Manual

Automated acoustic classifiers for Northeast Atlantic delphinids
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OVERVIEW

This manual provides guidance specific to using acoustic classifier models compatible
with the open-source software PAMGuard [1], along with the eventClassifier graphical
user interface, to automatically identify Northeast Atlantic delphinid species in passive
acoustic recordings. The method outlined consists of two stages of acoustic
classification: base classification, where individual vocalizations or segments containing
multiple vocalizations detected in PAMGuard are classified to species, and event
classification, where a vector containing the outputs of the base classifiers is used to
classify events containing multiple vocalizations or multiple segments of vocalizations to
species. This workflow was motivated by the demonstrated success of the BANTER
classification method [2], which has been used to classify whistles and clicks of Pacific
delphinids [2] and clicks of arctic odontocetes [3] and beaked whale species [4]. In
developing delphinID, we supplement this two-stage classification workflow with deep
learning, which allows a higher level of model complexity and learning of latent features
inthe acoustic characteristics of delphinid vocalizations. ROCCA (Real-time Odontocete
Call Classification Algorithm), developed by Oswald & Oswald [5], offers an alternative
classification method based on selected acoustic characteristics and Random Forest
analysis. The methods outlined in the following sections concern acoustic classification
using whistles and echolocation clicks, two distinct types of vocalizations commonly
produced by delphinids. Event classification, implemented intuitively through the
eventClassifier interface, integrates information from both whistles and clicks to inform
species prediction at the event level — cross-validated testing showed this level of

classification to classify the seven Atlantic species listed below with up to 86% accuracy:

e Atlantic white-sided dolphin (Lagenorhynchus acutus)
e Common bottlenose dolphin (Tursiops truncatus)

e Killer whale (Orcinus orca)

e Long-finned pilot whale (Globicephala melas)

e Risso’s dolphin (Grampus griseus)

e Short-beaked common dolphin (Delphinus delphis)

e White-beaked dolphin (Lagenorhynchus albirostris)



TERMINOLOGY

The following terminology is used throughout this manual.

Term Explanation
Accuracy The proportion of correct (out of total) predictions made by a classifier.
Bandwidth A frequency range

Base classification
Broadband

Click

Detection frame

Event/encounter

Event classification

Narrowband

Nyquist frequency

Sampling rate

Spectrogram

Whistle

Classification of individual vocalizations or short segments containing
multiple vocalizations

Containing a wide range of frequencies
Broadband transient signal used by dolphins for echolocation

The unit for base classification with delphinID: a 1D representation of the
relative concentration of acoustic energy in 100 Hz bands ranging from 2-
20 kHz for whistles or 10-40 kHz for clicks.

Used interchangeably, events or encounters refer to periods containing
multiple detections of whistles and/or clicks

Classification of events, or the average classification result across all base
classifications with an event

Containing a narrow range of frequencies
Half the sampling rate — the highest frequency that can be captured

The number of samples taken from an analog acoustic signal per second
to convert it into a discrete digital signal.

A 2D visual representation of the frequencies within a signal as they vary
over time.

Narrowband tonal vocalization produced by dolphins for social signalling.



BASE CLASSIFICATION IN PAMGUARD

To use our classifier models to identify Northeast Atlantic delphinid species, it is first
necessary to detect whistle and click vocalizations in your passive acoustic data. This
can be done using the open-source acoustic analysis software PAMGuard [1], which can

be freely downloaded at PAMGuard.org. For the best possible user experience, please

download the latest version of PAMGuard. An installer for PAMGuard 2.02.15.e (April
2025 release) is provided in the master folder. Note: This guide is for using dolphin
species classifiers within PAMGuard and assumes basic knowledge of PAMGuard
itself. If you are not familiar with PAMGuard, there is documentation and support

available at PAMGuard.org to get you started.

With delphinlD

delphinID classifier models are convolutional neural networks trained on 1D acoustic
representations of more than 10,000 examples of whistles and over 50,000 examples of
click vocalizations detected in visually confirmed recordings to classify seven Northeast

Atlantic delphinid species:

e Atlantic white-sided dolphin (Lagenorhynchus acutus)
e Common bottlenose dolphin (Tursiops truncatus)

e Killer whale (Orcinus orca)

e Long-finned pilot whale (Globicephala melas)

e Risso’s dolphin (Grampus griseus)

e Short-beaked common dolphin (Delphinus delphis)

e White-beaked dolphin (Lagenorhynchus albirostris)

