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Cuvier’s Beaked Whale: The Consummate Diver

* Cuvier’s hold the depth and duration records for breath hold diving
 Maximum recorded depths of 3,000 m and durations up to-~n~

* Stereotypic diving

* 90% of their lives are spent below the surface in a repeti
dives (20-30 min, 400+ m) separated by a “long, deep” fi
m)

* Very little time at the surface between these dives®

* Whales satellite tagged in Southern California from 2C
minutes between dives (n = 13,710)

REA/E
.. but very occasionally, they will go hours witho egfo,,sgﬂsks uswﬁ.,,
1Ck: . —
* This happened almost exclusively at night, but that’gs«Z oiysf,f’f |
R)'r ul

HING s .
* Were they sleeping? G~ L

« Were they feeding on surface swarming squid under a big full moon?
* Were they at the surface the whole time, or just diving really, really shallow?



Tags (or, how we know anything at all about beaked whales)

* High-resolution, longer-term tags with GPS location data provide insights into
uncommon behaviors, like those extended surfacings

Telemetry Devices for Cuvier’s Beaked Whales in Southern California

Suction-cup Archival

— - —

Dart-attached Satellite

[ —

e

Dart-attached Satellite-
Archival

Commercial name DTAG Wildlife Computers LIMPET Wildlife Computers SMRT
Primary Years 2010-2012 2010-2017 2018-present
Location Data None (Mostly) Low resolution (Argos) High resolution (GPS)

Diving Data High resolution Low Resolution High Resolution
Kinematic Data High resolution - High Resolution
Acoustics Stereo - Mono
Duration Hours Weeks to Months Days to Weeks

Fine scale diving and foraging Coarse scale diving and Fine scale diving, foraging, and
Application over short periods movements over long periods | movements over long periods




Summarizing high-resolution surfacing data

* Depth data from SMRT tags was classified into “dives” and the “surface intervals” using the
same definitions as LIMPET tags from the region

* Dives were any submergence to deeper than 50 m for longer than 30 sec

* The acoustic record from each tag was audited for the following:
* Respiratory bouts: the timing and total number of breaths within each surface interval

* Military sonar use: these whales change their behavior in response to sonar use so we excluded intervals
when sonar was detected

* GPS data were used to assess horizontal displacement rates between, and sometlmes

within, surface intervals when available
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Surface Intervals from five SMRT Tags in 2019

Mean Max

Total Tag date (Resps Mean Disp. Disp.

Duration Surface [ Duration A Duration Voer minute,\/ Depth Rate Rate

TaglID (hours) Intervals | (minutes) {(minutes) (meters) \(km/hr) (km/hr)
Zica-20190113-151361 9.2 18 1.9 1.4 2.8
Zica-20191012-144029 126.1 249 1.4 2.7 9.9
Zica-20191012-145101 121.4 287 2.0 2.2 9.1
"' Zica-20191111-94810 287.4%* 512 1.2 2.1 10.0
== Zica-20191117-195993 5.8 11 0.6 3.2 5.0

* Only 134.4 hours of acoustic data due to duty cycling

* The vast majority of trips to the surface were efficient gas exchange missions

* Take 10-15 breaths, and get back to diving
* Remain within 2 m of the surface from first to last breath

* However, all whales but one conducted at least one unusually long surface
bout during the deployment



The top 5% of
durations
consisted of 34
surface intervals
lasting 18 - 139
minutes

