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Abstract

The development of waterways, for hydropower and other industrial uses, has substantially altered many of
the freshwater habitats of the planet and this has had considerable impact upon aquatic organisms. Industrial
changes in aquatic ecosystems, including hydropower development, can restrict or delay fish migration,
increase predation, affect water quantity and quality, and subject fish to direct damage and stress. This review
will focus on the consequences for fish welfare and the progress towards developing the means to pass and
protect fish at hydropower dams, at water withdrawal facilities, and in other engineered aquatic environments.
It primarily concerns the large mainstem hydropower dams in the Columbia-Snake River Basin in the
northwestern United States. Some methods for improving fish passage and protection at hydropower dams
involve modifications and additions to engineered structures and occasionally use sensory stimuli such as light,
sound, turbulence, or electric fields to influence fish distributions. Measures to improve fish survival, like
spilling water at a dam to provide non-turbine passage, can cause other problems for fish, for example higher
dissolved gas concentrations downstream. Reducing losses of fish in industrial environments is desirable in
both the industrialized world, where many fish-related problems currently exist, and in the developing world,
where lessons already learned may make future development more cost-effective and benign.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Background

Aquatic ecosystems have provided us sustenance and transportation since prehistoric times

and we have incrementally developed methods and technologies that enable us to use them to
irrigate our crops, to remove our waste products, to supply mechanical energy, to make and clean
things, to cool thermal power plants and other heat sources, and to generate a substantial fraction
of our electric power (about one fifth worldwide, see World Energy Council, 2001).
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