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Summary 
In this study, Kaleidoscope Pro software was used to acoustically identify coyote calls to 

recognize individuals in South-West Alberta, Canada. Data was collected at five 

recording points between November 2024 and March 2025 and then analyzed using 

Kaleidoscope Pro. An Advanced Classifier was created to specifically isolate coyote 

calls. However, the results showed a low detection rate: only 29.82% of the detections 

were correctly assigned to a location, and only 2.73% of the detections contained actual 

coyote calls. The high number of false-positive detections, caused by similar sounds 

such as dog barking or wind noise, indicates analysis difficulties in distinguishing calls. 

Despite these limitations, the Advanced Classifier showed potential as a training tool to 

reduce false-positive detections. However, the method is not yet reliable enough to 

reliably identify individual coyotes. Future improvements could include expanded data 

collection and combination with visual recordings to increase detection accuracy. 

1 Introduction 
I completed my internship at the Cochrane Ecological Institute (CEI), an organization 

founded in 1964 and based in Cochrane, Alberta. The institute is committed to the 

protection and rehabilitation of wildlife and is involved in environmental education and 

ecological research. The internship lasted 23 weeks and involved a variety of practical 

activities. This included caring for various wild animals, assisting in the dog and cat 

kennel, and a scientific project on acoustic recording of coyote calls, a central part of my 

work was conducting and analyzing acoustic recordings on the CEI grounds as well as 

in Cochrane and near Calgary. The goal was to extract coyote calls from the recordings 

and analyze them using Kaleidoscope Pro software. I investigated whether the program 

is able to identify individual coyotes based on their calls. This could be used as a non-

invasive method in future studies to investigate social structures of coyotes. This 

research is particularly relevant as coyotes in Alberta are often seen as pests that 

potentially disrupt ecological balances. At the same time, wildlife monitoring is an 

important part of sustainable forest management as it helps to understand the impact of 

wildlife on ecosystems. My internship also gave me the opportunity to find out whether I 

see my professional future in the field of wildlife management or wildlife monitoring. 
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2 Methods 

2.1 Data collection 
The aim of the data collection was to record a sufficiently large number of individual 

coyote calls to test the performance of the Kaleidoscope Pro software in distinguishing 

individual animals by their calls. In order to carry out the analysis, non-invasive data 

collection was initially carried out using autonomous audio recorders. This method 

makes it possible to record sounds over a longer period of time without interfering with 

the natural behavior of the animals. Compared to wildlife cameras, acoustic recordings 

offer the advantage of greater spatial coverage as they are not restricted to a limited field 

of vision. However, environmental factors such as wind and precipitation can impair the 

recording quality as they lead to background noise and make detection more difficult. 

Nevertheless, acoustic methods enable continuous recording over longer periods of time 

and are a valuable addition to other monitoring techniques. 

The choice of recording period is a critical factor in the success of acoustic surveys. 

Coyotes use vocalizations year-round for intraspecific communication, including within-

pack interaction, territorial demarcation between groups, and individual recognition 

(Mitchell et al. 2006). However, increased vocal activity can be expected between 

January and March, during the breeding season. During this phase, vocalizations are 

used in particular for mate acquisition, territory defense and strengthening social bonds, 

which increases the likelihood of successful acoustic recordings (Gese et al., 1998; 

Laundrè, 1981). 

The activity level of Coyotes is highest during the twilight phases, especially at sunrise 

and sunset (Andelt, 1987; Laundrè, 1981) . Due to this increased activity, it is essential 

to include these periods in the acoustic recordings in order to maximize the probability 

of detection. 

 

Recorders from Wildlife Acoustics were used for the recordings, including the Song 

Meter Mini Bat 2 (AA) and the Song Meter SM4. The recorders were configured using 

the Mini Configurator 2.3 app, while the subsequent data analysis was carried out using 

Kaleidoscope Pro. The locations were displayed using the open source QGIS 3.42.0. 

program. 

 

The devices and programs used, the configuration of the recorders, the selection of the 

recording locations and the exact data collection schedule are described below. 

The Kaleidoscope Pro program used in this project was originally developed for the 

acoustic analysis, classification and identification of vocalizations of various animal 

species such as bats, birds and frogs. It is also capable of detecting and categorizing 
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sounds made by humans and animals. The software visualizes detected signals in a 

spectrogram window and creates a list of all detections. In the Pro version, it is also 

possible to generate clusters and label individual signals manually. Both functions were 

used in this work and are described in detail in the chapter on data processing. 

