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The fin whale is listed as globally vulnerable, with ongoing threats to their population, yet
little is known about the distribution and movements of the Southern Hemisphere sub-
species, Balaenoptera physalus quoyi. This study assesses fin whale distribution in the
Southern Hemisphere analysing acoustic recordings from 15 locations in Antarctic and
Australian waters from 2002 to 2019. A seasonal acoustic presence of fin whales in
Antarctic waters from late austral summer to autumn (February to June) with long-term,
consistent annual usage areas was identified at the Southern Kerguelen Plateau and
Dumont d’Urville sites. In comparison, limited vocal presence of fin whales was observed
at the Casey site. In Australian waters, fin whales were seasonally present from austral
autumn to mid-spring (May to October) on east and west coasts, with a decadal pattern of
acoustic presence observed at Cape Leeuwin, WA. Two migratory pathways are
identified, from the Indian sector of Antarctica to the west coast of Australia and from
the Pacific sector of Antarctica to the east coast of Australia. The identified seasonal
distributions and migratory pathways provide valuable information to aid in monitoring the
recovery of this vulnerable sub-species. We suggest the identified distribution and
dispersal from the Southern Kerguelen Plateau and Dumont d’Urville sites to the west
and east coasts of Australia respectively, as well as the spatial separation between
Antarctic sites, provide preliminary evidence of separate sub-populations of the Southern
Hemisphere sub-species of fin whale.

Keywords: Antarctica, Australia, Balaenoptera physalus, fin whale, migratory pathway, passive acoustic
monitoring, seasonal distribution
INTRODUCTION

The Southern Hemisphere sub-species of fin whale (Balaenoptera physalus quoyi) is listed as
vulnerable on the IUCN red list (Cooke, 2018) after devastating population decline during the
industrial whaling era, with approximately 700,000 fin whales caught (Rocha et al., 2014). This sub-
species is under further ongoing threat of population decline due to climate change (Tulloch et al.,
in.org May 2022 | Volume 9 | Article 8641531
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2019) and habitat disturbance (Castellote et al., 2012). Like other
migratory baleen whale species, the fin whale is thought to
occupy high-latitude, polar regions in the summer months and
low-latitude, temperate regions in the winter months (Mizroch
et al., 1984). Suggested reasons for this seasonal migration
include the exploitation of highly productive feeding grounds
in polar waters (Lockyer and Brown, 1981) and avoidance of
increasing sea-ice (Širović et al., 2004; Simon et al., 2010; Delarue
et al., 2013). Calving and breeding are also thought to take place
in warmer, lower-latitude waters (Lockyer and Brown, 1981).
Identifying the distribution and seasonal presence of the
Southern Hemisphere sub-species of fin whale could provide
novel insights into the sub-species’ ecology and be useful to aid in
monitoring of this vulnerable species at a national and
international level.

Passive Acoustic Monitoring (PAM) is a cost effective tool in
identifying temporal distribution of cetacean species, as sampling
can be conducted over long time periods, in non-optimal habitat
and weather conditions such as those found in polar waters
(Mellinger et al., 2007). The vocalisations of the fin whale are
ideal for PAM as the animals produce highly stereotyped,
repetitive sequences of calls (Watkins et al., 1987). The most
widely identified and commonly used call type of the fin whale is
referred to as the “20 Hz” pulse (Watkins et al., 1987). This 20 Hz
call type is characterised by short ~1 s down-sweeping pulses
(Watkins et al., 1987), ranging in frequency from 42 to 18 Hz
(Watkins et al., 1987; Thompson et al., 1992) and are produced at
repeated intervals every 7-26 seconds (Watkins et al., 1987). The
fin whale produces bouts of these 20 Hz pulses which can last up
to 32 hours (Watkins et al., 1987). Observed variation in the
characteristics of the 20 Hz call (Watkins et al., 1987) aligning
with the copulation stage of the fin whale (Lockyer and Brown,
1981) and observations of only male fin whales singing (Croll
et al., 2002) have led to the hypothesis that this call type is a
breeding display produced only by males (Watkins et al., 1987;
Croll et al., 2002). Less commonly reported call types of the fin
whale include the lower-frequency “back-beat” pulses (13 to 23
Hz) (Thompson et al., 1992; Brodie and Dunn, 2015) which
accompany the 20 Hz pulse, 20 Hz pulses that contain a higher-
frequency component (89 to 99 Hz) (Širović et al., 2009) and “40
Hz” pulses (Širović et al., 2013) which have also been referred to as
higher-frequency “downsweeps” (Gedamke and Robinson, 2010).

Using PAM, the seasonal distribution of fin whales has been
widely reported in the Northern Hemisphere over the last two
decades. The literature outlines a seasonal migration offin whales
out of high-latitude, polar waters (Stafford et al., 2007; Simon
et al., 2010; Delarue et al., 2013; Davis et al., 2020) to lower-
latitude, temperate waters for the winter months along the east
and west coasts of the North Atlantic (Morano et al., 2012; Harris
et al., 2013; Davis et al., 2020) and North Pacific Oceans (Širović
et al., 2013; Iwase, 2015). Acoustic studies of fin whales have also
reported the presence of fin whales in the winter season in the
Bering Sea (Stafford et al., 2007; Oleson et al., 2014; Širović et al.,
2015) and in waters off Greenland (Simon et al., 2010),
suggesting that not all fin whales may migrate. In addition,
populations of non-migratory, resident fin whales have been
Frontiers in Marine Science | www.frontiersin.org 2
reported in lower-latitude regions of the North Pacific and
Atlantic Oceans (Morano et al., 2012; Širović et al., 2013).

In contrast, in the Southern Hemisphere, an ocean-wide
picture of fin whale distribution and migration is not available
in the literature. Historical whaling data are nearly a century old,
and heavily biased by the behaviour of the fleet (de la Mare,
2014). Visual survey effort in the Southern Hemisphere consists
primarily of the IDCR-SOWER circumpolar voyages, with most
effort focused almost entirely on Jan-Feb, with heavy emphasis
on covering areas near high-latitudes and the ice-edge, so do not
provide a full picture (Edwards et al., 2015). Acoustic studies of
fin whales in Antarctic waters were limited and largely focused
on regions of the Western Antarctic Peninsula, where the
animals were found to have a seasonal presence from February
to July (Širović et al., 2004; Širović et al., 2007; Širović et al., 2009;
Burkhardt et al., 2021). In other regions of Antarctica,
identification of fin whale distribution is far more limited. In
2009 the Southern Ocean Research Partnership of the
International Whaling Commission (IWC-SORP) commenced
a working group to coordinate a long-term acoustic research
program to better understand the distribution of this top
predator throughout their feeding grounds (Van Opzeeland
et al., 2014). While the early efforts of this project focused
predominantly on Antarctic blue whales (Balaenoptera
musculus), in recent years fin whales have started to become a
major focus as well (Bell et al., 2019; Miller et al., 2021a).
Vocalisations of the fin whale have been recorded at the
Balleny Islands, in the Pacific Sector of Antarctica (Dziak et al.,
2017), a low presence offin whale calls has been observed in deep
waters off East Antarctica, in the Indian sector (Širović et al.,
2009) and no fin whale presence has been detected in the Ross
Sea (Širović et al., 2009). At lower latitudes, a seasonal acoustic
presence offin whale calls has been observed in Australia from as
early as April to October (Aulich et al., 2019) and in New
Zealand from May to October (McDonald, 2006; Brodie and
Dunn, 2015; Constaratas et al., 2021). Fin whale vocalisations
have also been observed in regions of the Indian Ocean from
April to November (Leroy et al., 2018; Dréo et al., 2019). Off
South America, fin whales were acoustically detected in
subtropical waters off Chile throughout the austral winter,
while vocalisations were rare in summer (Buchan et al., 2019).

