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everal years ago, Science published an important

essay (Ludwig et al. 1993) on the need to confront

the scientific uncertainty associated with manag-

" - ing natural resources. The essay did not discuss

instream flow standards explicitly, but its arguments apply.
At an April 1995 workshop in Davis, California, all 12 par-
ticipants agreed that currently no scientifically defensible
method exists for defining the instream flows needed to
protect particular species of fish or aquatic ecosystems
(Williams, in press). We also agreed that acknowledging this
fact is an essential step in dealing rationally and effectively
with the problem.

Practical necessity and the protection of fishery re-
sources require that new instream flow standards be estab-
lished and that existing standards be revised. However, if
standards cannot be defined scientifically, how can this be

_done? We join others in recommending the approach of
adaptive management. Applied to instream flow standards,
this approach involves at least three elements.

First, conservative (i.e., protective) interim standards
should be set based on whatever information is available
but with explicit recognition of its deficiencies. The stan-
dards should prescribe a reasonable annual hydrograph as
well as minimum flows. Such standards should try to sat-
isfy the objective of conserving the fishery resource, the
first principle of adaptive management (Lee and Lawrence
1986).

Second, a monitoring program should be established and
should be of adequate quality to permit the interim stan-
dards to serve as experiments. Active manipulation of

flows, including temporary imposition of flows expected to
be harmful, may be necessary for the same purpose. This
element embodies the adaptive management principles that
management programs should be experiments and that in-
formation should both motivate and result from manage-
ment action. Often, it also will be necessary to fund ancillary
scientific work to allow more robust interpretation of the
monitoring resulfs.

Third, an effective procedure must be established where-
by the interim standards can be revised in light of new
information. Interim commitments of water that are in prac-
tice irrevocable must be avoided.

The details of the monitoring program should vary from
case to case. Where protection of particular populations is
emphasized, the monitoring program should produce esti-
mates of population size. However, population estimates by
themselves often will not provide useful guides to action.
This is particularly likely with anadromous fishes such as
salmon, where populations of adults depend on harvest,
ocean conditions, and other factors not related to instream
flows, and populations of juveniles are hard to estimate
accurately. Managers will learn more if the monitoring pro-
gram also includes a suite of indices of the growth, condi-
tion, and development of the target species. These indices
need to be interpreted with awareness of the complications
arising from variations in life history patterns within and
among populations.. However, the indices and population
estimates together will offer the best evidence of the mech-
anisms by which flows affect the survival and reproduction
of individuals and thus the persistence of populations.
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The 1990 “Hodge Decision” in the case of Environmental
Defense Fund v Fast Bay Municipal Utility District [Superior
Court of Alameda County (California) No. 425955], with
which several of us have been involved, exemplifies this
approach. Judge Richard Hodge set flow standards for the
American River, a major tributary to the Sacramento, that
are intended to protect chinock salmon and other public
trust resources from diversions by the East Bay Municipal
Utility District. However, Hodge recognized the “fundamen-
tal inadequacy” of existing information regarding flow
needs, so he retained jurisdiction and ordered parties to the
litigation to cooperate in studies intended to clarify what the
flow standards should be. Experience with these studies
motivated the April 1995 workshop.

Qur claim that there is now no scientifically defensible
method for defining flow standards implies that the Physi-
cal Habitat Simulation Model (PHABSIM), the heart of the
Instream Flow Incremental Methodology (IFIM), is not such
| a method. We have divergent views on PHABSIM, Some of
: us think that, with modification and careful use, it might
! produce useful information. Others think it should simply
be abandoned. However, we agree that thése who would
use PHABSIM, or some modification of it, must take into
account the following problems: (1) sampling and measure-
ment problems associated with representing a river reach
with selected transects and with the hydraulic and sub-
strate data collected at the transects; {2) sampling and mea-
surement problems associated with developing the suitabili-
ty curves; and (3) problems with assigning biological
meaning to weighted usable area (WUA), the statistic esti-
mated by PHABSIM. Estimates of WUA should not be pre-
sented without confidence intervals, which can be devel-
oped by bootstrap methods (Efron and Tibshirani 1991;
Williams 1996). Nor should any analytic method become a

T

substitute for common sense, critical thinking about stream
ecology, or careful evaluation of the consequences of flow
modification, as has sometimes happened with the imple—
mentation of the [FIM.

Establishing instream flows involves both policy and sci-:
ence, and scientists and resource managers have challeng-
ing roles in the process. Managers need to accept the exist-
ing uncertainty regarding instream flow needs and make
decisions that will both protect instream resources and allow
development of knowledge that will reduce the uncertainty.
Scientists need to develop and implement monitoring meth-
ods that will realize the potential of adaptive management,
and develop the basic biological knowledge that will pro-
vide a more secure foundation for decisions that must bal-
ance instream and consumptive uses of water. Jugw
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