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Executive Summary
In 2013, two random-forest classifiers were developed to identify the whistles of five species of
odontocetes recorded in the northwestern Atlantic Ocean (bottlenose dolphin, Tursiops
truncatus; Atlantic spotted dolphin, Stenella frontalis; striped dolphin, S. coeruleoalba; shortbeaked common dolphin, Delphinus delphis; and short-finned pilot whale, Globicephala
macrorhynchus; Oswald 2013). One of these classifiers (the manual classifier) was trained and
tested using whistle contours that were detected and extracted using manual methods in the
Real-time Odontocete Call Classification Algorithm (ROCCA) module (Oswald et al. 2013)
within the acoustic data processing software platform, PAMGuard (Gillespie et al. 2008). The
second classifier (the automated classifier) was trained and tested using whistles detected and
extracted automatically using the Whistle and Moan Detector (WMD) module in PAMGuard.
When both of these classifiers were tested using four-fold cross validation, 86 percent and 91
percent of encounters were correctly classified for the manual classifier and the automated
classifier, respectively. Since the initial development of these classifiers, additional visual and
acoustic shipboard surveys have occurred in the northwest Atlantic Ocean through the Atlantic
Marine Assessment Program for Protected Species (AMAPPS) 2013. This new data allowed
biologists to test the performance of the existing classifiers, add new species to the classifiers,
and use the manual classifier to identify AMAPPS 2013 acoustic encounters that did not have
visual confirmation of species identity.
The AMAPPS 2013 survey was a visual and acoustic line-transect marine mammal abundance
survey that was conducted from 1 July to 15 September 2013 by the Southeast Fisheries
Science Center (SEFSC) and the Northeast Fisheries Science Center (NEFSC). These surveys
covered waters of the northern Atlantic continental shelf-break, from the 100-meter depth
contour to the edge of the Exclusive Economic Zone, and ranged from South Carolina in the
south to the southern tip of Nova Scotia, Canada, in the north. Passive acoustic data were
collected using towed hydrophone arrays (NEFSC and SEFSC 2013).
Whistles were detected and extracted manually from the AMAPPS 2013 passive acoustic
dataset using the Raven Pro Software (Version 1.4; Bioacoustics Research Program 2011), and
the PAMGuard ROCCA module. They were also detected and extracted automatically using
PAMGuard’s WMD module. Acoustic encounters with visual confirmation of species identity
were classified using both the manual and automated classifier approaches. Recordings for four
out of the five species that were included in the Atlantic classifiers (with the exception of shortfinned pilot whales) were available. Small sample sizes made it difficult to evaluate classifier
performance for short-beaked common dolphins (n=3 acoustic encounters) and striped dolphins
(n=2 acoustic encounters). The manual classifier performed relatively well, correctly classifying
77 percent of Atlantic spotted dolphin encounters (n=13) and 93 percent of bottlenose dolphin
encounters (n=28). The automated classifier misclassified every encounter as pilot whales. This
is likely due to the fact that different versions of PAMGuard were used to detect and extract
whistles for the Atlantic classifier training dataset and the AMAPPS 2013 test dataset.
Determining the exact cause of these discrepancies within PAMGuard was beyond the scope of
this project but should be investigated further.
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Addition of the AMAPPS 2013 dataset allowed three species (Risso’s dolphin, Grampus
griseus; rough-toothed dolphin, Steno bredanensis; and Clymene dolphin, Stenella clymene) to
be added to the manual classifier. The new classifier had an overall correct classification score
of 55 percent and individual species correct classification scores that ranged from 3 percent for
Risso’s dolphins to 84 percent for short-finned pilot whales. Although the correct classification
score for Risso’s dolphin was very low, this species was included in the classifier because few
encounters from other species were misclassified as Risso’s dolphin, and when a classifier that
did not include Risso’s dolphin was trained, correct classification scores for the other species
were similar to correct classification results using a classifier with Risso’s dolphin included.
Including Risso’s dolphin in the classifier provides the potential for Risso’s dolphin encounters to
be classified without significantly reducing correct classification scores for other species. Adding
other information such as echolocation click measurements may increase correct classification
scores for Risso’s dolphin and other species, and this is being pursued by Bio-Waves, Inc. in a
separate project sponsored by the Office of Naval Research (ONR) and the United States Navy
Living Marine Resources Program.
This new eight-species classifier was used to identify AMAPPS 2013 encounters that did not
have visual confirmation of species identity. Most (18 out of 20) of these encounters were
classified as striped dolphins. The remaining two encounters were classified as Clymene
dolphin and short-finned pilot whale. Striped dolphins were one of the most commonly detected
small cetaceans during the northern leg of the AMAPPS 2013 survey, both visually and
acoustically (NEFSC and SEFSC 2013). All but two of the non-sighted acoustic encounters that
were classified as striped dolphins were north of 36°N and offshore of the continental shelf,
which is where all of the visual detections of striped dolphins also occurred. Based on their
locations, we believe that the two southernmost non-sighted acoustic encounters that were
classified as striped dolphins may have been misclassifications. This suggests that geographic
location may be another variable that could be useful for improving classification success of the
classifiers. This possibility is currently being investigated by Bio-Waves, Inc. in the ONRsponsored project mentioned above.
The results of this study provide valuable information on the performance of two whistle
classifiers for delphinid species in the northwestern Atlantic Ocean. Although the manual
classifier requires more time and effort for the detection and extraction of whistles, it proved to
be more generalizable to novel datasets than the automated classifier and also allowed
identification of acoustic encounters that did not have associated visual observations
(i.e., non-sighted encounters). The ability to identify non-sighted encounters allows a more
complete understanding of species distribution as well as providing information about which
species are more difficult to detect using visual methods. These results highlight the
complementary nature of visual and acoustic methods, which if used together allow more and
improved information about the distribution of marine mammals to be collected from
vessel-based surveys.
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1. Introduction
In recent decades, passive acoustic monitoring (PAM) has been adopted as an effective method
for obtaining information about the occurrence, distribution, and behavior of marine mammals
(Mellinger and Barlow 2003); however, this type of monitoring generates huge volumes of data.
In order for the data generated from PAM to be effectively used, they need to be efficiently
analyzed and accurately interpreted. Researchers have been turning to bio-acoustic analysis
software for the detection and classification of marine mammal sounds from digital acoustic
recordings. Due to the high variability of sounds both within and among species, identification of
marine mammal species based on sounds can be challenging. This is especially true for
delphinid whistles, which are among the most variable of calls for any group of cetaceans.
Early delphinid whistle classifiers focused on time-frequency characteristics measured from
spectrograms and classification algorithms such as discriminant-function analysis and
classification-tree analysis (e.g., Steiner 1981, Fristrup and Watkins 1993, Wang et al. 1995,
Matthews et al. 1999, Rendell et al. 1999, Oswald et al. 2003). More recently, other
classification algorithms such as Gaussian mixture models (Roch et al. 2007), Hidden Markov
models (Brown and Smaragdis 2009) and random forests (Oswald et al. 2013) have been used,
with varying degrees of success.
The Real-time Odontocete Call Classification Algorithm (ROCCA) is one of a few classifiers that
are readily available for marine mammal researchers, conservationists, and resource managers
(Oswald et al. 2013). At present, ROCCA is available as a module within PAMGuard, an opensource software platform that is freely available to the public for the recording, processing, and
analysis of bioacoustic data (www.pamguard.org; Gillespie et al. 2008). Initially, ROCCA
contained a random-forest classifier that was developed for whistles from eight different species
of delphinids occurring in the tropical Pacific Ocean (Oswald et al. 2013), but in October 2013,
Bio-Waves, Inc. completed development of two additional whistle classifiers (Oswald 2013).
These two classifiers each included five species of delphinids (bottlenose dolphins, Tursiops
truncatus; Atlantic spotted dolphins, Stenella frontalis; striped dolphins, S. coeruleoalba;
short-beaked common dolphins, Delphinus delphis; and short-finned pilot whales, Globicephala
macrorhynchus) recorded in the northwest Atlantic Ocean. The first classifier (the manual
classifier) was trained and tested using whistles detected and extracted using manual methods
in ROCCA. The second classifier (the automated classifier) was trained and tested using
whistles detected and extracted using the fully automated Whistle and Moan Detector (WMD), a
module in PAMGuard. Both the manual and the automated classifiers identify individual whistles
to species. Encounters (groups of whistles produced by a single school of dolphins) are then
identified based on the combined classification results for all of the whistles in each encounter
(Oswald 2013).
ROCCA’s Atlantic classifiers are random-forest classifiers that use a two-stage approach, where
whistles are first classified to broad species categories (e.g., large delphinids, Stenella species)
in stage one and then to species within those categories in stage two. This approach resulted in
more accurate classification scores than previous single-stage random-forest analyses. Overall,
66 percent (manual classifier) and 68 percent (automated classifier) of encounters were
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correctly classified using a single-stage random forest, and 86 percent (manual classifier) and
91 percent (automated classifier) of encounters were correctly classified using a two-stage
approach (Oswald 2013). Because of the high correct classification scores obtained using test
data, the Atlantic classifier has the potential to be an important element in the marine mammal
acoustic signal-processing toolbox. It is therefore important to continue developing and using
this classifier.
During the months of July through September 2013 the Northeast Fisheries Science Center
(NEFSC) and the Southeast Fisheries Science Center (SEFSC) conducted a combined visual
and acoustic survey for marine mammals in the northwestern Atlantic Ocean (Atlantic Marine
Assessment Program for Protected Species—AMAPPS). In this study, passive acoustic data
collected during the AMAPPS 2013 cruise were used to test, improve, and utilize the ROCCA
Atlantic classifiers.
The main goals of this study were as follows:
1. Continue development of the Atlantic classifiers by adding AMAPPS 2013
recordings of single-species schools to the training datasets. ROCCA’s Atlantic
classifier currently includes five species; however, archival recordings are available from
SEFSC and NEFSC for at least five additional species (spotted dolphins, Stenella
attenuata; rough-toothed dolphins, Steno bredanensis; Clymene dolphins, Stenella
clymene; false killer whales, Pseudorca crassidens; Risso’s dolphins, Grampus griseus).
During the initial development of the Atlantic classifier, there were not enough data
available to include these species, but single-species, visually validated recordings
collected during the AMAPPS 2013 survey provide enough data to allow the addition of
some of these species to the classifier.
2. Test and ground-truth the Atlantic classifiers using whistles recorded during
visually validated acoustic recordings from the AMAPPS 2013 cruise to provide a
more complete understanding of how the classifiers perform on novel data.
3. Use the Atlantic classifier to identify schools that were detected acoustically but
did not have visual confirmation of species identity. The identification of schools that
were detected acoustically but did not have visual confirmation of species identity will
provide a more complete understanding of species occurrence and distribution in the
AMAPPS study area.
The methods used to obtain these goals are presented and discussed below.
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2. Statement of Navy Relevance
The northwestern Atlantic Ocean contains several regions that are important marine areas for
U.S. Navy training and testing. In compliance with the Marine Mammal Protection Act, the
United States Navy is required to monitor and assess the impact of training and testing activities
on marine mammals during such exercises. However, species-specific information for
delphinids is often not available for these regions. PAM is being used extensively to collect
information regarding marine mammal occurrence, distribution, and behavior in naval exercise
areas; however, it is currently not possible to identify many delphinids to species based on
acoustic data alone. It is important to be able to identify species for multiple reasons. Naval
activities such as sonar and ship noise may have negative impacts on marine mammals and
different species may react in different ways. Knowledge about which species are present is
required to assess species-specific responses to naval activities, which will in turn improve
resource management plans and allow for more effective mitigation measures. Development of
efficient and accurate tools for detection and classification of sounds produced by marine
mammals will reduce the need for the Navy to train human operators and analysts and will
significantly reduce the amount of time needed to analyze recordings made using towed
hydrophone arrays or seafloor-mounted recorders. In general, the ability to analyze passive
acoustic data more efficiently will reduce costs and allow the Navy to examine results and make
decisions in a more effective and timely manner.
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3. Methods
3.1