These 1D representations, herein referred to as detection frames, are vectors calculated
from detections made in PAMGuard representing the relative concentration of acoustic
energy in 100 Hz frequency bands ranging from 2-20 kHz for whistles and 10-40 kHz for
clicks. For clicks, this vector is a normalised frequency power spectrum calculated click
detections fed from the PAMGuard Click Detector module, while for whistles it is
calculated as a normalised histogram of frequency values contained in detections of

whistle peak frequency contours traced by PAMGuard’s Whistle & Moan Detector. The


file:///I:/0delphinID/PAMGuard.org
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following steps are required for classifying detection frames of whistles and clicks using

the delphinlD classifiers for Northeast Atlantic delphinids:

Tutorial 1 | base classification with delphinID

1. Download and open PAMGuard (version 2.02.15 or later).

2. Load the delphinlDsettings.psfx configuration in PAMGuard.

X
Recent configuration files
| delphinIDSettings. psfx w |
Options
Always show at start up | Browse [ Create New ... |
Cancel

3. Go to Settings = Sound Acquisition and select sound file(s) for analysis. Click

Ok.

4. Go to Settings = Decimator. Confirm that the Output sample rate is 96000 Hz. If
your Source sample rate is not an integer multiple of 96000, change the

Interpolation to Quadratic. Click Ok.

5. In the Settings for Sound Output, Decimator, FFT (Spectrogram) Engine
settings, Click Detector, and Whistle & Moan Detector, make sure that the

acoustic channel targeted for analysis is ticked in all cases.

6. Go to Settings - Deep Learning Classifier - Whistles. You should see a display

similar to this:
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£

Detection data

‘Whistle and Moan Detector, Contours -

Channels
W Al No grouping
¥ Channel 0 @ One group
User groups
Dietection Selactor
Segmentation W ) Enabe
‘Window length samples
Hop length 4 | 182000 b | zamples |_’|
Max re-merge | 4|5 b | zagments
‘Window 4000 = Hop: 2.000 5
Deep Learning Model
whiztledaszifier zip |E| |T| |?|
DelphinlD -
Detection Density
Minimurm whistle density | 4 |01 4

Decision Threshold

Cancel Help ...

Here, you must import the delphinlD whistle classifier
(NEAtlanticWhistleClassifier.zip). Copy the settings shown in the screenshot
above apart from the selected channel, window length, and hop length, which will
be specific to your analysis. Click the refresh button to the right side of the
Segmentation sub-section to automatically calculate the window length and hop

length for your file. Click Ok.

Go to Settings = Deep Learning Classifier - Clicks. You should see a display

similar to this:



L Raw Deep Learning Parameters X

Detection data

Click Detector, Clicks b

Channels
VAl No grouping
| Channel 0 9| One group

User groups

W/ Detection Selector | ﬂ |

Segmentation @ ) Enabie
‘Window |ength s2mples
Hop length 4 | 152000 ¥ | zamples |_‘|
Mae re-merge |45 b | zegmeants

‘Window 4,000 = Hop: 2.000 s
Deep Learning Model
dlickClassifier_lan25 zip |Llj|| ™ || : |
DelphinID )
Detection Density
Minimum no. clicks | 4 |8

Decision Threshold

Cancel Help ...

Same as for the whistle classifier. Under Deep Learning Model, import the
delphinID click classifier (NEAtlanticClickClassifier.zip) and copy the above
settings apart from channel, window length, and hop length. Refresh to update

the window and hop length. Click Ok.

8. Before running the classifiers, we need to set up storage for saving results. Go to
File > Database = Database selection. Select the file trackDB.sqlite3 in the

eventClassifier folder. This is necessary for event classification later on.

9. (Optional) To save binary files in addition to a database, go to Add modules -
Utilities = Binary Storage and click Ok. Now go to File = Binary storage to

select a folder where binaries will be stored.

10. We are now ready to run our delphinlD classifiers! Click the red button near to
the top of the PAMGuard display to run detection and classification. As the file is

analysed, you should see a visual display similar to this:
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The display can be interpreted as follows:

11. An example Click Predictions table from the PAMGuard output database is shown
in the screenshot below, where the delphinID click classifier predictions are
shown in the right-hand column. With the results from base classification in
PAMGuard exported to your .sqlite3 database, you are now ready to use the

eventClassifier interface to classify events containing whistles and/or clicks to

Red lines show click detections

Blue contours outline peak frequency contours of whistle detections

Coloured boxes that appear indicate groups of detections classified by

delphinlD - the colour indicates the most likely species (species key

available in display settings).

