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H08S, referred as Diego Garcia South (DGS, 07.6º S, 072.5ºE) and consisting of the 176 
hydrophones H08S1, H08S2, H08S3. Hydrophones within the triplets are separated by 177 
approximately 2.5km and DGN and DGS are about 220 km apart. DGN and DGS are believed to 178 
be independent acoustic sampling areas: the shallow depth and long north-south extension of the 179 
Chagos Bank act as an acoustic barrier between the western and eastern equatorial Indian Ocean. 180 
Sounds produced on either side of the Chagos Bank are unlikely to be heard on the other side 181 
(Pulli & Upton 2001). Thus, the northern site (i.e., DGN records) represents the soundscape west 182 
of the island, whilst the southern site (i.e., DGS records) represents the soundscape east of the 183 
island.  184 

Hydrophones are moored in the sound fixing and ranging (SOFAR) channel (about 1000m deep) 185 
and cabled to Diego Garcia Island. They acquire data continuously, with a sampling rate of 250 186 
Hz (see Hanson 2001 for details). Here, we used the data recorded by the hydrophones H08N1 187 
and H08S1 from 2010 to 2013. To assist the manual browsing of this 4-year duration data set, an 188 
automated detection algorithm was first run on the acoustic data. This algorithm performs a 189 
dictionary-based detection by modelling mysticete vocalizations with sparse representations 190 
(Socheleau & Samaran 2017). The method uses a decision statistic that offers optimal properties 191 
with respect to false alarm and detection probabilities (Socheleau et al. 2015). As the signal of 192 
interest is modelled using a dictionary, the detector can be used for previously unknown or 193 
understudied recurrent signals. The dictionary was created using 310 vocalizations with good 194 
Signal-to-Noise Ratio (SNR), recorded at DGS in April 2010. The obtained detection time 195 
stamps were then imported into Raven Pro 1.5 as a selection table and displayed on the 196 
spectrogram for each year of data (spectrogram parameters 0-125Hz bandwidth, 20min per 197 
spectrogram line, 512pt point FFT, 50% overlap, Hanning window). Spectrograms were scanned 198 
(by ECL) to check all the detected events, identify and remove all false detections, assess the call 199 
quality, and estimate the number of singers (see below). Periods of data without automated 200 
detections were also carefully scrutinized to identify possible false negatives. Results were then 201 
converted into a metric of hourly presence.  202 

All logged song sequences in each of the three sites were evaluated for the number of singers 203 
present, estimated at 1 singer, 2 singers or >2 singer (3+ singers). Each logged sequence was 204 
assigned a subjective rating of SNR and quality on a scale from A to D, such that A exhibited 205 
strong signals with all song units detectable and multiple harmonics present, and D represented 206 
song sequences in which only faint repetitive sequences of one song unit was detectable with no 207 
harmonics. To provide a preliminary description of spectral and temporal characteristics of the 208 
song-type, a small subset of the highest quality SNR sequences were qualitatively reviewed and 209 
measured in Raven Pro 1.5. Due to the generally low SNR of the majority of detections, and the 210 
resulting ambiguity in spectral features, a detailed quantitative analysis was not attempted. 211 

 212 

3. Results 213 

3.1 Description of the song-type  214 

The new baleen whale song-type reported here was first detected during the low-frequency 215 
browse of the Madagascar data (by SC). In all cases it was detected at low SNR indicating 216 
distant animals recorded by the relatively deep water recorders on the Madagascar continental 217 
slope. During an assessment of humpback whale song on the Oman recorders (by CM and SC), 218 
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the same signal was detected opportunistically, prompting the systematic low frequency browse 219 
of that dataset at the same standardized parameters used for the Madagascar assessment. 220 
Ultimately, the Oman data revealed more frequent rate of occurrence of the song type; however, 221 
the Oman detections were still relatively low SNR, as would be expected from a signal 222 
originating from a deep water source, and experiencing substantial propagation loss before being 223 
detected by a hydrophone located in shallow water. Finally, the same song-type was recognized 224 
on recordings from the deep water CTBTO recorders off the Chagos Archipelago (by ECL) upon 225 
viewing the song-type in Cerchio et al. (2018), prompting a review of four years of data from the 226 
Diego Garcia North (DGN) and Diego Garcia South (DGS) recording sites. As these recorders 227 
were placed at the depth of the SOFAR channel, the detection range was likely the largest and 228 
some of the cleanest examples of the song were recorded, however still at a predominantly low 229 
SNR.   230 

