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Cetacean echolocation and outer space neutrinos:

Ethology and physics for an interdisciplinary approach to underwater bioacoustics
and astrophysical particles detection
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20%-25% of the Southern Oceans CO, fixed by
is transfered by marine mammals.and birds int
(A Major Leak in the Carbon Pump: Huntley\é’
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The Whale Pump: Marine Mammals Enhance Primary Productivity in a Coastal Basin Roman & McCarthy et al, PLoS One (2010)
Iron defecation by sperm whales stimulates carbon export in the Southern Ocean, Lavery et al, Proc. R. Soc. B 277 (2010)







Scientific use of Sound on Polarstern

Hydrosweep / Side scan sonar

— Fan beam echo-sounder to explore
bathymetry

Parasound

e i L e — Parametric sonar to study upper sediment
- = & layers

Simrad EK 60
— Fish finding & Krill sonar

« Air-Guns
— Geophysical studies
(not exploration/exploitation)

* Posidonia
— Underwater navigation




Comprehensive risk assessment for hydro acoustic activities:

Aquire data from a mostly undisturbed environment

Immediate, direct immediate, indirect indirect influences
damage damage (change in habitat, masking
(TTS, PTS, cavitation ) (the bends, beaching) resources, reproduction)
max
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: : . Risk of biological significant
Risk of physiological damage behavioural change
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Risk assessment for individual

o status,

Risk evaluation for species / {local) population

AWI - Ocean Acoustics Group



Audiometry of Antarctic Seals, Atka Bay 2005

AEP-SEAL1Z-(11 12 3,41, 4000 Hz, Beep 2ms, 1000 Repetitions, 22-Dec-2005 16:56
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Very limited knowledge of the distribution of many species
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Known distribution of Arnoux‘s beaked whale (berardius arnuxxii)
UN FAO Species Identification Guide: Marine Mammals of the World, 1993
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Visual surveys are difficult in Antarctica




Whale Detection with Passive Acoustic Streamer winde Schrittstele
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Deployment of acoustic recorders on ice floes
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© Frank Rodel



Recovery of recorders by helicopter




Field recordings to identify species specific calls: Elephant Seals at Adelaide Island




Field recordings to identify species specific calls: Minke Whgles rly Weddell Sea

-~ R




20 Long Term Passive Acoustic Recorders in the Weddell Sea Maru

30 00' W

MARU recovered

MARU not yet recovered

AURAL recovered
AURAL deployed

SonoVault deployed
PALAOCA

B O [> e

PALAOA




SonoVault Acoustic Recorder

Calibrated RESON Hydrophone

24Bit recording up to 20kHz
ultra sensitive at LF

16Bit recording up to 200kHz
for toothed whale clicks

Rated up to 3000 m (10.000 m option)
High capacity Lithium primary cell powered
Up to 4 TB SD card memory

GPS disciplined clock

Programmable DSP option

5330 Hz / 24Bit -> continuous recording for 3 years



Long Term Passive Acoustic Recorders in the Weddell Sea Maru
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Eckstrom Ice Shelf






Drilling camp







PALAOA Hydrophone Array

Neumayer Station ~ 15 km

borehole

PALAOA Station

sea level

water column
beneath the ice shelf
~ 160 m

y« hydrophone

sea floor

AWI — Ocean Acoustics Group

www.awi.de/PALAOA
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Data and control flow of the PALAOA observatory

PALAOA Station

Portable USB

High volume data via disk exchange

hard disks as buffer /
storage

Permanent WLAN link (2 MBit)

Hum

Seismology

Infrasound
Weather

an Observations

~

o Embedded PC with
24 Bit 192 kHz soundcard

high resolution data via FTP

Server at

(MOTU Traveler)

BARIX Instreamer /

Continuous stream

Neumayer Base

—> mp3 48 kHz 192 kBit

Bidirectional control

\L/

Reson VP2000

amplifier/filter

%

-Energy management system
Solar / Wind / Fuel Cell

- High-res webcam

- Weather data

- Oceanographic data (CTD)

- GPS position and time

- AlS Data

satellite

ship

Continuous stream:
24 kBit OGG-Vorbis

All files:
once a year
on LTO tape

Live internet radio stream
http://icecast.awi.de

\ A\ 4

Server at AWI

Array of four / two
Reson TC4032/4033
hydrophones

Long term data storage and
publication with metadata
http://www.pangaea.de

Bremerhaven

aseg JoAewnap

Germany




PALAOA Recording Time [days per year]

PALAOA 28-Dec-2005 - 17-Oct-2013 (2851 days): Recording on 2471 days (87%), Recording Time: 56137 hours or 2339 days (82%)
PALAOA 01-Oct-2008 - 17-Cct-2013 (1843 days): Recording on 1782 days (97%), Recording Tlme 42388 hours or 1766 qwﬁgﬁ%)
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CTD - GPS - AIS — Noise levels: 1 year data
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Identified vocalizations in the recordings




Tirm= in sSecond=s

AWI - Ocearn Acoustics - rlolgar Klinck

02

Cormponent 3

Autornatic call detectiorn / classificaiion using a Hidden Markov Model / Neural Network

