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ABSTRACT 

Among anuran amphibians advertisement calls are used to attract females 

and repel other males. Territorial species most commonly defend their 

territories with advertisement calls and overt aggression. Different physical 

properties of the advertisement calls are used by different species during 

species recognition. Here I test if two temporal properties of the 

advertisement call - note duration and inter-note interval - are used by 

Epipedobates femoralis for species recognition. Males E. femoralis showed 

positive phonotactic response to synthetic 4 note-stimuli with supernormal 

note duration and supernormal inter-note interval. Furthermore, this species 

showed a high probability of responding to synthetic sounds presenting 

typical values of note duration and inter-call interval of a syntopic population 

of Epipedobates trivittatus, typically producing series of 1 note-calls. Thus, E. 

femoralis would be a species in which only one trait of the advertisement call 

might not be enough for species recognition. 

 

INTRODUCTION 

Acoustic communication is the best known communication modality in anuran 

amphibians and several studies show its role in evolutionary processes such 

as mate choice (Gerhardt, 1994; Ryan, 1990; Wilczynski and Ryan, 1999), 

character displacement (Gerhardt, 1994; Loftus-Hills and Littlejohn, 1992) 

and species recognition (Gerhardt, 1988; Ryan, 1990; Schwartz, 1987). 

Advertisement calls, the vocalizations most commonly produced by frogs, are 
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used to attract females and to repel other males (Gerhardt, 1994). The 

physical properties of the advertisement calls may be used for species 

recognition in both mating and agonistic contexts (Gerhardt, 1988). 

Temporal properties such as call duration, pulse repetition rate and call 

repetition rate are important for call recognition in some species of tree frogs 

(Gerhardt, 1987; Gerhardt et al., 1987; Gerhardt and Klump, 1988; 

Schwartz, 1987). Spectral properties such as dominant frequency and 

frequency modulation are used for call recognition in at least one species of 

tree frog (Schwartz, 1987) as well as in the túngara frog (Ryan, 1990).   

Species recognition also affects the reproductive performance of males in 

territorial species. Anuran amphibians most commonly defend territories by 

calling and overt aggression (Wells, 1988; Mathis et. al. 1995) and calling 

appears to entail considerable energetic costs (Bucher et. al., 1982; Taigen 

and Wells, 1985; Wells and Taigen, 1986). Since territorial defense implies 

increased energetic demands, increased risk of predation or injury, and 

decreased time for foraging or mating (Jaegger, 1981; Cleveland, 1999; 

Marler and Moore, 1989), the costs of defending a territory might impose a 

selective force against males that don’t recognize conspecifics and waste 

energy in “territory defense” against heterospecific individuals. In contrast to 

the studies of ecological and energetic costs of territoriality, few studies have 

addressed the issue of recognition of conspecifics, during territorial defense.  

Epipedobates femoralis and Epipedobates trivittatus are two dendrobatid 

species with overlapping distribution throughout the Amazonian forests 

(Silverstone, 1976). Both species are diurnal inhabitants of the leaf litter 



 3

(Roithmair, 1994). Males of both species are highly territorial and utter 

advertisement calls while perching on slightly elevated places such as twigs, 

roots or branches (Hödl, 1987; Roithmair, 1992, 1994). Recent studies about 

daily patterns of calling activity have shown that E. trivittatus calls co-occur 

in space and time with E. femoralis calls (Amézquita, Castellanos & Hödl, in 

prep.). Other studies have shown that male E. femoralis announce the 

readiness to defend their territories by producing advertisement calls and 

defend them with overt aggression once other males call within their territory 

(Roithmair, 1992). Intruder females and non-calling males are not attacked 

by the resident male (Roithmair, 1992).  

During playback experiments with synthetic advertisement calls of E. 

femoralis, antiphonal calling starts at 56 dB and positive phonotactic 

responses of territorial males are evoked with stimuli above 68 dB (Hödl, 

1987). A positive phonotactic response is considered when the focal male 

approaches the loudspeaker within some distance. The fast and highly 

stereotypic “all-or-none” response (Hödl, 1987) makes E. femoralis an 

excellent model for studying the physical properties used by the males for 

species recognition during territorial defense.   