There remains a gap in the literature as to how these animals
are distributed in Antarctic waters, and whether the low latitude
observations are of animals that have migrated out of different
areas of Antarctica. The aims of this study are to identify the
long-term, broad-scale spatial distribution of the fin whale in
regions of Antarctica and the seasonal migration of animals to
Australian waters.
METHODS

Underwater sound recordings were obtained from 15 locations
off Antarctica and Australia between the years 2002 and 2019
(Table 1 and Figure 1) from a range of PAM systems:
May 2022 | Volume 9 | Article 864153
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TABLE 1 | Deployment details of the passive acoustic monitoring systems.

Location & data sets PAM system Latitude
(S)

Longitude
(E)

Start date (DD-
MMM-YY)

End date (DD-
MMM-YY)

Effort
(h)

Depth
(m)

Southern Kerguelen Plateau
AAS 4102 long term acoustic recordings Kerguelen2014 AAD MARs 62˚

22.806’
81˚ 47.808’ 10-Feb-14 21-Apr-15 10,383 1,980

AAS 4102 long term acoustic recordings Kerguelen2015 AAD MARs 62˚
22.818’

81˚ 47.550’ 10-Feb-15 10-Mar-16 9,448 1,980

AAS 4102 long term acoustic recordings Kerguelen2016 AAD MARs 62˚
22.176’

81˚ 41.730’ 06-Feb-16 28-Feb-17 9,292 1,802

AAS 4102 long term acoustic recordings Kerguelen2017 AAD MARs 62˚
21.606’

81˚ 42.318’ 31-Jan-17 06-Aug-17 4,244 1,802

AAS 4102 long term acoustic recordings Kerguelen2018 AAD MARs 62˚
21.894’

81˚ 42.588’ 22-Feb-18 23-Jan-19 8,030 1,700

AAS 4102 long term acoustic recordings Kerguelen2019 AAD MARs 62˚
22.620’

81˚ 47.178’ 08-Feb-19 06-Feb-20 8,656 2,700

Casey
AAS 4102 long term acoustic recordings Casey2014 AAD MARs 63˚

47.730’
111˚

47.226’
25-Dec-13 11-Dec-14 8,442 2,700

AAS 4102 long term acoustic recordings Casey2016 AAD MARs 63˚
48.456’

111˚
44.166’

10-Dec-15 16-Jul-16 4,512 2,700

AAS 4102 long term acoustic recordings Casey2017 AAD MARs 63˚
48.186’

111˚
45.642’

12-Dec-16 07-Nov-17 7,901 2,700

AAS 4102 long term acoustic recordings Casey2018 AAD MARs 63˚
47.755’

111˚
46.000’

15-Dec-17 18-Oct-18 7,291 2,980

AAS 4102 long term acoustic recordings Casey2019 AAD MARs 63˚
48.216’

111˚
45.030’

23-Dec-18 19-Dec-19 8,604 2,700

Prydz
AAS 4102 long term acoustic recordings Prydz2013 AAD MARs 66˚

34.484’
77˚ 39.009’ 26-Jan-13 08-Nov-13 7,177 1,787

Dumont d’Urville
2732 Curtin USRs 65˚

33.033’
140˚

32.100’
21-Jan-06 24-Jan-07 1,962 2,078

AAS 4102 long term acoustic recordings DDU2018 AAD MARs 65˚
11.400’

140˚
35.898’

05-Feb-18 05-Oct-18 5,874 2,000

AAS 4102 long term acoustic recordings DDU2019 AAD MARs 65˚
30.600’

140˚
34.896’

31-Dec-18 10-Dec-19 5,355 –

Pacific Antarctic Ridge
3653 NIWA AMARs 63˚

40.060’
176˚

06.823’
12-Mar-18 14-Jan-19 339 1,500

Iselin Bank
3652 NIWA AMARs 73˚

04.793’
176˚

54.504’
22-Feb-18 27-Jan-19 2,429 1,115

Heard Island
HIMI2018 AAD MARs 53˚

0.020’
76˚ 8.793’ 16-Sep-17 01-Apr-18 6,941 1,980

53S
2716 Curtin USRs 53˚

44.400’
141˚

46.200’
18-Dec-05 04-Oct-06 1,511 1,100

2806 Curtin USRs 53˚
44.350’

141˚
46.140’

29-Dec-07 23-Jan-09 2,034 1,866

Cape Leeuwin, WA
CTBTO Hydroacoustic station HA01 34˚

0.890’
114˚ 0.130’ 01-Jan-02 31-Dec-11 83,030 1,050

Perth Canyon, WA
2823 IMOS USRs 31˚

54.466’
114˚

59.080’
25-Feb-09 12-Oct-09 3,065 465

2884 IMOS USRs 31˚
55.039’

115˚ 1.863’ 13-Nov-09 22-Jul-10 2,487 –

(Continued)
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TABLE 1 | Continued

Location & data sets PAM system Latitude
(S)

Longitude
(E)

Start date (DD-
MMM-YY)

End date (DD-
MMM-YY)

Effort
(h)

Depth
(m)

2962 IMOS USRs 31˚
54.139’

115˚ 1.607’ 06-Aug-10 08-May-11 2,997 –

3004 IMOS USRs 31˚
54.350’

115˚ 1.538’ 14-Jul-11 20-Jun-12 2,788 –

3154 IMOS USRs 31˚
53.053’

115˚ 0.813’ 10-Aug-12 14-Jun-13 2,540 –

3376 IMOS USRs 31˚
50.530’

115˚ 0.824’ 28-Nov-13 04-Nov-14 2,786 –

3445 IMOS USRs 31˚
52.656’

115˚ 0.656’ 17-Dec-15 30-Dec-16 2,954 –

3444 IMOS USRs 31˚
51.600’

115˚ 1.800’ 23-Sep-16 26-Aug-17 2,760 430

Dampier, WA
3188 IMOS USRs 19˚

23.291’
115˚

54.896’
20-Nov-12 27-Sep-13 2,548 216

3334 IMOS USRs 19˚
22.514’

115˚
56.054’

11-Aug-14 13-Jun-15 2,507 –

Tasmania
2731 Curtin USRs 44˚

0.138’
144˚

39.914’
12-Mar-06 21-Feb-07 1,665 1,600

Tuncurry, NSW
2947 IMOS USRs 32˚

19.362’
152˚

56.672’
10-Feb-10 04-Oct-10 3,136 190

3142 IMOS USRs 32˚
19.128’

152˚
56.721’

06-Apr-11 26-Apr-12 2,735 –

3128 IMOS USRs 32˚
17.396’

152˚
54.612’

05-Jun-12 30-May-13 2,923 –

3428 IMOS USRs 32˚
18.590’

152˚
55.839’