Species.
NP — oy a—— Ve % s B o8 & n & W
uio PClacalTime Start_sample
[FilterJFitter [Filter [Fitter [Fitter
1 1 2015-05-24 21:40:28.565 2019-05-24 22:40:28.565 2742367 {"class_id":[0,1,2,3,4,5,6],"predictions":[[2.1496549E-4,0.94785656,2.7305057E-4,1.4110188E-7,0.05165493] |}
2 2 2019-05-24 21:42:10.699 2019-05-24 22:42:10.699 12547270 {"class_id":[0,1,2,3,4,5,6],"predictions":[[3.8007893E-5,0.39899504, 1. 1560488E-7,0.600879,8.692571E-5]] }
3 3 2019-05-24 21:42:14.439 2019-05-24 22:42:14.439 12906283 {"class_id":[0,1,2,3,4,5,6),"predictions":[[4.5897775E-7,0.004935851,3,2249553-10,0,9950597,4.040902E-6] |}
4 4 2019-05-24 21:42:18.492 2019-05-24 22:42:18.492 13295365 {"class_id":[0,1,2,3,4,5,6), 2.4561632E-7,0.0015837499,2.2875744E-10,0.9984158, 1.01265435E-7] |}
5 5 2019-05-24 21:42:22.999 2019-05-24 22:42:22.999 13727972 {"dlass_id":[0,1,2,3,4,5,6],"predictions":[[7.6141514E-5,0.11983604,1.5143219E-7,0.8800503,3.7286743E-5]]}
6 6 2019-05-24 21:42:26.424 2019-05-24 22:42:26.424 14056837 {"class_id":[0,1,2,3,4,5,6], predictions":[[ 1. 4326939E-6,0.018835308,3.3136813E-,0.981 16106,2.21718036-6] ]}
7 7 2019-05-24 21:42:30,422 2019-05-24 22:42:30.422 14440614 {"dass_id":[0,1,2; "predictions";[[1.1135858E-7,0.0025924724,2.5296265E-10,0.99740654,8 404821E-7]]}
8 8 2015-05-24 21:42:34.730 2019-05-24 22:42:34.730 14854185 {"class_id":[0,1,2,3,4,5,6], predictions":[[9.936747E-7,0.04498304,3.911135E-5,0,95500565, 1,04 18893E-51}
9 9 2019-05-24 21:42:38.831 2019-05-24 22:42:38 831 15247938 {"class_id":[0,1,2,3,4,5,6],"predictions":[[9.304107E-9,1.4563603E-4,3.5726812E-12,0.9998543,1.7614548E-8]]}
10 10 2015-05-24 21:42:42.438 2019-05-24 22:42:42.438 15594169 {"class_id":[0,1,2,3,4,5,6],"predictions":[[7.227528E-10,4.3265365E-5,6.484799E-13,0.9999567,7.295643E-10] |}
1 11 2019-05-24 21:42:46.434 2019-05-24 22:42:46.434 15977834 {"class_id":[0,1,2,3,4,5,6],"predictions":[[3.3082658E-11,9.978855E-6,1.853262E-14,0.99999, 1.0754193€-5] ]}
12 12 2015-05-24 21:42:50.447 2019-05-24 22:42:50.447 16363065 {"class_id":[0,1,2,34,5,6),"predictions":[[6.708447E-8,2.4419275E-4,1.999201E-10,0.9997557,7.611823€-8] ]}
13 13 2019-05-24 21:42:56.495 2019-05-24 22:42:56 495 16943667 {"class_id":[0,1,2,3,4,5,6),"predictions":[[4.339284E-5,0.13300414,2.0198472E-7,0.86691433,3.7994232E-5] ]}
14 14 2019-05-24 21:44:43.237 2019-05-24 22:44:43.237 27190849 {"class_id":[0,1,2,3,4,5,6),"predictions":[[ 5.20306E-8,0.0017289262,1.1392899E-10,0.99827063,4.3454813E-7| |}
15 15 2019-05-24 21:44:44.437 2019-05-24 22:44:44,437 27306142 {"class_id"[0,1,2, 6],"predictions":[[7.237779E-6,0.7053915,3.121018E-8,0.2945581,4.3076638E-5]] }
16 16 2019-05-24 21:44:49.121 2019-05-24 22:44:49,121 27755739 {"class_id":[0,1,2,3,4,5,6], predictions":[[2.0752585E-5,0.9533962,7.010346E-7,0.04269716,0.0038851993] ]}
17 17 2019-05-24 21:45:34,505 2019-05-24 22:45:34,505 32112581 {"dass_id":[0,1,2,3,4,5,6],"predictions":[[9.733473E-5,0.90283954,5.0168487E-6,0,087879926,0.009178218] ]}
18 18 201-05-24 21:45:45.299 2019-05-24 22:45:45.299 33148807 {"class_id":[0,1,2,3,4,5,6], "predictions":[[3.5815785E-5,0.9721584,4,3712757E-7,0.02481771,0.0029876295]]}




