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1. INTRODUCTION 

One aim of the Marine Mammal Monitoring on Navy Ranges (M3R) program is to use passive 
acoustics to characterize the long-term temporal and spatial distribution and habitat use of 
beaked whales on the Navy’s instrumented ranges. This will enable a better understanding of 
beaked whale behavior and ecology and the associated impacts of man-made sounds.  
Blainville’s beaked whales (Mesoplodon densirostris, hereafter Md), Cuvier’s beaked whales 
(Ziphius cavirostris, hereafter Zc), and Gervais’ beaked whales (Mesoplodon europeaus, 
hereafter Me) are often acoustically detected and visually observed on the Atlantic Undersea Test 
and Evaluation Center (AUTEC). Md and Zc are the primary species involved in a number of 
mass stranding events linked to the use of mid-frequency active sonar (MFAS; Cox, et al. 2005; 
D’Amico, et al., 2009); however, they are regularly detected on the AUTEC range, where MFAS 
is routinely used during training exercises. 

 
The M3R program has collected a multiyear passive acoustic dataset of Md and Zc vocalizations 
that can be used to carry out this study. M3R has also developed software tools to automatically 
generate Md and Zc animal groups (the auto-grouper program) based on detections of their 
vocalizations. The project seeks to develop detection statistics for the auto-grouper program to 
improve long-term abundance estimates of beaked whales at AUTEC. 
 
 
 

2. METHODS 

2.1 STUDY SPECIES 

Zc are medium-sized oceanic whales that live in small mixed composition groups of about two-
to-four animals (Falcone, et al., 2009; Baird, et al., 2006), and are usually found in deep offshore 
waters. They have the widest distribution of beaked whales, being found in all waters except 
high polar regions (Heyning, 1989; MacLeod, et al., 2005). Typical of beaked whales, Zc use 
echolocation to hunt for mesopelagic and bathypelagic squid and fish during breath-hold dives to 
over 1,000 m, for an average of nearly an hour (Santos, et al., 2007; Tyack, et al., 2006). Md in 
the Bahamas are found in small groups of 1–11 animals with a mean observed group size of 4.1 
animals (Claridge 2006). They echolocate during deep foraging dives that can exceed 1,000 m in 
depth, may last for more than 60 min, and occur approximately every 2 h (Tyack et al. 2006, 
Baird et al. 2008). Me prefer deep tropical, subtropical, and warm temperature of the Atlantic 
Ocean. Me is the most common species of Mesoplodont to strand along the U.S. Atlantic Coast 
(Mead 1989). 
 
During deep foraging-dives, beaked whales produce two distinct types of click vocalizations: 
loud, directional frequency-modulated (FM) echolocation foraging-clicks above 20 kHz with 
inter-click intervals of approximately 0.2–0.75 s (depending on the species) and rapid trains of 
lower source level “buzz” clicks just prior to attempted prey capture (Johnson, et al., 2004, 2006; 
Zimmer, et al., 2005). While a group of beaked whales is on a deep foraging dive, the individuals 
will vocalize for approximately 20–40 minutes (Tyack, et al., 2006). Due to their directed beam 
pattern (Shaffer et al. 2013) these clicks will be detected on a small number of neighboring 
hydrophones as the animals change direction and move their heads. 
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2.2 STUDY AREA 

AUTEC is located south of the Northwest Providence Channel in a deep canyon known as the 
Tongue of the Ocean (TOTO) with water depths to 2,000 m. It is bounded on two sides by very 
shallow waters. The AUTEC range covers an area of approximately 1,500 km2 that is 
instrumented with 82 bottom-mounted hydrophones that provide three-dimensional tracking of 
undersea vehicles. The hydrophones are optimally spaced for direct-path tracking of underwater 
targets and vehicles equipped with 35-kHz pingers. Because Md produce echolocation clicks 
with source levels similar to those of Zc, which are estimated at up to 214 dB, this layout assures 
their detection (Zimmer et al. 2005, Tyack et al. 2006). 
 
2.3 PASSIVE ACOUSTIC MONITORING 

The M3R system display allows for passive acoustic monitoring of activity on the range. The 
Marine Mammal Monitoring and Localization Program (MMAMMAL) display shows acoustic 
activity across the range, in real-time or via playback of detection archive files, by color coding 
the hydrophones (Figure 1). Windows of scrolling binary spectrograms can be launched by 
clicking on the hydrophones to visually verify the species or sound source present. Figure 1 
shows the locations of two groups of Md, one group of Zc, and one group of sperm whales 
(Physeter macrocephalus). 
 