21-Feb-16 08-Feb-17 2,897 –

Portland, VIC
2846 IMOS USRs 38˚

32.981’
141˚

15.235’
06-May-09 22-Dec-09 3,127 168

2926 IMOS USRs 38˚
33.031’

141˚
15.232’

07-Feb-10 25-Sep-10 3,116 –

3102 IMOS USRs 38˚
33.604’

141˚
15.125’

30-Dec-10 03-Dec-11 2,751 –

3073 IMOS USRs 38˚
32.559’

141˚
13.047’

15-Feb-12 06-Nov-12 2,582 –

3184 IMOS USRs 38˚
32.034’

141˚
14.589’

07-Nov-12 17-May-13 2,086 –

3274 IMOS USRs 38˚
32.218’

141˚
14.854’

30-Dec-13 27-Nov-14 2,718 –

3381 IMOS USRs 38˚
32.521’

141˚
13.263’

03-Feb-15 26-Jan-16 2,925 –

3446 IMOS USRs 38˚
32.749’

141˚
13.269’

01-Mar-16 21-Feb-17 2,925 –

3505 IMOS USRs 38˚
32.033’

141˚
14.168’

24-Feb-17 11-Feb-18 2,881 –

Kangaroo Island, SA
3382 IMOS USRs 36˚

6.819’
135˚

52.952’
09-Dec-14 17-Nov-15 2,861 216

3441 IMOS USRs 36˚
7.059’

135˚
53.607’

17-Nov-15 08-Nov-16 2,995 96

3501 IMOS USRs 36˚
7.023’

135˚
53.631’

22-Nov-16 04-Nov-17 2,846 95
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1. Moored Acoustic Recorders (MARs) designed and
manufactured by the Science Technical Support group of
the Australian Antarctic Division (AAD) were deployed at
five locations off Eastern Antarctica during the years 2013-
2019 (Miller et al., 2021b). These datasets were collected
under the International Whaling Commission’s Southern
Ocean Research Partnership (IWC-SORP). The MARs had
a sampling frequency of 12 kHz and a continuous, year-
round recording scheme (duty cycle DC = 1).

2. Customised Underwater Sound Recorders (USRs)
(McCauley et al., 2017) developed by Curtin University
were deployed in collaboration with the AAD at three
locations between Australia and Antarctica. USRs were
deployed in the years 2005-2009, had a sampling frequency
of 6 kHz and recorded for 13 minutes every hour (DC = 0.22)
from start date of deployment to end date.

3. USRs of the Australian Integrated Marine Observing System
(IMOS), deployed by Curtin University, recorded at five
locations off Australia between 2009 and 2017, with a
sampling frequency of 6 kHz and a duty cycle of five
minutes every 15 minutes (DC = 0.33).

4. The Comprehensive Test Ban Treaty Organisation (CTBTO)
nuclear test monitoring station operates a hydro-acoustic
station, HA01, off Cape Leeuwin, WA, Australia. Recordings
from this station were obtained from CTBTO through
Geoscience Australia, the Australian operator of station
HA01, for the years 2002-2011. The recordings had a
Frontiers in Marine Science | www.frontiersin.org 5
sampling frequency of 250 Hz and were obtained
continuously, year-round (DC = 1).

5. The New Zealand National Institute of Water and
Atmospheric Research (NIWA) deployed two Autonomous
Multichannel Acoustic Recorders (AMARs, JASCO Applied
Sciences Pty Ltd) in the Ross Sea for the year 2018. The
AMARs had a sampling frequency of 48 kHz and recorded
for 5.7 minutes every 13.3 minutes (DC = 0.43).

A total of 284,992 hours of recording was collected from 2002
to 2019 across all 15 sites (Table 1). Due to the large quantity of
acoustic recordings and the expected large number of fin whale
pulses, a process of combined automatic and manual detection
was implemented in order to detect all fin whale 20 Hz pulses at
each sample site. A brief summary of this detection method is
outlined below and more detail is provided in Aulich
et al. (2019).

Two automatic detection algorithms were implemented in
MATLAB (Version 2019b, The MathWorks Inc, Natick, MA,
USA). The first detection algorithm was based on spectrogram
cross-correlation (Mellinger and Clark, 2000), using a template
of a pre-defined fin whale 20 Hz pulse. The algorithm was run
across all recordings (sample lengths:1 hour for AAD recordings,
13 minutes for Curtin/AAD USR recordings, 5 minutes for
IMOS USR recordings, 1 hour for CTBTO recordings and 5.7
minutes for NIWA recordings). Automated detections were
saved with a time stamp (corresponding to maximum intensity
FIGURE 1 | Deployment locations of the passive acoustic monitoring systems used to obtain underwater sounds. Colours indicate sites. Circles indicate Moored
Acoustic Recorders (MARs) of the Australian Antarctic Division (AAD). Crosses indicate Customised Underwater Sound Recorders (USRs) of Curtin University and the
AAD. Dots indicate USRs of the Australian Integrated Marine Observing System (IMOS). Triangles indicate the hydroacoustic station (HA01) of the Comprehensive
Test Ban Treaty Organisation (CTBTO). Squares indicate Autonomous Multichannel Acoustic Recorders (AMARs) of the New Zealand National Institute of Water and
Atmospheric Research (NIWA). Equidistant Conic Projection used.
May 2022 | Volume 9 | Article 864153

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Aulich et al. Fin Whale Distribution: Antarctica, Australia
within the pulse). The first algorithm was used to locate time
periods (samples) that had fin whale 20 Hz pulses, but did not
attempt to precisely identify all pulses. Once the first detection
algorithm had been applied, the time periods that contained
automated detections were displayed in spectrogram form
(maximum display length 300 s) in order to manually verify
the sample contained a fin whale 20 Hz pulse (correct detection;
true positive) or did not contain a fin whale 20 Hz pulse (false
alarm; false positive). Ambient noise in the fin whale call
frequency band such as Antarctic blue whale calls and/or sea-
ice noise may result in false positive detections. This process of
manual verification was carried out across all time periods
(samples) containing automated detections, ensuring these
false positives were removed. In order to check surrounding
time periods (samples) for missed detections (false negatives), a
process of ‘bracketing’ was iterated, whereby three samples
surrounding verified pulses were manually checked until all
surrounding samples were found to not contain fin whale pulses.

Once this process of manual verification and bracketing had
been completed, a second, more sensitive detection algorithm
was run across all samples with verified fin whale 20 Hz pulses to
detect every pulse. This detector was based on cross-correlation
in the time domain. The template was the absolute value of the
Hilbert transform of an undistorted fin whale pulse at high
signal-to-noise ratio (i.e., the positive envelope of the
waveform). The template was correlated across the absolute of
the Hilbert transform of each recorded sample (after bandpass
filtering the recording to the frequency band of interest, 8-45 Hz).
The resulting time series of correlation coefficients was
thresholded. For times with high correlation, spectral power
ratios were computed between the fin whale in-band power
(18-25 Hz) and out-of-band power (10-15 Hz and 35-40 Hz).
If in-band power was >3 dB above out-of-band power (in each
band below and above the fin whale frequency bands), then the
detector reported a detection; otherwise the time of high
correlation was ignored. This removed non-fin whale
broadband pulses. Once this had been completed, samples
containing detections were displayed in spectrogram form for
final manual verification (accept or reject) and any missed
detections were manually added.

