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HARMFUL ALGAE: LIVING RESOURCES AND PHYSICAL PROCESS 

ACCUMULATION OF PARALYTIC SHELLFISH POISONING TOXINS IN THE MARINE 
FOOD WEB 

Alicia L. Matter1 

INTRODUCTION 

Biotoxins produced by marine phytoplankton accumulate in marine organisms such as filter-feeding 
bivalve molluscs, plank:tivorous fish, and higher food web predators. Paralytic shellfish poisoning (PSP) is 
a potentially life-threatening syndrome caused by ingestion of marine organisms containing phytoplankton 
biotoxins. The biotoxins responsible for PSP are composed of a lethal complex of neurotoxins, the most 
potent of which is saxitoxin (STX). In Washington state, PSP toxins are produced by the dinoflagellate 
Alexandrium catenella. 

After filter-feeding bivalve molluscs consume toxic dinoflagellates, PSP toxins accumulate in the tissue 
of the bivalves. Predatory snails such as moonsnails and whelks have no filter-feeding capacity and 
presumably obtain PSP toxins from their filter-feeding prey, i.e., clams and other bivalves. They consume 
bivalves by either prying open the shell or boring a hole through the shell, accumulating PSP toxins in their 
digestive gland (Caddy and Chandler, 1968; Medcof et al., 1966). High PSP toxin levels have been 
observed in whelks when filter-feeders in the same vicinity were most toxic (Medcof, 1972). 

Recreational harvesters have traditionally gathered shellfish from Puget Sound beaches, and many 
commercial shellfish operations exist in the area. The monitoring program conducted by Washington 
Department of Health (WDH) protects both groups of consumers by issuing harvesting advisories when 
PSP toxin levels meet or exceed 80 mg saxitoxin (STX) equivalent per 100 g shellfish tissue. 

Vectors of PSP Toxins 

Animals in the marine food web that accumulate PSP toxins from dinoflagellates include zooplankton, 
fish larvae, marine invertebrates, fish, birds, and mammals (see Matter, 1994). Figure 1 illustrates 
documented routes of PSP toxin transfer. While the most common vectors transmitting PSP toxins to 
humans are filter-feeding bivalve molluscs, additional marine food web vectors that affect humans include 
predatory snails and finfish. 

The species of marine invertebrates that have tested positive for PSP toxins and are found in Puget 
Sound include barnacles (Balanus spp.), dogwinkles (Nucella lamellosa and Nucella lima), hermit crabs 
(Pagurus spp.), kelp crabs (Pugettia producta), moonsnails (Polinices lewisii), Pacific falsejingles 
(Pododesmus cepio), periwinkles (Littorina sitkana), red rock crabs (Cancer productus), shore crabs 
(Hemigrapsus nudus), and tritons (Fusitriton sp.). Of these species, accumulation of PSP toxins is best 
documented in predatory marine snails, e.g., moonsnails and dogwinkles (see Matter, 1994). 

Recreational Harvesting 

While bivalve molluscs are well-monitored for PSP toxins by state health departments, Washington 
state does not directly measure toxin levels in predatory snails. However, WDH began including them in 
harvesting advisories during the spring of 1994. Warnings advise recreational shellfish harvesters against 
collecting the predators of bivalve molluscs, such as moonsnails, from beaches with shellfish harvesting 
advisories. Unlike shellfish, finfish appear unable to accumulate PSP toxins in their muscle tissue (White, 
1981; White, 1984). On the basis of this evidence, human risk from the consumption of fish containing 
PSP toxins may primarily involve the viscera. 

Moonsnails and whelks have tested positive for PSP toxins and are recreationally harvested and eaten 
on the Atlantic and Pacific coasts (Matter, 1994). In Canada, the digestive gland of whelks is usually 

1 University of Washington, School of Fisheries, FIR Bldg., Box 355100, Seattle, WA 98195-5100 
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Figure 1. Documented routes of paralytic shellfish poisoning toxin transfer through the marine food web 

trimmed during commercial processing. However, recreationally harvested whelks are usually boiled 
whole, and parts of the digestive gland are often eaten (Medcof, 1972). Moreover, boiling whole whelks or 
moonsnails may allow toxins located in the digestive gland to leach into the water, then into other tissues. 

Recreational harvesters have traditionally gathered and consumed clams, mussels and oysters from 
Puget Sound beaches. In addition to bivalve molluscs, Washington state Native Americans eat chitons, 
gooseneck barnacles, limpets, moonsnails, sea cucumbers, sea urchins and whelks. Asian-Americans 
appear to be the major consumers of recreationally harvested intertidal marine snails and other non-bivalve 
marine invertebrates from Puget Sound public beaches. While most Native Americans are familiar with the 
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dangers associated with harvesting shellfish from Puget Sound, many Asian-Americans are not familiar 
with PSP (see Matter, 1994). 

Results of a detailed study of the collection of non-game marine invertebrates (those species not 
classified as food fish, shellfish or game) in Puget Sound by Carney and Kvitek (1991) concluded that 
more than 50 percent of collectors are Asian-American, and approximately 30 percent of the species 
collected are eaten. Species most often collected for food are moonsnails (P. lewisit), graceful crabs 
(Cancer gracilis) and dogwinldes (Nucella spp.). A smaller study interviewed students from English as a 
Second Language (ESL) classes (Matter, 1994). More than 90 percent ofESL students who harvested 
invertebrates from Puget Sound beaches for food were Asian-American. Shellfish harvested for consump­
tion other than bivalve molluscs included limpets, moonsnails and other predatory snails. 

Over the past several years there has been a large influx of Asian-American immigrants and refugees to 
the Puget Sound area. Changes in the ethnic composition of recreational harvesters and the accompanying 
changes in species being harvested for food from Puget Sound may increase the risk of PSP to the exposed 
population. In order to educate the public about safe shellfish harvesting practices, the Washington 
Department of Social and Health Services has initiated a cultural outreach program unique to Washington 
state. 

Predatory Snails 

PSP toxins have been detected in many field-collected predatory snails .. Bond (1975) reported PSP 
toxins in whelks (Buccinum undatum, Colus stimpsoni and Neptunea decemcostota), northern moonsnails 
(Lunatia heros, now Euspira heros), dogwinkles (Nucella lapillus) from the east coast of Canada, and 
moonsnails (Polynices lewisii, now E. heros) from the west coast of Canada. Tufts (1979) reported PSP 
toxins in dogwinkles and moonsnails along the Atlantic coast of the United States. White et al. (1993) 
reported low levels of PSP toxins in Atlantic slippersnails ( Crepidula fomicata) and levels greater than 
2000 mg STX per 100 g tissue (whole individuals) in Northern moonsnails (E. heros) from the Gulf of 
Maine. Sasner et al. (1975) reported levels greater than 1300 mg STX equivalent per 100 g tissue in 
moonsnails (E. heros) from Massachusetts. MacDonald (1970) reported the presence of PSP toxins in 
dogwinkles (Thais lamellosa and T. lima, now Nucella lamellosa and N. lima) from the Strait of Juan de 
Fuca. 

The consumption of recreationally harvested predatory snails has resulted in PSP illnesses and death on 
several occasions. In Quebec, 12 cases of PSP illness in 1936 and three illnesses and one death in 1970 
confirmed the dangers of eating whelks (Medcof et al., 1966; Medcof, 1972). Two cases of PSP illnesses 
were reported from the consumption of northern moonsnails (Polynices heros, now E. heros) in Massachu­
setts during 1975 (Tufts et al., 1975). In 1984, consumption of the snail Oliva vidua fulminans resulted in 
five deaths and three hospitalizations from PSP in Malaysia (Kan et al., 1986; Sang and Ming, 1984). 
Malaysian researchers have also detected PSP toxins in the conch Lambis (Sang and Ming, 1984), and 
other gastropods (Jaffar and Subramaniam, 1984). In Argentina, a PSP illness was suspected from 
consumption of the marine snail Zidona angulata since viscera from these snails contained high levels of 
PSP toxins (Elbusto et al., 1991). 

Predatory snails appear to depurate PSP toxins slowly. MacDonald (1970) suggested long-term PSP 
toxin storage in the file dogwinkle (N. lima) during a 13-week study in the Strait of Juan de Fuca. The 
northern moonsnail (E. heros) exhibited slow depuration of PSP toxins during a four-year field study in the 
Gulf of St. Lawrence, Canada (Worms et al., 1993). During 1988 (the first year of the study), significant 
PSP toxin levels were measured in bivalves, but none were detected in northern moonsnails. PSP toxin 
levels in bivalves decreased to much lower levels over the following three years, while the mean level in 
northern moonsnails increased to 154 mg STX equivalent per 100 g moonsnail tissue in 1989, decreasing 
to mean levels of 94 in 1990 and 82 in 1991. Slow depuration of PSP toxins in predatory snails has also 
been recognized by others (see Matter, 1994; White et al., 1993). 
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Other Marine Invertebrates 

Marine invertebrates other than filter-feeding bivalve molluscs and predatory snails that are able to 
accumulate PSP toxins include periwinkles, Pacific falsejingles, tunicates, lobsters, barnacles and crabs 
(Foxall et al., 1979; Jonas-Davies and Liston, 1985; MacDonald, 1970; Matter, 1994; Quayle, 1969; 
Shumway, 1995). MacDonald (1970) detected PSP toxin levels in periwinkles (Littorina sitkana), hermit 
crabs (Pagurus spp.), and shore crabs (Hemigrapsus nudus) from the Strait of Juan de Fuca. In California, 
PSP toxin levels of 59 and 170 mg STX equivalent per 100 g shellfish tissue were detected in the Pacific 
falsejingle (Pododesmus cepio) (see Matter, 1994). Two people reported PSP symptoms after eating filter­
feeding tunicates (Holocynthia roretzi) in Japan. The mantle of the tunicate, which is the main edible 
portion, had significant levels of toxicity (over four times the closure level) (Nagashima et al., 1984). 
Lobsters (Homarus americanus) accumulate PSP toxins in the hepatopancreas after consuming toxic 
scallops. Levels greater than 1600 mg STX equivalent per 100 g tissue were detected in lobster 
hepatopancreas during field studies in the Gulf of Maine and Bay of Gaspe. Lobster hepatopancreas, also 
known as tomalley, is considered a delicacy (see Shumway, 1995). Furthermore, since lobsters are 
traditionally boiled whole, leaching of PSP toxins into other tissues may pose a problem. 

Filter-feeding barnacles tested positive for PSP toxins in several locations. In British Columbia, Quayle 
(1969) reported 51 mg STX equivalent per 100 g barnacle tissue (Balanus cariosus). In Puget Sound, 
Jonas-Davies and Liston (1985) reported levels from 19 to 84 mg STX equivalent per 100 g barnacle tissue 
(Balanus spp.). In Maine, barnacles {unknown spp.) tested positive for PSP toxins when other shellfish 
were toxic (see Matter, 1994). 

PSP toxin levels ranging from 23 to 1170 mg STX equivalent per 100 g tissue were detected in the 
viscera of kelp crabs (Pugettia producta) and from 15 to 285 in red rock crabs (Cancer productus) 
collected from intertidal areas of Puget Sound. However, muscle tissue levels were undetectable to low 
(Jonas-Davies and Liston, 1985). PSP toxin levels as high as 800 in the viscera of Dungeness crabs 
(Cancer magister) and Tanner crabs ( l;hionoecetes bairdi and Ch. opilio) from Alaska have periodically 
restricted their harvest since 1990 (see Matter, 1994). Furthermore, a laboratory feeding study found 
significant levels of PSP toxins in the digestive gland of New England rock crabs (Cancer irroratus) and 
lower levels in other tissues after consumption of highly toxic bivalves (Foxall et al., 1979). 

Most marine organisms that accumulate PSP toxins obtain them from the motile cells of Alexandrium 
or by ingesting toxic prey such as bivalves. However, when motile cells encyst, they become non-motile 
and sink to the bottom, where they may be ingested by non-predatory, non-filter-feeding benthic inverte­
brates. PSP toxins were detected in ormers (Haliotis tuberculata), a browsing gastropod from northwest 
Spain. Unlike predatory gastropods tested for PSP toxins, the largest quantity of STX was present in the 
foot of the ormer. Since no other PSP toxin-producing organisms were detected in the phytobenthos or in 
the gastric contents of the ormers, the toxicity could have been due to ingestion of cysts from the sediment 
(Martinez et al., 1993). STX also was detected in the green turban shell (Turbo marmorata), a herbivorous 
snail that feeds on algae and detritus (Yasumoto and Kotaki, 1977). 

Finfish 

Human PSP illnesses and deaths from consumption of contaminated finfish were reported in Malaysia 
during a PSP toxin-producing phytoplankton bloom (Adnan, 1984; Jaafar and Subramaniam, 1984). 
Laboratory studies have shown that herbivorous zooplankton and fish larvae transmit PSP toxins to 
planktivorous fish (Yazdandoust, 1985; Erickson, 1988; White et al., 1989). 

