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Ecologia del Paisaje Acustico

Invited Review
Shifting song frequencies in response to
anthropogenic noise: €ineta-analysipon birds
and anurans

> Irene T. Roca,b+ Louis Desrochers,=b< Matteo Giacomazzo,= Andrea Bertolo,=¢

Patricia Bolduc,®¢ Raphaél Deschesnes,*¢ Charles A. Martin,*?
Vincent Rainville,®¢ Guillaume Rheault,>t-c and Raphaél Proulxa.b.c

Mas de 160 experimentos en 60 especies de aves y anfibios.

Cambio de frecuencias e intensidad de sonido en especies de aves en presencia de
sonidos antropofonos, pero en los anfibios no se observan cambios muy claros.

Sonidos antropofonos son una nueva fuerza selectiva que promueve cambios en los
patrones de comunicacion en varias especies
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¢Un mar de silencio?



El océano es un medio acustico por excelencia

E@)cidad sonido en aire: 343 m/s

= -
-
-

A
- Velocidad sonido en agua dulce: 1,484 m/s

Velocidad de sonido en agua de mar: 1,560 m/s ( = 4.5 mas rapido)

Hidroacustica

a




Bioacustica - Monitoreo Acustico Pasivo

~ Bioacustica marina (ecologia de paisaje acustico): el estudio de sonidos bidticos,
abioticos y antropogénicos en el océano y sus efectos sobre las vida marina.

Monitoreo acustico pasivo: el monitoreo de sefales acusticas
(=micréfonos submarinos) sin emisién de sonido. Al contrario la hidroacustica
(sonar, ecosondas, varios instrumentos oceanograficos) que emiten sonido.

Floatation Device
Biological Sound

Autonomous Hydrophone

o Acoustic Release

Chain Link Anchor
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88 especies de cetaceos (ballenas y delfines) en el mundo
Misticetos (con barbas) vs odontocetos (con dientes)

1.4 my 54 kg (Vaquita) a 33 my 190,000 kg (Ballena azul)
En Chile se observa alrededor de 44 especies!

Amenazas: caza, pesca accidental, colisiones con barcos,
ruido, cambio climatico



e Misticetos (ballenas)

* Vocalizaciones sociales — pulsado o
tonal

U-fold,
vocal fold
homolog

Laryngeal sac, inflated

* Odontocetos (delfines,
orca, cachalote)

* Ecolocalizacion - clieks - caza,
navegacion

* Vocalizaciones sociales - silbidos,
sonidos pulsados — interacciones
sociales

Low frequency
sound pulses
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Ballena azul chilena del Golfo Corcovado
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Ballena jorobada del Golfo Corcovado
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Delfin nariz de botella del Golfo Corcovado

T R

-0.00




Ecologia del Paisaje Acustico
Submareal

SS SERIES Published Febr

Localised coastal habitats have distinct underwater
sound signatures

C. A. Radiord!*, J. A. Stanle
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Contents lists available at SciencelDirect

Journal of Experimental Marine Biology and Ecology

journal homepage: www.elsevier.com/locate/jembe

Spectrum level (db re 1 uPa/Hz)

-;;}I;II}CI . ) 1000 ) ) o A“II_‘JlﬁAn’,ui )
Frequency (Hz)

Fig. 2. Composite soundscapes for each habitat type (colored lines: affected hard-bottom — red; unaffected hard-bottom — dark blue; restored hard-bottom — light blue; mangrove —
green; seagrass — black) during each moon phase and time-of-day. Full moon dusk (A), full moon noon (B), new moon dusk (C), and new moon noon (D).
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Localised coastal habitats have distinct underwater
sound signatures

C. A. Radiord!*, J. A. Stanle
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Ciclos de vida con estados larvales
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Vol. 207: 219-224, 2000 MARINE ECOLOGY PROGRESS SERIES Published November 22
Mar Ecol Prog Ser

1 Sound
s Silent 2608

Ambient sound as a cue for navigation by the
pelagic larvae oi reei fishes

Nick Tolimieri'?*, Andrew Jeffs?, John C. Montgomery!