In order to evaluate the efficacy of this combined automatic
and manual detection process, we calculated the combined error
rate of pulse detections (Mellinger and Clark, 2000). The
combined error rate is defined as the sum of the false-negative
and false-positive error rates (Mellinger and Clark, 2000).The
Southern Kerguelen Plateau 2019 dataset (AAS 4102 long term
acoustic recordings Kerguelen 2019) was chosen for this analysis
as it had strong fin whale vocalisations amid strong confounding
ambient noise. A randomised subsample of 200 audio recordings
(1 hour each) were analysed and yielded a false positive rate of
0.27% and a false negative rate of 1.62%, with a combined error
rate of 1.89%.

Fin whale calling activity was analysed by site and year (site-
year), which required splitting some of the datasets (that
recorded over New Year’s) into two years at the same site, and
merging two datasets that recorded in the same year, albeit with a
Frontiers in Marine Science | www.frontiersin.org 6
gap between deployments. The duration of the fin whale season
was defined as the number of days between the first and last
detection dates at any one site-year. As an indicator of
occupancy, the number of days which had fin whale pulses
(pulse-days) was divided by the number of days that the
recorder was on (recording-days) for each month, season, and
calendar year, and presented as a percentage. As an indicator of
behaviour and site usage, fin whale pulse rate was computed as
the number of pulses detected over a certain period of time (24 h,
1 month, 1 fin whale season and 1 year). To account for the
different duty cycles, the number of pulses detected in 1 day (1
month, 1 fin whale season or 1 year) was divided by the
cumulative number of recording-seconds during that period.
Pulse rates were multiplied by 3600 s/h, yielding pulse rate with a
unit of 1/h, which is more meaningful than 1/s, given fin whale
pulse duration is >1 s. In addition, the number of pulses detected
each month was normalised by DC to allow comparison of the
‘continuous’ number of pulses across sites, as if all recorders had
been recording continuously (calculations accounted for
different month lengths and leap years). In detail, the number
of pulses detected within a month was divided by the recording-
seconds that month and multiplied by the number of seconds
within that calendar month. A Kruskal-Wallis statistical analysis
and post hoc Dunn test using the Bonferroni correction were
used to compare mean percentage of call days per year and mean
pulse rates per year across Australian sites and across Antarctic
sites to discern regional differences within these two areas.
RESULTS

A total of 812,144 fin whale pulses were detected across all
deployment site-years, with Iselin Bank the only site to record no
fin whale 20 Hz vocalisations. Though quantifying the
proportion of the different call types was beyond the scope of
this work, we can report that the 20 Hz pulse was the most
commonly observed fin whale call type at every site by a large
margin (Figure 2). Other types of fin whale calls that were
occasionally observed included the back-beat pulse and higher-
frequency components, accompanying 20 Hz pulses (Figure 2).

In the Antarctic, fin whales are present early in the year (Feb-
Jun) with the earliest detection of a vocalising fin whale occurring
in the Indian sector, at Prydz in late January of 2013. At the
Southern Kerguelen Plateau, a long-term seasonal pattern of
vocal presence was identified from February to June (Figure 3
and Table 2). At the Casey site, an inconsistent pattern of vocal
presence was identified over the five years of recording, with no
detections in 2018. There was a much greater vocal presence of
fin whales in 2019 at Casey, compared to other recording years
(Figure 3 and Table 2). In the Pacific sector of Antarctica at
Dumont d’Urville, a seasonal pattern of fin whale vocal presence
was identified from early February to June (Figure 3 and
Table 2). The Pacific Antarctic Ridge site recorded the latest
vocalisation of a fin whale across all Antarctic sites, in August
2018 and thereby had the longest season out of all Antarctic sites.
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Sub-Antarctic waters exhibited two seasons: At Heard Island,
seasons of vocal presence were very short, with vocalisations
identified in October and from February to March, although
recording was only conducted from September to April (Figure 3
and Table 2). In comparison, at the other Sub-Antarctic site, 53S,
vocal presence was recorded throughout the year, with March
being the only month without vocalisations. Therefore, this site
had the longest season of 366 days over 2008 and 2009 (Figure 3
and Table 2). Limited vocal presence was detected in January,
February and April at 53S, making detections harder to visualise
in these months in Figure 3.

Around Australia, fin whale vocal presence occurs in the middle
of the year (~May-Oct), with the earliest detection occurring on
Australia’s west coast at Cape Leeuwin in April (Table 2). Whale
vocalisations at this site were recorded over the decade from 2002 to
2011 with a seasonal presence from April to October with the latest
presence in November of 2009 (Figure 3 and Table 2). Cape
Leeuwin had the longest Australian season (210 days in 2009). Perth
Canyon had long seasons (169 days in 2011) with a general pattern
offin whale vocal presence fromMay to October, over eight years of
recording (Figure 3). Further north of the Perth Canyon, at
Dampier, a much later vocal presence was identified from August
to late October (Figure 3 and Table 2). On Australia’s east coast the
earliest detection of a vocalising fin whale occurred at Tasmania in
late May of 2006. A seasonal pattern of presence was identified at
Tuncurry from June to October over four years of recording from
2010 to 2016 (Figure 3 and Table 2). On Australia’s south-east
coast, an inconsistent and intermittent pattern of vocal presence was
identified at Portland and Kangaroo Island, with some years with no
vocalisations. Portland had the shortest season (1-25 days) with
vocalisations recorded between July and October (Figure 3 and
Table 2). In contrast, vocalisations were recorded earlier at
Kangaroo Island from May to August with seasons varying in
length between 1 and 73 days, depending on year.

The longest season does not imply the greatest pulse rate or
pulse-days, as the Perth Canyon featured the greatest pulse rate by
season, followed by Southern Kerguelen Plateau (Table 2). Cape
Leeuwin has long seasons but lower pulse counts and fewer pulse-
Frontiers in Marine Science | www.frontiersin.org 7
days. Pulse counts by season varied greatly at the Southern
Kerguelen Plateau between site-years, declining to lowest pulse
rates by season and pulse-days by season in 2017 (Table 2).
Those sites with 100% pulse-days by season reflects seasons of
one calling day (Table 2).

The vocal presence at each site, whether pulse rates or pulse-
days varies between years but also on a monthly basis
(Figures 4A, B). There are different patterns in pulse rates and
percentage of pulse-days by month at Antarctic compared to
Australian sites. Peak pulse rates and percentage of pulse-days
occur in March and April at Prydz and Southern Kerguelen
Plateau respectively. In contrast, peaks in Australia occur in July
at the Perth Canyon. Both Antarctic and Australian sites have
some overlap with the Sub-Antarctic sites. This is particularly
evident at 53S which has a sudden increase in May and remains
consistently high before declining in September and throughout
the later months (Figures 4A, B).

Off Antarctica, the Southern Kerguelen Plateau had the
longest dataset (six years) and the greatest inter-annual
variability in percentage of pulse-days by month (Figure 4A).
Dumont d’Urville also had high inter-annual variability
(Figure 4A). In the Sub-Antarctic region, 53S had great inter-
annual variability (Figure 4A). In Australian waters, the greatest
inter-annual variability in percentage of pulse-days by month
occurred at Tuncurry in August (Figure 4A). Perth Canyon and
Cape Leeuwin had comparatively less inter-annual
variability (Figure 4A).

