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│⁸ⱥ◕◒☺ꜝ (Mysticeti)≤Ɫ◒☺ꜝ (Odontoceti)⌐ ↕╣⁸ⱥ◕◒☺ꜝ

⌐│⁸☿Ⱶ◒☺ꜝ (balaenidae)⁸◖☿Ⱶ◒☺ꜝ (Neobalaenidae)⁸♫●☻◒☺ꜝ

(Baraenopteridae)⁸◖◒◒☺ꜝ (Eschrichtiidae)─ 4 ⅜ ╕╣╢ , 2006 ⁹ 

♬♃ꜞ◒☺ꜝ│⁸↓─℮∟♫●☻◒☺ꜝ ⌐ ∆╢ 13 14m ⌐ ∆╢ ─ⱥ

◕◒☺ꜝ ≢№╢ (Kato, 2002 ⁹ │ ⌂ ⅜▬꞉◦◒☺ꜝ≤ ≡™╢↓≤╙№

╡⁸ ≤⇔≡ ↕╣√─│ ⇔ↄ⁸Anderson (1879)⌐╟∫≡⁸1871 ⌐ ⱦ

ꜟⱴ⌐ ⇔√ ⌐ ≠⅝⁸ Balaenoptela edeni≤ ↑╠╣√─⅜ ≢№∫√⁹

⁸ ▪ⱨꜞ◌─♄כⱣfi≢ ↕╣√▬꞉◦◒☺ꜝ─ ⅛╠╙ ⅜ ↕╣⁸Olsen 

(1913)⌐╟∫≡⁸ B. brydei≤ ↑╠╣√⁹∕─ ⁸Junge(1950)─ ─

⌐╟∫≡ │ ≢№╢≤─ ⅜⌂↕╣⁸↕╠⌐ Omura (1959)⁸Best(1960)╠─

─ ⌐╟╡⁸↓╣╠│⁸▬꞉◦◒☺ꜝ≤ ⌂╢ ₈♬♃ꜞ◒☺ꜝ₉≤⇔≡⁸ ⌐

B. edeni, Bryde’s whale ⌐ ↕╣√⁹ ⅜ ⌐⅔™≡╙⁸ ⌂ↄ≤╙ 1800

─ ─ ⅛╠ ↕╣≡⅝√ ⅜№╢⅜(Omura, 1977)⁸ ╠ↄ▬꞉◦◒☺ꜝ

≤ ↕╣≡⅔╡⁸ ─ ≢♬♃ꜞ◒☺ꜝ⅜▬꞉◦◒☺ꜝ⅛╠ ↕╣≡ ↕

╣╢╟℮⌐⌂∫√─│ 1955 ⅛╠≢№∫√(Omura, 1959)⁹╕√⁸ ⌐⅔™

≡╙⁸♬♃ꜞ◒☺ꜝ≤⇔≡ ⌐ ⅜ ↕╣╢╟℮⌐⌂∫√─│ 1976 ⅛╠≢№∫

√(Ohsumi, 1993)⁹ 

♬♃ꜞ◒☺ꜝ≤▬꞉◦◒☺ꜝ─ ─ ™│⁸ ⅛╠ ⌐⅛↑≡─ ⌐№╢ ─

↕ │ ╟╡ ─ ╕≢∞⅜⁸ │ ╕≢ ∆╢ ╛ⱥ◕ ─

│ ⌐ ⇔≡╟╡ ↄ⁸ ╙ ™ ⌂≥⌐╖╠╣╢⅜⁸ ╙╦⅛╡╛∆

™ ™│⁸ ⌐№╢ ≢№╢(Omura and Fujino, 1954, Omura, 1962)⁹▬꞉◦◒☺ꜝ

╩ ╗♫●☻◒☺ꜝ ⌐│⁸ ⁸ ⅛╠ ⌐⅛↑≡⁸ ⌐ ∫≡ 1

─ ∆∂ ─ ╕╡ ⅜╖╠╣╢⅜⁸♬♃ꜞ◒☺ꜝ│↓─ ─ ⌐╙ ≤

┌╣╢ ⅜ 1 ≠≈№╡⁸ 3 ─ ⅜ ╘╠╣(Omura, 1962)⁸↓─ ⅜ ─

⌂≥≢ ╩ ∆╢ ─ ⌂ ≤⌂∫√⁹ 
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⇔⅛⇔⁸↓─╟℮⌐⇔≡ ⌐ ↕╣√♬♃ꜞ◒☺ꜝ─ ⌐╙⁸ ◘▬☼─╛╛

─╙─╛ ─ ⌂╢╙─⌂≥⁸ ⌐╟∫≡ ≈⅛─ ⅜№╢↓≤⅜ ╠╣≡⅔

╡(Soot-Ryen, 1961)⁸↕╠⌐▪▬♁◙▬ⱶ╛mtDNA ⌂≥─ ⌂

─ ⌐ ™⁸ ─ ⌐ ⅜ ↕╣≡⅝√ Wada and Numachi, 1991; Dizon, et al., 

1998: Yoshida and Kato,1999)⁹↓─╟℮⌂ ╩ ↑≡⁸ ─ ≤ ╩

⌐ ⇔√ Rice (1998)│⁸♬♃ꜞ◒☺ꜝ─ ≤⇔≡ ┘ B. edeni≤ B. brydei

─ ≈╩ ⇔⁸ ╩ ∑∏⁸ ⌂ↄ≤╙ 2 ⅜ ∆╢ ⅜№╢≤™℮

⌂ ╩ ⇔√⁹↕╠⌐ ⁸mtDNA≤ ─ ⌐╟∫≡⁸Wada, et al.(2003)

╟╡⁸B. edeni≤ B. brydei│╛│╡ ≢№╡⁸ ╩ Eden’s whale, ╩ ─

Bryde’s whale≤∆╢ ⅜ ↕╣√⁹⇔⅛⇔⁸B. edeni≤ B. brydei⌐≈™≡│⁸

─ ⅜⁸ ⅜╛╛ ↕™↓≤ ⌐⁸ ─ ™│ ╠⅛≢⌂ↄ⁸ ─ ╛

⌐ ╠╣╢ ─♬♃ꜞ◒☺ꜝ≤─ ⌐≈™≡╙│∫⅝╡≤╦⅛∫≡™⌂™⁹↓

─√╘⁸ ≢│⁸ ─ ╩ ⇔⁸ ⁸ ╡ B. edeni≤⇔≡

℮↓≤≤↕╣≡™╢⁹ 

↓─╟℮⌐⁸₈♬♃ꜞ◒☺ꜝ₉─ ⌂ ≠↑⌐≈™≡│ ⌐⅔™≡╙ ⇔≡

™⌂™⁹ ≢│⁸↓╣╕≢─ ⌐ ™⁸↓╣╠╩ ─ ≢♬♃ꜞ◒☺ꜝ≤ ┬

↓≤≤∆╢⁹ 

⌐♬♃ꜞ◒☺ꜝ│⁸ ─ 40 ⅛╠ 40 ⌐⅛↑≡⁸⅔╟∕

20 ─ ⌐ ∆╢↓≤⅜ ╠╣≡™╢(Omura and Nemoto, 1955)⁹ ⅜ ⌐

╙ ⇔⁸ ─╟℮⌐ ≢─ ─ ⅛╠⁸ ⁸ ⌐╕≢ ⇔√

⌐ ╢╕≢⁸♬♃ꜞ◒☺ꜝ│ ─ ≈≢№╡⁸ ⅛╠ ⁸ ⁸

⌐⅛↑≡⁸╕√ ╛ ─ ⌂ ≢ ↕╣≡⅝√⁹↓╣╠─

─ ╛ ⌐ ≠⅝⁸ ─ (IWC, 1996)≢│⁸

─ ≤⇔≡⁸ ⌐ ⌂ↄ≤╙ ≈─ 130 ⅛╠ 150 ⌐⅛↑≡

─ ⌐ ↄ ∆╢ ⁸ ⁸ ◦♫ ⌐╖╠╣╢ ◦♫ ⁸

150 ⌐ ∆╢ ⁸√∞⇔ⱨ▫ꜞⱧfi ╛♁꜡⸗fi ⁸◌ꜞ
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ⱨ◊ꜟ♬▪ ⌂≥─ ⌐ ╠╣╢╙─╩ ↄ ⅜ ∆╢╙─≤ ⇔≡™╢⁹ 

↓─℮∟⁸ ⌂ ≢№∫√ │⁸ ≢│ ⅜ ─

(1946-1952 ⁸1971-1979 )╛ ♁ ─ (1970-1979 )⌐╟∫≡⁸╕√

╛ ⁸ ≢│ ─ (1946-1987 )⌐╟∫≡ ⅜⌂↕╣⁸

1946 ⅛╠ 1987 ╕≢─ 41 ≢⁸ 1 7 400 ⅜ ↕

╣√(Ohsumi, 1993)⁹↓─ ⅛╠─ │ ⅛╠ ⅜ ⇔√

1980 ╙ ⅜ ─ ⌐╟∫≡ 1987 ╕≢ ↕╣≡™√⅜⁸1988

⁸ ⅜ │ ─ ⸗ꜝ♩ꜞ▪ⱶ┼─ ⇔ ≡╩ ╡ →⁸ ≡

─ ⅜ ↕╣√⁹ ─ │ ⅛≢⌂™⅜⁸ ≤─ ⅛╠ ╠ↄ

≢№╤℮≤ ⅎ╠╣≡⅔╡⁸ ─ ⅛╠⁸ │ ─ ╒≥

≢⌂™⅜ ⅜ ≢№╡⁸ │ 11 ﬞ ⁸ 4m ≢ ⇔ 6 ﬞ ─

╩ ≡ 7m≢ ⇔⁸ ⌐ ∆╢ │ ≢ 11.0-11.4m⁸ ≢ 11.6-11.8m⁸∕

─ ─ │ 7-10 ≤ ↕╣≡™╢ Ohsumi, 1977: Kato and Yoshioka, 1993: 

Kato, 2002 ⁹ 

 ⁸ ◦♫ │⁸ ⅛╠─ ⅜⌂ↄ⁸ ╙ ─╙─

⅜ ™↓≤ ⌐ ⇔ ⅜ 0.6-1.2m ╒≥ ↕™ ⁸╕√ⱥ◕ ─ ╙ ⌂╢

↓≤ ─╙─⌐ ⇔ ™ ⅛╠⁸ ≤│ ⌂╢ ≤↕╣√

Omura, 1962, 1977: Kawamura and Satake, 1976: Ohsumi, 1980 ⁹↓─ │⁸

─ ≢ 1974 ╕≢ ⅜ ─ ⌐╟∫≡ ⌐ 2-47 ⅜ ↕

╣ ╛ⱨ▫ꜞⱧfi≢╙ ↕╣√⅜ Ohsumi, 1993 ⁸ ╛ ⌐ ∆╢ ⅜

⌂ↄ⁸1986 ⁸ ≢ ♀꜡ ⌐ ↕╣ ⌐ ∫≡

™╢(IWC, 1986)⁹ 

⅜ ─♬♃ꜞ◒☺ꜝ─ │⁸1988 ⁸ ⸗ꜝ♩ꜞ▪ⱶ┼─

⇔ ≡─ ╡ →⌐╟∫≡ ↕╣√⅜⁸∕─ ╙⁸ ⌐⅔™≡⁸

─ ⌐ ↑√ ─ ⅜ ╘╠╣≡™╢⁹ ⁸1980 ─

⅛╠⁸ ⅜ ⌐⅔™≡╙ⱱ▼כꜟ►◊♇♅fi◓⅜ ≢ ₁⌐ ╦╣╢╟℮⌐⌂╡⁸
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1989 ╟╡⁸ ⌐ ∆╢ ─ ⌐⅔™≡╙⁸♬♃ꜞ◒☺ꜝ╩