 

 

Figure 1. MMAMMAL Display on the left, Worldwind on the right, and Binary 
Spectrograms along the bottom showing two groups of Ms, one Zc group, 
and one group of sperm whales. 
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2.4 DATASETS 

The M3R system uses the bottom-mounted hydrophones on the Navy test and training ranges to 
automatically detect, classify, and localize marine mammal vocalizations in real time (Jarvis, et 
al., 2014). M3R collects continuous, year-round archives of acoustic detections, time differences 
of arrival (TDOAs), and localizations from all range hydrophones, and periodically gathers raw 
acoustic recordings from all hydrophones on the range. These archive files include both marine 
mammal vocalizations and sonar, and can be replayed for later analysis (McCarthy, et al, 2011; 
Shaffer, et al., 2013). The acoustic detection archives are the primary source of data for this 
project. 
 
The two types of detection archives of interest are those from the Class-Specific Support Vector 
Machine (CS-SVM) classifier (Jarvis, 2012), and the fast Fourier transform (FFT)-based spectral 
domain energy detector referred to as “Whdetect” (Jarvis, et al; 2014; Morrissey, et al., 2006). 
The CS-SVM detector provides robust real-time, automated detection and classification of six 
different categories of call types within four classes: Md (Blainville’s beaked whale, Mesoplodon 
densirostris, foraging and buzz clicks), Zc (Cuvier’s beaked whale foraging and buzz clicks), 
sperm whale clicks, and delphinid clicks (Jarvis, 2012; METEOR, 2014). Whdetect is the 
original detector used within the M3R system. The output of this detector is used to generate the 
binary spectrograms in the MMAMMAL display program (Figure 1) that are used to manually 
review the data. 
 
2.5 BEAKED WHALE GROUP DETECTIONS 

The first step in the data preparation for calculating beaked whale abundance is to extract the 
beaked whale groups present on the AUTEC range, and to reliably characterize the group 
detection process. As the process of manually identifying groups for the multi-year dataset is too 
cumbersome to be practical, an auto-grouper (AG) program is run on the data to extract Zc and 
Md groups. Detection statistics must be obtained for the AG program. These detection statistics 
are then used to derive false-positive and false-negative correction factors that are applied to the 
AG output to find the actual number of Md and Zc groups on the range. 
 
Several steps are involved in automatically detecting Md and Zc groups. Clicks are first detected 
using a detection algorithm such as the CS-SVM classifier; clicks from a given detector and class 
are then formed into click-trains on a per-hydrophone basis using the click-train processor (CTP) 
program; and finally, the click-trains are automatically formed into groups with the AG program. 
For this analysis, two detectors are used: the CS-SVM classifier and the FFT-based Whdetect 
detector. 
 
2.5.1 Click Detection 

2.5.1.1 CS-SVM 

The CS-SVM algorithm detects and classifies signals into a number of classes, based in part on 
the particular Navy range and implementation. When the classifier was initially installed at 
AUTEC, it had six classes: 
 
 



 

4 

1. Md Mesoplodon densirostris 
2. Zc Ziphius cavirostris 
3. Gm Globicephala macrorhynchus 
4. Gg Grampus griseus 
5. Pm Physeter macrocephalus 
6. Sa Stenella attenuata 

 
As of May 2014 the dolphin classes 3, 4, and 6 were combined into a “generalized dolphin” 
(GD) class (8) and the Md buzz (51) and Zc buzz (52) classes were added (METEOR, 2014). 
Therefore, CS-SVM at AUTEC currently has the following six classes: 
 

1. Md Mesoplodon densirostris 
2. Zc Ziphius cavirostris foraging-click 
5. Pm Physeter macrocephalus 
8. GD generalized dolphin 
51. Md Mesoplodon densirostris buzz click 
52. Zc Ziphius cavirostris buzz-click. 

 
For each classifier detection, a CS-SVM message report is generated. Figure 2 shows an example 
of two detection report messages, one for a Zc foraging-click and one for a GD-click. The 
highlighted fields show the sensor, classifier report type (CS-SVM, referred to here as SVMJ), 
and the class. Other fields include the report number, the detection timestamp, the sample count, 
and the 44 boxcar samples. FX is a quality factor (FX): the magnitude of the output of the 
detector, which indicates the strength of the class. Following the click samples (CLK) are the 
CLK values, normalized so that the peak magnitude is the absolute value of 30,000. Prior to May 
2014 Delta-T,(the time difference between successive detections (sec) (DT)) indicated the time 
since the last detection; after it showed the inter-click interval (ICI) used by the classifier. 
 
 

 

Figure 2. CS-SVM Detection reports for Zc and GD. 
 
 
2.5.1.2 Whdetect 

The Whdetect algorithm generates detection reports that include a hard-limited, or binary FFT. 
Figure 3 shows an example of the detection report. The highlighted fields show the sensor, report 
type (Whdetect or WH), various FFT parameters, and the binary FFT (or BINFFT) that is 
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displayed in hexadecimal. The BINFFT frequency increases from the left to the right. Other 
fields include the report number, the timestamp, sample count, fixed and noise-variable 
thresholds, the number of BINFFT bins set to 1 (NDET), the peak bin, peak frequency, and peak 
magnitude. 
 
