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Migration of fishes from downstream to upstream or vice versa takes place for the
purpose of food, spawning and so on. Barriers across rivers often have negative impacts on
natural fish populations and, along with other factors, may confribute to the diminished
abundance, disappearance or even extinction of species. To minimize the severe impact on the
river ecosystem, fish passage is installed. The general principle of fish passage is to attract fish
that move up the river to a specific location in the river downstream of the obstruction so as to
induce them actively, or even make them passively, pass upstream by opening a waterway or by
trapping thém in a tank and transferring them upstream. In Japan, the pool and weir fishways are
intended mainly to provide passage upstream for ayu (Plecogiossus Altivelis Altivelis). Ayu is an
amphidromous species and is the most important commercial fish in Japan.

The design of a fish passage, the effectiveness of which is closely linked to the water
velocities and flow patterns, should take into account the behavior of the target species. The most
important factor in designing fish passage is the easiness to find the entrance of fish passage.
Water currents are believed to play an important role in guiding or directing fish on their
migrations. Thus the water velocities in the pass must be compatible with their swimming
capacity and behavior. A large water level difference between pools, excessive aeration or
turbulence, large eddies or low flow velocities can act as a barrier for fish. In addition to
hydraulic factors, fish are sensitive to other environmental parameters (sound, air bubble, level
of dissolved oxygen, temperature, noise, light, etc.), which can have a deterrent effect.

This study is divided into two parts. In the first part, I determine approach to entrance of
fish passage. In this part I select sound and rheotaxis as controlling parameters because sounds
are believed to elicit changes in the behavior of fish and the movement of fish in response to
current (rheotaxis) has been treated as a priori driving force that can determine swimming
direction. In this research, I determine preference of rheotaxis and sound based on laboratory
experiments, and build a model to determine fish migration path. In the second part, I evaluate a

fish passage itself. Recently, stone embedded fish passage (SEF) is getting popularity in some




areas of Japan as an inexpensive smail-scale river restoration works. I select Fushino River SEF
because the efficiency of the SEF has not been evaluated and the design parameters of it are not
clear enough yet. In this research, I evaluate the condition of Fushino River SEF whether ayu can
rest at pools and swim through channels or not based on preference of adult and Juvenile Ayu.

In rheotaxis experiment, I conducted pair comparison of Ayu distribution between upper
and lower section of a test watercourse using several velocity conditions (10, 30, 40 cm/s for
Juvenile and 20, 30, 50, 70, 90 cm/s for adult). Through these experiments, I revealed that ayu
shows positive rheotaxis under 30 cm/s and 40 cm/s for juveniles, and 50 cm/s for adults.

Sound experiments were conducted by using a watercourse at the end of which an
underwater speaker was installed. I emitted sound from speaker with different sound pressure
level. Sound source were pure tone (100 Hz, 200 Hz, 400 Hz and 800 Hz), white noise, a
recorded sound at a weir in Fushino River, and a recorded sound at a fish ladder in Misumi
River. The result showed juvenile and adult ayu avoid pure sound of 100 Hz and the recorded
sound at the Fushino River weir, but they prefer pure sound of 200 Hz and the recorded sound at
the fish ladder.

Based on above findings, I define a procedure to calculate preference of rheotaxis and
sound then build them into our fish behavior simulation model on GIS software. The model
could successfully reproduce observed fish migration behavior in the actual river.

For evaluating Fushino River SEF, I reproduced the condition of the SEF in laboratory,
which consists of a pool and a channel. Based on experimental results using various discharge,
channel slope, channel length, and pool size, I develop decision tree to estimate the passability of
a pair of channel and pool. Then I propose an equation to estimate whole SEF combining the
estimation result of the decision tree. Lastly I verify the equation through field experiments. The

equation could show a framework of SEF estimation.
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