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Most bat species are highly social and utilize a variety of calls to communicate with each other including distress calls that may warn other bats of potential threats. The function of these calls in different species varies and could include eliciting help or acting as a warning signal to stay away. In this study, Cuban fruit-eating bats, Brachyphylla nana, were captured from La Barca Cave in Guanahacabibes National Park, Cuba and distress calls were recorded to examine call structure and variability among different bats. We used Avisoft SASlab pro to analyze 14 different spectral and temporal characteristics of the calls and utilized factor analysis to reduce the dimensionality in the data set and assess variability in call structure. The recorded calls and a pink noise control were used in a playback experiment inside the cave to analyze how bats respond to distress calls. An infrared video camera and ultrasonic microphone were used during the playback to determine if there were any changes in bat behavior, such as an increase in calls observed, bats flying by the speaker, or bats leaving the area. Our results suggest that call structure is variable with limited evidence that call characteristics are unique to specific individuals. Our playbacks suggest that these calls serve a social function in that the number of bats approaching the speaker increased during distress call playbacks relative to the control. Future work will include building on these results to further explore Brachyphylla nana social behavior including anti-predatory behavior and social communication.
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INTRODUCTION

Anti-predator benefits of living in a social group for animals include a passive dilution effect, reducing any individual’s risk of being attacked as group size increases, and active mechanisms of predator deterrence including mobbing and warning signals or distress calls in response to predator exposure. Depending on the species and the level of threat, distress calls may serve multiple functions, which are not mutually exclusive. These include soliciting help from conspecific group members, warning other group members to stay away, startling the predator and increasing the chance of release, or attracting other predators causing a distraction and giving the calling individual a chance to escape (e.g., Hill, 1986; Branch and Freeberg, 2012).

From a signal design perspective, the acoustic structure of a distress call is predicted to match its function. For instance, a distress call that plays a more prominent role in attracting conspecifics for assistance may be localizable and have complex frequency and temporal characteristics to provide information (e.g., facilitate individual recognition of the caller, provide information about the potential predator etc.). For example, birds have been shown to respond to distress calls from conspecifics by mobbing the potential predator, with call structure conveying the level of urgency (Griesser, 2009). On the other hand, calls that function to induce a startle response, serve as a warning to conspecifics or heterospecifics, or attract additional predators that could threaten the capturing individual may be louder and less complex. For example, evidence suggests that distress call elements, primarily the prominence of the fundamental frequency, may be conserved from an evolutionary perspective, indicated by the positive response of deer mothers to playback stimuli consisting of distress calls from distantly related taxa (Lingle and Riede, 2014).

Bats are a highly diverse group of mammals with most species exhibiting some level of sociality ranging from species that live in small family units to species that form colonies of individuals numbering in the millions (Kerth, 2008). Bats are a particularly interesting group to study the influence of acoustic communication on social behavior, given that echolocating bats rely on sound for navigation and prey capture and thus have evolved sophisticated mechanisms for sound production and sound detection. Recent studies have examined the functional aspect of distress calls in bats by investigating both the frequency and temporal characteristics of the call as well as behavioral responses of conspecifics to playbacks of recorded calls (Chaverri et al., 2018). For example, distress calls show shared acoustic properties and elicit reactions from conspecifics and heterospecifics in both closely related species of pipistrelle bats (Pipistrellus nathusii, P. pipistrellus, and P. pygmaeus) (Russ et al., 2004) and bats that are more distantly related (Huang et al., 2018). A playback study conducted by Carter et al. (2015) found that distress calls in Molossus molossus elicit investigative behaviors from conspecifics but not to the extent that they were mobbing the perceived threat. Finally, in a study by González-Palomares et al. (2021) they found a difference in both the acoustic structure of distress calls and calling behavior between males and females with males producing more distress calls in response to a potential threat that are louder, lower in frequency, and contain a greater proportion of syllables with fast amplitude modulations.

Bats that inhabit cave environments face various potential predatory threats including owls, rodents, and snakes which hang from high spaces and catch bats in the air as they fly by (Dinets, 2017). The Cuban fruit-eating bat (Brachyphylla nana) is a social species which is commonly found in caves in tropical regions of the Caribbean roosting in large mix sexed groups in deeper areas of the cave where temperatures are more stable (Swanepoel and Genoways, 1983). While the echolocation calls of B. nana have been studied in the laboratory (Macias et al., 2006), less work has been done on social communication in their natural environment. Brachyphylla nana exhibits a diverse repertoire of social vocalizations while in the roost as well as a highly repetitive and loud distress call when held in the hand by a researcher (Manuel de la Cruz Mora et al., 2014). However, the acoustic structure of the call including the level of information provided by the call as well as the potential response of conspecifics to calling has not been studied thoroughly in the field. The purpose of this study was to examine distress calls in B. nana by investigating the acoustic structure of distress calls in terms of both inter and intra-individual variability and to utilize playbacks in a natural setting to provide insight into call function.