With ROCCA

ROCCA (Real-time Odontocete Call Classification Algorithm) classifier models are
Random Forest models trained on select acoustic characteristics measured
automatically from more than 10,000 examples of whistles and over 50,000 examples of
click vocalizations detected in visually confirmed recordings to classify seven Northeast

Atlantic delphinid species [6]:

e Atlantic white-sided dolphin (Lagenorhynchus acutus)
e Common bottlenose dolphin (Tursiops truncatus)

e Killer whale (Orcinus orca)

e Long-finned pilot whale (Globicephala melas)

e Risso’s dolphin (Grampus griseus)

e Short-beaked common dolphin (Delphinus delphis)

e White-beaked dolphin (Lagenorhynchus albirostris)

Forty-eight time-frequency measurements are used for whistles, describing
characteristics pertaining to the frequency and frequency modulation contained in
whistle contours, while fourteen click measurements were used, describing the
distribution of energy across frequency in click spectra —these ROCCA parameters were
extracted from detections automatically via the ROCCA module in PAMGuard and are
described in Appendices A and B. Further detailed support for using ROCCA species

classifiers can be found online here.



file:///I:/0delphinID/manuals.plus/rocca/rocca-user-s-manual

Tutorial 2 | base classification with ROCCA

1.
2.
3.

Download and open PAMGuard (latest version).
Load the ROCCAsettings.psfx configuration in PAMGuard.
Go to Settings 2 Sound Acquisition and select sound file(s) for analysis. Click

Ok.

Go to Settings 2 Decimator. Confirm that the Output sample rate is 96000 Hz. If
your Source sample rate is not an integer multiple of 96000, change the

Interpolation to Quadratic. Click Ok.

In the Settings for Sound Output, Decimator, FFT (Spectrogram) Engine
settings, Click Detector, and Whistle & Moan Detector, make sure that the

acoustic channel targeted for analysis is ticked in all cases.

Go to Settings = Rocca parameters > Contours/Classifier. Import the
ROCCAwhistleclassifier.model and ROCCAclickclassifier.model files for the

Whistle Classifier and Click Classifier, respectively.

Go to Settings = Rocca parameters - Output. Select a folder to export ROCCA
.csv data (This will not be used directly for event classification but can be useful

for inspecting the results). Click Ok.

Before running the classifiers, we need to set up storage for saving results. Go to
File > Database 2> Database selection. Select the file trackDB.sqlite3 in the

eventClassifier folder. This is necessary for event classification later on.

(Optional) To save binary files in addition to a database, go to Add modules 2>
Utilities - Binary Storage and click Ok. Now go to File = Binary storage to

select a folder where binaries will be stored.


file:///I:/0delphinID/PAMGuard.org

10. We are now ready to run our ROCCA classifiers! Click the red button near to the
top of the PAMGuard display to run detection and classification. As the file is

analysed, you should see a visual display similar to this:

ERE=)

Time (s)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

re 1uPa?/Hz)

The display can be interpreted as follows:
e Red lines show click detections
e Blue contours outline peak frequency contours of whistle detections
e Counts of base classifications for individual detections are counted for

each species in the lefthand sidebar display under Rocca.

12. With the results from base classification in PAMGuard exported to your .sqlite3
database, you are now ready to use the eventClassifier interface to classify events

containing whistles and/or clicks to species.



Optional setting adjustments for delphinlD or ROCCA
Several parts of the workflow for base classification with delphinID can be tweaked to

achieve optimal results on your data:

e Click detection settings including trigger threshold, click length, digital pre-
filter and trigger filter can be adjusted to control features of the click waveform
targeted for detection.

e Clicks can be categorised into spectral profiles through click classification.
delphinlID.psfx includes a default target spectral profile for delphinids.

e Whistle & moan detection settings including minimum length, min and max
frequency, and signal-to-noise threshold (trigger) can be adjusted to control

the time-frequency features of whistles targeted for detection.



EVENT CLASSIFICATION IN eventClassifier

The output from base acoustic classification using delphinlD or ROCCA in PAMGuard is
not intended to be interpreted as a final classification result — thorough testing of our
Northeast Atlantic classifiers demonstrates that both the highest overall accuracy and
most consistent performance across species is achieved through integration of
predictions from whistles and clicks at the event, or encounter, classification level. We
have developed an intuitive interface, using R Shiny, for this purpose that we call the
eventClassifier, where users can import an .sqlite3 PAMGuard database containing the
output from delphinlD or ROCCA classifiers to classify acoustic events, which are

separated by recording file, to species.