In Antarctic waters, inter-annual variability of pulse rates by
month was greatest at Dumont d’Urville and the Southern
Kerguelen Plateau (Figure 4B). In Sub-Antarctic waters, at
53S, inter-annual variability was higher than at the Antarctic
sites (Figure 4B). In Australian waters, the Perth Canyon had by
far the greatest inter-annual variability in pulse rates by
month (Figure 4B).

Kruskal-Wallis and post-hoc Dunn’s tests indicated that most
areas were statistically similar to one another in terms of the
pulse rates and percentage of pulse-days across all Australian and
Antarctic sites (Tables 3, 4). Off Antarctica, Southern Kerguelen
FIGURE 2 | Spectrogram of example vocalisations of the fin whale. The 20 Hz pulse (red box), the back-beat pulse (white box) and the higher-frequency
components accompanying both the back-beat and 20 Hz pulses (green boxes). Image was taken from Cape Leeuwin, (06-Aug-2011, 19:00). Spectrograms were
calculated in 256-point Hann windows with 0.49 frequency resolution; sampling frequency 250 Hz.
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FIGURE 3 | Line-graphs of the fin whale pulse rate [1/h] by day. I.e., number of pulses counted every 24 h, divided by the cumulative number of recording-seconds
that day, × 3600 s/h) for all sites and years. Grey-shaded boxes indicate periods with no recording.
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TABLE 2 | Fin whale detection data for all recording site-years.

Location Year First
detection

Last
detection

Recording
days/year

Fin whale
season (d)

Total
days

Total
pulses

Pulse rate (1/h) by
season

Percentage of pulse-days by
season (%)

Prydz 2013 26-Jan-13 20-May-13 301 115 38 42,367 15.35 33.0
S. Kerguelen
Plateau

2014 13-Mar-14 08-Jun-14 325 79 74 64,732 34.14 93.7
2015 16-Mar-15 12-May-15 325 58 49 24,815 17.83 84.5
2016 26-Feb-16 18-May-16 330 83 38 18,744 9.40 45.8
2017 12-Feb-17 27-May-17 188 105 44 17,570 6.97 41.9
2018 22-Feb-18 25-May-18 313 93 74 43,336 19.42 79.6
2019 22-Feb-19 15-Jun-19 327 114 98 54,062 19.75 86.0

Casey 2014 28-Feb-14 31-Mar-14 345 32 8 1,360 1.77 25.0
2016 09-Mar-16 03-Apr-16 198 26 4 822 1.32 15.4
2017 21-Mar-17 05-May-17 311 46 5 958 0.87 10.9
2018 0 0 300 0 0 0 0.00 0.0
2019 22-Mar-19 31-May-19 353 71 27 11,753 6.89 38.0

Dumont
d’Urville

2006 3-Feb-06 28-May-06 345 115 25 6,006 2.18 21.7
2018 5-Feb-18 10-Jun-18 243 124 59 11,727 3.94 47.6
2019 2-Feb-19 12-May-19 344 100 57 20,077 8.36 57.0

P. Antarctic
Ridge

2018 16-Mar-18 22-Aug-18 295 160 73 7,076 4.30 45.6

Iselin Bank 2018 0 0 313 0 0 0 0.00 0.0
Heard Island 2017 3-Oct-17 15-Oct-17 107 13 3 744 2.38 23.1

2018 12-Feb-18 28-Mar-18 91 45 4 832 0.77 8.9

53S 2006 17-Feb-06 25-Sep-06 277 221 27 1,687 1.47 12.2
2008 12-Jan-08 31-Dec-08 366 355 138 28,003 15.17 38.9
2009 2-Jan-09 2-Jan-09 23 1 1 17 3.27 100.0

Cape Leeuwin,
WA

2002 4-May-02 17-Oct-02 365 167 41 13,580 3.39 24.6
2003 13-Jun-03 6-Oct-03 365 116 49 17,216 6.18 42.2
2004 4-Jun-04 12-Oct-04 366 131 36 14,582 4.64 27.5
2005 11-May-05 16-Sep-05 365 129 30 12,432 4.02 23.3
2006 1-May-06 5-Oct-06 365 158 39 13,279 3.50 24.7
2007 24-May-07 20-Oct-07 365 150 55 19,946 5.54 36.7
2008 12-Apr-08 10-Oct-08 366 182 61 33,064 7.57 33.5
2009 04-May-09 29-Nov-09 365 210 73 31,822 6.31 34.8
2010 1-May-10 21-Oct-10 365 174 52 11,125 2.66 29.9
2011 18-Apr-11 05-Oct-11 365 171 81 41,511 10.11 47.4

Perth Canyon,
WA

2009 24-Apr-09 02-Oct-09 279 158 91 57,660 45.62 57.6
2010 24-May-10 01-Nov-10 351 162 51 29,708 22.92 31.5
2011 03-May-11 18-Oct-11 299 169 43 16,045 11.87 25.4
2012 15-May-12 23-Oct-12 316 162 38 15,471 11.94 23.5
2013 17-May-13 13-Jun-13 199 28 14 4,788 21.38 50.0
2014 16-May-14 05-Oct-14 308 143 75 45,500 39.77 52.5
2016 04-May-16 13-Oct-16 365 163 66 22,063 16.92 40.5
2017 01-Jun-17 26-Aug-17 238 87 65 41,375 59.45 74.7

Dampier, WA 2013 13-Aug-13 17-Aug-13 270 5 5 760 19.00 100.0
2014 4-Sep-14 25-Oct-14 143 52 15 1,705 4.10 28.9

Tasmania 2006 21-May-06 29-Oct-06 295 162 40 2,387 2.83 24.7
Tuncurry, NSW 2010 29-Jun-10 25-Sep-10 237 89 10 543 0.76 11.2

2011 30-May-11 18-Oct-11 270 142 52 1,843 1.62 36.6
2012 09-Jun-12 23-Oct-12 210 137 35 1,700 1.55 25.6
2016 07-Jul-16 15-Sep-16 315 71 45 3,937 6.93 63.4

Portland, VIC 2009 03-Sep-09 27-Sep-09 231 25 2 27 0.14 8.0
2010 27-Aug-10 27-Aug-10 233 1 1 162 20.25 100.0
2011 11-Jul-11 25-Jul-11 337 15 3 47 0.39 20.0
2012 27-Jul-12 9-Aug-12 321 14 2 142 1.27 14.3
2013 0 0 139 0 0 0 0.00 0.0
2014 11-Aug-14 11-Aug-14 331 1 1 66 8.25 100.0
2015 0 0 332 0 0 0 0.00 0.0
2016 9-Sep-16 9-Sep-16 332 1 1 37 4.63 100.0
2017 26-Oct-17 27-Oct-17 363 2 2 45 2.81 100.0

(Continued)
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Plateau had a greater pulse rate and greater percentage of pulse-
days than Casey, while Dumont d’Urville was statistically similar
to both of these locations in terms of pulse rate and pulse-days
(Table 4 and Figures 4A, B). Off Australia, Perth Canyon, had a
greater pulse rate than Kangaroo Island, Portland and Tuncurry
(Table 3 and Figure 4B), and a greater percentage of pulse-days
than Portland and Tuncurry (Table 3 and Figure 4A).