Recent studies suggest that the carrier frequency of the advertisement call is 

not the only parameter used by males of E. femoralis for discrimination 

against males of E. trivittatus (Amézquita, Castellanos & Hödl, in prep.). E. 

femoralis produces series of calls consisting of four frequency modulated 

notes, while E. trivittatus produces series of one note frequency modulated 

calls. Preliminary experiments showed that: 1) males E. femoralis do not 
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approach loudspeakers broadcasting synthetic calls presenting the typical 

gross temporal properties of the syntopic population of E. trivittatus and the 

typical carrier frequency of E. femoralis (0 approaches in 3 experiments); 2) 

males E. femoralis do not approach loudspeakers broadcasting synthetic calls 

presenting the typical values of carrier frequency, note duration and inter-call 

interval of E. femoralis and the inter-note interval equal to a common value 

of inter-call interval of E. trivittatus (0 approaches in 6 experiments); and 3) 

males E. femoralis show low phonotactic response toward synthetic stimuli 

presenting a series of one note calls in which the inter-call interval was equal 

to the typical inter-note interval of E. femoralis, and the note duration and 

carrier frequency equal to the typical values of E. femoralis (2 approaches in 

6 experiments). Although inter-note intervals should not be compared with 

inter-call intervals, these preliminary experiments suggest that the rate at 

which the shortest sound bouts (notes for E. femoralis, calls for E. trivittatus) 

are produced could be important for species discrimination in E. femoralis. 

Based on these results I further hypothesized here that temporal features of 

the advertisement call are used by male E. femoralis for call discrimination 

against E. trivittatus. The study aims were 1. to test whether males E. 

femoralis decrease their response to synthetic advertisement calls with 

supernormal note duration, 2. to test whether males E. femoralis decrease 

their response to synthetic advertisement calls with supernormal inter-note 

silent intervals, and 3. given the results of the preliminary experiments, to 

determine whether the response functions of E. femoralis to these call traits 
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overlap with the distribution of note duration and inter-call silent interval of 

E. trivittatus’ calls.  

 

MATERIALS AND METHODS 

Study site and animals 

I performed the study within a secondary forest at the private reserve of Om 

Shanty Center, about 11 km north of Leticia in the department of Amazonas, 

Colombia, from October to December 2002. The rainy season extends from 

October to April with annual rainfall of approximately 2836 mm, mean 

temperature of 26.4ºC and relative humidity exceeding 90% during most of 

the time. 

At the study site, males E. femoralis produce advertisement calls consisting 

of four notes that are frequency modulated (Fig. 1). In all populations 

studied to date (Hödl, 1987; Roithmair, 1992; Narins et. al. 2003), there is 

within call variation in note duration as well as inter-note interval. On the 

other hand, the population of E. trivittatus present in the study area utters 

advertisement calls consisting of series of frequency modulated one note 

calls. The temporal and spectral characteristics of the advertisement calls of 

E. femoralis and E. trivittatus are described in table 1. 

 

Playback experiments 

On preliminary experiments, I found no difference in the males’ response 

towards synthetic stimuli that simulated within call natural variation in note 

duration, and synthetic stimuli in which each note had the duration of the 
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fourth note and each inter-note interval was as long as the inter-note interval 

between the second and the third note (Table 1). For simplicity of the 

experiments I used the second one as the stimulus that represents the 

population’s mean. From this point on, when I refer to the mean 

characteristics of the advertisement call, I refer to the characteristics of this 

stimulus.   

To test for the effect of note duration on the phonotactic response of the 

males I created 22 synthetic stimuli with the software Sound Edit 16 keeping 

the inter-note interval constant and varying the note duration. The 

characteristics of the 22 synthetic advertisement calls I tested are shown in 

Figure 2. To avoid pseudoreplication (Kroodsma, 1989, 1990; Kroodsma et. 

al., 2001; Gerhardt, 1992), I synthesized a second replicate of each of the 

22 stimuli by randomly modifying the frequency range of the notes within 

one standard deviation of the distribution of natural calls. To test for the 

effect of inter-note interval on the phonotactic response of the territorial 

males I created 18 synthetic stimuli with the software Sound Edit 16 keeping 

the note duration constant and varying the inter-note intervals. The 

characteristics of the 18 synthetic advertisement calls I tested are shown in 

Figure 3. Again, to avoid pseudoreplication, I synthesized a second replicate 

of each of the 18 stimuli adding random variation in the call frequency within 

one standard deviation of the distribution of natural calls. For every synthetic 

call, I prepared a stimulus tape consisting of 10 bouts (inter-bout interval of 

about 10 s) of 10 calls each (inter-call interval of 608.7 ms). The tape 

parameters are similar to the ones measured from spontaneously calling 
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males and allowed us to get data comparable to data obtained in other 

populations in the course of other studies. 

