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Abstract: Seasonal migratory behavior pa tterns of sika deer ( Cervus nippon ) on Mt. 

Hyonosen in Hyogo Prefecture, Japan, were examined by fitting six individual deer with 

GPS collars. Five deer exhibited seasonal movements, c overing an average distance of 

  

ה ⱡ ⌐ ⇔≡™╢ 6 ─♬ⱱfi☺◌⌐ GPS ╩ ⇔ ╩ ⇔√⁹  

ה ≢ ⅜ ≢⅝√ 5 ─ │⁸ 5.88 km( ð : 1.7ð17.7 km)≢

№∫√⁹ 

ה ⌐ ⌐ ⇔ ⅛╠ │⁸ ─ ⌐ ∆╢♃▬ⱪ з ⁸ ⌐

⌐ ⇔⁸ ⌐ ⌐ ⇔ ⅛╠ ╩ →╢♃▬ⱪ и ⁸ ⌐
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ה ─ ┼─ │⁸ ⅜ 50 60 cm⌐⌂╢≤ ↕╣⁸ │ ↑⅜

╖ ⅜ 60 cm ⌐⌂╢≤ ⅛╠ ─ ™ ┼ ⇔√⁹ 

ה ─√╘ ⌐ ∆╢◦◌╩ ⌐ ∆╢↓≤⌐╟╡⁸ ⌐ ≢

⅝╢ ⅜ ⅎ╠╣√⁹ 
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5.88 km (1. 7ð17.7 km). When winter snow ac cumulation reached a depth of 50 ð60 cm, all 

individuals moved to a valley area at lower altitude of 300 ð500 m. Subsequently, when 

the snow thawed to a depth of less than 60 cm in the spring, the deer migrated from their 

wintering grounds to higher altitude s. By conducting intensive hunting during the 

overwintering period, the deer population on Mt. Hyonosen could be controlled. This 

information on the migratory behavior patterns of sika deer will assist the development 

of future wildlife management programs . 

Keywords: GPS tracking collar, Mt. Hyonosen, seasonal migratory behavior , sika deer  

 

. │∂╘⌐ 

≤ ─ ⌐ ∆╢ ⱡ  ( 1,510 m) │⁸ ≢ ╙ ↄ

⅜ ⇔≡™╢ ≢№╢⁹⇔⅛⇔⁸2000 ↔╤⅛╠♬ⱱfi☺◌ (Cervus nippon⁸

◦◌) ⅜ ⇔│∂╘⁸ ─ ≤ ┼─ ⅜ ⇔≡™╢ (

2012)⁹ ─ ╩ ∆╢√╘⌐│⁸ ─ ≤≤╙⌐◦◌─ ╩ ⇔

√℮ⅎ≢⁸ ⌂ ╩ ∏╢ ⅜№╢⁹∕─√╘⌐│⁸◦◌─ ╩ ∆╢↓≤

│ ≢№╢⁹◦◌│ ╩∆╢↓≤⅜ ╠╣≡⅔╡⁸  (Sakuragi et al.  

