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Objectives

The restricted accessibility of the Southern Ocean throughout most of the year confines our
knowledge of the distribution patterns, habitat use and behaviour of marine mammals in this
area. Most of the Antarctic marine mammals produce species-specific vocalizations during a
variety of behavioral contexts. Hence, passive acoustic monitoring (PAM) offers a valuable
tool for research on these species, capable of covering large temporal and spatial scales.
Particularly, in remote areas such as the Southern Ocean, moored PAM recorders are the
tool of choice, as data can be collected year-round, under poor weather conditions, during
darkness and in areas with dense ice cover.

The HAFOS observing system, a large-scale oceanographic mooring array distributed
throughout the Weddell Sea, serves as host to numerous passive acoustic recorders which
were recovered, refurbished and redeployed during PS129 to continue the long-term collection
of passive acoustic data in this area. The basin-wide design of the HAFOS observatory and the
multi-year scale of data collection enables unprecedented investigations of the spatio-temporal
patterns in marine mammal biodiversity at the different mooring locations. The HAFOS array
set-up and design also allows collecting information on the detection range of the various
marine mammal sounds. Information on the distance over which marine mammal sounds can
be detected by passive acoustic sensors is of vital importance when acoustic presence data
are linked to information on environmental parameters in the context of studies of species-
specific habitat usage.

Work at sea

2.2.1 Recovery of moored acoustic recorders

In total, 10 passive acoustic recorders moored at 9 different locations were recovered during
PS129. Due to temporal limitations resulting from the ship-speed constraints imposed on
this expedition, calling at the southwesternmost PAM equipped mooring AWI250-3 was not
attempted. Recovery attempts of PAM equipped moorings AWI249-3 and AWI257-2, albeit
being on-site, were abandoned after a short while as recoveries under the prevailing quasi-
continuous sea-ice conditions would have required an estimated 6-12 hours of shiptime, which
we did not have at our disposition. These mooring recoveries were postponed to the next
expedition which hopefully will suffer from less severe time constraints.

The recovered recorders comprised 9 SonoVaults (manufactured by Develogic GmbH,
Hamburg) and one AURAL (manufactured by MultiElectronique). Nine of these recorders had
been deployed during Polarstern expedition PS117, while one recorder (SV1024) had been
deployed one year prior to PS129 in mooring BGC-1 during Polarstern expedition PS124. An
overview of the recovery information of all recovered acoustic recorders is provided in Table
2.22 and Figure 2.16, while deployment positions of the recorders are marked in Figure 2.18.

53



2.2 Ocean Acoustics

Tab. 2.22: Overview of SonoVault and AURAL recorders recovered during PS129. All SV
recorders

For further information see the end of the Chapter.
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After recovery, the acoustic recorders were rinsed with freshwater and cleaned from biological
fouling. States of recovered recorders were queried (if possible) by connecting a laptop through
a serial connection and using the software ‘Develogic Device Control’ (Ver 1.0.4.26525,
provided by the instrument manufacturer) for the SonoVault recorders and a software provided
by Multi-Electronique for the AURAL. The recorders were then left to dry overnight to prevent
damage to the electronics from water that was retained in the threading of the recorder’s
housing. SV1002 and AU0085 from AWI251-03 were opened on the same day due to the lack
of time towards the end of the expedition. The area around the openings with the sealings were
carefully dried with compressed air and tissues before opening. After opening the recorder
housing, the internal power supply was disconnected and its remaining voltage measured.
In case of the SonoVaults, all SD cards, which had been labeled prior to deployment with the
recorder’s serial number, the recording module number and the SD card-slot, were removed
and backed up (see below).

Each recovered recorder was calibrated post-recovery to allow calculations of received sound
levels. For the calibration of the complete system, including the hydrophone, a Briel & Kjaer
calibrator (Type 4229) with the custom-made adapter (SV.PA manufactured by Develogic)
for the TC 4037 hydrophones was used. The calibration frequency is 251.2 Hz £ 0.1% (ISO
266) and the amplitude (at 1013 hPa) is 153.95 dB SPL. Additionally, a gain calibration of the
electronic board was performed by connecting a frequency generator (MR Pro, NTI) to the
hydrophone input on the electronic board. The generator was set to a sinus of 5 mV amplitude
(rms) and the frequencies 100 Hz, 250 Hz, 1 kHz and 10 kHz. For all calibration recordings,
the recorder was set to the deployment sampling rate and gain setting to record one file of
5-minute length. All recordings were stored, and signal levels and system gain were calculated.
All hydrophones mounted on the recovered SonoVaults were checked individually with an
oscilloscope. The B&K pistonphone was used to generate a calibrated signal. Approximately
10 mV__ is expected for the differential hydrophone output. This value, combined with the
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qualitative check of the symmetry of the positive and negative outputs, was used as an indicator
for the hydrophone’s state.