A playback experiment consisted of placing a loudspeaker at about 1.5m in 

front of a calling male. Then, I broadcasted the stimulus tape, and measured 

if the male approached the loudspeaker or not during the playback. When the 

male didn’t approach the speaker within a given time interval (4.5 min.) I 

played back a control stimulus made with the mean parameters of the 

population call. If the male approached the speaker in the latter case, I 

assumed that the male didn’t recognize the first stimulus as conspecific. If 

the male didn’t approach the loudspeaker while playing back the control 

stimulus, I assumed that the male was not in the proper condition or 

motivation for the experiment and discarded the corresponding data. After I 

finished each playback experiment I measured the sound pressure level of 

the playback on the exact place where the focal male was perched, to verify 

that the intensity was above 68dB (re 20 µPa).   

 

Statistics 

I used logistic (forward: LR; Menard, 1995) regressions with the software 

SPSS version 6.1.1 to calculate the probability of response for each trait and 

the effect of each trait on the phonotactic response of the males. I divided 

the data in those values above and below the population’s mean to perform 

one positive and one negative logistic regression for both traits tested. The 

input variables I used for the regressions were the difference between the 

mean and the value of the trait (continuos variable), and the side of the 
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tested value (categorical variable), i.e. whether the note duration was above 

or below the population’s mean. I introduced the interaction term Value of 

the trait x Side of the tested value as a potential predictor in the logistic 

model because the response of E. femoralis at the side at which E. trivittatus 

is present might be affected. Furthermore, at this side the response of E. 

femoralis should decay faster if the trait is used for discrimination against 

males E. trivittatus. The binary output variable I measured was if the focal 

male approached or not the loudspeaker.  

 

RESULTS 

Note duration   

I performed 2 replicates of the 22 stimuli for a total of 44 experiments, using 

30 males E. femoralis. I didn’t use the same male for both replicates of one 

stimulus to avoid pseudoreplication. Male E. femoralis showed positive 

phonotactic response toward synthetic stimuli that present variation in the 

note duration within the population distribution (Figure 4). Although 

supernormal stimuli in note duration led to a general decrease in the 

response of E. femoralis’ males, the supernormal stimuli presenting the mean 

note duration of E. trivittatus’ calls elicited phonotactic responses to a 

considerable extent (a probability of 50%) (Figure 4).  

The difference between the mean value and the actual stimulus’ note 

duration is a highly significant predictor (Log likelihood if term removed = -

30.376, P < 0.0001, n = 44), leading to the 86.4% of variation in the 

probability of males’ response. According to the logistic model neither the 
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side of the tested value nor the interaction between the two variables are 

associated with the probability of response (Chi-square scores, P = 0.3749 

and P = 0.1125 respectively).  

 

Inter-note interval 

I performed 2 replicates of the 18 stimuli for a total of 36 experiments, using 

30 males E. femoralis. I didn’t use the same male for both replicates of one 

stimulus to avoid pseudoreplication. Territorial males show phonotactic 

response toward synthetic advertisement calls presenting variation in the 

silence interval between notes within the natural variation of the population 

(Figure 5). Supernormal stimuli led to reduced probability of response by E. 

femoralis males. Stimuli presenting inter-note intervals equal to the inter-call 

intervals of E. trivittatus elicit phonotactic response to some extent.   

The difference between the mean value and the actual stimulus’ inter-note 

interval is a highly significant predictor (Log likelihood if term removed = -

25.598, P < 0.0001, n = 36), leading to the 86.1% of variation in the 

probability of males’ response. According to the logistic model neither the 

side of the tested value nor the interaction between the two variables are 

associated with the probability of response (Chi-square scores, P = 0.5154 

and P = 0.5923 respectively).  

 

DISCUSSION 

As I expected, males E. femoralis showed positive phonotaxis towards the 

synthetic advertisement calls presenting temporal characteristics of the calls 
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within the population’s natural variation. On the other hand, against my 

expectations, supernormal synthetic stimuli that overlap with the distribution 

of E. trivittatus’ calls induced positive phonotaxis to some extent. I first 

hypothesized that the phonotactic response of E. femoralis males should be 

asymmetric in relation to the mean values of the experimental variables. 

