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ABSTRACT

We investigated the performance of spectrogram cross-correlation for automatically detecting North Pacifi c 
right whale (Eubalaena japonica) calls in long-term acoustic recordings from the southeastern Bering Sea.  
Data were sampled by autonomous, bottom-mounted hydrophones deployed in the southeastern Bering Sea 
from October 2000 through August 2002.  A human analyst detected right whale calls within the fi rst month 
(October 2000) of recorded data by visually examining spectrograms and by listening to recorded data; 
these manual detections were then compared to results of automated detection trials.  Automated detection 
by spectrogram cross-correlation was implemented using a synthetic kernel based on the most common 
right whale call type.  To optimize automated detection parameters, the analyst performed multiple trials on 
minutes-long and hour-long recordings and manually adjusted detection parameters between trials.  A single 
set of optimized detection parameters was used to process a week-long recording from October 2000.  The 
automated detector trials resulted in increasing proportions of false and missed detections with increasing data 
set duration, due to the higher proportion of acoustic noise and lower overall call rates in longer recordings.  
However, the automated detector missed only one calling “bout” (2 or more calls within a 10-minute span) 
of the 18 bouts present in the week-long recording.  Despite the high number of false detections and missed 
individual calls, spectrogram cross-correlation was useful to guide a human analyst to sections of data with 
potential right whale calling bouts.  Upon reviewing automatic detection events, the analyst could quickly 
dismiss false detections and search recordings before and after correct detections to fi nd missed calls, thus 
improving the effi ciency of searching for a small number of calls in long-term (months- to years-long) 
recordings.

 Research article / Article de recherche

1.  INTRODUCTION

Long-term, passive acoustic recorders are useful tools 
for monitoring some marine mammal populations, with 
potential applications ranging from providing information 
on behavioral ecology and abundance, to near-real-time 
localization and tracking of calling animals (e.g. Thompson 
and Friedl 1982, Clark et al. 1996, Stafford et al. 2001, 
Gillespie and Leaper 2001, Moscrop et al. 2004, Mellinger 
et al. 2004a, b).  We used autonomous, bottom-mounted 
Acoustic Recording Packages (ARPs) (Wiggins 2003) to 
provide long-term recordings of critically endangered North 
Pacifi c right whales (Eubalaena japonica) (Brownell et al. 
2001) and other baleen whale species in the southeast Bering 
Sea.  Here, small numbers (tens) of right whales have been 
regularly observed since 1996 in the middle-shelf region 
(between the 50 m and 100 m isobaths) in summer months 
(Goddard and Rugh 1998, LeDuc et al. 2001, LeDuc 2004).  
We deployed and recovered fi ve ARPs from four sites in the 
right whale sighting region in 2000-2002 (Figure 1).  The 
ARPs recorded sound continuously in a frequency range (5 
to 250 Hz) encompassing that of most North Pacifi c right 
whale calls (McDonald and Moore 2002), and provided 36 

instrument-months totaling over 100 gigabytes of data.
Because of a paucity of data on eastern North Pacifi c right 

whales, each recorded right whale call could contribute to a 
better understanding of this population.  However, manually 
detecting each right whale call in this large data set would 
potentially require hundreds of hours of human effort to scan 
spectrograms visually and to listen to recordings.  In contrast, 
a computer using automated detection software could 
potentially process a year-long data set within hours to days, 
and human effort could be focused on reviewing automated 
detection results and searching for additional calls near times 
of automatic call detections.  We found that automated call 
detection using spectrogram cross-correlation was effective 
for detecting bouts of right whale calling in long-term acoustic 
recordings from the Bering Sea.  This paper evaluates the 
performance of spectrogram cross-correlation in detecting 
right whale calls within a subset of Bering Sea ARP data. 

North Pacifi c right whales were fi rst recorded in the 
Bering Sea in 1999 by McDonald and Moore (2002).  The 
most common right whale call type (85%, n=511) was an 
‘up’ call, sweeping up in frequency on average from 90 to 
150 Hz in 0.7 s (McDonald and Moore 2002).  North Pacifi c 
right whale calls and the proportion of different call types 
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were similar to call repertoires of other right whale species 
(Eubalaena spp.) (Clark 1982, Matthews et al. 2001).  
Similarly to North Atlantic right whale calls (Matthews et al. 
2001, Vanderlaan et al. 2003), North Pacifi c right whale calls 
were clustered in sporadic ‘bouts’ lasting several minutes, 
with longer silences (tens of minutes to hours) between bouts 
(McDonald and Moore 2002).

