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Figure 1: 20-Hz pulse sequence. Spectrogram 
was generated using a 1024 FFT size and 75% 
overlap. Frequency in kHz. Time in hr:min:sec.

Figure 6: Pulse interval frequency distribution by area 
for all singers combined.

Table 1: Summary of 20-Hz pulse sequence 
characteristics. Pulse intervals (PI) in seconds.

ABSTRACT

Fin whale stock structure in the North Atlantic remains poorly understood. The International 
Whaling Commission currently recognizes seven broad stocks but their definition is obscured 
by potential overlap in the distribution and movements of fin whales. Acoustics is increasingly 

mentioned as a potential alternative to investigate the population structure of pelagic, far-
ranging species such as blue and fin whales. In the latter, there is evidence of geographic 

variations in songs, in particular in areas where singers are sympatric either acoustically or 
physically. However, due to a lack of systematic description of vocalizations—specifically 

those produced on feeding grounds—it is not known whether other types of non-singing calls 
can be used to evaluate population structure. This study compared the vocal repertoire of two 
adjacent feeding aggregations in the Gulf of St. Lawrence (GSL) and Gulf of Maine (GoM) in 

order to examine their potential degree of segregation. Fin whales belonging to these 
aggregations exhibit high site fidelity although they are genetically undifferentiated and 

occasionally move between both areas. Acoustic data were obtained using autonomous 
recording units (pop-ups) that recorded continuously during 75 days in the GoM (Summer 

2006) and intermittently for 11 months in the GSL, starting mid-July 2005. Additional 
recordings were obtained using modified DIFAR sonobuoys and conventional hydrophones in 
the vicinity of fin whales in summer 2006 and 2007 in the GSL. Results indicate that the inter-
note spacing of 20-Hz pulse sequences differs significantly between the two areas (p<0.001); 

thus songs may be characterized as feeding aggregation-specific. Other non-singing calls 
recorded included several types of constant and frequency-modulated sounds between 30 

and 150 Hz. Four out of 5 call types showed some variation between areas suggesting 
regional differences and/or potentially an impact of recording conditions.

INTRODUCTION

Fin whales stock structure in the North Atlantic remains poorly understood. The International 
Whaling Commission currently recognizes seven stocks with broad and overlapping ranges. 
Ocean-wide genetic differences have been demonstrated but the status of adjacent feeding 

aggregations is unclear, partly because fin whales are known to travel large distances rapidly. 
In the Northwest Atlantic, several feeding aggregations have been identified such as in the 
Gulf of Maine (GoM), Gulf of St. Lawrence (GSL) and off Newfoundland. Of interest to this 
study is the status of GSL fin whales in relation to the GoM’s. Several contradictory sets of 
evidence prevent the emergence of a clear picture regarding their degree of connection or 

isolation. First, no differences in either mitochondrial or nuclear DNA were found between the 
GSL and GoM, suggesting recent divergence or interbreeding and hence a lack of population 

structure (Berube et al. 1998). Second, fin whales from both areas exhibit persistent site 
fidelity suggesting separation of both groups in summer, but at least one individual was 

photographed in both areas (Coakes et al. 2005). Third, a comparison of PCBs and 
organochlorine pollutants levels concluded that GSL fin whales were recognizably different 

from whales hunted off Nova Scotia (Hobbs et al.. 2001, which included GoM fin whales, 
suggesting that they feed at different locations for some time.

Acoustics is increasingly mentioned as a potential tool to investigate the stock structure of 
marine mammals and vocalizations of several species show strong regional differentiation. In 

fin whales, the only acoustic feature that has been analyzed for evidence of geographic 
variations is their song. Songs are patterned sequences of 20 Hz pulses and the interpulse 

interval appears to be a good indicator of geographic origin (Hatch and Clark 2004). However, 
songs are generally produced from fall until spring when fin whales are less commonly or not 

encountered in coastal water where they are more exposed to anthropogenic activity. 
Improving our knowledge of stock structure is primarily aimed at better management and it is 

thus important to first assess stocks in areas where whales may be more directly impacted by 
human activities, i.e. on their summer feeding grounds in the case of fin whales. 

This study investigated the feasibility of using summer vocalizations to assess the stock 
structure of fin whales in the Northwest Atlantic. We also assessed parameters of songs 

recorded in late summer and fall as a reference and to compare both sound types. 

MATERIALS AND METHODS

Acoustic data were obtained using autonomous recording units (pop-ups) that recorded 
continuously during 75 days in the GoM (Summer 2006) and intermittently for 11 months in 
the GSL, starting mid-July 2005. Additional recordings were obtained using modified DIFAR 
sonobuoys and conventional hydrophones in the vicinity of fin whales in summer 2006 and 
2007 in the GSL (Figure 5).
Recordings were analyzed using Xbat (Cornell Bioacoustics Research Program). Acoustic 
data were scanned visually or using a detector for the most stereotypical sound types in order 
to locate and measure sounds. 
In absence of localization capacity and because recordings were often made in presence of 
other balaenopterids, we gained confidence that the calls used in the analysis were fin 
whales’ when 1) they corresponded to previous description in the literature; 2) call sequence 
were clearly correlated with surfacing patterns; 3) the same calls were recorded in presence 
of fin whales and other rorqual species on different days, but fin whales were the only 
common denominator species to all the recording sessions.