The hard disk with the acoustic data from the AURAL was removed from the instrument.
A calibration of this instrument has not yet been performed.

Data retrieval and backup

Five of the nine recovered passive acoustic devices deployed on PS117 recorded for periods
ranging between 450 days and 565 days (Fig. 2.17). In 3 recorders (SV1006, SV1060, SV1020),
recordings stopped early due to a firmware or electronics error. One recorder (SV1060) had
burned internally, presumingly due to a battery failure caused by a deep discharge of one of
the lithium cells. The recorder deployed during PS124 reached a recording period of 356 days,
having been set to sample at 48 kHz continuously for one year. A total of approximately 28 TB
and >3,900 days of passive acoustic data were obtained. Further details are discussed in the
section “Preliminary technical results”.
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Fig. 2.17: Recording months of passive acoustic recorders retrieved during PS129.
Note: granularity equals one month, not days

The SonoVault recorders store data on 35 SD cards (allowing a maximum of 4.4 TB of data
storage per recorder for recorders deployed during PS117). After recovery, the SD cards were
removed from the recorders and the acoustic data were copied using a custom-written shell
script. Up to 5 SD cards were copied simultaneously, with data initially saved with original
filenames sorted into monthly and daily folders to one HDD (10 TB WD red) drive. The
backup process included the renaming of files based on each files’ internal time stamp (WAV-
header) to the file name format YYYYMMDD-HHMMSS_ AWIXXX-ZZ_SVXXXX.wav’ (with X
representing the IDs of mooring and SonoVault recorder, respectively and Z indicating the
consecutive numbering of this mooring, i.e., the number of the current servicing cycle at a
respective mooring). After copying was completed, the data were synchronized with a second
HDD (10 TB WD red) for backup and copied temporarily to a third external HDD used for the
preliminary analysis on board. SD cards from the burnt (SV1060) instrument were treated to
prevent further corrosion. They first were rinsed from residues with milli-Q water, wiped dry
and left drying over night. In a second step, contacts were cleaned using contact spray for
electronics. In a last step the contacts were cleaned using a fiberglass pen. As a result, data
from 5 SD cards could be saved. Another two SD cards will have to be sent to a laboratory
specializing on data recovery from the embedded microchips.

2.2.1 Deployment of moored acoustic recorders

A total of 15 SonoVault recorders were deployed in 15 moorings during PS129 (Fig. 2.18).
These recorders are equipped with electronic version V4.1. All new recorders use the firmware
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version V4.14. Prior to this expedition, all SonoVault recorders were refurbished by the
manufacturer and overpressure valves were installed in all instruments, except for SV1009 and
SV1023. The refurbishment included the exchange of O-rings, a pressure test, the exchange
of the RTC-clock batteries on the electronics, as well as the test of hydrophones and recording
electronics. At the AWI facilities, recorders were equipped with batteries (Tadiran SL-2780)
prior to shipping. O-rings were carefully checked, cleaned and greased before closing the
housing prior to deployment.

At three moorings (AWI251-04, CWS01-01, WWSO02-01), an AURAL recorder (Multi-
Electronique, Canada) was deployed alongside a SonoVault recorder for extended recording
duration (albeit at a subsampling scheme).
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Recorders were calibrated prior to deployment in the same manner as the post-recovery
calibrations described above, using the Bruel & Kjaer calibrator (Type 4229) and the NTI
frequency generator (MR Pro). All hydrophones were checked analog to the recovery check
during the preparation for deployment. Three SonoVaults were equipped with new hydrophones
of the type D60 (Neptune Sonar). These hydrophones have a slightly lower sensitivity (-195.5 dB
re1V/uPa) than the standard TC4037-3 (RESON) (-193 dB re1V/uPa).

