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Antarctic blue whales (Balaenoptera musculus intermedia) are slowly recovering from decades
of commercial whaling in the Southern Hemisphere that brought the species to the brink of
extinction by the 1970s (Branch et al. 2004, 2007; Thomas et al. 2015). In general, these whales
spend the austral summer around the Antarctic and migrate northwards in winter, although
there is evidence from both whaling-era data and modern passive acoustic monitoring that
some animals remain at high latitudes in winter (Hinton 1915, Sirovié¢ et al. 2004, Thomisch et
al. 2016). The northernmost-documented wintering destinations of Antarctic blue whales
include the west coast of Africa up to Angola (Best 1998, Figueiredo and Weir 2014), the eastern
tropical Pacific (Stafford et al. 2004), off northern New Zealand (McDonald 2006), and the
Indian Ocean near the Diego Garcia atoll (Stafford et al. 2004).

Most current knowledge about the occurrence of Antarctic blue whales comes from passive
acoustic data sets from hydrophones deployed from high to low latitudes (Antarctic
deployments reviewed in van Opzeeland et al. 2013; for lower latitudes see Stafford et al. 2004,
McDonald 2006, Samaran et al. 2013, Tsang-Hin-Sun et al. 2015, Leroy et al. 2016). This
approach has proved very effective for monitoring Antarctic blue whales as they produce a
distinct low frequency signal, known as the Z-call, easily recognizable from its Z-shape in the
time-frequency domain (Fig. 1A; Ljungblad et al. 1998, Rankin et al. 2005, Sirovi¢ et al. 2009).

Densely produced Z-calls from distant Antarctic blue whales can create a ‘chorus’ of energy
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between 28 and 26 Hz (Fig. 1B). Both calls and choruses have been used to identify regions and
seasons of occurrence for this species (e.g., Sirovi¢ et al. 2009, Thomisch et al. 2016, Leroy et al.
2016). Here, we present the first evidence of the surprising seasonal presence of Antarctic blue

whales at the Equator in the Atlantic Ocean.

In 2013, three hydrophones were deployed on moorings in the equatorial Atlantic Ocean during
the COLMEIA-HYDRO acoustic experiment (Maia 2013; Fig. 2). The instruments, developed by
the Laboratoire Geosciences Océan (Brest, France), consisted of hydrophones connected to
autonomous acquisition and storage systems (D’Eu et al. 2012). Each instrument was moored
in the axis of the sound fixing and ranging (SOFAR) channel. The acoustic data were digitized at
a sample rate of 240 Hz using a 24-bit analog-to-digital conversion. The hydrophone sensitivity
was -163.5 dB re: 1V/Pa, including preamplifier gain. Upon recovery, the data were
downloaded and examined via long-term spectrograms. The records at the three sites clearly
show a band of energy between 26 and 26.5 Hz throughout the year (Fig. 3). This band indicates
the presence of the Antarctic blue whale chorus resulting from the first unit of Z-calls. The
energetic bandwidth near 17-22 Hz represents a combination of Antarctic blue whales Z-calls,
fin whale 20 Hz-pulses, and possibly Atlantic blue whale calls (16-18 Hz, Mellinger and Clark
2003).

To more closely analyze the presence of Antarctic blue whale calls, two metrics were used: the
number of distinct Z-calls or call counts, and the power of the Antarctic blue whale chorus.
Indeed, a lack of individual call detections does not necessarily mean an absence of calling
whales; a “loud” Antarctic blue whale chorus suggests that whales are present in the area, but

not close enough to the hydrophone for individual calls to be distinct.

Z-calls were automatically detected using the “Z-detector”, a subspace-detection algorithm
specifically developed to detect Antarctic blue whale Z-calls (Socheleau et al. 2015). Because
potentially masking signals (airguns, ship noise and Antarctic blue whale chorus) occur in the
data set and can therefore result in false detections of Antarctic blue whale Z-calls, all detections
were visually checked. All false detections were deleted and not considered further in this
analysis. The number of remaining calls detected certainly underestimated the total number of
recorded calls, since faint or noise-masked calls were either deleted or not detected. The total
number of detected calls were summed and plotted per week (Fig. 4). To complement the

observation, the chorus level (in dB re 1 u Pa?/Hz) was calculated as the energy in the

frequency band of 25.5-26.5 Hz minus the noise level in the 30-33 Hz frequency range, just
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above the chorus (see Leroy et al. 2016). This Chorus to Noise-without-chorus Ratio (CNR) was
then averaged per week (Fig. 4).

The CNR at all sites showed a clear seasonal variation with a peak from May to July 2013 (Fig.
4). The CNR levels were very similar among the 3 sites except for a few weeks between mid-

May and mid-June where the level was somewhat higher at the eastern site (C4).

At C2 and C4, very few and only faint individual Z-calls were detected, while at C5, over 1,144
individual clear Z-calls were detected. The calls recorded at C5 were not detected at the same
time, or within the time frame required to travel from one hydrophone to another, as the faint
calls recorded at C2 and C4. Calls in the vicinity of C5 were regularly detected during the austral
winter (June-September; Fig. 4). The greatest number of detections, however, occurred over a
2-day period in July (15-16 July) with a total of 637 calls (56% of the total number of detections).
During 9 consecutive hours 382 Antarctic blue whale Z-calls were detected with high signal-to-
noise ratios suggesting the singing blue whale(s) was (were) relatively close to the hydrophone.
During this short period, Z-calls were repeated at very regular inter-call intervals (mean 73.5 s
from the start of a call to the start of the next call). Songs were sometimes interrupted by longer
intervals of ~189 s (116 -311 s, n=32). The CNR peak occurred a month before the distinct

series of calls (mid-June 2013).