e All but two
occurred at night

* Respirations
were usually
clustered into
discrete bouts

* There was
considerable
variation in all
metrics
considered

Likely more than one
underlying behavior
state is occurring

f Resp Bout Dur Resps per Bout Resp Bout Interval RPM Bout
Mean | Mean
TaglD Start Time Dur Resps | RPM out: Mean Min Max | Mean Min Max | Mean Min Max | Mean Min Max J Depth | Disp
Zica-20190113-151361  1/14/20194:03:03 [21.6\ 30 1.4 [ 2 : 7 5 5 ! ! : . : . 43 238
10/13/201910:52:08[ 22.4 \ 39 1.7 3 39 06 103 13 6 26 | 54 54 54 | 99 =99 100 109 28
10/14/201911:46:49 204 | 33 16 | 9 f0O5 00 13 | 4 1 9 20 08 43 |152 71 600 39 27
10/15/2019 8:44:04 101.4 {108 1.1 9 24 1.0 104 | 12 8 28 | 99 71 128 | 68 27 82 97 3.7
Zica-20191012-1440295/15/501910:38:24 76.6 |80 1.0 3 06 09 519 | 27 7 58 | 74 70 78 | 46 |17 75 25 56
(Subadult of unknown
cex. no prior sighting  10/16/20194:59:2p 18.1 26 1.4f 5 [O61 1040 116 | 5 2 12 | 37 20 59 | 96 77 133 |18 @ 99
history, 5.9 days)  10/16/20197:01:30 19.4 |35 18] 6 |l08 04 14| 6 4 9 29 16 40 | 73 56 96 52 34
10/17/20191:36:2 22.8 138 17| 3 8 08 64 | 13 7 21 | 71 62 79 | 80 78 83 164 4.0
10/17/20198:29:44 29.2 W8 16| 7 8 03 13 7 3 1 | 40 18 70 | 90 75 100 3.9 5.8
10/17/201911:05:p4 21.0 |1 24| 7 2 02 43 7 2 19 |22 07 35| 87 76 120 3.6 40
10/14/20194:2563 30.2 BO 1.0 3 1.0 09 | 12 | 10 9 11 | 136 127 144 | 100 95 105 190 24
10/14/20197:2657 28.8 6 1.6 2 5 19 90 | 23 18 28 | 179 179 179 | 94 94 94 121 19
10/14/2019 11:10§5 27.9 9 14 2 7 87 108| 20 | 19 20 | 85 85 85 [ 1.8 18 | 18 1038
10/14/201912:2687 25.3 9 1.5 3 7 11 28| 13 11 16 | 101 90 111 | 96 93 98 99 1.2
10/15/20191:44013139.1 #16 | 08 11 | 12 02 67 | 11 3 17 | 115 68 17.1 | 85 | 25 135 49 46
10/15/20196:58015 18.0  B7 2.1 2 | 45 09 80 | 19 9 28 | 91 91 91 | 97 97 97 119 18
Zica-20191012-145101 10/15/20198:26j07 86.4 88 1.0 6 | 47 10 163 | 15 10 30 |12.8 107 162 | 80 | 18 101 83 4.0
(Adult Female with 2- 45/15/501910:11f57 30.8  §6 = 1.5 3 |41 15 30| 15 13 17 | 122 120 125| 90 90 90 74 27
atZ:j;a"r:gecas'f;Zar /2500102 549 69 13 s | 47 12 32 | 14 11 20 |116 82 158 | 93 90 95 81 34
sighting history, 64 10/15/201918:59k41 31.8 B9 = 1.2 3 4 12 [ 45| 13 11 15 | 138 116 160 | 94 90 9.8 190 1.6
days) 10/15/2019 21:3457 21.2 7 1.7 2 1 14 87 | 19 11 26 | 111 111 111 | 3.0 3.0 3.0 87
10/35/2220 2.5081 20.3 9 1.9 6 7 01 15 7 2 13 | 32 12 67 |106 86 150 | 22 7.1
10/16/20193:13%7 20.7 2 1 2 2 13 72 | 11 10 = 12 | 123 123 123 [ 47 17 17 55 36
10/16/20198:13:p3 24.8 6 1. 2 5 11 79| 18 11 25 | 158 158 158 | 9.8 | 98 98 165 4.1
10/17/20192:21:5 322 B3 16| 3 2 15 96 | 18 12 28 | 98 79 117 | 83 82 83 50 35
10/17/20198:35:9 20.4 B6 18| 2 9 54 65| 18 16 20 | 85 85 85 [ 25 25 25 80 |00
10/17/201910:45:35 101.3 122 1.2 5 31 24 296 | 24 12 54 | 90 63 121 |29 11 51 36 84
11/13/201911:27:40 202 |24 1.2 2 |Jas 17 72| 12 11 13 | 112 112 112 | 65 65 65 17.0
11/14/20196:17:0p 19.1 J29 1.5 2 28 15 41 | 15 12 17 | 136 136 136 | 81 81 81 211 0.7
Z(fgjfﬁaﬁli}g‘f;? 11/14/20199:11:2F 32.7 [31 0.9 3 20 11 36 | 10 9 11 | 134 107 160 | 81 80 82 | 214
Sightmghis;oryf% 11/14/201912:34:44 31.4 [36 1.1 3 25 15 44 | 12 10 15 | 120 112 127 | 67 66 67 177 0.7
days) 11/15/20191:14:34 230 [ 32 14 | 3 21 09 38 | 11 8 14 | 84 81 88 | 76 65 87 96 1.8
11/15/201910:17:041 29.8 | 29 = 1.0 | 3 20 13 35 | 10 9 0 | 11.8 106 13.1| 72 67 7.8 192
11/16/2019 7:30:28 \19.1/ 28 15 \ 2 27 18 37 | 14 14 14 | 137 137 137 | 80 80 80 168 20
Mean of upper 5% of Duration %9 47 14 \a/| 38 15 77 | 13 9 20 | 97 86 110 76 64 99 | 102 35
Mean of lower 95% of Duration 24 14 77 T | 24 24 24| 14 14 14 | 449 447 450 77 77 77 |13 23