The song phrase consisted of two units arranged in a consistent simple pattern (Figure 2), 231 
repeated in a consistent rhythm (Figure 3), typical of song from other Balaenoptera species 232 
(Watkins et al. 1987, 2000, McDonald et al. 2006). In most detections the SNR was low, such 233 
that each unit consisted of a single band in the 22-26Hz bandwidth (see Figure 3b for example 234 
from Madagascar), however higher SNR detections indicated a 2-band pattern in the first unit at 235 
all sites (see Figure 2c for example from Madagascar, and Figure 3a for example from Oman). 236 
Some detections, found only off Oman and the Chagos Archipelago, indicated a fundamental 237 
frequency in the 11-12Hz bandwidth, and thus a 3-band pattern for the first unit, and 2-band 238 
pattern for the second unit (Figure 2a, Oman, and Figure 2b, Chagos). In high SNR examples, for 239 
which the fundamental frequency was present, there were often several bands at the same 240 
approximate 11.5Hz harmonic interval between 150 to 250Hz (Figures 2d), observed only off 241 
Oman (note that the Chagos data sampling rate was too low to record this bandwidth, and all 242 
examples from Madagascar were too low SNR to observe these higher harmonics). 243 

The first unit commenced as a tonal signal with gradual onset (Figure 4c) and became amplitude 244 
modulated (Figure 4d) until termination of the unit (Figure 4e). Spectrograms showed that the 245 
initial tonal-component of unit 1 has more energy in the second harmonic (F1) at 23 Hz, less in 246 
the third harmonic (F2) at 34 to 35 Hz, and little (or no visible) energy in the fundamental (F0) at 247 
11 to 12 Hz. The second unit commenced as a tonal signal, with gradual onset (Figure 4f) and 248 
terminates as an amplitude modulated signal (Figure 4g). The initial tonal component had a 249 
fundamental frequency of 12 Hz, and in the second harmonic a 2 Hz FM upsweep from 24 to 26 250 
Hz was evident. The second harmonic is obvious in most sequences and across all regions as this 251 
is where most energy is in unit 2 (Figure 4a). Unit duration ranged from at least 15-18 s for unit 252 
1 and at least 9-14s for unit 2; total phrase duration ranged from at least 32-39 s. The phrases 253 
were always detected in rhythmic series with varying repetition rates (measured from the start of 254 
consecutive phrases), ranging at least from 60 s (Figure 3a) to 116 s (Figure 3b), or 255 
approximately 1.8x to 3.6x the phrase length. In most sequences, several repetitions occurred at a 256 
consistent rate interspersed with occasional longer gaps (Figure 3a, b). 257 

3.2 Spatiotemporal Variation 258 

The temporal distribution of the song-type detections over the monitored period varied 259 
substantially at the three sites (Figure 5). Off the coast of Oman, the song was detected 260 
predominantly during December and January, with a more sparse distribution of detections 261 
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exception of scattered infrequent detections in May. Without a clear understanding of singing 437 
seasonality, absence of song does not necessarily indicate absence of animals, but within our data 438 
from all sites some singing activity occurred throughout the year and was recorded off Chagos 439 
when none was recorded off Oman (Figure 5 & 8). Therefore we have reason to believe that in 440 
this case song may be considered a reasonable indicator of presence/absence. Moreover, 441 
Anderson et al. (2012) suggested that the population disperses widely during the northeast 442 
monsoons, December to March, migrating eastwards north of the Maldives and south of Sri 443 
Lanka during December-January; however, this is when the occurrence of blue whale song off 444 
Oman is at its peak. These contradictions may result from the interpretation of the existing data 445 
by Anderson et al. (2012) under the assumption of a single northern Indian Ocean population.  446 