Prior to the deployment, newly formatted SD cards were placed into the SD card slots on each
recording module. 12 recorders of the type SonoVault now contain 33 SD cards with a capacity
of 128 GB each (ATP Industrial Grade SD Cards) and two additional 256 GB (acon Industrial
Grade SD Cards), resulting in a total storage capacity of 4.6 TB per recorder, while the three
remaining SonoVault recorders use 5 x 7 = 35 SD cards with 128 GB (ATP Industrial Grade SD
Cards) resulting in 4.4 TB storage capacity. All SD cards were formatted to FAT32 using the
freeware tool ‘SDXCformatterFAT32’. On each first SD card (S0) of the first of five recording
modules (M0-M4), the recording configuration (e.g., gain setting, sample rate) was stored.
Additionally, the module number was copied onto SO of every recording module to make the
set of seven SD cards of this module available for storage.

All SonoVaults were programmed to record at a sampling rate of 48 kHz with 24 bit and to store
data in files of 600 seconds duration (Tab. 2.23). A quasi one-day-on/1-day-off scheduling
(subsampling scheme) was set with recordings starting at 11:30 every second day to record
for 25 hours, then stop for 23 hours. Internal data storage was structured to store data in
daily folders. Gain was set to level 7 which in this hardware/firmware release corresponds to
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about 41-45 dB in all deployed recorders (Tab. 2.23). Every instrument was first tested with its
operational setting and then started at least one day prior to the deployment.

AURAL recorders AU0231 and AU0086, model number AURAL-M2, were equipped with a
PATA-SATA adapter and a 1 TB hard disc. The scheduling was set to 10-min-long recordings
every full hour, starting at 31 December 2022 at 12:00. The internal jumpers were set to a gain
of 22 dB. The AURALSs were tested for a couple of hours prior to the deployment with a different
scheduling (5 minutes every 15 minutes).

AURAL recorder AU0303 at AWI251-04 is the latest AURAL model AURAL-M3. Data is
stored on 5 micro-SD-cards and settings are made using a WIFI connection and a browser-
based GUI. It was set to record in parallel to the SonoVault with a sampling frequency of
32 kHz, 10 minutes every hour. The new system is expected to use less power and to run
for up to 900 days with the current settings. During instrument preparation, its hydrophone
behaved erratically, with the AURAL not recording any hydrophone signals. During the last
tests, however, this problem did not occur anymore and the instrument was deployed with this
hydrophone. We attempted to calibrate the AURAL with its HTI-96-min hydrophone using an
adapter for the B&K Pistonphone. However, the system was oversaturated by the signal due to
the set gain of 22 dB. Nevertheless, a calibration with the frequency generator was performed,
analysis pending.

All recorders were attached to the mooring rope by means of two plastic brackets mounted at
two positions around the housing. In comparison with the PS117 deployments, the brackets
were placed farther apart. The brackets were then attached to the Dyneema mooring rope. In
case of the last 5 deployed recorders, the brackets were attached to a 5 m rope and then rope-
shackled in between two mooring lines for easier handling during the deployment. All metal
parts are titanium grade 5.

On AWI251-04, additionally, an AZFP (Acoustic Zooplankton and Fish Profiler, ASL) and an
ADCP (Acoustic Doppler Current Profiler) were deployed alongside the acoustic recorders
for the detection of the presence of prey. The AZFP is using the backscatter of acoustic pings
at four different frequencies (38 kHz, 125 kHz, 200 kHz, 455 kHz) to detect zooplankton.
AZFP55115 is deployed at 239 m water depth and is set to have bursts every 5 minutes,
consisting of 4 pings every 20 seconds. Burst pings will be stored without averaging. The
pulse length for every frequency is set to the maximum (1000 ps) to bring the maximum power
into the water column. The range for the measurement is set to 280 m, with bin sizes of
0.25 m. A deployment period of 1100 days was assumed for the setup, which was set to start
at 12:00 UTC on 24 April 2022. The limiting factor according to the software will be the power
consumption.