For each call type (See figure 2, 3, and 4), minimum and maximum frequency, bandwidth and duration were compared between both areas. For 
songs, we compared pulse interval frequency distributions. When possible, the ID of vocalizing whales was included in the analysis. If not, all calls 

were pooled.

RESULTS

The comparison of pulse intervals (PI) for songs collected in late summer and fall shows clear differences in the song structure of both areas (Table 
1; Figure 6), the GSL songs showing a single peak in PI at 11 seconds while the GoM songs has a bimodal distribution peaking at 14.5 and 8.5 

seconds. However, one singer from the GoM also showed a single peak at 10.5 seconds. 
The results of the comparison of call B, C, D, E, and F’s parameters are shown in Table 2 and 3. Call B did not differ between areas. Call F differed 

only in duration. Call C showed the strongest variation and was generally higher and more broadband in the GSL than in the GoM. Call D differed 
only in maximum frequency and bandwidth, both being larger in the GSL. Finally, minimum and maximum frequency were the only parameters that 

showed a significant difference between both areas for call E, that call being lower in the GoM. It is also worth noting that besides call F, all call 
measurements have a high standard deviation.

DISCUSSION

The results of the PI analysis for songs recorded in both areas suggest that these two adjacent feeding aggregations do not share the same song. 
This seems to support the evidence arguing in favor of some stock structure between both areas as indicated by fin whales’ site fidelity and the 
differences in contaminants’ load. Hatch and Clark (2004) showed that songs varied locally so one can hypothesize that fin whales from the GSL 
and GoM remain segregated during the breeding season and therefore represent different stock.

Table 2: p-values for comparisons of mean duration (D), minimum frequency (Fmin), maximum 
frequency (Fmax) and bandwidth (Bw) for 5 call types recorded in the Gulf of Maine (GoM) and 
Gulf of St Lawrence (GSL). * indicate two-sample t-test; Mann-Whitney U-test otherwise.

Table 3: Mean, standard deviation (SD) and sample size (N) for duration (D), minimum 
frequency (Fmin), maximum frequency (Fmax) and bandwidth (Bw) measurements of 5 call 
types in the Gulf of Maine (GoM) and Gulf of St Lawrence (GSL).

Figure 2: B and D call. Spectrogram was 
generated using 2048 FFT size and 75% 
overlap. Frequency in kHz. Time in hr:min:sec.

Figure 3: E and F call. Spectrogram was 
generated using 2048 FFT size and 75% 
overlap. Frequency in kHz. Time in hr:min:sec.

Figure 4: Figure showing 5 C calls. Spectrogram 
was generated using 2048 FFT size and 75% 
overlap. Frequency in kHz. Time in hr:min:sec.

One possible issue is that songs recorded in the GoM corresponded to the onset of singing and may not 
represent a fully established song. However, the relative consistency of song structure across singers in the 
GoM as well as the marked differences with songs from the GSL make us confident that the differences are 
real. The fact that one singer recorded in the GoM had a song similar to the GSL may reflect whale 
movements or an erratic PI at the onset of the singing season, as was observed on other summer days. More 
songs collected in the GoM later in fall will be analyzed to address this issue. 
 
In this study, we were essentially interested in determining if summer vocalizations could also be used to 
assess stock structure. B calls were ragged low-frequency sounds, similar to 20-Hz pulses in terms of 
frequency component. C calls were constant impulsive calls. D calls were downsweeping sounds. E and F 
calls were constant or slightly upsweeping calls whose sound resembles that when one blows in a tube. The 
lack of differences in B call is not surprising as they are essentially a ragged variation of 20-Hz pulses and 
that these were not proven to be good predictors of geographic origin. F calls were also very similar except 
for duration, but this may be explained by differences in sound propagation conditions and depth at both 
sites. All the differences found for the other calls reflect primarily the fact that GoM calls are lower in 
frequency than GSL calls. This difference can be interpreted in several ways. It is possible that it is real and 
represents some sort of feeding aggregation acoustic signature, which would coincide with the finding of the 
song structure analysis. It may also be explained by the conditions in which recordings were obtained. All 
GoM recordings were collected using pop-ups, and although these were deployed in areas of historical fin 
whale presence, fin whales were rarely vocalizing very close to the hydrophone. On the other hand, GSL 
recordings were obtained for the most part within 500 meters of fin whales. Since high frequencies do not 
propagate as well as low frequencies, it is possible that high frequency components are underrepresented in 
the GoM data set. Obtaining recordings in the vicinity of fin whales in the GoM would be a good way to 
address that problem. Finally, it appears that the call characteristics measured vary greatly. If this variation is 
not uniformly distributed among all whales and if whales with slightly different notes segregate on the feeding 
grounds, or if the number of vocalizing whales sampled in both areas differs significantly, this could also affect 
the results of the comparison. 
In conclusion, there is acoustic evidence that GoM and GSL fin whales may represent different stocks, but 
more work is needed before summer calls can be reliably used to assess stock structure.
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Figure 5: Recording locations in the 
Gulf of St. Lawrence (GDL1 and 
GSL2) and Gulf of Maine (GoM1).
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