Inasmuch as song represents movements of a population, the strongly seasonal occurrence of the 447 
Oman song-type off Madagascar during April-May (at least in 2017 and 2018) could suggest a 448 
possible southerly movement out of the Arabian Sea, and the occurrence off western Chagos 449 
Archipelago further supports this possible scenario, but with less clear seasonality and strong 450 
variation among years. Focusing exclusively on the data collected concurrently during November 451 
2011 to November 2012 off Oman and Chagos, the observed temporal distribution of song 452 
detections is consistent with presence in the Arabian Sea during the early period of the northeast 453 
monsoon, when it is absent off the Chagos, followed by movement south into the region west of 454 
the Chagos starting in February, and being absent from Oman by June (Figure 8). The variability 455 
of occurrence off the Chagos across the four years examined suggests that movement patterns 456 
likely do not follow a regimented seasonal migratory cycle (i.e., long distance latitudinal 457 
migration associated with temporal separation of feeding and breeding ecology). Rather, the 458 
movements of this and other blue whale populations may reflect the complex dynamic processes 459 
in the Indian Ocean, with population distribution shifts following yearly variable changes in 460 
productivity. Interannual variability has been documented in the northern Indian Ocean and 461 
hypothesized to drive variation in blue whale distribution off the Maldives and Sri Lanka 462 
(Balance et al. 2001, de Vos et al. 2014). Redfern et al. (2017) predicted that suitable blue whale 463 
habitat should exist off the Arabian Peninsula and the Gulf of Aden in both monsoon seasons, 464 
applying GAM models developed with extensive datasets from the Eastern Pacific Ocean, and 465 
remote sensing data of environmental variables in the northern Indian Ocean, but averaged 466 
across two decades without accounting for interannual variability. Therefore it is possible that 467 
the single year of monitoring off Oman does not capture the full seasonal variability in blue 468 
whale distribution, and that the multi-year patterns off Chagos is related to interannual variability 469 
in environmental conditions. 470 

The near absence of the Oman blue whale song in data from the eastern side of the Chagos 471 
(Diego Garcia South recorder) is striking in comparison to its geographically widespread 472 
presence in the western Indian Ocean from Oman to Madagascar. Since the Chagos Bank acts as 473 
an acoustic barrier between the DGN and DGS recorders (Pulli & Upton 2001), it appears that 474 
the Chagos (roughly 70°E) may represent an eastern boundary for the population, suggesting a 475 
truly western Indian Ocean distribution. This is in contrast to the Sri Lanka acoustic population 476 
which is heard more broadly on both the west (DGN) and east (DGS) side of the Chagos 477 
(Stafford et al. 2011, Samaran et al. 2013) although throughout a broader range of months on the 478 
east side (see Samaran et al. 2013, Figure 5b). Moreover, the Sri Lanka acoustic population 479 
appears to have a more central Indian Ocean distribution, documented more extensively on 480 
recorders east of 70°E but far less frequently to the west of 70°E (eastern sites DGN, DGS, 481 
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Equator catches were entirely early development (5) and small size (39), congruent with a 526 
Southern Hemisphere breeding cycle. Conversely, the northern Indian Ocean catches were more 527 
evenly split between early development (20), small (23) and big (42) sizes, particularly for the 528 
Gulf of Aden/Oman and Lacshadweep/Maldives catch regions. Mikhalev (1996, 2000) 529 
interpreted these data as evidence of two peaks of reproduction coinciding with both Southern 530 
and Northern Hemisphere cycles; however, examination of Mikhalev (1996) Figure 8 (and the 531 
identical Mikhalev 2000, Figure 4), suggests not a bimodal distribution of fetal length, but rather 532 
a more continuous distribution of fetal lengths. This would imply aseasonal reproduction or a 533 
protracted period of conception throughout a long period of the year, also noted by Branch et al. 534 
(2019). If this population does not conform to either a Northern or Southern Hemisphere 535 
breeding cycle, but rather conceives throughout the year, this could represent a distinct life 536 
history pattern that would reinforce the subspecies classification. Moreover, the B. m. indica 537 
designation may be more applicable to the Oman acoustic population depending on the 538 
provenance of the holotype specimen. Irrespective of decisions on nomenclature, if there is a 539 
separate subspecies in the northern Indian Ocean, then based upon geographic and life history 540 
parameter distinctiveness, it may more likely be the Oman acoustic population than the Sri 541 
Lanka acoustic population. 542 