≤⇔√ⱱ▼כꜟ►◊♇♅fi◓ ⅜ ↕╣√( , 2000)⁹ ─►◊♇♅fi◓│⁸

─ ╩ ⇔ ╛ ⌂≥─ ─╙≤⌐ ─ ⅜ ≤⌂

∫≡ ↕╣√⅜⁸ ↕╣╢ │ ♩fi⅛╠ ♩fi─ ↕⌂ ≢№╡⁸ ╙↔

ↄ ⌐ ╠╣≡™√⁹↓─╟℮⌂ ╡≢─ ─ │⁸ ─ ≤⇔≡│

⇔ↄ⁸ ⌐ ↄ ∆╢ ≤─ ╙ ╠⅛≢⌂⅛∫√⁹ 

─ ⌂ │ ⌐ ℮↓≤⅜ ≤↕╣╢⁹ ╩ №╢™

│ⱱ▼כꜟ►◊♇♅fi◓ ≤⇔≡⁸ ⌐ ⇔≡™ↄ ⌐│⁸∕─ ╩

⇔⁸ ↔≤⌐ ⌂ ╩ ⇔ ⇔≡™ↄ↓≤⅜ ≢№╢⁹ 

│⁸ ⅜ ─ ⌐ ∆╢↓╣╠─♬♃ꜞ◒☺ꜝ⌐≈™≡⁸

⌂ ⅛╠ ╩ ∆╢≤≤╙⌐⁸ ⌐ ⌐╖╠╣╢♬♃ꜞ◒☺ꜝ⌐

⇔⁸∕─ ⁸ ⌂≥⁸ ⌂ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔√⁹

≢│⁸ ⌐ ╦╣√ ╩♃כ♦─ ™⁸ ↄ ╩ ╘√

⌐⅔↑╢ ⌐≈™≡ ╩ ∫√⁹ ≢│⁸ ⅔╟┘

≢ ⇔√ ⌐ ≠⅝ ⌐╖╠╣╢♬♃ꜞ◒☺ꜝ─

╩ ∆╢≤≤╙⌐⁸ ┼─ ─ ╩ ∫√⁹ ≢│⁸ ∂ↄ

≤ ⌐≡ ╩ ™√ ╩ ™⁸ ⌐⅔↑╢ ─

⁸ ╩ ╠⅛⌐⇔√⁹↕╠⌐ ≢│⁸♬♃ꜞ◒☺ꜝ┼─ ─ ╩

⇔⁸ ⌐╟╢ ─ ⌐≈™≡ ⇔√⁹ ⌐⅔™≡⁸↓╣╠─

⌐ ─ ╙ ╦∑⁸ ─ ⁸ ⌐⅔↑╢ ⁸ ⌐≈™≡

╩ ℮≤≤╙⌐⁸ ─ ─ ⅛╠ ╩ ∫√⁹ 
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 ⌐⅔↑╢♬♃ꜞ◒☺ꜝ ─  

 

 

│⁸ ─ ─ ⁸ ─ ⌂≥╩ ⌐⁸ ↄ⅛╠ ╦╣≡

⅝√ ≢№╡⁸ ─╖⌂╠∏ ↄ ─ ⌐⅔™≡╙ ⌂ ─└≤≈≢

№╢( , 1985)⁹ ⌐≈™≡╙⁸⅛≈≡ ⌐ ─ ╩ ⌐ ∟

╖ ⌐ ∆╢≤™℮ ≢ ╪⌐ ╦╣≡⅝√( , 2008)⁹ ─♬♃ꜞ◒

☺ꜝ─ ╩ ™√ ⌐≈™≡│⁸Nemoto(1959)⅜⁸6 ─ ╩ ⇔√

─⅜ ≢№╢⁹∕─ ╙ │ ₁ ╦╣⁸ ─ ⌐ ∫≡ ─ ⌐

∆╢ ↄ─ ⅜ ⌐ ╦╣√ Omura and Ohsumi, 1964; Ohsumi and Masaki, 

1975; Ohsumi, 1978; 1979; 1980; Tilman and Breiwick, 1983; Miyashita and Kasamatsu, 

1985 ⁹⇔⅛⇔↓╣╠─ │⁸ ≤⇔≡ ⌂™⇔ ╩ ≤⇔√╙─≢№

∫√⁹ ⌐⁸ ─ ⌐≈™≡│⁸ ╩ ™√ ⁸ ─

⅜ ⌐ ⇔√⅛ ⅛ ─ ↕╛⁸ ─ ⅜ ≢№╢≤™∫√ ⌂

⅜№╢↓≤⅛╠⁸ ⌐╟╢ ⅜ ╙ ≢№╢≤↕╣⁸ ╩ ™√

│ ⌐ ™╠╣⌂ↄ⌂∫≡™∫√( , 2008)⁹↓─√╘⁸ ─ │ ─

─ ⌐ √╢ 1987 ╕≢ ↕╣≡™√╙──⁸1981 ⌐ ↕╣√

⌐≈™≡│ ⅜ ╦╣≡™⌂⅛∫√⁹⇔⅛⇔⁸ ─ ╩ ∆╢≤™℮ ⌐⅔™

≡│⁸ ─ │⁸ ≤⇔≡ ⌂ ≤⌂╡ ╢⁹ ∕↓≢⁸ ≢│⁸

─ ≢№╢ 1987 ╕≢⌐ ≤ ♁ⱦ◄♩ ꜡◦▪ ─ ⌐╟∫≡

↕╣√ ⌐ ∆╢ ≡─ ╩╕≤╘⁸ ⌐≈™≡ ╩ ∫√⁹ 

 

≤  

≤ ─ │⁸ ⅜ ∆╢₈

⌐⅔↑╢ ─ ₉╩ ™√⁹╕√⁸ ♁ⱦ◄♩ ⌐╟╢ ⌐≈™≡│⁸

Ivashin (1977)⅔╟┘ Ivashin(1978)⌐╟∫√⁹╕√⁸ ─ ⌐⅔↑╢ ⌐
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≈™≡│⁸ ⅜ ∆╢ 1955 ⅛╠ 1987 ╕≢

─ ₈NP froms₉⅔╟┘₈NORPAC₉╩ ™√⁹↕╠⌐⁸ ≤⇔≡⁸1983

⅛╠ 1989 ─ 8 ⅛╠ 9 ⌐⅛↑≡ ⅜

≢ ⇔√ 23 ⌐╟∫≡ ╠╣√ ─ ╩ ™√⁹ 

⌐⅔↑╢ ─ ≡─ ╩ 1.1⌐ ∆⁹ ─ ⌐№√╢

1987 ╕≢⌐ ╠╣√♬♃ꜞ◒☺ꜝ─ │ 52 ≢№∫√⁹↓─℮∟ 48 │

─ ⅔╟┘ ⌐╟∫≡ ↕╣⁸4 │ ♁ⱦ◄♩

─ ≢ ↕╣√⁹↓╣╠─℮∟⁸1971 ⌐ ⌐╟∫≡ ↕╣√

15 │⁸ ⌐│▬꞉◦◒☺ꜝ≤ ↕╣⁸ ⌐♬♃ꜞ◒☺ꜝ≤ ↕╣√⁹

⌐⁸1971 ⌐ ♁ⱦ◄♩ ⌐╟∫≡ ↕╣√ 1 ╙ ⌐▬꞉◦◒☺ꜝ≤

↕╣⁸ ⌐♬♃ꜞ◒☺ꜝ≤ ↕╣√⁹↓╣╠│⁸♬♃ꜞ◒☺ꜝ≤▬꞉◦◒☺ꜝ─

⌂ ⅜ ⇔≡⅔╡⁸Omura and Fujino 1954 ⁸Omura(1959; 1962; 1966)╠⌐

╟∫≡ ↕╣√ ─ ≤⌂╢ ─ ⌐ ∆╢ ⅜ ↕╣╢ 1972 ╕≢⁸

≢─ ─ ⅜ ≢№∫√↓≤⌐ ∆╢╙─≤ ╦╣╢⁹⇔⅛⇔⁸

⌐│ ⅛╠ ↕╣√ ╠⌐╟∫≡ ─ ⌐ ≠⅝ ⅜⌂↕╣≡⅔╡

(Kishiro, et. al., 2000)⁸╕√ ─▪▬♁◙▬ⱶ ⌐╟∫≡╙ ⅜ ↕╣≡™╢

↓≤⅛╠(Wada and Numachi, 1991, Wada, 1996)⁸ ⌂ↄ≤╙ ⌐▬꞉◦◒☺ꜝ≤

∫≡ ↕╣╢↓≤│⌂⅛∫√╙─≤ ⅎ╠╣╢⁹↓╣╠─ ⅛╠⁸ ≢│⁸ 1.1⌐

⇔√ 52 ─ ╩ ≡♬♃ꜞ◒☺ꜝ─╙─≤⇔≡ ∫√⁹ 

 

 

─  

⌐⅔↑╢ ┼─ │ 1949 ⌐ ↕╣√⅜(Omura and Ohsumi, 1964)⁸

─╟℮⌐⁸1971 ╕≢│⁸ ⌐♬♃ꜞ◒☺ꜝ≤▬꞉◦◒☺ꜝ│ ↕╣≡™⌂⅛

∫√(Ohsumi and Masaki, 1975)⁹↓─√╘⁸1971 ⌐≈™≡│⁸ ⌐ ∆╢

─ │ ≢№╢⁹∕─ ⁸ ⌐⅔↑╢ ┼─ │ 1985 ╕≢ ╦╣√⁹1972
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⅛╠ 1985 ⌐⅛↑≡⁸ ─ ≢ ↕╣√♬♃ꜞ◒☺ꜝ─ ≤ ╩

1.1 ≤ 1.3 ⌐ ∆⁹ ⁸ ⌐ ↕╣√♬♃ꜞ◒☺ꜝ─ ─ ⁸

(H)≤ ↕╣√╙─ │ 537 ≢№∫√⁹ ╩ ∫√ ≤ │⁸2 ⅛╠ 9

⌐⅛↑≡⁸ 10 ─ ≢ ⌐╟∫≡ ↕╣√╙─⅜ ≢№

∫√⁹╕√⁸1972 ⅛╠ 1978 ⌐⅛↑≡│⁸1 ⅛╠ 3 ─ ⁸⅔╟┘ 10 ⅛╠ 11

─ ⌐⁸ 10 ╟╡ ─ ⌐⅔™≡ ⌐╟╢ ╙ ↕╣√⁹ 

 

─  

─ │⁸ ╩ ∫√ ⁸ ⁸ ⌂≥─ ╩ ∫√ ⌐ ⅎ≡⁸

─ ≤⌂╢ ⅜ ╦╣√ ⁸ ⁸ ⌂≥─ ─ ╙ ↑╢⁹∕

↓≢ ⌐⁸ ⌐⅔↑╢ ╩ ≤⇔√ ≤ ─ ⌐≈™≡ ═╢⁹ 

 │⁸ ⅜ ⌐⅔™≡⁸ ⌂ↄ≤╙ 200 ─ ╡ ─ ⅛╠ ↕

╣⁸∕─ ⱡꜟ►▼כ ─ ─ ╙ ⅜ ╦╣≡⅝√⅜⁸1952 ╕≢│▬

꞉◦◒☺ꜝ≤ ↕╣≡™⌂⅛∫√ Omura, 1977 ⁹ ⅜ ⌐⅔™≡⁸ ⁸♬♃

ꜞ◒☺ꜝ⅜ ⌐ ↕╣ ╘√─│ 1955 ⅛╠≢№╢(Omura, 1959)⁹√∞⇔⁸Omura 

and Fujino (1954)⁸Ohsumi(1977)╠│⁸1946 ⅛╠ 1952 ─ ⌐⁸ ≢

╦╣√ ─ ≢₈▬꞉◦◒☺ꜝ₉≤⇔≡ ↕╣√╙─╙⁸ ↕╣√ ≤

⅛╠⁸ ⌐│♬♃ꜞ◒☺ꜝ≢№∫√≢№╤℮≤ ⇔≡™╢⁹ ≢│⁸ ╠

─ ⌐ ∫≡⁸↓╣╠╙♬♃ꜞ◒☺ꜝ≤╖⌂⇔⁸ 1.2 ⌐⁸1946 1987 ╕≢─

⌐⅔↑╢♬♃ꜞ◒☺ꜝ─ ╩ ⌐ ∆⁹⌂⅔ ⌐│⁸ ♁ⱦ

◄♩ ─ ⌐╟╢ ╙№╦∑≡ ⇔√⁹ 

 ─ ⌐╟╢♬♃ꜞ◒☺ꜝ─ │ 1952 ╕≢ ╦╣√⅜⁸1953

│ ⅜╟╡ ─ ⌐ ⇔√√╘ │ ↕╣⌂⅛∫√╙─≤ ⅎ╠╣≡

™╢ Ohsumi,1977)⁹∕─ ⁸1960 ⅛╠ │ ⌐ ⇔⁸1971 ⅛╠⁸

┘ ⌐╟╢ ─ ⅜╟╡ ™ ≢ ╦╣╢╟℮⌐⌂∫√(Ohsumi, 1977)⁹

╕√⁸ ♁ⱦ◄♩ ─ ⌐╟╢ ─ ╙ 1970 ╟╡ ↕╣√⁹↓╣╠─
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⌐╟╢ ≢─ │⁸1970 ⌐ ⌐ ╦╣⁸1974 ⅛╠ 1976 ⌐⅛