Figure 5 shows the monthly calling activity of fin whales at
each site on a chart. Fin whale migration between sites is thus
easily visualised and compared. Fin whales that are present in the
Indian sector of Antarctica at the beginning of the year likely
Frontiers in Marine Science | www.frontiersin.org 10
migrate to Western Australia later in the year, while fin whales
present in the Pacific sector of Antarctica likely migrate to south-
eastern Australia (Figure 5).
DISCUSSION

Our study identifies the long-term, seasonal vocal presence of the
fin whale in Antarctic waters from late austral summer to early
winter and in Australian waters from austral autumn to mid-
spring. In Sub-Antarctic waters we identified intermediate
TABLE 2 | Continued

Location Year First
detection

Last
detection

Recording
days/year

Fin whale
season (d)

Total
days

Total
pulses

Pulse rate (1/h) by
season

Percentage of pulse-days by
season (%)

Kangaroo
Island, SA

2015 28-May-15 28-May-15 321 1 1 52 6.50 100.0
2016 6-Jun-16 17-Aug-16 314 73 5 836 1.43 6.9
2017 0 0 308 0 0 0 0.00 0.0
May 2
This includes the first and last detection, the number of days that the recorder was on, the total number of days between first and last detection dates (season (d)), the total number of days
with fin whale calls (total days), the total number of fin whale pulses detected (total pulses), the pulse rate (i.e., number of fin whale pulses normalised by recording-seconds x 3600 s/h
within that season), and the total number of fin whale pulse-days normalised by recording-days within that season (percentage of pulse-days by season(%)). Red cells identify first and last
detection dates that coincided with deployment and recovery dates.
A

B

FIGURE 4 | Monthly boxplots of fin whale acoustic presence. (A) The percentage of fin whale pulse-days to recording-days by month at each sample site,
combined over sample years and (B) the fin whale pulse rate (i.e., pulses detected per recording-hour) by month at each sample site, combined over sample years.
Boxplots display the median, interquartile range, minimum and maximum values. Scatter points display values at sites with only one recording year.
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seasons. Our findings are based on a cumulative 59 years of
passive acoustic recordings made over 2002-2019 across
15 locations.

The observed differential seasonality across sites may imply
different ecological needs in the different regions. For example,
the late austral-winter presence recorded at the Pacific
Antarctic Ridge is anomalous in comparison to all other
Antarctic sites. Such a late seasonal vocal presence of the
animals in high-latitude waters in winter has led to the
suggestion of a behavioural change of the Northern
Hemisphere sub-species, with breeding taking place in these
high-latitude waters (Simon et al., 2010). Similarly, fin whales
FIGURE 5 | Map of the seasons of the fin whale in Antarctic, Sub-Antarctic and Australian waters. Polar histograms display the mean ‘continuous’ pulse count by
month (i.e., number of pulses counted every month, normalised by the DC, and averaged over multiple recording years). Concentric circles correspond to pulse
count on a logarithmic scale (10, 100, 1000, 10 000 counts). Polar segments correspond to the months of a year, with January pointing upwards and the following
months arranged clock-wise. Grey segments identify months when no recorders were deployed. White segments identify months with recordings but no fin whale
pulses. Green arrows highlight the suggested northern migration pathways fin whales take between Antarctic and Australian waters and we assume same paths for
the southern migration. For better legibility, polar plots are not positioned right on top of all recorder sites, but have been moved and represent regional trends; see
Figure 1 for exact site locations. Equidistant Conic Projection used.
TABLE 3 | Kruskal-Wallis and post hoc Dunn test comparisons for differences in pulse rates per year (KW Chi-squared=28.79, df=5 and p= >0.01) and pulse-days per
year (KW Chi-squared=21.76, df = 5, p = >0.01) between Australian sites with p value displayed.

Pulse rate Cape Leeuwin Dampier Kangaroo Island Perth Canyon Portland

Dampier 1.0000
Kangaroo Island 0.6187 1.0000
Perth Canyon 0.4495 0.2613 0.0349
Portland 0.0056 1.0000 1.0000 0.0000
Tuncurry 1.0000 1.0000 1.0000 0.0425 1.0000

Pulse-days Cape Leeuwin Dampier Kangaroo Island Perth Canyon Portland
Dampier 1.0000
Kangaroo Island 0.3130 1.0000
Perth Canyon 1.0000 0.8177 0.0884
Portland 0.0064 1.0000 1.0000 0.0005
Tuncurry 1.0000 1.0000 0.4348 1.0000 0.0481
May 2022 | Volume 9 | Artic
Bold type highlights statistically significant adjusted p values at a = 0.05.
TABLE 4 | Kruskal-Wallis and post hoc Dunn test comparisons for differences in
pulse rates per year (KW Chi-squared=8.53, df = 2 and p = 0.01) and pulse-days
per year (KW Chi-squared=7.32, df=2, p = 0.02) between Antarctic sites with p
value displayed.

Pulse rate Casey Dumont d’Urville

Dumont d’Urville 0.1563
S. Kerguelen Plateau 0.0053 0.5459

Pulse-days Casey Dumont d’Urville
Dumont d’Urville 0.1475
S. Kerguelen Plateau 0.0109 0.7584
Bold type highlights statistically significant adjusted p values at a = 0.05.
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may be breeding at the Pacific Antarctic Ridge. However, this
needs further targeted research. Another important ecological
requirement is feeding. In the Antarctic, the Kerguelen Plateau
is an integral location for primary production in the Indian
sector, supporting dense aggregations of krill, which act as a
productive feeding location for many marine species (Tynan,
1997; Nicol et al., 2000; Hindell et al., 2011). Dense
aggregations of krill have also been reported in the Prydz
region (Higginbottam and Hosie, 1989). In the Pacific sector
of Antarctica, the region of Dumont d’Urville is of high krill
density and is a productive feeding location for many cetaceans
(Nicol et al., 2000). This high primary productivity may be the
motivation for long-term, consistent fin whale seasonal
presence in the Indian and Pacific sectors of Antarctica, with
the animals feeding at these locations. In Australian waters, the
Perth Canyon is a probable feeding zone for migratory fin
whales (Aulich et al., 2019) due to the high zooplankton density
in this region (Rennie et al., 2009).

Further, this defined differential seasonality of fin whales
observed between Antarctic, Sub-Antarctic and Australian sites
implies that these animals are migratory and not resident in these
areas. No sample location observed year-round fin whale calls,
giving no evidence of resident, non-migratory fin whales, in
contrast to those reported in the Northern Hemisphere.
Migratory pathways for the humpback whale (Megaptera
novaeangliae) have been identified between Antarctic and
Australian waters, from the Kerguelen Plateau to the west
coast of Australia (Bestley et al., 2019) and from the Pacific
sector of Antarctica to the east coast of Australia (Andrews-Goff
et al., 2018). We suggest the defined seasonality offin whale vocal
presence across these regions implies migratory pathways for the
species between Antarctic and Australian waters, similar to those
of the humpback whale.

