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Sonar Safety project 35

International research project with the aim to investigate behavioral reactions

of cetaceans to naval sonar signals, in order to establish safety limits for
sonar operations.

Partners: FFl (NO), TNO (NL), SMRU (UK), WHOI (USA)
Sponsors: RNoN/MOD, RNLN/MOD, US-ONR, DGA Fr-MOD

30 scientists from 10 different countries.
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3S Data collection

6 BRS cruise (2006, 2008, 2009, 2011, 2012, 2013)
7 baseline cruises (2007, 2010, 2013, 2014, 2015)

Species # TAGs # Sonar # Control Trials/year
deployed exp. exp.
Killer whales 22 8 3 3S-05, 3S-06, 35-08, 3S-09, ICE-09
Pilot whales 34 14 28 3S-08, 3S-09, 35-10, 35-13
Sperm whales 10 10 9 3S-08, 3S-09, 35-10
Herring 0 38 25 3S-06, 35-08

SUM 111 92 99
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Basic 3S experimental design
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Dose escalation design
Threshold of response
Type of response (severity)

Slightly different approaches for different species.
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Data streams

Humpback whale mn12_170 -- 1st tag-on: 18-Jun-2012 03:31:42 UTC
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Expert severity scoring
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Figure 5. Scored severiry vs doeslold of all responses in the three species of this smudy asd the three species of Miller er al.
(2012 humpback whale (<F), minke whale (A}, bortlencse whale (O, pilor wisale (8 killer whale (%), and sperm whale

Sivle et al. (in press). Severity of expert-identified behavioural responses of humpback whale, minke whale and northern bottlenose whale to naval sonar. Aquatic Mammals
*Miller, P.J.O., Kvadsheim, P.H., Lam, F.P.A.., Wensveen, P.J., Antunes, R., Alves, A.C., Visser, F., Kleivane, L., Tyack, P.L., Sivle, L.D. (2012). The severity of behavioral changes observed
during experimental exposures of killer (Orcinus orca), long-finned pilot (Globicephala melas), and sperm whales (Physeter macrocephalus) to naval sonar. Aquatic Mammals 38: 362-401.
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Can effects of real exercises be predicted by BRS?
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Why deep divers have higher risk of DCS
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Unique features of 3S 39

* International effort (scientist and sponsors)
 BRS off sonar ranges
* Relatively realistic source and exposure regime

e Control experiments
— No-sonar-control
— Predator and noise playbacks

« BRS on prey (herring)

 We have added social behavior as an important response variable

 We have used different sonars — frequency specificity of responses
» Successfully tested the efficacy of a mitigation measure — ramp up

* Published dose response functions for 4 species

 We have developed a new technique to deploy DTAGS more
effectively on «evasive species».
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Data gaps - 3S3?

« 3S project has contributed to major improvement of our understanding
of environmental effects of sonar.

* We have identified four important data gaps, which will also greatly increase
the value of the existing data.

Research gap 1: Confirmation of sensitivity in apparently sensitive species (n=1)
Research gap 2: Is received level or proximity the main response driver?
Research gap 3: What is the effect of exposure duration?

Research gap 4: What is the effects of future CAS versus pulsed sonars?

Pulsed Sonar CAS

SPL

SEL SEL

FF' Forsvarets
forskningsinstitutt



Project partners:
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How to extrapolate from CEE to real ASW?
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Expert severity scoring

e Expert scoring methodology
— Based on phase | medical trials

— Experts are scoring putative
responses (not just any changes
in behavior).

— Not blind to the experimental
condition

— Severity score

material from technical report
scoring group 1 1 SCOTINE group 2

1 adjudicator 1
independent events independent events
and severity scores l and severity scores

consensus behavicural

\“\.‘ change events + severity ‘/

scores [+ time and RL)

0= No Response

1-3 Minor/Brief
Responses NOT
likely to affect vital
rates

4-6 Potential to
affect vital rates
(foraging, survival,
reproduction)

Severity scale

Response

seone!

Cormesponding behaviors
(Free-ranging subjects)

laa

7-9 Likely to affect
vital rates

Mo obwervable response
Briel orentation response (imvestigation'visual onentation)

Moderate or multrple onenlition behaviors

- Brief or minos cessation/modification of vocal behavior

- Brief or minor chamge in nespiration rtes

- Prolonged onentation behaviorn

- Individual alert behavior

- Minor changes in locomadion speed, direction, andfor dive

profile but no avoidamee: of sound sounce

- Muoderaie change in respiration rate

Minor cessation or modification of vocal behavior {duration
o duration of source operation ), including the Lombard ElTect

- Muxlersie changes in locomotion speed. direction. andfor dive

profile bl no aveldance of sownd source

- Briel, minor shifl i groap disiribution

Moderaile cossatbon or modification of vocal behavior {duration
= duration of source operation)

- Exiensive or probonged changes in locomotion speed., direction,

andfor dive profile but no svoidance of sound source
Moderate shifi in growp distribution

= ['h.'mgq in nier-animal distance andfor gnmp-:i.n.' Fag#n.-gulinn

OF sepantio |

- Prolonged cessation or modification of vocal behavios

{eluration = duralin of soince operation)

- Minor or moderate individual andfor groap avoddance of soand

SOUCE
Brief or minor separation of females and dependeni offspring

- Agpressive behavior relaied to moise cxposune (c.g., tailfflipper

slapping. fluke display, jaw clapping/gnashing teeth, abrupt
directed movemcnt, bubble clowds)

= Extended cessation or modification of vocal behavior

Visibhle slanle response

= Briel cessation of n.'pntllu.'riw hehavior

Exlensive or prolonged aggressive behavior

- Moderaie separation of females and dependent offspring
- Clear anti-predator response