2004)⁸  (Takatsuki et al. 2000) ⁸  (  1981)⁸  (

 1974)⁸ ▪ꜟⱪ☻ ( ╒⅛ 2009;  2013) ⌂≥⁸ ≢ ↕╣≡™╢⁹

─ │ V H F ╩ ™≡ ╦╣≡™√⅜ (◦◌─ ⅎ┌⁸ ה

 2008; Sakuragi et al. 2004 ; Takatsuki et al. 2000 )⁸ ⅜ ╩ ∆╢√╘⌐

⅛↑≡ ≢ ⇔⁸ ─ ╩ 1 ∆╢ │ ≤ ⅜⅛⅛∫√⁹╕√

≢│⁸ ─ ⌐╟╢ ⌐╟╡ ⅜ ╡№╙☻כ◔™ ╙№∫√⁹ ≢

│⁸◦◌╩ ╘≡ ─ ─ ≢│⁸ ≢ ╩♃כ♦ ∆╢↓≤⅜

⌂ GPS (Global Positioning Syst em⁸ ◦☻♥ⱶ) ╩ ™√╙─⅜ ⌐⌂╡≈

≈№╢ (Moen et al. 1996)⁹◦◌⌐⅔™≡╙⁸∆≢⌐ ↄ─ ⅜№╢ ( ⅎ┌⁸ ╒⅛  

2002; ╒⅛ 2007;  2013)⁹∕↓≢⁸ ≢│ ⱡ ⌐ ⇔≡™╢◦◌⌐

GPS ╩ ⇔ ⌐≈™≡ ⇔√─≢ ∆╢⁹ 

 

.  

GPS ─  

2007 10 ⅔╟┘ 2008 7 ₩9 ⌐ ⱡ  ( 35° 35õ 52ó⁸ 134° 54õ 02ó⁸

≤ ∆╢ ) ⌐⅔™≡⁸6 ─◦◌╩ ⌐╟╡ ╩ ™≡

⇔√ ( 4-1, 4-1)⁹ ◐◦ꜝ☺fi 200 mg (☿ꜝ◒♃⁸ꜟכⱣ▬◄ꜟ ) ≤ ◔♃Ⱶ

fi (◔♃ꜝ⁸ꜟכ ─≥mg 200 (ꜟכ◄ ╩ ≤⇔ ( כ▪◄⁸(2016 

 (Telinject 4V ⁸TELINJECT ) ╩ ⇔ ⇔√⁹ ⁸ ≤ ⁸
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╩ ∫√⁹ │ ─ ⌐╟╡ ⇔√ ( ה  1994)⁹GPS  (Global 

Positioning System tr acking collar ⁸LOTEK ⁸4400S3300הS) ╩ ⌐ ⇔ ⇔√⁹

⌐ ⅛╠ ↕∑╢√╘⌐⁸ ◐◦ꜝ☺fi─ ≢№╢ ▪♅Ɽⱷ

fi♅☿♄fi⁸▪) ꜟכ♂ ) ─ ╩ ∫√⁹2007 ⁸2008 ≤╙ GPS⌐╟

╢ ⁸│ꜟכꜙ☺◔☻─ ⇔ GPS 12 10 ╕≢│⁸2 ⁸12

11 │ 4 ⌐ ∆╢╟℮⌐ ⇔√⁹ ⅛╠ ╕≢─ ⌐ ⇔≡│⁸

─●▬♪ꜝ▬fi ( ה  2001) ⌐ ™ ⌐

⇔√⁹ 

 

