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  Acoustic communication in laboratory mice is a relatively recent subject of experimental study, often yielding disparate findings. For example,
researchers often manually place mouse ultrasonic vocalizations (USVs) into categories based on spectrotemporal characteristics, but the
numbers and types of categories differ widely between laboratories. Here, we attempt to determine what cues CBA/CaJ mice use to discriminate
between vocalizations by testing them in an operant conditioning paradigm. The mice were trained to discriminate a repeating background
containing one USV from several target USVs. The targets were different call types used by Holmstrom et al. (2010) and manipulations of the
background calls, such as removing the frequency modulation, shifting the entire call up or down in frequency, shortening or lengthening the
call, or reversing the entire call. Results show that large frequency shifts were easy for the mice to discriminate, while reversing the calls and
removing the frequency modulation were much more difficult. For most calls, similarity in spectrotemporal characteristics yielded poor
discrimination performance. These results are the first to show that mice can discriminate between some vocalizations but not others, and that
they may place different meaning to different call types, though not necessarily the call types designated by humans.
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CALL PERCEPTION IN MICE 

Many animals use both sonic and ultrasonic acoustic communication to transfer information about species, kin 
identification, hierarchical status, and sexual attraction (e.g., Bradbury and Vehrencamp, 1998). Ultrasonic 
communication falls above the dynamic range of human hearing and the function of these signals remains largely 
unknown in many species. However, with improved technology, our knowledge of ultrasonic communication in 
animals has increased dramatically in recent years. The list of animals known to produce ultrasound is growing, now 
including such animals as frogs (Amolops tormotus; Feng et al., 2006), Richardson’s ground squirrels (Spermophilus 
richardsonii; Wilson and Hare, 2004), bats, cetaceans, insects, and Muroid rodents such as voles (Microtus 
ochrogaster), rats (Rattus norvegicus), hamsters (Mesocricetus auratus), and mice (Mus musculus; reviewed in 
Noirot, 1972). 

The mouse has a hearing range that spans both the sonic and ultrasonic ranges (Ehret, 1975). Recently, we 
measured audiograms of awake, behaving mice using operant conditioning procedures and found that they hear well 
above 20 kHz and have peak auditory sensitivity at around 25 kHz (Radziwon et al., 2009). Mice are known to 
produce both sonic and ultrasonic calls that fall within this dynamic range of hearing (Ehret, 1989). These findings 
support the hypothesis that organisms have auditory systems that have evolved to process auditory inputs within the 
same frequency range as their vocalizations (e.g., Ehret, 1989; Nyby, 2001). However, studies on the abilities of 
awake and behaving mice to detect, discriminate, identify, and localize actual communication signals have yet to be 
conducted.  

Mice emit sonic and ultrasonic vocalizations, with many different call types, or categories (e.g., Ehret, 1975, 
1992; Portfors, 2007), and both male and female mice produce ultrasonic vocalizations (USVs) under a variety of 
situations (reviewed in Willot, 2001). How USVs are categorized has been a controversial topic within the field of 
animal communication. In previous studies investigating USVs in laboratory mice, researchers have manually 
placed USVs into categories based on spectrotemporal characteristics, but the numbers and types of categories differ 
widely between laboratories (e.g. Barthelemy et al., 2004; Portfors, 2007). However, no study has been conducted to 
determine if mice can perceptually distinguish between these different call ‘types’. Here we use an operant 
conditioning paradigm to determine whether CBA/CaJ mice can discriminate between different categories of USVs 
and investigate what acoustic cues are important in the perception of mouse vocalizations.   

Five CBA/CaJ mice were trained using operant conditioning procedures to discriminate a repeating background 
containing one USV from several target USVs. Initially, the mice were trained to poke infrared sensors to begin a 
trial with a target stimulus (20-70 kHz pure tones or broadband noise bursts) presented 200 ms after the repeating 
background. Upon hearing a sound that differed from the background USV, the mouse was trained to poke another 
infrared sensor to receive .01 mL of Ensure. Once a mouse reached a performance criteria of at least 80% hit rate 
and below a 20% false alarm rate, the subject was moved onto testing.  Here, probe target stimuli were presented on 
20% of trials. The probe sounds were the different call types used by Holmstrom et al. (2010) and manipulations of 
the background calls. The manipulations included removing the frequency modulation from the signal, shifting the 
entire call up or down in frequency by 10 and 20 percent, shortening and lengthening the call by a factor of 2, and 
reversing the entire call. The results from the first 20 trials for each probe stimulus were recorded and analyzed. 

