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Fig. 1  The Japanese eels were released at sites of  
Da-pong (DP) Bay and the estuary of the Kao-ping (KP) 
River in southwestern Taiwan.   
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Fig. 2  Three tagging methods: 
(a) marked by liquid nitrogen, (b) 
CWT (coded wire tags) and 
scanner (c) chip implanted, (d) 
fin clip and (e) chip scanner with 
specific number. 

(Fig. 2c)  
(Chips detector: All Weather Extended Range Multi 
Tag Reader, AVID, USA ) (Fig. 2c, e)
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Fig. 3  The red ALC fluorescent marks exhibited by elvers which were immersed in ALC solution at different time 
periods (6, 12 and 24hrs) and concentrations (15, 25, 50 and 75 ppm). The tagged elvers were then reared for one 
month.  
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Fig. 4  The yellow OTC fluorescent marks were showed by yellow eels which were injected with OTC solution at 
dosage (a)25, (b)50, (c)75 and (d)100 ppm of body weight (per kg). arrow: OTC mark. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5  Oxytetracycline (OTC) and Alizarin complexone (ALC) marks in the otoliths of Japanese eels at release. The 
new increments between the OTC and ALC marks and the otolith edge were deposited between release and 
recapture.   
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Table 1  Sources and numbers of Japanese eels Anguilla japonica marked by different methods (Oxytetracycline: 
OTC, Alizarin Complexone: ALC, coded wire tag: CWT, chip, fin clip, and liquid nitrogen: LN), and released at the 
south and north coasts of Da-Pong Bay (DP) and the upstream (KP-up) and the downstream (KP-down) of the 
Kao-Ping River in 2002, 2003, 2005 and 2006 

No. of eels marked Release 
date Release site Source 

OTC ALC CWT chip fin clip LN 

Mar. 3, 2002 KP-down Wild  4800     

Sept. 9, 2003 DP-north Culture 163  163 163  163 

  Culture   500    

Sept. 29 KP-down Culture   300    

 KP-up Culture 180  180    

Oct. 7 DP-south Culture 127   127   

         

Sept. 28, 2005 KP-down Culture 500   500 500  

  Wild 152   152 152  

Oct. 3 KP-up Culture 150   150 150  

Oct. 13 KP-down Wild 68   68 68  

         

Aug. 15, 2006 KP-down Culture 537   537 537  

  Wild 246   246 246  

Aug. 16 KP-up Culture 100   100 100  

Aug. 25 KP-down Culture 140   140 140 140 

  Wild 55   55 55 55 

Aug. 26 KP-down Culture 40   40 40 40 

  Wild 5   5 5 5 

DP  290  663 290  163 
Total 

KP  2173 4800 480 1993 1993 240 

 

790
Table 1

Table 2 & 3 2002 3
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2006 8 15
783  (Table 3)
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7 204

204
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Table 2  Mean (± SD) total length (TL) and body weight (BW) of released Japanese eels, Anguilla japonica, in 
Da-Pong Bay (DP) and the upstream (KP-up) and downstream (KP-down) of the Kao-Ping River in 2002, 2003 and 
2005. The recaptured rates (%) were calculated one year after release. Recapture rate (%) = recapture of tagged/ 
release of tagged × 100% 

Mean (± SD) Release 
Release site Source 

No. of eel 
released 

No. (%) of eel
recaptured TL (cm) BW(g) date 

KP-down Wild 4800* 0 (0) 5.56 ± 0.24  Mar. 3, 2002 

Sept. 9, 2003 DP-north Culture 163 34 (20.9)  1200 

  Culture 500 59 (11.8)  400 

Sept. 29 KP-down Culture 300 14 (3)  400 

 KP-up Culture 180 0 (0)  400 

Oct. 7 DP-south Culture 127 50 (39.3)  1200 

       

KP-down Culture 500 25 (5) 69.3 ± 4.9 508.3 ± 137.6Sept. 28, 2005 

 Wild 152 4 (2.6) 69 ± 4.7 505.5 ± 129.2 

Oct. 3 KP-up Culture 150 1 (0.6) 68.9 ± 4.7 495.7 ± 134.6

Oct. 13 KP-down Wild 68 0 (0) 44.2 ± 11.6 116.3 ± 109.9

DP 2003  790 143 (14.6)   

Tzeng (1996) Sr/Ca
4.0× 10-3

4.0× 10-3 4.0× 10-3

Sr/Ca  

2002  4800 0 (0) 5.56 ± 0.24  

2003  480 14 (3)   
Total 

KP 

2005  870 30 (3.4) 66.2 ± 10.1 458.2 ± 183.9

*Only Mar. 3, 2002 were elvers 
 

Table 3  Mean (± SD) total length (TL) and body weight (BW) of released Japanese eels, Anguilla japonica, in the 
upstream (KP-up) and downstream (KP-down) of the Kao-Ping River in 2006. The recaptured rates (%) were 
calculated ten days and one day after release. Recapture rate (%) = recapture of tagged/ release of tagged × 100%  