Housing for cassette deck,
battery & amplifier

Light trap

Median # of larvae per trap

. | Triplefins Pilchard

Underwater
— | loudspeaker ' Fig. 4. Median number of fish larvae caught per trap per night
Entrance | for sound and silent treatments over 14 nights (n = 27).
Permanent ' MNumbers over bars = range (and maximum, as minimum
mooring & . . number was 0 for all treatments); %* p < 0.05; horizontal line
surface buoy

— : indicates treatments that could not be distinguished statisti-
cally (Wilcoxon signed-ranks test)

Fig. 1. Experimental apparatus showing configuration of the

light trap and underwater sound playback equipment. The

‘silent’ control traps included a 'dummy’ surface barrel but no
loudspeaker. Drawing not to scale
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OPEN a ACCESS5 Freely available online

Oyster Larvae Settle in Response to Habitat-Associated
Underwater Sounds

Ashlee Lillis*, David B. Eggleston, DelWayne R. Bohnenstiehl

[ |
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Figure 7. Mean oyster settlement in reef sound and no sound Figure 10. Mean oyster settlement for field-based setlement
treatments for laboratory experiment 1 trials. Settlement was experimental trials. Settlement was measured as proportion of larvae
measured as proportion of larvae settled in a culture at the termination  settled in a culture at the termination of a trial. Error bars represent 1
of a trial. Error bars represent 1 5.E. N= 28, S.E N=32

doi:10.1371/journal.pone 0079337 .g007 doi:10.137 1/journal.pone 0079337.g010
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Hemigrapsus sexdentatus Cyclograpsus lavauxi
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Jenni A. Stanley et al. Behavioral Ecology 2009;21:113-120
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Efectos del ruido antropogénico
S5l sobre mamiferos marinos

» Efectos agudos: ej. impactos acusticos de sonar navales que
producen lesiones acusticas

e+ Efectos cronicos: ruido de construccion portuaria o trafico
“maritimo que produce enmascaramiento de vocalizaciones,
—reduciendo el espacio de comunicacion.

* En mamiferos marinos demostrar efectos a nivel de poblacidn
es dificil, debido a los largos ciclos de vida y porque en la gran
mayoria de los casos, no éticamente ni logisticamente posible
realizar experimentos en laboratorio.



e Aumento en niveles
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SOCIETY

* Impacto cronico:
Evidence that ship noise Iincreases

stress in right whales Podria explicar

Rosalind M. Rolland'*, Susan E. Parks®", Kathleen E. Hunt!, graves prObIemaS
Manuel Castellote’, Peter J. Corkeron’-*, Douglas . Nowacek?,

Samuel K. Wasser® and Scott D. Kraus! reprOdUCtlvos de |a
Ballena franca del
Atlantico Norte

Vet Pathol 42:446-457 (2005)

== “Gas and Fat Embolic Syndrome” Involving a Mass Stranding
of Beaked Whales (Family Ziphiidae) Exposed to Anthropogenic
Sonar Signals
.
® LeS|O n eS y A. FERNANDEZ, J ll,'(l~)\\ \R'I)\, I R““R,Hij EZ, A |:\H\l\\\ DI |m’\'l<»\um S, P HERRAEZ
CASTRO, J. R. JABER, V. MARTIN, AND M. ARBELO

Unit of Histology and Patholog AF, FR, PH, AEM, PC, JRJ, MA), Institute for Animal Health (IUSA), Veterinary

° 8
Va ra m I e ntOS School, University of La nas de Gran Canaria, Spain; Department of Veterinary Pathob (JFE), College of
- Veterinary Medicine, Texas A&M University, College Station, TX; and Sociedad Estudio Ce en Canarias (VM)
Canary Islands, Spain
* Im pactos

acusticos agudos Gas-bubble lesions in stranded cetaceans
de sonar

nt of military
dence of acute
in strand

pression sickness. The incic suc vessels, and sometimes with haemorrhage
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Reef + Boat Noise
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Chapter 129
Small-Boat Noise Impacts Natural Settlement
Behavior of Coral Reef Fish Larvae

Stephen D. Simpson, Andrew N. Radford, Sophie Holles, Maud C.O. Ferarri,
Douglas P. Chivers, Mark I. McCormick, and Mark G. Meekan

WWW.REEFLIFESURVEY.COM
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ARTICLE

Received 23 Jul 2015 | Accepted 23 Dec 2015 | Published 5 Feb 2016

Anthropogenic noise increases fish mortality
by predation

raf fish surviving

=]

—k— Boat

¥
E
3
-
—_

Stephen D. Simpson', Andrew N. Radford?, Sophie L. NedelecZ, Maud C.O. Ferrari®, Douglas P. Chivers®,