↑≡⁸ ─ ⌐╟╢ ╩ ╢ 1200 ⌐⅔╟┬ ⅜ ╦╣√⁹⇔⅛

⇔ 1979 ╩ ⌐ ─ │ ⅛╠ ⇔⁸ ⌐╟╢ ─ │

⇔√⁹∕─ ⁸ ≢│⁸1981 ⌐ ⅜ ↕╣⁸1987 ╕≢─ ⁸

300⅛╠ 500 ⅜ ↕╣√(Yoshioka, 1988)⁹ 

 ⁸ ─ ⌐⅔↑╢ │⁸↓─ ⇔≡ ╦╣⁸

⅜ ⇔√ ─ 1980 ⌐│ 307 ─ ⅜⌂↕╣√⁹⇔⅛⇔ 1982 ⁸ │

50 ╩ ╡⁸1987 ╩ ⌐ ⅜ ↕╣√⁹ 

 1.2⌐⁸ ─ (1971-1979 )⁸ ─ (1981-1987

)⁸⅔╟┘ ─ (1973-1987 )─ ╩ ∆⁹↓╣╠─ │⁸

4 ⅛╠ 9 ⌐⅛↑≡ ╦╣√⁹ ⌐│⁸9 ─ ─ ( , 

1989:1956-1985 ┘╟⅔⁸(╡╟♃כ♦─ 1983-1989 ⌐ ↕╣√ ⌐╟╢

♬♃ꜞ◒☺ꜝ─ ╩№╦∑≡ ⇔√⁹ 

 │⁸ ⌡ 22 ⅛╠ 43 ⁸ 160 ─ ⌐ ⇔√⁹

│⁸╟╡ ™ ╩◌Ᵽ⁸⅜╢™≡⇔כ♬♃ꜞ◒☺ꜝ─ │⁸ 40 ⁸

160 ─ ≢│ ≢№∫√⁹ ⅔╟┘ ⌐╟╢ ─ │⁸

20 ─ ─ ≤ ⌡ ⇔≡⅔╡⁸↓╣│⁸Omura and Nemoto (1955)⅜

⇔√≤⅔╡⁸ ─ ⌐⅔↑╢ ─ ╩ ∆╙─≤ ⅎ╠╣╢⁹⌂⅔⁸ 150

⅛╠ 159 ⌐⅛↑≡─ │⁸ ≢│ ⅜№╢╙──⁸ │ ∑∏ ╙

⌂↕╣≡™⌂™⁹↓─╟℮⌂ ≤ ─ ─ │⁸ ─ ⌐╟╢

⌂╙─≢№╡⁸ ─ ─ ⅜⁸ ─ ─ ⅛╠⁸

159 ⌐ ↕╣≡™√↓≤⌐╟╢↓≤⅜ ╠╣≡™╢ Ohsumi, 1993 ⁹ 

 

 

⌐⁸ ⌐⅔↑╢ ─ ╩╟╡ ⇔ↄ╖╢ ⌐⁸ ─ ≤

⌐≈™≡ ╩ ∫√⁹ 1.3⌐⁸ ─ ⅔╟┘ 1971
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1987 ≢ ↕╣√♬♃ꜞ◒☺ꜝ⌐≈™≡⁸ ─ ↔≤⌐╖√

─ ╩ ∆⁹ ⌐╟╢ │ 4 ⅛╠ 9 ⌐⅛↑≡ ₁⌐ ⇔⁸╕√

⅜ ™╒≥ ⌐ ╘╢ ─ ⅜ ⅛∫√⁹↓─╟℮⌂ ─ ─ ™│⁸

≢│ 5 ⁸6 ⁸7 ⌐⅔™≡⁸™∏╣╙ ⌐ ≢№∫√(◌▬ , 

P<0.01)⁹╕√⁸ ⌐≈™≡╙ 4 ⅛╠ 8 ⌐⅛↑≡⁸ ⌐⅔↑╢

─ │⁸∕╣╟╡ ⌐ ∆╢ ─╙─╟╡ ⌐ ⅛∫√(◌▬ , 

P<0.01)⁹ ⌐⁸ 20 ─ ⅜ ∆╢ ╟╡ ─ ≢│⁸™∏╣─

⌐⅔™≡╙ ─ ╘╢ ⅜ ⅛∫√⁹↓╣╠─ ⅛╠⁸ ─ │⁸ ⅛╠ ⌐

⅛↑≡ ₁⌐ ∆╢≤≤╙⌐⁸ ─ ≢│ ⌐ ╟╡╙ ─ ⅜ ↄ ∆╢

╙─≤ ⅎ╠╣√⁹ 

 ⌐⁸ ─ ↔≤⌐╖√ ─ ╩ 1.4⌐ ∆⁹ ⌐╟

╢ │ 4 ⅛╠ 9 ⌐⅛↑≡ ₁⌐ ⌐ ⇔√⁹⇔⅛⇔ ⌐≈™≡│⁸

≢ ⌂ ™│ ╘╠╣⌂⅛∫√⁹ 

 

─  

↕╣√ 52 ─ ≤ ╩ ≢ ╪∞╙─╩ 1.5⌐ ∆⁹52

⁸ ≤ ⅜ ⌐⌂↕╣√╙─│ 4 №╡⁸↓╣╠│ 1 ⅛╠ 2 ⌐⅛↑

≡ ─ ≢ ↕╣⁸6 ⅛╠ 10 ⌐⅛↑≡ 25-30 ⁸

141-175 ─ ─ ≢ ↕╣√⁹ ╡─ 48 │ ╩╕√™≢─ ≢

№╡⁸ ⅛╠ ⌐ ╢ ⅜ ╙ ⅛∫√╙─│ 34 ≢№∫√⁹ 

 ╩ ╗ ─ ⅛╠ 9 ⁸ 130-170

≢ ↕╣√╙─│⁸ ─ ⁸ ⅔╟┘ ─™∏

╣─ ⅛╠╙ ↕╣⁸╕√↓╣╠─ ⌐⅔™≡╙ ─ ⅜ ╘

╠╣√⁹ │⁸ ⌐ ↄ ⇔≡™√⅜⁸↓╣│ ≤⇔≡

╩ ⇔√ ≤ ⅜ ╦╣√ ─ ™⌐╟╢╙─≤ ⅎ╠╣╢⁹ │ 1985 ╕≢

↕╣√⅜⁸ │ 1979 ╩ ⌐ ╦╣≡⅔╠∏⁸╕√∕─ ─
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≤ ⌐⅔™≡╙⁸ │ ─ ⅜ ↄ⁸ ≢─

⅜ ≢№∫√⁹↓─√╘⁸ ─ ╙ ⌐ ⇔√╙─≤ ⅎ╠╣╢⁹ 

 

┼─  

1.6⌐⁸ ─ ─ ╩ ∆⁹ 1 ⅛╠ 3 ⌐⁸

( 1 ⅛╠ 9 )≢ ↕╣√╙─│⁸12 ⅜ ↕╣√⁹↓╣╠│ 4 ⅛╠ 7

⌐⅛↑≡⁸╟╡ ─ 24-33 ─ ≢ ↕╣⁸ ⅛╠ ⌐

⅛↑≡─ ⅜╖≤╘╠╣√⁹ ⁸ ∂ↄ ⌐ 25 ≢

↕╣ ↕╣√ │ 3 №∫√⅜⁸↓╣╠⌐│ ─ ⅝│ ╠╣∏⁸╒╓ ∂

≢ 5 ⅛╠ 6 ⌐⅛↑≡ ↕╣√⁹↓╣╠─↓≤⅛╠⁸ ⅛╠ ⌐⅛↑≡

─ ⌐╖╠╣√╙─│⁸ ⌐│⁸ ⌂ↄ≤╙ 1 ⅛╠ 25 ╕≢─ ™

─ ⌐ ∆╢╙─≤ ⅎ╠╣√⁹ ⅛╠ ┼ ⇔√╙─≤⁸ ⌐

╕∫≡™√╙─⌐≈™≡⁸ ─ ╩ ∆╢≤⁸ │ 75%( 3 ⁸ 9 )⁸ │

33%( 2 ⁸ 1 )≢№╡⁸ ⇔√╙── ⅜ ─ ╘╢ ⅜ ⅛∫√⁹⇔⅛⇔⁸◘

fiⱪꜟ │ ⌂ↄ⁸ ⌂ │╖≤╘╠╣⌂⅛∫√(Fisher’s exact test, p>0.1)⁹ 

4 ⌐ ↕╣√╙─⌐≈™≡│⁸ ⇔√ ─ ⅝│╖╠╣∏⁸ ⌡

20 ⅛╠ 35 ─ ≢ ≤ ⅜⌂↕╣√⅜⁸ ↔≤─ ⌂™⇔ │⁸

─ ⌐ ╠╣√╟℮⌐⁸ ─ ⌐ ∫≡ ∆╢╙─⅜ ↄ ╠╣√⁹⌂

⅔⁸ 1.6≢│ 4 ⁸ ⅛╠ ⇔√ │ ╠╣⌂™⁹⇔⅛⇔⁸ ⌐⅔

↑╢ │ 4 ↕╣≡™⌂™↓≤⅛╠( 1.2)⁸↓─╟℮⌂ ─ │⁸↓

─ ⌐ ⅛╠─ ⅜⌂™↓≤╩ ∏⇔╙ ⇔≡™╢≤│ ⅎ⌂™≤ ⅎ╠╣

╢⁹ 

 

┼─  

⌐ ≢ ↕╣⁸ ⅛╠ ⌐⅛↑≡ ─ ≢ ↕╣√ 12

⌐≈™≡⁸ ─ ╩ 1.7⌐ ∆⁹12 2 │⁸ 140-145
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─ ─ ⅛╠ ↕╣⁸3 ⅜ ─ ⅛╠⁸╕√ 7

⅜ ─ ⅛╠ ↕╣√⁹↓╣╠─ ⅛╠⁸ ⌐

⌂ↄ≤╙ 170 ─ ⌐ ∆╢╙─│⁸ ⁸ ⁸

─ ─™∏╣⌐╙ ⇔≡ↄ╢╙─≤ ⅎ╠╣√⁹⌂⅔⁸ ⌐ 170 ╟╡

─ ≢ ↕╣√╙─│ 1 ╙ ↕╣⌂⅛∫√⁹↓╣│ ≢ ↕╣

√ ─ (10 )⅜⁸∕╣╟╡ ≢ ↕╣√ (83 )⌐ ⇔≡ ⌂⅛∫√↓≤

⌐╟╢╙─≤ ⅎ╠╣╢ 1.5 ⁹ 

 ⌐⁸ 20 ─ ≢ ≤ ⅜⌂↕╣√╙─⌐≈™≡⁸ ─

╩ 1.8⌐ ∆⁹ (2-3 )⌐ ↕╣√╙─ 3 ─℮∟⁸1 │ 134 ─

⅛╠ 162 ─ ⌐ ⇔⁸1 │ ( 142-144 )

⌐ ╕╡⁸1 │ ─ ( 156-166 )⌐ ╕∫√⁹4 ⌐≈™≡

│⁸ 130 ⅛╠ 180 ─ ≢ ≤ ⅜⌂↕╣√⅜⁸↓╣╠│ ─ ⌐ ∫

≡ ─ ┼ ⇔⁸ ⅝─╖⌂™⇔ ⅝─╖≤™∫√ ┼─ ⌂

⅝│╖╠╣⌂⅛∫√⁹↓╣╠─↓≤⅛╠⁸ │ ⌐⅔™≡⁸ 130 ⅛╠

⌂ↄ≤╙ 180 ╕≢─ ™ ╩ ⌐ ⌐ ⇔≡™╢╙─≤ ⅎ╠╣

√⁹ 

 ⁸ 165 ╟╡ ─ ≢ ↕╣√╙─│⁸ 170 ─

≢ ↕╣√╙─≤ ⌐ 1 ╙ ↕╣⌂⅛∫√⁹ ≢ ↕╣√ ─ │ 68

№╡⁸↓╣╠│ 1973 ⅛╠ 1984 ─ ⁸1 ⅛╠ 2 ⅔╟┘ 6 ⅛╠ 9 ⌐⅛↑≡

↕╣√( 1.5)⁹ ⌐╟╢ ─ │⁸ 160 ╕≢╒╓ ⇔≡⅔╡(

1.2)⁸↓─╟℮⌂ ─ │⁸ 165 ≢ ↕╣√╙─⅜⁸ ┼│ ∑

∏⁸ ─╟╡ ─ ⌐ ∆╢↓≤╩ ⇔≡™╢ ╙ ⅎ╠╣╢⁹⇔⅛⇔⁸

↓─╟℮⌂ ─ ( 165 ⅛╠ 160 )⌐⅔™≡╙ ≢ 2,677

⅜ ↕╣√⌐╙⅛⅛╦╠∏ ⅜⌂↕╣≡™⌂™↓≤( 1.6)⁸╕√⁸ 165 ╟╡

─ ─ (68 )│⁸∕╣╟╡ ─ (376 )⌐ ⇔≡ ╠⅛⌐ ⌂™↓

≤⅛╠( 1.5)⁸ ─ ⌂↕⅜ ─⌂⅛∫√ ≢№╢ ╙ ↕╣≡™╢⁹
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∫≡⁸165 ─ ⌐≈™≡│⁸ ─ ⌐≈™≡ ⅛╠ ╩ ╢↓≤│

≢⅝⌂™╙─≤ ⅎ╠╣√⁹ 

 

 