Data Collection

Data used to test, improve, and implement the ROCCA Atlantic classifier were collected during
shipboard line-transect marine mammal abundance surveys (AMAPPS) conducted by SEFSC
and NEFSC from 1 July to 15 September 2013 on the National Oceanic and Atmospheric
Administration ships Henry B. Bigelow (NEFSC) and Gordon Gunter (SEFSC). These surveys
covered northern Atlantic continental shelf-break waters, from the 100-meter (m) depth contour
to the edge of the Exclusive Economic Zone. The NEFSC survey took place from 1 July to
19 August and ranged from South Carolina to Massachusetts. The SEFSC survey took place
from 13 July to 15 September and ranged from South Carolina to Virginia (Figure 1). Acoustic
recordings were collected with an array of oil-filled hydrophones towed approximately 300 m
behind the research vessel at a depth of 8 to 12 m. The NEFSC array consisted of six APC
International hydrophone elements (model 42-1021) and two Reson hydrophone elements
(model TC 4013). The SEFSC array consisted of three APC International elements (model
42-1021) and two Reson elements (model TC 4013). The APC hydrophones have a sensitivity
of -212 decibels (dB) referenced to 1 volt per microPascal (V/µPa) with a flat frequency
response (±4 dB) from 1 to 45 kilohertz (kHz) and a custom-built pre-amplifier gain of 45 dB
above 5 kHz. The Reson hydrophones have a sensitivity of -212 dB re 1 V/µPa with a flat
frequency response (±2 dB) from 5 to 160 kHz with a custom-built pre-amplifier gain of 50 dB
above 5 kHz. Acoustic data were recorded to computer hard drives with sampling rates of
192 kHz and 500 kHz with a 1-kHz high-pass filter using PAMGuard software (Gillespie et al.
2008). Acoustically active delphinid schools were localized using target motion analysis
methods in Ishmael software (Mellinger 2001), and this information was used to match acoustic
detections with visual detections in real-time for species identification.