The Song Meter Mini Bat 2 (AA) and Song Meter SM4 recorders were used for the 

acoustic recordings. These devices are specially designed for wildlife monitoring, enable 

long-term recordings and are weatherproof. They are powered by four AA batteries. The 

ambient temperature and the quality of the batteries used largely determine the possible 

recording length. Song Meter Mini Bat 2 (AA) recorders were predominantly used for the 

acoustic recordings. One exception was the recordings at the Windmill site in November, 

which were carried out with a Song Meter SM4. 

The recorders were set up using the Mini Configurator app version 2.3. The app works 

via Bluetooth and does not require an internet connection after installation. It can be 

paired with one recorder at a time to program recorder settings in real time and load 

previously saved settings. Furthermore, the current GPS location can be entered to 

create specific recording time settings. The stored location coordinates of the recorder 

must match the actual location with high accuracy, as the calculation of sunrise and 

sunset times in the recording schedule is based on this information (Wildlife Acoustics 

Inc. 2024). 

At the beginning, the acoustic recordings were carried out on the CEI premises using the 

preset recording configuration “Record birds/frogs 24 hours a day”. To optimize data 

processing, the recording times were then manually adjusted in the Schedule Editor so 

that recording took place daily from 18:00 to 09:00. Despite the correct location and time 

zone settings, the recorder recorded at undefined times, which is why the original 24-

hour recording setting was restored. At the Calgary location, the default setting was 

initially used with a start time at sunset and an end time at sunrise. However, the settings 

here also led to unexpected recording times, which could not be clarified even after 

lengthy troubleshooting. However, this proved to be advantageous, as it was found that 

coyotes at this location also communicate more frequently during the day. As a result, 

the recording setting was also changed to a continuous 24-hour recording. 

 

2.2 Study areas 
Prior knowledge of the occurrence of coyotes in potential recording areas is an essential 

prerequisite for the acoustic recording of call variations. This is especially true for a 

limited project period, as efficient data collection would be considerably more difficult 

without targeted site selection. 
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Coyotes (Canis latrans) are a widespread and adaptable species that colonize a variety 

of habitats, including prairies, woodlands and urban areas (Green et al. 1994; Bekoff et 

al., 1986). This ecological flexibility facilitated the selection of suitable recording sites. As 

there is potential coyote habitat on private property in the study area, it was necessary 

to obtain the consent of the respective property owners in advance. 

The acoustic surveys were conducted between November 2024 and March 2025 at five 

designated recording sites in southwestern Alberta. Two of these sites were located on 

the Cochrane Ecological Institute property (point Windmill, point Triangle), another was 

located in a remote area near Cochrane (point Cochrane), and two additional recording 

points were positioned on unmanaged farmland near Harmony near Calgary (point 

Calgary I, Calgary II). The exact geographic coordinates of the survey locations are 

shown in Figure 1. 

 

 

Figure 1 Map with an overview of recording points. Map created by the author using QGIS 

 

The Cochrane Ecological Institute site is located in the foothills of the Rocky Mountains 

at an altitude of 1356 m above sea level and is characterized by a hilly, grassy landscape 

with scattered trees and groups of trees. 

The “Windmill” recording site is located on the banks of a currently grassy and in large 

parts currently dry pond. For the first recording, the recorder was attached to a disused 

windmill and aligned in an easterly direction. From December 2024, a photo trap (model: 

[Browning 2022 Spec Ops Elite HP5]) was also used, which is why the recorder was 
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moved to a tree for practical reasons. The new recordings were made about 30 m 

southeast of the original position, with the orientation now to the west. The camera was 

positioned so that it provided a clear view across the pond. 

The “Triangle” recording site is located in a currently unused enclosure on the north-

eastern edge of the property. The recorder was installed facing south on a tree at the 

edge of the enclosure to ensure optimal recording of the acoustic signals. The open 

grass area in front of the enclosure facilitated sound transmission and minimized 

potential interference from vegetation. 

The acoustic recordings of the Cochrane site were carried out in a narrow valley with a 

small river bed, situated between a wooded hill and a treeless cliff. The recorder was 

attached to a wooden post and pointed south towards the wooded hill. Due to its location 

at the start of a hiking trail, the recordings were largely free of interference from vehicle 

noise. Due to the position on the slope of the valley, many recordings of distant coyotes 

contain an echo pattern. 