- Severe andfor sustained avoidance of sound source

- Modersic cessation of reproductive behavion

- Dhwious aversion andfor progressive sensitization

Prl'-lnnj__l.,-d or \L¥:I1I|-I\'.:I.I1| -.cpnmli-ln of females and dependent
elffspring with dismuption of acoustic reunion mechanisms

- I_I Iﬂg-l £ ;|'.-|Iil,|.'l|1|,'|," ol area (> source et )

Prolonged cessation of reproductive behavior

= Umtright panec, (light, stampede, sitack of conspecilics, of

siramding cvents
Avoldance behavior felated o predalor detection

Southall et al 2007. Aquatic Mammals




Example data plot — minke whale Ball 180a
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Bottlenose whale experiment: hal3 176a
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Bottlenose whale experiment. hal3 176a
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Fewer whales were detected after exposure

Acoustic detection density 74 hours before expasure

Acoustic detection density 6 hours after exposure
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3S Experimental components

FFI
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-LFAS 1-2 kHz @ 214 dB
-MFAS 6-7 kHz @ 199 db
_-1s hyperbolic up-sweeps

-20s pulsintervall, 5% duty cyclev




Why — species?

o 3S-I (killer whales, pilot whales, sperm whales)
* No (or very little) data available on behavioral responses to sonatr.

» Killer whales because of conflicts between whale watching and sonar (Haro
straits - and Flotex incidents).

* Pilot whales and sperm whales because they were available and “easy” to
work with.

« Everybody else were working on beaked whales

 3S-Il (Minke whales, Humpback whales, Northern Bottlenose whales)

 Minke whales and Humpback whales because we needed data on baleen
whales.

 Minke whales have been associated with mass stranding in relation to
sonar exercises.

 Humpback whale was a good experimental model for our ramp-up studies.

* Northern Bottlenose whales is a beaked whale, thus thought to be very
sensitive.

FF' Forsvarets
forskningsinstitutt



Why study behavioral responses to sonar?

» Relatively good understanding of direct effects of sonar (injury)

* Behavioral effects are a much bigger data gap

 Most nations are basing their management of the problem on criteria for
injury (mitigate risk of injury).

e Stranding events imply a behavioral component to the cause effect
relationship mechanism (indirect injury).

» Behavioral effects might also affect the population without causing direct
injury (PCAD).

e National and international legislations require that humans avoid
behavioral influences.

3S key questions

 How does cetaceans respond to sonar and at what levels do they
respond?
» Are there major differences between species? (identity sensitive species)
» Isthere any frequency specificity in the response? (related to hearing)
 How does responses to sonar compare to natural anti predator responses?
 Does Ramp Up reduce risk of hearing impairment?
» Do the animals habituate or become sensitized?

. . . . g It all started in Greece
« What is the biological significance of such responses? May 1996 - NATO

 How can experimental data be used in managing the real sonar issue? testing of LFAS system

FF| forsvarets
fo gsinstitutt



Some conclusions

« Cetaceans respond to sonar in a way which raises concerns of population
level effects.

» Avoidance of sonar is the most commonly observed response, but
cessation of feeding and change in vocal-, dive- and social behavior are
also observed.

« Big differences in sensitivity (responsiveness) between different
species.

— Among the 3S species, bottlenose whales respond at lowest levels and with
MOost severe responses.

— Minke whales, sperm whales and killer whales seem to have an
intermediate sensitivity.

— Humpback whales and pilot whales seem to be the least sensitive

 Responses might occur at very low levels (even levels expected to be
barely audible to the animals).

* Risk of more severe responses increases at levels above 140 dB.

« Deep divers are more at risk of developing decompression sickness
and thus more vulnerable to disturbance.

« Effects of real exercises might be predicted from BRS results.

FF' Forsvarets
forskningsinstitutt
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List of key papers from 3S

*Curé et al. (submitted). Biological significance of sperm whale responses to sonar: comparison with anti-predator responses. Endangered Species Research

*Visser et al. (submitted). Disturbance-specific social responses in long-finned pilot whales. Royal Society Proceeding B

*Wensveen et al. (in review). The effectiveness of ramp-up of naval sonar to reduce sound levels received by marine mammals: experimental tests with humpback whales. Royal Society Proceeding B
Lam, FP & Kvadsheim, PH (2015). Effects of Sound in the Ocean on Marine Mammals - ESOMM-2014 Conference. Aquatic Mammals (in press).

*Sivle, L, PH Kvadsheim, C Curé, S Isojunno, PJ Wensveen, FPA Lam, F Visser, L Kleivane, PL Tyack, C Harris, PJO Miller (in press). Severity of expert-identified behavioural responses of humpback whale, minke whale and northern bottlenose whale to
naval sonar. Aquatic Mammals

Wensveen P.J., Thomas, L. Miller, PJO. (in press). A path reconstruction method integrating dead reckoning and position fixes applied to humpback whales. Movement ecology

*Harris, C.M., D. Sadykova, S.L. DeRuiter, P.L. Tyack, P.J.O. Miller, P.H. Kvadsheim, F.P.A. Lam, and L. Thomas. (in press). Dose response severity functions for acoustic disturbance in cetaceans using recurrent event survival analysis. Ecosphere
*|sojunno, S, C. Curé, P. H. Kvadsheim, F. P. A. Lam, P. L. Tyack, P. J. Wensveen, P. J. O. Miller (in press). Sperm whales reduce foraging effort during exposure to 1-2 kHz sonar and killer whale sounds. Ecological Applications

Samarra, F and Miller PJO (2015). Prey-induced behavioural plasticity of herring-eating killer whales. Marine Biology 162, 809-821. doi:10.1007/s00227-015-2626-8
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