3.2

Whistle Measurement

Both manual and automated whistle detection, extraction and classification methods were used
to analyze 1) whistles from recordings of single-species delphinid schools that had visual
confirmation of species identity, and 2) whistles from recordings that did not have associated
visual observations. Recordings from sighted or non-sighted schools will henceforth be referred
to as acoustic encounters.
3.2.1

Manual Detection and Contour Extraction

Recordings from each acoustic encounter included in the analysis were first examined aurally
and visually using Raven Pro: Interactive Sound Analysis Software (Version 1.4; Bioacoustics
Research Program 2011). Analysts selected whistles for measurement that had clear start and
end times, and for which the entire time-frequency contour was visible on the spectrogram.
Overlapping whistles were included only if each contour could be traced unambiguously.
Analysts randomly selected up to 50 whistles from each encounter and saved each as an
individual .wav file. A maximum of 50 whistles was selected from each encounter to avoid
over-sampling of groups or individuals.
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Figure 1. Tracklines completed during the summer (July–September) 2013 AMAPPS shipboard
line-transect surveys (figure from NEFSC and SEFSC 2013). GU1304_Survey track (black line) was
for the Research Vessel Gordon Gunther and the HB1303_Survey track (red line) was for the Research
Vessel Henry B Bigelow.
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To extract time-frequency contours from selected whistles, analysts traced contours on
ROCCA’s spectrographic display using a computer touch-pad. ROCCA automatically extracted
time-frequency contours based on whistle traces and then measured 50 variables from each
extracted contour. Measured variables included: duration, frequencies (e.g., minimum,
maximum, beginning, ending, and at various points along the whistle), slopes, and variables
describing shape of the whistles (e.g., number of inflection points and steps; see Barkley et al.
2011 for a complete list and description of variables measured).
3.2.2

Automated Detection and Contour Extraction

Recordings from each acoustic encounter were also analyzed using automated methods.
Automated whistle detection and contour extraction were performed using the WMD module
within PAMGuard (Gillespie et al. 2008). The WMD automatically detects and extracts whistle
contours by searching for and connecting sequential spectral peaks within a user-specified
frequency band. In order to be considered a true whistle detection, a spectral peak must occur
within certain user-defined parameters relating to its amplitude and frequency in relation to other
candidate spectral peaks detected in the time-slices directly before and after the peak in
question. For each acoustic encounter, parameters within the WMD module were adjusted
manually via a graphical user interface to maximize accuracy of contour extraction and minimize
false detections. The WMD automatically passed extracted contours to the ROCCA module for
measurement of whistle variables, as described above.

3.3

Random-Forest Classification Analysis

Whistle contours were classified to species using random-forest classifiers. A random forest is a
collection of decision trees grown using binary partitioning of the data. Each binary partition of
the data is based on the value of one whistle variable (Breiman 2001). An excellent graphical
depiction of the process is presented in Nguyen et al (2013). Randomness is introduced into the
tree-growing process by examining a random subsample of all of the variables at each node.
The variable that produces the most homogeneous split is chosen at each partition. When
whistle variables are run through a random forest, each of the trees in the forest produces a
species classification. Each tree can be considered one vote for a given species classification.
Votes are then tallied over all trees and the final whistle classification is based on the species
with the most votes. In addition to classifying individual whistles, acoustic encounters are
classified based on the number of tree classifications for each species, summed over all of the
whistles that were analyzed for that encounter.
Two random forest classifiers were used to analyze the AMAPPS 2013 data. These classifiers
were trained and tested in a previous effort (Oswald 2013) using acoustic data recorded from
single-species schools that had visual confirmation of species identity and were independent of
the AMAPPS 2013 data. Acoustic recordings used in these training and testing datasets were
made using towed hydrophone arrays during vessel-based visual and acoustic line transect
surveys conducted by SEFSC, NEFSC, and Duke University. The surveys took place off the
Atlantic coast of the United States between central Florida and Georges Bank (in the Gulf of
Maine). Duke University researchers also provided acoustic data recorded with Digital Acoustic
Recording Tags (DTAGs, Johnson and Tyack 2003) attached to short-finned pilot whales.
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Recordings from DTAGs were used only if the tagged animal was part of a single-species
school of short-finned pilot whales and if there were no other species that whistle sighted within
3 nautical miles. A more detailed description of the data and classifiers can be found in Oswald
(2013). One of the classifiers was trained using variables measured from whistles extracted
using ROCCA’s manual method and the other was trained using variables measured from
whistle contours extracted automatically using the WMD. Both classifiers were tested using
two-fold cross-validation. In two-fold cross-validation, the training dataset is randomly divided in
two, with whistles from the same encounter kept together in the same dataset. One dataset is
used to train the model, while the other is used to test the model. The datasets are then
swapped so that each is used once for both training and testing the model. This procedure was
repeated 10 times in order to produce means and standard deviations for confusion matrices.
Both classifiers included five species: short-beaked common dolphin, short-finned pilot whale,
striped dolphin, Atlantic spotted dolphin, and bottlenose dolphin. Both classifiers were also twostage classifiers, where whistle contours were first classified to broad species-groups in stage
one and then classified to species within those species-groups in stage two. For the manual
classifier, whistles were classified as small dolphins (short-beaked common and striped) or
large dolphins (Atlantic spotted, bottlenose, and short-finned pilot whales) in stage one. For the
automated classifier, stage one consisted of a pilot whale versus dolphin (short-beaked
common, Atlantic spotted, striped, and bottlenose) classifier. When the manual classifier was
tested using two-fold cross-validation, 86 percent of encounters (n=131) were classified
correctly (Table 1), and when the automated classifier was tested using two-fold crossvalidation, 91 percent of encounters (n=117) were classified correctly (Table 2; Oswald 2013).
Table 1. Confusion matrix for two-stage classifier trained using manually detected and extracted
whistles and used to classify encounters recorded during the AMAPPS 2013 survey. The
percentage of encounters correctly classified for each species is in bold with standard deviations (SD) in
parentheses. Overall, 86 percent (SD=2.5 percent) of encounters were correctly classified (from Oswald
2013).
% Classified as
Shortbeaked
common
dolphin

Short-finned
pilot
whale

Striped
dolphin

Atlantic
spotted
dolphin

Bottlenose
dolphin

n

Short-beaked
common dolphin

84.6
(5.7)

0
(0)

0
(0)

11
(0)

4.4
(5.7)

9

Short-finned pilot
whale

0
(0)

94.6
(1.9)

5.4
(1.9)

0
(0)

0
(0)

16

Striped dolphin

0
(0)

0
(0)

91.1
(2.8)

8.0
(0)

0.8
(2.5)

12

Atlantic spotted
dolphin

0.3
(0.9)

2.5
(2.6)

4.8
(3.1)

90
(6.6)

2.5
(2.6)

37

Bottlenose
dolphin

5.4
(2.2)

2.7
(1.6)

14.7
(4.2)

7.2
(2.9)

70
(4.3)