 

 

Figure 3. Whdetect binary FFT detection report, probably for a Zc, due to the upper 
frequency bins set to “1.” The binary FFT is displayed in hexadecimal 
format. 

 
 
2.5.2 Click-Trains 

Click detection reports are used as input to the CTP program that generates click-trains for each 
detector and class (TYP) on a per-hydrophone (HYD) basis. A click-train starts when five clicks 
(click requirement (RQ)) are detected within a set time window, and clicks of that detector and 
class are added to the click-train until at least three minutes (timeout (TMO)) pass without 
detections. A click-train report is then generated that includes the hydrophone, detector type (17: 
CS-SVM, 12: Whdetect) and class, the start and stop times for the click-train, the total number of 
clicks in the click-train (CNT), and the ICI. An example of the unfiltered CTP output is shown in 
Table 1, with the CS-SVM Zc detections (TYP 17:02) highlighted in blue. 
 
The CTP algorithm tracks the ICI with a multiple difference histogram. This combines the first 
difference (time before the next click) and the second difference (time before the second click), 
to mitigate the effects of detecting multiple animals on a single hydrophone. 
 
Table 1. Unfiltered CTP output, with CS-SVM Zc (TYP 17:02) click-trains 

highlighted in blue. 

HYD TYP TH RQ TMO CNT START STOP DT ICI 

58 12:04 -1 5 180 185 2015 013:23:48:39.569496 2015 014:00:09:20.807985 1241.24 0.0180719 

103 12:05 -1 5 180 30 2015 013:23:54:10.321160 2015 014:00:09:38.427826 928.107 0.0131671 

303 17:02 -1 5 180 2359 2015 013:23:39:50.515161 2015 014:00:09:42.852849 1792.34 0.4346429 

905 12:02 -1 5 180 32 2015 013:23:59:06.097515 2015 014:00:09:44.145514 638.048 0.0093335 

107 17:02 -1 5 180 69 2015 014:00:05:33.839683 2015 014:00:09:59.172099 265.332 0.4735192 

104 17:02 -1 5 180 6 2015 014:00:07:43.684712 2015 014:00:10:10.436399 146.752 0.2900939 

305 17:02 -1 5 180 27 2015 014:00:00:48.611413 2015 014:00:10:11.815466 563.204 0.2350442 

703 12:04 -1 5 180 13 2015 014:00:07:30.286694 2015 014:00:10:14.286694 164 0.0288331 
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HYD TYP TH RQ TMO CNT START STOP DT ICI 

703 12:05 -1 5 180 5 2015 014:00:09:37.870694 2015 014:00:10:15.534693 37.664 0.221333 

703 12:00 -1 5 180 22 2015 014:00:07:26.521360 2015 014:00:10:15.534693 169.013 0.3885919 

303 12:01 -1 5 180 2990 2015 013:23:40:21.539912 2015 014:00:10:25.582577 1804.04 0.4414427 

608 17:02 -1 5 180 36 2015 013:23:52:51.196103 2015 014:00:10:25.466624 1054.27 0.4927931 

607 17:05 -1 5 180 11 2015 014:00:09:22.218992 2015 014:00:10:26.683200 64.4642 0.409333 

607 17:02 -1 5 180 15 2015 014:00:08:55.681054 2015 014:00:10:28.291565 92.6105 0.3744269 

107 17:03 -1 5 180 7 2015 014:00:08:16.457119 2015 014:00:10:29.422839 132.966 0.0829738 

64 12:03 -1 5 180 5 2015 014:00:10:27.315275 2015 014:00:10:29.437965 2.12269 0.2613388 

508 12:03 -1 5 180 266 2015 013:23:59:22.179362 2015 014:00:10:42.392695 680.213 0.1620577 

305 17:04 -1 5 180 12474 2015 013:22:54:00.621685 2015 014:00:10:46.412663 4605.79 0.1560063 

309 17:05 -1 5 180 22 2015 013:23:55:27.804045 2015 014:00:10:48.507930 920.704 0.2703853 
 
 
2.5.3 Autogrouper 

The Autogrouper is a Matlab program that associates beaked whale click-trains that are close in 
time and space to form beaked whale group vocal periods (GVPs) that are used to represent the 
time that a group of beaked whales is vocalizing during a deep foraging dive. The GVPs are 
automatically generated through several software processing steps. Cuvier’s or Blainville’s 
beaked whale foraging clicks detected with the CS-SVM classifier are each first combined into 
click-trains on a per-hydrophone basis, then click-trains are used to form groups, and the 
resulting group data are filtered and post-processed in the report number (R). 
 
The Autogrouper program uses a set of rules based on time and location of the click-trains to 
associate the CTP click-trains into GVPs. For Cuvier’s beaked whales only click-trains with an 
ICI greater than or equal to 0.35 sec and an ICI less than or equal to 0.75 sec, and with duration 
greater than 1 min and less than 60 min, are used in the grouping process. Blainville’s beaked 
whale click-trains with an ICI between 0.23 and 0.4 sec are used. Locations are based on the 
hydrophone locations, with the beaked whale group center being the hydrophone with the highest 
click density (number of clicks per min). To form a GVP, the click-trains must be within 9.75 km 
of the group center. 
 
