
	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

 
	 	
	 	 	 	
	

	 	 	 	 	 	
	 	

	

  
	 	 	 	

 
	 	 	 	

	

 
	

	 	 	 	

	 	 	 	 	

	 	 	 	 	
	 	 	 	 	 	 		 	 	
	 	 	 	 	 	 	

	 	 	 	 	
	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	 	
	

 
     

	 	 	 	 	 	 	 	 	 	 	 	

	

	 	 	 	 	 	 	 	 	 	 	 	
	 	 	

	 	

	 	
	 	 	

	 	
	

	 	
	

	
	

	 	

	 	 	

	 	 	 	
	

	 	 	
	 	
	 	 	

	 	
	 	 	

	 	 	 	 	
	 	 	
	 	 	

	 	 	
	 	

	
	 	 	 	 	 	

	 	
	 	 	 	

	 	 	 	
	

	 	

	

	 	

(6
.3

, 
7

,3
) 

-
(7

.3
, 8

.3
) 

(8
.3

, 9
.3

) 
{9

.3
, 1

0
.3

] 
(1

0.
3,

 1
1.

3
J 

(1
1

.3
, 

1
2

.3
1 

(1
2

.3
, 

13
.3

1 
(1

3
.3

, 
14

.3
1 

(1
4.

3,
 1

5.
3

) 
(1

5.
3,

 1
6.

31
 

(1
6.

3,
 1

7
.3

) 
(1

7.
3,

 1
8

.3
) 

(1
8

.3
, 

1
9

.3
) 

(1
9

.3
, 

2
0

.3
) 

(2
0.

3,
 2

1.
3

) 
(2

1
.3

, 
22

.3
) 

(2
2.

3,
 2

3.
3

) 
(2

3.
3,

 2
4.

3
) 

(2
4

.3
, 

2
5

.3
) 

(2
5

,3
, 

26
,3

) 
(2

6
.3

, 
27

.3
) 

(2
7.

3,
 2

8.
3

) 
-


(2
8.

3,
 2

9.
3

1 
-

(2
9.

3
, 3

0.
3

) 
-

(3
0.

3,
 3

1.
31

 •
 

( 3
1

.3
, 

3
2

.3
) 

-
(3

2.
3,

 3
3.

3
) 

• 
(3

3.
3,

 3
4

.3
1 

-
(3

4.
3,

 3
5.

3
1 

-
(3

5.
3,

 3
6.

3
1 

.• 
(3

6.
3,

 3
7.

31
 .•

 
1a

1.a
, a

a.
aJ

 I
 

(a
s.a

, a
9.

al
 I

 
(3

9.
3,

 4
0.

3
) 

.• 
\4

0.
a,

 4
1.

a1
 I 

(4
1.

a,
 4

2.
a1

 I 
(4

2.
a,

 4
3.

aJ
 I

 
(4

3.
3,

 4
4

.3
1 

.• 
(4

4.
a, 

4s
.a

J 
I 

(4
s.

a,
 4

6.
a

J 
I 

(4
s.

a,
 4

7.
a

J 
.1

 
(4

7.
a,

 4
s.

a
1 

I 
(4

8.
3,

 4
9.

3
1 

• 
(4

9
.3

, 
5

0
.3

) 
J 

(s
o.

a, 
s1

.a
1 

I 
1s

1.
a, 

s2
.a

1 
I 

(5
2.

3,
 5

3.
3

) 
1s

a.a
, s

4.
aJ

 I
 

(5
4

.3
, 

ss
.a

1 I 
(5

5
.3

, 
56

.3
) 

1s
6.

a, 
s1

.a
1 

I 
(5

7
.3

, 
5

8
.3

) 
1s

a.
3,

 5
9

.3
1 

I 
(5

9.
3,

 6
0

.3
J 

I 
(6

-0
.3

, 
61

.3
1 

I 
(6

1
.3

, 
62

,3
1 

(6
2.

3,
 6

3.
3

J 
I 

(6
3.

3,
 6

4,
3

) 
(6

4.
3,

 6
5.

3
1 

(6
5

.3
, 

66
.3

1 
(6

6
.3

, 
67

.3
1 
I 

(6
7

.3
, 

68
,3

1 
(6

8
.3

, 
69

.3
1 

(6
9.

3,
 7

0
.3

) 
J 

11
0.

3,
 1

1.
31

 I
 

(7
1.

3,
 7

2.
3

) 
(7

2.
3,

 7
3.

3
) 
I 

(7
3.

3,
 7

4
.3

) 
(7

4
.3

, 
75

.3
1 

(7
5.

3,
 7

6.
3

) 
11

6.
3,

 n
.3

J 
I 

(7
7.

3,
 7

8.
3

1 
(7

8.
3,

 7
9.