57

Actual species
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Table 2. Confusion matrix for two-stage classifier trained using automatically detected and
extracted whistles and used to classify encounters recorded during the AMAPPS 2013 survey. The
percentage of encounters correctly classified for each species is in bold, with SD in parentheses. Overall,
91 percent (SD=2.5 percent) of encounters were correctly classified (from Oswald 2013).
% Classified as
Shortbeaked
common
dolphin

Short-finned
pilot whale

Striped
dolphin

Atlantic
spotted
dolphin

Bottlenose
dolphin

n

Short-beaked
common dolphin

95.2
(6.2)

5.2
(6.7)

0
(0)

0
(0)

0
(0)

8

Short-finned pilot
whale

0
(0)

95.2
(2.5)

0
(0)

4.8
(2.5)

0
(0)

17

Striped dolphin

0
(0)

12.1
(7.8)

87.9
(7.8)

0
(0)

0
(0)

11

Atlantic spotted
dolphin

0
(0)

8.9
(5.3)

0
(0)

89.7
(5.8)

1.2
(1.5)

32

0.8
(1.4)

5.6
(2.5)

0.4
(0.8)

4.1
(2.0)

88.9
(2.2)

49

Actual species

Bottlenose
dolphin

Acoustic encounters that had visual confirmation of species identity were classified using the
manual and automated classifiers to test the performance of the classifiers on a novel dataset.
Acoustic encounters that did not have visual confirmation of species identity were classified
using the manual classifier. Only encounters that were at least 3 nautical miles away from visual
or acoustic detections of other whistling species were included in the analysis to reduce the
probability of obtaining mixed species group recordings.
3.3.1

Development of New Classifiers

All whistles measured manually from AMAPPS 2013 recordings that had visual confirmation of
species identity were added to the manual classifier training dataset and new classifiers were
trained and tested. To test the classifiers, the data were first subsampled so that sample sizes
were equal for all species. This avoided any one species dominating the data and skewing the
results. The subsampled dataset was then randomly divided into four subsets, with whistles
from the same encounter kept together in the same subset. Three subsets were then used to
train the random forest, while one subset was used to test the model. This was repeated for all
possible combinations of the four subsets, so that each whistle was used as a training whistle
and as a testing whistle. The results from all four subsets were compiled into a confusion matrix,
and the entire process was repeated 100 times to obtain means and standard deviations for the
confusion matrix.
Several random-forest models were trained and tested. In the first, whistle contours were
classified directly to species. Subsequent models were two-stage models, where whistles were
classified to species group (e.g., large delphinid, small delphinid) in stage one and then
classified to species within each species group in stage two. Species groupings that were tested
in stage one include: pilot whales/rough-toothed dolphins, pilot whales/Risso’s dolphins,
striped/Clymene/common dolphins, and bottlenose/spotted dolphins, among others. The
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classifier that produced the highest correct classification scores was used to identify AMAPPS
2013 acoustic encounters that did not have visual confirmation of species identity. This classifier
will be added to ROCCA’s classifier toolbox in PAMGuard.
3.3.2

Certainty Scores

Each encounter classification from the sighted and non-sighted AMAPPS 2013 datasets was
assigned a certainty score on a scale of one to five. This score reflected the degree of
confidence that could be placed in the classification, with a score of one being the least
confident and a score of five being the most confident. Certainty scores were based on the
following criteria:
1. At least five whistles were included in the classification decision
2. At least 35 percent of trees voted for the predicted species for the five-species classifier
and 25 percent voted for the predicted species for the eight-species classifier (the
classifier containing additional species from the AMAPPS 2013 data, see Section 4.3.1).
These values were chosen relative to the percentage of trees that would be expected to
vote for the predicted species by chance alone (20 percent for a five-species classifier
and 12.5 percent for an eight-species classifier). If the percentage of trees voting for the
predicted species is substantially higher than would be expected by chance, it is likely
that the school is being classified based on real differences in the whistles.
3. No other species had a similar percentage of tree votes (within 5 percent).
Classifications were assigned the following certainty scores:
1: None of the above conditions met
2: Condition 2 and/or 3 met, condition 1 not met
3: Only condition 1 met
4: Conditions 1 and 2 or 3 met
5: Conditions 1, 2, and 3 met.
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4. Results
4.1

Whistle Measurements

ROCCA’s manual methods was used to measure 2,416 whistles from 64 encounters during the
AMAPPS 2013 cruises that had visual confirmation of species identity (Table 3). These whistles
were added to the original Atlantic classifier dataset, which consisted of 174 encounters and
3,525 whistles (Table 4). The WMD was used to automatically detect and measure 54,037
whistles from 62 encounters during the AMAPPS 2013 cruises that had visual confirmation of
species identity (Table 3). An additional 441 whistles were measured manually using ROCCA
from 20 acoustic encounters that did not have visual confirmation of species identity (Table 3).
Table 3. Number of acoustic encounters and whistles with visual confirmation of visual identity
measured manually and using automated methods from the AMAPPS 2013 dataset. Unidentified
encounters are those that did not have visual confirmation of species identity.
Manual
Species
Short-beaked common dolphin
Risso’s dolphin
Pantropical spotted dolphin
Rough-toothed dolphin
Striped dolphin
Clymene dolphin
Atlantic spotted dolphin
Bottlenose dolphin
Unidentified
Total

Number of
Encounters

Automated

Number of
Whistles

3
2
2
4
2
3
13
35
20
84

59
50
61
176
72
136
510
1,350
441
2,855

Number of
Encounters

Number of
Whistles

3
2
2
4
2
3
13
35
n/a
62

179
283
2,560
2,832
348
15,956
5,745
25,900
n/a
54,037

Table 4. Number of encounters and whistles measured manually and using automated methods,
for the original Atlantic classifier dataset (Oswald 2013), before adding new species.
Manual
Species

Number of
Encounters

Short-beaked Common Dolphin
Risso’s Dolphin
Short-Finned Pilot Whale
False Killer Whale
Pantropical spotted dolphin
Rough-toothed Dolphin
Striped Dolphin
Clymene Dolphin
Atlantic Spotted Dolphin
Bottlenose Dolphin
Total

9
10
16
2
1
3
12
2
45
74
174

Automated

Number of
Whistles
249
119
256
70
3
98
293
99
706
1,632
3,525

Number of
Encounters

Number of
Whistles

18
8
17
2
NA
3
11
2
40
66
167

1,952
160
25,697
255
NA
510
2,011
87
6,520
4,187
41,379
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4.2
4.2.1

Manual Classifier
Classification of Sighted Encounters

All whistles manually extracted from AMAPPS 2013 encounters that had visual confirmation of
species identity and that were produced by a species that is included in the original Atlantic
classifier were analyzed with the manual classifier to test the performance of this classifier with
a novel dataset. A total of 53 acoustic encounters were included in this analysis. Overall, 73.6
percent of these encounters were classified to the correct species (Table 5). Certainty scores
for these classifications ranged from one to five (Table 6). When only encounters with high
certainty scores (4 and 5) were considered, overall correct classification increased to 87.8
percent (Table 7).
4.2.2