Mean (± SD) Release 
Release site Source 

No. of eel 
released 

No. (%) of eel
recaptured TL (cm) BW(g) date 

KP-down Culture 537 146 (27.2) 70.6 ± 10.6 578.1 ± 318.8Aug. 15, 2006 

 Wild 246 58 (23.6) 67.5 ± 9.6 478.4 ± 280.1 

72.7 ± 10.2 633.8 ± 320.7Aug. 16 KP-up Culture 100 0 (0) 

66 ± 9 433.8 ± 259.1Aug. 25 KP-down Culture 140 40 (28.6) 

  Wild 55 5 (9.1) 62.8 ± 10.1 356.8 ± 230.5

64.7 ± 9 389.2 ± 223.8Aug. 26 KP-down Culture 40 2 (5) 

  Wild 5 1 (20) 48.2 ± 4.4 98.2 ± 45 

67.4 ± 9.8 478.1 ± 284 Total KP 2006  1123 252 (22.4) 
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Fig. 6  The monthly change of mean (± SD) recapture rates in the first year after release in Da-Pong Bay and the 
Kao-Ping River in 2003 (a), 2005 (b) and 2006 (c). 
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Fig. 7  Dispersal of marked Japenese eels in Da-Pong Bay and the estuary of the Kao-Ping River after released. (a) 
and (b) indicate the recapture rates of the eels released in the north and south coasts of Da-Pong Bay on Sept. 9, 
2003 and Oct. 7, 2003, and the recapture rates in the seawater inlet and freshwater entrance of the bay from Oct. 
2003 to Feb. 2004. (c) 783 eels (in square) were released in the lower reach of Kao-Ping River on Aug. 15, 2006 and 
the recapture rates of eels in each of the sampling sites in the 10 days after release. Open circles indicate no 
recapture. (d) The 195 recaptured eels from (c) were released again in the upper part of the downstream of Kao-Ping 
River on Aug. 25 and the recapture rate of eels recaptured after 24 hrs in each sampling sites is shown. 
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Fig. 8  The spatial frequency distribution of Japanese eels in the 10 days (Diamond) and 24 hrs (Triangle) after 
released in the estuary of Kao-Ping River. Left axis and open symbols: recapture by distance from the release site; 
Right axis and solid symbols: accumulated recapture by distance from the release site. Diamond: the 783 eels 
released on Aug. 15, 2006 and recaptured until Aug. 25, 2006 (n=204); Triangle: the 195 eels recaptured from Aug. 
15 until Aug. 25, 2006 and released on Aug. 25 and recaptured on Aug. 26, 2006 (n=45). 
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Fig. 9  Temporal changes in otolith Sr/Ca ratios from the primordium to the edge indicating the position of the OTC 
mark on the otolith of yellow Japanese eels including: (a) cultured eels and (b) wild eels from the estuary of the 
Kao-ping River. A: annual increment. Sr/Ca ratios 4 ‰ were the boundary of seawater and freshwater. 

 



以標識放流及耳石微化學研究日本鰻的移動行為及棲地利用      
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Fig. 10  Temporal changes in otolith Sr/Ca ratios between the primordium and the edge of wild Japanese eels in 

Da-pong Bay. According to the pattern of otolith Sr/Ca ratios, migratory behaviors were classified into 3 types: 

freshwater eel (a), seawater eel (b) and estuarine eel (c, d). EC = elver check, A: annual increment. Sr/Ca ratios of 4 ‰ 

were the boundary of seawater and freshwater.  
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Fig. 11  Temporal changes in 
otolith Sr/Ca ratios from the OTC 
mark to the edge of 4 Japanese 
eels, which were released and 
recaptured in (a) Da-pong Bay in 
2003; (b) Kao-ping River in 
2005; (c) Kao-ping River in 2006 
and (d) Kao-ping River released 
in 2004 and recaptured in the 
downstream 194 days later in 
2005. Sr/Ca ratios of 4 ‰ were 
the boundary of seawater and 
freshwater. 
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ABSTRACT 

To understand the distribution, migratory behaviour and adaptation to salinity of Japanese eels Anguilla 
japonica in the coastal waters, five tagging methods were used, They were (1) liquid nitrogen marking on the 
fish body surface (2) fin clipped (3) oxytetracycline and alizarin complexone marking on otoliths (4) microchips 
and (5) coded wire tags. Totally, 4800 elvers and 2473 yellow eels were released into Da-pong Bay and 
Kao-ping River in 2002, 2003, 2005 and 2006. According to the recaptured data, the marked eels exhibited 
territory behaviours and most eels stayed within 1 km from the released sites. In addition, the Sr/Ca ratios also 
showed that most eels habituated in the estuarine areas.  

 

Key words: Anguilla japonica, habitat use, Sr/Ca ratio, tagging 
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