PCA comparing 3 different locations
features extracted from the HDT repetition rate
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Multi Year Spectrogram
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Blue Whale Z-Calls

e T AURALT AW 2328, 6566 745 0007 00,17 E, Water 3418m, ALRAL #55, Instrament Z16m, Daplayment 11,03 2008 14 00 - 19.12.2010 0628 |
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Spectrogram of blue whale "Z"-calls, recorded by MARU#1 on 28.12.2008 17:55




Frequency [Hz] Frequency [Hz]

Peak level in spectral Band 26Hz - 27Hz [dB re 1 uPa / HZ]

Two recordings at a distance of ~140km reveal migration pattern

o
o

.
o

)
o

N
o

-
o

AURALZ - AWl 230-6, 66°01.13'S 000° 04.77' E, Water=3577m, AURAL #36, Instrument 200m, Deployment 08.03.2008 14:00 - 16.12.2010 15:47
% 3] E1 ] i3 i {

Nov

t 216m, Deployment 11.03.2008 14:00 - 19.12.2010 06:28
; T R

il 2 § e ! A I i et B - [N Y] . | ‘-.“J-.‘r}i['-;ll,]' i 4
Dec  Jan Jan  Feb Mar  Apr May Jun  Jul  Aug Sep Oct MNov Dec

. (R [ il I 1 I ETTEE

Nov

Dec  Jan

[==}

L v 9w o o
o o ;g o M

]
o

¢ AURALI
+ AURAL? []




Blue Whale Chorus Intensity

AURALT - AW 232-9, 68°59.74'S 000°00.17"' E, Water 3419m, AURAL #85, Instrument 216m, Deployment 11.03.2008 14:00 - 18.12.2010 06:28
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Peak level in spectral Band 26Hz - 27Hz [dB re 1 uPa / szl

Blue Whale Chorus Intensity

AURALT - AW 232-9, 68°59.74'S 000°00.17"' E, Water 3419m, AURAL #85, Instrument 216m, Deployment 11.03.2008 14:00 - 18.12.2010 06:28
AURALZ - AW 230-6, B6°01.13'S 000°04.77' E, Water=3577m, AURAL #36, Instrument 200m, Deployment 08.03.2008 14:00 - 16.12.2010 15:47
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Year(s) to which
estimate applies

Approximate point
estimate
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Southern Hemisphere
(excluding pygmy blue)

2003/04

1997/98

2,300

Approximate 95%
confidence limits

1,150 - 4,500

The estimated rate of increase is 8. 2% (95% confidence interval 3.8-12.5%) per year between 1978/79 and



Decreasing Frequency

AURALT - AWl 232-9, 68°9.74'S 000°00.17" E, Water 3419m, AURAL #85, Instrument 216m, Deployment 11.03.2008 14:00 - 19.12.2010 06:28
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26.37 =
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2007 2008 2009 2010 201 2012 2013

Blue Whale frequency decrease over 7 years: ~0.1 Hz / year
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3-Year Spectrogram
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A unique vocalisation

Frequenzanalyse x
[] Linear-ansicht:

Perfect/a-minor accord

Cursor: 367.1Hz,-41.73 dB

Frequenz: 10.082 Hz (E-1-37)
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- : .

. Antarg:cjéﬁ'lihke whale

" Acurostrata borealis : -
Size 10 m / weight 20 tons o -_ —
Populationestimate515.000 - —

i e . — > B~ -‘u

\

i

|

Year(s) to which Approximate

estimate applies

(!

95% CI

m
i

M

1985/86-1990/91 720,000 510,000 -1,010,000

il

1992/93-2003/04 515,000




Local ice situation from ASAR

allows to compare call densities / animal presence between open water and ice cover




Typical iceberg sound J

16.07.2007 - 08:05 : 19.07.2007 - 08:10 : 22.07.2007 - 08:15
s




Collisions of Icebergs ]
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> 205 dB SPL received level
~ 230 dB SPL estimated sourcelevel
~ 10 min duration



One years ship traffic recorded by]A'IS

'

S.A.AGULHAS Il 2013-02-10 16:06 @ 44km
MARY ARCTICA 2013-01-07 11:40 @ 43km
POLARSTERN 2012-12-24 21:00 @ 57km

AWI_ICEBERG_02 2012-12-23 17:48 @ 11km
AWI_ICEBERG_03 2012-12-23 05:50 @ 20km
AWI_ICEBERG_01 2012-12-21 16:00 @ 30km

PALAOA 2013-10-17 13:35
NEUMAYER Ill 2013-10-17 13:35 @ 17km

PALAOA-S1 2013-10-17 13:35 @ 10km

ASAR Image RS2_SS_20130305_040541_SCWA_HH_1



PALAOA




Estimated Nominal Source Leve! @ Tm

Received Sound Preasure Level at PALAOA Hydrophone 1
[dE re 1 uPa RMS] Broadband 10Hz-16kHz
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Open Access Data: www.awi.de/PALAOA