Manual Classifier Modifications

Whistles from the AMAPPS 2013 recordings measured using ROCCA’s manual method (Table
3) were added to the original Atlantic classifier training dataset (Table 4). The addition of these
whistles increased the sample size for every species and allowed three species to be added to
the existing classifier, including Risso’s dolphin, Clymene dolphin, and rough-toothed dolphin. A
new random-forest classifier was trained using this larger dataset. A one-stage model and
several two-stage classification models were tested. The model that produced the highest
correct classification scores was a two-stage model with one species-group (roughtoothed/Risso’s dolphins) and six individual species in stage one. In stage two, whistles in the
rough-toothed/Risso’s group were classified to species (either rough-toothed or Risso’s
dolphin). When this two-stage classifier was tested, 55.4 percent of encounters were correctly
classified to species. This is significantly greater (Fisher’s exact test, p<0.0001) than the 12.5
percent correct classification score that would be expected by chance alone for eight species.
For individual species, correct classification scores ranged from 3.2 percent for Risso’s dolphin
to 84.2 percent for pilot whales (Table 8). When a classifier that did not include Risso’s dolphin
was trained, individual species correct classification scores were similar to the correct
classification scores when Risso’s dolphin was included (Table 9). Overall, 66.0 percent of
encounters were correctly classified. This is significantly greater (Fisher’s exact test, p<0.0001)
than the 14.3 percent correct classification score that would be expected by chance alone for
seven species.
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Table 5. Classification results for AMAPPS 2013 encounters with visual confirmation of species
identity, based on whistles measured using ROCCA’s manual method. Confusion matrix shows
percentage of encounters that were classified as each species. Percent of encounters correctly classified
are in bold on the diagonal. Overall, 73.6 percent of encounters were correctly classified.
Percent classified as
Shortbeaked
common
dolphin

Striped
dolphin

Short-finned
pilot whale

Atlantic
spotted
dolphin

Bottlenose
dolphin

n

Short-beaked
common dolphin

33.3

0.0

66.7

0.0

0.0

3

Striped dolphin

0.0

50.0

0.0

50.0

0.0

2

Short-finned pilot
whale

n/a

n/a

n/a

n/a

n/a

0

Atlantic spotted
dolphin

0.0

0.0

15.3

69.4

15.3

13

Bottlenose dolphin

2.9

2.9

8.6

5.6

80

35

Actual Species

Table 6. Classification results and certainty scores for AMAPPS 2013 encounters that had visual
confirmation of species identity. Results include the number of whistles measured using ROCCA’s
manual method, the actual species identification based on visual observations, the species identification
based on the whistle classifier, and the certainty score for the acoustic classification.
Encounter
ID number

Number
of
whistles

284_Dd

1

Short-beaked common

Short-beaked common

2

285_Dd

9

Short-beaked common

Short-finned pilot whale

2

286_Dd

42

Short-beaked common

Short-finned pilot whale

3

306_Sc

26

Striped

Striped

3

307_Sc

13

Striped

Atlantic spotted

3

292_Sf

25

Atlantic spotted

Short-finned pilot whale

4

293_Sf

24

Atlantic spotted

Short-finned pilot whale

4

291_Sf

6

Atlantic spotted

Atlantic spotted

5

310_Sf

31

Atlantic spotted

Atlantic spotted

5

311_Sf

20

Atlantic spotted

Atlantic spotted

5

312_Sf

30

Atlantic spotted

Atlantic spotted

5

313_Sf

7

Atlantic spotted

Atlantic spotted

5

314_Sf

25

Atlantic spotted

Atlantic spotted

5

315_Sf

29

Atlantic spotted

Atlantic spotted

4

318_Sf

20

Atlantic spotted

Atlantic spotted

5

319_Sf

27

Atlantic spotted

Atlantic spotted

5

316_Sf

5

Atlantic spotted

Bottlenose

5

321_Sf

1

Atlantic spotted

Bottlenose

2

326_Tt

2

Bottlenose

Short-beaked common

2

337_Tt

11

Bottlenose

Short-finned pilot whale

5

Actual species

Classified as

Certainty
score
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Encounter
ID number

Number
of
whistles

341_Tt

2

Bottlenose

Short-finned pilot whale

2

296_Tt

23

Bottlenose

Striped

5

328_Tt

7

Bottlenose

Bottlenose

3

294_Tt

4

Bottlenose

Bottlenose

2

295_Tt

28

Bottlenose

Bottlenose

5

324_Tt

1

Bottlenose

Atlantic spotted

2

325_Tt

22

Bottlenose

Bottlenose

5

327_Tt

11

Bottlenose

Bottlenose

5

329_Tt

25

Bottlenose

Bottlenose

5

330_Tt

49

Bottlenose

Bottlenose

4

332_Tt

12

Bottlenose

Bottlenose

4

333_Tt

27

Bottlenose

Short-finned pilot whale

1

334_Tt

27

Bottlenose

Bottlenose

5

335_Tt

36

Bottlenose

Bottlenose

5

338_Tt

38

Bottlenose

Bottlenose

5

339_Tt

24

Bottlenose

Bottlenose

5

340_Tt

11

Bottlenose

Bottlenose

5

342_Tt

15

Bottlenose

Bottlenose

5

343_Tt

28

Bottlenose

Bottlenose

5

346_Tt

8

Bottlenose

Bottlenose

5

347_Tt

11

Bottlenose

Bottlenose

5

348_Tt

29

Bottlenose

Bottlenose

5

349_Tt

35

Bottlenose

Bottlenose

5

351_Tt

27

Bottlenose

Bottlenose

5

352_Tt

19

Bottlenose

Bottlenose

5

353_Tt

30

Bottlenose

Bottlenose

5

354_Tt

20

Bottlenose

Atlantic spotted

3

355_Tt

23

Bottlenose

Bottlenose

5

356_Tt

30

Bottlenose

Bottlenose

5

357_Tt

24

Bottlenose

Bottlenose

5

358_Tt

21

Bottlenose

Bottlenose

5

359_Tt

11

Bottlenose

Bottlenose

5

360_Tt

30

Bottlenose

Bottlenose

5

Actual species

Classified as

Certainty
score
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Table 7. Classification results with certainty scores of 4 or 5 for AMAPPS 2013 encounters with
visual confirmation of species identity, based on whistles measured using ROCCA’s manual
method. The confusion matrix shows the percentage of encounters that were classified as each species.
The percentages of encounters correctly classified are in bold on the diagonal. Overall, 87.8 percent of
encounters were correctly classified. None of the short-beaked common dolphin or striped dolphin
encounters had a certainty score greater than 3.
Percentage classified as
Actual Species

Shortbeaked
common
dolphin

Striped
dolphin

Shortfinned pilot
whale

Atlantic
spotted
dolphin

Bottlenose
dolphin

n

n/a

n/a

n/a

n/a

n/a

0

n/a
n/a
0.0
3.6

n/a
n/a
0.0
3.6

n/a
n/a
15.4
0.0

n/a
n/a
76.9
0.0

n/a
n/a
7.7
92.8

0
0
13
28

Short-beaked common
dolphin
Striped dolphin
Short-finned pilot whale
Atlantic spotted dolphin
Bottlenose dolphin