Finfish mortality has been attributed to PSP contamination on several occasions. Mass.mortality of 
Atlantic herring in the Bay of Fundy was attributed to the consumption of pteropods that had grazed on 
PSP toxin-producing phytoplankton (White, 1977). During a very large PSP toxin-producing phytoplankton 
bloom in the Faroe Islands, Denmark, dead flatfish (mostly flounder) washed up on the sand, and local 
fishermen were unable to catch any fish in the fjord during the weeks after the bloom (Mortensen, 1985). 
In addition, researchers from other locations have reported positive analysis of STX in fish during PSP 
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toxin-producing phytoplankton blooms, without mention of trophic relationships (De Silva et al., 1989; 
Hwang et al., 1990; Jaafar and Subramaniam, 1984; Jaafar et al., 1989; Ming and Wong, 1989; Oshima, 
1989). These examples indicate that fish may be important vectors for the transfer of PSP toxins from 
lower to higher trophic levels of the marine food web. · 

SUMMARY AND CONCLUSIONS 

Among invertebrate vectors of PSP toxins, filter-feeding bivalve molluscs pose the most serious public 
health threat to recreational harvesters in Puget Sound due to the numbers harvested. However, as shown 
above, the list of potential other vectors is long. While fewer predatory snails are harvested than bivalves, 
the threat from recreationally harvested predatory snails should not be ignored. WDH has acknowledged 
the dangers associated with eating predatory snails such as moonsnails by including them in shellfish 
harvesting advisories. It is readily apparent that health departments cannot continually monitor for PSP 
toxins in all species that may potentially be harvested from all beaches. However, it would be judicious 
for Puget Sound researchers to quantify toxin levels and study depuration rates of recreationally harvested 
invertebrates that accumulate PSP toxins-such as barnacles, dogwinkles, moonsnails and periwinkles-that 
are not included in the WDH shellfish monitoring program 
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WASHINGTON STATE BIOTOXIN MONITORING PROGRAM 

Maryanne Guichard1 

ABSTRACT 

The Washington Department of Health began routine testing of shellfish for paralytic shellfish 
poisoning (PSP) in the 1940s and for domoic acid in the fall of 1991. Shellfish from all commercial 
growing areas and most recreational beaches are tested for biotoxins at the state's Public Health Laborato­
ry. Samples from commercial areas are submitted by the commercial shellfish operations. Volunteers and 
local county health districts provide samples from recreational beaches. Shellfish harvesting is closed when 
levels equal or exceed 80 micrograms per 100 grams shellfish for PSP and 15 parts per million for domoic 
acid. 

Most areas are tested routinely at two-week intervals from April through October. Some areas are 
tested year-round and/or weekly during the summer and fall, when biotoxin levels in shellfish are more 
likely to increase to unsafe levels. Currently more than 3,000 shellfish samples are tested for biotoxins 
each year in Washington state. The Department of Health also coordinates an early warning program using 
caged mussels at more than 30 sites throughout Puget Sound and coastal areas. In addition the state plans 
to expand a phytoplankton monitoring program begun in 1992. 

Commercial growers are notified directly by the state when shellfish harvest is prohibited because of 
biotoxins. Local health districts may post recreational beaches arid notify the news media when recreation­
al closures are in effect. Information on closures is also provided by the state Department of Health on a 
toll-free Biotoxin Hotline recording, which is updated immediately whenever changes in closures occur. 
Although unsafe levels of biotoxins have required closures in all but the lower portions of Hood Canal and 
South Puget Sound, only one outbreak of five cases of PSP involving commercial product and a small 
number of isolated cases involving recreational shellfish have been reported in Washington since the 
monitoring program began more than 50 years ago. 

Washington Department of Health, P.O. Box 47824, Olympia, WA 98504-7824 
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DECADAL COVARIATIONS OF SEQUIM BAY PARALYTIC SHELLFISH POISONING (PSP) 
WITH SELECTED PACIFIC NORTHWEST ENVIRONMENTAL PARAMETERS 

Curtis C. Ebbesmeyer1, Rudy Chiang2, Andrea Copping3, Gerald M. Erickson4, Rita Homer, 
W. James Ingraham, Jr.6 and Louisa Nishitani7 

INTRODUCTION 

A number of parameters describing the Pacific Northwest environment vary at decadal intervals of 
approximately 20 years (Ebbesmeyer et al., 1989; Ebbesmeyer et al., 1991; see Figure 1 for locations). 
Here we explore the concept that concentrations of paralytic shellfish poison (PSP) toxins also covary with 
selected environmental parameters at a decadal period. To do this we compare PSP toxin concentrations in 
Sequim Bay butter clams (Saxidomus giganteus Deshayes, 1839) with five parameters describing physical 
and biological aspects of the U.S. Pacific Northwest environment. 

The basis for this possible linkage lies in the changes in the composition of the phytoplankton that 
shellfish filter out of the water. During periods of favorable conditions, Alexandrium catenella (Whedon 
and Kofoid), a dinoflagellate that produces PSP toxin, can undergo rapid population increases resulting in a 
"bloom." Thus, PSP toxin concentrations in shellfish can be used as an indicator of bloom intensity, 
although blooms or high concentrations of the dinoflagellates are not needed· for shellfish to be toxic. 

Little available detailed information is available about environmental cues that initiate, sustain or 
terminate algal blooms in Pacific Northwest waters, but we are reasonably certain that these blooms, 
including those of A. catenella, are influenced by water temperature, nutrient concentrations, pycnocline 
stability, wind conditions and runoff (Nishitani et al., 1989). Additional investigation indicates that PSP 
events may be greater in intensity in the Pacific Northwest during very strong El Nino/Southern Oscillation 
events (Erickson and Nishitani, 1985). 

Several considerations led to our selection of the parameters described in this paper. We sought to 
understand the linkages between physical and biological parameters over as long a time frame as possible. 
Because many environmental parameters covary at the decadal time-scale, we restricted our examination to 
those for which long time series are available. Physical parameters were chosen that are considered to 
have large-scale effects on the environment and are likely to have implications for biological systems, 
including the growth of algal populations like those of A. catenella. These parameters include the 
movement of subarctic surface water in the North Pacific Ocean as well as air temperature, precipitation 
and snow pack at selected locations in the Pacific Northwest (PNW Index, or PNI; see Figure 1 for 
locations). In addition, biological parameters were considered that might be affected by the same large­
scale environmental conditions as algal blooms, including migration routes of returning Fraser River 
sockeye salmon (Oncorhynchus nerka) and the condition or "plumpness" of oysters (Crassostrea gigas) in 
Willapa Bay. 

1 Evans-Hamilton, Inc., 731 N. Northlake Way, Seattle, WA 98103 
2 Dept. Fisheries and Oceans, Inspections and Special Services Branch, 2250 S. Boundary Rd., Burnaby, B.C. V5M 
4L9 Canada 
3 Washington Sea Grant Program, University of Washington, Seattle, WA 98195 
4 Beak Consultants, Inc., 12931 N.E. 126th Place, Kirkland, W A 98034 
5 School of Oceanography, University of Washington, Seattle, WA 98195 
6 Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way NE, Seattle, WA 98115-0070 
7 62 Deer Cove Lane, Naches, W A 98937 
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Gulf of Alaska 

Pacific Ocean 
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Columbia River 
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Figure 1. Locations associated with five environmental parameters. Drift of subarctic water (arrows) from 
Ocean Weather Station Papa (*); Pacific Northwest index (PNI) based on precipitation at Cedar Lake, snow 
pack depth at Paradise Ranger station, Mount Rainier, Wash., and air temperature at Olga; northern 
diversion rate, percentage of sockeye salmon returning to the Fraser River from the Pacific Ocean around 
the northern end of Vancouver Island (arrows with NOR); oyster condition index (OCI) in Willapa Bay; and 
maximum PSP toxin concentrations in butter clams during june to October at Sequim Bay. 

The clearest relationship between the dynamics of a bloom of A. catenella and the associated physical 
environmental factors will be exhibited within a relatively confined bay. Since decadal variations typically 
last about 20 years, it was important to obtain PSP time-series from before 1970. The most consistent 
long-term records of toxicity in a single species of shellfish within a bay were those of butter clams in 
Sequim Bay. To examine PSP events, we determined maximum PSP toxin· concentrations each year in that 
bay. Other indices of PSP activity, e.g., extensiveness of the area affected and intensity of blooms (based 
on the number of samples with high toxicity versus the number with low toxicity), are used in a regulatory 
context in British Columbia (Chiang, 1985), but these indices are less useful for examining bloom 
dynamics at a particular site. 

METHOD OF STANDARD NORMAL DEVIATES 

To simplify the analysis, the parameters' varying dimensions (degrees of longitude and latitude for 
water drift; percentage for Pacific salmon; mg of dry weight per cubic centimeter for oyster condition; 
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Jlgrams toxin/100 grams shellfish meat for PSP toxicity) were eliminated and annual standard normal 
deviates were used. 

lbree steps were applied to each variable: 1) the mean (m) and standard deviation (s) of the annual 
values were computed; 2) each annual value (x) was converted to a standard normal deviate (SND) by 
computing [(x-m)/s]; and 3) the annual SND values were smoothed, using a running five-year average, 
where each value in the five-year 
average is equally weighted, and 
the average is entered for the 
middle year of the five-year aver­
age. The SND has no dimen­
sions because the time records 
are normalized by the standard 
deviation of the annual values. 
For example, the 1955 salmon 
diversion rate minus the long­
term mean divided by the stan­
dard deviation yields a 
dimensionless number. In es­
sence the SND method places the 
temporal fluctuations for each 
environmental variable on a scale 
between approximately -1 and 
+1. 

EN VI RON MENTAL 
PARAMETERS 

Five parameters were investi­
gated (see Figure 1 for locations; 
Figure 2 for SND time-series). 

Winter Drift from Ocean 
Weather Station Papa 

The movement of subarctic 
surface water in winter (Decem­
ber through February 1946-94) 
was determined using drifter 
tracks for the sea surface, simu­
lated with the Ocean Surface 
Current Simulations model 
(OSCURS; Ingraham and 
Miyahara, 1988). Each trajecto­
ry began at Ocean Weather 
Station Papa (50 degrees north 
latitude; 145 degrees west longi­
tude) on 1 December of one 
year, and continued daily until 
28 February of the following 
year. This station was chosen 
because it is located in the 
subarctic current, and oceano-
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Figure 2. Decadal variations of five environmental parameters. a, b) 
longitude and latitude, respectively, of the simulated drift of water at 
the end of winter from Ocean Weather Station Papa; c) Pacific North­
west index (PNI); d) northern diversion rate (NOR); e) oyster condi­
tion index (OCI) at Willapa Bay (note that the ordinate has been 
reversed); and f) annual maximum PSP toxin concentration in butter 
clams in Sequim Bay. 
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graphic observations since the 1950s are available. The latitude and longitude at the end of each three­
month simulation were chosen to represent the supply of subarctic water along the North American coast at 
the end of each winter. Changes in the direction and speed of the subarctic surface water, and thus the 
track followed each year, are determined mainly by winds. · 

Pacific Northwest Index (PNI) 

This index equals the average of the SND values previously determined for three parameters that 
represent Pacific Northwest decadal variations during the 1900s (Ebbesmeyer et al., 1989; Ebbesmeyer and 
Strickland, 1995): air temperature at Olga, Wash., that reflects sea surface water temperatures; precipitation 
at Cedar Lake in the Cascade foothills, which supplies a major portion of Seattle's water; and snow pack 
depth at the Paradise Ranger Station, Mount Rainier, Wash. (see inset, Figure 1 for locations). 

Northern Diversion Rate for Fraser River Sockeye Salmon (NOR) 

Sockeye salmon return from the Pacific Ocean to the Fraser River around Vancouver Island through 
either Johnstone Strait (northern route) or Juan de Fuca Strait (southern route). The percentage of the total 
run returning in a given year via the northern route is referred to as the Northern Diversion Rate. 

Oyster Condition Index for Willapa Bay (OCI) 

The condition of oysters in Willapa Bay is expressed as the ratio of dry weight of organic matter to the 
volume of the oyster shell cavity (Schoener and Tufts, 1987). Years with a high oyster condition index are 
those in which oysters are plump, thereby bringing higher market prices. OCI values reported monthly by 
the Washington Department of Fish and Wildlife, Willapa Field Station, for.two sites in Willapa Bay 
(Parcel A; Stony Point) were averaged for January through December, 1955-1993. 

PSP Toxicity 

Washington Department of Health data (1964-1993) for PSP toxin concentrations (micrograms toxin 
per 100 grams of shellfish meat) in butter clams in Sequim Bay is the longest reasonably continuous record 
of PSP activity in a single Pacific Northwest water body. There are two caveats to be considered in using 
these data. Time and station gaps make it possible that PSP values higher than the recorded maxima may 
have occurred. Furthermore, because butter clams tend to retain their toxins for long periods, PSP values 
may reflect past as well as present bloom conditions. For this analysis, we examined two parameters: (1) 
the annual maximum PSP toxin concentration recorded for an individual clam; and (2) the average of the 
maximum toxin concentrations recorded during each of three months (equally weighted values from June, 
July, and August), 1964-1991, when the data were most complete (only four of 84 monthly values 
missing). Although sampling was not conducted systematically in terms of stations and frequency, this 
average was chosen as an indicator of long-term trends. However, discrete PSP events are better measured 
by individual values and probably would not last over a three-month period. 

RESULTS 

Five-year running averages since 1945 of the five environmental parameters are shown in Figure 2. By 
visual inspection, the parameters covary approximately between the warm/dry (positive PNI) and the 
cold/wet (negative PNI) regimes in the Pacific Northwest (Ebbesmeyer et al., 1989). Note that the Oyster 
Condition Index varies inversely with the other parameters. 

Warm/Dry Climate Regime 

When the SND values are positive (except the Oyster Condition Index, which is negative), winds 
advect subarctic water to higher latitude and longitude along the North American coast, while decreased 
winter storm activity causes lessened Pacific Northwest precipitation in concert with increased water 
temperatures. Meanwhile, the biological parameters show that sockeye salmon return preferentially around 
the northern end of Vancouver Island (through Johnstone Strait), the oyster condition in Willapa Bay 
decreases, and PSP shellfish toxicity in Sequim Bay rises above normal. 
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Cold/Wet Climate Regime 

When the SND values are 
negative (except the Oyster 
Condition Index, which is posi­
tive), subarctic water drifts to 
lower latitude and longitude, 
precipitation increases, and water 
temperatures decrease. In this 
regime, sockeye salmon mostly 
return around the southern end of 
Vancouver Island (through Juan 
de Fuca Strait), oysters are 
plumper, and PSP shellfish toxic­
ity decreases. 

June through August 1964-
1991 average toxin concentra­
tions are shown in Figure 3. The 
five-year running average, ac­
counting for 39 percent of the 
total variance of the annual three­
month averages, increases rapidly 
during 1975-1980, from a lower 
plateau during 1964-1975 to a 
higher level during 1980-1991. 
During 1964-1975, toxin concen­
tration averaged 155 J.lg toxin/100 
g (standard deviation = 111 J.lg 
toxin/100 g) shellfish meat, 
whereas during 1980-1991 it 
averaged 414 (standard deviation 
= 186 J.tg toxin/1 00 g shellfish 
meat). Between the two decade­
long intervals, PSP toxin concen­
tration increased approximately 
threefold. 