Specifically, the probability of response should decay more rapidly towards 

the distribution side at which the values of E. trivittatus’ calls occur. Although 

Figures 4 and 5 suggest an apparent asymmetry in the probability of 

phonotactic response, the statistical evidence does not support it.  

Recent studies have shown that the phonotactic response of E. femoralis 

males toward frequency-varying stimuli decreases at higher rates where the 

risk of frequency overlap with E. trivittatus’ calls increases (Amézquita, 

Castellanos & Hödl, in prep.). Given that male E. femoralis show phonotactic 

response toward stimuli presenting spectral (carrier frequency) (Amézquita, 

Castellanos & Hödl, in prep.) and gross temporal (note duration) properties 

of E. trivittatus’ calls (this study), this species could be using a combination 

of both spectral and temporal properties of the advertisement call for species 

discrimination. Alternatively, the species does not use these parameters to 

discriminate against heterospecific intruders before approaching them. Males 

E. femoralis could be using other parameters for discrimination such as the 

inter-call interval, which was not tested in this study. No matter if E. 

femoralis is using a combination of signals already tested or properties not 

tested yet, the fact is that territorial males are responding to heterospecific 
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calls, that is, calls that are not present within the natural variation of the 

population. 

The lack of discrimination against heterospecific calls may imply several costs 

to E. femoralis’ males. The movements needed to patrol and defend 

territories led to an increase in the metabolic rate of a lizard species (Marler 

and Moore, 1989). The positive phonotactic response of E. femoralis suggests 

that territorial males might increase their metabolic rate due to the 

movements associated with territorial defense, which would represent an 

expensive waste of energy when the intruder is not a conspecific. Natural 

selection should favor males that are able to discriminate against 

heterospecific intruders. Alternatively, the costs of approaching a calling 

intruder for territorial defense might be relatively low compared to the costs 

of not doing it. It could be better for a male to waste some energy 

approaching to “defend” its territory against a heterospecific intruder, than 

incurring in the risk of loosing the territory because it failed to detect a 

conspecific male. Furthermore, overt aggression might bring a higher cost 

than just approaching the intruder. Under this scenario the information on 

intruder’s identity would be gathered once the territorial male approaches it. 

Narins et al. (2003) demonstrated that a combination of visual and acoustic 

signals is necessary to elicit agonistic behavior in E. femoralis, suggesting 

that a single characteristic of the signal may not be enough for species 

recognition. Males would then approach an intruder who’s calls are somewhat 

similar to those of E. femoralis but use at a close range visual and acoustic 

signals to avoid the costs of overt aggression against heterospecifics. 
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Several studies have shown that for some species of frogs one trait of the 

advertisement call is enough for discrimination against other species’ calls 

(Gerhardt, 1987, 1988; Gerhardt et al., 1987; Gerhardt and Klump, 1988; 

Schwartz, 1987). This study shows that two gross temporal parameters –

note duration and inter-note interval- are not enough for species 

discrimination in E. femoralis males. It further suggests that species 

recognition could not be a relevant condition to elicit initial phonotactic 

approach. A single experiment in which gross and fine temporal and spectral 

parameters of the call, as well as visual cues, are manipulated is a must to 

elucidate the relative role of these variables in eliciting the species’ territorial 

behavior. 
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Table 1. Spectral and temporal features of the advertisement call of the 

population of E. femoralis and E. trivittatus at Leticia (Colombia).  Mean and 

standard deviations are calculated from the calls of 21 individuals of E. 

femoralis and 13 individuals of E. trivittatus.   

