learning test (l eft column) using a cryptic frog morph  as positive stimulus and buenaventura  
morph of O histrionica (Group 1) and, Arusi morph O histrionica as aposematic negative stimulus (Group 2). 
Then each group was divided in 3 subgroups for the generalization test  (Right column) were the training 
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negative stimulus change for : Lehmani red morph (Subgroup 1), Pacurita morph (Subgroup 2), Payasito  
morph (Subgroup 3). 
 

Color and pattern analysis 

To quantify the difference in coloration patterns between the learning stimuli and the novel 

stimuli we followed the methods used by Medina (2008), where she considered separately 

color variables and pattern variables. The aposematic coloration pattern of O. histrionica is  

usually formed by two types of contrasting colorations: bright and Dark. We measured both 

colorations on the frogs photograph (the stimulus) with an Ocean Optics USB4000 

spectroradiometer. Studies have proved that measuring color variables in photographs is 

equivalent to measuring them directly (Sarmiento 2005; Medina 2008).  We used the 

software Spectral Suite to analyze the color reflectance measures, following Endler’s color 

space, the areas for the segments Blue, Green, Red and Yellow were calculated (Endler 

1990).  According to the method proposed by Endler (1990) two color axes were obtained: 

LM (Long-Medium wavelengths), which corresponds to green (G) and red (R), and MS 

(Medium-Short wavelengths), which corresponds to yellow (Y) and blue (B). A LM and 

MS value was obtained for Bright Color and Dark color from each measured photograph 

(Medina, 2008). We also measured the contrast between the two types of internal coloration 

following Ender’s method in which contrast (C) is equal to: 

 

C=√(LMBRIGHT - LMDARK)2+ (MSBRIGHT -MSDARK )
2 

Whit relation to pattern variables we measured: Number of particles, counting all the 

particles in the photograph; area covered with the bright color calculated by summing all 

the area covered by particles and dividing by whole dorsal area; and finally particle shape 

(non-circularity) calculated as the ratio between the largest and the shortest dimension of a 

particle. All the variables were measured and analyzed in the program Image J 1.38 (by W. 

Rasband). 
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STATISTICAL ANALYSIS 

 

To estimated the degree of discrimination and learning between each different trial (1-7) we 

created a selectivity score (S), which measures the decision that each chick took in each 

trial, being based on two parameters (1) the order of attack: the first item to be attacked was 

given a score of 1, the second and score of 0,9 and so on until the chicks stopped to attack. 

(2) The type of prey attacked: if the chick attacked an aposematic prey it has a score of 1 

while if they attacked an edible prey it has a score of 2. At the end of each trial,  all 

selectivity scores were summed and then divided by the total number of prey items attacked 

in order to obtain the mean selectivity score for each trial. The highest the selectivity score 

is, the degree of the discrimination learning is greater. 

 

S. S= (ORDER OF ATTACK1) x (TYPE OF PREY1) +…..+ (ORDER OF ATTACKn) 

x (TYPE OF PREYn)/n 

 

We used repeated measurements ANOVA, to analyze the learning rates of chicks  during 

the discrimination learning test. Then, in order to test whether different aposematic morphs 

were generalized as warning signals by the chicks we used a paired T-Test. We conducted 

this test for trial 1 and trial 7 of the discrimination learning test, for trial 1 and replacement 

trial of the generalization test, and finally for trial 7 and replacement trial. We specifically 

chose these comparisons because they are the ones that contain relevant information: (1) 

comparisons between trial 1 and trial 7 corroborate the predators learning during the 

discrimination learning test; (2) comparisons between trial 7 and replacement trial give 

information about the degree of the predator generalization of the aposematic stimulus (3) 

comparisons between trial 1 and replacement trial  give information about predator 

generalization but taking in account birds initial avoidance. 

 

We quantified the difference obtained in the pattern and color variables with the Magnitude 

Effect (the mean difference between trial 1 and trial 8). This is a measure of the effect of 

the change between morphs, during the generalization test; the highest the magnitude 
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effect, more effect had the change between the morphs, therefore a highest generalization 

degree. 

 

RESULTS 

Discrimination test 

In general the chicks learned to discriminate between the palatable cryptic and the 

aposematic distasteful prey (Fig. 1). The score selectivity differed between trial 1 and trial 7 

(Repeated measurements ANOVA: P 0.000, P≤ 0,005, N= 43) and there was no significant 

effect of the initial treatments Arusí and Buenaventura (F=0,830, P=0,720) (Fig. 2). This 

suggests that learning took place and the speed of discrimination learning was the same for 

the two initial groups (Arusí-Buenaventura).  