─ ⅛╠⁸ │⁸ ⌐⅔™≡ ⅛╠ ⌐⅛↑≡⁸ ─

⅛╠⁸ ─ ⁸ ⁸ ─™∏╣⌐╙

⇔≡ↄ╢≤≤╙⌐⁸  ( 25 )⌐ ╕∫≡™╢╙─╙№╢↓≤⅜ ↕╣√⁹ 

─ ⌐⅔↑╢ ─ │⁸2 ⅛╠ 3 ⌐ ↕╣√ ─ ⅛╠⁸╛│

╡ 20 ─ ─ ⌐╒╓ ∆╢ 28 ≢№╢↓≤⅜ ↕╣≡

⅔╡(Miyashita, et.al., 1996)⁸ │⁸ ⌐⁸ ⌂ↄ≤╙ 1 ⅛╠ 28 ⌐

⅛↑≡─ ™ ⌐ ⇔≡™╢╙─≤ ⅎ╠╣╢⁹ ⁸ ─ ⌐ ⇔≡│⁸

─ ─ ⅛╠⁸ 7 ⅛╠ 43 ⌐╕≢ ⇔≡™╢↓≤⅜ ↕

╣≡™╢(Shimada and Miyashita, 1995)⁹↓─↓≤⅛╠⁸ │ ≤ ≢ ─ ⌂

╡⅜ ⅝™╙─≤ ⅎ╠╣╢⅜⁸ ⌂ↄ≤╙⁸ ⅛╠ 40 ╕≢ ⅛╠

⌐⅛↑≡ ⅝ↄ ⇔√ ╙╖╠╣√↓≤⁸╕√ ⅛╠ ⌐⅛↑≡─ ─

╙ ─ ⌐ ™ ₁⌐ ∆╢↓≤⅛╠⁸ 25 ─ ⌐ ╕╢ ╙

╖╠╣╢⅜⁸ ⌐│ ⌐ ⇔⁸ ⌐ ∆╢ ╛⅛⌂ ⅜№╢╙─

≤ ↕╣╢⁹ ⌐⁸ ─ ≢│ ⌐ ╘╢ ─ ⅜ ⅝ↄ⁸↓─↓≤⅛╠

│⁸ ─ ⅜╟╡ ╕≢ ∆╢ ⅜ ™ ╙ ↕╣√⁹↓─ ⌐≈™

≡│⁸ ⅜ ⌂™√╘⁸ ─ ⅛╠│ ╠⅛⌐≢⅝⌂⅛∫√⅜⁸ ⌂

─ ─ ™│⁸ ─◒꜡Ⱶfi◒◒☺ꜝ╛ ─Ⱶfi◒◒☺ꜝ⅛╠╙ ↕╣≡

™╢(Kato, et. al., 1990, Wada, 1989)⁹ 

─ ⅛╠│⁸ ─ ≤⁸ ⁸ ⁸

─ ─ ⌐ ─ ⅜№╡⁸╕√⁸∕╣∙╣─ ⌐╙ ─

⅜№╢↓≤⅛╠⁸ ⌂ↄ≤╙⁸ ⁸ 180 ─ ⌐⅔™≡│⁸ ─

⌂╢ ─ │ ↕╣⌂⅛∫√⁹↓─↓≤⅛╠⁸↓╣╠│ ≤⇔≡ ≈



 13 

─ ╩ ⇔≡™╢╙─≤ ↕╣╢⁹⌂⅔⁸ │⁸ ◦♫ ⌐ ∆╢ ─

≢╙ 1974 ╕≢ ⌐ 2-47 ⅜ ↕╣√⅜ Ohsumi, 1993 ⁸ ⁸╕

√ ≢ ℮ ─ ─ ⅔╟┘ ─

⅛╠│ ─ ⅜⌂⅛∫√⁹↓╣╠─ ≢│ │ ╦╣≡⅔╠∏⁸╕√

╙ ⌂⅛∫√√╘⁸ ─ ─╖⅛╠ ╩ ╢↓≤│≢⅝⌂™⅜⁸ ⌂ↄ≤╙

─ ⌐⅔™≡⁸↓╣╠─ ⌐ ∆╢╙─≤⁸ ≤─ ⌐⁸

─ ╩ ∆ ⌂ │⌂™⁸≤ ∫≡ ™╙─≤ ╦╣╢⁹ 
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Table 1-1. Information on marks recovered from Bryde’s whales in the western North Pacific. 
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Table 1-2. Catch of Bryde’s whales by the Japan and USSR whaling operations in the western 

North Pacific. From NP forms and NORPAC. 
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Table 1-3. Number of Bryde’s whales marked by Japan in 1972 to 1985, given by month and  

latitude. 

 

 

 

 

 

 

 

 

 

 

Table 1-4. Number of Bryde’s whales caught by the Japanese whaling operations in 1971 to 1987, 

given by month and latitude.* 
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Table 1-5. Number of Bryde’s whales marked by Japan in 1972 to 1985, given by month and  

longitude. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1-6. Number of Bryde’s whales caught by the Japanese whaling operations in 1971 to 1987,  

given by month and longitude.* 
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Fig. 1-1. Distribution (upper) and cumulative number (lower) of Bryde’s whales marked by Japanese 

marking operations, 1972-1987. 
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Fig. 1-2. Positions (by 1°square) of Bryde’s whales sighted by the sighting vessels from August to September, 1983-1989, and the whaling 

grounds (dotted area) of Japanese whaling from April to September, 1971-1987. 
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Fig. 1-3. Monthly change of latitudinal difference in the sex ratio of Bryde’s whales caught by the 

Japanese whaling operations from 1971 to 1987. Horizontal bar: 95% confidence interval. 

Arrows: isothermal latitude of 20°C SST. Circles: pelagic ground. Triangles: off the Bonin 

Islands. Squares: off the Pacific coast Japan. 
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Fig. 1-4. Monthly change of longitudinal difference in the sex ratio of Bryde’s whales caught by the 

Japanese whaling operations from 1971 to 1987. Vertical bar: 95% confidence interval. Open 

circles: pelagic ground (20°N-30°N). Closed circles: pelagic ground (30°N-45°N). Closed 

triangles: off the Bonin Islands. Open squares: off the Pacific coast Japan. 
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Longitude 

Fig. 1-5. Movements of marked Bryde’s whales. Open circles: position marked. Closed circles: 

position recaptured. Triangles: whales recaptured in the year of marking. Arrow: exact recovery 

position is unknown.  
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Month and date of whales marked and recaptured 

Fig. 1-6. North-south monthly movements of recaptured Bryde’s whales. Open circles: position marked. Closed circles: position recaptured.  
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Fig. 1-7. East-west monthly movements of 12 recaptured Bryde’s whales marked in the tropical 

western Pacific (5°S-10°N) and recaptured in the whaling grounds (24°N-35°N). Open circles: 

position marked. Closed circles: position recaptured in the pelagic ground of Japan. Closed star: 

in the pelagic ground of the USSR. Closed triangles: off the Bonin Islands. Closed squares: off 

the Pacific coast of Japan.  
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Fig. 1-8. East-west monthly movements of 37 recaptured Bryde’s whales both marked and 

recaptured in the waters between 20°N and 40°N. Open circles: position marked. Closed 

circles: position recaptured in the pelagic ground. Closed triangles: off the Bonin Islands. 

Closed squares: off the Pacific coast of Japan.  
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 ( ⁸ )⌐⅔↑╢♬♃ꜞ◒☺ꜝ─  

 

 

⅜ ─♬♃ꜞ◒☺ꜝ─ │ 1988 ↕╣√⅜⁸ ⁸1980 ─

⅛╠⁸ⱱ▼כꜟ►◊♇♅fi◓⅜ ≢ ₁⌐ ╦╣╢╟℮⌐⌂╡⁸ ⌐

∆╢ ⌐⅔™≡╙⁸1989 ╟╡♬♃ꜞ◒☺ꜝ╩ ≤⇔√ⱱ▼כꜟ►◊♇♅

fi◓ ⅜ ↕╣√( , 2000)⁹ │⁸ ─ ╩ ⇔√ ╛

⌂≥─ ─╙≤⌐⁸ ─ ⅜ ≤⌂∫≡ ↕╣√⁹╕√ 1989 ⅛

╠ 1990 ⌐⅛↑≡⁸ ⌐╟╢ ⅜ ↕╣⁸

─↔ↄ ⌐♬♃ꜞ◒☺ꜝ≤ ╦╣╢ ⅜ ↄ╖╠╣╢↓≤⁸ ⌐

⅜ ─ ⌐ ⇔≡™╢↓≤⅜ ↕╣√ , 1991 ⁹⇔⅛⇔↓─ ⌐│

─ ╩ ∆╢ ⅜ ⇔≡⅔╠∏⁸ ─ ⌐╛╛ ⌂ ⅜ ↕╣≡⅔╡⁸╕√

╛ ⌂≥─ ⌐≈™≡╙ ≢№∫√⁹ ─ ≤⇔≡⁸

►◊♇♅fi◓ ╩ ⇔≡™ↄ ⌐│⁸╕∏⁸ ─ ≤⌂╢ ─ ⌂

╩ ∆╢↓≤⅜ ≢№╢⁹ ⁸↓─╟℮⌂ ╡≢─ ─ │⁸ ─

≤⇔≡│ ⇔ↄ⁸ ⌐ ↄ ⇔ ─ ≢№∫√ ≤

─ ╙ ╠⅛≢│⌂⅛∫√⁹↓─╟℮⌂ ╩ ╕ⅎ≡⁸1994 ⅛╠ ≤

⌐╟╢ 3 ─ ⱪ꜡☺▼◒♩≤⇔≡⁸ ⌐⅔↑╢ ⅜ ↕

╣( , 1994; 1995; 1996)⁸∕─ ⁸1997 ╙⁸ ⌐╟╢

╩ ™√ ⅜ ⇔≡ ↕╣√⁹ ⁸ ◦♫ ⌐ ⇔√ ─

⌐ ∆╢ ─ ⌐⅔™≡╙⁸1990 ⅛╠♬♃ꜞ◒☺ꜝ╩ ≤⇔

√ⱱ▼כꜟ►◊♇♅fi◓⅜ ─ ⌐╟∫≡ ↕╣⁸1998 ╟╡ ⌐

╟╢ ╩ ™√ ⅜ ↕╣√⁹↓╣╠─ │⁸ ⌐⁸ ⌂™⇔

╩ ™√ ⁸▪fi◔כ♩⌐╟╢ ⅛╠─ ⁸

⌐ ≠ↄ ⁸ ─ ⌂≥⅛╠⌂╢⁹ 

≢│⁸↓─℮∟ ⌐ ⌐╟∫≡ ⁸╘≥╕≡™≈⌐♃כ♦√╣╠
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⌂╠┘⌐ ⌐╖╠╣╢♬♃ꜞ◒☺ꜝ─ ╩ ∆╢↓≤╩ ≤

⇔√⁹╕√⁸ ⌐≈™≡│ꜝ▬fi♩ꜝfi☿◒♩ ╩ ™≡ ─ ╩ ∫√⁹ 

 

≤  

≤ ─  

─ ╩ 2-1⌐ ∆⁹ │⁸ ⁸ ─ ⌐ ⇔⁸ ⅛╠

⌐⅛↑≡─ ⌐ ∫≡ ⅜╢ ⌐ ⇔√ ⅝⌂ ≢№╢⁹♬♃ꜞ◒☺ꜝ

╩ ≤⇔√ⱱ▼כꜟ►◊♇♅fi◓│⁸ ─ 10 ─ ⅜ ≢№

╡⁸ ╩ ⌐⁸ ╟╡ ─ ⁸ ⅛╠

⌐⅛↑≡─ ─ ╩ ⌐⁸ ═ 50 ─ ⌐╟∫≡ ╦╣≡™

╢⁹ ⁸ │⁸ ⁸ ─ ⌐№╡⁸ ⅛╠ ◦♫ ⌐

⇔≡ ┘√ ─ ⌐ ∆╢⁹ ─ⱱ▼כꜟ►◊♇♅fi◓│⁸1990

⅛╠⁸ ⌐ ∆╢ 10 ─ ⌐╟∫≡ ↕╣⁸ ╩ ⌐⁸

⅛╠ ⌐⅛↑≡─ 15-20 ─ ≢ ╦╣≡™╢⁹⌂⅔⁸ ─►◊♇♅fi◓

│⁸ ≤⇔≡ ⇔ ╩ ╢⌐│ ─ ⅜ ⅛∫√↓≤⌂≥╙№╡⁸2000 ⅛

╠ ∆╢ ⅜ ⇔⁸ │ ─╖≤⌂∫≡™╢⁹ 

↓╣╠─ ≢ ↕╣√ ─ ╩ 2-1⌐ ∆⁹ │⁸1994 ⌐

─ ≢ ↕╣⁸1994 5 ⅛╠ 1997 2 ⌐⅛↑≡⁸

─ ₈ (48t)₉╩ ™√ ⅜ 4 ⁸ ⁸ ⁸

∏≈ ↕╣√⁹╕√ 1996 ⅛╠│⁸ ►◊♇♅fi◓ ╩ ⌐

™√ ⅜ ↕╣⁸1996 ≤ 1997 ⌐│⁸ ⌐ ∑≡Ⱬꜞ

◖ⱪ♃כ╩ ™√ ╙ ↕╣√⁹∕─ ⁸2000 ⅛╠│⁸ ╩ ─

⌐╟╢ ⌐ ⇔≡ ╩ ™√ ⅜ ╦╣≡™╢⁹ ⁸

≢│⁸1998 ╟╡ ⅜ ↕╣√⁹ │⁸ ╩ ⌐ ™√

⅜ ≢№∫√⅜⁸ ™ ≢ ╩ ≤⇔√ ⌐ ╡ ╦╡⁸

─ │ 2005 ╕≢ ↕╣√⁹ 



 28 

⌂⅔⁸1994 5 ⅛╠ 1997 2 ⌐⅛↑≡─ ⌐╟╢ │⁸ ⌐╟╢

ⱱ▼כꜟ►◊♇♅fi◓ ─╙≤⁸ ≤ ─

ⱪ꜡☺▼◒♩ ─ ≤⇔≡ ╦╣√╙─≢№╢⁹╕√ 1996 ─ ╩

™√ │⁸ ⅜ ≤⌂╡⁸ ⌂╠┘⌐( )