Furthermore, a 75 kHz ADCP (SN 22858) was deployed in 303 m water depth. The ADCP was
started at 14:47 UTC on 24 April 2022 and was set to ping every 10 minutes. With this setting,
the ADCP ping and the AZFP pings will not interfere with each other (unless a major clock drift
occurs for either of the instruments). Apart from information on the currents at the mooring
position, its data is also intended to be used for analysis of presence of zooplankton.

Tab. 2.23: Overview of acoustic recorders deployed during PS129

For further information see the end of the Chapter.
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2.2.2 Maintenance of the PALAOA observatory

PALAOA (Perennial Acoustic Observatory in the Antarctic Ocean) located on the Ekstrom ice
shelf since 2005, has collected continuous underwater recordings from the coastal Antarctic
environment using a hydrophone deployed at ca. 160 m depth. With the ice shelf advancing by
about 150 m per year, the position has been constantly changing.

During the supply of the Neumayer Il station from 28 until 31 December 2014, an aluminum
box, containing modified SonoVault electronics, was installed at the position of the former
PALAOA container. It was recessed into the snow and covered with a wooden board and some
snow. The box (80 cm x 60 cm x 60 cm) included a Reson input module EC6073 for the active
hydrophone (Reson TC4032) and a SonoVault electronics module, similar to those used in
the moored recorders. For the power supply, four 90 Ah, 12V batteries were included, two
connected in row for each, the active hydrophone and the recording electronics. The battery
setup was changed later in 2015 to two batteries in a row and those rows in parallel, supplying
both the hydrophone and the recording electronics. Storage capacity is 4.4 TB (35 x 128 GB
SDXC). With a sampling rate of 96 kHz at 24 bit and a file size corresponding to of 600 sec
(10 min), the PALAOA system was expected to hold recording capacities for up to 6 months.
Servicing was provided by the overwintering team of the Neumayer Il station. Based on their
experience, a servicing interval of approximately 3 months proved to be necessary.

For PS129 it was intended to calibrate the hydrophone and recording equipment using a
frequency generator attached to the calibration input on the EC6073 input module. However,
on 20 March and later on 23 March 2022, when approaching the shelf with Polarstern, it
seemed as if the hydrophone cable was open-ended at the shelf-ice edge. A helicopter flight
to the PALAOA site on 23 March 2022, confirmed this suspicion. The hydrophone cable must
have been ripped during a recent calving event of the ice shelf. The recording box was removed
and the electronics, including the data storage, was taken back to the ship. Analyzing the
recovered acoustic data revealed that the calving event took place on the 27 February 2022 at
approximately 08:16 UTC.

On 23 March 2022, i.e., approximately one month after PALAOA's break-off and immediately
prior to removing its recording box, the latter’s location was determined by handheld GPS as
70.502781°S 08.205716°W.

Preliminary technical results

Preliminary technical evaluation

Recovered SonoVaults had been deployed with mounts, consisting of two plastic brackets,
reaching around the instrument housing at two positions spaced by about 1 m, with all metal
parts being titanium grade 2. The clamps had been attached directly to the Dyneema rope
(though with relatively little spacing of about 1 m, possibly allowing the recorder to vibrate
in stronger currents). Upon recovery, no complications with this form of attachment were
observed. None of the recovered recorders exhibited signs of corrosion on neither the device
nor the mounts. All but the two recorders recovered at AW1251-03 were quasi-free of biofouling.
Two recorders at AWI251-03, however, exhibited massive biofouling. The AURAL (AU0085)
was completely overgrown, while the SonoVault (SV1002) was overgrown with the exception
of the hydrophone, which exhibited only a thin biofilm.

All hydrophones were tested after recovery. Two recovered hydrophones (SN4011021 of
recorder SV1020, SN4011040 of recorder SV1024) proved defect. They exhibited asymmetric
sinus signals in the oscilloscope reading and the rms amplitude of the signal was lower than the
expected 10 mV___. The underlying damage and its cause remain unknown. The corresponding
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recorders’ system gain deviated accordingly between pre- and post-deployment pistphone
calibrations.

Communication with recovered instruments

Communication efforts after recovery were successful with only 1 out of 9 SonoVault and for
the single Aural recorder. A computer was connected via RS232 to the instruments. Success
of communication efforts and information retrieved from the recorders are listed in Table 2.24.

Tab. 2. 24: Overview of results of preliminary technical and data quality evaluation of recorders
recovered during PS129

For further information see the end of the Chapter.