Table 8. Confusion matrix for the new manual Atlantic classifier, including additional species from
AMAPPS 2013 data. The percentage of encounters classified as each species, with SD in parenthesis, is
given based on 100 iterations of dividing data into training and testing datasets. The percentages of
encounters correctly classified are in bold on the diagonal.
Percentage classified as
Actual
Species
Shortbeaked
common
dolphin
Risso's
dolphin
Shortfinned
pilot
whale
Clymene
dolphin
Striped
dolphin
Roughtoothed
dolphin
Atlantic
spotted
dolphin
Bottlenose
dolphin

Shortbeaked
common
dolphin

Risso's
dolphin

Shortfinned
pilot
whale

Clymene
dolphin

Striped
dolphin

Roughtoothed
dolphin

Atlantic
spotted
dolphin

Bottlenose
dolphin

n

77.6
(8.1)

0.3
(1.9)

0
(0)

0
(0)

3.1
(5.4)

8.2
(7.4)

6.6
(6.6)

4.2
(5.8)

12

12.4
(7.4)

3.2
(4.7)

22.9
(8.5)

10.9
(6.3)

19.9
(9.8)

1.8
(3.8)

14.2
(9.1)

14.4
(7.5)

12

0
(0)

0.9
(2.4)

84.2
(6.3)

0.2
(1.2)

5.5
(3.6)

6.3
(5.8)

2.1
(3.0)

0.7
(2.2)

16

0
(0)
27.3
(8.6)

3.5
(8.7)
2.8
(4.4)

0
(0)
3.7
(4.4)

47.2
(9.3)
5.9
(6.2)

21.7
(8.4)
44.6
(10.2)

24.5
(3.5)
3.1
(4.3)

0
(0)
8.2
(6.9)

3.0
(8.2)
4.2
(5.4)

0
(0)

0.2
(2.0)

25.8
(16.4)

4.0
(8.0)

0
(0)

70.0
(18.1)

0
(0)

0
(0)

7

3.7
(2.6)

4.4
(3.2)

5.1
(2.7)

3.3
(2.7)

3.1
(2.3)

9.3
(3.7)

61.2
(7.6)

9.6
(4.2)

59

12.6
(3.5)

3.4
(2.4)

2.8
(2.1)

9.4
(3.2)

4.7
(2.2)

3.6
(2.0)

11.0
(2.8)

52.4
(4.7)

109

5
14
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Table 9. Confusion matrix for the new manual Atlantic classifier, including additional species from
AMAPPS 2013 data but not including Risso’s dolphin. The percentage of encounters classified as
each species, with SD in parenthesis, is given based on 100 iterations of dividing data into training and
testing datasets. The percentages of encounters correctly classified are in bold on the diagonal.
Shortbeaked
common
dolphin

Shortfinned
pilot
whale

Clymene
dolphin

Striped
dolphin

Roughtoothed
dolphin

Atlantic
spotted
dolphin

Bottlenose
dolphin

n

78.4
(8.4)

0
(0)

0
(0)

4.1
(5.8)

0.5
(2.4)

11.7
(3.8)

5.3
(5.7)

9

Shortfinned pilot
whale

0
(0)

85.2
(5.4)

0.1
(0.1)

6.0
(3.8)

4.7
(4.9)

2.7
(3.3)

1.3
(2.5)

16

Clymene
dolphin

0
(0)

0
(0)

51.0
(14.2)

24.7
(2.5)

20.2
(9.9)

0
(0)

4.0
(9.2)

4

Striped
dolphin

29.1
(8.2)

2.9
(4.3)

5.3
(7.0)

47.6
(11.4)

1.6
(3.3)

9.9
(5.9)

3.5
(4.8)

13

Roughtoothed
dolphin

0
(0)

18.0
(10.8)

2.8
(7.0)

0
(0)

79.2
(14.5)

0
(0)

0
(0)

5

Atlantic
spotted
dolphin

3.9
(2.3)

5.4
(3.1)

2.7
(2.4)

3.7
(2.6)

7.4
(3.8)

67.0
(7.0)

9.8
(4.3)

44

Bottlenose
dolphin

12.7
(3.5)

2.6
(1.7)

10.6
(3.3)

5.9
(2.7)

2.5
(1.7)

11.7
(3.4)

53.9
(5.3)

73

Actual
Species
Shortbeaked
common
dolphin

4.2.3

Classification of Encounters Without Visual Confirmation of Species Identity

Whistles were measured from 20 acoustic encounters that did not have visual confirmation of
species identity collected from the AMAPPS 2013 cruises. Some of these dolphins were not
seen at all and some had associated visual observations, but species identification was not
possible due to elusive animal behavior, poor sighting conditions, or other factors. Due to time
constraints, a maximum of 30 whistles were measured using ROCCA’s manual method from
each encounter. These whistles were classified using the new Atlantic classifier that included
eight species (Section 4.2.2, Table 8). Eighteen of the twenty encounters were classified as
striped dolphins (Table 10), which was one of the most commonly sighted delphinid species
during the northern legs of the AMAPPS 2013 survey (NEFSC and SEFSC 2013). Most of the
non-sighted acoustic encounters included in this analysis occurred in the northern part of the
study area, over and offshore of the continental slope (Figure 2). The locations of these
encounters are consistent with the locations of visual observations of striped dolphins during the
northern legs of the survey (Figure 3).

November 2016 | 20

DoN | Final Report - Manual and Automated Atlantic Whistle Classifiers:
Improvement, Testing and Application

Table 10. Classification results for whistles measured manually from AMAPPS 2013 encounters
that did not have visual confirmation of species identity. Results include the number of whistles
included in the analysis, the species that the encounters was classified as by ROCCA’s manual classifier
and the certainty score for the acoustic classification.
Encounter ID

Number of whistles

Classified as

Certainty score

GU1304_UD_001

25

Striped dolphin

5

GU1304_UD_002

30

Striped dolphin

4

GU1304_UD_003

30

Striped dolphin

5

GU1304_UD_005

30

Striped dolphin

5

GU1304_UD_006

2

Striped dolphin

2

GU1304_UD_007

4

Clymene dolphin

2

HB1303_UD_008

25

Short-finned pilot whale

5

HB1303_UD_009

14

Striped dolphin

5

HB1303_UD_010

10

Striped dolphin

5

HB1303_UD_011

17

Striped dolphin

5

HB1303_UD_012

29

Striped dolphin

5

HB1303_UD_013

30

Striped dolphin

5

HB1303_UD_014

30

Striped dolphin

5

HB1303_UD_015

30

Striped dolphin

5

HB1303_UD_016

30

Striped dolphin

5

HB1303_UD_017

30

Striped dolphin

5

HB1303_UD_018

11

Striped dolphin

5

HB1303_UD_019

19

Striped dolphin

5

HB1303_UD_020

15

Striped dolphin

5

HB1303_UD_021

30

Striped dolphin

5
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Figure 2. Locations and acoustic classifications for acoustic detections that did not have
associated visual observations.
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Figure 3. Location of visual sightings of striped dolphin school during the northern legs of the AMAPPS 2013 survey (from NEFSC and
SEFSC 2013)
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4.3
4.3.1