 
2.6 DETECTION STATISTICS 

Md and Zc groups generated by the AG program were compared to a manual review of samples 
of the archive data using MMAMMAL. The Md and Zc groups determined by manual review 
were considered “truth,” and the probability of detection (PD), percent of false-negatives (FNs), 
and percent of false-positives (FPs), and FN and FP correction factors were calculated for the 
AG program. 
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2.6.1 Manual Review 

Detection statistics were generated for the AG program by comparing the Md and Zc groups 
produced by the AG with Md, Zc, and Me groups found during the same time periods by manual 
analysis, using MMAMMAL. In generating the detection statistics, the groups found manually 
were considered the truth. Correction factors, derived from the detection statistics, were applied 
to the AG group dive start results to find the true number of group dive starts present. 
 
Fifty random one-hour samples were identified between 2010 and 2018 and manually reviewed 
for the presence of Md, Zc, and Me (Table 2). Group vocal periods (i.e., group dives) that began 
within the one-hour sample period, were used for the analysis. Samples hours were distributed 
across hours of the day, days of the year, and years (Figure 4). 
 
 
Table 2. Archives manually reviewed. 

Sample Date 
Julian 
Day Archive File Name Archives 

UTC Hour 
start 

UTC Hour 
stop 

1 12/5/2018 339 spc-20181201-220051.arch.gz 102-103 10:00 11:00 
2 12/3/2018 337 spc-20181201-220051.arch.gz 32-33 8:00 9:00 
3 7/10/2016 192 spc-20160709-063335.arch.gz 37-38 17:00 18:00 
4 7/16/2016 198 spc-20160716-084435.arch.gz 11-12 22:00 23:00 
5 6/30/2016 182 spc-20160630-110645.arch.gz 1-2 15:00 16:00 
6 7/11/2014 192 spc-20140710-174556.arch.gz 7-8 3:00 4:00 
7 7/11/2014 192 spc-20140710-174556.arch.gz 15-16 10:00 11:00 
8 8/5/2013 217 spc-20130805-053534.arch.gz 10-12 15:00 16:00 
9 8/5/2013 217 spc-20130805-053534.arch.gz 3-5 12:00 13:00 

10 3/14/2013 73 spc-20121212-111402.arch.gz 2328-2329 6:00 7:00 
11 1/22/2013 22 spc-20121212-111402.arch.gz 1012-1013 5:00 6:00 
12 9/5/2012 249 spc_20120710_port5022.arch.gz 709 7:00 8:00 
13 12/23/2012 358 spc-20121212-111402.arch.gz 290 16:00 17:00 
14 8/12/2012 225 spc_20120710_port5022.arch.gz 399 21:00 22:00 
15 5/5/2012 126 spc_20120504_port5022.arch.gz 21-23 1:00 2:00 
16 5/11/2011 131 spc_04272011_port5022.arch.gz 683-685 0:00 1:00 
17 4/18/2011 108 spc_02112011_port5022.arch.gz 3263-3265 3:00 4:00 
18 2/22/2011 53 spc_02112011_port5022.arch.gz 541-543 20:00 21:00 
19 7/9/2014 190 spc-20140708-164537.arch.gz 15-17 9:00 10:00 
20 5/3/2015 123 spc-20150502-092742.arch.gz 16-17 4:00 5:00 
21 5/10/2015 130 spc-20150507-064446.arch.gz 111-112 11:00 12:00 
22 6/20/2015 171 spc-20150619-161304.arch.gz 8-9 2:00 3:00 
23 10/24/2015 297 spc-20151023-081230.arch.gz 32-33 13:00 14:00 
24 11/2/2015 306 spc-20151029-165954.arch.gz 123-124 23:00 0:00 
25 7/4/2016 186 spc-20160703-140157.arch.gz 19-20 14:00 15:00 
26 7/23/2016 204 spc-20160722-083822.arch.gz 14-15 0:00 1:00 
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Sample Date 
Julian 
Day Archive File Name Archives 