 

Generalization test 

The replacement test that was performed under extinction conditions after the 

discrimination learning session, showed difference in how well the subgroups have learned 

to generalize a different aposematic morph as warning. All subgroups showed a significant 

difference between trial 1 and trial 7 (paired T-Test with P values of SG1:0,02; SG2:0,04; 

SG3:0,02; SG4:0,02; SG5:0,01; SG6:0,01; P≤ 0,005), which corroborates that the birds 

learn to discriminate between cryptic an aposematic morphs (Fig. 3). Additionally, 3 

subgroup showed a significant difference between trial 7 and replacement trial (paired T-

Test with P values of SG1:0,22; SG2:0,24; SG3:0,20; SG4:0,03; SG5:0,01; SG6:0,01; P≤ 

0,005), these results imply that birds had a low level of generalization between different 

aposematic morphs (Fig. 3). Finally, subgroup 1C was the only one that showed a 

significant difference between trial 1 and replacement trial (paired T-Test with P values of 

SG1A: 0,351; SG1B: 0,666; SG1C: 0,019; SG2A: 0,448; SG2B: 0,643; SG2C: 0,303; P≤ 

0,005) this result suggest that birds recognize Payasito morph as aposematic (Fig. 3). 
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Color and pattern analysis 

 We obtained that O. histrionica is highly variable in color traits, particularly for the MS 

and LM of the dark color (yellow and red tones) and the LM of the bright color (red tone) 

(figure 4. a, b, and c). The contrast and the MS of the bright color were the less variant 

color traits (figure 4. d, e).  We also obtained that Arusi-Lehmani red and Buenaventura-

Payasito are the morphs that more resemblance in color, whereas Buenaventura-Lehamni 

red and Arusi-Payasito are remarkably different in color.  

 

For pattern traits we found that the different morphs are variable; for the particles number 

trait we can see that the morphs are divided in two groups in which the first is very similar 

in particles number and the second is highly different. (Figure 5. a ) We also found with for 

the particle shape and the bright color area the morphs are variable (Figure 5. b, c). Payasito 

and Arusi are very similar in all pattern traits that we measured.  

 

For the correlation between the magnitude effect and the difference in color and pattern 

variables between the morphs we found that pattern variables are correlated with the 

magnitude effect for Arusi-Payasita subgroup (Figures 4 and 5). 

 

DISCUSSION 

 

Our results suggest that chicks learn to associate a particular aposematic coloration with 

unpalatability in few trials. The birds showed no difference in the discrimination learning 

between two different morphs. In the generalization test, except for Arusi-Payasito (1C), 

birds did not avoid the new stimuli as much as the training stimuli, showing a low capacity 

for recognizing different aposematic morph as warning signals. Even for the morphs that 

showed no difference between coloration, a low degree of generalization was observed. 

Nonetheless, for Arusi-Payasito (1C) but the, of the color and pattern measurements 

showed no difference between patterns, birds were able to use the information learned in 

the discrimination test to identify the unpalatable prey in the generalization test. These 

results suggest, that the aposematic equivalence mechanism proposed can explain to some 
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level the persistence of color polymorphism in O. histrionica, becoming a possible 

explanation for the maintenance of polymorphism in other species. Our results show that it 

is feasible yet not common that predators generalize between two different aposematic 

morphs by attending primarily to pattern variables. 

 

These results provide no evidence that birds have innate aversions toward one particular 

coloration pattern,  as expected based on different studies (see Speed, 2000; and Guilford 

1990; e.g Roper & Cook 1989; Lindström et al 1999; but see Schmidt & Schaefer 2004), 

since the learning speed for both morphs was equal. Besides, in the overall results we did 

not find that chicks showed any innate aversion or neophobia (but see Lindström et al 

2001a) when they were presented with aposematic patterns for the first time. These results 

are agree with Ham et al (2006), in which he trained some groups of birds to discriminate 

palatable grey from aposematic colours, while others birds were presented with the inverse 

situation. In general, all birds learn the discrimination task equally well, irrespective of 

whether the color of the unpalatable prey was typically aposematic or not. These findings  

suggest that predators need a period of time and a specific number of encounters with an 

aposematic prey to associate unpatability with coloration. Although in this study we cannot 

know specifically how the birds process the stimuli in the discrimination test and in which 

trial they learnt to discriminate between the two stimuli. 

 

In the generalization results, birds had to learn to recognize two different aposematic 

morphs that were composed by a multimodal signal, from which birds can extract color, 

pattern or both in order to generalize between the two morphs. Several studies have shown  

that predators used color above other features, such as pattern or contrast, when they learn 

an aposematic signal (see Marples et al 1994; Gamberale-Stille & Guilford. 2003; 

Exenerová et al 2006; Aronsson & Gamberale-Stille 2007). Thus we would expect that 

birds will have a high degree of generalization between morphs that had the same 

coloration (subgroup 1A and 2C), however we found that those groups had a low level of 

generalization, suggesting that color might not be so important when birds have to 

recognize two different morphs as aposematic for this species. 
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The subgroup 1C was the only group in which, the predator was able to generalize the 

different morphs. Although these morphs Arusí-Payasito did not resemble in color 

variables, the analysis showed that they were very similar in pattern variables, showing a 

correlation between the generalization capacity and the pattern. These results suggest first, 

that aposematic equivalence at some level can be a real mechanism in the maintenance of 

color polymorphism in aposematic species. Second, that pattern variables might be 

important in predator’s generalization of aposematic morphs. Our results clearly contradict 

Aronsson & Gamberale-Stille (2007) and Osorio et al (1999a) who found that chicks 

primary attend to color and not to the pattern when they generalize an aposematic signal. 