DISCUSSION 

By averaging standard normal 
deviates (SND) over five-year 
blocks of time, the covariation of 
many environmental parameters 
may be examined conveniently. 
Though this method leads to suc­
cinct descriptions of the cold/wet 
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Figure 3. june-August PSP toxin concentration in butter clams. Three­
month averages Uune, july, August; dots) of maximum PSP toxin 
concentration in Sequim Bay butter clams during 1964-1991. Line 
represents the five-year running average. 

and warm/dry regimes, it does not provide the physical and biological causal linkages between the parame­
ters. Nevertheless, the threefold change in toxin concentration between decades, together with other pa­
rameters used in this paper, reinforces the concept that the physical and biological environment oscillates 
between warm/dry and cold/wet regimes. 
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In a recent examination of the Oyster Condition Index, the Pacific Northwest index (PNI) was extended 
to include most of the 20th century (1900-1993; Ebbesmeyer and Strickland, 1995). This record shows ap­
proximately four 20-year long-term fluctuations in the present ceptury. Though the decadal cycles vary in 
duration, the PNI suggests that these quasi-cycles may persist. Assuming this persistence is not an artifact 
of a short climate record and, further, that global warming does not alter the cycles' characteristics, it 
seems reasonable to predict that the Pacific Northwest warm/dry regime will revert soon to the cold/wet 
regime. If this happens, we anticipate added subarctic water off ·the Pacific Northwest coast, cooler water 
temperatures, more Fraser River sockeye salmon returning via Juan de Fuca Strait, oysters becoming 
plumper, and butter clams retaining less PSP toxicity. 

We are still a long way from predicting outbreaks of PSP and providing early warnings of toxic 
conditions to shellfish growers and recreational shellfish harvesters. One of the key pieces of information 
still lacking is a detailed understanding of specific environmental cues that cause phytoplankton blooms. 
Although the general conditions (e.g., periods of relatively calm winds, reduced mixing, abundant nutrients 
and adequate light) under which blooms occur have been known for many years, the detailed processes that 
cause one algal species to bloom from among many, that sustain or terminate a bloom, and that cause the 
relative timing of blooms, remain a mystery as do the linkages to the Oyster Condition Index. 

Therefore, we propose a field program to study the dynamics of bloom formation in A. catenella to 
determine what factors cause sustenance of the bloom and to identify the cues that cause the die-off or 
dispersal of the cells. In order to carry this out, a multidisciplinary team of phycologists, hologicalists, 
physical oceanographers, molecular geneticists, chemists, and ecologists must be in place before blooms 
start. However, the impracticality of this operation can be overcome only if a bloom of A. catenella can be 
reliably predicted at a specific location. For the first time, through records of PSP activity in shellfish 
collected for public health and regulatory purposes, such a location has been found (Chiang, 1985; Chiang, 
1993). For the past eight years, outbreaks of PSP in shellfish (mussels) have been documented within a 
two-week period in mid-April in the waters surrounding Gilford Island on the northern end of Johnstone 
Strait in British Columbia. Thus, a well prepared team of interdisciplinary scientists could collect 
information that would further our understanding of algal blooms and lead us closer to predicting PSP 
outbreaks and other deleterious blooms. 

ACKNOWLEDGMENTS 

We thank Brett Dumbauld, Washington Department of Fish and Wildlife, Willapa Field Station, for 
reviews; Dora P. Henry, University of Washington, for editing; and Terry Nosho, Washington Sea Grant 
Program (WSGP), for assisting with the PSP workshop sponsored by the WSGP held on 30 November 
1994, and attended by the authors (except Ingraham) and the following: K. Banse; J. Bolger; R. Cattolico; 
R. Forbes; K. Freeman; T. King; A. Matter; M. McCallum; A. Mearns; T. Nosho; J. Postel; J. Rensel; R. 
Shuman; R. Strickland; and F. Taub. This paper represents a distillation of the workshop's results. This 
work was supported by a grant from the Washington Sea Grant Program (Purchase Order 528944), 
University of Washington. 

REFERENCES 

Chiang, R.M.T. 1985. PSP activity scale: a macroscopic measurement of relative paralytic shellfish 
poison levels in British Columbia, Canada. !!1.: D.M. Anderson, A.W. White and D.G. Baden (eds.), 
Toxic Dinoflagellates, Elsevier Science Publishing Co., Inc., pp. 451-456. 

Chiang, R.M.T. 1993. Summary of marine toxin records in the Pacific region. Data summary for 
Department of Fisheries and Oceans Canada. 

Ebbesmeyer, C.C., C.A. Coomes, G.A. Cannon, and D.E. Bretschneider. 1989. Linkage of ocean and 
fjord dynamics at decadal period. !!1.: D.H. Peterson (ed.), Aspects of climate variability in the Pacific 
and the western Americas, American Geophysical Union, Geophysical Monograph 55, pp. 399-417. 

420 



HARMFUL ALGAE: LIVING RESOURCES AND PHYSICAL PROCESS 

Ebbesmeyer, C. C., D.R. Cayan, D.R. McLain, F.R. Nichols, D.H. Peterson, and K T. Redmond. 1991. 
1976 step in the Pacific climate: forty environmental changes between 1968-1975 and 1977-1984. l!J.: 
J.L. Betancourt and V.L. Tharp (eds.), Proceedings of the Seventh Annual Pacific Climate (PACLIM) 
Workshop, Asilomar, CA, April1990, Technical Report 26, pp. 115-126. 

Ebbesmeyer, C.C., and R. Strickland. 1995. Oyster condition and climate: evidence from Willapa Bay. 
Washington Sea Grant publ. WSG-MR 95-02, 11 pp. 

Erickson, G.M. and L. Nishitani. 1985. The possible relationship of El Niiio/Southern Oscillation events 
to interannual variation in Gonyaulax populations as shown by records of shellfish toxicity. l!J.: 
Wooster, W.S. and D.L. Fluharty {eds), El Niiio North; Niiio effects in the Eastern Subarctic Pacific 
Ocean, Washington Sea Grant Program, Seattle, Wash., pp. 283-290. 

Ingraham, W.J., Jr., and R.K. Miyihara. 1988. Ocean surface current simulations in the North Pacific 
Ocean and Bering Sea (OSCURS-Numerical Model). NOAA Tech. Mem., NMFS F/NWC-130, 155 
pp. 

Nishitani, L., G.M. Erickson and K Chew. 1988. PSP research: implications for Puget Sound. In.: 
Proceedings, First Annual Meeting on Puget Sound Research (volume 2), Seattle, Wash., March 1988, 
Puget Sound Water Quality Authority, Seattle, Wash., 392-399 pp. 

Schoener, A. and D.F. Tufts. 1987. Changes in oyster condition index with El Nino Southern Oscillation 
events at 46 N in an eastern Pacific bay. J. Geophys. Res., 92:14,429-435. 

421 



PUGET SOUND RESEARCH '95 

HARMFUL ALGAL BLOOMS AND FINFISH RESOURCES IN PUGET SOUND 

Jack Rensel1 

INTRODUCTION 

Several harmful algal blooms (HAB) species have economic and biological importance to finfish 
resources by causing fish kills or biotoxin accumulation in the food web. These problems are apparently 
less prevalent for wild finfish in Puget Sound than in other U.S. coastal areas, but there is uncertainty 
regarding their significance here. Worldwide at least a dozen genera of microalgae have been involved in 
mortality of wild or aquaculture fish (Hallegraeff, 1991). Several of these genera occur in Puget Sound, 
although not all have been implicated in fish kills locally (Table 1). 

Table 1. Fish-killing phytoplankton species known to be present in Puget Sound; those with an asterisk have 
caused documented fish losses in Puget Sound. The second column relates the concentration suspected to 
be harmful to fish and the etiology of harm. 

Category and Species Harmful Concentrations & Etiology References 

DIATOMS 

Chaetoceros concavicomis* > 2-5 cells/ml for salmonids, Bell, 1961; 
and C. convolutus* and possibly depends on chain length. Cells lodge Rensel, 1992; 1993a 
others of the subgenus between gill lamellae causing mucus Albright, 1993; 
Phaeoceros such as C. danicus production, irritation & leads to 

blood-hypoxia/anoxia 

DINOFLAGELLATES 

Alexandrium catenella unknown; acute mortality to farmed fish White, 1980; Mortenson, 
not well documented or prevalent; 1985 (for A. tamarense); 
chronic, food web problem with wild Erickson, 1988 
fish 

Ceratium fusus * unknown; gill irritation, poorly under- Rensel and Prentice, 
stood 1980 

Noctiluca miliaris variable; unionized ammonia causes gill Okaichi and Nishio, 
(= N. scintillans) damage and other problems for fish 1976 

PRYMNESIOPHYTE FLAGELLATES 

Chrysochromulina polylepis unknown; causes gill damage and osmo- Estep and Macintyre, 
regulatory problems 1989 

Phaeocystis pouchetii unknown; irritant substances and the Gaines and Taylor, 1986 
alga's mucus can clog gills Smayda, 1989 

Rensel Associates Aquatic Sciences Consultants, 4209 234th Street N.E., Arlington, WA 98223 
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Table 1 continued. 

RAPHIDOPHY1E FLAGELLA1ES 

Heterosigma carterae* probably variable, in most cases > 750 to Black et al., 1991; 
(Formerly H. akashiwo) 1,000 cells/ml; cause of fish death un- Taylor and Haigh, 1993; 

known, may be similar to Chattonella Tanaka et al., 1994 

SILICOFLAGELLA1ES 

Dictyocha speculum unknown; siliceous skeleton may irritate Larsen and Moestrup, 
gills, possible toxin action too 1989 

UNKNOWN ALGAL SPECIES 

Net pen Liver disease* unknown; chronic losses possibly caused Kent, 1990 
by a microcystin-producing alga 

unidentified dinoflagellate* mortality of delayed-release net-pel) R. Homer and J. Rensel, 
salmon in Hood Canal in summer, 1993 unpublished data 

The table shows that little is known regarding exposure concentrations of most microalgae that kill fish; 
the causes of physiological harm are also poorly documented in several cases. Table 1 should not be 
considered all-inclusive, as there may be other microalgae in Puget Sound that can cause fish kills. 
Unexplained losses of hatchery-raised and wild fish have been reported from Puget Sound in recent years. 
For example, an unidentified dinoflagellate was responsible for losses of salmon smolts in a state-operated 
net pen in Hood Canal during 1993 (R. Homer and J. Rensel, unpublished data). Two types of harmful 
microalgae problematic in Puget Sound, Chaetoceros spp. and Heterosigma carterae, are discussed below. 

Chaetoceros spp. 

The marine diatom genus Chaetoceros is separated into two subgenera by the presence (Phaeoceros) or 
absence (Hyalochaete) of long, partly hollow setae or primary spines that contain chloroplasts. 
Phaeoceros species, such as C. concavicomis and C. convolutus, have more robust setae and frustules than 
Hyalochaete species, and the setae are armed with short secondary spines that point toward the distal ends 
of the primary setae (Cupp, 1943). With few exceptions, the chain-forming Phaeoceros species are 
responsible for mortality of fish, although dense blooms of Hyalochaete species were implicated in the poor 
survival of one group of salmon smolts in Port Angeles Harbor net pens in 1988 (R. Elston and J. Rensel, 
unpublished data). 

The first reported case of Chaetoceros-caused fish mortality involved wild lingcod (Ophiodon 
elongatus) that were captured and held temporarily in fishermen's cages in British Columbia (Bell, 1961). 
Subsequently these diatoms have been involved in occasional losses of net-pen salmon, including a major 
loss near Cypress Island in 1987 (Rensel et al., 1989; Homer et al., 1990). It has been suggested that 
harmful Chaetoceros setae break off the.cells and enter the gill tissue butt-end first; the apically pointed 
secondary spines on the primary setae may then act like barbs on fish hooks (Bell, 1961). This hypothesis 
and reference is often repeated in the literature but is based on only a few samples of wet-mounted gill 
tissue. Rensel (1992, 1993a) used scanning electron microscope techniques to show that penetration of the 
gill tissue by C. concavicomis was uncommon. Rather, chains of cells tended to lodge between the 
secondary lamellae and be present in the surrounding gill mucus. Blood-gas studies showed that affected 
salmon had severe blood hypoxia as a result of mucus production during acute exposure or physiological 
damage to the gills after longer-term exposure. Longer chains of C. concavicomis caused significantly 

423 



PUGET SOUND RESEARCH '95 

lower blood-oxygen partial pressures compared to fish exposed to shorter chains. Longer setae associated 
with longer chains were apparently more likely to become wedged in the gills and stimulate mucus cell 
release, lesions and epithelial damage. . 

Salmon respond to C. concavicomis exposure with an immediate and periodic cough response that 
diminishes slightly in frequency over time (Rensel, 1992, 1993a). This is similar to the fish coughing 
caused by many environmental irritants and chemicals (Heath, 1987). Coughing and mucus production act 
in concert to help clear the gills of the diatoms. Long strings of mucus were seen trailing from the gills of 
live fish during the 1987 Cypress Island fish kill. 

Short-term laboratory exposure to as few as 10 cells per ml of C. concavicomis caused a rapid increase 
in mucus cell discharge on the gills as well as a severe hypoxia and elevated carbon dioxide content in the 
blood of Atlantic salmon (Rensel, 1992; 1993a). Long-term exposure to < 5 cells/ml of harmful 
Chaetoceros in net pens has been reported to increase disease and mortality of farmed salmon (Albright et 
al., 1993), although sampling in this study may not have been frequent or extensive enough to assure that 
higher concentrations of the diatoms did not occur. Nevertheless, it is clear that low concentrations of 
these diatoms can kill salmon; hence the term "bloom" is not always appropriate when referring to harmful 
Chaetoceros-caused fish kills. 