UTC Hour 
start 

UTC Hour 
stop 

27 6/9/2017 160 spc-20170609-141926.arch.gz 1-3 19:00 20:00 
28 12/2/2018 336 spc-20181201-220051.arch.gz 11-12 13:00 14:00 
29 4/29/2010 119 spc0427100929L_port5020.arch.gz 101-102 12:00 13:00 
30 5/19/2010 139 spc0509101936L_port5022.arch.gz 472-474 2:00 3:00 
31 6/9/2010 160 spc0509101936L_port5022.arch.gz 1581-1583 11:00 12:00 
32 12/21/2011 355 spc_20111201_port5022.arch.gz 1000-1003 22:00 23:00 
33 10/25/2011 298 spc_20111025_port5022.arch.gz 2-4 19:00 20:00 
34 11/6/2011 310 spc_20111025_port5022.arch.gz 559-662 5:00 6:00 
35 11/6/2011 310 spc_20111025_port5022.arch.gz 559-662 6:00 7:00 
36 5/4/2012 125 spc_20111201_port5022.arch.gz 7786-7789 12:00 13:00 
37 6/11/2010 162 spc-20100611-101842.arch.gz 3-6 16:00 17:00 
38 7/10/2014 191 spc-20140708-164537.arch.gz 38-49 7:00 8:00 
39 7/10/2014 191 spc-20140708-164537.arch.gz 38-49 8:00 9:00 
40 7/10/2014 191 spc-20140710-105850.arch.gz 2-5 16:00 17:00 
41 7/10/2014 191 spc-20140710-105850.arch.gz 2-5 17:00 18:00 
42 7/10/2014 191 spc-20140710-105850.arch.gz 2-5 18:00 19:00 
43 7/10/2014 191 spc-20140710-105850.arch.gz 1-2 15:00 16:00 
44 7/20/2016 202 spc-20160716-084435.arch.gz 100-103 2:00 3:00 
45 7/20/2016 202 spc-20160716-084435.arch.gz 100-103 3:00 4:00 
46 7/25/2016 207 spc-20160724-153541.arch.gz 10-13 3:00 4:00 
47 7/25/2016 207 spc-20160724-153541.arch.gz 10-13 4:00 5:00 
48 7/25/2016 207 spc-20160724-153541.arch.gz 10-13 5:00 6:00 
49 7/25/2016 207 spc-20160724-153541.arch.gz 19-22 12:00 13:00 
50 7/25/2016 207 spc-20160724-153541.arch.gz 19-22 13:00 14:00 

Coordinated Universal Time (UTC) 
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Figure 4. Histograms of sample hours. A: hours of the day (local time), B: Julian day, 
C: sample year. 

 
 
Md, Zc, and Me can be identified in MMAMMAL by species-specific patterns of echolocation 
clicks. Zc clicks have an ICI of about 0.5 seconds (range 0.35-0.75 s), a bandwidth extending to 
48 kHz, and vary between about 12 and 24 kHz on the lower end of the band. Md clicks have an 
ICI of about 0.3 seconds (range 0.23–0.4 s) and a bandwidth primarily of 24–48 kHz. Me clicks 
have energy primarily in the 30–50 kHz band with a faster ICI than the other two species, 
averaging 0.26 s. As the animals scan their heads, neighboring hydrophones are ensonified with 
most of the clicks on one or two center hydrophones. For all three species, the group vocal 
period lasts for roughly 20-to-40 minutes. 
 
All hydrophones on the range were reviewed for each sample hour. Hydrophones with identified 
beaked whale clicks were recorded, along with start and stop times for click-trains. Click-trains 
that overlapped spatially and temporally were considered part of the same group vocal period. A 
group typically could include hydrophones within a baseline of the hydrophone with the highest 
click density, and with a group vocal period of less than one hour. At times, neighboring groups 
ensonify some common hydrophones. The manual review groups were then compared to the 
automated results produced by the AG program. Table 3 shows a subset of groups detected 
manually and a comparison to groups formed from the results of the SVMJ detectors and the AG 
program. 
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Table 3. Sample of groups detected manually and by the SVMJ detectors and 
Autogrouper algorithm.  Individual click-trains are listed for each 
hydrophone. 