) Mark 1. McCormick® & Mark G. Meekan®
={F= Ambient

20 40 g0

Tima since ralease onto raefs (h)

Figure 1| Survival of P. amboinensis on reefs with and without playback
of boat noise. Field-based survival of P amboinenss during 72 h following
release onto experimental patch reefs with playback of ambient or boat-

noise recordings using underwater speakers.
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letters

rsbl.royalsocietypublishing.org

Research CrossMiark

oxygen consumption (molesh™")

Submareal

Global change biology /

Size-dependent physiological responses
of shore crabs to single and repeated
playback of ship noise

Matthew A. Wale!, Stephen D. Simpson? and Andrew N. Radford'

'School of Biological Sciences, University of Bristol, Woodland Road, Bristol BSE 106, UK
“Biosciences, College of Life and Envionmental Sciences, University of Exeter, Exeter EX4 40D, UK
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ICES Journal of Gy IcEs
Marine Science

ICES Journal of Marine Science (2017), 74(3), 635-651. doi:10.1093/icesjms/fsw205

| Quo Vadimus

A sound approach to assessing the impact of underwater noise
on marine fishes and invertebrates

Anthony D. Hawkins"* and Arthur N. Popper?



Exposure to Underwater Sound

Physical Effects Physiological Effects Behavioural Effects
Death Changes in stress levels Impairment of vacal communication
Permanent injury Qh_anges in melabolism Startle or avoidance responses
Recoverable injury to intemal systems Changes in immune system (resistance to Movement_ away from prefet(ed habitats
Minor internal or external injury disoase) Disruption of spawning
Damage to auditory system Reduced energy reserves Loss of spawning opportunities
Reduced fertility Decreased foraging efficiency
Temporarily impaired auditory function Increased energy expenditure
Changes to schools and social groupings
Impaired ability to detect predators or prey
Impaired ability to detect environmental information

. 2

Effects on Key Life Functions Effects on Vital Rates & Individual Fitness
Impaired movement and migrations Changes in growth rate
Inability to locate preferred habitats Changes in survival
Inability to locate or capture food Impaired development (eggs & juveniles)
Reduced feeding levels mpaired reproduction
Reduced growth
Delayed maturation |—]
Interference with reproduction o
Interference with nurturing of young I t P |ati
Impaired responses to predators mpacts on Fopuiations

Reductions in population size
Reduction in total biomass
Changes in population age structure
Changes in spatial distribution
Reduction in genetic diversity

Figure 2. Effects of exposure to underwater sound on fishes (and possibly invertebrates) with respect to impact on key life functions, vital
rates, and population parameters
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' PLOS | one

RESEARCH ARTICLE

Reef Sound as an Orientation Cue for
Shoreward Migration by Pueruli of the Rock
Lobster, Jasus edwardsii

Ivan A. Hinojosa'2%“*, Bridget S. Green', Caleb Gardner', Jan Hesse*, Jenni A. Stanley*,

Andrew G. Jefis*®
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PVC frame for

P

choice chambers

<

Speaker

-~ Anchors

Lifesaver™ Holding
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Monitoreo Acustico Pasivo
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Monitoreo Acustico Pasivo
en Tiempo Real

e Enorme potencial para la toma de decisiones

|

— - Proyecto Glider "
Universidad de
- Concepcion

Iridium satellite

AER Shore-side server

Wave
glider
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Analisis Bioacustico

Requiere investigadores y analistas con experiencia.
Técnicas computacionales avanzadas para lidiar con una gran
cantidad de datos.
e Técnicas analiticas manuales (ej.. software Raven)
e Técnicas analisticas semi-supervisados (ej.. MATLAB; Dra. Patris &
Dr. Malige — U. Toulon)
* Técnicas analiticas avanzados (Machine learning, ej. Proyecto
% Universidad de Chile-Universidad de Concepcidn)

e -_!' ¥ ;}. 1*5( ,,’t .:'ﬁ- "'g._ 4% % S e ,‘,n kf,; ‘5 .Q".'f_";‘
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Estudios bioacusticos sobre ballenas azules y fin en el

Pacifico Suroriental

'» Una serie colaboraciones nacionales e
internacionales desde 2007 hasta hoy para
monitorear la presencia de ballenas azules chilena,
antarcticas y fin y sus migraciones en el Pacifico

Suroriental.
e Actualmente no hay otro método que permite este

nivel de cobertura geografica y temporal.