☿fi♃כ ⱪ꜡☺▼◒♩ ─╙≤⌐⁸ ⌐⅔™≡│⁸

⁸ ⱱ▼כꜟ►◊♇♅fi◓ ⁸ ⁸ ⌐⅔™≡│⁸

⁸ ⁸ ─ ╩ ≡ ↕╣√⁹ 

 

 

2-1⌐ ⇔√╟℮⌐⁸↓╣╠─ │⁸ ⅔╟┘ ⌐╟∫≡⁸ ⇔√ ⁸

⅜ ≢№∫√⁹↓╣╠─ ╩⁸ ⌐ ∆ ≈─♃▬ⱪ A, B1, B2, C1, C2, 

Photo-ID ⌐ ⇔⁸ ₁⌐≈™≡ ╩ ∆⁹ 

 

♃▬ⱪ A ꜝ▬fi♩ꜝfi☿◒♩  

│⁸♬♃ꜞ◒☺ꜝ─ ⅜ ↕╣╢ⱱ▼כꜟ►◊♇♅fi◓ ╩◌Ᵽכ∆╢√

╘⁸ ─ ≤⇔⁸ ╩ ⌐ ∆╢√╘⁸ ⅛╠ ⌐⅛

↑≡─ 15 ─ ⌐⁸ ⌐ ─ ╩☻כ◖ ⇔ 2-2 ⁸ꜝ▬fi♩ꜝ

fi☿◒♩ ⌐ ≠ↄ ╩ ⇔√⁹ ⌐ ™√₈ ₉─ │ 2-2⌐

∆⁹ │Hammond and Donovan(1993)╠─ ⌐ ™⁸ ⌐☻כ◖ ∫≡

─ (10 ⱡ♇♩)≢ ⇔⁸ ─ ⅜№∫√ │ ╩ ⇔≡ ⇔⁸ ─

⌐⁸ ⌐☻כ◖ ∫≡ ╩ ∆╢ ─ ╩ ⇔√⁹ │⁸

▪♇ⱤכⱩꜞ♇☺ ⅛╠─ ↕ 3.5m ⅛╠ ╩ ™≡ ≢ ∫√⁹

⌐│⁸ ⅛╠ ╕≢─ ≤ ╩ ≢ ⇔⁸ ─ ⅜⅛╡( ⁸ ⇔┬⅝⁸

⌂≥)⁸ ⁸ ─ ╩ ∫√⁹ │⁸ ☻כ◖ ≢ ─

╩ ⁸∕╣ ─ ╩ ≤⇔⁸ ⌐ ≤ ╩ ⇔√⁹

─ │⁸ ╠(1991)⁸ (1993)⌐ ≠⅝ ≤ ─ ⌐╟∫√⅜⁸ ⌐
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♬♃ꜞ◒☺ꜝ⌐ ⇔≡│⁸ ─ ≤⌂╢ ─ ≤ (Omura, 1959)⌂™⇔ ╩

╗ ⅜ ⌐ ≢⅝√╙─≤⇔⁸ 1 ─╖─ ⌂≥ ⌐╛╛ ⅛↕─

╢╙─⌐≈™≡│♬♃ꜞ◒☺ꜝ╠⇔™(Like Bryde’s whale)≤⇔≡ ⇔√⁹

≤⇔≡⁸ ─ ⁸ ⁸ ⁸ ╩ ∆╢≤╙⌐⁸1 ⌐

⁸ ⱦꜙכⱨ◊כ♩ ⁸ ⁸ ╩ ⇔⁸ 3ⱴ▬ꜟ ⌂™⇔

5 ─ ⌐│ ╩ ⇔√⁹ │⁸ ⁸ ⁸ ⁸ ⁸

√╡ 3 4 ╩⅛↑≡ ⇔√⁹ 

 

♃▬ⱪ B1 ꜝ▬fi♩ꜝfi☿◒♩  

1996 9 10 ⌐ ↕╣√ ♃▬ⱪ C1 ⌐⁸ ─ ╩

≡⁸Ⱬꜞ◖ⱪ♃כ╩ ™√ ⅛╠─ ╩ ∫√⁹ ⇔√Ⱬꜞ◖ⱪ♃כ─ ╩

2-3⌐ ∆⁹ │ꜝ▬fi♩ꜝfi☿◒♩ ⌐ ≠⅝⁸ ⅛╠ ⌐⅛↑≡─

20 ─ ⌐⁸ ⌐ ─ ╩☻כ◖ ⇔√ 2-3 ⁹ │⁸ ◖

⌐☻כ ™⁸ ─ (90ⱡ♇♩)≤ (1,000ⱨ▫כ♩)╩ ∫≡ ⇔⁸

─ ⅛╠ 1 ∏≈ ≢ ∫√⁹╕√ │ ⌐ ⌂ ☻כ◖─

꜠◓ ─╖≢ ™⁸꜠◓ ─ ─ │ ─ ≤ ╩ ∫√⁹ ─ ⅜№

∫√ │⁸ ╩ ⇔≡ ╩ ⇔⁸ ─ ⁸ ⌐☻כ◖ ∫≡ ╩

⇔√⁹ ⅔╟┘ ⌐ ≤ ╩ ∆╢≤≤╙⌐⁸ ─ ⅜⅛╡⁸

⁸ ⌂≥─ ╩ ∫√⁹╕√ ≤⇔≡⁸ ⁸ ⁸

⁸ ╩ ∆╢≤╙⌐⁸ ꜠◓ ⌐⁸ ⁸ ⱦꜙכⱨ◊כ♩ ⁸

◓꜠▪ ─ ─ ╩ ⇔√⁹ 

 

♃▬ⱪ B2  

1997 6 26 ⌐ ↕╣√♃▬ⱪ C1 ⌐⁸ ♃▬ⱪ B1≤ ∂Ⱬꜞ◖ⱪ♃כ╩

™ ⅛╠─ ╩ ∫√⁹ │⁸C1 ─ ─ ⁸ ⅛╠─

╩ ≤⇔⁸ ⌐ ╩☻כ◖ ╘∏⁸ ─ ≤ ≢ C1
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─ ╩ ∆╢ ╩≤∫√⁹ │ ─ ╩ ⇔⁸ ⅛╠

⅜ ╠╣√ ⌐ ⌐ ∆╢↓≤≤⇔√⁹ ⌐│⁸ ⁸ ⁸ ╩ ∆

╢≤≤╙⌐ ╩ ⇔≡ ╩ ∫√⁹ 

 

♃▬ⱪ C1 ꜝ▬fi♩ꜝfi☿◒♩  

│⁸ (5 10♩fi)╩ ⌐ ™≡⁸╟╡ ─ ─ ╩

⌐ ∆╢↓≤╩ ≤⇔√⁹ ≢│⁸28 31 ─ ╩ ™⁸

⅛╠ ≤ ⌐⁸ 15 ─ ╩☻כ◖ 2 ≢ ⇔⁸

⌐☻כ◖ 1 ∏≈ ╩ ╡ ╡⁸ ⅛╠ ┼ ↑≡ ⌐ ∆╢ ╩≤

∫√( 2-3⁸A1-23, C1-5)⁹ │⁸ ≤⇔≡ ☻כ◖ ╩ ─ (8ⱡ♇♩)

≢ ⇔⁸ ─ ⌐⁸ ⁸ ⁸ ╩ ⇔≈≈⁸ ⌐ ☻כ◖⌐∏∑

─ ╩ ∆╢ ─ ╩ ∫√⁹ │ 9 10 ⌐

⇔⁸ 2 ⅛↑≡ ╩☻כ◖─ ⇔ ⅎ√ ≢ ≤⇔√⁹ │⁸

⌐ ⇔√ 1 ≤ 1 2 ∏≈⌐╟∫≡ ⌂™⇔ ╩ ™≡ ╦╣

√⁹╕√ ≤ ─ ─ ≢│⁸ ⌐╟╢ ╩ ∑≡ ⇔√⁹ ─

│♃▬ⱪ A─ ⌐ ╡ ⌐ ╘√ ☻כ◖ 2-3, B1-7 ⌐ ∫≡ ╦╣√⁹

↕╠⌐⁸ ─ ╩ ∆╢√╘ 1 ╩ ↑⁸ ⁸

╩ ™≡ ≤ ─╛╡≤╡╩ ∫√⁹╕√ ─ ⇔√ ╣⌐ ⇔≡ ⁸

⌂≥─ ╩ ℮√╘⁸ ╩ 1 4 ⇔√⁹ ≤ ⌐

≈™≡│⁸ ╩☻כ◖ ╘∏⁸ ─ ╩ ⇔≈≈ ⌐ ╩ ∆╢↓≤≤

⇔√⁹ 

 ≢│⁸ 6 ╩ ≤⇔≡ ™⁸ ⅛╠ ⌐⅛↑≡⁸ ↕

24 ─ ╩☻כ◖ 2 ≢ ⇔( 2-4)⁸ ≤ ─ ≢ ╩ ∫√⁹ 

╕√ ≢│⁸ ╩ ⌡√ ╩ 1 ↑⁸ ─ ╩ ∆

╢≤≤╙⌐⁸ ─ ⇔√ ╣⌐ ⇔≡ ⁸ ⌂≥─ ╩ ∫√⁹ 
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♃▬ⱪ C2 Ⱪ꜡♇◒  

│⁸♃▬ⱪ C1≤ ⌐ ╩ ⌐ ™√╙─≢№╢⅜⁸ ─

╩╟╡ ⌐ ∆╢≤≤╙⌐ ╩╟╡ ⌐ ∆╢↓≤╩ ≤⇔√⁹

≢│ ╩ ≤⇔⁸ ⅛╠ ⌐⅛↑≡ 5 ─ Ⱪ꜡♇◒

╩ 23 24 ⇔√ 2-5, A1-23 ⁹↓╣╠─ Ⱪ꜡♇◒⌐⁸ ╩ 1 ∏≈

⇔⁸ │⁸ 10 13 ─ 3 ⁸ ⌐ ─Ⱪ꜡♇◒ ╩

─ ≢☻כ◖≥ ∆╢ ╩≤∫√⁹ │ 15 ⌐ ─ ╩ ∆╢≤≤╙

⌐⁸♬♃ꜞ◒☺ꜝ─ ⅜№∫√ │⁸ ⁸ ╩ ⇔√ ⁸ ⅜ ⌐

∆╢╕≢─ ⁸ ╦⌂™╟℮ ─ ╩ ℮↓≤≤⇔√⁹╕√ ─ ≢│

⌐╟╢ ╩ ∑≡ ⇔√ 2-5, B1-5 ⁹↕╠⌐ C1 ≤ ⌐⁸

1 ≤ 3 4 ╩ ⇔⁸ ─ ≤ ─ ╩ ∫√⁹ 

 ≢│⁸ ─ ⌐⁸ 5 ─ Ⱪ꜡♇◒╩ 5 7 ⇔(

2-6 ⁸ Ⱪ꜡♇◒⌐ 1 ∏≈⁸⅔╟┘ ⁸ ( )1 ╩ ⇔≡⁸ ≤

─ ≢ ╩ ∫√⁹⌂⅔⁸ ≢ ™√ │ ≡ ⌐ ⇔≡™╢ ⁸

╩ ⇔≡ Ⱪ꜡♇◒⌐ ∆╢╕≢─ ⁸⅔╟┘ Ⱪ꜡♇◒⅛╠ ⌐ ∆╢

╕≢─ ⌐⅔™≡╙ ╩ ⇔⁸ ⅜№∫√ ⌐│⁸ ⁸ ╩ ⇔√⁹ 

 