 Behavioral results averaged across the five USVs (Fig. 1) indicate that large frequency shifts in the call were 
easy for the mice to discriminate. Given what is known about auditory scene analysis, it was not surprising to see 
improved behavioral discrimination with increasing frequency separation. However, not all call manipulations were 
easy for the mice to discriminate. Performance was much lower when the calls were reversed and when the 
frequency modulation was removed compared to frequency-shifted calls. Interestingly, disparate results were found 
when call duration was manipulated. Compressing the signal appears to have been difficult for mice to discriminate 
from the unaltered call, whereas doubling the duration was relatively easy. 

The second goal of this experiment was to determine how well mice discriminate between the different 
categories of USVs and to measure the utility of human-based classification schemes. First, biased cross-correlation 
analyses using Raven (v1.4, Cornell Lab of Ornithology) were used to calculate the spectrotemporal similarity of the 
different USVs used in this experiment. The spectrogram correlations were then compared to the behavioral 
discrimination results, which yielded the general relationship that as spectrotemporal similarity between USVs 
increased, behavioral discrimination decreased. The same analyses were then conducted for each of the 
manipulations within each USV. Interestingly, the same relationship was found:   as the spectrotemporal similarity 
across manipulations increased, the behavioral discrimination performances in mice decreased.  

These results are the first to show that mice can behaviorally discriminate between some acoustic manipulations 
of USVs but not others. The results indicate that as frequency separation within any given USV increases, 
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behavioral discrimination between the two signals improves. It is well known from studies investigating auditory 
scene analysis in animals that as the frequency separation between two sounds increases, the perceptual segregation 
of the two sound sources also increases (reviewed in Bregman, 1990), and results here suggest that mice are yet 
another species capable of auditory scene analysis.  

However, not all manipulations were easily discriminated from the unaltered background signal. The CBA/CaJ 
mice had difficulty discriminating reversed calls from the normal calls. It has previously been shown that neurons 
within the auditory system respond to distortion products (e.g. McAlpine, 2004). Furthermore, it has been proposed 
that the mouse auditory system uses the distortion products produced by USVs as a means of encoding mouse 
vocalizations (Portfors, 2009). Electrophysiological recordings in mice presented with USVs have shown the highest 
response in frequency ranges that correspond to the distortion product of the call (Holmstrom, 2010). These findings 
may explain the low behavioral discrimination results gathered for the reverse manipulation considering that 
reversing the signal yields identical distortion products (f2 – f1) in the unaltered USV. Further behavioral studies will 
need to be conducted to investigate exactly how reversing the signal affects how USVs are encoded as well as how 
other acoustic cues influence the perception of different USVs.  

 One of the most controversial areas within acoustic communication in mice is arguably how to accurately 
categorize the different types of USVs. Many laboratories use human-based classification schemes to categorize 
USVs based on spectrotemporal similarities. However, it is uncertain if mice distinguish USVs using the same cues. 
The behavioral results gathered here would suggest that spectrotemporal similarity is a fairly reliable way of 
creating the USV categories used among laboratory mice. As spectrotemporal similarity increases, there was a 
decrease in discrimination performance. However, the correlation values are not equal in magnitude across all 
USVs. For some calls there appears to be a negligible or positive relationship between spectrotemporal similarity 
and behavioral discrimination in mice. Future research is required to investigate the disparate results gathered across 
the USVs used in this study and to determine exactly how the mice are categorizing their own vocal signals.  

 

 
 

FIGURE 1. Average discrimination performance for call manipulations across all USVs. Colors denote overall performance 
ranging from poor (red) to good (green). Error bars are standard errors of the mean. 
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