It is likely that harmful Chaetoceros have caused mortalities of wild and hatchery-released fish. South 
Hood Canal and Dabob Bay/North Hood Canal are areas where these harmful diatoms often occur (Rensel 
et al., 1989; Rensel Associates and PTI Environmental Services, 1991; J. Postel, unpublished data). During 
the fall of 1990 a mixed water column in north Hood Canal containing Chaetoceros concavicomis to at 
least 40 m correlated with the other\vise unexplained mortality of migrating adult chinook salmon (Rensel 
Associates and PTI Environmental Services, 1991). In southern Hood Canal, mortality of juvenile salmon 
in sea water pumped from a subsurface depth was due to harmful Chaetoceros; this suggests the possibility 
of a recurring problem for wild smolts moving through the area. Harmful Chaetoceros often occur in late 
spring and again in September or October, although they may be present at any time of year in Pacific 
Northwest waters (R. Homer, unpublished data; Rensel, 1992). Their geographic range and relationship to 
occasional fish kills in Puget Sound are not well defined. 

Heterosigma carterae 

This raphidophyte flagellate is known worldwide as a fish killer and has caused significant mortality of 
net-pen salmon in Puget Sound in 1989 and 1990 after several years of problems in British Columbia 
waters. H. carterae may have been present for at least several decades in Puget Sound before the 1989 and 
1990 blooms. Taylor and Haigh (1993) note the species has appeared with great regularity in late spring in 
the Strait of Georgia since 1967, when surveys were first initiated. Appearance there coincides with a rise 
in water temperature above 15"C and a decline in surface salinity to less than 15 psu. The 1989 bloom in 
Puget Sound was apparently restricted to the northern areas of Puget Sound and the San Juan Islands, but 
the July 1990 bloom involved large areas of northern, central and southern Puget Sound. In 1993, a bloom 
of H. carterae was recorded in Budd Inlet, the southernmost extreme of Puget Sound. 

Recent laboratory studies suggest that reduced salinity plays an important role in bloom formation of 
H. carterae. By simply adding a small amount of distilled water to the surface of vertical columns 
containing the alga, large quantities of the cells accumulated near the surface (Hershberger et al., in prep.). 
The importance of freshwater-induced vertical stratification in field studies of H. carterae has been 
observed by Taylor and Haigh (1993). 

Heterosigma blooms apparently require quiescent weather conditions, as was experienced immediately 
prior to and during the 1989 and 1990 blooms in Puget Sound. Strong vertical stratification of the water 
column due to fresh water and perhaps solar heating also seem to be a prerequisite. The September 1989 
bloom was apparently associated with the Fraser River plume in Northern Puget Sound. The July 1990 
bloom occurred in an extremely calm, warm period in early July following a June when Puget Sound 
lowland precipitation was 51 percent more than normal (NOAA, 1990). Moreover, routine monitoring in 
Admiralty Inlet approximately 10 days before the 1990 bloom confirmed that the surface layer was warm 
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(near 15"C) and of reduced salinity (19.5 ppt) (Janzen, 1992). This is significant given the mid-Puget 
Sound location of this sampling station, remote from creeks and riverine sources of fresh water. Other 
regional stations had similar values. Macronutrient content i~ the surface layer was undetectable, but H. 
carterae is capable of vertical migration, moving up to 1 m/hr to obtain nutrients from subsurface depths. 

In mid-July of 1993, a bloom of H. carterae occurred in the Port Orchard/Brownsville area east of 
Bainbridge Island. Antecedent rainfall and quiescent weather conditions were similar to those of the 1990 
bloom. The bloom appeared to increase in size for several days, but an abrupt weather change, including 
strong south winds, correlated with the rapid termination of the bloom. Soft bottom sediments of this 
protected area may be a seed bed for some of the blooms. 

The physiological cause of fish mortality from H. carterae exposure is unknown despite several 
laboratory studies that used clones or cultures taken from local fish kills. Histopathology of gills of 
moribund subadult salmon from net-pen kills usually show mucus buildup and major damage to the 
epithelium, but not in one case with juvenile fish where a labile icthyotoxin was suspected as the cause of 
mortality (Black et al., 1991). However, no toxin has been detected in the edible tissues of any affected 
fish. Although H. carterae grows well in culture, most laboratory bioassays here and abroad have yielded 
few fish deaths even when fish are exposed to very high concentrations of cells or conditioned medium. 
Several authors have suggested that the fish-killing mechanism may be similar to that of the related alga 
Chattonella antiqua, which occurs in Japan. Superoxide anion radical and hydrogen peroxide produced by 
the alga reportedly strips the fish gill of mucus and leads to fatal osmoregulatory stress (Tanaka et al., 
1994). Yet this does not fit with current knowledge of salmonid physiology because the nonnal, unstressed 
condition is to have little or no mucus on the gills (Handy and Eddy, 1991). A possible advance regarding 
laboratory-induced toxin production by Heterosigma was reported in 1994, although few details are 
available at this time (R.A. Cattolico, pers. comm., 1994). 

H. carterae blooms may extirpate or outcompete virtually all other algal species in the upper water 
column (Taylor and Haigh, 1993). Its effect on larval or other fish frequenting shallow depths has not 
been studied, but there is evidence that wild fish or hatchery-released fish have been banned. There were 
several reports of wild fish kills and wild fish acting in a distressed manner in Port Townsend Bay and the 
Strait of Juan de Fuca during the 1990 bloom. Limited aerial surveys failed to validate the reports (R. 
Allen, J. Rensel, survey of 12 July 1990), but the surveys were restricted to the Port Townsend area, and 
there was a lag of at least one day between the reports and the surveys. Dead adult chinook salmon were 
seen by local boaters in Bellingham Channel during the 1989 bloom, but no tissue samples were collected. 

More recently, in the fall of 1994, chinook, coho and summer chum salmon as well as several marine 
fish species were killed by a Heterosigma bloom in upper Case Inlet of southern Puget Sound. It is a 
shallow area where several streams enter Puget Sound and the fish were apparently unable to escape the 
bloom. The full extent of fish loss was unknown but numbered at least in the hundreds. State agency and 
university researchers were not notified of the kill until well after it began, reducing their ability to collect 
useful data. 

DETECTION AND MITIGATION OF FISH KILLS AND ALGAL BLOOMS 

Detection of wild fish losses due to HABs in Puget Sound is a difficult task. Affected wild salmon 
most likely sink to the bottom, similar to HAB-killed salmon in net pens. Usually shoreline residents or 
boaters do not notice fish losses or will notify state agencies too late for adequate data collection during a 
bloom. In some cases, residents have mistakenly supposed that dead adult salmon are simply spawned-out 
fish, particularly in areas with creeks and rivers having salmon runs. Fish mortalities can occur in areas 
with less shoreline development, such as North Hood Canal, so that fewer people notice dead fish. 
Migrating adult salmon do not necessarily travel in large schools (e.g., chinook salmon), so an occasional 
dead fish does not seem significant. A partial solution to these detection problems is public and govern­
ment agency education and resource agency planning before the occurrence of HABs. 

Reducing non-point and direct discharges of nitrogen into nutrient-limited marine waters may be 
viewed as one means of prevention or mitigation of some types of HABs. A review of several HAB case 
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histories worldwide suggests that some, but certainly not all, HABs are associated with increased coastal 
eutrophication (Rensel Associates and PTI Environmental Services, 1991). The connection may be more 
related to rates of tidal flushing and vertical stratification in spec~fic areas than to characteristics of a given 
HAB species. For example, nutrient discharge is an important factor controlling the extent of Heterosigma 
blooms in the Seto Inland Sea of Japan (Honjo, 1993), but there is no evidence of this in the main basins 
of Puget Sound. Yet poorly flushed and nutrient-sensitive areas of Puget Sound have minimal nitrogen 
supply rates in clement weather, which may limit algal production (Yake, 1981). Therefore HABs can be 
stimulated by increased nitrogen loading. Rapid urbanization, poor agricultural or logging practices and 
municipal discharges have in some cases resulted in very large increases of nitrate loading to Pacific 
Northwest streams and rivers (e.g., Smith et al., 1987; Harr and Fredriksen, 1988), but few nutrient 
discharge data have been analyzed with regard to eutrophication or HAB trends in nutrient-sensitive areas 
of Puget Sound. 

Monitoring and experimental data suggest that very low or undetectable concentrations of nitrogen in 
surface and subsurface waters of nutrient-sensitive areas of Puget Sound have limited the geographic range 
or activity of paralytic shellfish poisoning (PSP) caused by the dinoflagellate Alexandrium catenella 
(Rensel, 1993b). Salmonid smolts and other phytophagous finfish may be at risk from saxitoxins 
accumulated by zooplankton that have consumed A. catenella. This has been demonstrated in the 
laboratory (Erickson, 1988), but not as of yet in Puget Sound. It follows that phytophagous fish in these 
areas are at risk if PSP activity increases due to increased nitrogen loading. With regard to the occurrence 
of harmful Chaetoceros, however, there are no data suggesting an association with nutrient discharge or 
with a specific type of area, nutrient-sensitive or otherwise. For example, these diatoms occur in both 
seasonally nitrogen-limited South Hood Canal and nitrogen-replete North Hood Canal. 

Harmful Chaetoceros are difficult for fish farmers to detect because a lethal concentration of cells may 
have no effect on easily measured parameters such as water transparency, dissolved oxygen, pH, etc. The 
vertical and horizontal distribution of cells is difficult to ascertain without extensive and time-consuming 
microscopic cell counts. Automated cell counting techniques are not possible due to the large size and 
spines of these diatoms. A simple means to detect the presence of harmful Chaetoceros at fish farms is 
microscopic examination of wet mounts from gill scrapings. Other techniques such as histopathology are 
slow, expensive, and not appropriate for routine detection on the gills because the diatom cells occur in the 
interlamellar spaces and on the epidermis and may be washed away during the extensive tissue preparations 
that are required. 

Blooms of harmful microflagellates or dinoflagellates that occur in high concentrations are often easier 
for fish culturists to identify and manage because visual surveys from boats or airplanes can be used to 
define their geographic limits. This facilitates towing of net pens to unaffected areas such as in 1990 when 
pens were towed from Rich Passage into Colvos Passage. These blooms are often restricted to near-surface 
depths allowing for the pumping of algal-free deep water into the pens equipped with surrounding skirts; 
onshore or upland facilities may have water intakes at several depths to avoid HABs. Because Hetero­
sigma blooms occur in surface waters during clear weather, sea-surface temperature and chlorophyll-a 
sensing satellites that are scheduled to be launched may be useful to track and predict the distribution of 
these blooms. 

RESEARCH NEEDS 

There is a need to investigate wild fish kills involving HABs more completely and expeditiously and to 
document accompanying hydrographic and meteorological conditions. These investigations can form a 
basis for understanding HAB dynamics, trends and possible connections with land and riverine management 
practices. Nitrogen loading trends for streams, rivers and municipal discharges should be examined for 
nutrient-sensitive areas of Puget Sound. 

The physiological causes of fish mortality due to Heterosigma remain to be discovered. Larvae or 
juveniles of marine fish and salmonids that use shallow embayments during late spring through fall may be 
at risk to the apparent recent spread of Heterosigma. Juvenile and adult salmon and marine fish in Hood 
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Canal and perhaps elsewhere in Puget Sound appear to be at risk to harmful Chaetoceros occurrence, but 
this remains to be quantified. Finally, field studies are recommended to test the importance of saxitoxin 
accumulation from the dinoflagellate Alexandrium catenella to zooplankton and throughout the food web to 
salmon and other predators. · 
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Duane Fagergren, Deputy Director, Puget Sound Water Quality Authority 
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Jack Lilja, Technical Expert, Shellfish Program, Washington Department of Health 
Greg Ma, Supervisor of Microbiology and Aquatic Toxicity Testing, Seattle Metro 
Bill Dewey, Director of Public Relations, Taylor United, Inc. 
Mason Morisset, Legal Counsel for Indian Tribes of Washington State 
Judith Freeman, Deputy Director, Washington Department of Fish and Wildlife 

Duane Fagergren, Deputy Director, Puget Sound Water Quality Authority: 

The first speaker is Jack Lilja with the Washington Department of Health Shellfish Program. IDs topic 
is the fecal pollution indicator sytem. 

Jack Lilja, Technical Expert, Shellfish Program, Washington Department of Health: 

Today I will focus on the public health significance of the fecal pollution indicator currently in use, the 
fecal coliform group. 

I will talk a little about the history of shellfish-borne disease, speak about the effectiveness of the 
current indicator in predicting health risks due to shellfish consumption, and suggest some approaches 
toward developing a better system of classifying shellfish growing waters. 

The National Shellfish Program (NSSP), which provides the framework for state regulatory programs, 
was initiated in 1925 to deal with outbreaks of typhoid fever associated with shellfish consumption. 
Improper disposal of human waste was the main cause of these outbreaks. 

Typhoid fever and other pollution-associated bacterial illnesses continued to be the predominant cause 
of shellfish-borne disease through the 1950s. 

In the 1960s, we began to see a change in the type of agents responsible for the outbreaks. Human 
enteric viruses, primarily hepatitis A, and later Norwalk virus, became the major cause of shellfish-borne 
disease. There were also numerous outbreaks occurring about the same time in which the causative agent 
was unknown. Based on symptoms and incubation period, they were presumed to be caused by other 
human enteric viruses. 

In the 1970s and 1980s, naturally occurring marine pathogens, primarily bacteria of the genus Vibrio, 
emerged as one of the leading causes of illness related to shellfish. This group joins the human enteric 
viruses as the leading causes of shellfish-borne illness today. 

The last major group of disease-producing agents are the marine biotoxins. This group causes the 
illnesses known as paralytic shellfish poisoning, amnesic shellfish poisoning, neurotoxic shellfish poisoning, 
and diarrhetic shellfish poisoning. These biotoxins are responsible for an increasing number of illnesses 
worldwide. 

Pollution associated with bacterial pathogens, such as Salmonella, Shigella and Vibrio cholerae are 
relatively insignificant today. Interestingly, they are the group of organisms most readily predicted in the 
marine environment by our current indicator system, the fecal coliform. 

Through all the changes in the causative agents of shellfish-borne disease, there have been very few 
changes in the indicator system we are using. The major changes have been: 

1. We have gone from using coliforms as supportive data in classifying growing areas to using them as 
absolute standards. 
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2. We have switched to using the fecal coliform group rather than total coliforms. 