♃▬ⱪ Photo-ID  

╙ ╩ ™√ ≢№╢⅜⁸ ─ │⁸ ↄ─♬♃ꜞ◒☺ꜝ╩

⇔⁸ ⌐ ∆╢ ╩ ╢↓≤≤⇔√⁹↓─√╘⁸ │☻כ◖ ∑∏⁸ 

1 √╡ 2 4 ─ ╩ ™⁸ ─ ⁸ ⁸►◊♇♅fi◓ ⅛╠⁸

╩ ≈≈ ≥☻כ◖─ ≢ ╩ ∫√⁹ ⌐│ 1 3 ≠≈ ╩

⇔⁸ ⅛╠ ╕≢─ 6 8 ⁸15 ⌐ ⁸ (ⱦꜙכⱨ◊כ♩

)⁸ ─ ╩ ∫√⁹ ⌐│⁸ ⁸ ⁸ ⁸ ╩

∆╢≤≤╙⌐⁸ ⌂ ╡ ⇔≡ ╩ ⇔⁸ ╩ ⌐ ─√

╘─ ╩ ∫√⁹ 
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♃▬ⱪ─ ─℮∟⁸╟╡ ⌂ ≢№╢♃▬ⱪ A ⌐╟∫≡ ╠╣√ ╩

™⁸ ⌐⅔↑╢♬♃ꜞ◒☺ꜝ─ ⁸ ─ ⁸ ─

╩ ∫√⁹╕√⁸♃▬ⱪ B1, B2, C1, C2─ ⌐≈™≡│⁸╟╡ ─ ─ ╩

∆╢√╘⌐ ™√⁹Photo-ID─ ⌐≈™≡│ ≤⇔≡ ≢ ∫√⁹ 

 

─  

⌐╟╢♃▬ⱪ A ≢ ╠╣√ ─℮∟⁸ ⅜ ↄ⁸ ─◌Ᵽ

╓╒⅜☺כ꜠ ⇔™ 1994 ≤ 1995 ─ ╩♃כ♦ ™⁸ ┼─♬

♃ꜞ◒☺ꜝ─ ─ ╩ ∫√⁹ │ ─ꜝ▬fi♩ꜝfi☿◒♩ ⌐ ╡⁸

─ (Burnham et al., 1980)╩ ™≡ ∫√⁹ 

  

                               N = n A f (0) s /( 2L )                     

 

↓↓≢⁸n│ ⁸A│ ─ ⁸f (0)│ f (x)⅛╠ ╘√

fi▬ꜝ☻כ◖ (x=0)─ ⁸s│ ╣◘▬☼⁸L│ ≢№╢⁹ ─

A │⁸ ─☻כ◖ 3 ≢◌Ᵽכ↕╣╢ ─ ≤⇔√⁹⌂⅔⁸ ⌐

─☻כ◖√⇔ │ ≢№╢⅜⁸↓─╟℮⌂ │⁸ ⌐ ⌂≥⌐

∫≡ ⌂ ⅜№∫√ ⁸ ⌐Ᵽ▬▪☻╩ ∂╢↓≤⅜ ╠╣≡™╢(Burnham 

et al., 1980)⁹∕─√╘⁸ ─ ⌐ ℮ ≤ ─꜠◓⌐≈™≡│ ⅛╠

⅝⁸↓─ ─ ╙ ≤⇔≡ ∫√⁹f (x)│⁸ ─ ≤ ⅛╠ ⇔√

─ ⌐Ɫ◙כ♪꜠▬♩ (Hays and Buckland, 1983)╩ ≡│╘≡ ⇔√⁹

fi▬ꜝ☻כ◖ ─ g(0)│ 1≤ ⇔√⁹ N─ (CV)⌐≈™≡│⁸

╩ ™≡ ⇔√⁹ 

 

  CV( N )2 = CV( n )2 + CV( f (0) )2 + CV( s )2 
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↓↓≢ CV(n )│⁸ 10 ↔≤─ ≤ ─┌╠≈⅝╟╡ ╘√⁹

CV( f (0) )│⁸f (0) ─ ⁸CV( s )│ ╣◘▬☼─┌╠≈⅝≢№╢⁹↓╣╠─

│⁸ⱪ꜡◓ꜝⱶ DISTANCE ver. 2.1(Laale et al., 1994) ╩ ™≡ ∫√⁹ 

 

 

─  

─♃▬ⱪ A ⌐╟∫≡ ╠╣√ ≤♬♃ꜞ◒☺ꜝ─ ─ ╩

2-7⌐⁸╕√ ─ ≤ ╩ 2-4⌐ ∆⁹ ─ ╩ ╢

√╘⁸↓↓≢│⁸ 4 ⁸ 12 ⌐╦√╢ ─ ╩⁸ ⌐⁸5,6 ( )⁸8,9

( )⁸11 ( )⁸1,2 ( )⌐ ↑≡ ⇔√⁹ 1 √╡─ │⁸88.2

⅛╠ 143 ≢№╡⁸ │⁸ ─ ⁸ ⅛╠ ⌐⅛↑≡─

15 ─ ╩ ⌡◌Ᵽ⁹√⇔כ↓╣╠─ ╩ ⇔≡⁸♬♃ꜞ◒☺ꜝ│ ═ 52

77 ⅜ ↕╣√⁹↓─℮∟ 6 6 │⁸ ≢’♬♃ꜞ◒☺ꜝ╠⇔™’≤⇔≡

↕╣√⅜⁸ ╡─ 46 71 ⌐≈™≡│⁸ ─ ⌂™⇔ ─ ⌐ ≠⅝⁸

╠⅛⌐♬♃ꜞ◒☺ꜝ≢№╢↓≤⅜ ↕╣√⁹╕√⁸’♬♃ꜞ◒☺ꜝ╠⇔™’≤ ↕╣√╙

─⌐≈™≡╙⁸ ⌐ │≢⅝⌂⅛∫√⅜⁸ ─ ≤ ⅝↕⅛╠ ─ⱥ◕◒

☺ꜝ ≢№∫√↓≤⌐ ™│⌂ↄ⁸ ─ ⅔╟┘ ⅛╠ ≡⁸ ∆╢ ─

ⱥ◕◒☺ꜝ ▬꞉◦◒☺ꜝ⌂™⇔♫●☻◒☺ꜝ ≢№∫√ │ ⌐ ↄ⁸↓╣

╠╙╒╓♬♃ꜞ◒☺ꜝ≤╖⌂⇔≡ ™╙─≤ ⅎ╠╣√⁹ 

 │⁸’♬♃ꜞ◒☺ꜝ╠⇔™’≤ ↕╣√╙─╙ ╘⁸ ≤ ╩

╦∑≡ 5,6 ( )≢ ═ 23 32 ⁸8,9 ( )≢ 7 8 ⁸11 ( )≢ 10 17 ⁸

1,2 ( )≢ 12 20 ≢№╡⁸™∏╣─ ⌐⅔™≡╙♬♃ꜞ◒☺ꜝ⅜ ↕╣√⁹⌂

⅔⁸11 ─ ≢│⁸1994 ≤ 1995 ⌐ ⅜⌂™⅜⁸ ≤╙⌐ ⁸ ⁸

⌐╟∫≡ ≢♬♃ꜞ◒☺ꜝ⅜ ↕╣≡™√

⁹↓╣╠─ │⁸ ⌐ ⅜╒╓ ⌐╦√∫≡

∆╢↓≤╩ ⇔≡™╢≤ ⅎ╠╣╢⁹ 
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↓╣╠─ ─ ─ ╩ 2-5⌐ ∆⁹ ⌐│⁸ ─

⌐╟∫≡ ╠╣√ ─ 20 (1974-1993 )─ ─

≤ ╩ ∑≡ ⇔√⁹♬♃ꜞ◒☺ꜝ ─ │⁸15.1 ⅛╠ 30.2 ─ ⌐

№╡⁸ ─ │⁸5 21.7 ⁸ 22.6 ⁸8 28.5 ⁸9 29.5 ⁸

11 22.2 ⁸1 18.4 ⁸2 16.4 ≢№∫√⁹ ⌐♬♃ꜞ◒☺ꜝ│⁸⅔╟∕

20 ─ ⌐ ∆╢ ─ ≢№╢↓≤⅜ ╠╣≡™╢⅜(Omura and 

Nemoto, 1955)⁸ ─ ⌐⅔↑╢ ─ ⁸│╠⅛♃כ♦ ─

─ │ 16.3 ≤ ↕╣≡™╢ Ohsumi, 1977 ⁹ ─ ─

│⁸™∏╣─ ╙↓╣╩ ∫≡⅔╡⁸╕√ ─ ≤╙╒╓

⇔⁸∕─ ╙ 16.3 ╩ ╢↓≤│⌂⅛∫√⁹↓─↓≤│⁸ ─ ⅜ ╙

∆╢ 2 ⁸3 ⌐⅔™≡╙♬♃ꜞ◒☺ꜝ⅜ ⇔ ╢↓≤╩ ⇔≡⅔╡⁸ ⌐⅔↑╢

─ ╩ ─ ⅛╠╙ ∆╢╙─≤ ╦╣╢⁹ 

  │⁸ ⅛╠ ⌐⅛↑≡─ 0.1 ─↔ↄ ╟╡─ ⅛╠⁸

15 ⌐⅛↑≡ ⇔√ 2-7 ⁹↓╣╠─ ─ │ ≡ 500 ≢№╡⁸

↕╠⌐ ─ 92.3% 52 48 ⅜⁸ 200 ─ ≢ ↕╣√⁹ ─

⌐ ℮ ─ ⌐≈™≡│ ≢⌂™⅜⁸ (11 )─ │ ╡─╖≢№╡⁸

(8,9 )≤ 1,2 ⌐│⁸ ⌐⅛↑≡ ⌐ ⅜ ⅜╡⁸ ╙ ─ ⅛

∫√ (5,6 )│ ⅛╠ ⌐⅛↑≡ 200m ─ ⌐ ⌐╖╠╣√⁹

™∏╣⌐⇔≡╙⁸≥─ ⌐⅔™≡╙⁸ 3 ─ ╡─ ⌐│ ⅜╖╠╣√

↓≤⅛╠⁸ ─ │⁸ 15 ⁸ ⌐ ╡─ ⌐№╢╙─≤ ⅎ╠╣√⁹ 

 2-4≤ 2-8⌐⁸ ─ ≤⇔≡⁸ 1 √╡─

─ ╩ ∆⁹ │ ⌐╟∫≡ ⌂╡⁸3 ╩ ╦∑√ │⁸

(5,6 )≢ 0.057⁸ 8,9 ≢ 0.024⁸ 11 ≢ 0.015⁸ 1,2 ≢ 0.041

≢№╡⁸ ⌐ ╙ ↄ⁸ ⌐ ╙ ⅛∫√( 2-4)⁹↓─╟℮⌂ ⌐╟╢ ™│⁸

⌐╟∫≡Ᵽꜝ≈⅝│№╢⅜⁸ ↔≤─ ⌂ ╩ ╢≤( 2-8)⁸ ⅛╠ ⌐⅛↑≡

⇔⁸ ⅛╠ ⌐ ∆╢ ⌂ ─ ⅜ ╘╠╣√⁹↓─↓≤⅛╠⁸ │
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⌐ ╩ ⇔≡ ∆╢╙──⁸ ⅜ ↕╣√ ≤⇔≡ ⌐ ⇔√╙─

≢│⌂ↄ⁸ ─ ≤╙ ⅜№╡⁸ ⌐ ⌐ ↄ ⇔≡ ╢╙─≤ ↕╣√⁹ 

 