Automated Classifier
Classification of Sighted Encounters

When the 53 AMAPPS 2013 encounters that had visual confirmation of species identity were
analyzed using PAMGuard’s automated WMD, every encounter was classified as short-finned
pilot whale. One of the outputs of a random-forest analysis is the Gini Variable Importance
Index. This index provides a relative measure of the degree to which each variable contributes
to the classifier (Breiman et al. 1984). Comparisons of the six variables that are most important
to the classifier (duration, maximum frequency, center frequency, mean frequency, mean
positive slope, absolute value of the slope; Oswald 2013) showed that almost all variables were
significantly different for every species between the original classifier training dataset and the
AMAPPS 2013 dataset (Mann-Whitney U test, p<0.0001, Appendix A). The only exceptions to
this were maximum frequency for Atlantic spotted dolphins (Mann-Whitney U test, p=0.57) and
center frequency (Mann-Whitney U test, p=0.28) and mean frequency (Mann-Whitney U test,
p=0.87) for striped dolphins. Because of these differences, combining the datasets to train a
new classifier was not possible and it was not appropriate to use this classifier to identify
encounters that did not have associated visual observations.
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5. Discussion
The goals of this study were to test, improve, and utilize two whistle classifiers for delphinid
species in the northwestern Atlantic Ocean. These goals were met for the manual Atlantic
classifier. When this classifier was tested by classifying encounters that had visual confirmation
of species identity, correct classification scores were relatively high for Atlantic spotted dolphins
and bottlenose dolphins. The correct classification score for Atlantic spotted dolphins (69
percent for all encounters) was somewhat lower than the 90 percent based on original tests of
the Atlantic classifier for this species (Tables 1 and 5). However, when encounters with
certainty scores of 4 or 5 were considered, 10 of 13 encounters (77 percent) were classified
correctly. The encounters that were misclassified were misclassified as either short-finned pilot
whale or bottlenose dolphin, which is what would be expected based on the original Atlantic
classifier confusion matrix in Oswald (2013). The correct classification score for bottlenose
dolphins (80 percent for all encounters, 93 percent for encounters with certainty scores of 4 or
5) was higher than the 70 percent based on earlier tests of the Atlantic classifier. Patterns of
misclassification were similar to what was expected based on Oswald (2013), with most
misclassifications being classified as short-finned pilot whales and Atlantic spotted dolphins
when considering all encounters. When only considering classifications with high certainty
scores, one encounter was misclassified as short-beaked common dolphin and one encounter
was misclassified as striped dolphin. Based on the original Atlantic classifier confusion matrix,
the probability of misclassification as these two species is lower than short-finned pilot whales
and Atlantic spotted dolphins, but is still expected.
Low sample sizes made it difficult to evaluate classifier performance for short-beaked common
and striped dolphins. For both of these species, correct classification scores were lower than
expected based on original tests of the Atlantic classifier (Tables 1 and 5); however, it is difficult
to generalize based on samples sizes of only two and three encounters for striped and shortbeaked common dolphins, respectively. In addition, none of these encounters had certainty
scores greater than three, and so biologists could not be confident of either the correct
classifications or the misclassifications for these species. Short-finned pilot whale encounters
were not available for this analysis; therefore, the biologists were not able to evaluate the
performance of the classifier with this species. More rigorous testing of the classifier with
additional recordings that have visual confirmation of species identity is necessary in order to
gain an in-depth understanding of its performance on novel data sets.
When whistles from the AMAPPS 2013 dataset were added to the Atlantic classifier dataset, it
was possible to add three species to the classifier (Risso’s dolphin, Clymene dolphin, and
rough-toothed dolphin). The overall correct classification score for the resulting classifier (55
percent) was lower than for the original Atlantic classifier (91 percent), partially because of the
greater number of species included in the classifier, and partially due to the fact that the correct
classification score for Risso’s dolphin whistles was very low (3 percent; Table 8). While the
correct classification score for Risso’s dolphins was low, few encounters recorded from other
species were misclassified as Risso’s dolphins. In addition, when a classifier that did not include
Risso’s dolphins was trained, correct classification scores for the other species were similar to
the correct classification results when Risso’s dolphin was included. These results suggest that
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it is reasonable to include Risso’s dolphin in the classifier, as it provides the potential for Risso’s
dolphin encounters to be classified as such without significantly reducing correct classification
scores for other species.
Correct classification scores for Risso’s dolphins and other species may be improved by adding
information from other sources to the classifier. For example, it has been shown that the
echolocation clicks produced by Risso’s dolphins have species characteristics that allow them to
be identified with a high degree of accuracy (Soldevilla et al. 2008, Roch et al. 2011). Adding
information from clicks may allow species to be discerned with a higher degree of accuracy than
is possible based on whistles alone. Bio-Waves, Inc. is exploring this possibility in another
project (funded by the Office of Naval Research, ONR, and the Living Marine Resources
Program, LMR). Preliminary results suggest that combining information from whistles, clicks,
and other sources can improve the performance of classifiers for odontocete species.
Most (18 out of 20) AMAPPS 2013 acoustic encounters that did not have visual confirmation of
species identity were classified as striped dolphins. Although striped dolphins are uncommon in
the southern portion of the study area, they were the one of the most commonly detected small
cetacean species both visually and acoustically during the northern legs of this survey (NEFSC
and SEFSC 2013). The geographic locations of these non-sighted encounters corresponded
with locations of visual encounters with this species (Figures 2 and 3). Most were north of 36°N
and offshore of the continental shelf, which is where all of the detections occurred during both
the NEFSC and SEFSC legs of the survey. Based strictly on their locations, the two southernmost non-sighted acoustic encounters that were classified as striped dolphins may be
misclassifications. One of these encounters (GU1304_006) was classified based only on two
whistles, so its classification is uncertain. The other encounter (GU1304_UD_005) had a high
certainty score, as 33 percent of trees classified the encounter as striped dolphin and no other
species had a similar percentage of tree votes. The species with the second highest percentage
of tree votes (short-beaked common dolphins) had 21 percent of tree votes and may be a more
plausible classification than striped dolphin given the location of this encounter. Geographic
location is another variable that may be useful for improving classification success and this has
been shown to be the case in preliminary tests of the new classifiers being developed by BioWaves, Inc. in the previously mentioned ONR/LMR-funded project.
The 20 non-sighted acoustic encounters analyzed here represent a small subsample of the nonsighted acoustic encounters recorded during the AMAPPS 2013 survey. The encounters
included here were chosen based on distance from other encounters of whistling species. Only
encounters that were at least 3 nautical miles from other whistling groups were included in the
analysis. Although this does not ensure that the recordings contained whistles produced by a
single species, it does reduce the probability of multiple species being present in the recordings.
One of the limitations of the ROCCA classifier is that it does not have the capability to identify
schools as multi-species. If more than one species is present in the recording, the encounter will
be identified as only the species with the greatest number of tree votes. It is possible that some
of the encounters analyzed here contained more than one species. It may be possible to identify
multi-species schools by further analysis of the distribution of tree votes among species or some
other method, but this is something that requires further exploration. If it becomes possible to
identify multi-species groups, it will not be necessary to select encounters that are separated as
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widely from other whistling schools and it will be possible to gain a more complete
understanding of the distribution of species and of what kinds of groups are not seen by visual
observers.
When the automated classifier was used to identify encounters that had visual confirmation of
species identity, all classifications were incorrect. Every encounter was classified as pilot whale.
In order to rule out the possibility that this was caused by an error in the classification software,
we re-classified the encounters using a classifier trained using the same dataset, but with
different random-forest code written in the R programming language (R Developmental Core
Team 2016), by an independent programmer (G. Alongi). This analysis gave identical results to
the ROCCA classifications, which suggests that the issue lies in the training or testing data. This
hypothesis is supported by the variable comparisons presented in Section 4.3.1 and
Appendix A. Although some amount of within-species variability is expected, the significant
differences shown in these figures suggest something other than within-species variability. The
variables that were compared are variables that have high rankings on the Gini Variable
Importance Index and so they have a significant effect on the performance of the classifier. The
main difference between the two datasets is the version of PAMGuard that was used to
automatically detect and extract whistle contours. The Atlantic training data were processed
using PAMGuardBeta_1_13_02 and PAMGuardBeta_1_13_03. The AMAPPS 2013 data were
processed using a later version of PAMGuard, PAMGuard_SMRU_1_13_05d. Changes made
to the later version of PAMGuard may have inadvertently affected the performance of the WMD
and led to the differences in the measured variables that are evident in the figures in
Appendix A. As part of a different project, a subset of the Atlantic classifier training data were
re-measured using PAMGuard_SMRU_1_13_05d. When these re-measured whistles were
used to train a classifier and analyze the AMAPPS 2013 data, the classification results were
different. It is currently unclear whether the different classification results are due to differences
in versions of PAMGuard or due to the fact that only a portion of the Atlantic training dataset
was used. Unfortunately, it was not possible to re-measure the entire AMAPPS 2013 dataset
within the scope of this project, however this would be a first step in determining the source of
the differences between datasets and classification results. More investigation is necessary to
determine whether the different classification results are due to differences in the versions of
PAMGuard, differences in the WMD settings used, and/or due to the fact that only a subset of
the training data were used. This issue needs to be resolved before datasets can be combined
to train new classifiers.
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6. Summary and Conclusions
This study provides valuable information on the performance of two whistle classifiers for
delphinid species in the northwestern Atlantic Ocean. The manual classifier performed as
expected for the two species that could be tested. Sample sizes were too low to allow the
evaluation of the performance of the classifier for the other three species in the classifier and so
a priority should be placed on obtaining visually validated acoustic recordings for these species.
When species were added to the manual classifier, correct classification scores decreased,
highlighting the need to add additional information to the classifier feature vectors. However,
when the new classifier was used to identify encounters that did not have visual confirmation of
species identity, results were consistent with what was expected based on species distribution
in the area.
The automated classifier performed well with the original Atlantic testing and training datasets,
as described in Oswald (2013). However, it classified every visually validated AMAPPS 2013
encounter incorrectly as pilot whales. Comparisons of the Atlantic classifier and AMAPPS 2013
datasets suggest that the version of PAMGuard used to analyze the data may have a significant
effect on contour extraction and measurement and therefore on classifier performance.
Determining the source of the discrepancy within PAMGuard was beyond the scope of this
project, but is a topic that should be pursued. In the meantime, it will be crucial to be consistent
with PAMGuard versions when using the Atlantic classifier.
While the manual classifier requires more time and effort for the detection and extraction
whistles, it proved to be more generalizable to novel datasets than did the automated classifier.
The manual classifier allowed identification of acoustic encounters that did not have associated
visual observations. The ability to identify non-sighted schools allows a more complete
understanding of species distribution as well as providing insight to species that are more
difficult to detect using visual methods. These capabilities highlight the complementary nature of
visual and acoustic methods and allow more information to be gleaned from shipboard surveys.
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Appendix A. Boxplots Comparing Original Atlantic Classifier Training Data and
AMAPPS 2013 Data