The observation and initial assessment of this new song-type should lead to dedicated research to 543 
better understand this potentially distinct population, particularly in light of the conservation 544 
implications. Efforts to conduct deep water acoustic monitoring off the coast of Oman are critical 545 
to validate the existing observations, and combined with boat-based surveys and recording in the 546 
vicinity of blue whales will allow definitive attribution to species. Additional acoustic 547 
monitoring should be conducted throughout the Arabian Sea, particularly off the coasts of 548 
Pakistan and Northern India in the region of the Soviet whaling in the northeastern Arabian Sea 549 
to assess if these clusters of catches belonged to the same acoustic population; recent 550 
observations of blue whales confirms that a population continues to utilize this habitat in this 551 
region of the Soviet catches (Sutaria et al. 2016, 2017, Moazam & Nawaz 2019). Acoustic 552 
monitoring should also be conducted off Southern India and Sri Lanka to distinguish between the 553 
ranges of the Sri Lanka song-type and the Oman song-type acoustic populations. Existing 554 
acoustic datasets throughout the Indian Ocean should be evaluated for the presence of this song-555 
type, particularly for datasets for which only automated detection of previously described song-556 
types has been targeted (i.e., for which lack of manual browsing would have hindered discovery 557 
of an unexpected or previously undescribed vocalization). Current data and discussions on the 558 
population structure and conservation status of Indian Ocean blue whales (e.g., Branch et al. 559 
2019) should be reconsidered in light of the possibility that at least two distinct populations may 560 
range in the northern Indian Ocean. Most importantly, efforts should be made to assess the 561 
genetic identity and conservation status of blue whales in the Arabian Sea (including the Arabian 562 
Gulf, Gulf of Oman, Arabian Sea and Gulf of Aden) and the wider western Indian Ocean, 563 
particularly given the following key conclusions: (1) that there now appears to exist a distinct 564 
population (the Oman acoustic population) that has gone unrecognized due to being conflated 565 
with another more widespread population (the Sri Lanka acoustic population); (2) that the Oman 566 
acoustic population was likely the main target of the extensive Soviet illegal catches; (3) that this 567 
population may be a candidate as a separate subspecies given current data on distribution and 568 
reproductive timing; and (4) that it is potentially severely depleted as a result of the intensive 569 
illegal whaling within its restricted range in the 1960s, and therefore in need of critical 570 
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 739 
Figure 1. Map of Western Indian Ocean with recording sites in Oman (Hallaniyats Bay), Chagos 740 
Archipelago (Diego Garcia North and Diego Garcia South), and Madagascar (Nosy Be). Also 741 
depicted are catches of pygmy blue whales from the International Whaling Commission data 742 
base, including illegal Soviet catches from Mikhalev (1996, 2000), 19th Century (1853) catches 743 
from Smith et al. (2012), and blue whale sightings reported by Branch et al. (2007b) and Barber 744 
et al. (2016).  745 
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