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Effects Of Urbanization On Small Streams

In the Puget Sound Ecoregion

by Christopher W. May, Richard R. Horner, JamesR. Karr, Brian W. Mar, Eugene B. Welch

University of Washington, Seattle, Washington

America, isexperiencing anincreasein urban

development that is rapidly expanding into
remaining natural aquatic ecosystems. In the Puget
Sound lowland (PSL) ecoregion, the natural resources
most directly affected by watershed development are
small streamsand associated wetlands. Stream ecosys-
temsarecritical spawningandrearing habitat for several
species of native salmonids including coho and cut-
throat trout and many salmon species. These fish,
especialy the salmon, hold great ecological, cultural,
and socioeconomic val ue to the peoples of the region.
Despite this value, the wild salmonid resource is in
considerable jeopardy of being lost to future genera-
tions. Over the past century, salmon have disappeared
fromabout 40% of their historical rangeand many of the
remaining populations(especially in urbanizing areas)
areseverely depressed (Nehlsen, et al. 1991). Thereis
no one reason for this decline. The cumulative effects
of land-usepracti cesincluding timber-harvest, agricul -
ture, and urbani zation haveall contributed significantly
tothiswidely publicized “salmon crisis.”

The effects of watershed urbanization on streams
arewell-documented (L eopold, 1968; Hammer, 1972;
Hollis, 1975; Klein, 1979; Arnold, et al. 1982; Booth,
1991) and include extensive changes in basin hydro-
logic regime, channel morphology, and water quality.
The cumulative effect of these alterations have pro-
duced aninstream habitat structurethat issignificantly
different from that in which salmonids and associated
faunahaveevolved. Inaddition, devel opment pressure
has anegativeimpact on riparian forests and wetlands
that are essential to natural stream function. Consider-
able evidence about these impacts exists from studies
of urban streams in the Pacific Northwest, athough
most previous work has fallen short of establishing
cause-effect relationships among physical and chemi-
cal impactsof urbanization and theresponseof aquatic
biota.

The most obvious manifestation of urban develop-
ment isan increasein impervious cover and the corre-
sponding lossof natural vegetation. Land clearing, soil
compaction, riparian corridor encroachment, and modi-
fications to the surface water drainage network all
typically accompany urbanization. Watershed urban-
ization ismost often quantified in terms of the propor-
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tion of basin area covered by impervious surfaces
(Schueler, 1994; Arnold and Gibbons, 1996). Although
impervious surfacesthemselvesdo not generate pollu-
tion, they are the major contributor to changes in
watershed hydrology that drive many of the physical
changes affecting urban streams. Basin impervious-
nessandrunoff aredirectly related (Schueler, 1994). In
previous studies, measures of total impervious area
(%TIA) of about 10% havebeenidentified asthelevel
at which stream ecosystem impairment begins (Klein,
1979; Steedman, 1988; Schud er, 1994; Boothand Reinglt,
1993). Recent studiessuggest that thispotential thresh-
old may apply to wetlands aswell.

Stream Study Design

A key objective of the Puget Sound lowland stream
study conducted between 1994 and 1996 wastoi dentify
the linkages between watershed conditions and in-
stream environmental factors, including defining the
functional relationships between watershed modifica
tions and aquatic biota. The goal was to provide a set
of stream quality indicesfor local resourcemanagersto
useinmanaging urban streamsandtominimizeresource
degradation resulting from devel opment pressure. For
example, one study objective was to determine the
conditionsfor maintaining agiven population or com-
munity of organisms (such as native salmonids) at a
specifiedlevel. Thisrequiressustaining acertain set of
habitat characteristics, which in turn depend on an
established group of watershed conditions. A part of
thisoverall objectivewasto identify any thresholds of
watershed urbanizationasrel ated toinstream salmonid
habitat and aquatic biota. The study was designed to
establish the linkages between landscape-level condi-
tions, instream habitat characteristics, and bioticinteg-
rity. A conceptual model of this design is illustrated
below:
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A subset of 22 small-stream watershedswaschosen
to represent arange of development levels from rela
tively undeveloped (reference) to highly urbanized.
Researcherscontrolledfor physiographicvariability by
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