Automated right whale call detection in Bering Sea 
acoustic data was challenging for a number of reasons.  Right 
whale call durations were brief (≤ 1 s), and calls were variable 
in duration, start and end frequencies, and frequency sweep 
rates (Figure 2, McDonald and Moore 2002).  Calls may also 
have become distorted at the receiver due to the dispersion of 
normal modes over the fl at, shallow continental shelf (Wiggins 
et al. 2004).  Overall, calls received on ARPs were infrequent 
and the total number of calls was low.  Flow and strum noise 
on hydrophones was frequently exacerbated by storms and 
strong tidal currents characteristic of the Bering Sea middle-
shelf (Bond and Adams 2002, Coachman 1986).  Also adding 
to the challenge of automated detection, humpback whales 
(Megaptera novaeangliae) produced sounds (Figure 3), 
including upswept calls, in the same frequency band used by 
right whales and recorded by the ARPs.

A variety of automated call detection techniques are 
available, including matched fi ltering, spectrogram correlation, 
energy summation, and neural networks (Stafford et al. 1998, 
Mellinger and Clark 2000, Mellinger 2004, Mellinger et al. 
2004b).  The performance of each of these techniques often 
depends on the characteristics of a particular species’ acoustic 
repertoire and behavior and the physical environment in which 
they are recorded.  For example, matched fi ltering works well 
when calls are highly stereotyped, and energy summation 

works well for species that call often and in a frequency band 
isolated from other sounds (e.g., calls from other species, 
ship engine noise, cable strumming) (Mellinger 2004).  Some 
techniques, such as neural networks, require a large training 
set of calls.  Right whale calls in Bering Sea ARP recordings 
were not well suited to matched fi ltering, energy summation, 
or neural networks.

The challenges of right whale call detection in our data 
set led us to investigate spectrogram cross-correlation with 
a synthetic kernel because this method a) does not require a 

Figure 1.  ARP sites A through D, year 2000-2002.  Recordings 
in 2000-01 were from all four sites; recordings the following 
year (2001-02) were from site C only.  Bathymetric contours 
are displayed at 25-meter increments for depths up to 100 m, 

and at 1000-m increments for depths of more than 100 m.  
Right whale visual sighting locations in the Bering Sea since 

1996 are bounded by the ‘sighting area’ box.
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Figure 2. Two-minute excerpt of hour-long recording 
containing right whale calls, recorded by ARP at site C, 3 

October 2000.  Spectrogram parameters: 512 point frame and 
FFT length with same size Hanning window, 75% overlap, for 
a filter bandwidth of 4.0 Hz.  Also visible throughout are fin 

whale downsweeps from 35-15 Hz. 

Figure 3.  Two-minute excerpt containing humpback whale 
calls from week-long sound recording, recorded by ARP at site 

C.  Repeated calls are labeled ‘a’ and ‘b’ to show pattern.  
Spectrogram parameters same as in Figure 2. 
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large training set of calls, b) may be more suited to detecting 
brief and infrequent calls in a large and often noisy data 
set, and c) may be less sensitive to variation and distortion 
among calls than the other techniques (Mellinger 2004).  We 
confi gured the automated detector to detect ‘up’ calls, the most 
common call recorded from North Pacifi c right whales in the 
Bering Sea (McDonald and Moore 2002, Munger and Sauter 
unpub. data, Munger and Rankin unpub. data).  In this study, 
we optimized automated detection parameters using short-
duration recordings, and then evaluated the performance of 
optimized parameters in processing a week-long recording.

2.  METHODS

2.1.  Data sets

ARPs were confi gured to record continuously at a 
sampling frequency of 500 Hz, with a frequency response 
of -152 dB re 1 V/μPa, fl at within 1 dB over the 5-250 Hz 
frequency band (Wiggins 2003).  Acoustic data were digitized 
to 16-bit samples and stored on computer hard disks to be 
analyzed after instrument recovery.

