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1.  

1.1.  

 Balaenopteridae

 ( , 1993) km

 ( , 1993)

 ( , 2012)

 ( , 2012)

 ( , 2012)  (IWC ; 

International Whaling Commission) 1985

 

 ( , 2002; Watkins et al., 1987)

 ( , 2002)

 ( , 1993; , 2002)

 (Thompson, 1992; Mcdonald et al., 1995)

 (Watkins 

et al., 1987; Thompson, 1992) Sirovic et al. (2007)



 

 2 

 

(Mcdonald et al., 1995)

 (Mcdonald et al., 1995; Sirovic et 

al., 2009)  

 

( , 2003)

 (JAPAN AGENCY FOR MARINE EARTH 

SCIENCE AND TECHNOLOGY JAMSTEC )

 (  1)

(Harada, 

2008)

SCRIPPS Whale Acoustic Lab Iwase 

(2015)  

 (Sirovic et al., 2009)

 



 

 3 

 ( )

 (Sugioka et al., 2015)

 

 
 1 JAMSTEC

 

 

1.2.  
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2.  

2.1.  

 (  1,  2)  

2002

 Balaenoptera acutorostrata  

( )  

OBS (Ocean Bottom 

Seismograph OBS)1 OBS2 OBS3

2000-3500m

JAMSTEC

OBS2

OBS1 OBS3

 

 1  
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 2

OBS1 OBS2 OBS3  

 

JAMSTEC 1999 7 1999

8 2009

 

OBS  (JA-5 -A, Japan Aviation Electronics Industry 

Ltd., Tokyo, Japan  3) 0.05-200Hz  

(ITC-1010A, International Transducer CROP., CA, USA  4) -190dB re 

V/	Pa 4-4000Hz A/D 24bit

3.35e-9 V/LSB 100Hz

0.5-40Hz 1-40Hz  
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 3  ( : JA-5 -A, Japan Aviation Electronics Industry 

Ltd.,Tokyo, Japan) JAMSTEC HP (URL: http://www.jamstec.go.jp/scdc/top_j.html; 

2015 1 25 ) 

 

 

 4  ( : ITC-1010A, International Transducer 

CROP., CA, USA) JAMSTEC HP (URL: 

http://www.jamstec.go.jp/scdc/top_j.html; 2015 1 25 ) 
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2.2.  

50  (JARPN )

 ( )  (  5)

IWC

 (Kishiro et al., 2009)

2002  

(Kishiro et al., 2009)  ( )

 ( )  (Kishiro et al., 2009)

2009  



 

 8 

 

 5 50

30
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3.  

3.1.  

 (  6)

 

WIN WIN

 

 WIN ± WIN

HP (URL: 

http://eoc.eri.u-tokyo.ac.jp/index.html; 2016 1 27 ) 1 1

WIN 24h

"winadd" WIN Unix  

 WIN

HP (URL: http://www.bosai.go.jp; 2016 1 27 )

"win32tool" "win2sac32"

sac

 

 sac JAMSTEC MATLAB

"sac2waveJAMSTEC"

wave wave

 (  6)  

Mcdonald et al. (1995) Iwase (2015) Sugioka et al. (2015)



 

 10 

15-30Hz

9-10

2009 9-10

15-30Hz 15-39Hz

OBS2

 

 
 6

WIN sac WAV  

  



 

 11 

3.2.  

2 SCRIPPS 

Whale Acoustic Lab "TRITON"

Avisoft bioacoustic

"Avisoft-SASlab" "TRITON"

"Avisoft-SASlab" 24h

 (Thompson, 1992; Mcdonald et al., 1995)

Sugioka et al. (2015) "TRITON" FFT 100±

hamming window 0 "Avisoft-SASlab" FFT

512± hamming window 85.7

20.0ms -4dB  

 (  7)

2 1 30 1s

1

5Hz



 

 12 

10Hz

 (Watkins et al., 1987)

 (Mcdonald et al., 

1995)  

"TRITON" 1 1

"Avisoft-SASlab"

2009-2013

±

Megaptra novaeangliae  B. borealis  B. physalus

 B. musculus 

(Mcdonald et al., 1995) 5

Watkins et al. (1987) Mellinger et al. (2000) Stafford et al. (2001) Rankin and 

Barlow. (2007) Stimpert et al. (2010)  
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 7 “TRITON” A

b c d  
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3.3.  