♃כ♦ ≤ ─  

GPS │⁸ ≢ ↕∑√ ⌐ ⇔ LOTEK ─♁ⱨ♩╩ ™≡

╩♃כ♦ ⇔√⁹ GPS) ♃כ♦⁸3D│♃כ♦ ╩ 4≈ ⇔≡ ╠╣√

─ ™ ╩╖─ (♃כ♦ ⇔⁸♦▫ⱨ□꜠fi◦ꜗꜟ ╩ ∫√⁹∕╣∙╣─ ⅜

⇔≡™╢ ⌐≈™≡╙⁸ ⌐ 3D ╩♃כ♦ ⇔√⁹ ─ │⁸ ⌐ ⅝

⌂ ⅜ ╘╠╣√ ╩╙≤⌐ ╩ 4  ( ) ⇔√⁹ ⁸GIS│♃כ♦ ♁ⱨ

♩ (ArcGIS; Esri  Japan)  ⌐ ⇔⁸ ⅔╟┘ ╩ ∫√⁹ 

│⁸ Ⱡꜟ (Worton 1995)כ◌  ╩ ™≡⁸ ⅔╟┘ ─◖▪◄ꜞ▪ (50%

) ╩ ⇔ ⅔╟┘ ≤─ ╩ ⇔√⁹√∞⇔⁸ ─ ⌐

╩ ⇔√  (M3) │⁸◖▪◄ꜞ▪─ ⅜ ⌂√╘⁸ ⅛╠ ⇔⁸5  ( No. M1⁸

M2⁸M4⁸F1⁸F2) ╩ ≤⇔√⁹ ≢ ⅜ ≢⅝√ 5  ( No. M1⁸M2⁸

M3⁸M4⁸F1) ⌐≈™≡│⁸ ↔≤─ ╩ ⇔√⁹ ⱡ ─ 1000 

m ╩ ⁸ 500₩1000 m ╩ ⁸ ⁸ ⅜ ╘╠╣╢

300 500 m ╩ ≤ ╘√⁹ ⌐≈™≡│⁸ ⁸ ⅜

⇔√ ♃כ♦ ⁸ 35° 37õ 12ó⁸ 134° 53õ 34ó⁸ 500 m

╩ ⇔  ₈ ─  ♃כ♦ ₉2007⁸2008

http://road.civil.pref.hyogo.lg.jp/RoadLan/InternetGeneral/Common/RoadLan_Top.asp x

↔≤─ ≤ ─ ╩ ⇔√⁹ │⁸ 7ה6

─ ⌐≥╙╩♃כ♦ ↕╣√ 1/2.5 ☿fi♃כ 

http://gis.biodic.go.jp/webgis/sc -006.html ⌐⅔↑╢ ─℮∟ ⁸ ⌐ ∆╢

╙─≤⇔√⁹ 
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No
♃כ♦

(
3D

3D

M1 ○☻ 3< 2007- 10- 11 2009- 09- 01 1134 803 70. 8

M2 ○☻ 1 2007- 10- 12 2008- 03- 13 2772 1385 50. 0

M3 ○☻ 3< 2007- 10- 12 2008- 10- 10 5607 3570 63. 7

M4 ○☻ 3< 2008- 11- 13 2009- 07- 01 1883 347 18. 4

F1 ⱷ☻ 3< 2008- 07- 30 2009- 08- 20 2872 654 22. 8

F2 ⱷ☻ 3< 2008- 09- 24 2009- 03- 13 1382 592 42. 8

.  

2007 ○☻ 3 ⁸2008 ○☻ 1 ⁸ⱷ☻ 2 ╩ ⇔ GPS ╩ ⇔√ ( 4-1)⁹

4-1⌐ ╩ ⇔√⁹∕─ ⁸GPS ╩ ↕∑ ╩♃כ♦⇔ ⇔√⁹∆═≡─

∟℮─♃כ♦ ─ 3D♦כ♃─ │⁸18.4₩70.8% ( 44.7% ± 21.2 SD) ≢№

∫√ ( 4-1)⁹ 

 

4-1. ⇔√ ─ ⁸ ⁸ ≤ 3D ─♃כ♦ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-1. ─ ⁹ 

 

 

⁸∆═≡─ │  ( 800 1,000 m⁸ 4-1) ╩ ⇔≡™√⁹

╩ ∫√ 5 ─⁸ ≤ ─◖▪◄ꜞ▪ (50% ) ─ ⅔╟┘ ≤─

╩ ⇔√ ( 4-2, 4-2)⁹5 ─◖▪◄ꜞ▪─ │⁸ 0.103 km 2 ± 0.048 SD⁸

0.367 km 2 ± 0.515 SD≢№∫√⁹ 
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M1 0.104 0.019

M2 0.135 0.182

M4 0.157 1.27

F1 0.033 0.282

F2 0.084 0.08

0.103 0.367

0.048 0.515

4-2. ◖▪◄ꜞ▪ (50% ) ─  (km 2)⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-2.  ( ) ≤  ( ) ─◖▪◄ꜞ▪ (50% )⁹ 

 