These discrepancy can be mainly attributed to the difference in the stimulus used: (1) in our 

experiment we used paper stimulus that contains the real color pattern variation of O. 

histrionica, making it a stimulus compose by a complex multicomponent signal in which 

chicks can extract several elements when generalizing, (2) Aronsson and Osorio1999a used 

paper stimulus with simple and dubious schemes, were few elements can be extracted. 

Mason (1988) found out that a more complex stimulus produces a more intense effect than 

a simple stimulus. 

 

Ham et al (2006) failed to find evidence supporting that the color variability in the 

aposematic signal affected learning and memory. Moreover, Medina (2008), found that 

color components were highly variable between O. histrionica  populations, but some 

pattern components were invariant. This invariability plus the fact that color does not seem 

to affect memorization, support the idea that pattern variables might be playing a key role, 

even in some cases more important than color per se, in predator’s generalization of the 

different aposematic signals.  

 

For long time pattern variables have been a mystery in aposematic and mimicry studies, it 

is not clearly understood the function they play in aposematism. Numerous authors 

consider that pattern is related with the salience of the conspicuous colour and not with the 

aposematic signal per se (see Roper & Wiston 1986; Aronsson & Gamberale-Stille). On the 

other hand, several studies demostrated that symmetry in the signal pattern affects the 

learning and memorability process of visual oriented predator, suggesting that pattern is 
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involved in the signaling of aposematism (Forsman & Merilaita 1999; Forsman & 

Herrström 2004). Our results agree with these last findings in which pattern is not just a 

simple accessory in the aposematic signal, but a relevant feature that gives important 

information to predators.  

 

The contrast between the aposematic prey and the natural environment has been consider 

the most important feature in the aposematic signal (Gamberale-Stille 2001, Gamberale-

Stille & Guilford 2003; Ham et al 2006), because it facilitates the avoidance learning in 

several ways. For example, it can produce more intense stimuli,  and experimental evidence 

indicated that birds associate faster distasteful when the prey contrast against the natural 

background is high (Lindström et al 1999; Roper & Wiston 1986). Thus, evaluating 

conspicuousness of the different morphs of Oophaga histrionica can also be equivalent to 

the predator’s eye we would explore furthermore the mechanism of aposematic equivalence 

in O.histrionica.  

 

Our experiment provides evidence that predators have the physiological and cognitive 

elements in order for the aposematic equivalenece to be an effective mechanism, none the 

less its actual geographical distribution do not lets us determinate that O. histrionica 

polymorphism can be maintained by predation. Moreover we find that pattern variables  

might also be important in predator’s generalization. We propose further investigation for 

the aposematic equivalence mechanism, evaluating it under natural conditions in which 

more features of the aposematic signal can be used at not just the internal coloration per se.  
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FIGURES 

 
Figure 2. Differences in the selectivity score for each of the seven trials of the discrimation learning test by chicks Gallus gallus 
domesticus. Each box represents the values of the selectivity score for each trial number. The points represent distant values of the 
normal distribution. N=43. For the repeated measurements analysis P≤0.001 for all trials. 
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Figure 3.Average value of Score Selectivity in each of the seven trials of the discrimination learning test for both training stimulus  
(Mean). The blue line represents chicks presented with Arusi morph (Group 1) and the blue line represents chicks presented with 
Buenaventura Morph (Group 2).For estimates of dispersion around total averages, see Fig 1. 

25 
 



 
Figure 4. Selective Score in the discrimination test by chicks Gallus gallus domesticus for the trial’s one and seven. Selective Score 
for the replacement trial in the generalization test. The number is the P value for the paired –sample T test, if P value ≥ 0,05 there is a 
significant difference in the selective score in those trials. N=7 in each trial. 
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Figure 5. Correlation between color difference and Magnitude effect as an inverse estimated of the generalization. Each point 
represents the color difference between two of the studied morphs of Oophaga histrionica and the magnitude effect of that subgroupt 
for  a).ML Bright Color b). ML Background Color c). MS Bright Color d). MS Background Color e). Contrast. (According to color 
analysis by Endler ,1990) 
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Figure 6. Correlation between Pattern difference and Magnitude effect. Each point represents the pattern difference of two of the 
studied morphs of Oophaga histrionica and the magnitude effect of those subgroups for, a) Number of particles. b) Bright Color.       
c) Particles Shape. 
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APPENDIX  

 

Appendix 1. Color pattern variation and geographical distribution of Oophaga histrionica, 
along the Colombian pacific coast. 
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