⌐⅔↑╢ ─  

ꜝ▬fi♩ꜝfi☿◒♩ ⌐ ≠™≡№╢ ─ №╢ ─ ╩ ℮√╘⌐│⁸

─ ⅜ ⌂ↄ≤╙ 10 │ ≤↕╣╢⁹∕↓≢⁸ ⅜ ╙ ↄ⁸

≢№∫√≤ ⅎ╠╣╢ (5,6 )⌐≈™≡⁸1994 ≤ 1995 ─ ╩♃כ♦ ™≡⁸

┼─ ─ ╩ ∫√⁹⌂⅔⁸1996 │≡™≈⌐♃כ♦─ ─ ⅜

⌂╡⁸╕√ ꜡☺ ⁸ 2 ≤│ ╙fi▬◙♦─☻כ◖ ⌂∫≡™√ ⁸ ⌐

│ ™⌂⅛∫√⁹ 2-9⌐ ⌐ ™√♩ꜝ♇◒ꜝ▬fi⁸ ─ ⁸⅔╟┘

─ ╩⁸╕√ 2-10≤ 2-6⌐⁸CV(n )─ ⌐ ™√ 10 ↔≤─

≤ ╩ ∆⁹ ≢│Ώ♬♃ꜞ◒☺ꜝ╠⇔™’≤ ↕╣√╙─╙♬♃ꜞ◒

☺ꜝ≤⇔≡ ∫√⁹╕√⁸f (0)╩ ∆╢√╘⌐ ⌂ ⌐≈™≡│⁸ ─╖

≢│ ⅜ ⌂ↄ ─№╢ ⅜ ╠╣⌂™√╘⁸ ─ ╩ ™√⁹

™∏╣─ ╙⁸ ∂ ╩ ™⁸ ⁸ ▪♇ⱤכⱩꜞ♇☺ ⁸

─ 3 ⱴ▬ꜟ ⌂™⇔ 5 ⌂≥╙ ∂ ≢ ⇔≡™╢√╘⁸

↓─ ⌐ ⇔≡─ │ ⌂™╙─≤ ⅎ╠╣╢⁹ 2-11⌐⁸ ─ ╕≢─

(a)≤ ≤ ∆⌂⅜☻כ◖ (b)╟╡ ─╠⅛fi▬ꜝ☻כ◖√⇔ (x: 

x=a sin(b)) ─ ≤⁸↓╣⌐ ≡│╘√Ɫ◙כ♪꜠▬♩⸗♦ꜟ ╩ ∆⁹

⌐ ∆╢ ─ ≡│╕╡│ ↄ ◌▬ , p>0.5 ⁸f (0)│ 1.3676(CV=0.45)⁸

│ 0.73121 ≤ ↕╣√⁹ 

2-7 ⌐ ⌐ ™√ ─ ╣◘▬☼╩ ∆⁹ ╣◘▬☼│ 1 ⅛╠ 5

─ ⌐№╡⁸19 17 89 │ 2 ─ ╣≢№∫√⁹ ╣◘▬☼ s │

─ ⌐ ⅝ↄ ∆╢ ─└≤≈≢№╢⅜⁸ꜝ▬fi♩ꜝfi☿◒♩ ≢│⁸

⌐⁸ ⅝⌂ ╣╒≥ ⇔╛∆™≤ ↕╣⁸∕─╟℮⌂ ⌐│⁸ ─ ⌂

╩ ╣◘▬☼≤⇔≡ ™╢≤ ─Ᵽ▬▪☻⅜ ∂╢ ─№╢↓≤⅜
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╠╣≡™╢( , 1990)⁹↓─√╘⁸Buckland et al. (1993)─ ⌐ ™⁸ ≤ ╣◘

▬☼─ ≢ ╩ ∫√≤↓╤⁸ ⅝⌐♀꜡≤ ⌂ │╖≤╘╠╣∏(p>0.05)⁸

⌐⅔™≡│⁸∕─╟℮⌂Ᵽ▬▪☻│⌂™╙─≤ ⅎ╠╣√⁹∕↓≢ ─ ╣

◘▬☼ 1.5(CV=0.15)╩ ™≡ ╩ ∫√ ⁸ ⌐⅔↑╢ ┼─ │⁸53

(CV=0.58)⁸95% │ 18-160 ≤ ↕╣√ 2-8 ⁹ 

 

─  

1996 9 ⌐ ↕╣√♃▬ⱪ C1⁸C2 │⁸ ►◊♇♅fi◓ ╩

⌐ ™√╙─≢№╢⅜⁸ │ ╩ ∆╢ ⌐ ╦╣√╙─

≢№╡ ⌐╙Ᵽꜝ≈⅝⅜№╢√╘⁸ ⌐╟╢♃▬ⱪ A1 ⌐ ⇔⁸

⌂╙─≤│ ⅎ⌂™⁹⇔⅛⇔⁸ ─ ⅛╠ ─ ⌐⅛↑≡⁸╟

╡ ™ ╩ ─ ≢ ⌐ ⇔√ ≤⇔≡⁸ ─ ─ ╩ ∆

╢√╘⌐│ ≤ ╦╣╢⁹∕↓≢ ⌐⁸↓╣╠─ ╩╕≤╘⁸ ⌐≈™≡

╩ ∫√⁹⌂⅔⁸Ⱬꜞ◖ⱪ♃כ╩ ™√ ♃▬ⱪ B1⁸B2 ╙⁸♃▬ⱪ C1 ⌐

╦∑≡ ⌐ 1 ∏≈ ↕╣√⅜⁸ ⌐╟╢ │⁸♃▬ⱪ B1⁸B2 ™∏╣

─ ⌐⅔™≡╙ 1 1 ─╖≢№∫√⁹↓─√╘⁸↓╣╠─ ╙ C1 ─ ⌐ ∑

≡ ⇔√⁹ 

 2-9⌐⁸↓╣╠─ ⌐╟∫≡ ╠╣√♬♃ꜞ◒☺ꜝ─ ╩⁸╕√ 2-12⌐⁸

♃▬ⱪ C1 ⌐╟∫≡ ╠╣√ ≤ ≈™≡ ↔≤⌐╕≤╘√╙─╩ ∆⁹ 

 6 ─ │⁸ ⅛╠ ⌐⅛↑≡⁸1997 6 26 ⌐♃▬ⱪ B2≤♃▬ⱪ C1(32

)─ ⁸ 27 ⌐♃▬ⱪ C1 (32 )⁸1998 6 18 ≤ 20 ⌐♃▬ⱪ C1

(33 )⅜ ↕╣√⁹ 4 ( )─ ⌐╟╢ │⁸’♬♃ꜞ◒☺ꜝ╠⇔™’

≤ ↕╣√╙─╩ ╘⁸ 12 32 ⁸ 4 4 ⁸ 16 36 ≢№∫

√⁹↓↓≢─ │⁸ ⅜ ☻כ◖ ⌐≈ↄ ⌂™⇔⁸ ─

⌐ ↕╣√╙─≢№╡⁸ ☻כ◖ ─ ≤─ ⅜ ╦╣╢╙─≢№╢⁹

1 (1 ) √╡─ │ 3 8 ≢№∫√⁹ 
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 9 ─ │⁸1996 9 10 ⌐♃▬ⱪ B1≤♃▬ⱪ C1(25 )─ ⅜ ─

─╖≢ ↕╣√⁹∕─ ⁸ ⅛╠ ⌐⅛↑≡⁸1997 9 29 ≤ 30 ⌐♃▬

ⱪ C1 (29 )⁸1999 9 27 ⌐♃▬ⱪ C1 (33 )⅜ ↕╣√⁹ 4 (4 )

─ │⁸ 8 14 ⁸ 9 14 ⁸ 17 28 ≢№╡⁸ 1

(1 ) √╡─ │⁸2 3.5 ≢№∫√⁹ 

 1 √╡─ │⁸ ⌐╟╢♃▬ⱪ A ─ ≤ ⌐⁸

╟╡ ─ ⅜ ↄ⁸╕√ ─ ╙⁸ ─ ⅜ ≢

№∫√⁹ ─ ─ ⌐≈™≡│⁸ ─ 133 30 ─ ⌐’♬♃ꜞ◒☺ꜝ

╠⇔™’⅜1 1 ↕╣√─╖≢№╡⁸ ≢│™∏╣─ ≢╙ ⅜⌂⅛∫√⁹ 

 2-13 ⌐⁸♃▬ⱪ C2 ⌐╟∫≡ ╠╣√ ≤ ≈™≡ ↔≤⌐╕≤╘

√╙─╩ ∆⁹♃▬ⱪ C2 │⁸ ─ ≢ ≤ ⌐ ╦╣√⁹ 

 ─ │⁸1999 2 18 ≤ 20 ⌐ ⅛╠ ⌐⅛↑≡ Ⱪ♇꜡◒╩

24 ⇔⁸ 1 ⁸ 3 ⁸ 1 ╩ ╗ 29 ≢ ↕╣√⁹↓

─ ≢│⁸ Ⱪ꜡♇◒ ─ │⌂⅛∫√⅜⁸ ─

⌐⁸ ≤⇔≡ 3 4 ⅜⁸ ╡─ ≢ ↕╣√⁹ 

 ─ │⁸1999 9 28 ≤ 29 ⌐⁸ ∂ↄ 23 ─ Ⱪ꜡♇◒╩ ⇔⁸

28 ≢ ↕╣⁸ 8 12 ⁸ 1 1 ⁸ 9 13 ⅜ ↕╣√⁹

1 (1 ) √╡─ │ 4 6 ≢№╡⁸ ─ (9 27 )⌐ ↕

╣√♃▬ⱪ C1 ─ 3 7 ≤╒╓ ≢№∫√⁹ │⁸

⌐ ⇔≡╖╠╣⁸ ─ 15 ⌐╙ 1 1 ─ ⅜╖╠╣√⁹ 

 ↓╣╠─ │⁸ ╙ ╘≡™∏╣─ ⌐⅔™≡╙♬♃ꜞ◒☺ꜝ⅜ ↕╣√

↓≤⁸╕√ 1 √╡─ │ ⅜ ╙ ⅛∫√≤™℮ ⌐⅔™≡╙⁸ ⌐

╟╢♃▬ⱪ A ─ ≤ ∑∏⁸ ⌐⅔↑╢ ─ ≤⁸ ─

⌂ ╩ ∆╢╙─≤ ⅎ╠╣╢⁹ ⌐≈™≡│⁸ ─ ⅛╠ ⌐⅛↑≡─

15 ⁸ 500m ─ ⌐╙ 2 ⅜№╡⁸ ∏⇔╙ ─ ─╖⌐

⅜ ↕╣√╙─≢│⌂™↓≤⅜ ╠⅛≤⌂∫√⁹⇔⅛⇔⁸ │ ⌐ ⇔⁸
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─ ⅜ ╠⅛⌐ ↄ⁸ ⌐⅔↑╢ ─ │⁸╛│╡ ⅛╠

⌐⅛↑≡─ ─ ⌐ ⅜№╢╙─≤ ⅎ╠╣√⁹ 

 

─  

≢│⁸1998 6 24 ≤ 25 ⌐⁸ 7 ╩ ™√

♃▬ⱪ C1 ⅜ ↕╣⁸ ─ ─ ⌐ ≠⅝⁸ ⌐╖╠╣╢ ⱥ◕◒☺

ꜝ ╙ ╠⅛⌐♬♃ꜞ◒☺ꜝ≢№╢↓≤⅜ ↕╣√⁹∕─ ⁸ ≢│⁸♃▬ⱪ C2

≤ Photo-ID ⅜ ↕╣√⅜⁸♃▬ⱪ C1 │ ─ 6 ─╖≢⁸C2

─ ╙ ⌂™⁹∕↓≢⁸ ⌐≈™≡│ Photo-ID ─ ╙ ╘≡⁸1998 ⅛

╠ 2001 ─ ⌐ ↕╣√ ≡─ ╩ ∑⁸ ─ ⌐≈™≡ ⇔√⁹ 

 2-10 ⌐⁸↓╣╠─ ⌐╟∫≡ ╠╣√♬♃ꜞ◒☺ꜝ─ ╩⁸╕√ 2-14

≤ 2-15⌐⁸ ↔≤─ ≤ ─ ╩ ∆⁹ 

 6 ─ │⁸ ─╟℮⌐ 1998 6 24 ≤ 25 ⌐⁸ ⅛╠ ⌐⅛↑

≡ ↕ 24 ⁸ 10 ─ ≢♃▬ⱪ C1 ⅜ ↕╣⁸2001 6 24 ⌐

│ ─ ⌐ Ⱪ꜡♇◒ 4 ╩ ⇔√♃▬ⱪ C2 ⅜ ╦╣√⁹╕√ ─

25 ⅛╠ 28 ⌐⅛↑≡ 4 ⁸ √╡ 2 3 ─ ╩ ™√ Photo-ID

⅜ ↕╣√⁹↓╣╠─ ⌐╟╡⁸C1 ≢⁸ ≤ ╩ ∑≡ 2 2 ⁸C2

≢│’♬♃ꜞ◒☺ꜝ╠⇔™’≢№∫√⅜⁸ ∂ↄ 2 2 ⅜ ↕╣√⁹Photo-ID ≢│⁸

╟╡ ™ ╩ ⇔≡ ∫√⅜⁸♬♃ꜞ◒☺ꜝ─ │ ╠╣⌂⅛∫√( 2-10)⁹

│⁸ ─ ⁸ ─ ─ ⁸⅔╟┘ ─╒╓ ⌐

⇔√ 2-14 ⁹ 

 8 ─ │⁸2001 8 10 ⌐ Ⱪ꜡♇◒7 ╩ ⇔√♃▬ⱪC2 ⅜ ╦╣⁸

11 ⅛╠ 15 ⌐⅛↑≡ 4 ⁸ √╡ 2 ─ ╩ ™√ Photo-ID ⅜

↕╣√⁹♬♃ꜞ◒☺ꜝ│⁸C2 ≢ ≤ ╩ ∑≡ 6 7 ( 4 5 )⁸

∕─ ─ Photo-ID ≢ 8 13 (1 2 3.3 )⅜ ↕╣√( 2-10)⁹

│⁸ 5 ⅛╠ ─ ⌐⅛↑≡─ ⌐ ⇔√ 2-14 ⁹ 
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 9 ─ │⁸ ─ ⌐ ═12 (1 ─ √╡ 7 )─ Ⱪ꜡♇◒╩ ⇔⁸

1999 9 19 ≤ 20 ⅔╟┘ 2000 9 20 ─ 3 ⁸C2 ⅜ ↕╣√⁹╕

√⁸2000 9 21 ⅛╠ 28 ⌐⅛↑≡ 5 ⁸ √╡ 2 ─ ╩ ™√

Photo-ID ⅜ ↕╣√⁹♬♃ꜞ◒☺ꜝ│⁸C2 ≢⁸ ═ 17 42 1

√╡─ :5.7 14 ⁸Photo-ID ≢ 11 28 (1 2.2 5.6 )