↔≤─ │ ⌐╟╡ ⌂∫√⁹ ⌐ ─ ⅜ 50 60 cm⌐⌂╢

≤⁸4  ( No. M1⁸M2⁸M4⁸F1) │ ╩ 300 580 m╕≢ → ─ ┼

⇔√ ( 4-3a, b)⁹ ⅜ 60 cm ⌐⌂╢≤⁸2  ( No. M4⁸F1) │ ┘ ─

≢№╢  ( 500₩1000 m) ┼ ⇔√ ( 4-3a; I )⁹∕─ 2  (

No. M1⁸M2) │⁸ ⌐ ┼ ⇔⁸∕─ ⁸ ⌐│  ( ⱡ

⁸ 1000 1300 m) ┼ ⇔⁸ ┘ ⌐⌂╢≤ ┼ ∫√ ( 4-3b; II)⁹

○☻ 1  ( No. M3) │⁸  (9 11 ) ⅜ ∆╢≤⁸

─ ┼ ⇔√ ( 4-3c; III )⁹ │⁸ ⅛╠ ≢

17.7 km ≢№∫√⁹∕─ ⁸↓─ │ 9 ⌐ ┘⁸ ┼ ⇔√⁹ ≢

⅜ ≢⅝√ 5 ⌐⅔™≡⁸ ⇔√ ⅛╠ ╕≢ ╩ ∆╢≤

─ │⁸5.88 km  ( ð : 1.7ð17.7 km)  ≢№∫√⁹ 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-3. ⱡ ⌐ ⇔≡™╢◦◌─ ≤ ─ ⁹(a) з ( ⌐ ┼

⇔⁸ ⌐ ┼ ╢)⁹(b) и ( ⌐ ┼ ⇔⁸ ⌐ ⌐

╡⁸ ┼ ⇔ ⌐ ┘ ┼ ∆╢)⁹ 
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 (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-3 ( ⅝). ⱡ ⌐ ⇔≡™╢◦◌─ ≤ ─ ⁹(c) й ( ⌐

┼ ∆╢)⁹ 

 

.  

≢ ⇔√ 6 ─◦◌│∆═≡⁸ ⅜ ╘╠╣√⁹◦◌│ ⌐⅔™

≡ ₩ 10 km ∆╢↓≤⅜ ↄ─ ≢ ↕╣≡™╢ ( ⅎ┌ Igota et al. 2004 ; 

 1981; Uno and Kaji 2000) ⁹ ⌐⌂╢≤ ─ ™≤↓╤⅛╠ ™ ┼ ∆╢

 ( ⅎ┌ Igota et al. 2004 ;  1981; Takatsuki et al. 2000)  ≤⁸ ⇔⌂™

( ⅎ┌  2005; Reviewed in Yabe and Takatsuki 2009)  ⌐ ↑╠╣≡™╢⁹╕√

≤ ─ ⅜ ∆╢ ╙ ↕╣≡™╢ ( ⅎ┌ Igota et al. 2004 ; 

 1981; Takatsuki et al. 2000; Uno and Kaji 2000) ⁹ ⱡ ⌐ ∆╢◦◌│⁸

─ ⌐ ≡│╘╢≤⁸ ≢№╢≤ ⅎ╠╣√⁹ ─ ≢⁸ ⅛╠ ⌐⅛↑≡

⇔√  ( ) ⅛╠ ⌐⅛↑≡ ⇔√  ( ) ╕≢─

│ 5.88 km  ( ð : 1.7ð17.7 km)  ≢№∫√⁹↓╣│⁸ ≢ ↕╣≡™╢

ﬞ ─ ─ 9.9 km  (  2013) ≤ ∆╢≤ ⅛∫√⁹√∞⇔⁸ ≢

17.7 km ≤ ∆╢  ( No. M3) ╙ ↕╣√⁹ ─ ⅜ ↕╣

≡™╢  ( ⅎ┌ Igota et al. 2004 ) ≤ ═≡⁸ ⌐ ∆╢◦◌─ │

⌂ ╛ ⌐⅔↑╢ ─ ⌐╟╢ ≢ ™≤ ⅎ╠╣≡™╢ 

(Reviewed in Yabe and Takatsuki 2009) ⁹ ⱡ ⌐ ⇔≡™╢◦◌╙ ⌂ ╩ ↑

≡™╢ ⅜№╢⅜⁸ ╩ ∆╢↓≤│≢⅝⌂⅛∫√⁹  