Figure 1. Boxplot comparing duration for whistles measured from the original Atlantic classifier
training dataset (pink) and the AMAPPS 2013 dataset (blue). Lower and upper hinges correspond to
the first and third quartiles. The upper whisker extends to the highest value that is within 1.5*IQR (IQR =
Inter-quartile Range, the distance between the first and third quartiles). The lower whisker extends to the
lowest value that is within 1.5*IQR. Outliers not shown.

Figure 2. Boxplot comparing maximum frequency for whistles measured from the original Atlantic
classifier training dataset (pink) and the AMAPPS 2013 dataset (blue). Lower and upper hinges
correspond to the first and third quartiles. The upper whisker extends to the highest value that is within
1.5*IQR (IQR = Inter-quartile Range, the distance between the first and third quartiles). The lower whisker
extends to the lowest value that is within 1.5*IQR. Outliers not shown.
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Figure 3. Boxplot comparing center frequency for whistles measured from the original Atlantic
classifier training dataset (pink) and the AMAPPS 2013 dataset (blue). Lower and upper hinges
correspond to the first and third quartiles. The upper whisker extends to the highest value that is within
1.5*IQR (IQR = Inter-quartile Range, the distance between the first and third quartiles). The lower whisker
extends to the lowest value that is within 1.5*IQR. Outliers not shown.

Figure 4. Boxplot comparing mean frequency for whistles measured from the original Atlantic
classifier training dataset (pink) and the AMAPPS 2013 dataset (blue). Lower and upper hinges
correspond to the first and third quartiles. The upper whisker extends to the highest value that is within
1.5*IQR (IQR = Inter-quartile Range, the distance between the first and third quartiles). The lower whisker
extends to the lowest value that is within 1.5*IQR. Outliers not shown.
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Figure 5. Boxplot comparing mean positive slope for whistles measured from the original Atlantic
classifier training dataset (pink) and the AMAPPS 2013 dataset (blue). Lower and upper hinges
correspond to the first and third quartiles. The upper whisker extends to the highest value that is within
1.5*IQR (IQR = Inter-quartile Range, the distance between the first and third quartiles). The lower whisker
extends to the lowest value that is within 1.5*IQR. Outliers not shown.

Figure 6. Boxplot comparing mean absolute slope for whistles measured from the original Atlantic
classifier training dataset (pink) and the AMAPPS 2013 dataset (blue). Lower and upper hinges
correspond to the first and third quartiles. The upper whisker extends to the highest value that is within
1.5*IQR (IQR = Inter-quartile Range, the distance between the first and third quartiles). The lower whisker
extends to the lowest value that is within 1.5*IQR. Outliers not shown.
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