Individual variation
in long surface

intervals
 This whale tended
to conduct

frequent, brief
respiratory bouts

* Its respiratory rate
during these
bouts was often
elevated

e Typically
remained within
10 m of the
surface

e Displaced at
higher than
average rates

THE TRAVELER
(LA VIAJERA)

=y, Resp Bout Dur Resps per Bout _Besp Bout Interval o= RPM Bout £\ ya\

ea ea

TaglD Start Time Dur Resps | RPM A Mean Min Max | Mean Min Max [#Mean Min Max |[fMean Min Max ept\ ﬁDisp
Zica-20190113-151361  1/14/20194:03:03 216 30 1.4 J 2 61 \37 85 | 15 14 16 J 94 \94 94 J 38 V138 38 Ja3\]2s
10/13/201910:52:08 22.4 39 1.7 3 39 .6 10.3 13 6 26 5.4 54 54 9.9 9.9 10.0 §J 109 2.8

10/14/2019 11:46:48 20.4 33 1.6 9 0.5 .0 1.3 4 1 9 2.0 0.8 4.3 15.2 7.1 160.0 3.9 2.7
Zica-20191012-144029 10/15/2019 8:44:00 101.4 108 1.1 9 2.4 .0 10.4 12 8 28 9.9 7.1 12.8 6.8 2.7 8.2 9.7 3.7
unf::;:“s';:fno 10/15/201910:38:24 766 80 1.00 3 [206 o 519 | 272 7 | 58§ 74 |70 78| 46 Jrz 75 | 25§ 56
prior sighting hi'story, 10/16/2019 4:59:22 18.1 26 1.4 5 0.6 A 1.6 5 2 12 3.7 2.0 5.9 9.6 7.7 13.3 1.8 9.9
5.9 days) 10/16/20197:01:30 19.4 35 1.8 6 0.8 4 14 6 4 9 2.9 1.6 4.0 7.3 5.6 9.6 5.2 34
10/17/20191:36:02 22.8 38 1.7 3 2.8 0.8 6.4 13 7 21 7.1 6.2 7.9 8.0 7.8 8.3 16.4 4.0

10/17/2019 8:29:24 29.2 48 1.6 7 0.8 0.3 1.3 7 3 11 4.0 1.8 7.0 9.0 7.5 10.0 3.9 5.8

10/17/201911:05:54 21.0 51 2.4 1. 0.2 4.3 7 2 19 2.1 0.7 3.5 7 7.6 12.0 3.6 4.0

Depth (m)

(101 MIN)

(76 MIN)

119°W

Zc-20191012-145101
lleW

117°W

Day
@ 1
O it s ot 5
- " —~7"—— ¥~ — ¥« —/— o/ ~™/— v 1/ o
7:30 AM 8:00 AM 8:30 AM 9:00 AM 9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 3N 5 Z
10/15/2019 {
0 25 50 100 Kilometers
———————
Mean of upper 5% of Duration 36.5 47 1.4 4 3.8 1.5 7.7 13 9 20 9.7 8.6 11.0 | 7.6 6.4 9.9 10.2 3.5
Mean of lower 95% of Duration 2.4 14 7.7 1 2.4 2.4 2.4 14 14 14 449 447 450 | 7.7 7.7 7.7 1.3 2.3




Individual
variation in long
surface intervals

* Fewer long intervals
and fewer
respiratory bouts per
interval

* These bouts were
similar to typical
surface intervals

* Deeper depths
between respiratory
bouts and slower
displacement than
other long intervals

THE SLACKER?

Why dive to 200 m when you
can just dive to 20?

OR, PERHAPS,

THE SOCIAL
BUTTERFLY?