In addition, recordings were collected at a site near the settlement of Harmony, between 

Cochrane and Calgary. The Calgary I recorder was positioned in a westerly orientation, 

corresponding to the prevailing wind direction, on a wooden post near the access road. 

The surrounding area is characterized by an open plain with little vegetation, which 

allowed the recorder to achieve a long range. Despite alignment to protect from exposure 

to wind, many recordings are characterized by wind noise and are therefore unusable. 

The Calgary II recorder was installed at the edge of a small valley on a tree and oriented 

to the east. In addition, a trail camera (Browning) was attached to enable possible visual 

recordings of coyotes. 

 

The recording periods of the respective locations can be found in Table 1. 

 

Table 1 Recording periods at recording points 

Recording point Date 

Windmill  
03.11 - 09.11 

03.12 - 8.12 

01.01 - 06.01 
 

Triangle  
26.01 - 02.02 

11.02 - 12.02 

19.02 - 22.02 

26.02 - 28.02 
 



Rulff Anne, Matr.nr.: 16210683 

6 
 

Cochrane  
11.02 - 25.02 

28.02 –  
 

Calgary I  
08.01 - 23.01 

29.01 - 02.02 

17.02 - 8.03 
 

Calgary II  
08.01 - 24.01 

17.02 - 26.02 
 

 

 

2.3 Data processing 
Once the data had been collected, the acoustic recordings had to be processed in a 

structured manner in order to extract and further analyze relevant coyote calls. The raw 

data was first viewed, filtered and processed. The individual steps of data processing 

and the methods used to identify individual calls are described below. 

After backing up the SD cards from the recorders, the audio data stored on them was 

transferred to an external hard disk. This was followed by systematic folder structuring 

according to location, recording date and other relevant subcategories. 

Example structure: 

Location → Sub-location → Month → Recording day (e.g. Calgary → Calgary I → 

February → 17.02) 

 

In addition, a corresponding results folder (e.g. 17.02.results) was created for each day 

folder. Within this folder was a subcategory Coyotes, in which all audio files identified as 

coyote calls were saved in WAV format. In addition, site-specific folders were created for 

individual calls and for all recorded coyote detections. 

 

2.3.1 Data analysis with Kaleidoscope 
The acoustic data was analyzed using the Kaleidoscope Pro software in non-bat analysis 

mode. For an initial cluster analysis, the data to be analyzed was loaded into the Input 

Directory, whereby the inclusion of subfolders and the processing of WAC and WAV files 

was activated. The corresponding Results folder was defined as the Output Directory 

and the option to save the original WAV files in the Results folder was selected. 

In the Signal Params subcategory, the following parameters were defined for the 

detection of coyote calls: 

Frequency range: 250 - 10,000 Hz 
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Minimum and maximum detection duration: 0.1 - 7.5 seconds 

Maximum inter-syllabic pause: 0.5 seconds 

The following advanced settings were applied for cluster analysis (Cluster Analysis 

subcategory): 

Scan and cluster recordings to create cluster.kcs and cluster.csv 

Maximum distance from cluster center: 1.0 

FFT window: 21.33 ms (512 @ 12 kHz, 1024 @ 13-24 kHz, 2048 @ 25-48 kHz, 4096 @ 

49-96 kHz) 

Maximum number of states: 12 

Maximum distance from cluster center for cluster formation: 0.5 

Maximum number of clusters: 500 

 

Other subcategories of the software were not used in this analysis. A detailed overview 

of the settings used can be found in the appendix (Appendix 1 - 3 ). 

After activating the “Process Files” function, the program automatically starts the analysis 

and clustering of the audio files. The length of this process depends on the amount of 

data and the settings and usually takes between 30 seconds and 5 minutes. Once this 

process is complete, the detection list and the spectrogram of the first detected sound 

are opened automatically (e.g. Fig. 2 and 3). 

 

 

Figure 2 Screenshot of an example of a cluster list in Kaleidoscope Pro. Own screenshot 
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Figure 3 Screenshot of an example of a spectogram window in Kaleidoscope Pro. Own screenshot 

Due to the often erroneous automatic cluster evaluation, it was necessary to manually 

check the automatic analysis to ensure high data quality. This step is essential for the 

preparation of an advanced classifier, which is used to evaluate the performance of 

Kaleidoscope Pro. Precise categorization is important to train the algorithm for future 

analyses and to minimize misclassifications. Based on the visual inspection of the 

spectrogram and the auditory inspection, the individual detections were entered into 

categories. 