Tutorial 3 | event classification with eventClassifier

1. Download the latest version of R from https://cran.r-project.org/.

2. Download the which.dolphin repository from

https://github.com/tristankleyn/which.dolphin, either by downloading the

repository directly from the webpage or by cloning the repository to your device:

git clone https://github.com/tristankleyn/which.dolphin.git

3. Runwhich.dolphin/eventClassifier/runApp.R. This can be done either by sourcing
the filepath or by dragging the runApp.R file into your R console.

source( '---INPUT PATH---/which.dolphin-main/eventClassifier/runApp.R")

4. Inthe window prompt that appears, select the folder containing eventClassifier.


https://cran.r-project.org/
https://github.com/tristankleyn/which.dolphin

@ Select folder with eventClassifier X

« v » ThisPC » TRISTANT () » OdelphinlD > project-whichdolphin v O Search project-whichdolphin =~ 0
Organize ~ New folder = - (7]
w_dur200_max1; ~ Name . Date modified Type Size
whistlescreenshe git 51416 File folder
[ This PC delphiniD 531157 File folder

511:18 File folder
4 14:53

eventClassifier

J 3D Objects
[ Desktop

|5 Documents
¥ Downloads
J! Music

images 04/11/2 File folder

rocca File folder

&= Pictures

B videos

‘am Windows (C:)
o Local Disk (D)
s Local Disk (G2
== Home Drive (H:)

— TRISANT (I} ¥

[Z= Al project-whichdolphi

Select Folder Cancel

5. After a few seconds, the eventClassifier interface should launch in an offline

browser window, showing the below display.

v ) eventClassifier x 4+ - - .

C @ 127.0.0.1:5004 a ¥ In] [

Select database

trackDB
Select supported PAMGuard classifier
delphiniD Classifier

Select event classifier

EventClassifier_delphiniD.rds

Minimum decision score

Minimum click predictions
o] o

® AND
OR

Minimum whistie predictions
2]

Filter dates

Show plot

Counts

& Download fitered events || & Dowmicad all events

PEE® @ ®OEE®OG

The controls on the sidebar are:
1. Select database | choose a PAMGuard database containing base classification results.
= NOTE: The app is hardcoded to analyse results from either the trackDB.sqlite3
database (empty file) the BB2022.sqlite3 database (example file). To analyse

your own data you must use the trackDB file to save PAMGuard output to.

2. Select supported PAMGuard classifier | choose delphinIlD or ROCCA

3. Select event classifier | choose an event classifier model



4. Minimum decision score | a filter for event classifications based on classification
confidence. Decision score = M x P, where M is the maximum species classification
probability (i.e. the classification probability 0-1 of a given event for the most likely
species) and P is the prominence of this probability, that is the difference between the

maximum species probability and the second highest species probability.

5. Minimum click predictions | afilter for event classifications based on the number of base
classifications from the click classifier within an event. For ROCCA, this number is equal
to the number of individual clicks classified while for delphinID it is equal to the number

of click detection frames.

6. Minimum whistle predictions | a filter for event classifications based on the number of
base classifications from the whistle classifier within an event. For ROCCA, this number
is equal to the number of individual whistles classified while for delphinID itis equal to the
number of whistle detection frames.

7. Filter dates | a filter for event classifications based on the starting UTC timestamps of
events.

8. Show plot | choose between counts, a barplot display of the number of classified events
for each species, and map, a scatterplot display showing clustering of events in acoustic
space.

9. Classify/Add labels | Click Classify to calculate and display results. Click Add labels to
add an optional label column to the results table.

10. Download filtered or all events | Export events to .csv (saves to eventClassifier folder)

6. Click Classify to classify events and display results. After some time, depending
on the size of the database, plot and table representations of the results should

appear in the main panel of the interface.



7.