METHODS


Distress Call Recording

Field work was conducted at La Barca Cave in Guanahacabibes Peninsula, Cuba over the course of 4 days in January 2017. Brachyphylla nana were captured inside the cave using hand nets while they were roosting on the cave ceiling or flying in the air. Each captured bat’s sex, reproductive condition, forearm length (measured to the nearest 0.1 mm using a vernier caliper), and age (adult or juvenile), were recorded. Captured bats were taken individually to a remote open cavern in the cave to collect distress calls and avoid interference from other bats. The recording location is an isolated cavern near an entrance to the cave which is not typically occupied by roosting bats and is approximately 150 m from the capture location. For the recordings, one researcher held the bat by hand approximately 8 m away from an ultrasound microphone (Avisoft UltraSoundGate 116 Hme) which was held by a second experimenter. To elicit distress calls, the bats were held by the scruff of the neck with the wings positioned toward the back while their ventral side was lightly massaged which caused the bat to emit a series of vocalizations while the mouth was exposed and oriented toward the microphone. We collected a minimum of one recording from each bat which consisted of at least 30 s of continuous vocalizations. After recordings were obtained, the bats were released. We marked individual bats on the wing using a dark marker to avoid re-capturing and recording the bats on successive sampling days.



Distress Call Analysis

The recordings were analyzed using Avisoft SASLab Pro software (Figure 1). We used the software’s automatic parameter measurement tool to extract temporal measurements (e.g., duration of each element, interval between elements) and frequency measurements (e.g., peak frequency, peak amplitude, minimum frequency, maximum frequency, bandwidth, and entropy) for a total of 14 variables measured (Table 1). For the analysis, we measured distress calls from 10 females and 10 males, and selected recordings based on signal to noise ratio, eliminating recordings which were overloaded. Each bat produced distress calls that contained multiple call elements (range 62–257). Since the number of elements per recording varied widely, we randomly selected 20 call elements from each recording for statistical analysis using a random number generator. All call elements shared the same basic structure (Figure 1). To reduce the dimensionality of the dataset we used a factor analysis with varimax rotation conducted using SPSS V.28 (IBM) to identify five factors that account for 72% of the variance in the data. The five factors were then used in a variance component analysis to estimate the variance explained by differences between calls recorded from males and females, differences among calls given by different bats, and differences among call elements within a single bat recording using maximum likelihood estimation. In addition to the distress call analysis, we recorded and analyzed echolocation calls from 3 females and 3 males during release after distress call recording to compare variability in a different type of vocalization in this species. We measured 12 temporal and frequency variables from each recording using Avisoft SASLab Pro and performed a similar factor analysis procedure in SPSS to extract five factors that explained over 87% of the variance in the data.
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FIGURE 1. Spectrogram showing elements from a typical Brachyphylla nana distress call (FFT = 512, Hamming Window, 50% overlap).



TABLE 1. Descriptive statistics and varimax-rotated factor loadings for the acoustic variables measured from Brachyphylla nana distress call spectrograms.
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Distress Call Playback

We constructed playback files from recorded distress calls (N = 7 generated from recordings of 3 females and 4 males) using the program RavenPro 1.5 (Cornell Lab of Ornithology). Distress call stimuli consisted of 10 s of distress call elements at a rate and amplitude consistent with what bats produced during recording sessions (avg. approx. 6 elements per second) followed by 10 s of silence, repeating for a 60 s playback file. For a control, we assembled a file with elements of pink noise (similar to white noise but with greater intensity of lower frequencies) substituted for the distress call elements, but otherwise following the same rate, duration, and amplitude. Each playback trial consisted of 1 min of silence followed by the 1 min of playback of distress or control treatments. Each trial was videotaped using a Sony NightShot camera focused on the speaker (Jam Audio Bluetooth speaker) which was suspended from a rope on a pole approximately 2.5 m in the air and was illuminated using an infrared spotlight. The playback files were standardized to have amplitudes similar to distress calls made by recorded bats using a sound meter. In total, we conducted six trials on two consecutive days (2 trials on day 1 and 4 trials on day 2) each consisting of one distress playback sequence and one control sequence with a 5-min interval between trials). For the analysis, we measured bat activity by observing the number of bats that passed in close proximity to the speaker (within approximately 2 m) as well as examining recordings from an ultrasound microphone (Avisoft UltraSoundGate 116 Hme) which was pointed toward the speaker and could thus allow us to identify bats that echolocated as they oriented toward the speaker. Our response variable was recorded as the activity level (either bat passes or echolocation) identified during the playback period (distress or control) minus the pre-trial silence period. Thus, a positive number indicates the treatment increased bat activity, while a negative number or near zero number indicates that the treatment lowered activity or had no effect. Both bat passes by the speaker and echolocation calls were analyzed using a non-parametric Mann-Whitney U-Test conducted using SPSS (α = 0.05).