The long-term and high seasonal vocal presence of fin
whales recorded at the Southern Kerguelen Plateau and Prydz
sites indicates that these areas and the Indian sector of
Antarctica are a key usage area for the fin whale as it
migrates out of Antarctic waters. In comparison, the limited
vocal presence of fin whales recorded at the Casey site, indicates
this area may be of limited habitat use for the animals as they
migrate. The limited vocal presence of fin whales recorded at
the Heard Island site may be indicative of a limited number of
animals migrating through the Northern Kerguelen Plateau
during both their northward and southward migrations. Those
fin whales present in the Indian sector of Antarctica may be
migrating north to regions of the western Indian Ocean where
fin whale seasonal acoustic presence has been reported (Leroy
et al., 2018; Dréo et al., 2019) or to Australian waters. The long-
term, seasonal presence of fin whales on the west coast of
Australia at Cape Leeuwin and the Perth Canyon implies a
migratory pathway between Antarctic and Australian waters,
with the animals travelling north between the Kerguelen
Plateau and the west coast of Australia. The animals first
reach Cape Leeuwin which is suggested as a travelling zone
(Aulich et al., 2019) due to the pattern of long seasonal vocal
presence and limited pulse rates also observed in our study. The
Frontiers in Marine Science | www.frontiersin.org 12
animals do not linger at this location, rather travel north to the
Perth Canyon for feeding. The limited seasonal presence of fin
whales at Dampier may indicate that this region is at or close to
the extreme northern extent of their migration on the west
coast of Australia.

Due to the identified seasonal vocal presence of fin whales in
the Pacific sector of Antarctica, we propose that the Dumont
d’Urville and Pacific Antarctic Ridge sites are utilised as
migratory pathways for the animals out of Antarctic waters.
Those fin whales present at the Pacific Antarctic Ridge may be
migrating north to waters around New Zealand, where fin whale
seasonal acoustic presence has been reported (McDonald, 2006;
Brodie and Dunn, 2015; Constaratas et al., 2021) or to Australian
waters. The vocal presence of fin whales recorded at the Sub-
Antarctic 53S site supports our suggestion of a migratory
pathway between Dumont d’Urville and the east coast of
Australia. The long, extended season observed at this site hints
at fin whale migration as a slow dispersal, rather than a mass
movement (Širović et al., 2004; Širović et al., 2009; Aulich et al.,
2019) as they travel through this area on their north and south
journey between Antarctic and Australian waters. Migratory fin
whales first arrive on the east coast of Australia at Tasmania,
travelling through this region as they disperse north to Tuncurry.
The Tuncurry site observed significantly lower vocal presence of
fin whales to its west coast equivalent, the Perth Canyon. This
indicates that this may not be a key habitat usage area, unlike the
Perth Canyon. More likely, due to the long season and low pulse
rates observed at both these sites, similar to Cape Leeuwin, the
Tuncurry and Tasmania sites likely are travelling zones, with the
animals not lingering. The low vocal presence recorded at
the Portland and Kangaroo Island sites may indicate fewer
animals are migrating to the southern coastline of Australia.

Do the Indian Ocean and Pacific Ocean migratory pathways
correspond to two separate sub-populations? In the Northern
Hemisphere, evidence of limited mixing between fin whales
along different migratory pathways has led to suggestions of
separate sub-populations of the species (Bérubé et al., 2002; IWC,
2009). The Southern Kerguelen Plateau and Dumont d’Urville
deployment sites are separated approximately by 2,600 km. The
limited number of calls recorded at the Casey site might indicate
that few animals are present or travelling in this region between
the Southern Kerguelen Plateau and Dumont d’Urville sites. In
Australian waters, fin whales are seasonally present on both the
west and east coasts, separated by continental Australia. The
limited fin whale vocal presence at the Portland and Kangaroo
Island sites might indicate that few animals are present or
travelling in this region between west and east coasts of
Australia. We propose that the spatial separation between fin
whales in the Indian and Pacific sector Antarctic sites (with
limited regional overlap) and the seasonal presence of the
animals on both east and west coasts of Australia (with limited
regional overlap), provides preliminary evidence of two separate
sub-populations of fin whale: a population of fin whales in the
Indian sector of Antarctica, migrating to the west coast of
Australia, and a population of fin whales in the Pacific sector
of Antarctica, migrating to the east coast of Australia.
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The lack of fin whale vocalisations detected at the Iselin Bank
site in 2018 matches that of Širović et al. (2009) who recorded no
20 Hz pulses in 2003 and 2004 at a site in close proximity to
Iselin Bank and Miller et al. (2021a) who found no fin whale
sounds at a nearby site in the Ross Sea. Distribution of the fin
whale in Antarctic waters may be affected by the presence of sea-
ice, with the animals absent from areas covered by sea-ice
(Širović et al., 2004). The lack of calls detected at these sites
may be due to the year-round, perennial sea-ice coverage in the
Ross Sea (Comiso et al., 2011) and may be indicative of long-
term absence of fin whales in this region. Ongoing acoustic
recording at this location would be useful.

Detection range limits of the acoustic receivers, due to the sound
propagation environment, are likely an important contributor to the
lack of and/or variation in detected fin whale calls across all site-
years. The ambient noise in an area may include natural, abiotic
noise (e.g., from wind and ice-cracking), biotic noise (e.g., fish and
whale choruses), and anthropogenic noise (mostly from vessels) and
affect the fin whale signal-to-noise ratio and therefore may reduce
detection range (Erbe et al., 2015). Other factors, such as the
bathymetry, seafloor geology, water temperature and salinity, also
affect propagation loss and thus the received levels offin whales and
(masking) noise, and ultimately detection range (Erbe et al., 2021).
The deployment depth of the acoustic receiver may greatly affect fin
whale detection, in particular with respect to sound channels, such
as the deep sound channel off Australia and the surface duct off
Antarctica (e.g., Gavrilov (2018)). Considerations of the deployment
depth of acoustic systems in Antarctic waters suggested depth to be
greater than 1000 m for consistent sound propagation of fin whale
calls (Van Opzeeland et al., 2014). Recorder depths varied greatly
across the 15 deployment sites. Detection range of fin whale
vocalisations at these Australian sites is likely to range from
several 10’s kms to approximately 100 kms (Aulich et al., 2019).
In Antarctic waters, Shabangu et al. (2020) estimated a maximum
fin whale detection range of 1,700 kms. Another possibility for the
variation in detected fin whale calls across site-years is altered
acoustic behaviour, such as when the animals are foraging or
engaging in breeding displays (Watkins, 1981). Additionally,
seasonal vocal presence of fin whales may have been cut short at
some sites such as the Perth Canyon in 2017 and the Southern
Kerguelen Plateau in 2018 due to deployment times of acoustic
systems. Some seasonal presence may have also been missed as not
all of the recorders covered a full 365 days/year (e.g. Heard Island
2017). It is important to note that the detection offin whales at each
location only represents vocalising fin whales and a lack of calls does
not confirm an absence of animals, rather that there are no
vocalising fin whales. Additionally, these findings may represent
only male fin whales, as only males are thought to produce the 20
Hz pulse and no information is currently available on the sexes or
ages of those fin whales producing the back-beat or higher
frequency component call types.

