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Uncertainty and Instream Flow Standards:
Perspectives Based on Hydropower Research

and Assessment
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; a thought-provoking essay, “Uncertainty and
& Instream Flow Standards,” Castleberry et al.
Qﬁf_"' n (1996) argue that currently no scientifically
& defensible method exists [including the Phys-
ical Habitat Simulation System component
(PHABSIM) of the Instream Flow Incremental Methodology
(IFIM)] for defining instream flows needed to protect fish or
aquatic ecosystems. They suggest (1) that an adaptive man-
agement approach is preferable, involving protective interim
standards, a monitoring program, and an effective [institu-
tional] procedure for revising interim standards in light of
new information; and (2) that scientists and managers need
to understand and consider the uncertainties in instream
flow methods, develop and implement monitoring methods
that will realize the potential of adaptive management, and
develop the basic (mechanistic) biological knowledge about
how flows affect the survival and reproduction of individuals.
We want to add to these constructive ideas to promote
further discussion on the important issue of instream flow
management. The scientific defensibility of any predictive
assessment methodology needs to be judged based on its
scientific foundations and its proven track record of use in
specific environmental assessments. The adaptive manage-
ment approach, while having a sound scientific founda-
tion, is still developing a proven track record. Many per-
ceive this approach as trial-and-error manipulations that
provide an excuse for maintaining the status quo. Stated
more strongly, adaptive management can be primarily a
political process of adapting to changing political pres-
sures, rather than a scientific process of adapting to increased
scientific understanding. In reality, adaptive management
requires dramatic experiments, including predictive mod-
els. We identify three additional needs to obtain the benefits
of more flexible approaches such as adaptive management.
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Decision-making Framework

Adaptive management requires a high level of institu-
tional, legal, and political flexibility—more than now typi-
cally occurs (Castleberry et al. 1996). Many fisheries agen-
cies have insufficient resources for the current backlog of
hydropower instream flow studies (Railsback et al. 1990),
much less for long-term monitoring and adaptive manage-
ment at each site. In addition, deregulation of electricity
generation in the United States is creating a competitive
climate such that hydropower operators will be less able to
afford adaptive management experiments.

However, the benefits of flexible requirements are being
recognized and gradually implemented. In addition to the
“Hodge Decision” (Castleberry et al. 1996), examples in-
clude the settlement agreements for the Skagit River Pro-
ject in Washington and the New Don Pedro Project in Cali-
fornia, both of which allow flows to be varied according to
agreed rules as more information and better models are
obtained from monitoring studies. Additional opportuni-
ties for adaptive management lie with federal water pro-
jects [e.g., the Glen Canyon Project (U.S. Bureau of Recla-
mation 1995)]. Federal projects are not bound by the

adaptive management can be
primarily a political process of
adapting to changing political
pressures, rather than a scientific
process of adapting to increased
scientific understanding

procedures of the Federal Energy Regulatory Commission,
and study and mitigation costs (including funding of
resource agency participation) are heavily subsidized.

Management Objectives

A challenge to any approach based on population- or
community-level effects is achieving agreement on man-
agement objectives that are acceptable to the public, sim-
ple to understand, ecologically meaningful, and measur-
able before designing a monitoring program or a model.
The objective could range from target values for adult pop-
ulation density or production of a key fish species to main-
tainance of a balanced and indigenous fish community.
Many of these objectives are difficult to measure. For ex-
ample, providing a specified long-term average number of
outmigrating salmon smolts per spawner may seem like a
simple, well-defined management objective. However,
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determining whether this objective is being met based on
variable and uncertain data gathered throughout the years
is not simple. Nonetheless, the need to define such man-
agement objectives can be viewed as a strength of popula-
tion- and community-level approaches (Orth 1995); while
difficult, it does force decision makers to focus on real pro-
ject effects, management options, and uncertainty.

Flow Manipulations, Monitoring Programs,
and Models

The adaptive management approach requires several
key components. The flow manipulation must involve a
major change in the base flow regime for regulators and
scientists to expect a measurable change. Minor flow
changes may not provide the contrast needed to test the
knowledge base and models used to develop management
regulations and, thus, would fail to serve the decision-
making purpose. While necessary for the adaptive man-
agement approach, flow manipulations and monitoring
programs alone are not sufficient. For the adaptive manage-
ment approach to be successful, it must include a methodol-
ogy that provides two critical functions. First, it must provide
the qualitative framework for identification and consensus-
building concerning management objectives, flow manipu-
lations, and monitoring. Second, it must provide a quantita-
tive predictive tool [always combined with common sense,
critical thinking about stream ecology, and careful evaluation
of the actual consequences of flow modification (Castleberry
et al. 1996)] that synthesizes the results from the monitoring
program and makes quantitative predictions (absolute or
relative) of fish population responses to alternative instream
flow regimes and mitigation measures. Adaptive manage-
ment can treat these predictions as hypotheses and design
experiments to test their validity and improve predictions.

Although it has its weaknesses because of its limited fo-
cus on physical habitat, PHABSIM is such a tool. The indi-
vidual-based modeling approach is another such tool that
does not have this limitation. It replaces PHABSIM's reliance
on habitat suitability curves with a mechanistic representa-
tion of the processes underlying fish growth, survival, and
reproduction (e.g., Van Winkle et al. 1993). This representa-
tion varies with the life history of the species of interest, and
density dependence (i.e., compensation) is an emergent popu-
lation property of what happens to the individual model fish.

One such individual-based instream flow model (Van
Winkle et al. 1996) is being developed in conjunction with
a field evaluation of PHABSIM (Studley et al. 1996). By
monitoring fish populations and habitat at 9 hydropower
sites throughout 11 years and experimentally changing
minimum flows (Studley et al. 1996), this study indicates
that population responses to flow can be complex yet pre-
dictable. For example, at sites within one 5-km reach of the
Tule River, California, factors that limited trout populations
included base flows, scouring of redds by floods, winter tem-
peratures too high for incubation, high summer tempera-
tures, scarce spawning habitat, and interspecies competition.
Physical habitat assessments alone cannot be expected to do
well in such situations, yet many of these population-limiting
factors have been successfully captured in the individual-
based model and could be represented in a more comprehen-
sive suite of models in IFIM. Preliminary results also indicate
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that relatively simple improvements to typical PHABSIM
methods can produce instream flow assessments that are
reasonably accurate and far less expensive than an adap-
tive management approach. At the very least, they can pro-
vide the initial predictions on which adaptive management
can build.

Castleberry et al. (1996) correctly point out the uncertain-
ties in simplistic instream flow assessments. We agree that
the adaptive management approach has potential benefits
and, in fact, we see a gradual trend toward more flexible
assessment and management of water projects. However,
before the adaptive management approach can be fully suc-
cessful, it is clear that (1) decision-making frameworks;

(2) management objectives; and (3) flow manipulations,
monitoring programs, and models all need improvement.
We emphasize that mechanistic models that depict the fac-
tors affecting the target aquatic resources (and not just
physical habitat) must be key components of the adaptive
management process. Without such models, the uncertain-
ties may be greater than those currently encountered with
habitat models, and as a consequence, eventual costs may
be much higher than necessary.
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