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The historical see-sawing between anchovy and sardine has been linked with climate 
changes; however, the biological processes are still unclear. Why do anchovy flourish and 
sardine collapse or vice versa under the same ocean regime? In the previous studies (Takasuka 
et al. 2004), we proposed the “optimal growth temperature” hypothesis as a potential biological 
mechanism of the species alternations, focusing on the differential optimal temperatures for 
growth rates of Japanese anchovy (Engraulis japonicus) and sardine (Sardinops melanostictus) 
larvae (22.0 and 16.2°C, respectively) and synchronous fluctuations of their ambient 
temperatures between these optimums in the western North Pacific. 
 

Here we extend this temperature-based idea to address a subsequent issue: Why were 
fish regimes synchronous despite the reversed temperature regimes between the western and 
eastern sides of the Pacific? Spawning temperatures of Japanese anchovy and sardine were 
examined based on the long-term dataset (102,905 tows) of the historical egg and larval surveys 
(Oozeki et al. 2004) off the Pacific coast of Japan from 1978 to 2004. Temperatures preferred for 
spawning ranged from 15 to 28°C for anchovy and from 13 to 20°C with a marked peak at 16°C 
for sardine. Characteristics of spawning temperatures clearly distinguished the warm and 
eurythermal anchovy (E. japonicus) and the cool and stenothermal sardine (S. melanostictus) in 
the western North Pacific. This pattern is quite a contrast to the anchovy (E. mordax) and sardine 
(S. sagax) off California (Lluch-Belda et al. 1991). Reversed species-specific temperature 
optimums under the reversed temperature regimes would provide a possible mechanism for the 
synchronous anchovy and sardine see-sawing across the Pacific in the past. 
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