v ) eventClassifier x 4+ - . §

G @ 1270015004 e 1 £} [ ]
eventClassifier
6
Select database
exampleDB_ES2019 - 5
. 4
Select supported PAMGUard classifier
delphinD Classifier - 3
Select event classifier 2
EventClassifier_deiphiniD.rds - 1 -
delphiniD click classifier _— —_—
Deep_Leaming_Classifier__Clicks - De. delphis ~ GI. melas Gr.griseus  La.acutus La. albirostis  Or.orca  Tu. fruncatus
delphiniD whistle classifier
Deep_Leaming_Classifier -
eventlD li minutes score barcode
e T s - 1 20190524T214000 wav 50 0 5 Gr griseus 0004  005600410112151511141614
) 2 20190528T004000.wav 50 ] 83 Gr griseus 0217 006100201712151511141614
l am  om o s a1 ams o oms oz
3 201907 13T053000 wav 45 5 89  Tu truncatus 0035 392422011114150808130930
Minimum click predictions
60 4 20190713T060000.wav 30 107 89 Tu truncatus 0173 421823011412151013061130
N ooy e 5 20190711T003000.wav 0 5 0 Tu tuncatus 0223 181720231916120806031041
BLD & 20190711T010000.wav 80 10 86 De. delphis 0.009  331132021417140509020845
COoR
7 20190706T223000.mav 0 15 51 La acutus 0276 182021172219100820280210
Minimum whistle predictions.
0w 5 20190706T230000.wav 0 20 35 Tu tuncatus 0202 172221172012130810140825
R S 9 20190702T213000.wav 5 ] 0 De. delphis. 0024  402325001013121517141214
Filter dates. 10 20190702T220000.wav 10 15 78 Tu truncatus 0126 551115011603140902001455
2015-03-07 i 20250308 11 20190702T223000.wav 5 0 0 De. delphis 0.081 531815001213121517141214
Show plot 12 20190813T231000.wav 0 5 0 La acutus 0231 181720231916090625080329
Counts - 13 20190813T234000.wav 0 20 65 La acutus 0569 17222172019110426150319
, Add Labels 14 PAM_2025-02-05_15-58-18.wav 70 5 43 Orora 0.068  050400107901101602006008
15 20190713T003000.wav %0 [} 93 De. delphis 0.008  441327001413151412141712
& Download filtered events | & Dounload all events
16 20190713T010000wav 135 ] 96 De.delphis 0,027 451028001312131315141416 -

The columns in the results table are:
o eventlD | identifier for each event (recording file) extracted from the database.
o clicks or clickFrames | the number of click predictions within each event
o whistles or whistleFrames | the number of whistle predictions within each event
o predictedSpecies | Latin names for the classified species for each event
o score | decision score (described in step 5.4) for each event classification

o barcode | a 24-digit embedding representing the acoustic profile of each event

Click Download filtered events to export filtered classification results or
Download all events to export all classification results to a .csv file, which is
saved in the eventClassifier folder. The screenshot below shows an example .csv
output from the eventClassifier, where species are signified by the first letter of

their genera and first two letters of their species (i.e. Ttr for Tursiops truncatus).

eventlD clicks whistles duration predictedSpecies score Dde Ggr Gme Lal Oor Ttr
XXKXXXXKXXXX wav 392 2 10.669 Dde 0.0618 0.412 0.038 0.242 0.004 0.042 0.262
YYYYYYYYYYYY.wav 56 10 95.23 Dde 0.0314 0.244 0.227 0.122 0.151 0.101 0.156

277777777777 Wav 0 34 56,513 Ttr 0.0901 0.236 0.192 0.075 0.121 0.092 0.287



PERFORMANCE

The below tables show various performance metrics for event classification of Northeast
Atlantic delphinid species using the delphinIlD and ROCCA base classifiers. Metrics were
estimated through cross-validated testing across more than 250 recording files
representing 105 events, or encounters, which were separated from one another by a
distance of at least 6 km. Performance shown below reflects that using decision
thresholds to filter out less confidence predictions (see table captions).

Table 1 | Confusion matrix of event classification using delphinID whistle and click classifiers using a base classification threshold
of 30% and a minimum event decision score of 0.05. Overall average accuracy across 30 random trials was estimated at 86.3%
(SD=1.8%), while accuracies varied amongst species with lowest accuracy for Delphinus delphis at 80.0% and highest accuracy for
Lagenorhynchus albirostris at 92.0%. Standard deviations in accuracies are shown in parentheses and the average number of events

tested in each trialis given in the right-hand column. Event predictions below the decision score threshold of 0.05 and thus discarded
made up 29.3% of all events.

Classified as

True species De. delphis Gr. griseus Gl. melas La. acutus La. albirostris 0Qo.orca Tu. truncatus N
. 0.80 0.01 0.0 0.10 0.06 0.0 0.06

De. delphis (0.03) (<0.01) (<0.01) (0.01) (0.01) (<0.01) (0.02) 20

Gr. griseus 0.02 0.90 0.0 0.01 0.09 0.0 0.02 10
(0.03) (0.02) (<0.01) (<0.01) (0.02) (<0.01) (0.01)

GL melas 0.01 0.0 0.86 0.0 0.0 0.14 0.01 14
(0.01) (<0.01) (0.01) (<0.01) (<0.01) (0.03) (<0.01)

La. acutus 0.12 0.0 0.0 0.88 0.0 0.0 0.0 3
(0.03) (<0.01) (<0.01) (0.05) (<0.01) (<0.01) (0.01)

La. albirostris 0.01 0.08 0.0 0.01 0.92 0.0 0.0 12
(0.01) (0.02) (<0.01) (0.01) (0.02) (<0.01) (<0.01)

