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A focus on beaked whal es
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Figure 1. Md movement tracks of four animals (left to right) tagged on the AUTEC range (red) around
MFA sonar operations, with estimated locations before and after exposure marked in blue and locations
during exposure in black. Location estimates were calculated by fitting a continuous-time correlated
random walk model [14] to locations derived from tag transmissions to the Argos satellite system
(http://www.argos-system.org), smoothing across the estimated errors for the Argos locations.

FY1Rr ogr ess

Significant system i mprovements were compl ete
Machine (SVMJ) <cl assifier wWdabsu zazd dcelda s s iTfhiee rc | wah
provide a means of evaluatiusgrfomagiri@qceuwass
Al'S Ilink was reestablished.



AFTT 2104 Monitoring Report 5
M3R Progress at AUTEC

|l n FYM#&A iasrk f(RumrcdarilonRef er enc ¢t hsaotu rmsaep sn ott h & opurnadk
behavdiosrtaulr bance to an RMS exposure | evel was
was puplbph@®peci fically, this models the proba

detectable eclkal cecstsiaag iomigi mlad o@i function of

model esOtbmptebability of disturbance at ~150
current 140 dB step functi o@ 5anmd otbhaeb iHiisttyo raitc
[ 1.5] This suggests t hees tciumarteenst tshtee pn uf nubnecrt ioofn bc
whil e the hi steosrtiicnaftuendcTthheoenf numrddégboend ibsy dae sscd mp
parametric equation.

"O Bty o8tu T @AY
F(x) is the cumlative normal distribution function
Addi tionally, the risk function derivations u.

Cour se. (BrCLgi se ship tracks and sonar ping tir
acouchiicearwer e ftclimbnpnm ed ewmisttive AcousGQASS Syste
Gaussian KRWBBengkreompayatt @anesnoidmdat e beaked wh
| evfelllés] The model accounted for sourcad ctuy md eidnc
eceive | evel i's a function of dihcisp. nTohvee neexnetr c
ncluded multiple source types but was domina

—_——

o
—

0.8
|

0.6
1

Probability of Behavioral Disturbance
0.4

0.2

0.0
|

T T T T I I T
80 100 120 140 160 180 200

RMS Receive Level (dBrepPa)

Figure 2. A comparison of risk functions relating the probability of disturbance (cessation of foraging
using echolocation) to received level for beaked whales exposed to sonar signals. The current step
function used by the U.S. Navy is shown by a green line and the historical function by a blue-dashed line.
The empirical function developed in this paper is shown by a solid black line. A solid red line marks the
0.5 probability of disturbance.
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Figure 3. Distribution of Md dive starts (detected echolocations) with (left) and without (right) sonar
present. Relative density is represented by the size of the circle, calculated by dividing the number of dive
starts centered on the hydrophone by the total number of dive starts in the measurement period (~1 year).
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Figure. 4 Md group vocal period duration for all 2012 groups
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Figure 5. Inter-Click Interval (ICI) for all 2012 Md groups
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Figure 6. Md sonar receive levels for operations during 2012. The colors distinguish source type
including 53C, 56, and dipping helo sonars (ved, black, violet) respectively. The center hydrophone of
each Md foraging dive is plotted in cyan to indicate periods with coincident passive acoustic data.
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Figure 7. Mean click counts per hour over 24 hours derived from 14 months of data archived in 2011-
2012 from all range hydrophones ( | otciarhe )
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Figure 8. Distribution of mean click counts per hour across months.
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Figure 9. Md spring (upper left), summer (upper right), winter (lower left), and fall (upper right) seasonal
distribution depicted by the size of the circle (hydrophone centered dive starts divided by the total number
of dive starts).
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Figure 10. Movement track (blue line) of an adult-female Cuviers beaked whale over a 10-day tag
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Figure 11. Di ve summa&my 2f @r, Médmparing periodsBawids$h and
show medians, 95% probability intervals and the full distributions for proportions across 12-hour
histograms for exposed and non-exposed periods (Durban et al. unpublished data).
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Figure 12. Dive summary for Md 2012.1, comparing periods with and without sonar exposure. Boxes
show medians, 95% probability intervals and the full distributions for proportions across 12-hour
histograms for exposed and non-exposed periods (Durban et al. unpublished data).
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Figure 13. Movement tracks of a tagged Md adult male that used an area north of the AUTEC range
(shown in red) during a range maintenance period with no operation in 2012. Location estimates (shown
in black) were calculated by fitting a continuous-time correlated random walk model [14] to locations
derived from tag transmissions to the Argos satellite system (http://www.argos-system.org), smoothing
across the estimated errors for the Argos locations. (Durban et al. unpublished data).
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Figure 14. Dive summary for a “control” Md that used an area north of the range during hydrophone
maintenance in 2012 (no sonar).
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Figure 15. Movement tracks of Md tagged with LIMPET satellite transmitters in the Great Bahama
Canyon. Location estimates for each tagged whale is represented by a different color, location estimates
were calculated by fitting a continuous-time correlated random walk model [14] to locations derived from
tag transmissions to the Argos satellite system (http://www.argos-system.org), smoothing across the
estimated errors for the Argos locations. Based on unpublished data (Durban et al. unpublished data).
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Figure 16. Movements of Md within and outside the Great Bahama Canyon as documented through
photo-ID from 1991-2012. Italisized numbers refer to the number of individuals identified from high-
quality photographs in each area while numbers next to the arrows represent the number of individuals
that have been photographed in both areas. The blue line represents the 1000m isobath.
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