 
Parameter  E. femoralis E. trivittatus  

Call Duration 526.6 ± 66.2 ms 49.2 ± 10.9 ms 

First Note Duration 53.1 ± 6.2 ms  

Second Note Duration 84.1 ± 17.4 ms  

Third Note Duration 79.3 ± 11.8 ms  

Fourth Note Duration 89.5 ± 20.0 ms  

Inter-note Interval between 1 and 2 66.6 ± 8.8 ms  

Inter-note Interval between 2 and 3 83.8 ± 20.6 ms  

Inter-note Interval between 3 and 4 60.9 ± 14.3 ms  

Inter-call Interval  608.7 ± 108.1 ms 147.1 ± 18.2 ms 

Lower Frequency of the First Note 2.644 ± 0.152 kHz  

Peak Frequency of the First Note 3.003 ± 0.164 kHz  

Higher Frequency of the First Note 3.373 ± 0.166 kHz  

Lower Frequency of the Second Note 2.632 ± 0.083 kHz  

Peak Frequency of the Second Note 3.205 ± 0.212 kHz  

Higher Frequency of the Second Note 3.636 ± 0.1397 kHz  

Lower Frequency of the Third Note 2.670 ± 0.132 kHz  

Peak Frequency of the Third Note 3.151 ± 0.195 kHz  

Higher Frequency of the Third Note 3.627 ± 0.181 kHz  

Lower Frequency of the Fourth Note 2.709 ± 0.125 kHz  

Peak Frequency of the Fourth Note 3.256 ± 0.197 kHz  

Higher Frequency of the Fourth Note 3.719 ± 0.198 kHz  

Higher Frequency of the Call  2.741 ± 0.106 kHz 

Peak Frequency of the Call  2.541 ± 0.098kHz 

Lower Frequency of the Call  2.352 ± 0.099 kHz 

 
 



 19

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Sonogram and oscillogram of two 

advertisement calls produced by a male E. 

femoralis at Leticia (Colombia). The advertisement 

call is produced in series of up to 20 calls. Ambient 

temperature at the male calling position was 26ºC. 

The sonogram and spectrogram were made with 

the software Canary 1.2 using a filter bandwidth of 

133.29 Hz, a frame length of 46.44 ms and a 

sampling frequency of 10.77 kHz.  
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Figure 2. Note duration of the synthetic advertisement calls tested on E. femoralis 

males. The four notes of each synthetic stimulus had the same duration. S.D. indicates 

the number of standard deviations that the stimulus call is deviated from the population 

mean. All stimuli had similar inter-note intervals of 83.8 ms, which represents the mean 

population value.  
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Figure 3. Duration of the inter-note interval of the synthetic advertisement calls 

tested on E. femoralis males. The inter-note intervals within each synthetic 

stimulus had the same duration. S.D. indicates the number of standard 

deviations that the stimulus call is deviated from the population mean. All stimuli 

had four notes of 89.6 ms duration each, which represents the mean population 

value.  

F
re

q
u

e
n

cy
 (

k
H

z)
 

6 

5 

4 

3 

2 

1 

……
…... 

-4.4   -4   -3.5   -3   -2.5        -1.5   -1   -0.5   X   +0.5   +1   +1.5       +2.5   +3   +3.5 +3.7            +5          +7       
S.D. 

0           11.7        32.6       52.9         73.3        94.1         114.7              145.6       164.8        186.8                     

ms 

      1.4           22                         63.2       83.8        104.4               135          155.9                                  228       

ms 

 Population’s INI =83.8 ± 20.6 ms 

… … … 

10 



 22
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Figure 4. Observed phonotactic responses (empty circles, n=44) and 
predicted probabilities of phonotactic response (filled circles) of E. 

femoralis toward synthetic stimuli varying the note duration (Values are 
marked on the left y-axis). The predicted probability curve overlaps with the 

distribution of the note duration of E. trivittatus’ calls (White bars). 
The distribution of note duration in E. femoralis’ calls (Shaded bars) 
also overlaps the corresponding distribution in E. trivittatus (Values are 

marked on the right y-axis and represent the number of individuals of each 
species presenting that value of note duration). In the series representing 

the observed phonotactic response 1 stands for a positive response 
while 0 stands for lack of response to the stimulus. Given that the 44 

stimuli are 2 replicates of 22 different values of the trait, the trait values in 
which only one empty circle is shown represent that the response toward 

both replicates was equal. The series representing the observed 
probabilities of response is partially displaced for visual aid. 
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Figure 5. Observed phonotactic responses (empty circles, n=36) and predicted  

probabilities of phonotactic response (filled circles) of E. femoralis toward 

synthetic stimuli varying the inter-note interval (Values are marked on the left y-

axis). Gray bars indicate number of E. femoralis’ calls having particular inter-note 

intervals, and white bars represent the number of E. trivittatus’ calls having 

particular inter-call interval (Values are marked on the right y-axis and represent 

the number of individuals of each species presenting that value of silent interval). 

The predicted probability curve overlaps with the distribution of the inter-call 

interval of E. trivittatus’ calls. In the series representing the observed phonotactic 

response 1 stands for a positive response while 0 stands for lack of response to 

the stimulus. Given that the 36 stimuli are 2 replicates of 18 different values of 

the trait, the trait values in which only one empty circle is shown represent that 

the response toward both replicates was equal. The series representing the 

observed probabilities of response is partially displaced for visual aid. 
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