Oo. orca 0.0 0.02 0.16 0.0 0.0 0.83 0.01 6
(<0.01) (0.01) (0.02) (<0.01) (<0.01) (0.06) (0.01)

Tu. truncatus 0.01 0.10 0.02 0.06 0.0 0.0 0.90 10
(0.03) (0.03) (0.01) (0.01) (<0.01) (<0.01) (0.04)

Table 2 | Confusion matrix of event classification using ROCCA whistle and click classifiers using a vocalization threshold of 30%
and a minimum event decision score of 0.05. Overall average accuracy across 30 random trials was estimated at 78.0% (SD=1.3%),
while accuracies varied amongst species with lowest accuracy for Grampus griseus at 60.0% and highest accuracy for Orcinus orca
at 92.0%. Standard deviations in accuracies are shown in parentheses and the average number of events tested in each trial is given
in the right-hand column. Event predictions below the decision score threshold of 0.05 and thus discarded made up 26.9% of all
events.

Classified as

True species De. delphis  Gr. griseus  Gl. melas La. acutus La. albirostris Oo.orca Tu.truncatus N
. 0.76 0.0 0.03 0.21 0.0 0.0 0.01
De. delphis (0.02) (<0.01) (<0.01) (0.02) (<0.01) (<0.01) <001 2
Gr. griseus 0.08 0.60 0.09 0.10 0.04 0.01 0.10 1
(0.01) (0.05) (<0.01) (<0.01) (<0.01) (<0.01) (0.01)
0.0 0.0 0.86 0.0 0.0 0.16 0.0
Gl. melas 15
(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.02) (<0.01)
La. acutus 0.15 0.0 0.0 0.76 0.03 0.0 0.06 °
(0.04) (<0.01) (<0.01) (0.02) (<0.01) (<0.01) (0.01)
La. albirostris 0.02 0.17 0.0 0.0 0.82 0.0 0.0 10
(0.01) (0.04) (<0.01) (<0.01) (0.01) (<0.01) (<0.01)
Oo. orca 0.0 0.0 0.04 0.05 0.0 0.92 0.0 7
(<0.01) (<0.01) (0.01) (<0.01) (<0.01) (0.11) (<0.01)
0.21 0.0 0.0 0.06 0.0 0.0 0.83
Tu. truncatus 14

(0.03) (<0.01) (<0.01) (0.01) (<0.01) (<0.01) (0.04)




IMPORTANT CONSIDERATIONS

Our classifiers are only as good as the data you feed it.

While our classifiers available for base and event classifications were trained on
thousands of examples of delphinids vocalizations of visually confirmed recordings of
Atlantic delphinid species, it is important to consider that the quality of your detections
made in PAMGuard can influence the reliability of classification results. The performance
estimated of our classifiers in Tables 2-3 shows variable accuracy and misclassification
across species. As the use of false detections of whistles and clicks (caused by other
noise sources in recordings, such as anthropogenic or environmental noise) in testing
was found to be minimal for our study, we did not empirically investigate how false
detections may influence classifier performance and misclassification rates. Itis crucial,
however, to consider how systematic false detections of whistles or clicks could alter the
expected performance of classifiers and thus it is crucial to monitor and validate a
portion of your PAMGuard detections when using our classifiers. Lastly, we recommend
targeting high signal-to-noise (SNR) vocalizations for classification and to avoid using
recordings with abnormally loud (so much as to confound vocalizations) background

noises such as electrical interference or vessel noise.

No classifier is perfect!

Even if your detections are true detections and of high-quality, there is a limit to our
classifiers’ abilities to predict species accurately simply due to the fact that acoustically
identifying dolphin species is no easy task! Anyone using these models must account for
some inherent error, which can be estimated from the confusion matrices in Tables 2-3,
when interpreting their results. In applying acoustic classifiers to large datasets, we have
found that visualising classification results over time and propagating expected
classification errors can provide additional insights into understanding likely patterns of

true and false classifications.
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Appendix A
ROCCA Northeast Atlantic Whistle Classifier parameters

The whistle classifier contains 1,000 decision trees and the following 48 attributes. It was
trained using 1,783 whistles from 79 spatiotemporally independent acoustic encounters.

e FREQMAX: highest frequency of the contour [Hz]

¢ FREQMIN: lowest frequency of the contour [Hz]

e DURATION: duration of the contour [s]

e FREQBEG: frequency of the first point of the contour [Hz]

¢ FREQEND: frequency of the last point of the contour [Hz]

* FREQRANGE: FREQMAX - FREQMIN [Hz]

¢ FREQMEAN: mean frequency of the contour [Hz]

e FREQSTDDEV: standard deviation of the frequency points in the contour
¢ FREQMEDIAN: median frequency of the contour [Hz]

