
Appendix 1 Protocols, parameters and cross validation for song recognizers. 

 

Each species recognizer was built separately using a suite of high quality training recordings 

(clean recordings with little background noise including rain, cars, other birds etc.). Song 

recognizers were parameterized in a process guided by the Song Scope documentation (Wildlife 

Acoustics Inc.), but also included a substantial amount of trial and error using both cross-training 

statistics and results from scanning of test data. Training recordings were downloaded from 

online digital libraries of audio recordings; Borror Library of Bioacoustics  

http://blb.osu.edu/database) as the primary source, and xeno-canto (http://www.xeno-canto.org/) 

as a secondary source) in MP3 format (see Table A1 on source data below).  MP3s were 

converted into .wav files using free online software (Freemake Audio Converter; freemake.com). 

Target species songs were annotated in the digital file and uploaded into a new recognizer in 

Song Scope. Songs were inspected in the spectrogram window using log frequency scale with 

normalized power levels. The resolution of the time scale was altered to optimize the view of 

individual syllables (uninterrupted segment of song) in the song. Uncharacteristic songs were 

excluded from the training data.  

 

Parameter values for each song recognizer model are found in Table A2; Parameter Values 

below. The maximum complexity was set to the default setting of 32 because we found that the 

results were not sensitive to this parameter. Maximum resolution should also reflect complexity 

of the song such that higher resolution is needed to model more complex song. Overfitting with a 

resolution that is too high will result in highly specific recognizers that generate higher levels of 

false negatives, whereas a resolution that is too low will result in higher levels of false positives. 

Sampling rate is set to reflect the frequency of the song of the target species. The default is 

16000 Hz which is sufficient for most species but too low for the BBWA and GCKI that sing at 

8,000 to 10,000 Hz. The sampling rate is split between 2 channels (stereo) so a bird that sings at 

10,000Hz requires a sampling rate of at least 20,000 Hz. Larger FFT (fast Fourier transform) 

sizes will show more frequency resolution at the expense of detail on the time axis.  For 

example, songs with rapid variation in frequency require smaller FFT values to optimize 

temporal resolution. In practice, we used trial and error to set FFT values to optimize 

recognizers. We set minimum frequency and frequency range to limit the window of frequencies 

to those specific to individual species. We set the background filter to 1 second as recommended 

by the software documentation to reduce background noise. Maximum syllable size, maximum 

inter syllable gaps and max song length (in milliseconds), were initially estimated from 

inspection of the spectrogram of the training data and adjusted to optimize cross-training and test 

scan results. Dynamic range adjusts the sensitivity of the recognizer to the signal to noise ratio. A 

larger dynamic range value is used when signal to noise ratio was low.  

 

When running test data, each ‘hit’ is assigned a score and quality value which act as sensitivity 

filters. Score and quality values were examined from the test data results. Normally the lowest 

score and quality values are associated with false positives so a minimum score and  minimum 

quality criterion is set to filter the results. This has the effect of filtering our many false positives. 

The minimum score and quality settings used for each recognizer run are found in Table A3: 



Score and Quality table below. During the model development phase, the training data are used 

to generate cross-validation statistics (Table A3). These values are then used to assess the model 

fit while the parameters are adjusted. When the technician feels that the cross validation cannot 

be improved, the recognizer is tested against a test recording that has been manually interpreted 

and that includes multiple species and background noise. A second round of parameter 

adjustments are then made to maximize the agreement between the recognizer results and the 

know bird songs.  

 

  



Table A1.1: Source of training data for song recognizers. 

 

 

Species Recordings from Borror Recordings from xeno-

canto 

# of individual songs 

BBWA 3402, 4641, 6364, 17527 XC133258, XC137479 28 

BRCR 14773,84786,100884, 119458, 

133327 

 16 

GCKI 17541 XC144683, XC161131, 

XC168196,XC189416 

12 

HETH 3671, 3673, 3675, 3691  12 

LISP 17551, 18807, 29218, 29378  26 

MOWA 13957, 13961, 22525  17 

NOWA 10554, 10569, 11189, 12597 XC189085, XC192527, 

XC195608 

14 

RCKI 4729, 5937, 10457, 11451, 

29059 

 10 

SWTH 10503, 10601, 11458, 14412  9 

YBFL  XC110097, XC110098, 

XC187564, XC189407 

33 

 

 

  



Table A1.2: Parameter values for each of 10 song recognizers. See text above for descriptions of the parameters.  

 

          

Species 

Max 

Complex 

Max 

Res 

Sample 

Rate 

FFT 

Size 

Min 

Freq 

Freq 

Range Filter 

Max 

Syllable 

(ms) 

Max 

Syllable 

Gap (ms) 

Max 

Song 

Length 

Dynamic 

Range 

BBWA 32 4 20000 512 152 104 1s 410 154 1306 12 

BRCR 32 9 16000 256 53 68 1s 328 216 1720 30 

GCKI 32 8 20000 512 164 85 1s 282 333 3866 20 

HETH 32 11 16000 256 13 88 1s 400 152 1624 24 

NOWA 32 10 16000 512 64 144 1s 144 112 1936 20 

LISP 32 7 16000 256 21 128 1s 216 136 1944 16 

MOWA 32 6 16000 256 29 70 1s 192 128 1296 30 

RCKI 32 4 16000 512 72 70 1s 96 64 1392 16 

SWTH 32 11 16000 128 10 40 1s 288 176 1176 25 

YBFL 32 6 16000 256 32 59 1s 96 8 200 22 

Default 32 6 16000 256 0 128 0 500 500 3000 20 

All other settings were left at default 

         

 

 



Table A1.3: Performance of song recognizers.  Cross training indicates the average and standard 

deviation of the fit of excluded annotation identifications.  Total training indicates the average 

and standard deviation of the fit of all the training data in the final model which includes the 

training data.  

Recognizer Minimum 

Quality  

Minimum 

Score 

Cross Training 

with standard 

deviation 

BBWA 50 70 78.85 +/- 5.77  

BRCR 40 60 73.62 +/- 3.05 

GCKI 40 60 71.27 +/- 5.48 

HETH 50 50 74.42 +/- 6.79 

LISP 50 70 77.49 +/- 5.16 

MOWA 60 60 75.17 +/- 1.87 

NOWA 50 65 72.24 +/- 2.78 

RCKI 35 65 83.98 +/- 6.06 

SWTH 40 60 72.98 +/- 2.00 

YBFL 35 60 87.16 +/- 2.27 

 

 