RESULTS

Our results indicate that the acoustic structure of B. nana distress calls exhibits both significant intra-individual variation (range 16.9–93% of the variance explained by differences among call elements of a recorded bat’s call) and to a lesser extent inter-individual variation (range 6.6–82.9% of the variance explained by differences among calls from different bats). Variables such as peak amplitude, peak frequency, and maximum frequency appear to be informative as they loaded prominently on factors that explain a significant amount of the variance among calls from different bats (e.g., Factor 4 associated with amplitude characteristics of the call explained greater than 80% of the variance among calls from different bats). Very little of the variance is explained by differences among calls recorded from males and females (range 0–0.1%).

In comparison, the analysis of the echolocation calls showed somewhat less but comparable inter-individual variation (range 8.3–64%) and significant intra-individual variation (range 24–87.5%).

The results of our playback experiment indicate that bats both approached and inspected the speaker during the distress call playback trials more so than the control playback trials based on the video data (Figure 2) and the acoustic data (Figure 3), although based on the non-parametric Mann-Whitney U-test, these differences are not statistically significant (p = 0.240 for approaches, p = 0.065 for calling data). While the results were apparent from the data set as a whole, these differences are at least partially driven by the findings from initial trials with strong responses to the distress playback relative to the control followed by reduced activity and limited responses to both treatments in later trials indicating that bats may have avoided the area after exposure to the distress call treatment.
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FIGURE 2. Effect of playback treatment on bat passes near speaker shown as the mean change in responsiveness (passes during playback period—silent period). Error bars represent the standard error of the mean.
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FIGURE 3. Effect of playback treatment on echolocation calling behavior in Brachyphylla nana shown as the mean change in responsiveness (echolocation calls during playback period—silent period). Error bars represent the standard error of the mean.




DISCUSSION

We found that distress calls in B. nana, while highly variable both within and among different bats, exhibit a biological function in that they seem to communicate information to either conspecifics or heterospecifics given the responses observed during the playback trials; which while not statistically significant, are in the predicted direction with increased responses during distress call treatments vs. the control. In addition, the limited individual specificity in terms of the acoustic structure of distress calls as well as a lack of differentiation in acoustic structure of the call between males and females in B. nana fits the function of a general alarm or distress call to attract attention from conspecifics but not necessarily provide information about individual identity. Further, given that both bat response to playbacks and activity in general waned in the later playback trials, this supports that calls may serve as a warning to conspecifics to avoid a particular area, although given the limited number of trials in this study, further playback trials will be necessary to more thoroughly test this hypothesis. As Carter et al. (2015) reported for Molossus molossus, we saw little evidence that bats exhibited any mobbing behavior as a response to the distress call treatment. Based on the video, bats that approached the speaker flew in close proximity to it, but did not appear to make contact or fly toward the speaker in an aggressive fashion as animals that exhibit mobbing behavior typically do. A recent study by Eckenweber and Knörnschild (2016) examined the response of Saccopteryx bilineata to distress calls based on proximity to the day roost with more intense responses found when calls were played back near the roost vs. when played back near their foraging ground. In this study, the playback trials were conducted in a cavern near the day roost of B. nana which could explain the initial strong responses we found although B. nana are also known to respond to the distress calls of bats captured in mist nets placed in a foraging corridor (personal observation).

It should be stated that our video evidence is limited to observing bats approaching and flying near the speaker and does not allow us to identify if the responding species is B. nana or another similarly sized bat found in the cave (e.g., Artibeus jamaicensis). Thus, we could not test for the possibility that heterospecifics respond to the call as has been shown in other studies (e.g., Russ et al., 2004; Huang et al., 2018). In addition, the study was conducted in one cave only. While the social structure of B. nana is not well studied, it would be fruitful to examine the responses of bats to distress calls from a different social group. In a study on distress calls in least horseshoe bats (Rhinolophus pusillus), Wu et al. (2019) found that playback response was dependent on colony affiliation with non-colony calls eliciting a stronger response. In addition, at the time of the recording and playback, all bats were non-reproductive. One area we hope to explore in the future is to conduct recordings and playbacks after the pups have been born. The levels to which juveniles give distress calls is not known, but given the prominence of calls in adults it seems likely they do. If so, examining response to playbacks of pup distress calls in comparison to adult distress calls will be an interesting avenue for future research. Finally, we presented bats with just one stimulus to respond to; the playback of a distress call. The responses of bats could change if an additional stimulus is added to the experiment, for example a predator model which could enhance the perceived threat in the presence of a distress call. To our knowledge, these types of studies have not been thoroughly conducted in bats and could thus significantly add to what we know about anti-predatory behavior in different bat species.
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Peak amplitude end (dB) —25.85+0.113 0.078 0.078 —0.065 0.908 0.064
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Maximum frequency end (kHz) 1542 £0.176 0.298 0.248 -0.650 —0.022 0.058
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Maximum bandwidth (kHz) 13.07 +£0.290 0.848 0.040 —0.224 0.021 0.033
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Call variables with loadings greater than 0.5 shown in bold.
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