Detection ranges of Antarctic blue whale individual Z-calls and chorus are difficult to estimate.
The range will depend on the environmental conditions (ambient noise levels, sound
propagation) that can change seasonally, and on the depth and source levels of calling whales.
Estimated detection distances for individual blue whale calls from other hydrophones deployed
in the SOFAR channel have ranged from 10-200 km (Stafford et al. 2007, Samaran et al. 2010).
Based on simple Monte Carlo estimations for the COLMEIA location, individual Z-calls with
good SNR were likely produced by whales within a few tens kilometers of the hydrophones.
Beyond this distance, clear Z-calls can occasionally be distinguished but propagation effects
likely alter the shape of the signal and/or merge many Z-calls into a chorus making individual
Z-calls indistinguishable. Beyond a few hundred kilometers, Z-calls contribute to the ocean
soundscape only as a chorus (R. Emmetiére, pers. comm. 20171). As the loudest series of
individual calls and songs were only recorded on one of the three hydrophones, and the two

closest hydrophones were 360 km apart, the whale(s) producing the loudest songs could not
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have been more than half this distance away (i.e.,, 180 km) or they would have been recorded
on more than a single hydrophone. Even though we cannot tell how far, within this 180-km
radius, the calling animals were from the hydrophones, the detection of distinct, loud individual
Z-calls and songs suggests that Antarctic blue whales were present near our hydrophones at

the Equator and were contributing to the underwater soundscape.

The COLMEIA-HYDRO data are of particular interest since they were collected in a region with
a high seasonal productivity, but where only few catches, sightings, or strandings of blue whales
are reported (Branch et al. 2007). Only a single blue whale was recorded from the northeastern
South Atlantic in whaling records off modern-day Gabon in 1926 (Mackintosh 1942). Three
blue whales were sighted off the coast of Paraiba (7°S), during commercial hunting seasons,
between 1966 and 1981 (da Rocha 1983) and two blue whales were captured commercially in
Paraiba, in 1948 and 1965, and one in Rio de Janeiro (23°S), in 1962 (Zerbini et al. 1997). In
1992, a 23 m long female stranded in Rio Grande do Sul (30°S; Dalla Rosa and Secchi 1997).
Most recently, an adult and a young blue whale were sighted twice on 27 and 31 July, 2011, in
Rio Grande do Norte (6°S; de Oliveira 2015). It is not known whether these were Antarctic blue

whales.

The COLMEIA-HYDRO records provide the northern-most evidence for a presence of Antarctic
blue whales and the longest seasonality of this species at low latitudes. Based on their calling
patterns, the bulk of the detected loud calls were likely produced by relatively few animals. One
could assume that the songs recorded on 15 and 16 July 2013 were from a single individual in
the vicinity of the hydrophone. In the South Atlantic, Antarctic blue whales are recorded year-
round near Ascension Island (7°56’S 14°25’'W; Haver et al. 2017). In the Indian and eastern
tropical Pacific Oceans, Antarctic blue whale calls were recorded at 8°S only in the austral
winter and in each of these locations, in limited numbers and over relatively few days (Stafford
et al. 2004). However, the records presented here come one to two decades after these studies,
and suggest that in the interim the global population of Antarctic blue whales has continued to
grow and spread. The circum-Antarctic blue whale population was estimated at 2,280
individuals in 1998 (Branch 2007), and its best growth rate at 7.3% per year (Branch et al.
2004). In the intervening 2 decades since then, the population may have increased to well over
8,000 Antarctic blue whales. It is therefore entirely possible that this species has expanded its
habitat both spatially and temporally around Antarctica and as far north as the Equator in the

Atlantic, Pacific and Indian Oceans. However, the absence of individual Z-calls at 4°S in the
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Indian Ocean, in 2012-2013 (Leroy et al. 2016), suggest that Antarctic blue whales have not yet
migrated that far north.
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Figure 1: Spectrograms of (A) three typical Antarctic blue whale Z-calls recorded on 16 July
2013 at C5 and (B) ‘chorus’ of Antarctic blue whale calls, seen as a dark line near 26 Hz with an
energetic bandwidth down to 18 Hz, recorded on 18 June 2013 at C5 (Spectrogram parameters:
FFT 1,024 points, Hamming window, 90% overlap).
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Figure 2: Locations of the hydrophones during the COLMEIA-HYDRO acoustic experiment in
the Equatorial Atlantic Ocean. Hydrophone deployments: C2: 01°20’N 031°21’W from 02 Feb
to 22 Aug 2013; C5: 00°10’N 027°47'W from 25 Feb to 26 Dec; C4: 00°25’'N 024°39°'W from 21
Feb to 13 Sep 2013.
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Figure 3: Long term spectrograms at sites C2 (top), C5 (middle) and C4 (bottom). Spectrogram
parameters: FFT window 120 s, averaging window 6 h, 50% overlap.
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Figure 4: Chorus to Noise-without-chorus Ratio (CNR) level for all sites and weekly number of
Z-calls detected at the C5 station over the available weeks of data.