All these intervals coincide
with a period of changing
social dffiliations

Resp Bout Dur

Resps per Bout

Resp Bout Interval

RPM Bout

TagID
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Bouts | Mean Min Max
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U \/ \/ (~ 32 MIN)

Mean

Min Max

Mean

Mean
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Min Max Mean Min Max

119°W
|

Mean

Disp

catalina canyon

Osborn
Bank

Catali

Legend
1200 ay
@ 1
@ °
1400 Tanner ® s
Bank @ 4
1600 g :
6:30 AM 7:00 AM 7:30 AM 8:00 AM 8:30 AM 9:00 AM 9:30 AM 10:00 AM 10:30 AM 11:00 AM ®
11/14/2019 @ &
N O 9
/ @ 10
jL Cortes ® 1
Bank ® 2
0 5 10 20 Nautical Miles ® 3
R =Tt | [Jsoar
2N I\ N\ P — N P
11/13/201911:27:20 20.2 24 1.2 2 4.5 1.7 7.2 \ 12 11 13 11.2 11.2 11.2 6.5 6.5 6.5 7.
11/14/20196:17:02 19.1 29 1.5 2 2.8 1.5 4.1 15 12 17 13.6 136 13.6 8.1 8.1 8.1 21.1
Z/':Z'Tomllij“glo 11/14/20199:11:26 327 31 (09 | 3 B 20 11 36 f 10 | 9 11 | 134 107 16.0[ 81 |80 82 f214
(Sig:titngfﬁj;ory'y:asr 11/14/201912:3440 314 36 11 | 3 W25 J15 44 | 12 J10 15 | 120 112 127} 67 |66 6.7 | 177
days) 11/15/20191:14:36 230 32 14 | 3 B 21 Joo 38 | 11 8 14 | 84 81 88\ 76 Jes5 87 | 96
11/15/201910:17:04 29.8 29 1.0 3 2.0 13 3.5 10 9 10 11.8 10.6 13.1 7.2 6.7 7.8 19.2
11/16/20197:30:28 19.1 28 1.5 2 2.7 1.8 3.7 | 14 14 14 13.7 13.7 13.7 8.0 8.0 8.0 6.
A 4
Mean of upper 5% of Duration 36.5 47 20 9.7 8.6 11.0 64 99 10.2
Mean of lower 95% of Duration 2.4 14 14 449 44,7 45.0¢ 7.7 7.7 7.7 1.3 2.3




Individual
variation in long
surface intervals

* Frequent long
intervals, up to
seven in 24 hrs,
including two
during daylight
hours

* Respiratory
behavior was highly
variable among
intervals

THE
SUPERFICIAL
TYPE?

But of course, this behavior
may be more common in
mothers with calves

Resp Bout Dur Resps per Bout Resp Bout Interval RPM Bout
0 Mean Mean
Max Mean Min Max Mean Min Max Mean Min Max | Depth Disp
0
. Zc-20191012-145101 I — ]
14/2019 4:25:53 3U. . 840w 12.7 144 | 10.0 9.5 105 )
10/14/2019 7:26:57 28.8 46 1.6 2 ' 179 179 9.4 9.4 9.4 %
| Surface Rest? 0/14/201911:10:45 27.9 39 1.4 2 8.5 8.5 1.8 1.8 1.8
10/14/201912:26:37 25.3 39 1.5 3 9.0 11.1 9.6 9.3 9.8 1.2
| Surface Travel? | 10/15/20191:44:130430.0 116 OB 11 68 171 | 85 _ 25 135 4.6
10/15/2019 6:58:15 18.0 37 2.1 2 9.1 9.1 9.7 9.7 9.7 1.8
Zica-20191012-145108 10/15/20198:26:07 86.4 88 1.0 6 10.7 16.2 | 8.0 1.8 10.1 4.0
(Adult Female with 24 5/15501910:11:57 30.8 46 1.5 3 120 125| 90 9.0 90 2.7
atz’:j;:r:fefas'f;:ar 10/15/201912:0355 549 69 13 5 82 158 | 93 9.0 095 3.4
sighting history, 6.9 [10/15/201918:59:41 31.8 39 1.2 3 116 160 | 94 9.0 9.8 1.6
days) 10/15/201921:34:57 21.2 37 1.7 2 111 111 3.0 3.0 3.0 7
| Surface Travel? J| 10/16/2019 1:56:31 20.3 39 1.9 6 32030 Day > o 1.2 6.7 106 86 15.0 2 7.1
10/16/20193:13:47 20.7 22 1.1 2 ! Exglrgion 2@ H 123 123 |47 17 17 5 36
10/16/20198:13:33 24.8 36 1.4 2 g 158 158 | 9.8 | 98 98 165 4.1
10/17/20192:21:45 32.2 53 16 3 e @5 7.9 117
| Surface Rest? 0/17/20198:35:09 20.4 36 1.8 2 b 5 @Q%@% 85 85
100g/201910:45:35 1013 | 122 12 S A Jerd
£
(~ 20 MIN)
Mean of upper 5% of Duration 36.5 47 1.4 4 3.8 1.5 7.7 13 . .
Mean of lower 95% of Duration 2.4 14 7.7 1 2.4 2.4 2.4 14 02010 Time (GNT) '




The longest intervals
were associated with
shallow depths and
elevated displacement
rates

e Respiratory bouts were
often highly variable,
even within an interval,
but included some of the
lowest overall respiratory
rates

* These rates occurred
during long respiratory
bouts where whales
remained above 10 m
depth, breathing every
20-40 sec.