Sample 

Manually Reviewed Groups Autogrouper Groups 

Manual 
GroupID HYD 

start 
time 
UTC 

stop 
time 
UTC Species 

AG 
GroupID HYD Clicks 

start 
time 
UTC 

stop 
time 
UTC Species 

25 94 1 14:38:44 14:56:32 Md 128 1 928 14:39:14 14:57:2 Md 
25      128 2 200 14:45:42 14:57:38 Md 
25 94 3 14:38:44 15:12:12 Md 128 3 2134 14:39:14 14:57:25 Md 
25 94 4 14:41:39 14:56:20 Md 128 4 374 14:42:9 14:56:50 Md 
25 94 5 14:44:43 14:57:08 Md 128 5 86 14:45:3 14:57:38 Md 
25 94 6 14:41:41 15:12:06 Md 128 6 1113 14:42:11 15:15:12 Md 
25 94 7 14:43:40 15:12:03 Md 128 7 263 14:44:10 15:12:33 Md 
25 94 25 14:46:30 15:11:59 Md 128 25 1589 14:47:0 15:12:29 Md 
25 94 26 14:49:03 15:12:23 Md 128 26 56 14:48:22 15:12:53 Md 
25 96 14 14:48:14 14:57:16 Md 130 14 164 14:48:44 14:57:46 Md 
25      130 11 31 14:49:21 14:51:31 Md 
25 96 13 14:48:39 15:18:44 Md 130 13 1049 14:49:9 15:19:14 Md 
25 96 12 14:49:15 15:11:35 Md 130 12 31 14:49:49 14:51:27 Md 
25      130 12 12 14:55:35 14:57:44 Md 
25 96 31 14:49:15 15:11:29 Md 130 31 27 14:49:47 14:50:48 Md 
25      130 31 15 14:55:33 15:0:55 Md 
25      130 31 33 15:4:31 15:11:59 Md 
25      130 31 161 15:15:53 15:33:23 Md 
25 96 10 14:52:50 15:18:47 Md 130 10 63 14:56:3 15:5:18 Md 
25      130 10 29 15:14:56 15:19:17 Md 
25 96 35 14:51:57 15:19:19 Md 130 35 10 15:18:28 15:19:49 Md 
25 97 50 14:57:18 15:23:48 Md 131 50 610 14:57:51 15:17:17 Md 
25 97 49 14:57:34 15:22:21 Md 131 49 493 14:58:4 15:18:59 Md 
25 97 57 14:59:52 15:02:28 Md 131 57 11 15:0:22 15:2:58 Md 
25 98 93 14:50:15 15:21:49 Md             
25 98 92 15:02:30 15:19:35 Md No matching AG group   
 
 
2.6.2 AG Algorithm 

The AG algorithm was run on AUTEC archives and beaked whale groups that occurred within 
the sample hour were compared to corresponding Md and Zc groups identified manually. The 
AG algorithms often generated short sequences of clicks, and at times long series of delphinid 
clicks that were misidentified as beaked whale groups. Thus the AG output was filtered before 
comparison to the manual groups. Additionally, the AG was run with species-specific ICI filters.  
The filtering parameters are in Table 4. 
 
 
 
 
 
 



 

11 

Table 4. Filtering parameters for Autogrouper groups. 

Filtering parameter Md Zc 
Minimum group clicks 360 (3 clicks/s*60 s/min*2 

min*1 animal) 
300 (2 clicks/s*60 s/min*2.5 
min*1 animal) 

Maximum group clicks 64800 (3 clicks/s*60 s/min*60 
min*6 animals) 

43200 (2 clicks/s*60 s/min*60 
min*6 animals) 

Minimum group duration 5 min 5 min 
Maximum group duration 90 min 90 min 
Minimum ICI 0.23 s 0.35 s 
Maximum ICI 0.40 s 0.75 s 

 
 
Detection statistics were evaluated after removing groups that occurred solely on edge 
hydrophones. If an edge-only group was found either manually or with the AG, it was removed 
from both. 
 
The total number of manual group and total number of AG groups were first annotated for each 
sample. Then, for each sample, the groups were placed into one of four categories: (1) exact 
matches, (2) ‘confused’ matches, (3) manual only (FN), or (4) AG only (FP). A group was 
considered an exact match if: (1) the groups had at least one hydrophone in common, (2) the 
hydrophones were not part of another group, and (3) the time periods overlapped. The confused 
matches occurred when all or some of the same hydrophones were identified by both the manual 
process and the AG program, and the time periods overlapped, but the number of groups and/or 
the hydrophone combinations forming the groups were not the same. For the confused matches, 
both the total number of manual groups and the total number of AG groups were noted. The 
manual-only cases consisted of groups only identified manually (FN), and the AG only were 
those identified solely by the AG (FP). 
 
Prior to calculating the detection statistics from these data, the groups under the confused 
matches category were reassigned to either the exact matches, FN, or FP category with the 
following procedure: 
 

1. The minimum of the manual and AG groups for the confused matches was calculated and 
added to the exact matches for each sample. This sum was listed under the heading (Correctly 
Detected). 

 
2. Under the confused matches category, if there were more manual groups than AG groups, 

then the difference was added to the FNs; otherwise the difference was added to the FPs. This 
was equivalent to calculating the new FN as the total number of manual groups minus the 
number correctly detected, and the new FP as the total number of AG groups minus the number 
correctly detected. 
 
Comparisons between the manual review and AG output for Md and Zc for the SVMJ and 
Whdetect detectors are in Table 5 through Table 8. 
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Table 5. Comparison of filtered AG output and manual group detection using the 
SVMJ detector for Md. 