Three subsets of acoustic data from the year-2000 ARP 
recordings were used to test the automated detector: short, 
intermediate, and long duration recordings.  Short and 
intermediate duration recordings were chosen from previously 
manually processed data to provide the detector with training 
sets of calls with which to optimize detection parameters.  
Short recordings contained right whale ‘up’ calls, humpback 
whale calls, a combination of both, or no discernible calls; 
intermediate and long recordings were continuous sections 
of data containing periods of noise and calls from right and 
humpback whales.

The fi rst data subset consisted of twelve short (1-to 5-
minute) recordings made at different times by four ARPs 
during October-December 2000.  Six of these recordings 
contained calls in the 80-250 Hz bandwidth, with a total of 
26 right whale ‘up’ calls.  The other six recordings contained 
no calls in that frequency range and varied in acoustic noise 
levels (Figure 4).  The average overall right whale call rate in 
the short data set was 1.96 calls per minute.

The second data subset consisted of four intermediate-
length recordings, 65 minutes each (Figure 2), recorded 
simultaneously on each of the four ARPs on October 3, 
2000.  Each of these recordings contained right whale and 
humpback whale calls in the 80-250 Hz band, including 72 
right whale ‘up’ calls.  The overall average right whale call 
rate in intermediate-length recordings was 0.28 calls per 
minute.  The intermediate-length recordings did not have any 
data in common with the short recordings.

The third data subset was a single recording approximately 
one week in length, taken from the ARP at site C on 2-9 
October 2000.  This long recording did not share common 
data with the short recordings, but did encompass the hour 
recorded by ARP C in the intermediate-length data set.  Whale 
calls were present in at least fi ve days of the week-long data 

set; these included humpback calls (Figure 3) and 146 right 
whale ‘up’ calls, the majority of which were recorded during 
the fi rst three days.  The average right whale call rate over the 
week-long recording was 0.015 calls per minute.

2.2.  Manual call detection

After evaluating right whale acoustics literature and 
discussing right whale call types with colleagues, the human 
analyst (LMM) visually scanned spectrograms and listened to 
potential calls throughout the fi rst month of ARP recordings 
(October 2000).  One diffi culty in detecting right whale calls 
was distinguishing between calls of humpback whales and 
right whales.  Humpback whales produced some sounds in 
the same frequency band as right whales, including short-
duration upswept or downswept calls.  The most important 
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Figure 4.  Two examples of sixty-second recordings containing 
a) right whale ‘up’ calls at approximately 18 s and 47 s, and b) 

only noise.  Spectrograms parameters same as in Figure 2 
except 90% overlap. 

(a)

(b)
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distinguishing feature in our Bering Sea data set proved to 
be the temporal pattern of calls.  Right whales produced 
calls (Figure 2) in sporadic bouts, whereas humpback whales 
produced calls in consistent, repeated patterns (Figure 3).  
Patterned humpback calling (song) has been reported in late 
summer/early fall on other northern feeding grounds as well 
(Mattila et al. 1987, McSweeney et al. 1989).  In addition, 
ARP recordings of humpback calls and call series often 
contained harmonics and higher-frequency components, 
whereas right whale calls were typically tonal upsweeps 
without harmonics.

The human analyst (LMM) used a software program 
(Triton, Wiggins 2003) written in MATLAB® (The 
MathWorks, http://www.mathworks.com) to generate and 
display spectrograms of the ARP data sets.  Time series were 
transformed into the frequency domain using a Fast Fourier 
Transform (FFT) with a Hanning window (Oppenheim 
and Schafer 1999).  FFT and window length were both 
512 points (1.024 s) and overlap was 75-90%.  Graphical 
gain and contrast were adjusted to give the best resolution 
of the spectrogram.  During visual scanning of sequential 
spectrograms, the time-frequency display window was 0-250 
Hz in frequency and usually 60-120 s in duration. When the 
analyst detected a potential right whale call in the displayed 
spectrogram, the call portion of the display was expanded in 
time and spectral parameters were adjusted to ‘sharpen’ the 
image--for example, by reducing FFT and window length 
and increasing the amount of overlap.  In addition, potential 
right whale calls were also played on speakers, to provide 
the analyst an opportunity to aurally detect and distinguish 
right whale calls from humpbacks if visual detection was 
ambiguous.

The analyst noted only right whale ‘up’ calls for the 
purposes of this comparative study because the automated 
detector was confi gured to detect only ‘up’ calls.  The set of 
manually-picked right whale ‘up’ calls provided the basis for 
comparing automated detection results.