Operation period and failures

All SonoVaults had ceased recording prior to recovery. All devices had been equipped with
sufficient power and storage capacity to bridge up to 2 years deployment with recordings.
Most of the recovered SonoVaults used the hardware version 4.1, with firmware version 4.13,
and were set to Low Power Mode for sampling. The maximum recording duration (620-660
days) did not reach the recording duration from the previous expedition. It is assumed that the
new 128 GB SD-cards used during this recent deployment might have had a higher power
consumption and led to the shorter recording times.

Recorders SV1006 and SV1020 recorded only for some weeks before stopping to record,
presumably due to a software or electronics error, as the log files exhibited good batteries
levels at the time of stopping and electronics could be restarted after recovery. The reason for
the error is unknown though, as recorders ran for several days prior to the deployment without
fault and were checked only hours before the deployment.

Clock drift and post calibration

Where possible, the status of the system, the clock drift of the precision clock, voltage and SD-
card status were checked using the communication software. To post-calibrate the hardware in
combination with the hydrophone, a laboratory power supply was connected to the hardware.
A post calibration of each recovered recorder was performed to ensure the correct calculation
of signal levels after recovery (see Tab. 2.23, Gain PHS and MRPro).

Preliminary data quality evaluation

Two of the SonoVault recordings exhibited distinct peaks in the spectra (Fig. 2.19), representing
tonal noise within the frequency range 25 Hz up to the Nyquist frequency, which likely is
caused by the electronics. No cause of this noise could yet be determined, but will be under
investigation. Table 2.25 summarizes the occurrence and type of noise found during the
preliminary analysis of the recovered data.

Tab. 2.25: Overview of PAM recorders data quality

AWI22715_SV1006 Some electronic noise, order of 2 dB

AWI23113_SV1056 No electronic noise discernable in annual spectra.
AWI24803_SV1012 No electronic noise discernable in annual spectra.
AWI245-05 SV1014 No electronic noise discernable in annual spectra.
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BGC-1_SVv1024 “Flat” spectrum” for f > 3 Hz, possibly broken hydrophone
AWI 208-9 SV1020 “Flat” spectrum” for f > 3 Hz, possibly broken hydrophone
AWI 207-11_SV1032 Pronounced electronic noise, order of 10 dB
AWI 251-3 _SV1002 No electronic noise discernable in annual spectra.
AWI 251-3 AU pending
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Fig. 2.19: Annual spectra of recorded data. Actual recording length varies with recorder and
years. The logarithmic frequency (x-) axis ranges from 1 Hz to 50 kH, the sound pressures spectral
density from 40 to 110 dB re 1 uPa2Hz.
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Preliminary scientific results

Recordings were examined using the OPUS analysis tools (opus.aq) to calculate annual
spectrograms (Figs. 2.20). Spectrograms indicate that tonal noise existed in AWI207
11_SV1032 throughout the recording period and throughout the short recording period of
AWI227 15_SV1006. “Flat” spectra prevail for AWI208-9_SV1020 and BGC_SV1024 for the
duration of their recordings. The remaining 9 recordings exhibit enhanced energy in the fin and
blue whale bands and frequent broadband events, probably related to storms and cryophonic
sound.
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We randomly sampled 52 days over one complete year of recording per recovered mooring.
We then systematically selected twelve 10-min acoustic files from the sampled day (one
10-min file out of every two hours) to ensure the representativity of the acoustic activity during
that day. This made a total of about 600 files per mooring when recordings from the complete
year where available. We manually analyzed every sample (10-min file) using Raven Pro
1.5 (Cornell Lab of Ornithology, Ithaca, USA) to visually and aurally identifying the presence/
absence of species-specific calls from spectrograms. Spectrogram calculations employed
various parameter settings to optimize visual contrasts of signal to noise gradients. Due to
time constrains, data from AWI251-3 were not included in the analysis.

For each recorder, we computed the acoustic-presence proportion of every single species over
the studied year (or shorter periods if data was missing). This allowed us to coarsely assess
the marine mammal community composition at the recording sites and the species distribution
over the studied area (Fig. 2.21).
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We also computed the species daily proportion of acoustic presence to assess the temporal
variation in the structure of the communities at the specific sites (Fig. 2.22).