⅜ ↕╣( 2-10)⁸ ─ ⅛╠ ─ 10 25 ⌐⅛↑≡─ ⌐ ↄ─

⅜╖╠╣√ 2-15 ⁹ 

 11 ⅛╠ 12 ⌐⅛↑≡│⁸1999 11 13 ⅛╠ 20 ⌐⅛↑≡ 4 ⁸ √╡ 2

─ ╩ ™√ Photo-ID ⅜ ↕╣⁸1998 12 9 ≤ 10 ⌐│ Ⱪ

꜡♇◒ 5 ╩ ⇔√♃▬ⱪ C2 ⅜ ╦╣√⁹ ⌐ 11 ─ Photo-ID ≢│⁸

⁸ ⅛╠ ⌐⅛↑≡─╟╡ ™ ─ ╙ ╦╣√⅜⁸↓╣╠─ ≢│♬

♃ꜞ◒☺ꜝ│ ↕╣⌂⅛∫√ 2-15 ⁹ 

 ≢ ⇔√ │⁸ ⌐╟∫≡ ⅜ ⌂╡⁸╕√™∏╣╙ ⌂

≢│⌂™√╘⁸ ⌐≈™≡─ ╩ ╘≡ ∆╢↓≤│≢⅝⌂™⁹⇔⅛⇔⁸

╠⅛⌐ (6 )⅔╟┘ (11, 12 )⌐ ⇔⁸ (8, 9 )│ ⅜ ↄ⁸ ┼

─♬♃ꜞ◒☺ꜝ─ ─ │ ⌐№╢╙─≤ ⅎ≡╟™╙─≤ ╦╣╢⁹ │⁸

≡ 200 ⅛╠ 500 ⌐⅛↑≡─ ⌐ ⇔⁸6 ⅛╠ 9 ⌐⅛↑≡⁸ ≤

─ ⁸ ─ 20 ─ ⌐ ₁⌐ ⇔≡™ↄ ⅜ ╦╣√⁹ ⅜

╠╣≡⅔╡⁸╟╡ ⌂ ⅛╠─ │⌂™╙──⁸↓─╟℮⌐ ─ ⅜

⌐ ╠╣╢≤™∫√ │ ─ ⌐ ⇔√ ─ ╛ ⅛╠│ ╠╣≡™⌂

™⁹↓─↓≤⅛╠⁸ ⌂ↄ≤╙ ─ ⌐ ∫√ ─⌂⅛≢│⁸ ⅜⁸

≤ ⌐ ─ ⌂ ─└≤≈≤⌂∫≡™╢ ⅜ ↕╣√⁹ 

 

 

≤ ⌐⅔™≡ⱱ▼כꜟ►◊♇♅fi◓─ ≤⌂∫≡™╢ⱥ◕◒☺ꜝ

│⁸ ─ ⌐ ≠⅝⁸™∏╣╙♬♃ꜞ◒☺ꜝ≢№╢↓≤⅜ ↕╣√⁹ 
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⌐⅔↑╢ ─ │⁸ ⅛╠ ⌐⅛↑≡─ ─ ⁸ 15

⁸ 500m ─ ⅜ ≢№╡⁸ ⌐ ╩ ⇔≡ ∆╢↓≤⁸╕

√∕─ │ ⌐╟∫≡ ⇔⁸ ⌐ ⌐ ↄ ⇔≡ ╢↓≤⅜ ↕╣√⁹ 

⌐⁸♫●☻◒☺ꜝ ─ ↄ│⁸ ⌐ ⅛™ ─ ⌐⅔╡⁸ ⌐│

⌂ ─ ⌐ ∆╢ ─ ╩ ℮↓≤⅜ ╠╣≡™╢⁹

≢ ╠⅛⌐⇔√≤⅔╡⁸ ⌐≈™≡╙⁸ ⌐ ↄ ∆╢

⌐≈™≡│⁸ ⅛╠ ⌐⅛↑≡⁸ ─ ⅛╠ 40 ╕≢

∆╢ ⅜╖≤╘╠╣≡™╢⁹╕√ ⁸ ⌐╟∫≡ ↕╣√ ⌐

⅔↑╢ ─ ⅛╠│⁸ ─ ─ │ 20 ─ ⌐

╒╓ ∆╢ 28 ⌐№╢↓≤⅜ ↕╣≡™╢(Miyashita, et al., 1996)⁹

│⁸↓╣╟╡╙ ─ ™ 33 ⌐ ⇔≡⅔╡⁸↓─╟℮⌂ ─ ⌐⅔

™≡⁸ ╩ ⇔√ ⅜╖╠╣√↓≤⅛╠⁸ ─♬♃ꜞ◒☺ꜝ│⁸

─╙─≤│ ⅜ ⌂╢╙─≤ ⅎ╠╣╢⁹ │⁸ ⅛╠ ⇔√ ─

╩ ↑⁸ 2-5⌐ ⇔√╟℮⌐⁸ ⌐⅔™≡╙ ─ ⅜ 16 ╩ ╢↓≤

│⌂™⁹↓─╟℮⌂ ⅛™ ⅜♬♃ꜞ◒☺ꜝ─ ╩ ⌐⇔≡™╢ ─

≈≤⇔≡ ⅎ╠╣√⁹ 

⁸ ⌐⅔↑╢ ⌐≈™≡│⁸ ─╟╡ ─ ⌐≈™≡⁸ ⁸

⅜ 1983 ⅛╠ 1993 ─ 8,9 ⌐ ⇔√ ═ 40 ─ ─ ⅛

╠ ╠╣≡™╢(Shimada and Miyashita, 1994)⁹↓╣⌐╟╢≤⁸ ─ │⁸ 10

⅛╠ 40 ⁸ 130 ⅛╠ 155 ⌐⅛↑≡─ ™ ⌐ ╠╣╢⅜⁸ ─

⌐≈™≡│⁸ ⌂ ⅜№╢⌐╙⅛⅛╦╠∏⁸ ≤ ⌐ 2 ─

⅜№╢─╖≢№╡⁸ ─ ⌐│ ⅜⌂ↄ⁸ ≤ ╠⅛⌐ ⅜ ⇔≡

™⌂™( 2-16 ⁹↓─↓≤⅛╠⁸ ⌐╖╠╣√ 15 ╩ ≤⇔√♬♃ꜞ◒☺

ꜝ─ │⁸ ╩│↕╪≢ ─╙─≤ ⇔≡⅔╡⁸↔ↄ ─ ⌐ ╠╣√╙

─≢№╢≤ ⅎ╠╣╢⁹ 

⇔⅛⇔⁸ ─ │ ╩ ⇔≡ ≢│⌂ↄ⁸ ⅛╠ ⌐⅛↑≡ ⇔⁸ ⅛
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╠ ⌐⅛↑≡ ∆╢ ⌂ ⅜ ╘╠╣√⁹ ⌐⅔↑╢ │ כ♦─

♃⌐ ≠⅝ 53 (95% :18-160 )≤ ↕╣√⁹ ⌐ ⇔≡│⁸ ☻כ◖

─ ≤⇔⅜⌂™╙─(G(0)=1)≤ ⇔≡ √╙─≢№╢√╘ ─ ⅜№╡⁸╕

♃כ♦√ ⅜ ⌂™√╘ ╙ ™⁹⇔⅛⇔⁸95% ─ ⌐⅔™≡╙ 160

≢№╡⁸↓─╟℮⌂ ⌂™ ≢⁸ ⅜ ⌐ ↕╣≡™╢≤╙ ⅎ⌐ↄ™⁹

∫≡⁸ ⌐╖╠╣╢♬♃ꜞ◒☺ꜝ│⁸ ⌐ ⌐ ⇔√ ≢│⌂ↄ⁸ ─

≤╙ ⅜№╢╙─≤ ↕╣╢⁹ 

◦♫ ⌐ ⇔√ ─ ≢│⁸ ╩ ⌐⁸ ─ ⅛╠

─ 20 ⁸ 200 ⅛╠ 500 ⌐⅛↑≡─ ⌐ ⅜ ⇔≡ↄ╢↓≤

⅜ ╠⅛≤⌂∫√⁹ ◦♫ ⌐⅔™≡│⁸ ─ (1950 1970 )⌐│⁸

─ ⅛╠ ─ ⌐⅛↑≡─ ╩ ≤⇔ 7 ⅛╠ 10 ⌐

⅛↑≡ 2-47 ⅜ ↕╣√⅜(Ousumi, 1993)⁸ ─ ╩ ╢≤ 9 ⅜ ─

7 ╩ ╘≡⅔╡⁸ ⌐⅔™≡╙ ⅜ ─ ≢№∫√↓≤⅜ ↕╣≡™╢

Omura, 1956 ⁹↓╣╠─ ⅛╠ ↕╣√ ⌐≈™≡│⁸ ─╙─⌐ ⇔

⅜ 0.6-1.2m╒≥ ↕ↄ⁸ⱥ◕ ─ ╙ ⌂╢↓≤⅛╠⁸ ◦♫ ≤⇔≡⁸

≤│ ⌂╢ ⌐ ↕╣≡™╢(Omura, 1962, 1977: Kawamura and 

Satake, 1976: Ohsumi, 1980)⁹↓─ ─ ─ ≤ ─ ⌐≈™≡│ ╠⅛

≢⌂™⅜⁸Ohsumi 1993 │⁸1900 ─ ⌐ ≢╙ ⅜ ↕╣≡™√

╩ ⇔⁸ ⌐≈™≡╙ ─ ─№╢ ╩ ⇔≡™╢⁹™∏╣

⌐⇔≡╙⁸ ⌐╖╠╣╢╙─│⁸↓─ ⅜ ─ ⌐ ◦♫ ─ ⅛╠

─ ⌐╕≢ ⇔≡⅝√╙─≤ ⅎ≡╟™≢№╤℮⁹╕√⁸∕─ ─

⅛╠⁸↓─ │⁸ ⌐╖╠╣√╙─≤ ⌐⁸ 500 ─↔ↄ ⌐╕≢

⇔ ╢╙─≤ ⅎ╠╣╢⁹ 

│⁸ ⌐ ⇔≡™╢⅜⁸ ⌐╖╠╣╢ ≤│ ╠⅛⌐

⅜ ╣≡⅔╡ ─ ╙ ⌂╢⁹ ∫≡⁸ ─ ⅜ ≤ ⇔

≡™╢≤│ ⅎ⌐ↄ™⁹ ─ ≤─ ⌐ ⅜№╢≤∆╣┌⁸╗⇔╤ ⌐ ™
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◦♫ ≤ ⇔≡™╢≤ ⅎ√ ⅜ ≢№╤℮⁹ ◦♫ │⁸ ≤ ─ ⅛╠

∫√ ⅜⁸ ─ ⌐ ∫≡ ⇔⁸♩◌ꜝ ╩ ↑≡⁸ ─

⁸ ⁸ ⌐⅛↑≡ ⇔≡ ╣≡⅔╡⁸↓─╟℮⌂ ≤ ⌐╟∫≡

≤│ ⌐ ≡╠╣≡™╢⁹ ─ ⌂™ ⅛╠ ∆╢

│⁸∕╣ │ ⅜ ↄ⁸╕√ ⌐ ═√╟℮⌐⁸ ─ ⌐│ ─

⅜╖╠╣⌂™↓≤╩ ╖╢≤⁸↓─╟℮⌂ ≤ ─ ╣│⁸ ╩ ≡╢

⌐⌂╡ ╢╙─≤ ⅎ╠╣╢⁹ ─ │ ⌐╟∫≡ ⇔⁸ ╛ ⌐

⇔√╡ ⇔√╡∆╢↓≤⅜ ╠╣≡™╢⅜⁸ ⅛╠ ⌐⅛↑≡│⁸

⅜ ™≡⅔╡⁸ ⌐╖╠╣√╟℮⌐⁸ ⅜↔ↄ ─ ⌐╕≢ ∆╢╙

─≢№╣┌⁸↓─╟℮⌂ ╣≤ ─ ⌐ ╕╣√ ─ ╩ ⇔≡ ╕≢

∆╢↓≤╙ ≢│⌂™⅛≤ ↕╣╢⁹ 

↓╣╠─ ⅛╠⁸ ⌐╖╠╣╢♬♃ꜞ◒☺ꜝ│⁸ ≢│⌂ↄ⁸ ◦

♫ ⌐ ⇔≡⅔╡⁸↓╣⅜ ─ ⌐⅔™≡ ⌐╕≢ ⇔≡⅝√╙

─≢№╡⁸∕─ ⅜ ╩ ⇔≡ ⌐ ⇔≡™╢╙─≤ ↕╣√⁹ 
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Table 2-1. Summary of the survey area, periods, type of the survey, searching efforts and the number 

of sightings of Bryde’s whales.  
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