When pollution-associated bacterial pathogens from large poit;tt source discharges were the main cause 
of shellfish-borne illness, the coliform indicator system worked pretty well. However, as human enteric 
viruses and naturally occurring marine pathogens began to emerge, the usefulness of the coliform indicator 
diminished-that is, its use diminished as an indicator of problems related to shellfish consumption and not 
necessarily as an overall indicator of water quality. Let's examine some of the problems with the current 
system. 

1. The indicator system was originally designed for large point source discharges of inadequately treated 
sewage. Therefore, it is poorly suited to accurately assessing the range of the more variable and indiscrete 
sources 'we now have to deal with-mainly the non-point sources. 

2. The indicator system was originally designed to provide supportive data to a comprehensive sanitary 
survey. It was not designed to be the major determining factor in classifying water, which is how it is 
used today. Bacteriological data must be viewed in context with other information from the sanitary survey 
to establish accurate classifications. 

3. The coliform indicator is of no value in predicting the presence of naturally occurring marine pathogens 
and of very little, if any, value in dealing with human enteric viruses-the two leading causes of shellfish­
borne disease. As an example, the two most recent outbreaks in Washington were traced to areas where 
fecal coliform monitoring had occurred with no indication of problems. Both outbreaks were ultimately 
attributed to viruses. 

4. The fecal coliform indicator does not distinguish between human and non-human sources. Research 
continues to suggest that the risk of viral infection from animal waste is less than that associated with 
human sewage. Certainly there are bacterial pathogens from animals that can cause illness in humans, but 
viruses are much more host -specific. 

5. Fecal coliforms are able to multiply in the environment, including marine water and shellfish tissue, 
which can result in misleading data. 

6. Fecal coliforms are not exclusively intestinal in origin. Klebsiella, for instance, which is associated 
with pulp mill waste, gives a positive fecal coliform reading under normal lab procedures. 

What can we do about dealing with some of these problems with the current indicator system? The 
approach that was taken by the National Indicator Study-which is currently on hold because of lack of 
funding-is a good one. 

I will briefly go over the goals of that study. 
The overall objective was to improve the current water quality-based management system by providing 

a more reliable assessment of public health risk associated with the consumption of raw shellfish. 

This was to be accomplished in a number of ways: 

1. By developing microbial and chemical tools to refine and improve our ability to assess the relative 
public health importance associated with the discharge of fecal material from different sources into 
molluscan shellfish harvest areas. 

2. By selecting the best group of indicators of human health risk associated with the consumption of raw 
molluscan shellfish. We need to get away from the concept of one indicator. 

3. By determining the efficacy of the current indicator system for the management of molluscan shellfish 
waters to protect public health. 

4. By identifying indicators specific to human and animal fecal contamination. 
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5. By confirming or refuting the widely held perception that significant differences exist in potential public 
health risk associated with human, domestic animal, and wild animal waste. 

6. By determining whether shellfish exposed to animal fecal contamination, particularly runoff from areas 
frequented by wild animals, poses a significant health risk. 

7. By improving our ability to identify illness-causing organisms in outbreaks by developing laboratory 
methods to isolate viral pathogens, such as Norwalk virus and hepatitis A 

8. By establishing, if possible, a dose-response relationship between an indicator or group of indicators 
and the occurrence of a specific molluscan shellfish-borne illness. 

9. By determining differences in indicator organism or pathogen accumulation among molluscan shellfish 
normally consumed raw. 

If we continue to pursue these objectives, I believe we can develop a system of shellfish growing-area 
classification that is based on health risk and that reflects more accurately the public health significance of 
fecal pollution. 

Fagergren: The next speaker is Greg Ma, who is supervisor of Microbiology and Aquatic Toxicity 
Testing at Metro here in Seattle. Greg is going to give us an update on two case studies of fecal coliform 
source-typing. 

Greg Ma, Supervisor of Microbiology and Aquatic Toxicity Testing, Seattle Metro: 

I'm in complete agreement with all the points Jack just made. And actually, I might be able to expand 
on one of the last points he talked about, and that's modifying or improving methodologies for taking a 
look at source tracing, or where these coliforms may be coming from. We undertook a couple of different 
types of studies in looking at research methodologies in conjunction with the Department of Environmental 
Health at the University of Washington. So what I'm going to be talking about is not work that was done 
exclusively at Metro. It's technology that was developed at the University of Washington, and it also relies 
on some work that's been done over at Department of Health laboratories at north Seattle. 

One of the problems we've been faced with for quite a long time is determining whether fecal 
contamination is emanating from Metro's treatment plants or any of the conveyance systems that we may 
have in place-or whether it's coming from somewhere else. We've got concerns about impacts on 
shellfish areas and receiving waters, both fresh and marine. 

The coliform indicator, as Jack has pointed out, doesn't do that very well for us. It gives us an idea 
about contamination, and truly elevated levels will give us a pretty good indication that maybe an was 
contaminated by some sort of fecal source. But it doesn't really give us very strong proof. The fecal 
coliform group is a broad array of different types of organisms that have one chemical characteristic in 
common. Not all of them come from fecal sources. In the past we've looked at a couple of different 
methodologies for sorting that out. We also have a couple of new methods we're looking at, particularly in 
the area of sludge and compost testing, to see if regrowth is occurring. That's a common problem as well, 
and runoff may lead to a problem in receiving waters. 

That gives us some more information, but again, it doesn't really tell us where things are coming from. 
One of the more promising things has been fatty acid analysis by gas chromatography. This technique has 
allowed us to take a look at the cell wall components of particular organisms. In one study, Department of 
Health and UW had taken a look at the E. coli organisms associated with the 0157H7 outbreak-the 
hamburger outbreak everybody's familiar with in the state of Washington. This new technology allows us 
to take a look at the organisms and determine whether they're all from the same source. 
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The results they came up with demonstrated very good clustering of the outbreak strains. In fact, the 
Department of Health was able to demonstrate that a number of the patients who contracted this illness 
carried the same clono-strain, based on fatty acid analysis. Ther~ were other strains associated with the 
meat products that were similar-that carried the same named species-but they were not related to the 
outbreak. They were also strains that could cause the illness. So this tool allowed us to differentiate much 
more precisely among the types of strains and actually to trace the epidemiological source. 

Another approach, in addition to this fatty acid analysis, was to take a look at the ribosomal tracking, 
the DNA components of these strains. When they did that, the University of Washington researchers found 
that they could group and trace these strains very accurately. Using that gene-tracking technology, we 
undertook to examine one of the urban watersheds in Seattle where we'd had chronic elevated fecal 
coliform counts. The study was done in Carkeek Park, where we have a sewage treatment plant that has 
recently been converted to stormwater treatment. But we've historically had a problem with very elevated 
fecal coliform counts in that watershed, flowing down through the steam, across the beach, and out to the 
Sound. 

The question has always been, where does that elevated count come from? Baseline levels are 
somewhere on the order of about 10 to 20 fecal coliform organisms per 100 milliliters of water. But 
during storms, that jumps up to about 8000, 9000---in some variances, 10,000---organisms per 100 
milliliters. That's a little bit higher than we're content with. There's been chronic concern that, because 
we have a plant there, we might be contributing as a source. But we found that the counts occur above the 
plant, upstream, as well as downstream of the plant. 

Concern then centered on the possibility of leaking septic tanks or broken sewer lines--or any other 
flushing that might be occurring. We also suspected that animal sources or vegetation sources might be the 
cause. So we designed a small pilot study to look at a number of different potential sources of fecal 
contamination: animals, dogs, cats. There was a duck pond that drained into the system; we took a look at 
the water samples from there, and also duck fecal material. We looked at vegetation sources for fecal 
coli forms. 

And we isolated, specifically, Escherichia coli (E. coli), which makes up a significant portion of the 
fecal coliform population. We took those E. coli isolates-about 300 of them-and we broke them apart, 
took a look at their DNA patterns, and found about 176 different types of patterns. What we discovered 
was that within a host source, the patterns were fairly specific and unique. For example, in all of the duck 
fecal materials, we found that there were 13 different ribotype patterns. Out of dog sources, we found 
there were 16 different ribotypes in the limited number of samples we looked at. Cats gave us 13 different 
patterns. From sewage samples we found 29 different patterns. And from vegetation sources we found 12 
different patterns. 

Then we took a look at the water coming through the stream and tried to match the ribotype patterns 
from those isolates to the source ribotype patterns. We found that we had matches in a number of the 
different animal sources, and only one with the sewage sources. That one, from the sewage source, also 
matched very closely with an isolate that came from the dog pool. 

What this information gave us was a very tight correlation with animal sources as the potential cause of 
elevated fecal contamination. The most prominent correlation came with cat fecal material. We had the 
city of Seattle do some estimation based on the number of licensed dogs, cats, and other pets, along with a 
rough estimate of how much fecal material these animals would produce. It was a staggering figure. I 
can't believe that much is actually contained in one park. But we've got some fairly good evidence, 
considering ours was a very small study with a limited number of samples. We're hoping that we can 
expand this tool and use it in the future to take a look at other sources, particularly non-point sources that 
might be affecting marine waters and shellfish growing areas. 

I'd be happy to take any questions now. 

Q: Do you have a report on this study? 
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Ma: Yes, we do. The study was commissioned by the city of Seattle and was let out on bid to Herrera 
and Associates. I've got a copy of that. H you'llleave me your card, I'll send you one. 

Q: I live in Carkeek Park, and every day at high tide, there's a huge stock of what looks like raw sewage. 
Hit doesn't come from Metro I'd be greatly surprised. The suggestion that the ducks are behind this, or 
perhaps the dogs in the park, seems contrary to what I've observed. 

Ma: I'll accept that. In fact, at our laboratory, I have on occasion looked out the window and seen this 
plume coming down the ship canal towards us, and have wondered where that comes from. Apparently, 
we have a CSO-a combined sewer outflow-down the hill from Queen Anne just a little bit upstream 
from us, and we experience the same phenomenon. Surprisingly· enough, this particular CSO is right next 
to the Metro Industrial Waste Office. So we're still working on the problems. We recognize they're there. 
The evidence we have so far is leading us to believe that it's a source other than Metro. We are still 
investigating that, and we're trying to take more samples associated with our treatment plant to make. sure 
that we are not the culprits. 

Fagergren: Bill Dewey of Taylor United will speak next on hatchery techniques. 

Bill Dewey, Director of Public Relations, Taylor United, Inc.: 

Over the past 20 years, the shellfish industry in Washington state and throughout the West Coast of the 
United States has come to rely very heavily on shellfish hatcheries for its seed. In fact, the technology 
that's evolved in these hatcheries has made Washington state the leading state in the nation for Pacific 
oyster and Manila clam production. 

This morning I'd like to talk briefly about the bivalve life cycle. You'll need to understand that to 
understand the rest of my talk. Then I'll turn to the history of seed production in the state and the state of 
seed production today. And finally, I'll talk about what I consider the research and development needs of 
hatcheries. 

The bivalve life cycle. Typically, shellfish begin gametogenesis-or developing the sperm and the 
eggs-in the early spring. They continue this through early summer, to where they release the gamete to 
the water in mid- to late summer, where fertilization happens externally. What follows is typically a two­
to three-week larval period, during which they're free-floating plankton in the water. This is followed by 
settlement and metamorphosis, which, in the case of Pacific oysters, involves cementing and attachment. 
With Manila clams, or mussels, it involves attaching with ~e byssal thread. 

For those of you who are interested in sex, I'd like to offer a few points of trivia. For one, a female 
Pacific oyster is capable of producing upwards of 80 million eggs. With fertilization taking place 
externally, a lot of eggs are required to assure fertilization and to assure there will be survival of at least a 
few of them through their larval period. 

Second, you might be interested to note that a Pacific oyster can be either a female or a male and can 
change at will. I imagine there are a few of you who have at least fantasized about having that ability. 
Too bad for the oyster's sake that fertilization happens externally in the water-in the cold water, I might 
add. Then again, they do get to look forward to one hell of an orgy every summer because in order to 
ensure fertilization, everybody has to spawn at one time. If you happen to be fortunate enough, .or 
perverted enough, to be there when they do it, you can see the whole bay turn creamy white with the 
gametes as they're released. 

Following the spawning, there are several stages of larval development. Once they've built up enough 
shell that they're no longer buoyant, they settle. Then metamorphosis takes, where the seed is attached. 
You can see it on these slides. These actually are several months old, after the oysters have attached to the 
mother shell. You can see the spat attached to these shells. 
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When the state shellfish industry began in the mid-1800s, its focus was mainly on the harvesting of 
wild Olympia oysters (Ostria lurda). It wasn't until after 1890 that efforts were directed by the industry to 
improving the seed settlement. The industry discovered that by diking the tidelands to hold the water in 
when the tide went out, they could improve settlement and survival of these young Olympia oysters. Dikes 
in the higher intertidal area would be used for catching seed; then typically, after a couple of years, the 
seed would be gathered and moved to lower dikes for fattening prior to marketing. 

The Olympia oysters are very sensitive to environmental conditions and to pollution. Without the 
water held in by the dikes, they were susceptible to cooking in the summertime and freezing in the winter. 
With the influx of pulp mills into Puget Sound, it soon became a losing proposition to try to cultivate them 
at all. So a hardier oyster species was sought, and after failed attempts with the Atlantic oyster, the 
Japanese or Pacific oyster was introduced in 1921. It was found to grow and survive very well in Puget 
Sound; however, it didn't very effectively complete its reproductive cycle because of the cooler water 
temperatures here. Consequently, for the following 50 years, seed was procured from Japan each year and 
barged to Washington for distribution among the growers. 

The Manila clam, which is also a popular commercial species in the state, was introduced accidentally. 
It came along as a hitchhiker in these cases of Japanese oyster seed. It's established itself well throughout 
Washington state, and in fact has adapted .better than the Pacific oyster where spawning temperature is 
concerned. The Manila clam reproduces in many areas. It's become the most intensely cultivated clam 
species in Washington-and the steamer clam of choice in the marketplace. 