The manual classification of the detections was based on the following categories: 

Coyote: Contains all recorded coyote calls that could not be assigned to a more specific 

category. 

Individual Call: Individual coyote calls without significant noise from other animals or 

coyotes. 

Individual Call and Yipping: Combination of single or multiple coyote calls and yipping 

communication. 

Yipping: vocalizations of multiple coyotes with characteristic yipping. 

Bark: Detections with single or multiple bark sounds. 

The following figures (Fig. 4 - 6) show examples of the different classifications and their 

characteristic spectrograms. 
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Figure 4 Screenshot of an example of a typical individual call in Kaleidoscope Pro 

 

Figure 5 Screenshot of an example of an individual call with under layered yipping in Kaleidoscope Pro 

 

Figure 6 Screenshot of an example of yipping of several coyotes in Kaleidoscope Pro 

Following the manual ID naming, the result was saved in the cluster view. Furthermore, 

all coyote detections (individual calls/all detections) were saved in the previously created 

folders in WAV format. 

 

2.3.2 Test execution for the performance evaluation of an Advanced Classifier 

 

Based on the previously collected data, tests were carried out on the performance of the 

Kaleidoscope Pro software. An Advanced Classifier was created and used for this 

purpose. This specialized tool is used for the targeted identification and isolation of 

specific acoustic signals. (Wildlife Acoustics, 2023). 

 

The Advanced Classifier is used to isolate manually labeled target detections that were 

previously identified in a basic cluster analysis. To create this classifier, a selection of 

input files is used as a training dataset. It was assumed that in the analysis with the 
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Kaleidoscope Pro software, individual howlers and bell howlers achieve more precise 

results than the inclusion of bell sounds. This is based on the findings of Mitchell et al. 

(2006), according to which barking sounds are not sufficiently stable for reliable 

identification at long distances due to their variable acoustic structure. For this reason, 

only fully recorded individual barking howls and howls with a minimum volume of ... were 

included in the Advanced Classifier. In this study, the previously separately saved 

sections with the label “individual call” of the respective locations (CEI, Cochrane, 

Calgary) were used for this purpose. The settings in Kaleidoscope were not changed 

from the previous analyses. The folder all.individuals was used as input directory, the 

folder all.individuals.results as output directory. The clusters resulting from the analysis 

were then labeled with the corresponding manual identifications as follows: 

Table 2 List of manual identification labels 

Cluster CEI Cochrane Calgary 

0 CEI_0 Cochrane_0 Calgary_0 

1 CEI_1  Calgary_1 

2   Calgary_2 

3   Calgary_3 

4   Calgary_4 

5   Calgary_5 

6   Calgary_6 

7   Calgary_7 

8   Calgary_8 

 

The manually marked detections serve as the basis for a second analysis phase in which 

a new cluster.kcs file is generated. This file forms the Advanced Classifier and enables 

targeted detection of specific acoustic signals. 

After the creation of the Advanced Classifier and the resulting cluster.kcs file, the 

performance test was carried out. For this purpose, all unsorted and unsorted test 

recordings from the three locations were stored in the “all.individuals” folder as an input 

directory. The analysis results were saved in the “finaltestresults” output directory. After 

completing the analysis in Kaleidoscope, a cluster window was generated with 5,862 

detections representing the final results. 
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3. Results 
This chapter presents the results of the analysis carried out. The data obtained provide 

insights into the applicability of Kaleidoscope Pro as software for identifying coyote 

individuals. The quantitative results of the detections are presented first, followed by a 

qualitative evaluation of the clusters identified. 

 

In preparation for building the Advanced Classifier, 565 howlers from the Calgary site, 

56 howlers from the Cochrane site and 93 howlers from the CEI site were added to the 

all.INDIVIDUALS folder with the 11 previously detected coyote individuals. The 

Advanced Classifier used 216 of these to build a kcs.file. Except for 11 false positives, 

all detections were assigned to the correct locations. After applying the Advanced 

Classifier to the test recordings, 5862 detections were indicated as potential coyote calls. 

Here, 7 individuals were labeled. 