Efficient, near-surface
traveling

Resp Bout Dur

Resps per Bout

Resp Bout Interval

RPM Bout

TaglD

2:00 AM

Dur

Resps

RPM

Bouts

Mean Min Max

Mean Min

Max

Mean Min Max

Mean

Min

Max

Mean
Depth

Mean
Disp

10/16/2019

(~ 12 MIN)
S e B 5 e E e S N N R

2:06 AM

Time (GMT)

Zica-20191013-145101f 54.9 69 1.3 5 1.7 1.2 14 11 11.6 [ 8.2 158y 9.3 9.0 9.5 8.1 3.4
Zica-201910123-141029 76.6 80 1.0 3 20.6 0.9 51.9 27 7 58 7.4 7.0 7.8 4.6 1.7 7.5 2.5 5.6
Zica-20191012-14p5101§ 86.4 88 1.0 6 3.7 1.0 16.3 15 10 30 12.8 § 10.7 16.2 8.0 1.8 10.1 8.3 4.0
Zica-20191012-145101 § 101.3 § 122 1.2 5 13.1 24 29.6 24 12 54 9.0 6.3 12.1 2.9 1.1 5.1 3.6 8.4
Zica-20191012-141029§ 101.4 § 108 1.1 9 2.4 1.0 10.4 12 8 28 9.9 7.1 12.8 6.8 2.7 8.2 9.7 3.7
Zica-2019101X195101 139.1 § 116 0.8 11 2.2 LO.Z 6.7 11 L 3 17 11.5 | 6.8 17.1 4 8.5 2.5 13.5 4.9 4.6

Mean of upper 5% 36.5 47 1.4 4 3.8 1.5 7.7 13 9 20 9.7 8.6 11.0 7.6 6.4 9.9 10.2 3.5

Mean of lower 95% 24 14 7.7 1 2.4 2.4 2.4 14 14 14 449 4477 450 7.7 7.7 7.7 1.3 2.3




In conclusion

e Occasional prolonged surface intervals occur almost exclusively at night,

and appear to support a variety of underlying behavior states
* There was no evidence of foraging (or killer whales) at or near the surface

* The longest surface intervals appear to be associated with near-surface
traveling

 Whales may use these intervals to efficiently relocate without investing time and energy in vertical
displacement at times when risk from visual predators is lower

* Nine more SMRT tags have been deployed in 2021-2022

* Larger sample size will support quantitative analyses of surface behaviors

* These fine-scale movement, diving, and respiratory records will used to better understand
physiology in this difficult to study species

NMFS Permit 16111



Related Presentations

“Insights into Foraging Behavior from Multi-day Sound Recording Tag Deployments on Cuvier’s Beaked Whales (Ziphius
cavirostris) in the Southern California Bight”
Conference Speed Talk —
Behavior | (F3), Wednesday, 13:30 — 15:30

“Re-sighting Histories of Dart- Attached Tags in Cuvier’s Beaked Whales (Ziphius cavirostris) and Fin Whales (Balaenoptera
physalus) in the Eastern Pacific Ocean”
Conference Speed Talk —
Ecology - Abundance, Distribution, Occurrence- oh my! (B1), Monday, 13:30 — 15:30

“Context Matters: Multi-day to Multi-week Sound and Movement Tag Recordings Reveal Individual Variation in Responses
of Cuvier’s Beaked Whales to Navy Sonar”
Conference Presentation — Room 2ABC
Behavior — Human Impacts Il (D3), Tuesday, 17:00 — 17:15

“Cuvier’s Beaked Whale Behavioral Responses Persist After Conclusion of Some Navy Sonar Exposures”
Conference Poster — Exhibit Hall
Behavior Group A, Tuesday, 10:30 - 12:00

“Probability of detection of beaked whale clicks on a distributed bottom-mounted hydrophone array based on data
from acoustic recording animal-borne tags”
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