In the late 1960s there was a decline in the availability of Japanese oyster seed. The industry shifted 
its focus to collecting seed from a few areas in the Northwest that warmed sufficiently in the summer to 
allow for successful natural reproduction of the oysters. This was typically in Dabob Bay on the Hood 
Canal, Willapa Harbor in southwest Washington, and Pendril Sound up in British Columbia. Oyster 
growers would take strings of cultch-which is oyster shell with a hole punched in it, strung onto a 
galvanized wire-to these areas at a critical time when the larvae were in the water and ready to settle out. 

By the mid-1970s, it was apparent to the industry that the natural spawning in these few areas was not 
dependable enough to sustain a growing industry. For this reason, hatchery technology evolved. Today, 
roughly 90 percent of the state's oyster production and 40 percent of the state's Manila clam production is 
initiated through hatcheries (that's an estimate on my part). The balance of the commercial production 
comes from "cultivation" of natural reproduction. I had the quotation marks inserted because I assumed I'd 
be coming after the tribal lawsuit talks; that definition of cultivation is the growers' definition, not Judge 
Rafeedi' s definition. 

In the hatchery we bring in the adult shellfish and manipulate their environment to make them think 
it's summertime and convince them to spawn. We elevate the temperatures and give them lots of algae to 
eat. This process is called conditioning. By having different adults at different stages of conditioning all 
the time, we can have animals ready to spawn weekly, year-round. We just have to light some candles, put 
on some romantic music, and turn down the lights, and you can imagine what happens when, in the 
controlled environment of a hatchery, you have a female oyster producing 80 million eggs. It doesn't take 
many oysters to supply the whole industry with seed-nor many hatcheries. 

One of the downfalls in the hatcheries is the lack of a proven artificial diet, so we spend a good deal of 
our energy cultivating algae. These are the larvae tanks here, where the oyster larvae are grown in static 
culture. We grow a half-dozen different species of algae so that we can provide a balanced diet for the 
various larval stages in the hatchery. 

In algae production, we use two different techniques. We use batch culture, where we start them in 
flasks, bring the flasks up to density, transfer to carboys, bring those up to density, then transfer to larger 
tanks, and then finally feed it out. We also use continuous culture bags. This is a technology we brought 
in from Great Britain. Here there's a continuous flow of pasteurized, nutrified sea water flowing in and 
constantly pulling algae out to feed the larvae. These bags typically will run for two or three months 
before we trash them out and start them again. 
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It's been fairly easy to learn how to culture the larvae of the various species for shellfish production. 
Where we suffer our greatest mortalities and focus much of our efforts is in getting animals through 
metamorphosis and the nursery stage, where we are typically holding them in intensive systems at high 
densities, trying to get them to a size sufficient for planting: Each species has its unique quirks. 

With the evolution of hatchery technology, the industry's been able to make some pretty significant 
advances. This is one of our setting systems; that particular container has about 8 million Manila clams, 
causing the brown haze in the water in that settling tube. 

The hatcheries have provided some significant advancements for the industry. For one, it gives us a 
consistent seed source for our oysters, clams, mussels, and a variety of other species. They've allowed us 
to work with genetic selection, so we can get improved growth rates and fatter, faster-growing oysters. 
We've also been able to produce sterile, or triploid oysters, which don't go through this Scamana genesis, 
and give us a more marketable oyster for raw consumption in summer. 

The research and development needs related to hatcheries are as follows. First we must continue to 
develop and refine hatchery nursery techniques for our commercial species-that's an ongoing process for 
us. Next, we need improved broodstock management industrywide. Now that we have the hatchery 
technology, there's a real risk of inbreeding, a reduced gene pool, and the detrimental effects associated 
with that. The industry needs to come together better on its management practices there. 

We're looking forward to commercial production of tetraploids for safer, more efficient triploid 
production. This is a new process that's evolving, which is more effective and safer than the existing 
treatment with this chemical cytochalasin B. 

In addition we need improved hatchery nursery techniques for cultureless oyster production. 1bis is 
particularly a problem for our company. Through the metamorphosis and nursery phase with raising tiny, 
single oysters, we have a very high mortality. We're doing some experimental work with flow-through 
larvae culture. Typically, we've always used static batch culture of larvae. But flow-through is resulting 
in some high-density cultures that are looking promising. 

Finally, algae production is an ongoing research area for us, as well. We need to look at ways to grow 
higher cell densities. We need to look at continuous versus batch cultures. We need to consider 
alternative species that would grow better in our cooler climate (most of the species we raise now are 
warm-water ones). We need to look at the nutritious value of the algae pastes as well at more convenient 
ways to use it. People are growing algae and converting it into a paste that you can put in the refrigerator 
and feed when you need it. And finally we need to consider alternative feeds other than the algae; at this 
point, there are no successful artificial diets for the larvae when we're raising them in the hatchery. 

In conclusion, I'd just like to say that the Washington shellfish industry has come a long ways in the 
past 100 years. We've been aggressive in technological advances, as well as in our battles to preserve 
water quality. If we can maintain water quality throughout the state, the hatcheries are certainly capable of 
providing us with more seed than we know what to do with. While it's not directly related to my 
presentation, I did assume I was going to be following Judith and Mason, and just wanted to offer that the 
Puget Sound growers are looking forward to a cooperative resolution to the Indian shellfish rights issue and 
once again being able to focus our efforts on research and development. Thank you. 

Fagergren: That's a good lead-in. Mason Morisset is legal counsel for the Indian Tribes of Washington 
State. Judith Freeman is deputy director of the Washington Department of Fish and Wildlife. I think we'll 
start with Mason Morisset, and then have Judith Freeman run anchor. 

Mason Morisset, Legal Counsel for Indian Tribes of Washington State: 

I think it's important for scientists and technicians, as most of you are, to understand how much the 
science of Puget Sound has been and is being driven by law. I grew up in the Northwest, but I first moved 
to Puget Sound in the early 1960s, almost 35 years ago. We didn't have any Puget Sound Water Quality 
Authority. We didn't have any Clean Water Act. We didn't have many environmental laws of any kind. 
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People like Professor Bill Rogers, who got up earlier to complain about the sewage at Carkeek, wouldn't 
have had a job at the law school teaching environmental law because we didn't know what that was. 
When I went to law school at Berkeley, we never heard about the environment, except maybe in the 
context of a common-law right not have someone dump sewage on your property. 

Those of you who have grown up with the Clean Water Act and the Puget Sound Water Quality 
Authority, and so on, need to realize that it hasn't been that long since there was no real driving force to 
do something about these things. And 35 years ago there weren't any court decisions holding that yes, the 
Indian tribes here in the Pacific Northwest have an enforceable treaty right to the fisheries resources of the 
area, which gives them the right to insist on habitat improvement and protection. 

Recently, for those of you who don't know, Judge Edward Rafeedi of District Court in California, here 
by special assignment, ruled that the Indian treaty rights to take fish include the right to take shellfish. 
This case started 25 years ago, in 1970, and it was one of the first cases I worked on. I never dreamed 
that 25 years later, now 3 inches shorter and 50 pounds heavier, I would still be working on the case. But 
here we are. And it's important to know what happened. 

When we started the case, we said the tribes have a right to take all fish, including shellfish, and they 
have a right to have the environment and the habitat protected. That became way too complicated way too 
fast. For one thing, all the lawyers thought all fish were alike. So why did we have to worry about little 
details like the way they spawn and the way they migrate, and so on? We were quickly set straight by the 
scientists on that. 

So we agreed to set aside everything but anadromous fish and deal with them first-with salmon and 
steelhead. That decision was confiimed by Judge George Boldt in 1974. You often hear of the Boldt 
decision named after him, holding that yes, the treaties were good law; yes, the treaties overrode any state 
law to the contrary; and yes, the Indians had a right to take 50 percent of the harvestable fish. We thought 
a lot about shellfish and tidelands in those days, but we had our hands full dealing with anadromous fish. 
Eventually we had to deal with herring, and then we had to deal with halibut. And shellfish kind of got put 
on the back burner. 

We also dealt with the habitat protection issue, and another judge assigned to this same case, Judge 
William Orrick of San Francisco, ruled in 1981 that the tribes' treaty rights included the right to have fish 
to harvest, in other words, a right to habitat protection. The Ninth Circuit Court, in maneuvers that only 
lawyers would love, issued several different opinions. The Court finally vacated the District Court order 
on the grounds that it was premature, in that the tribes had not presented a specific case that they wanted 
relief on. The case was remanded to the district court. The tribes have, since that time, preferred to keep 
that as the proverbial shotgun behind the door, to be brought out if necessary. We hope now that the 
tribe's common interests with other citizens in protecting habitat will lead to cooperative efforts. But that 
shotgun is still there, and it's important to remember that in the context of the most recent ruling, dated 
December 20, 1994, wherein Judge Rafeedi held unequivocally that yes, shellfish are within the treaty 
right; yes, the tribes have a right to harvest them. And that includes harvesting on so-called private 
property. 

As scientists, you need to know that the tribes have already entered into a cooperative agreement with 
the state of Washington and the federal government to protect the public health. As we all know, shellfish 
seem to be prone to a number of problems, from effects of failing septic tank .systems--of which there 
appear to be way too many around the Sound-to natural phenomena. The tribes will be relying on 
scientists and asking them more and more to assist in those problems. 

In addition, the court held that the tribes' right, as I said, extended to so-called private property. In 
that case, we got into many of the issues that Bill Dewey has mentioned as to what is or isn't cultivating. 
Therein lie some important ideas for scientists and technicians. 

What did Judge Rafeedi hold, exactly? Well, he went on for about 30 pages on this, so it's difficult to 
find a few excerpts of what is or isn't cultivation, and what that does or doesn't mean in terms of our 
current law. But basically he said as follows: ''The court interprets the term 'staked and cultivated' as the 
terms were defined and used in the shellfishing industry at, or before, treaty times." That's 1854, 1855. 
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So put out of your head whatever you as a scientist think they mean today, and go back to 1854 and 1855. 
The judge continues: "At treaty times, the term 'cultivate' was defined in a shellfish context as an 

activity occurring only on artificial beds. In addition, consi.stent with the virtually uniform body of state 
statutes and common law, the activities of staking and cultivating occurred only on artificial beds." And I 
should have mentioned, for those of you who aren't familiar with the treaty, it says the Indians have the 
right to fish as usual on the custom grounds and stations-provided, however, they not take shellfish from 
lands staked or cultivated by citizens. It's called the shellfish proviso. That's where the words "staked" 
and "cultivated" become very important. 

The judge continues: ''When the parties used these terms in the shellfish proviso, they intended only to 
exclude Indians from artificial or planted shellfish beds. They neither contemplated nor desired that the 
Indians would be excluded from natural shellfish beds. Therefore, the words 'any beds staked or cultivated 
by citizens' describe artificial shellfish beds created by private citizens. Moreover, at treaty times, artificial 
beds contained shellfish deposited for either growing or storage purposes and were surrounded by stakes or 
other markers to the extent that they did not interfere with navigation. Thus, clearly, as has been 
explained, the intervener growers' farms, which are artificial beds as herein described, are staked or 
cultivated, as that clause has been interpreted by the court. Such beds are not subject to fishing by the 
tribes, except to the extent that natural clam beds may be subjacent to the staked or cultivated shellfish 
beds, as explained below. Finally, it is also clear that the intervener private property owners' natiJral beds 
are not staked or cultivated. Thus, natural beds, if any, located on privately owned tidelands are part of the 
tribal fishery." 

He goes on for some more pages on these issues, again quoting from scientific journals of the times 
and from legal authorities of the times, all on the basic point that, as the tribes agreed, where there is 
cultivation-as that term was used in 1854 and 1855-the treaty right does not obtain, but in other cases it 
does. 

What does this all mean when we couple it with the environmental right (which we usually discuss as 
Phase 2, because it was separate from Phase 1)? What this means is that you will see the tribes increasing­
ly concerned with the science of shellfish health and safety and pollution. The tribes are happy that we 
have the Puget Sound Water Quality Authority and that we have the, environmental laws we do. But they 
will insist that their treaty right be recognized. 'This is a supreme right under the Constitution-don't forget 
the supremacy clause of the Constitution. They will insist that steps be taken to improve the general 
shellfish health of the Puget Sound area. 

They're looking forward to this being cooperative, and I'm sure that there are many people of good 
will who want to join in this. We all have a lot to gain from stopping pollution, from improving sewage 
treatment around the Sound, from stopping septic tank failures, and so on. But we now have an additional 
legal weapon that should excite you all; namely, that there is a federal treaty right that is, in my view, 
being violated if pollution is not stopped, and if ways are not found to protect the shellfish resource. 

I'm going to stop early because I've been trained as a lawyer speaking before courts. Most appellate 
courts now, including the U.S. Supreme Court, have a series of lights that come on when your time is up. 
You're told in the U.S. Supreme Court that when the red light comes up, shut up right then, or else you 
lose your case. So I'm going to stop before any lights come on. Thank you. 

Fagergren: Judith Freeman now will speak from the state's perspective. Then with luck we'll have time 
at the end to answer questions on this subject in general. 

Judith Freeman, Deputy Director, Washington Department of Fish and Wildlife: 

Thank you. I'd first like to say that I am not an attorney. While I'm going to be talking to some 
extent about Judge Rafeedi' s ruling, I'm going to be talking about it in terms of the questions it raises for 
the Department of Fish and Wildlife, which views itself as the manager of the resource, and what the 
implications are to us and to the state of Washington as we move forward with implementation. 
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First of all, I'd like to talk about where we are in this process. When the judge issued his ruling, 
which gave the tribes 50 percent of all the shellfish, he asked the parties to come back by January 31 with 
an implementation plan. While the judge went through many pages, as Mason pointed out, talking about 
the difference between cultivated and natural beds, he didn't spend any time at all talking about how we're 
going to manage these resources cooperatively, how we're going to determine what allocations go where. 
He basically left that to us. That wasn't a surprise. Typically, a ruling raises more questions than you 
started with. It may give you a couple more sidebars, but basically you have a lot more questions than you 
did before. 