Sample 

Total 
No. 
Manual 
Groups 

Total 
No. AG 
Groups 

No. 
Exact 
Matches 

No. Confused 
Matches 

Min of 
Confused 

Correctly 
Detected 

No. 
Manual 
Only 
Groups 
(FN) 

No. AG 
Only 
Groups 
(FP) 

No. 
Manual 
Groups 

No. AG 
Groups 

1 0 2 0 0 0 0 0 0 2 
3 4 5 4 0 0 0 4 0 1 
4 4 3 3 0 0 0 3 1 0 
5 4 4 2 1 2 1 3 1 1 
6 2 2 2 0 0 0 2 0 0 
7 5 5 3 2 2 2 5 0 0 
8 4 4 2 2 2 2 4 0 0 
9 2 1 1 0 0 0 1 1 0 

19 1 1 1 0 0 0 1 0 0 
20 5 3 3 0 0 0 3 2 0 
21 6 3 3 0 0 0 3 3 0 
22 7 7 2 5 5 5 7 0 0 
23 3 2 2 0 0 0 2 1 0 
25 5 3 3 0 0 0 3 2 0 
26 1 0 0 0 0 0 0 1 0 
27 1 1 1 0 0 0 1 0 0 
28 4 4 4 0 0 0 4 0 0 
38 2 1 1 0 0 0 1 1 0 
39 5 4 4 0 0 0 4 1 0 
40 3 3 3 0 0 0 3 0 0 
41 4 2 2 0 0 0 2 2 0 
42 2 1 1 0 0 0 1 1 0 
43 3 3 3 0 0 0 3 0 0 
44 2 2 2 0 0 0 2 0 0 
45 1 1 1 0 0 0 1 0 0 
46 2 2 1 1 1 1 2 0 0 
47 2 2 1 1 1 1 2 0 0 
48 1 1 1 0 0 0 1 0 0 
49 4 3 3 0 0 0 3 1 0 
50 2 2 2 0 0 0 2 0 0 
30 91 77 61 12 13 12 73 18 4 
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Table 6. Comparison of filtered AG output and manual group detection, using the 
SVMJ detector for Zc. 

Sample 

Total 
No. 
Manual 
Groups 

Total 
No. AG 
Groups 

No. 
Exact 
Matches 

No. Confused 
Matches 

Min of 
Confused 

Correctly 
Detected 

No. 
Manual 

Only 
Groups 

(FN) 

No. AG 
Only 

Groups 
(FP) 

No. 
Manual 
Groups 

No. AG 
Groups 

1 0 1 0 0 0 0 0 0 1 
4 0 1 0 0 0 0 0 0 1 
7 1 2 1 0 0 0 1 0 1 
8 0 1 0 0 0 0 0 0 1 
9 0 1 0 0 0 0 0 0 1 

19 1 1 1 0 0 0 1 0 0 
21 0 1 0 0 0 0 0 0 1 
22 0 1 0 0 0 0 0 0 1 
24 0 1 0 0 0 0 0 0 1 
27 0 1 0 0 0 0 0 0 1 
38 5 5 3 2 2 2 5 0 0 
39 2 2 2 0 0 0 2 0 0 
40 1 3 0 1 2 1 1 0 2 
41 0 2 0 0 0 0 0 0 2 
14 10 23 7 3 4 3 10 0 13 

 
 
Table 7. Comparison of filtered AG output and manual group detection, using the 

Whdetect detector for Md. 

Sample 

Total 
No. 

Manual 
Groups 

Total 
No. AG 
Groups 

No. 
Exact 

Matches 

No. Confused 
Matches   

Min of 
Confused 

Correctly 
Detected 

No. 
Manual 

Only 
Groups 

(FN) 

No. AG 
Only 

Groups 
(FP) 

No. 
Manual 
Groups 

No. AG 
Groups 

8 5 5 3 2 2 2 5 0 0 
9 2 2 2 0 0 0 2 0 0 

10 3 0 0 0 0 0 0 3 0 
11 1 1 1 0 0 0 1 0 0 
12 3 3 1 2 1 1 2 1 1 
13 5 4 3 0 0 0 3 2 1 
14 6 7 3 2 3 2 5 1 2 
15 6 6 0 4 5 4 4 2 2 
17 2 3 1 1 2 1 2 0 1 
18 2 2 2 0 0 0 2 0 0 
19 2 1 1 0 0 0 1 1 0 
20 4 4 4 0 0 0 4 0 0 
21 6 5 3 2 2 2 5 1 0 
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Sample 

Total 
No. 

Manual 
Groups 

Total 
No. AG 
Groups 

No. 
Exact 

Matches 

No. Confused 
Matches   

Min of 
Confused 

Correctly 
Detected 

No. 
Manual 

Only 
Groups 

(FN) 

No. AG 
Only 

Groups 
(FP) 

No. 
Manual 
Groups 

No. AG 
Groups 

22 6 7 4 2 2 2 6 0 1 
23 3 3 2 0 0 0 2 1 1 
25 5 3 3 0 0 0 3 2 0 
26 1 1 1 0 0 0 1 0 0 
27 1 1 1 0 0 0 1 0 0 
29 3 2 2 0 0 0 2 1 0 
30 2 2 2 0 0 0 2 0 0 
31 3 3 3 0 0 0 3 0 0 
32 1 1 1 0 0 0 1 0 0 
33 3 3 3 0 0 0 3 0 0 
34 5 6 0 5 6 5 5 0 1 
35 2 1 1 0 0 0 1 1 0 
36 2 3 0 1 2 1 1 1 2 
37 4 6 3 0 0 0 3 1 3 
38 1 1 1 0 0 0 1 0 0 
39 6 9 3 3 4 3 6 0 3 
40 3 3 3 0 0 0 3 0 0 
41 3 2 2 0 0 0 2 1 0 
42 2 2 2 0 0 0 2 0 0 
32 103 102 61 24 29 23 84 19 18 

 
 
Table 8. Comparison of filtered AG output and manual group detection, using the 

Whdetect detector for Zc. 

