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 The method of creating otolith marks using specific regimes of rearing water temperature, feeding and 
photoperiod has been described in many works (including Brothers 1984, 1985; Volk et al. 1987; Brothers 1990; 
Akinicheva and Rogatnykh 1997).  This method allows the creation of marks during the period of juvenile growth in 
the hatchery, and has been used for the purpose of identification of large managed stocks of fish produced by 
artificial reproduction. 
 Thermal marks have been created through rearing the embryos and larvae under the temperature that are 
periodically different from the background, i.e. from water temperature supplied before the time of marking.  
Decreased water temperature results in slowing down calcium metabolism in fish creating a clear dark stripe.  
Returning to the background temperature restores the otolith calcium sedimentation rate where every new stripe 
becomes quite wide to frame out the next doubled dark stripe obtained via the next water temperature decrease 
(Akinicheva and Rogatnykh 1997).  The perfect case for marking is when two water supply systems occur in a 
hatchery - «cold» and «warm» with a difference no less than 3°C.  Total (100%) marking is possible if warming 
occurs in the hatchery.  
 Malkinsky Salmon Hatchery (Bolshaya River basin, West Kamchatka) uses thermal water from Malkinsky 
geothermal outfall for the purpose of warming the cold water from the river.  Hatchery incubation and rearing the 
fry and juveniles usually takes place under the higher water temperature that are never observed in nature (+7-10°C). 
 Thermal otolith marking has been used in Malkinsky Hatchery since 1995 (Vasylkov 1995, 1996).  The 
schemes of marking suggested in Figs. 1, 2 were used on sockeye and chinook salmon in order to create a mark 
resulting from an 8-hour period water temperature decrease.  The image of the mark for 1995 looks like III  I  II, and 
for 1996 - II  I  III. 
 Since the schemes were worked out without taking into consideration a circadian rhythm, the mark observed in 
adult sockeye that returned to the hatchery was of poor-quality (Fig. 3). 
 
Fig. 1.  The scheme of chinook and sockeye salmon marking in Malkinsky Salmon Hatchery in 1995. 
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Fig. 2.  The scheme of chinook and sockeye salmon marking in Malkinsky Salmon Hatchery in 1996. 
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Fig. 3.  The photos of otolith mark from sockeye salmon in the return to Malkinsky Hatchery ( a - marked area - ocular 10x/22, 
objective 10x/0,25; b - the mark of 1995, ocular 10x/22, objective 20x/0,40; c - the mark of 1996, ocular 10x/22, objective 40x/0,65). 
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 Since 1997 the scheme of marking has been changed (Fig. 4).  Periodic temperature decreases were carried out 
for 48 hours.  As a result a mark of a high quality in the otoliths of sockeye and chinook salmon has been formed, 
and consisted of two blocks: first block-2 stripes, second block-3 stripes.  The image of the mark in 1997 was II III.  
The photos of otoliths are shown in the Fig. 5. 
 High-quality marks can be seen in the standards of juvenile sockeye salmon otoliths sampled at release in 1998, 
and in adult fish in the returns of 2000 and 2001.  The scheme of marking is shown in Fig. 6.  The water temperature 
was decreased periodically during a 24 hour period.  The marks of 1998 looks like III II. 
 The photos of the juvenile sockeye salmon standard otolith mark, and of the mark recovered in adult fish in the 
return are shown in Fig. 7.  It is clear from the figure that the regime of a periodic 24-hours temperature decrease for 
sockeye salmon provides a high-quality (reliable) mark.  There were no marks from 1998 found in adult chinook 
salmon otoliths, although the mark can be recognized in juvenile otolith at significant magnification (Fig. 7). 
 In 1999, juvenile chinook and sockeye salmon were marked according to the scheme shown in  Fig. 8.  The 
mark from 1999 looked like I I III.  Clear marks were observed in neither standard juvenile or in adult fish. 
 
Fig. 4.  The scheme of chinook and sockeye salmon marking in Malkinsky Salmon Hatchery in 1997. 
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Fig. 5.  Photos of otolith marks from sockeye salmon in the return to Malkinsky Hatchery ( a - the mark of 1997 in sockeye salmon 
otolith - ocular 10x/22, objective 40x/0,65; b - the mark of 1997 in chinook salmon otolith - ocular 10x/22, objective 20x/0,40; c - the 
mark of 1997 in chinook salmon otolith - ocular 10x/22, objective 40x/0,65). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.  The scheme of chinook and sockeye salmon otolith marking in Malkinsky Hatchery in 1998. 
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Fig. 7.  Photos of Malkinsky Hatchery chinook and sockeye salmon otolith mark, ocular 10x/22, objective 40x/0,65 ( a - standard 
chinook salmon otolith, b - standard sockeye salmon otolith, c - the otolith of adult sockeye salmon). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  The scheme of chinook and sockeye salmon marking in Malkinsky Salmon Hatchery in 1999. 
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 Until 2000 the marking of Malkinsky Hatchery salmon was carried out in late March and April when juvenile 
sockeye and chinook salmon had begun feeding.  According to Akinicheva and Rogatnykh (1997) the results of 
several experiments carried out on juvenile, larval and embryonic salmon show that the best period in ontogenesis 
for creation of thermal marks in the otolith structure is the period when a clear nucleus area has been formed.  
Thermal marks in this area are clearly seen.  A stable working calcium metabolism rhythm is established in the 
otolith of actively swimming juvenile fish, and they are not effected by environmental factors. Therefore, the mark 
cannot be recognized among the number of bright and contrast rings.  However, the marks of all previous years have 
been observed in the otoliths of adult sockeye salmon returning to Malkinsky Hatchery for 2000–2001, with the 
exception of the mark from 1999.  In the otoliths of adult chinook salmon the mark from 1997 is easily recognized. 
 In 2000 the work on thermal otolith marking of Malkinsky sockeye and chinook salmon was continued.  
Sockeye salmon marking was carried out at the eyed stage according to the scheme of background temperature 
increases with a 24-hours periodicity (Fig. 9), and there were 770x103 sockeye salmon individuals marked.  The 
mark of 2000 was III III.  There were 485x103 chinook salmon individuals marked as before.  The marking was 
carried out at the passive embryo stage via background temperature decrease to 4.6°C according the scheme shown 
in Fig. 10.  Water exchange in the basins and in the incubators took one hour.  The mark formed in the otolith in 
2000 was III IIIII.  Photos of standard chinook and sockeye salmon juvenile otoliths are represented in the Fig. 11. 
In conclusion, the thermal marks in otoliths of chinook and sockeye salmon show the best contrast in the clear area, 
i.e. within the eyed stage and the passive embryo stage.  However, the variations of the period of temperature 
decreases (up to 48 hours) can provide high quality marks at later stages of juvenile salmon development. 
 
Fig. 9.  The scheme of Malkinsky Hatchery sockeye salmon otolith marking in 2000. 
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Fig. 10.  The scheme of Malkinsky Hatchery chinook salmon otolith marking in 2000. 
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Fig. 11.  Photos of the mark of 2000 in Malkinsky Hatchery chinook and sockeye salmon otoliths, ocular 10x/22, objective 40x/0,65 
(a - standard chinook salmon   otolith, b - standard sockeye salmon otolith). 
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