The first task before us is to file this implementation plan by January 31, unless the parties all agree 
we're not going to make that deadline, in which case we can go and probably buy a little more time. 
We're hoping that we can meet this deadline. We're not viewing this implementation plan as something 
that's will be complete with every detail about how we're going to proceed, but rather, as something that 
provides a framework for how we're going to communicate. Perhaps the plan will start to build the 
definition of artificial versus natural beds. Then the real work will start, which will be cooperative 
management plans for all species-not only the intertidal species, but also the subtidal species. 

I'm going to limit my discussion to intertidal issues because I think that's the main focus of this group. 
I don't know how many of you followed all the editorials that were in the paper as a result of this ruling, 
but just about every major paper in the state ran an editorial on it. These took a wide range of positions, 
from "Protect private land," to ''The Indians were the original property holders." But in most of those 
editorials the bottom line was: We have to work this out; we have to work together; we can all benefit; and 
the resource can benefit from our working together. The Department of Fish and Wildlife has a history of 
working with the tribes. It's not a history that goes back many decades, but it does go back more than one. 
We're very proud of that relationship, and we intend to maintain it as we move through this process. 

Now I'm just going to throw out questions for you. These are the kinds of big issues we're grappling 
with as we consider the fate of 50 percent of the resource on all lands, regardless of ownership of those 
lands. Has the judge, then, erased all boundaries on the tidelands? Is there now no distinction between 
one piece of property and another? And if we talk about 50 percent, is it 50 percent inch by inch all 
around Puget Sound; is it 50 percent by some artificial beach-this state park, that piece of private 
property, this piece of public property? Those are all things we~re going to have to work on. 

When the treaties were signed, there was no private property in the form of tidelands. There was no 
private resource in terms of tidelands. As Mason said, the court tries to interpret the treaty based on what 
it probably meant at the time it was signed. One could say, well, at the time of the signing, there was no 
private property, there were no private shellfish resources-that would be one interpretation. Since the 
signing of that treaty, however, there have been decisions in several state cases that have held that if you 
own the private tideland, you also own the resource that's on it. The state, in fact, has viewed the resource 
in that manner. I'm not going to get into the issue of natural versus artificial beds, just the ownership 
issue: If you own the tideland, do you own the clams? We have always operated under the premise that 
yes, you do; if you own that tideland, you own the clams, you own the oysters, you own everything that's 
on it. 

Well, the new decision throws this view into question. If, in fact, the tribes are entitled to 50 percent 
of all the resource, who now owns that resource? Furthermore, it's not 50 percent of the resource. It's 
actually 50 percent of the harvestable amount of the resource. So that means a certain amount of resource 
that must stay on the bed. We perform biological assessments as we manage public beaches around Puget 
Sound-and in most instances, we do that cooperatively with the tribes, because we do have some interim 
management plans with several of the tribes. But when we manage with that conservation base, we must 
leave 50 percent to 75 percent of that resource on the beach. So only 25 percent to 50 percent of the 
resource, then, remains for harvest. Of that 25 percent to 50 percent, half would go to the tribes. Half 
would go to the public, if it's a public beach; to the private landowner if it's a private beach. Remember, 
I'm talking about this with question marks at the end. 
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So does the public now own that conservation base? And does the public now own that tribal share? 
So has the private landowner gone from owning 100 percent of that resource down to owning 12.5 percent 
to 25 percent of that resource? Whose responsibility is it to manage that resource? Is it every individual 
private property owner's responsibility to manage it, or does it now become the responsibility of the state 
to do so in cooperation with the tribes? · 

These are the main questions that come up. So, who owns the shellfish becomes the big issue. We're 
sitting here and saying, well, we don't know anything about the resource that's on private lands. We've 
never paid any attention to it. We've never thought that was our issue. We've never monitored what was 
harvested from it. I believe we now do require people who harvest on private land to have a license, 
unless they are the owner or the owner's immediate family. A lot of you may not know that, but it's 
something you might want to remember the next time you go to your neighbor's beach. We live on the 
waterfront, but we don't own the tidelands. H we go down to harvest we have a neighbor who does allow 
us occasionally to dig some clams. Of course, I ask first. And we have our little tags on when we go 
down. 

So who owns the shellfish? Who determines what's harvestable? Does the state do it in cooperation 
with the tribes? Do the tribes do it with individual landowners? Who actually will do that? I think it's 
likely that it's going to be something that would fall into the purview of the state and the tribes. But those 
are all things that we're going to be working on. 

With many things, as with salmon, the rules the are set down very simply, and the implementation 
becomes very complex. So what is a beach? Who owns it? Who owns the resource? Who's going to 
manage it? And so forth. Those are the questions we have to deal with. 

On the other side, the state will have some goals and objectives. What does the state want to achieve 
in the implementation plan, and in the development of this umbrella plan, the subsequent implementation 
plan, and the subsequent separate management plan? And while that also is still under discussion, we hope 
to approach this not with the attitude of, how quickly can we get through this? Rather we want to consider 
where we want to be 10 years from now, and what is in the best interest of the long-term cooperative 
management of shellfish in Washington state. Let's put a system into place that's efficient, that's effective, 
that's not cost prohibitive, that doesn't lock us into the salmon regime, where we have to count every last 
single salmon in order to determine the allocation. Let's figure out, between the state and the tribes, what 
kind of a system we can put into place that would be workable and not be so intricate that we lose sight of 
what we're trying to do, which is to preserve, enhance, and make use of the shellfish resources. So that's 
an important consideration. 

Continued opportunity for recreational harvest is another important issue for the state. We feel that we 
have a responsibility to provide that opportunity. With most tidelands in the state in private ownership, it's 
been an uphill battle for us to provide enough resource for recreational harvesters. So we hope to ensure 
that people who don't happen to live on the water or have their own piece of tideland will continue to have 
a place to harvest shellfish. 

Those, generally, are the main goals; there will be other smaller ones. As far as what's happened since 
the ruling was issued just a few days before Christmas, we have had a couple of meetings of the state 
caucus. The state caucus is made up of the Department of Fish and Wildlife, Natural Resources, the 
Department of Health, Parks, and the Attorney General's Office. The tribes have had meetings themselves. 
The parties have not gotten together at this point. The first meeting is to take place next week. Then we 
will be reviewing a draft the tribes have worked on, a draft of this umbrella framework. Within that, we 
would expect to start to see the principles that we've used in other cooperative arenas-advance notice of 
regulations; everybody knows what's going on; no harvest occurs in the absence of management plans-so 
that orderly fisheries can occur in all areas. 

We'll be meeting with them next week. In addition to that, of course, the question is out there about 
whether the state's going to appeal. Furthermore, as Mason mentioned, there are three other parties that 
have intervened as defendants in this suit, and all of them may chose to appeal the decision. Once again, I 

443 



PUGET SOUND RESEARCH '95 

want to remind you that I'm not an attorney, although working in fisheries does expose you to legal issues 
on a regular basis. 

The most recent development-and I'll close on this-is that the governor and the leadership of the 
legislature has just sent a letter to all the tribal leaders, under attorney general letterhead, asking that we sit 
down and make an attempt to settle this. There is a concern that the appeals will go on for the next 10 
years--or who knows how long-and that the cloud under which we would function while these appeals 
are going would not be good for our relationships, nor for the resource. That letter went out late yesterday, 
so the attorney general and the governor will be waiting to hear from the tribes to see if we can't sit down 
once again and try to come to an overall settlement. As you know, we have tried that in the past and have 
not succeeded. But it certainly is clear that we have a few more sidebars now than we did six months or a 
year ago. Basically, that's where we are now. I'm sure some of you will have questions for us later. 

Fagergren: We have a few minutes for general questions of any of the panelists. 

Q: It occurs to me that the knee-jerk reaction of dividing a resource by geography, or by number of clams, 
might not be the best way to do it. And I think that one opportunity that may exist is for some kind of 
joint venture between tribes and community. I was wondering if the panel would like to comment on the 
opportunities. 

Dewey: As far as the edict is concerned, it's difficult for us. We try as businessmen to maximize profits 
for our businesses out in the tideland. To enter into a joint venture with the tribes to manage fish is a 
different matter. 

Fagergren: Anybody else want to respond to that? 

Morisset: I can appreciate that, and I think the tribes do, too. You got to understand that for the tribes, 
the major victory here is in free-swimming and subtidal species, and not the kind of critters that Mr. 
Dewey raises. And the tribes are concerned about getting their share of those species, which are 
commercially viable, rather than running around arguing about the exact nature of specific pieces of 
property that Taylor United or some other grower might have. Maybe I'm agreeing, but I don't know that 
a joint venture would be worth pursuing. The tribes are very concerned when it comes to intertidal 
species, for ceremonial subsistence purposes. And those kinds of things, I think, can be accommodated, 
where necessary, on growers' property that is being used now where there's a natural lay of some kind, 
and on private tidelands, without disrupting those tidelands. I think that we need cooperative agreements 
there; but I don't know about joint ventures as a business matter, as a generalization-I'm not sure that 
would work, either. 

Fagergren: I think there are opportunities for enhancement of beaches that we've all talked about for a 
long time. From my perspective, the development of techniques and protective mechanisms, as well as 
enhancing species, is something that could be a benefit to the tribes and to the state. Input from the 
growers, who really know the areas, could be helpful here. So I see sort of a.compromise position there, I 
guess. 

[Question regarding private landowners, monetary liability, and the ability to manage] 

Freeman: I'd like to point out that I'm not an attorney. In the judge's ruling, he does suggest that 
property owners who are affected by the ruling might look to the state of Washington for recourse, in 
having sold those lands without a clear indication of what potential restriction might have been on the title. 
The attorneys are discussing what might be the outcome of those kinds of cases. But the continuation of 
that question is, however: What was the federal responsibility in terms of those tidelands? There is a lot 
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of discussion about the fact that when this state became a state, it was very clear that the intention of the 
territory, once it became a state, was to start selling those tidelands immediately. And there was no action 
or response on the part of the federal government to that intent. So the open question is, if the state is 
sued on the tidal issue, is the state then going to turn around and sue the federal government? That is the 
question. 

Morisset: The more immediate legal problem is, what about title insurance companies who may be right 
in the middle of this, before it ever gets to suing the state or the feds? I don't know the answer to those 
things. 

Freeman: The title companies are actually interveners in the lawsuit. 

Question: What about shellfish that have been introduced into the area since the treaties? Do treaty rights 
extend to those? 

Morisset: Judge Boldt ruled, about 100 years ago, that introduced species didn't make any difference. 
That was the question of dealing with fish hatcheries, and so on, when the argument was made that-well, 
these fish weren't here then. Judge Rafeedi basically said, that's the same thi~g here, we can't argue about 
what was or wasn't here, because you get into terrible problems of how certain species were destroyed by 
introduced species-how some species were here, and then very strange, bizarre worms came, in the holes 
of boats. This is fascinating stuff-I just can't remember it. But basically he said, we can't get into that 
battle, so whatever is here is fair game. And whatever may be here in the future is fair game. 

Q: If there are historical inaccuracies in the decision, is that a basis for appeal? 

Morisset: Appeals can involve both questions of law and questions of fact. In a case like this, the 
question as to the court's findings of fact will probably be whether or not they're supported by substantial 
evidence. He has already made determinations as to what the facts are, based on competing views of 
historians, anthropologists, economists, and endless scientists that testified in this case. So an appellate 
court would have to find that there was a lack of substantial evidence to support his conclusions. That 
doesn't mean that they won't say, well, yeah, there's a difference of opinion, and we might believe "B," 
but we can't say that it's wrong for him to have believed "A." So unless there's some really egregious 
error in historical findings, I can't see a reversal on that ground. 

Fagergren: I want to thank you for attending. Please help me thank all of the panelists; I think it was a 
great discussion. 

*** 
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Katherine Baril, Washington State University Cooperative Extension: 

I work with WSU Cooperative Extension. I'm out on the Olympic Peninsula in Port Townsend. I've 
spent about 15 years doing conflict mediation and resolution on the spotted owl, salmon, and now 
collaborative community resource issues. 

I had a chance to propose this panel. I've come to many of these workShops~ so I set a couple of 
groundrules for myself. I wanted this to be provocative, thought-stimulating and on the cutting edge, 
because I am tired of seeing slides in 10-point type of things I don't understand. · 

And I also wanted to underscore that technology and science are not merely done with a microscope; 
they are done w~th our brains. It's a people issue, not just a sCience issue. And that just as technology is 
developing stream restoration and sediment technology, it's also developing in the human sciences. It's 
best when we can all come together, on a community level, to solve some of our social problems. 

And these are social and political problems, not technical problems. I would refer you to Dr. Nancy 
Hansen's study evaluating 10 years in the Puget Sound Water Quality Authority, in which she determined 
that watershed plans focused too much on the science and underestimated the community value and 
political aspects of these issues. 

So this panel is about the new technology that is developing, the sociology of watershed planning. Our 
speakers for today come not just from Puget Sound, but also from the Columbia River bio-region of the 
western United States. Some are working in the Sierra Nevadas. Some have worked in the Montana coal 
fields. Some have worked in whole-systems work in China. Some have done range systems. What we 
hoped to bring you with this diversity is a chance to step back from the trenches and begin to see the 
landscape in which we are working. And that landscape is broader than just water. It's about forestry. 
It's about economic development. It's about feminization of poverty in rural communities. It's about how 
we come together as a people to solve our local problems. 

One of my favorite moments at the Clinton Forest Summit was when a fellow from the Plum Creek 
Timber Company brought a brand new, off-the-computer Landsat photograph of my backyard, the 
Duckabush River on the Olympic Peninsula. For the last 15 years, I had been trying to pull together 
timber people, environmentalists, and foresters, to talk about a certain elk herd that goes from the glaciers 
of the Olympic Mountains to the salt water on the Hood Canal, coming down the Duckabush River. For 
15 years, we had made no progress on this watershed issue. People denied this herd existed. They denied 
they used these paths. There was disagreement about who owned them. There was just no common 
ground at all. 

This one landsat photograph was held up to President Clinton as an example of the technology we will 
use to solve our problems. The satellite happened to have taken a photograph of the Duckabush River. 
There was the elk trail of trampled vegetation coming from the top of the mountains to the saltmarsh. We 
could see it on the photograph. We said, "We can see it, and now we can begin to manage for it." 