Sample 

Total 
No. 

Manual 
Groups 

Total 
No.  AG 
Groups 

No. 
Exact 

Matches 

No. Confused 
Matches 

Min of 
Confused 

Correctly 
Detected 

No. 
Manual 

Only 
Groups 

(FN) 

No. AG 
Only 

Groups 
(FP) 

No. 
Manual 
Groups 

No. AG 
Groups 

8 0 4 0 0 0 0 0 0 4 
11 0 1 0 0 0 0 0 0 1 
12 0 2 0 0 0 0 0 0 2 
13 0 1 0 0 0 0 0 0 1 
14 0 4 0 0 0 0 0 0 4 
15 1 3 1 0 0 0 1 0 2 
18 0 1 0 0 0 0 0 0 1 
19 1 1 1 0 0 0 1 0 0 
20 0 2 1 0 0 0 1 0 1 
21 0 6 0 0 0 0 0 0 6 
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Sample 

Total 
No. 

Manual 
Groups 

Total 
No.  AG 
Groups 

No. 
Exact 

Matches 

No. Confused 
Matches 

Min of 
Confused 

Correctly 
Detected 

No. 
Manual 

Only 
Groups 

(FN) 

No. AG 
Only 

Groups 
(FP) 

No. 
Manual 
Groups 

No. AG 
Groups 

22 0 5 0 0 0 0 0 0 5 
25 0 4 0 0 0 0 0 0 4 
27 0 1 0 0 0 0 0 0 1 
29 0 1 0 0 0 0 0 0 1 
30 0 2 0 0 0 0 0 0 2 
31 1 4 1 0 0 0 1 0 3 
32 0 1 0 0 0 0 0 0 1 
33 0 2 0 0 0 0 0 0 2 
34 0 1 0 0 0 0 0 0 1 
36 1 0 0 0 0 0 0 1 0 
37 0 6 0 0 0 0 0 0 6 
38 5 6 2 3 2 2 4 1 2 
39 2 6 2 0 0 0 2 0 4 
40 1 2 1 0 0 0 1 0 1 
41 0 1 0 0 0 0 0 0 1 
42 0 3 0 0 0 0 0 0 3 
26 12 70 9 3 2 2 11 2 59 

 
 
The mean number of Md and Zc groups detected per sample hour for the samples evaluated for 
the SVMJ detector was 3.03 Md/hr and 0.33 Zc/hr. For the samples evaluated for the Whdetect 
detector, the means were 3.22 Md/hr and 0.38 Zc/hr. 
 
2.6.3 Derivation of Detection Statistics and Correction Factors 

The detection statistics were then calculated along with correction factors to apply to the number 
of AG groups detected in order to derive the true number of Md and Zc groups present. The PD 
was calculated as the sum over all samples of the groups correctly detected divided by the sum 
over all samples of the number of manual groups. The percentage of FNs (groups missed by the 
AG) was the sum over all samples of the FN divided by the sum over all samples of the number 
of manual groups; and the percentage of FPs (groups misidentified by the AG) was the sum over 
all samples of the FP divided by the sum over all samples of the number of AG groups. 
Detection statistics are in Table 9. 
 
Table 9. Detection statistics for Md and Zc using the SVMJ and Whdetect detectors. 

Detector class SVMJ Whdetect 
Species Md Zc Md Zc 

PD 0.80 1.00 0.82 0.92 
FN 0.20 0.00 0.18 0.17 
FP 0.05 0.57 0.18 0.84 
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FP and FN correction factors for the AG group results were then derived as follows and shown in 
Table 10: 
 

1. The FP correction factor = 1 – (sum over all samples of FP/sum over all samples 
of the AG groups). 

 
2. The FN correction factor = 1 + (sum over all samples of FN/sum over all samples 

of the AG groups * FP correction factor). 
 
 
Table 10. Correction Factors for AG output. 

Detector Class SVMJ Whdetect 
Species Md Zc Md Zc 

FP Correction Factor 0.95 0.43 0.82 0.16 
FN Correction Factor 1.25 1.00 1.23 1.18 

 
 
These steps essentially start with the number of AG groups, subtract the number of FP and add 
the number of FN to recover the number of manual groups that are considered the true number of 
beaked whale groups. Note that one can recover the true number of manual groups by first 
applying the FP correction factor and then the FN correction factor to the number of AG groups 
(Table 10). 
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