2.3.  Automated detection

We used the software program Ishmael (Mellinger 
2001) for call detection by spectrogram cross-correlation.  
Spectrograms were generated in Ishmael using the same 
parameters as used in Triton to manually detect calls: frame, 
FFT, and Hanning window length were equal to 512 points 
(1.024 s), and overlap was 75-94%.  ARP spectral data 
were cross-correlated with a synthetic spectrogram kernel 
(Mellinger and Clark 2000), which we based on the ‘up’ calls 
found in our data sets and consistent with those described 
in McDonald and Moore (2002).  The synthetic call kernel 
consisted of piecewise, continuous line segment(s) defi ned 
by start and end times and their corresponding start and end 
frequencies (Figure 5).  Other detection parameters that 
were adjusted included the instantaneous bandwidth of the 
synthetic call kernel (Figure 5), detection threshold, minimum 
and maximum duration above the detection threshold, and 

spectrogram equalization time constant (time-averaging to 
smooth out background noise) (Van Trees 1968; Mellinger 
2001, 2004; Mellinger et al. 2004a).  The minimum time 
between detections was set to 0 seconds to avoid missing 
close or overlapping calls.

The spectrogram cross-correlation output is a time series 
of the unnormalized cross-correlation, which varies with the 
closeness of the match between the data and the predefi ned 
kernel; function peaks above a user-specifi ed threshold are 
counted as detection events.  If the parameters we chose 
resulted in zero detection events, we discarded that set of 
parameters and did not include them in this analysis.  When 
detection events occurred, we adjusted one parameter at a time 
and observed the resulting effect on detector performance.  If 
performance improved and resulted in fewer false detections 
and/or missed detections, we adjusted the other parameters 
in an attempt to further minimize missed detections and false 
detections.

We ran 62 automated detection trials using the short 
recordings, 22 trials using the intermediate-length recordings, 
and 1 trial using the week-long recording.  Each automated 
detection event was saved individually as a short (~10 
s) sound fi le.  After each detector trial, a human analyst 
examined each individual detection event to verify whether 
the detection was correct.  Automated detections were 
classifi ed as correct detections (right whale ‘up’ calls) or 
false detections.  False detections were further categorized as 
other biological sounds, including non-upswept calls or calls 
identifi ed to be from humpback whales, or noise, in which no 
call was present.

We compared the performance of various detection 
parameters by plotting receiver operating characteristic (ROC) 

Figure 5.  Synthetic call kernel (light gray) from 100 to 150 Hz,
lasting 1 s, with ‘kernel bandwidth’ of 10 Hz bounded by 

dotted lines.  The synthetic kernel precedes a spectrogram of a
right whale call, enlarged from Figure 4a at 18 s.  Spectrogram

parameters: 256-point frame, FFT, and Hanning window 
length, and 90% overlap, for a filter bandwidth of 7.9 Hz. 
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curves illustrating the trade-off between false detections and 
missed calls.  False detections were expressed as a percentage 
of the total number of automated detections.  Missed calls 
were expressed as percentages of the total number of ‘up’ calls 
in the data set, which was defi ned as the number of manually 
detected ‘up’ calls.  We designated an acceptable missed call 
threshold of 20%, and defi ned ‘optimal’ detection parameters 
as those that minimized false detections while missing fewer 
than 20% of calls.  We set this missed call threshold because 
right whale calls were rare in our data set and we wished to 
detect a substantial majority of them; although this caused 
an increase in false detections, reviewing and discarding 
false detections was still a simple and relatively fast process 
for an analyst compared to thoroughly manually processing 
the entire recording.  Optimal parameters from trials using 
short recordings were included in detector trials run on 
intermediate-length recordings, and the optimal parameters 
from trials using intermediate recordings were used to process 
the week-long recording.

3.  RESULTS

For ease of interpretation, we separated automated 
detection results for short (minutes-long) recordings into 
results using a single synthetic kernel, and those using 
different kernel types with varying slopes and numbers of 
segments.  The automated detector that performed best on 
the short recordings used a 1 s, 100-150 Hz synthetic kernel 
(Table 1, Figure 6).  The optimal parameters (resulting in 
fewer than 20% missed calls and minimal false detections) 
with this single kernel type resulted in 19% missed detections 
(5 of 26 calls) and 25% false detections (7 of 28 total 
detections) (Figure 6, Table 2).  A large proportion (86%) of 
false detections contained other biological sounds.

