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Abstract : In Japan, many fish passage have been designed and constructed on facilities which impede the movement of
fishes, to facilitate their migration. Although the numbers of fishes migrating across fishways have been examined to
evaluate fishways, such data is insufficient to verify the functions of fishways, because the number of migrating fish
required in the ecosystem is not known. In this study, the objective of a fishway was defined as “preservation of the local
population of fishes” , and the molecular biological method was used to evaluate fishways. And our results show that the
molecular biological method can be used to evaluate fish migration, especially across fishways.
Also, the characteristics of fish swimming over the crests of three experimental weir designs were examined in this study.
Fish behaviors were recorded using ultra high-speed cameras in a full-scale experimental weir. The swimming loci of the
fish were traced by motion capture system and their movement distance, speed and acceleration in the nappe were
estimated. The findings revealed that both of the high velocity characteristics and their stream lines of the nappe
prevented fish from effectively using the weir as a fish ladder. The comparison of the swimming loci shows that
differences of the stream line on nappe resulting from the different weir shapes were effectively for the passage route of
small fish. The boundary line of the nappe flow acts as a barrier to relatively weak swimmers. The separated flow of the
nappe in the low levels can produce a flow on the spot of the weir that is sufficiently weak for these weak swimmers to
overcome. To consider adequate boulder arrangement and size, the swimming physiology of fish on a ramp fish passage
were observed. Each species required different boulder arrangements based on their swimming physiology. More than 60
boulder arrangements of ramp fish passage were examined to consider the optimum flow based on their swimming
physiology. In most of the experimental cases, they lose their swimming balance and fail to migrate in boundary flow
currents and in the turbulent water around boulders. And the roughness on the surface of floor board is effective for
sculpin’s migration.

Key words : swimming performance, ultra high-speed camera, weir shape, fish ladder, ramp fishway
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