The following table shows how many detections there were per individual, how many 

detections actually contain individual howlers or barking howlers and how many of these 

are confirmed false positives due to the assignment of an incorrect location. 

 

Table 3 Test results 

Label of the 

individual 

Number of 

detections 

in total 

Number of 

detected 

calls 

Number of 

false 

positive 

detections 

Number of 

correctly 

assigned 

calls 

Percentage 

of assumed 

positive 

detections 

(%) 

Proportion of 

positive to 

total 

detections 

per category 

(%) 

CEI_0 3403 63 35 28 44.4  0.82 

CEI_1 139 9 6 3 33.3  2.16 

Calgary_0 1591 57 26 31 54.4 1.95 

Calgary_1 78 10 - 10 100 12.82 

Calgary_4 1 - - - 0 0 

Calgary_5 3 1 1 - 0 0 

Cochrane_0 646 29 20 9 31.03 1.39 

Average     29.82 2.73 

 

 

As can be seen from the table, the average correct assignment of coyote calls to a 

location is only 29.82 %. This result can be considered moderate at best. The proportion 
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of actually recognized coyote calls in relation to the total number of detections within the 

respective category, on the other hand, is extremely low at an average of 2.73%. 

 

4. Discussion and conclusion 
The results presented in the previous section indicate difficulties in the acoustic detection 

of coyote calls. 

One possible reason for the high number of false-positive detections per individual could 

be the similarity of coyote calls between the different test areas. This structural similarity 

could have resulted in the Kaleidoscope software being unable to differentiate the calls 

and incorrectly assigning them to the same individual. 

Another possible cause could be an insufficient number of coyote calls and/or the quality 

of these in the KCS file used. Extending the recording period over several months or 

years could help to feed more clearly identifiable calls of individual coyotes into the 

training data. In addition, it could be useful to analyze the individual recording areas 

separately to avoid confusion of similar call structures of individuals from different 

regions. This could also prevent detections without coyote calls (such as dog barks, crow 

calls, car noises or wind noise) from being erroneously included in the coyote clusters 

due to their similar statistical probabilities. This problem can be seen in the example of 

the detections of CEI_0 (see Table 3). Here, 3403 supposed coyote calls were detected, 

of which only 63 actually corresponded to coyote calls. 

 

Based on the results, it can therefore be concluded that the Advanced Classifier method 

in its current form is not suitable for the individual identification of coyotes. However, the 

Advanced Classifier created as part of this work was also used in its original function as 

a training tool for the software in order to specifically recognize desired sounds and 

reduce false-positive detections. In this function, it showed a relatively high recognition 

rate, as 16 % of the filtered detections actually corresponded to coyote calls. 

The suitability of the method used with regard to its applicability in wildlife monitoring is 

discussed below. 

Previous studies on the acoustic identification of individuals mammals (Mitchell et al., 

2006; East et al., 1991; Tooze et al., 1990) have shown that it is possible in principle to 

identify individual animals on the basis of their vocalizations. However, these studies 

were mainly carried out under controlled conditions, for example with captive or 

transmitter-marked individuals, which were additionally verified by visual observations 

using cameras. 
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In the present study, neither the population size nor the social structure of the coyotes in 

the areas studied was known. Therefore, it cannot be confirmed with certainty that the 

classifications made by the Kaleidoscope software are correct. Although differences in 

call patterns and frequency ranges could be identified manually in individual cases, the 

potentially high error rate means that no scientifically reliable statement can be made, 

which is why these results were not included in the evaluation. 

Nevertheless, the available data suggest that there is a high probability that at least four 

coyotes are present in the Calgary study area and two individuals in the Cochrane area. 

In the CEI study area, it was not possible to acoustically distinguish between individuals, 

but at least communication between at least two coyotes could be recorded. 

As these findings are not based on confirmed results, but are merely assumptions, it 

must be stated that the method used in this study for the individual identification of 

coyotes is currently not suitable for wildlife monitoring without additional validation 

measures. 

The combination of acoustic detection methods with the widespread use of wildlife 

cameras could enable more precise identification of individuals, as visual and acoustic 

data could be analyzed together. However, this method is associated with considerable 

work and costs. 
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Appendix 
 

Appendix 1: Batch settings in Kaleidoscope Pro 
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Appendix 2: Cluster Analysis settings in Kaleidoscope Pro 
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Appendix 3: Signal Params settings in Kaleidoscope Pro 

 