Table 3 shows the detection parameters used with synthetic 
kernels that consisted of one or more segments of varying 
duration and start/end frequencies.  The corresponding ROC 
curves for those parameters were plotted in Figure 7.  The 
optimal synthetic kernel in this case (resulting in fewer than 
20% missed calls and minimal false detections), consisted of 
2 segments: the fi rst 1 s and 100 to 150 Hz, and the second 
0.5 s from 150 to 180 Hz.  These parameters resulted in 19% 
missed detections and 42% false detections (Figure 7, Table 
4), 80% of which were other biological sounds.  The varied 
synthetic call kernels that we tested did not perform as well 
as the single-segment 1 s, 100-150 Hz kernel.

Detection parameters and results for intermediate-length 
recordings are shown in Table 5, Figure 8, and Table 6.  In 
addition to varying the same parameters as in short-recording 
trials, we used spectrogram equalization (time-averaging to 
smooth background noise) in some trials; this was not done 
for short recordings because averaging over seconds was 
inappropriate for recordings lasting tens of seconds.  For 
the same acceptable level of missed detections (20%), the 
optimal detection parameters resulted in 69% false detections 
and 19% missed calls.  31% of these false detections in 

intermediate-length recordings were other biological sounds. 
(Figure 8, Table 6).  Although we tested varying synthetic 
kernels, the optimal detection parameters were again based 
on a single 1 s, 100-150 Hz segment, and did not employ 
spectrogram equalization.

The detection parameters used for the week-long recording 
were the optimal parameters resulting from trials using hour-
long recordings.  The detection results using the week-long 
recording are summarized in Table 7 and displayed as a single 
data point on Figure 8a.  False detections comprised 98% of 
the total number of detections, and approximately 38% of 
detectable calls were missed.  Of the false detections, 10% 
were other biological sounds.  Figure 9 compares the number 
of manual and automated detections of right whale ‘up’ calls 
over the fi rst three days (when most of the right whale calls 
were detected) of the week-long ARP recording.  We defi ned 
a calling ‘bout’ as at least 2 calls within a ten-minute time 
span; although not all calls in a single bout were detected, the 
automated detector missed only one of 18 total bouts in the 
week-long recording, and missed 3 calls occurring singly.

To investigate whether false detection rates were related 
to acoustic noise levels, we compared noise levels in the 
recordings by calculating average spectral levels between 

100 and 150 Hz over 1-minute time intervals in hour-long 
recordings and 10-minute intervals in the week-long recording 
(time intervals were shorter for the hour-long recordings to 
give better graphical resolution).  The percentage of false 
detections during the intermediate-length test recordings 
differed signifi cantly between each of the four ARPs, and 
was highest on ARP A (average false detection proportions: 
A=89.8%, B=57.0%, C= 59.8%, D= 77.3%; ANOVA, 
p<0.05), which also had the highest average noise level over 
the hour of recording (Figure 10).

Noise levels varied more over one week on an individual 
instrument (ARP C) than they did between instruments during 
the hour recorded in the intermediate-length test data (Figure 
10).  During the week recorded on ARP C, a semidiurnal tidal 
signature was apparent during the fi rst three days of recording, 
and an overall rise in noise during days 280-282 was caused 
by a storm.  Peaks in noise on days 279 and 280 were related 
to passing ships—closer inspection of spectrograms revealed 
long, continuous tones at 60 Hz and higher harmonics typical 
of engine-related noise.

Table 1.  Detection parameters tested in short recording trials; 
the synthetic call kernel in all of these tests was a 1 s, 100-150 

Hz line segment as in Figure 5.  The ranges of varying 
parameters are shown in bold type.  Symbols correspond to 

markers in Figure 6.
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4.  DISCUSSION

Using spectrogram correlation with manually optimized 
detection parameters, the automated detectors we tested 
performed best on the short (minutes-long) sound recordings, 
with increasing proportions of false and missed detections 
as the recording duration increased.  The increase in the 
proportion of false detections with the recording length was 
expected, because the longer recordings contained longer 
periods of noise relative to the number of right whale calls 

present and provided more opportunities for the detector to 
produce false detections.  The short- and intermediate-length 
recordings were used to optimize detection parameters and 
consequently represented relatively high rates of right whale 
calling (approximately 2 calls/minute in the minute(s)-long 
recordings and 0.3 calls/min in the hour-long recordings), 

Figure 6.  a) Results of automated detection trials using short 
recordings, and parameters and symbols from Table 1.  Each 

curve is the result of varying one detection parameter and 
measuring resulting rates of false detections and missed calls. 