JARPN

 

”TRITON” 1

1

131.6km 1 30

2  

3.4.  

 

” ”

 ( , 2002) ” ”

 ( , 2002) ” ”

 

“Avisoft-SASlab”
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4.  

4.1.  

2009  (n=8,819)

1.1 0.8s 25.6 9.2s 17.9 1.3Hz

 

 (Thompson, 1992)

 (Mcdonald et al., 1995)  

17.9 1.3Hz

200-400Hz

 (Mellinger et al., 2000) 329Hz  (Stimpert et al., 2010)

200Hz

40Hz

1

44-100Hz 2 21-39Hz  (Rankin and Barlow, 

2007)

17-25Hz (Watkins et al., 1987)

16-20Hz (Stafford et al., 2001)

 

1.1 0.8s 25.6 9.2 Watkins et al. (1987)

0.7-1s 7-26s Stafford et al. (2001)
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"A-sound" 18.2s "B-sound" 17.5s 25.5-30.6s

0.1s "A-sound"

17.1s "B-sound" 16.3s

A-sound B-sound 2

Watkins et al. (1987) "20Hz "

 

 2

 

 

 

4.2.  

2009 JARPN



 

 17 

 (  3) 2

20 10 2

8

9 26 4

10/1 11 1

10/1

2

10/16 12:24

2

2009 JARPN 9/5 10/17 42

19  
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 3 JARPN

 (2009)

2

10  

  
1  

 

2  

 
 (#= No.) 

9/18 10:19 2    

9/26 

10:00 

4  

 #2-1, 11:03-12:40 

10:33  #2-1, 11:03-12:40 

11:57  

#2-1, 11:03-12:40 

#2-2, 13:00-13:12 

#2-3, 13:49-13:55 

13:31  

#2-1, 11:03-12:40 

#2-2, 13:00-13:12 

#2-3, 13:49-13:55 

#4, 14:22-16:47 

14:59  

#2-2, 13:00-13:12 

#2-3, 13:49-13:55 

#2-4, 14:22-16:47 

9/27 

8:34 

1   

 

11:50 

12:27 

9/30 

11:19 

6  

 
#4-4, 9:00-10:40 

#4-5, 11:05-22:12 

12:10  
#4-4, 9:00-10:40 

#4-5, 11:05-22:12 

10/1 7:41 11   
#5-4, 6:00-6:38 

#5-5, 7:10-7:58 

10/12 

9:44 

2  

  

10:10   

10:15   

10/15 7:16 4    
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 3  

  
1  

 

2  

 
 (#= No.) 

10/16 

12:24 

2  

 #8-1, 9:08-10:30 

13:46   

14:48   

10/17 12:08 4   #9-2, 11:20-13:34 

 

4.3.  

Watkins et al. (1987) "20Hz "

 (Watkins et al., 1987; Thompson, 1992; Clark, 

2002) 3  (  4)  

3 1 "20Hz "

0.6 0.2s 18.5 13.9s 19.4

2.9Hz 5.3 0.5 1s 7-26s 20Hz

 (Watkins et al., 1987)

2

0.6 0.3s 19.3 2.4s 27.4 2.6s

16.5 0.6Hz 3.7 0.9

2 Watkins et al. (1987)

Thompson. (1992)

2.0 0.7s 38.5 44.0s
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18.2 0.6Hz 1.3 0.5Hz  (  4) 

1

"Single"  (  8) 2

Watkins et al. (1987) Thompson (1992) "Doublet"  (  9)

"Doublet" 2 "Primary" "Secondary"

"Undefined" (  10)  

"Undefined" "20Hz " "Single"

 (  8,  10)  

 

 4  (2009)

"Undefined" "Doublet"
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 8 "Single" "20Hz " 	 20Hz

	 "Single" 	
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 9 "Doublet" "Single" "20Hz " 	 	

	 "Single"
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 10 "Undefined" 	 "20Hz "
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4.4.  

