





































































































INSTREAM FLOWS FOR RIVERINE RESOURCE STEWARDSHIP

affected by human activities at some scale—
whether micro, macro, regional, or global. These
activities have altered and, in many cases, degrad-
ed stream ecosystems by affecting food (energy)
source, water quality, habitat structure, flow
regime, and biotic interactions (Karr 1991). In fact,
human activities affect all five of the riverine com-
ponents—hydrology, geomorphology, biology,
water quality, and connectivity (Figure 2-47). In
the ongoing debate about the impacts of human
activities on the ecosystem(s), biodiversity has
emerged as a key concept for identifying impacts,
developing solutions, and defining success. For

example, ecosystem degradation is manifested as
lost biological diversity when humans disturb
watersheds by removing permanent vegetation
(for agricultural purposes or urban development),
building dams that store and/or divert water, or
by otherwise physically modifying stream chan-
nels. Noss and Cooperrider (1994) noted that “all
land management is biodiversity management—
whether intended or not.”

There has been much discussion about the
precise definition and usefulness of the term biodi-
versity. Noss (1990) proposed focusing, instead, on
the characteristics that together determine and

FIGURE 2-47. Human activity is pervasive and affects all five riverine components, which interact with each other in
complex ways. Activities in one area (space), or that affect one component directly, may eventually affect other areas
(e.g., downstream watersheds) and the other components (Adapted from Karr 1991).
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CHAPTER TWO

constitute the biodiversity of an area (Figure 2-48).
Biological diversity and ecological integrity essen-
tially refer to the variety of life at the genetic, taxo-
nomic, and ecosystem levels and include function,
structure, and naturalness (Hocutt 1981; Karr and
Dudley 1981; Pimm 1984; Hughes and Noss 1992;
Goldstein 1999). The major components of biodi-
versity—composition, structure, and function—
were first recognized by Franklin et al. (1981).
Composition refers to the identity and variety of
elements in a collection and includes species lists
and measures of species diversity and genetic
diversity. Structure is the physical organization or
pattern of a system, from habitat complexity—as
measured within communities—to the pattern of

INSTREAM FLOWS IN THE CONTEXT OF RIVERINE ECOLOGY

patches and other elements at a landscape scale.
Function involves ecological and evolutionary
processes, including gene flow, disturbances, and
nutrient cycling. Noss (1990) noted that the grow-
ing concern over compositional diversity has not
been accompanied by an awareness of structural
and functional diversity, which we have also
observed. Noss (1990) expanded the three attrib-
utes of biodiversity to include a nested hierarchy—
depicting them as a series of circles (Figure 2-48)
because they are interdependent and the spheres
are interconnected and bounded by a larger sphere
of concern (i.e., Earth). The decisions made con-
cerning rivers and land use will impact biodiversi-
ty. Degradation of biodiversity often leads to at

FIGURE 2-48. An example of how ecosystem structure, composition, and function affect biological diversity and eco-

logical integrity (From Noss 1990).
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least localized shifts in species community or even
the loss of some species.

...complex issues must be addressed
through interdisciplinary studies that
involve hydrologists, geomorphologists,
water quality specialists, aquatic biolo-
gists, and riparian ecology experts.

Historically, most land use decisions have
been made with little understanding or regard for
their effect on the interconnectedness of river and
landscape (Schlosser 1991). Long-term solutions in
natural resource management depend on a holistic
view of the river system, including the geology,
hydrology, fluvial dynamics, biological interac-
tions with habitat, and water quality. To achieve
this perspective for rivers, it is necessary to identi-
fy major interactive pathways, hierarchical struc-
ture, and temporal dynamics by making full use of
our knowledge while recognizing its limitations.
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This requires that water management decisions
extend beyond the needs of a single species or
recreational use. Such complex issues must be
addressed through interdisciplinary studies that
involve hydrologists, geomorphologists, water
quality specialists, aquatic biologists, and riparian
ecology experts.

This philosophy reflects the emerging con-
sensus endorsed by the IFC that river managers
should assess riverine flow management needs
over the entire range of natural flows (Stalnaker
1994; Rasmussen 1996; Poff et al. 1997; Bovee et al.
1998; Potyondy and Andrews 1999) and make flow
recommendations that are related in some fashion
to the physical, biological, and chemical processes
embodied in the natural flow regime. The first
step for state and provincial natural resource man-
agers working on instream flow issues is to define
goals based on ecosystem objectives.