False detections are expressed as a percentage of the total 
number of automated detections; missed calls are expressed as 

a percentage of the total number of manually detected calls.  
Results for ‘optimized’, ‘fewest missed’, and ‘fewest false’ data 
points are given in Table 2.  b) Area within thickened line in 6a 

is expanded in Figure 6b. 

(a)

(b)

Table 2.  Detection parameters and results for the ‘optimized’ 
data point (using a predefined threshold of 20% missed calls), 
‘fewest missed’ calls, and ‘fewest false’ detections (Figure 6) 

using short recordings and synthetic kernel of 1 s, 100-150 Hz.  
False detection total includes other biological sounds, which 

are reported in parentheses. 

Table 3.  Range of detection parameters tested in short 
recording trials when varying the structure of the synthetic call 

kernel.  The ranges of varying parameters are shown in bold 
type.  Symbols correspond to markers in Figure 7. 

Figure 7.  Results of automated detection trials using short 
recordings and varying the synthetic kernel structure.  

Symbols as in Table 3, and terminology in Figure 6. Some of 
the ‘curves’ here consist of a single point. Results for 

‘optimized’, ‘fewest missed’, and ‘fewest false’ data points are 
given in Table 4. 
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whereas the week-long recording contained 0.02 calls/min.  
Because the longer data sets contained more calls in total (72 
calls in intermediate-length data set and 146 calls in week-
long data set), there was increased potential for variation 
among calls, possibly contributing to the higher proportion 
of missed detections caused by a mismatch between calls and 
the synthetic kernel.  

The automated detection trials also resulted in high rates 
of detection of other biological sounds: over 80%, 31%, and 
10% of the false detections were biological sounds for short, 
intermediate, and long recordings, respectively.  These other 
sounds included upswept calls from humpback whales, as 
well as other call types (down-swept calls, moans, pulses) 
that potentially could have been made by humpbacks or right 
whales.  Although these were classifi ed as false detections 
(because they were not right whale ‘up’ calls), a human 
analyst in practice would likely be interested in reviewing 
these sounds as well, especially if the goal is to correctly 
detect and classify each rare right whale call during the post-
processing of a large data set.

The automated detector produced over 90% false 
detections and missed over one-third of the right whale ‘up’ 
calls in the week-long data recording.  These results were 
poor compared to some other marine mammal acoustic 
detection studies, in which automated detection software 
missed relatively fewer calls, categorized a greater proportion 
of calls correctly, and produced a smaller percentage of false 
detections (Mellinger and Clark 2000; Niezrecki et al. 2003; 
Mellinger et al. 2004a,b).  Some factors contributing to the 
high missed call rate in our study were variability among 
calls (McDonald and Moore 2002), distortion resulting from 
waveform dispersion (Wiggins et al. 2004), and high acoustic 
noise levels resulting in decreased signal-to-noise ratios 
(SNR) of calls.

Acoustic noise recorded by hydrophones in the Bering 
Sea was often high due to strong tidal currents and frequent 
storms (Figure 10b).  The lack of detections in the week-long 
recording during approximately days 280-282, when the 
noise level was highest (Figure 10), could have been due to 
masking by that noise or to an actual lack of whale calls.  
A rise in noise level may decrease the acoustic detection 
range and could explain the lack of detected calls.  High g

Table 4.  Detection parameters and results for the ‘optimized’ 
data point (using predefined threshold of 20% missed calls), 
‘fewest missed’ calls, and ‘fewest false’ detections (Figure 7) 

using short recordings and varying the synthetic kernel 
structure.  False detection total includes other biological 

sounds, which are reported in parentheses. 

Figure 8.  a) Results of automated detection trials using 
intermediate-length (symbols in Table 5) and week-long 

(marked by single open circle) recordings.  Terminology same 
as in Figure 6. Some of the ‘curves’ here consist of a single 

point.  Results for intermediate-length points labeled 
‘optimized’, ‘fewest missed’, and ‘fewest false’ are given in 

Table 6.  Results from week-long data set (open circle) given in 
Table 7.  b) Area within thickened line in 8a is expanded in 

Figure 8b. 