CSPAS

Sur - Austral




Ballena fin en Juan Fernandez

e Variacion temporal de detecciones
~de cantos de'ballenas fin en Juan
‘Fernandez (barras) y de indice de

Potencia Acustica de la Ballena fin
(lineas) (Buchan et al. En Revision)

»~ Evidencia presencia Acustica b) 2014-2016

estacional sobre 6 afos.
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Ballena azules Chilenas en el Pacifico Suroriental

Un poblacion de ballenas azules
chilenas que se alimentan en la
Patagonia Chilena, que visitan el
norte de Chile y los areas
oceanicas como Juan Fernandez, y

- pasan el invierno en aguas

ocednicas del Pacifico suroriental y
Pacifico tropical.

Destaca la importancia de aguas
territoriales chilenas para esta
especie en Peligro de Extincion
(Buchan et al. 2010, 2014, 2015,
2018)




Monitoreo Acustico Pasivo en Tiempo Real en el Golfo

R | Corcovado

~ * Habitat critico de ballenas en Peligro de Extincion, ej. ballena azules

~ Ruta de navegaciéon importante
* Reporte de colisiones fatales en el golfo Corcovado y toda la costa chilena
* Hacia un sistema de alerta de presencia de ballenas
* Mitigacion de contaminacion acustica

. * Reducir riesgos de colisiones fatales

:
oV
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* Realizamos una
“smeampana de 2
~  semanas en abril
2018 y vimos en
tiempo real la
presencia acustica de T —
ballenas N——— pwopes ey
e Visualizacién de
presencia acustica “ B
~_entiemporeal en la
pagina web
—— des.whoi.edu

Chiloé Island, Chile, Fall 2018

Ej. Cantos de ballenas azules chilenas el 17 April
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A futuro: Sistema de alerta acustica de presencia de
— ballenas como fuera del Puerto de Boston

"+ Difusion instantdnea de presencia acustica via AlS, mensaje de texto, App de
celular

Text message Email message

dcs.whoi.edu

Daily analyst review:

eeseoc Verizon LUTE 12:06 PM
Date Sei whale Finwhale | Rightwhale | Humpback
whale

nts:;
on the Nomans Land buoy

Time now: 12/13/16 12:00 EST
L Fin whales detected on the Nomans Land buoy! Latest detections: 2.8 hours ago.
Fin whales
detected on the
Nomans Land
buoy!

Fin whale detections:

12/12/16 18:09 EST (17.8 hr ago)
12/12/16 19:09 EST (16.8 hr ago)
12/12/16 20:09 EST (15.8 hr ago)
12/12/16 21:09 EST (14.8 hr ago)
12/12/16 23:09 EST (12.8 hr ago)
12/13/16 00:09 EST (11.8 hr ago)
12/13/16 01:09 EST (10.8 hr ago)
12/13/16 02:09 EST (9.8 hr ago)
12/13/16 02:24 EST (9.6 hr ago)
12/13/16 03:09 EST (8.8 hr ago)
12/13/16 05:09 EST (6.8 hr ago)
12/13/16 06:09 EST (5.8 hr ago)
12/13/16 07:09 EST (4.8 hr ago)
12/13/16 08:09 EST (3.8 hr ago)
12/13/16 09:09 EST (2.8 hr ago)

Fin and right
whales detected
on the NYB buoy!

See

Tweet

¥ Follow @Robots4Whales
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Sonido submareal como sefial de orientacion para el asentamiento
de invertebrados y peces:
Sonidos antropogénicos encubren la senal?

1. Descripcion de sonido ambiente (especies).
3. Identificar que larvas utilizan el sonido?

4. Cual es el efecto del sonido antropofono?




Que estamos haciendo en Chile para apoyar la toma de
S decisiones?

g e

* Creacion de la Mesa de Ruido Submarino sectorial dentro del
Ministerio del Medio Ambiente liderado por el Depto. de Ruido,
Luminica y Olores

* Asesoria para “la Elaboracion del Guia Técnica para la Evaluacién de
Impacto por Ruido Subacuatico” Dra. Susannah Buchan, Dr. lvan
Hinojosa, Dra. Julie Patris, Dr. Marcelo Flores.