* FREQCENTER: (FREQMIN+FREQMAX)/2 [Hz]

* FREQRELBW: (FREQMAX-FREQMIN)/FREQCENTER

* FREQMAXMINRATIO: FREQMAX/FREQMIN

e FREQBEGENDRATIO: FREQEND/FREQBEG

¢ FREQQUARTER?1: 25th percentile of the frequency points [Hz]
e FREQQUARTERZ2: 50th percentile of the frequency points [Hz]
e FREQQUARTERS3: 75th percentile of the frequency points [Hz]
* FREQSPREAD: FREQQUARTER3- FREQQUARTER1 [Hz]

e FREQCOFM: coefficient of frequency modulation

e FREQSTEPUP: number of contour steps up

¢ FREQSTEPDOWN: number of contour steps down

e FREQNUMSTEPS: FREQSTEPUP+ FREQSTEPDOWN

e FREQSLOPEMEAN: mean of the slopes in the contour [Hz/s]

e FREQABSSLOPEMEAN: mean of the abs(slope) values [Hz/s]
¢ FREQPOSSLOPEMEAN: mean of the positive slopes [Hz/s]

e FREQNEGSLOPEMEAN: mean of the negative slopes [Hz/s]

* FREQSLOPERATIO: FREQPOSSLOPEMEAN/ FREQNEGSLOPEMEAN

e FREQBEGSWEEP: the sweep of the beginning of the contour. Can be 0 (down sweep), 1 (flat) or
2 (up sweep)



e FREQBEGUP: whether the beginning sweep of the contour has a positive slope. Binary: 0 (no)
or 1 (yes)

e FREQBEGDWN: whether the beginning sweep of the contour has a negative slope. Binary: 0
(no) or 1 (yes)

e FREQENDSWEEP: the sweep of the ending of the contour. Can be 0 (down sweep), 1 (flat) or 2
(up sweep)

* FREQENDUP: whether the ending sweep of the contour has a positive slope. Binary: 0 (no) or 1
(ves)

e FREQENDDWN: whether the ending sweep of the contour has a negative slope. Binary: 0 (no)
or 1 (yes)

e NUMSWEEPSUPDWN: number of times an up sweep is followed by a down sweep
e NUMSWEEPSDWNUP : number of times a down sweep is followed by an up sweep
e NUMSWEEPSUPFLAT: number of times an up sweep is followed by a flat

e NUMSWEEPSDWNFLAT : number of times a down sweep is followed by a flat

e NUMSWEEPSFLATUP : number of times a flat is followed by an up sweep

¢ NUMSWEEPSFLATDWN : number of times a flat is followed by a down sweep

e FREQSWEEPUPPERCENT: percentage of the sweeps that are up sweeps

* FREQSWEEPDWNPERCENT: percentage of the sweeps that are down sweeps

e FREQSWEEPFLATPERCENT: percentage of the sweeps that are flat

e NUMINFLECTIONS: number of inflection points

¢ INFLMAXDELTA : longest time between inflections [s]

¢ INFLMINDELTA: shortest time between inflections [s]

¢ INFLMAXMINDELTA: INFLMAXDELTA/ INFLMINDELTA

¢ INFLMEANDELTA: mean time between inflections [s]

¢ INFLSTDDEVDELTA: standard deviation of the time between inflections [s]

¢ INFLMEDIANDELTA: median time between inflections [s]

¢ INFLDUR: NUMINFLECTIONS/DURATION [counts/s]

e STEPDUR: FREQNUMSTEPS/DURATION [counts/s]

Appendix B
ROCCA Northeast Atlantic Click Classifier parameters

The click classifier contains 1,000 decision trees and the following 14 attributes. It was trained
using 1,963 clicks from 70 spatiotemporally independent acoustic encounters.



¢ DURATION: duration [s]

e FREQCENTER: median frequency from the click spectrum [Hz]
* FREQPEAK: peak frequency [Hz]

* BW3DB: -3dB bandwidth [Hz]

e BW3DBLOW: -3dB bandwidth lower limit [Hz]

* BW3DBHIGH: -3dB bandwidth upper limit [Hz]

* BW10DB: -10dB bandwidth [Hz]

* BW10DBLOW: -10dB bandwidth lower limit [Hz]

e BW10DBHIGH: -10dB bandwidth upper limit [Hz]

* NCROSSINGS: number of zero crossings

e SWEEPRATE: sweep rate of the zero crossings [kHz/ms]

¢ MEANTIMEZC: mean time between zero crossings [ms]

e MEDIANTIMEZC: median time between zero crossings [ms]

¢ VARIANCETIMEZC: variance of the time between zero crossings [ms2]