(b)

(a)

Table 5.  Detection parameters tested in intermediate-length 
recording trials.  The ranges of varying parameters are shown 

in bold type.  Symbols correspond to markers in Figure 8. 
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acoustic noise levels also contributed to high false detection 
rates; during the hour-long recording, ARP A had both the 
highest false detection rate and highest average noise level in 
the call frequency band (Figure 10).  It is not clear whether 
the relatively higher noise on ARP A was due to differences 
in instrument calibration or actual differences in acoustic 

noise.  Noise levels varied more over a long duration of time 
on a single instrument than between instruments during the 
same short time period (Figure 10); therefore any effects 
of ARP calibration on detector performance were probably 
overshadowed by the much larger fl uctuations in acoustic 
noise over time due to events such as tides, storms, and 
passing ships. 

Despite the high rates of false and missed detections, 
automated call detection by spectrogram correlation was 
nevertheless useful for our complete ARP data set.  Although 
a human analyst reviewed all of the automated detections, 
this process was considerably more time-effi cient than 
thoroughly scanning the entire data set manually.  In our trial 
using the week-long recording, the detection parameters we 
used missed only one of 18 right whale calling ‘bouts’ (Figure 
9).  Automated spectrogram correlation, optimized for a low 
number of missed detections, was thus helpful in directing 
a human analyst to periods in the data when additional calls 
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Figure 10.  a) Noise levels between 100-150 Hz on each ARP 
during intermediate-length (65-minute) recordings, recorded 
simultaneously on each instrument.  b) Noise levels between 
100-150 Hz on ARP C during week-long recording.  Tidal 
signature and spikes in noise from ships are labeled, as are 
days of right whale calls.  Overall increase in noise on days 

280-282 due to storm.  Intermediate-length recordings taken 
from day 277, hour 0400-0505. 

(a)

(b)

Table 6.  Detection parameters and results for the ‘optimized’ 
data point (using predefined threshold of 20% missed calls), 
‘fewest missed’ calls, and ‘fewest false’ detections (Figure 8) 

using intermediate-length recordings.  The synthetic kernel in 
all three cases was 1 s, 100-150 Hz, although alternative 
synthetic kernels were also tested.  False detection total 
includes other biological sounds, which are reported in 

parentheses. 

Results for week-long recording: 
Missed detections out of 146 calls 55 
False detections: total 4566 
False detections: other call types/species (458) 
Total number of detections 4657 

Table 7.  Detection results for week-long recording.  Detection 
parameters are same as ‘optimized’ parameters from trials 

using intermediate-length recordings (Table 6).

Figure 9.  Manual detections per ten-minute time bin (gray 
bars, upper half of plot) in the first three days of the week-long 
recording, and automated detections (black bars, lower half of 
plot) within the same recording, using ‘optimized’ parameters 
from intermediate-length recording trials.  In this recording, 
one ‘bout’ of calls, defined as at least two calls per ten-minute 
span, was missed on day 276, out of 18 bouts total within the 

entire week.  Four single calls were also missed by the detector 
on days 277-279.  On day 282 (not pictured), two calls were 

detected manually, one of which was detected automatically. 
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were likely to be found near the automated call detection.  The 
combination of automated detection with manual verifi cation 
and focused searching has been used effectively in detecting 
North Pacifi c right whale calls in the Gulf of Alaska (Waite 
et al. 2003, Mellinger et al. 2004b), as well as in other long-
term right whale data sets (Clark et al. 2000).

Due to the paucity of data on right whales in the eastern 
North Pacifi c, our primary goal in developing an automated 
right whale call detector was to maximize the number of right 
whale calls detected, and the concomitant increase in high false 
detection rates was acceptable during this study.  Detection 
techniques other than spectrogram cross-correlation, such 
as neural networks (Mellinger 2004), may become more 
feasible as we increase the set of known calls recorded in the 
presence of North Pacifi c right whales.  Current and future 
deployments of passive acoustic recorders in the Gulf of 
Alaska and Bering Sea will provide new data that will require 
effi cient processing and benefi t from improved automated 
detection techniques.  For the ARP data set described in this 
study, automated detection using spectrogram correlation 
was useful to direct a human analyst to potential right whale 
calling bouts and was more time-effi cient than manual call 
detection.
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