1.0

I L]
) | 1 _

0.0 = L

1.0
7 I I I l
0.0 ]

Species

—
Li-Z02IMY

. Antarctic blue whale

B Finwhale

I Antarctic minke whale
Humpback whale

B60-80IMY

()
o
c
O
N
9 S hal

1.0 perm whale
o z Weddell seal
L_) 054 I E’ Crabeater seal
"(7) 0.0 — = Leopard seal
= 10 < B Ross seal
8 05 - l I § B Killer whale

: ®
®© oo =
Y—
- l I I I I L :
c 05 | §
Sulill , I :
T w0 >
[ 111 Il
O oo 1 1 | i I Gl
)

0.5 = | I g

s
00 T = T T T T — T T T T I =
I R e
& K3 & g & R S ® \%’Q & S - i ¥
Fig. 2.22: Species daily proportion of acoustic presence
Pinnipeds

Only considering the random subset of data that was analyzed, Weddell seals (Leptonychotes
weddellii) were exclusively detected at AWI207-11 in 2019. However, their acoustic
presence was recurrent at the station lasting from April to December. On all analyzed sites
with data available during the austral summer (4/7), we detected crabeater seals (Lobodon
carcinophaga), leopard seals (Hydrurga leptonyx) and Ross seals (Ommatophoca rossii),
except for AWI231-13, where no acoustic activity from Ross seals was detected. In all cases,
the pack-ice related pinniped species followed a similar temporal pattern, with crabeater seals
being acoustically conspicuous at the sites from September to December, leopard seals from
October/November to January and Ross seals from the end of December to January. Only on
AWI207-11 did we observe crabeater seal calls from July on.
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Cetaceans

Single vocalizations and/or choruses of Antarctic blue whales (Balaenoptera musculus
intermedia), fin whales (B. physalus) and Antarctic minke whales (B. bonaerensis) were
very common at almost all recording positions. Fin whales were not detected at AWI227-15,
probably because data from 2019 were missing from February on there and this species
showed to be acoustically active from February to August at the remaining stations. They were
also not observed at AWI207-11, but due to the pervasive mechanical noise present in these
recordings it may also be possible that we were not able to distinguish their acoustic signature
in the spectrograms. Most likely, the absence of Antarctic minke whale calls at AWI227-15
and AWI229-14 was also due to the lack of recordings during their acoustically active period
in the Weddell Sea. Humpback whale (Megaptera novaeangliae) songs were only observed
occasionally at the two southernmost sites, AWI245-5 and AWI231-13.

Sperm whale (Physeter macrocephalus) clicks were observed, even though not very frequently,
in almost all recording positions. Killer whale (Orcinus orca) clicks and whistles were observed
at 5 out of the 7 locations, however, their frequency was also very low.

Other sound sources

Pervasive tonal mechanical noise was detected in all recordings from AWI207-11 in 2019.
Recordings from all sites, especially those located along the Greenwich Meridian transect and
in the central Weddell Sea, presented intense and frequent noises with varying frequency and
temporal patterns. The probable source of these noises was sea-ice related, either from the
interaction between different sorts of sea-ice floes, the melting or hardening of the ice, or the
calving/breaking off from close-by iceberg. Nevertheless, the precise source of each of these
noises still needs to be determined.

Data management

Passive acoustic data will be transferred to the AWI silo and made accessible through the
OPUS.aq webpage and will be archived, published and disseminated according to international
standards by the World Data Center PANGAEA Data Publisher for Earth & Environmental
Science (https://www.pangaea.de) within two years after the end of the expedition at the latest.
By default, the CC-BY license will be applied. P.l.’s: llse van Opzeeland and Olaf Boebel.

This expedition was supported by the Helmholtz Research Programme “Changing Earth —
Sustaining our Future” topic 6, subtopic 4. In all publications based on this expedition, the
Grant No. AWI_PS129_01 will be quoted and the following publication will be cited:

Alfred-Wegener-Institut Helmholtz-Zentrum fir Polar- und Meeresforschung (2017) Polar
Research and Supply Vessel POLARSTERN Operated by the Alfred-Wegener-Institute.
Journal of large-scale research facilities, 3, A119. http://dx.doi.org/10.17815/jIsrf-3-163.
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