 

"Avisoft-SASlab" 1-2 9-10

10 45  (  5)  

"Single" 1-2 9-10 2 26

"Doublet" "Single" 2

74 9 7 "Undefined"

2 0 9 48

"Doublet" "Undefined"  (  5  

11) 

t  (a=0.01) p p 0.187932

"Doublet" "Undefined"  (t-test, 

p>0.01)  

"Single"

17.7 13.3s 18.9 14.2s

"Doublet" "Primary"

21.8 9.3s 18.6 12.5s "Secondary" 27.5 13.1s 23.7 11.2s

"Undefined" "Doublet" 45.6

40.18s 37.7 44.4s  (  5)  

± t (a=0.01)
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"Single" p 0.007387  (17.7 13.3s)  (18.9

14.2s)  (t-test, p<0.01) "Doublet" "Primary" p

6.31537e-9  (21.8 9.3s)  (18.6 12.5s)  

(t-test, p<0.01) "Secondary" p 3.68094e-10  (27.5 13.1s)  (23.7

11.2s)  (t-test, p<0.01) "Undefined" p

0.071595  (45.6 40.18s)  (37.7 44.4s)

(t-test, p>0.01)  

 

 5  (2009) "Undefined"

10 "Single"

2  
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 11  (2009) "Single"

"Doublet" "Undefined"

9  

 

 6  (2009)

"Doublet" "Secondary" "Primary"  

  (1-2 )  (9-10 ) 

"Single" 17.7 13.3s 18.9 14.2s 

"Doublet" ("Primary") 21.8 9.3s 18.6 12.5s 

"Doublet" ("Secondary") 27.5 13.1s 23.7 11.2s 

"Undefined" 45.6 40.18s 37.7 44.4s 
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5.  

5.1.  

20Hz

±

± "20hz ± "  

(Watkins et al., 1987)  

2009 JARPN ±

2

JARPN

(Kishiro et al., 2009)

 

1

2 9 10 9 10

1 2

1-2

 

Sirovic et al. (2009)
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1 2 9

10 3 5

 

 

5.2. "Undefined"  

"20Hz ± " "Undefined"  (Watokins et al., 

1987; Thompson, 1992; Clark et al., 2002)

"Undefined" Watkins et al. (1987)

"20Hz ± "

 (  et al., 1994) "Undefinde"

"Undefined"

"Undefined"

 

 (Watkins et 

al., 1987; Stafford et al., 2001)

"20hz ± " ±

±  (  12- ) "Undefined"
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 (  12- ) Stafford et al., 

(2001) ±  (  12- )

Stafford et al. (2001)

"Undefined"

Watkins et al. (1987) Delarue et al. (2009) "20Hz

± " " "

" " "20Hz ± " "Undefined"

" "  (Stimpart et al., 2010)

" "

 (Stimpsrt et al., 2010) "Undefined" "

" 9 "Undefined"

 ( , 1993) Stimpart (2010) " "

"Undefined"

 

  



 

 30 

 

 

 12 ) "Single" ) "Undefined" )

±  (Stafford et al., (2001) )  a)

"A-sound" "B-sound"  b) b)

"Undefined" "Undefined" 2.0 1.7s  
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5.3. "Doublet"  

"Undefined" "Doublet"

"Doublet" "20hz ± "  (Watokins et al., 1987; 

Thompson, 1992; Clark et al., 2002) 2

 (Watkins et al., 1987) "20Hz ± "

" "

 (Watkins et al., 1987; Delarue et al., 2009)

"Doublet" "Primary" "Secondary"

"Primary" "Secondary"  

"Doublet" 2 1 16.5

0.6Hz "20Hz ± " 20Hz

±  (Watkins et al., 1987)

Watkins et al. (1987)

"20hz ± " "Doublet" 20Hz

Thompson, (1992) Clark et al. (2002)

±

Clark et al. (2002) "Doublet"

"Single" "Back beat"

(Stafford et al., 2001; , 2003)
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"Doublet"

 

2 "Doublet"

"Single" "Doublet" "Single" "Doublet"

 (Watkins et al., 1987; Srovic et al., 2009)

 (Watkins et al., 1987)

 (Srovic et al., 2009)

1

1-2 9-10 2

"Doublet" "20Hz

± " " "  (Watkins et al., 

1987; Delarue et al., 2009) " "
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6.  

2009

± 1999

 

"AVIsoft-SASlab"

±

3 8 11-12

 

"TRITON" ±

 (  13) ± ±

1-2 9-10

2010-2013
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 13 "TRITON" ±  (2009)

1-2 9-10 ±

2009
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7.  

 

JAMSTEC  

  

JAMSTEC  

SCLIPPS
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