Further studies combining this long-term data analysis with
analysis of the call characteristics of these fin whales and genetic
sampling may help to define these suggested sub-populations.
Additional research investigating environmental variability in these
regions may also ascertain drivers for fin whale vocal presence in
these regions and the inter-annual variability observed in our study.
Frontiers in Marine Science | www.frontiersin.org 13
Identifying the spatio-temporal pattern of movement of this
Southern Hemisphere sub-species of fin whale is vital to inform
conservation management of this vulnerable species at a national
(Australian) and international level. This study identifies the
long-term, seasonal presence of the fin whale in Antarctic waters
from late austral summer to early winter and in Australian
waters from autumn to mid-spring. We propose two migratory
pathways between Antarctic and Australian waters: from the
Indian sector of Antarctica to the west coast of Australia and
from the Pacific sector of Antarctica to the east coast of Australia.
The limited regional mixing and spatial separation of fin whales
in Antarctic and Australian waters is preliminary evidence for
separate sub-populations between the Indian and Pacific sectors.
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Dréo, R., Bouffaut, L., Leroy, E., Barruol, G., and Samaran, F. (2019). BaleenWhale
Distribution and Seasonal Occurrence Revealed by an Ocean Bottom
Seismometer Network in the Western Indian Ocean. Deep Sea Res. (II Top.
Stud. Oceanogr.) 161, 132–144. doi: 10.1016/j.dsr2.2018.04.005

Dziak, R. P., Hong, J., Kang, S., Lau, T., Haxel, J. H., andMatsumoto, H. (2017). the
Balleny Island Hydrophone Array: Hydro-Acoustic Records of Sea-Ice
Dynamics, Seafloor Volcano-Tectonic Activity, and Marine Mammal
Vocalizations Off Antarctica. OCEANS 2017 Aberdeen, 1–8. doi: 10.1109/
OCEANSE.2017.8084571

Edwards, E. F., Hall, C., Moore, T. J., Sheredy, C., and Redfern, J. V. (2015). Global
Distribution of Fin Whales Balaenoptera Physalus in the Post-Whaling Era,
(1980–2012). Mamm. Rev. 45 (4), 197–214. doi: 10.1111/mam.12048

Erbe, C., Peel, D., Smith, J. N., and Schoeman, R. P. (2021). Marine Acoustic Zones
of Australia. J. Mar. Sci. Eng. 9 (3), 340. doi: 10.3390/jmse9030340

Erbe, C., Verma, A., McCauley, R., Gavrilov, A., and Parnum, I. (2015). The
Marine Soundscape of the Perth Canyon. Prog. Oceanogr. 137, 38–51. doi:
10.1016/j.pocean.2015.05.015

Gavrilov, A. (2018). Propagation of Underwater Noise From an Offshore Seismic
Survey in Australia to Antarctica: Measurements and Modelling. Acoustics
Aust. 46 (1), 143–149. doi: 10.1007/s40857-018-0131-1

Gedamke, J., and Robinson, S. M. (2010). Acoustic Survey for Marine Mammal
Occurrence and Distribution Off East Antarctica (30-80°E) in January-
February 2006. Deep Sea Res. (II Top. Stud. Oceanogr.) 57 (9), 968–981. doi:
10.1016/j.dsr2.2008.10.042

Harris, D., Matias, L., Thomas, L., Harwood, J., and Geissler, W. H. (2013).
Applying Distance Sampling to Fin Whale Calls Recorded by Single Seismic
Instruments in the Northeast Atlantic. J. Acoust. Soc Am. 134 (5), 3522–3535.
doi: 10.1121/1.4821207

Higginbottam, I. R., and Hosie, G. W. (1989). Biomass and Population Structure of
a Large Aggregation of Krill Near Prydz Bay, Antarctica. Mar. Ecol. Prog. Ser.
58 (1), 197–203. doi: 10.3354/meps058197

Hindell, M. A., Lea, M.-A., Bost, C.-A., Charrassin, J.-B., Gales, N., Goldsworthy,
S., et al. (2011). Foraging Habitats of Top Predators, and Areas of Ecological
Significance, on the Kerguelen Plateau', The Kerguelen Plateau: Marine
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Tulloch, V. J. D., Plagányi, É.E., Brown, C., Richardson, A. J., and Matear, R.
(2019). Future Recovery of Baleen Whales Is Imperiled by Climate Change.
Global Change Biol. 25 (4), 1263–1281. doi: 10.1111/gcb.14573

Tynan, C. T. (1997). Cetacean Distributions and Oceanographic Features Near the
Kerguelen Plateau. Geophys. Res. Lett. 24(22) pp, 2793–2796. doi: 10.1029/
97GL02860

Van Opzeeland, I., Samaran, F., Stafford, K. M., Findlay, K., Gedamke, J., Harris,
D., et al. (2014). Towards Collective Circum-Antarctic Passive Acoustic
Monitoring: The Southern Ocean Hydrophone Network (SOHN).
Polarforschung 83 (2), 47–61. doi: 10.013/epic.44470.d001

Watkins, W. A. (1981). Activities and Underwater Sounds of Fin Whales. Sci. Rep.
Whales Res. Institute 33, 83–117. doi: 10.1016/0198-0254(82)90294-1

Watkins, W. A., Tyack, P., Moore, K. E., and Bird, J. E. (1987). the 20-Hz Signals of
Finback Whales (Balaenoptera Physalus). J. Acoust. Soc Am. 82 (6), 1901–1912.
doi: 10.1121/1.395685

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Aulich, McCauley, Miller, Samaran, Giorli, Saunders and Erbe.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
May 2022 | Volume 9 | Article 864153

https://doi.org/10.1038/s41598-020-78995-8
https://doi.org/10.26179/h7xa-y729
https://doi.org/10.1016/B978-0-12-373553-9.00102-4
https://doi.org/10.1016/B978-0-12-373553-9.00102-4
https://doi.org/10.1121/1.4730890
https://doi.org/10.1016/S0967-0645(00)00033-3
https://doi.org/10.1016/S0967-0645(00)00033-3
https://doi.org/10.1371/journal.pone.0115678
https://doi.org/10.1016/j.jmarsys.2008.11.008
https://doi.org/10.7755/MFR.76.4.3
https://doi.org/10.3354/esr01050
https://doi.org/10.1121/1.3495946
https://doi.org/10.1121/1.2749452
https://doi.org/10.1016/j.dsr2.2004.08.005
https://doi.org/10.1111/j.1748-7692.2008.00239.x
https://doi.org/10.3354/esr00676
https://doi.org/10.1007/s00227-012-2061-z
https://doi.org/10.1007/s00227-012-2061-z
https://doi.org/10.1121/1.2799905
https://doi.org/10.1121/1.2799905
https://doi.org/10.1121/1.404201
https://doi.org/10.1111/gcb.14573
https://doi.org/10.1029/97GL02860
https://doi.org/10.1029/97GL02860
https://doi.org/10.013/epic.44470.d001
https://doi.org/10.1016/0198-0254(82)90294-1
https://doi.org/10.1121/1.395685
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

	Seasonal Distribution of the Fin Whale (Balaenoptera physalus) in Antarctic and Australian Waters Based on Passive Acoustics
	Introduction
	Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


