Supplementary data
Table 4. Calculated ROC-AUC and PR-AUC values per species for the models trained (model 100, model 150, model CompSeg (CS), model Raw) and 2 available models (FrogNET, Perch v2); highest and lowest values per species are marked in bold and italic characters respectively.

	
	ROC-AUC
	PR-AUC

	
	AnuraPAM
	Frog-
	
	AnuraPAM
	Frog-
	

	Model
	100
	150
	CS
	Raw
	NET
	Perch
	100
	150
	CS
	Raw
	NET
	Perch

	Alytes obstetricans
	0,949
	0,934
	0,950
	0,964
	0,952
	0,867
	0,894
	0,881
	0,899
	0,910
	0,872
	0,763

	Bombina bombina
	0,970
	0,953
	0,921
	0,972
	0,940
	0,860
	0,705
	0,751
	0,713
	0,734
	0,711
	0,661

	Bombina variegata
	0,984
	0,994
	0,974
	0,995
	0,988
	0,911
	0,956
	0,976
	0,943
	0,973
	0,951
	0,848

	Bufo bufo
	0,933
	0,942
	0,897
	0,944
	0,951
	0,880
	0,838
	0,854
	0,795
	0,724
	0,864
	0,780

	Bufotes viridis
	0,788
	0,950
	0,727
	0,974
	0,959
	0,957
	0,618
	0,910
	0,516
	0,932
	0,868
	0,920

	Epidalea calamita
	0,979
	0,988
	0,986
	0,989
	0,985
	0,975
	0,961
	0,969
	0,969
	0,985
	0,905
	0,952

	Hylar arborea
	0,942
	0,943
	0,936
	0,942
	0,942
	0,951
	0,907
	0,907
	0,897
	0,902
	0,881
	0,925

	Pelobates fuscus
	0,994
	0,988
	0,988
	0,998
	0,979
	0,923
	0,970
	0,958
	0,965
	0,936
	0,899
	0,778

	Pelophylax kl. esculentus
	0,948
	0,927
	0,950
	0,975
	0,803
	0,955
	0,382
	0,336
	0,325
	0,666
	0,286
	0,645

	Pelophylax lessonae
	0,886
	0,892
	0,856
	0,931
	0,859
	0,745
	0,707
	0,696
	0,673
	0,790
	0,500
	0,450

	Pelophylax ridibundus
	0,953
	0,924
	0,902
	0,991
	0,950
	0,922
	0,915
	0,888
	0,864
	0,978
	0,879
	0,880

	Rana arvalis
	0,978
	0,976
	0,972
	0,973
	0,976
	0,961
	0,930
	0,934
	0,934
	0,929
	0,934
	0,886

	Rana dalmatina
	0,941
	0,937
	0,915
	0,979
	0,826
	0,840
	0,832
	0,843
	0,828
	0,876
	0,671
	0,713

	Rana temporaria
	0,987
	0,984
	0,982
	0,991
	0,992
	0,942
	0,976
	0,974
	0,971
	0,987
	0,983
	0,902

	Mean
	0,945
	0,952
	0,926
	0,973
	0,936
	0,906
	0,828
	0,848
	0,807
	0,880
	0,800
	0,793
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Guidelines for the Practical Application of AnuraPAM models
We provide the AnuraPAM models in two formats—TensorFlow Lite and Raven—to ensure broad compatibility across different audio analysis tools. The TensorFlow Lite models are designed for use with BirdNET-Analyzer and PAMalyzer, while the Raven format is specifically tailored for integration into Raven Intelligence or Raven Pro. This guide offers practical step-by-step instructions for applying the AnuraPAM models within these software suites, along with a brief overview of how to interpret and manage the resulting output.

Figure 1 shows a general workflow for the analysis of audio recordings with AnuraPAM which starts with the classification. Like other BirdNET-based classifiers, AnuraPAM models process audio data by dividing input files into 3-second segments, generating spectrograms, and feeding them into the neural network for classification. The output for each 3-second segment consists of species labels paired with confidence scores. It is important to note that these confidence values are not calibrated probabilities and should not be interpreted as such. WOOD & KAHL (2024) Therefore, classifier outputs require manual review at least for a subset of the detections to ensure accuracy and reliability – the second step in the workflow. The most intuitive approach to the manual review process is to select a focal species, sort the detections by the maximum confidence score reported by the classifier for that species and then review the detections beginning with the highest score. Depending on the research question more complex workflows exist. WOOD & KAHL (2024) provide a good starting point. While reviewing recordings can be annotated to confirm or reject classifier detections. The results are then compiled in tables for subsequent analysis.
[image: ]
Figure 1: General workflow for the analysis of audio recordings with AnuraPAM.

Classification
BirdNET-Analyzer
Download the software from the official GitHub releases page: https://github.com/birdnet-team/BirdNET-Analyzer/releases. After installation, launch the BirdNET-Analyzer GUI. To use AnuraPAM models, navigate to either the Single Analysis or Batch Analysis tab, and select the Custom Classifier option in the model selection area. Choose the AnuraPAM model file (.tflite) from your local directory by clicking the Select classifier button. Then initiate the analysis by clicking the Analyze button. A more detailed manual is provided in the documentation of BirdNET-Analyzer: https://birdnet-team.github.io/BirdNET-Analyzer/.

PAMalyzer
Download PAMalyzer from the PAMalyzer GitHub releases page: https://github.com/FloMee/PAMalyzer/releases. Once installed, start the software and open an audio file using File – Open Sound File. To use AnuraPAM models, proceed to Analysis – Classify Recordings with BirdNET, and in the advanced settings of the classification dialog, click Select custom classifier to select the AnuraPAM model file (.tflite). Start the analysis of files in the opened directory by clicking the Analyze button. You can find an introduction to PAMalyzer, its functions and applications, at https://www.htw-dresden.de/luc/forschung/bioakustik/pamalyzer. PAMalyzer also comes with a manual which can be opened in the software via Help – Manual.

Raven Intelligence
Raven Intelligence is part of the Raven Workbench which consists of several programs and is designed for the analysis of passive acoustic monitoring (PAM) data. Download the software from: https://www.ravensoundsoftware.com/software/raven-workbench/raven-intelligence/. After installation, copy the content of the provided classifier folder to your user-specific Raven Intelligence models directory. On Windows, this is typically located at C:\Users\username\Raven Workbench\Raven Intelligence\Models. Once copied, the models will appear in the model settings area within Raven Intelligence, where you can select the .ravenmodel file. For further details, refer to the official knowledge base: https://www.ravensoundsoftware.com/knowledge-base/raven-intelligence/.

Manual review process
Goal of the manual review process is to generate verified species detections. BirdNET-Analyzer includes a built-in review function that allows users to inspect detections, helping to filter out false positives and refine results. PAMalyzer displays detections in the spectrograms and offers filtering and sorting options to help users manage and analyze and annotate the output efficiently. The Raven Workbench provides another tool, Raven Annotate, for reviewing classifier detections directly within spectrograms.

Compiling results
All of the presented software tools provide some sort of export to compile results in spreadsheet format. These results can be used for subsequent analysis.
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