3
) 

(7
9

.3
, 

80
.3

) 
ts

o
.3

, 
81

.3
J 

I 
(8

1
.3

, 
82

.3
) 

(8
2.

3,
 8

3.
3

) 
(8

3.
3,

 8
4

.3
1 

(8
4.

3
, 8

5,
3)

 
(8

5.
3,

 8
6

.3
) 

(8
6.

3,
 8

7
.3

) 
(8

7
.3

, 
88

.3
) 

(8
8.

3,
 8

9.
3

) 
(8

9.
3,

 9
0.

3
1 

(5
0.

3,
 9

1.
3

1 
(9

1.
3,

 9
2.

3
) 

(9
2

.3
, 

93
.3

) 
(9

3
.3

, 
94

.3
1 

(9
4.

3,
 9

5.
3

) 
(9

5.
3,

 9
6.

3
) 

(9
6.

3,
 9

7.
3

1 
I 

(9
7.

3,
 9

B
.3

J 
I 

--1
 

3 CD
 

C
J)

 

N
o

rm
 J

e
rk

 (m
/s

/s
) 

... ' (,
.)

 i O
l ... ' (,

.)
 i 0

0
 ... ' (,

.)
 

c,
n 

c,
n ... . (,
.)

 
c,

n 
c,

n 
N

 ... (,
.)

 
c,

n 'i ... 0 

... 0 8 
~
 8
0

 

m
 F

re
qu

en
cy

, k
H

z 

g:
 

D
ep

th
 (

m
) 

...
.. 

0 
' .....

 

Acoustic foraging behavior of beluga 
whales via combined technology: 
Satellite telemetry, passive acoustics, accelerometry, and stomach temperature sensing 
M. Castellote A. Mooney R. Andrews S. DeRuiter L. Quakenbush C. Goertz R. Hobbs E. Gaglione 
JISAO - U. Washington	 & Woods Hole Oceanographic U. Alaska Fairbanks & Calvin	 College AK Department of Fish	 & Game AK SeaLife Center MML - Alaska Fisheries Georgia Aquarium 
Marine Mannal Lab,	 Alaska Fisheries Institution Marine Ecology and	 Science Center,	 NMFS/NOAA 
Science Center,	 NMFS/NOAA Telemetry Research	 
manuel.castellote@noaa.gov 

NMFS research	 permit #20465 

Typical beluga prey capture sequence 

Bristol Bay (AK)	 belugas instrumented with satellite tag,	 Dtag,	 &	 stomach temperature pill. Feeding behavior is 
confirmed by drops in stomach temperature and the acoustic signature and foraging kinematics are documented

Prey capture is dominated by Y axis jerks suggesting rotation at capture rather than 
forward sprint Feeding episodes are related to tide 
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Time	of	day 7	 examples of	 acceleration jerks at	 prey capture (confirmed by prey crunch noise & stomach T drop) 

Inter-click 	intervals 	from 	successful 	terminal 	buzzes 	down 	to 	6 ms 
Main findings 
• Feeding	 episodes occur at	 flooding	
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Tinker,	 and Danny	 Togiak and their	 
respective first mates.	Neil Barten 
(ADF&G) and Tommy	 Tucker	 (Tucker	 • Preference	 for shallow	 waters (mud	
Aviation). Alex Bocconceli (WHOI). flats) or river channels US Fish and Wildlife Service 
provided their	 bunkhouse in 
Dillingham. This	 work was	 done Click	# • Terminal	 buzzes are	 related	 to	 prey during the Bristol	 Bay	 population 
health	 assessment program 

21 examples of ICI from	 terminal buzzes ending in prey capture (confirmed by prey capture	 like	 in	 other odontocetes Coordinated 	by 	the 	Alaska 
Department of Fish and Game and crunch	noise & stomach T drop) 
Alaska SeaLife Center.	Funding	was 
obtained from the NMFS	 Ocean 
Acoustics	 Program and U.S. Marine 

• Buzzes are	 longer and	 emitted	 more	
160 Median 18.8	 
140 Mode = 8.3 – 9.3	 ms Average 20.1	 often	 than	 other odontocetes 
120 

Stdv. 11.1	 100 
Min 6.3	 • Inter-click interval	 can	 be	 used	 to	 80 
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The recommendations and general content	 presented 
in this poster do not necessarily represent the views 
or position of the Department of Commerce,	 the 
National Oceanic and Atmospheric Administration,	 or 
the National Marine Fisheries Service. 

Max 97.5	60 
95p 39.7	40 identify feeding	 events 
5p 8.5	20 
N =	 1384 0 • Body rotation	 might	 facilitate	 prey

Time intervals (ms) capture	 in	 shallow	 water 
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