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(http://spinops.blogspot.com)

Pakicetus Ambulocetus
(cca 49-48 Ma) (cca 50-48 Ma)
-

Kutchicetus Protoce)tus

(cca 48 Ma) (cca 45 Ma

.- Sy Cetacea
Cetacea
Suborders:
Odontoceti

Mysticeti

89 Species



2006 5 31 10:46:00

Courtesy Kathleen Vigness Raposa
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U-fold,
vocal fold
homolog

Laryngeal sac, inflated

|_ow frequency
sound pulses

J. Reidenberg/www.DOSITS.org



http://csi.whoi.edu




tepapa.govt.nz/exhibitions/whales/segment.aspx?irn=163




Morphological diversity of sound production

Delphinidae !
ks 4

Kogiidae Ziphiidae Pontoporiidae Phocoenidae




ODONTOCETE SOUND RECEPTION: TRI-LOBED

MYSTICETE: MONO-LOBED
(Yamato et al 2012)

Minke whale
Bottlengse



Marine vs. Land Mammal Hearing Thresholds
(Fay, Reichmuth et al, Kastelein et al, Nachtigall et al, Nadol et al, Johnson et al, Lucke)
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External ear , Inner ear
Middle ear (cochlea)

Tympanic _
membrane Ossicles






Sc. tympani

Grey Whale
60.2 mm

Chinchilla
18.5 mm

Cat
25.8 mm
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Basilar Membrane
Comparisons

Blue Whale - IF-MF

B. musculus
25 kHz-10 Hz

20 kHz - 20 Hz

Human
Homo sapiens

290 p

5x125

Harbor Porpoise
Phocoena phocg#

50 60 kHz — 50 Hz 23 mm
H uvier’s Beaked Whale 180 kHz -
}80 M Ziphius cavirostris 200 Hz






NOISE SPECTRUM LEVEL (dB re 1 pPaz/Hz)
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Ambient ocean noise in the Australian region
(courtesy Doug Cato, Univ. of Sydney)
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Shipping trends since 1950: Fleet 90K GT to 550K GT
15 dB increase in background noise = ~ 3 dB per decade




Ship Noise - Underwater Audiogram

(Au ‘95; Kastak and Schusterman ‘97, Ketten ‘94, Parks 2005)
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Effect of Noise on Hearing
in the Surface World

What do we mean by hearing?

Detection (smallest s/n ratio or CR)
Discrimination (+ ~2-3 dB)
Recognition (+ ~4-6 db)
Comfortable Communication (+ ~15
dB)*

*Only measurable in humans



D-Tags:
" Dive Profiles




kKHz

Naval Sonar as recorded on Dtagged Whale
Courtesy Peter Tyack
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Public Conservation, Legal Concerns
R Right Now
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STRESS:

Herpes-like Virus Infection in -..
Yangtze Finless-Porpoise
Pei et al. 2012, J. Wildlife Diseases - -
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% .. B How “Tough” are
T A Marine Mammals?

W Is there evidence of
| | hearing loss?
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Human Hearing and Hearing Loss (TTS-PTS)wosHiso-1000 standara)
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Threshold (dB SPL)

Davis et al. 2003, Kryter. 1996, Slepecky, 1986 ,Schuknecht, 1993; Yost, 2000, www.nidcd.nih.gov
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TTS to PTS:
Recoverable
dysfunction of

cochlear
structures
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Tursiops truncatus (courtesy P. Moore)
(see also Ridgway and Carder 1997; Schusterman et al 2001 )
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High-Frequency Response of 8 Tursiops
to a 100 ms Tone Stimulus of 111 dB re 1 micro Pa
Ridgway and Carder; JASA 101 (1), 1997

Stimulus Frequency (kHz)
Animal Sex |Age 40 60 80 100 120
4| 34 A /N A AN A
MKA | & | 23 A A /AN AN A
IAY sl A A -~ A A
NAY 3 7 A A A A A
TOD Q 35 | A A A A A |
SLA 2 133 A A A / /A
BRT ¢ 32 A A A A A
SAY ? 11 A A A A A
A > 95% Responses /A < 50% Responses

A > 75% Responses /\ >50% Responses



Large |nd|V|duaI variability
Biologically significant hazard is key

Behavioral

Disruption and Abandonment
Masking — Aversion — Attraction — Habitat
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