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URBANIZATION, FLOOD FREQUENCY, AND SALMON
ABUNDANCE IN PUGET LOWLAND STREAMS!

Amy L. Moserip and David R. Montgomery?

ABSTRACT: Urbanization history and flood frequencies were deter-
mined in six low-order streams in the Puget Lowlands, Washington,
for the period between the 1940/50s and the 1980/90s. Using dis-
charge records from USGS gavging stations, each basin was sepa-
rated into periods prior to and after urban expansion. Four of the
study basins exhibited significant changes in urbanized area,
whereas two af the study baszins exhibited only limited change in
urbanized area and efTfectively serve as contral basins. Each of the
basins that experienced a significant increase in urbanized area
exhibited increased [lood frequency; pre-urbenization 10-yvear
recurrence interval diacharges correspond to 1 to 4-year recurrence
interval events in post-urbanization records. In contrast, no dis-
cernible shift in flood frequency was observed in either of the con-
trol basins. Spawner survey data available for three of the study
basins reveal systematic declines in salmon abundance in two
urbanizing basins and na evidenece for decreases in a control basin.
These data imply a link between ongoing salmon population
declines and cither increesed flood frequency or associated changes
in hebitat structure.

(KEY TERMS: urban hydmology; watershed management; hydrobi-
alomy.)

INTRODUCTION

The construction of impervious surfaces during
urbanization alters runoff generation mechanisms by
reducing the effective permeability of the soil. The
associated increase in rapid runoff by overland flow
leads to increased flood flows (e.g., James, 1965; Hol-
lis, 1975), which alter stream morpholegy through
increased channel width or depth (e.g., Hammer,
1972; Leopold, 1973; Graf, 1975; Gregory and Park,
1976; Booth, 1990, 1991). Although such effects of
urbanization on channel morphology are well known,
significant changes in the discharge regime also affect
other processes that influence stream ecology (Booth
and Reinelt, 1993). For example, increased discharge

associated with urbanization increases the frequency
and depth of streambed scour (Booth, 1990), and
alteration of riparian zones can influence stream
shading and in-channel habitat structure. Significant
changes in stream processes can partieularly impact
aquatic fauna maladapted to post-urbanization habi-
tat characteristics or disturbance regimes.

The influence of dams, overfishing, and habitat loss
are thought to have contributed to historie decimation
of anadromous salmon runs in the Pacific Northwest
(Nehlsen ef al., 1991). It has proven difficult, however,
to isolate the relative impacts of these factors because
of both geographic variability and insufficient data.
Much attention focuses on the Columbia River runs
because of the controversy over changss in dam man-
agement (e.g., Schwiebert, 1977), but runs in coastal
areas and the Puget Lowlands, which lack dams, are
also declining (Palmisano et af., 1993). In these areas
habitat loss and degradation, overfishing, and compe-
tition from hatchery stocks are amang the foctors
influencing population declines. Whiie much attention
has focused on the impact of forest management (e.g,
Meehan, 1991), the role of urbanization in habitat
loss and hydrologic change has received relatively lit-
tle attention. In notable exceptions, Booth (1990)
modeled the effects of urbanization on flood frequency
and predicted that urbanization could convert 10 vear
discharges to 2-5 year discharges in the Puget Sound
region, and Lucchetti and Fuerstenberg (1992) related
urbanization-driven hydrologic and habitat changes
in the Puget Lowlands to adverse effects on fish popu-
lations. Here we examine evidence for changes in
flood frequency in urbanizing drainage basins of the
Puget Lowlands and find both changes in discharge
recurrence intervals comparable to those predicted by
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Booth (1990), and evidence for associated declines in
salmon abundance.

STUDY AREAS AND METHODS

Study areas were selected by examining U. 5. Geo-
logical Survey (USGS) gauging station records to
identify Puget lowland streams with hydrologic
records extending from prior to until after substantial
pulses of urbanization. Six basins with sufficient
hydrologic records were located in the eastern Puget
Sound area (Figure 1). Four streams lie within basins
that became urbanized (Flett, Juanita, Mercer, and
Swamp creeks) and two streams lie within basins that
did not (Coal and May creeks), and therefore serve as

a control group.
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Figure 1. Location of the Study Basins Within
the Puget Sound Region.

We compared trends in discharge recurrence inter-
vals through periods of urban growth to determine
whether discharge regimes changed as a result of
urbanization. We used USGS annual peak discharge
data to compare pre- and post-urbanization hydrolog-
ic records for each basin by separating data into sub-
records for the periods before and after significant
increases in the density of urban development. The
year of separation between these subrecords was
determined based on the length of the hydrologic
record and the sequence of development portrayed
on topographic maps, as discussed below. Discharge
recurrence intervals (RI) measure the probability
that a given discharge will occur in any one year.
Generation of a discharge recurrence interval
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relationship involves dividing the relative rank of
each annual maximum discharge in the period of
record by one more than the total years of record (e.g |
Dunne and Leopold, 1978). We hypothesized that g
correlation existed between inereased urban area and
discharge recurrence intervals. Conversely, flood fre-
quency for basins that experienced little increase in
urban area should either remain unchanged, or reveal
systematic biazes in storm size or longer-term
changes in weather patterns for the periods under
comparison. |

For the purpose of this study, urbanized areas were
considered as areas so identified on USGS topograph-
ic maps, which provided a surrogate measure of per-
cent impervious area. More direct determinations of
the proportion of impervious areas within urbanized
zones (e.g., field calibration of mapping from aerial
photographs) required resources beyond the scope of
this project. The urbanized area within each basin
was measured from depictions on USGS 7.5' topo-
graphic maps at intervals of every 5 to 18 years
depending upon the frequency of map updating,
Urban areas include dense residential (clesely spaced
single family homes and housing complexes), urban
(commercial building complexes and city blocks), and
industrial (airports and factories) land use. Dispersed
dwellings were not considered urbanized because of
their relatively small percentage of impervious area.
Hence our depictions of urbanized areas provide 3
conservative portrayal of the change in impervicus
area in the study basins.

Trends in salmon populations were also examined
for each basin using Washington State Department of
Fisheries and Wildlife salmon spawning ground
database. Each entry in the survey data base consizts
of the total number of fish observed during = visit 1o a
stream reach; we combined data for chinook, coho,
and sockeye salmon into an index of total salmon
abundance. Because the number of visits per year
varied widely both among streams and through suc-
cessive years, we used the annually averaged number
of fish observed per field visit as a metric for overzi]
fish abundance. Also, only years when fish were
observed ware included in our analysis, which was
limited to the three of the six study basins for which
sufficient data existed to examine trends in salmon
abundance. Two of these basins (Flett and Swamp
creeks) experienced significant urbanization while the
third (May Creek) did not.

RESULTS

The study basins exhibited a wide range in the
extent of the changes in urbanized area between the
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