I think it is our ability to see the landscape that we are working on that will allow us to take advantage 
of the opportunities for massive change. When you've got a lot of cauldrons boiling, and you've got a lot 
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of emotions moving, those people who can see the landscape-see the big picture-are the ones who can 
take advantage of the fertility of that biological system. So we're asking you today to do some spawning 
with us. We're going to have fun, and we hope to create some new genes here today. 

Our first speaker is going to be Betsy Geist. She's a professOr at Antioch University in downtown 
Seattle and teaches a "Sense of Place" class by taking graduate students to Pioneer Square and newer parts 
of downtown Seattle. She's a gardener who keeps her backyard as her sense of place, but she's worked in 
China, where she worked on whole-systems design. She talks about ways natural systems can be used as 
metaphors for human dynamics. 

The next speaker is Linda Hardesty. She's a professor in Range Management at Washington State 
University. She has done a lot of work on eastern Washington and range wildlife issues. She has recently 
returned from a Governor's Council study on grassroots resource models and ways communities can come 
together. 

Dr. Vicki Sturtevant is from Southern Oregon State College in Ashland, Oregon. She has been 
working for the Applegate Partnership and the Rogue River Institute. She brings experience from the 
Kentucky coal mines and shows us how we can learn from the way the mining communities faced their 
problems. 

And last will be the person to blow our minds, Dr. Maggie Shannon of the University of Washington. 
Dr. Shannon is chair of the Institute for Forestry Policy at the University of Washington. Some of you 
may have joined us for a class yesterday on natural resource law and policy. Both Dr. Sturtevant and Dr. 
Shannon were involved in President Clinton's Forest Plan proposal under Forest Service work. 

Betty Geist, Antioch University: 

I teach in a program called Whole Systems Design, and my real fascination is the assumptions we use 
to construct our sense of reality. These assumptions guide our behavior, although we're mostly unaware of 
them. In the introduction, Katherine said I was going to talk about decision-making and organizations, and 
I have done quite a bit of work in that area. But, what I'm really fascinated with is the extent to which a 
particular paradigm has infiltrated all aspects of human activity in our western culture. And that I would 
call the commercial paradigm. 

I'm not at all anti-business. I think any culture has to have trade, has to have business. But my sense 
is that the business model is not an appropriate model for all human relationships, and all relationships 
period. It's been very interesting over the last 20 years to see how much that has affected all that we do. I 
remember a professor I had in graduate school talking about exchange theory. He was very excited about 
this because you could talk about all relationships in terms of exchange. This even applied to your 
lovers-you do something for me, and I'll do something for you. Everything was trade. This view turns 
everything into a commodity. 

I think it's pretty common these days to decry the materialism of the West. But it's only recently that 
I've been struck by the extent to which that materialism has infiltrated all of our thinking. As a result all 
decision-making, all organizations, now take on the tenor of a profit-making business. I suspect most of 
you work in non-profit or government agencies, as I do. We're all supposed to follow the total-quality 
movement now, or whatever the latest management thing is. It's not that those aren't bringing some 
interesting ideas to bear on the role of organizations. But they're all based on a model that looks at profit. 
They all come from a model that is based on the assumption that somebody's got something to sell, and 
somebody wants to buy it-whether that's knowledge, or a product, or a commodity. 

In my university for instance, we do the budget process first, and the academic planning follows that. 
That's fine if what you're trying to do is come up with a profit at the end-or, for non-profits, a balanced 
budget. I think fiscal responsibility is perfectly O.K., but if ''the bottom line" becomes the purpose, then 
what you end up with is .. what? You will not have a school; you'll have something else. In any case, 
your organization won't be what it was meant to be. 
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I've been playing around with two themes for this talk, phrases that kept coming up for me. One was, 
"You can't get there from here." It's from the well known story of a traveler asking for directions in New 
England and being told, "No, sorry, you can't get there from here." Well, I think we are trying to do some 
things in our society that you can't get to from a particular appcoach. 

That brings me to the other phrase. Louis Sullivan, the 19th-century architect, coined the phrase, 
''Form always follows function." I think that's really true. The form needs to follow the function. I think 
we need to be very clear on what our intention is, and we need to let our intention dictate the form our 
efforts take. But more than that, I think it's important to realize that the way in which we go about doing 
things will also dictate what can happen-in other words, function can follow form. It's recursive. And 
once you take a certain approach, you may not be able to do something else. 

Now for some examples. I hope I don't offend anybody here. I've been involved in a group called 
Sustainable Seattle. Is this familiar to anybody in the room? It's been a wonderful initiative. It started 
maybe four years ago as a non-organization, pointedly-people saying we don't want to be an organization; 
we want to be just people coming together to look at sustainability issues for the city of Seattle. Over the 
course of several years, probably 400 people got involved at various stages in a discussion about what 
would it mean for Seattle as a city to be sustainable. 

In the course of our discussions, it occurred to people that it was important to find and identify 
indicators of sustainability. Otherwise, our efforts would be totally ungrounded. ~e began to generate 
indicators of sustainability. We identified hundreds, then decided to research 40 of these that could be 
tracked over time. The first 20 were researched in a publication that came out almost two years ago now. 
The second 20 have just been researched, and the report will be out this next year. If you haven't seen it, 
I'd encourage yo~ to get hold of a copy. It's really interesting stuff. 

Beyond the two reports, the group's efforts have led to an incredible exchange of ideas among those 
400 people and their friends and family. That's all great. But what's happening now is there's a board of 
directors. I just got a memo this week saying there's going to be a big organizational meeting to talk about 
the P.R. committee and some other things that are happening. The group is turning into an organization, 
there's no question about it. In fact, the memo said ''the organization." What they're asking themselves 
is, "How do we structure ourselves to do our work?" 

What they're doing-and at this point, I'm going to say ''they" because I'm not feeling in alignment 
with this part of it-is what's very natural to do. They're creating an organization so that they can have a 
P.R. committee, so press releases can be given to the newspapers. They're going to have an education 
committee, so that workshops can be given to the citizens. And what they've created is the expert model 
all over again. And now what happens is, the wisdom that was generated by the exchange of ideas among 
400 people has become a commodity that will, in effect, be sold. 

Now, this is a way to get information out, there's no question about it. The information will be spread 
in another way. Press releases may be good because as a result of them articles will be placed, on the 
topic of sustainability. They'll be in all the places that you would hope they would be. But I'd like to 
raise a question: Is that what's really important? And can we get to the kind of community dialogue we 
want if the information comes from the outside and is given to the citizens? 

When I teach I do not follow the model of feeding the baby birds. I like the model of education that 
goes back to the root of the word, which means to educe, to draw forth. In education, what I'm hoping to 
do with my graduate students is draw something forth. In our work in communities, I'd like to see us 
draw forth the wisdom of the people who live there. I don't mean to downplay the technical expertise you 
all have, because we really need that to back things up. But if we're going to get people involved in 
understanding what may be called natural resources, or place, or their surroundings, or their relationships in 
community, we need to educe from them their sense of those relationships, not as commodities, not as 
something to be bought or sold. The knowledge will come through their own experience and their own 
knowing, and not from something that's been fed to them or sold to them. 

I do find the evolution of the Sustainable Seattle movement of some concern. My argument about the 
group's change in direction is a hard one to make, because on the face of it, the change looks very natural 
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and very appropriate. But I want to raise that experience as something to think about as we go about 
creating dialogue in communities about planning and decision-making. How do we do that? What are we 
really trying to do? What do we really expect to happen? Because you can't necessarily get there from 
here. 

I recently came across a quotation I really like. It comes from Aldo Leopold and was written at the 
turn of the century: "We abuse land because we regard it as a commodity, belonging to us. When we see 
land as a community, to which we belong, we may begin to use it with love and respect." My sense is that 
what we're talking about are different kinds of relationships. When we talk about water, watersheds-our 
relationship to that, and the relationship of other resources in the area to that-it is not one of commodities. 
Maybe it's family. I'm not sure. But I'd like to suggest that we begin to look for different models or 
different metaphors, because I think we really need them. 

Here is another quotation I found just in the last week, this one by Amory Lovins: ''Public discourse 
suffers because our society has mechanisms only for resolving conflicting interests, not conflicting views of 
reality." My sense is increasingly that we have truly conflicting views of reality, conflicting paradigms 
that we're working with. And you can't talk across those lines, using our current technologies. We have 
to develop some ways of changing that. 

Linda Hardesty, Washington State University: 

Betsy set me up, and she didn't even know it. First of all, I'm used to being on programs where I'm 
the minority in terms of gender. But in this case, I'm here in the minority in terms of my disciplinary 
background, because I'm one of those 10-point-type slide people, but I use 14-point. 

But I'm used to talking about everything in terms of confidence intervals and probabilities. Trained as 
a hard scientist, I've worked as a practicing forester, a wildlife biologist, and as a range scientist. I've 
practiced these professions in different continents around the world, and I have a very rigorously trained 
scientific viewpoint of the world. But because I was a manager for so many years, and responsible not 
only for commodities, but also for the status of resources, I learned that the scientific training I had really 
didn't do me a whole lot of good for getting things done. It showed me what should be done but it didn't 
give me a clue as to how to do it. 

The reason I'm giving you this background is, the points I want to make today are not based in any 
kind of social science theory. They come from my own innate knowledge of the landscape, of trying to get 
something done on the ground. These are things I've learned through trial and error. And now that I've 
been teaching for a few years, I've been able to draw not only on my own experience but also on that of 
my students and my colleagues. 

So I'm going to condense this. It may not agree with your experience. If any of it does, maybe it'll be 
a little reassuring to you as you recognize some your own observations. 

The first point that I want to make is, I had to learn to determine what is the common interest. In the 
past, in the '70s and the '60s when you worked for a government agency, you didn't have to worry about 
what was the common interest. Your mission was given to you, your authority was given to you, and you 
went at it. Here's what you have to accomplish this year, here's your truck, here's a budget-go. It's a 
wonderful way to live, but you don't really know what you're doing. But after a while when you're out in 
camp at night by yourself, you start wondering why you are doing this and whether it is making any 
difference. Those questions start to trouble you. 

I worked overseas for a number of years, and when I came back, I came to Washington State 
University. I wanted to implement some of the land-use practices I'd seen overseas, which were much 
more integrated than our approach has been in the United States in the past century. People kept telling 
me, no, that's not an appropriate technology for Washington. The technology was agriforestry, a means of 
integrating the production of trees with agriculture. 

But I felt it certainly must be. So I decided to do a survey and get some data. I thought I'd get 
comfortable, get the kind of tools that I could use to convince people. So one of my students and I 
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designed a survey of private forest land owners in the state of Washington, to find out more about the 
resource that they manage, why they manage it, and what they're doing. Maybe they're doing some of this 
stuff but they're not calling it agriforestry. 

A year and a half later, we found that more than half of the private land owners that we surveyed in 12 
different counties, in three regions of Washington, were indeed practicing at least one agriforestry 
technique-many of them more than one. They didn't consider it an accepted practice, so they kept kind 
of quiet about it. They saw it as sort of an illicit thing. You don't go to your extension agent and ask 
how long you can keep your sheep in an orchard-because putting sheep in an orchard is not a real cool 
thing to do. 

So we started to build a database about these people that would justify this program. I'd like to tell 
you a bit about the data, because I think it can help us answer the two crucial questions that lead us to the 
areas of common interest in resource issues. The first is, what are people's decision criteria? And the 
second is, what's the demographic situation? These questions are related. 

The average age of the agriforesters that we surveyed in Washington was 59. Their main reason for 
owning and managing land was to pass it along to their children. The average 59-year-old has adult 
children. If they're not making their living on or near the land, it's unlikely that they're going to do that 
when the time came for their old parents to tum the land over to them. So we see a demographic shift 
coming up. 

And if any of you have read Ivan Doig's Montana Trilogy, its last volume, Ride With Me, Mariah 
Montana, crystallizes that in a loyely way. And because the idea comes through a novel it's not too 
threatening and not too academic. It's this idea that here you've nurtured this land and this resou:rce so 
you can bestow it upon the next generation. But the next generation lives in Boise and is working as an 
electrician and really doesn't want to go out there and mess with it because there are snakes out there. The 
values and the attitudes toward the land have changed. 

What I tell landowners is, focus on your grandkids, because they might still be salvageable. That's 
kind of tongue-in-cheek, but do we have to consider this demographic change. Another demographic 
change we have is the immigration into rural areas of people who have different values. Newcomers can 
have a very different image of the land. What to me is a beautiful landscape may be very threatening to 
them. 

We've got a lot of students right now coming from the Midwest and from the East Coast, and they're 
really frightened when we go on a field trip. Last year I had a student get lost within a quarter-mile of the 
pick-up on a field trip. It took a long time to find her, and when we found her she was frightened, 
shaking, and in tears, because she thought she was lost. We used to have students who had grown up in 
the wilderness. They would take off fishing for a week with nothing but fish line and cornmeal in their 
backpack. We're not getting those kinds of students anymore. The students we get perceive the land as 
threatening. Even though they want to work on the land, and they're investing their time and effort to 
study these things, they're not comfortable with that resource. 

I found this in the survey data: One of the most important incentives for our landowners to use 
different practices is aesthetic values. Now what I want to do is design a study to find out what they 
consider aesthetically pleasing. I live in north Idaho, and what many people find aesthetically pleasing I 
find a little bit disturbing sometimes. You've probably all found this in your neighborhoods, as well. But 
aesthetics is a powerful incentive. If I want to market, for example, soil conservation practices, I can 
probably market those practices in terms of benefits to wildlife habitat or in terms of aesthetic benefits 
more easily than I can market them in terms of soil conservation. 

So now we want to find out, what is aesthetically pleasing? Aesthetics are important in decision­
making. So are the generational and family concerns I mentioned earlier. But neither one of these can be 
quantified with data. You can't go out and measure it. You can't sit in your office and say, we'll design a 
policy or a regulation that will require people to do these things because it's in the common interest of the 
community to conserve resources. 
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I'm a great believer in carrots rather than sticks. We know what the carrots are now, in some sense, 
what we might use to motivate these landowners. Now we just have to find out how to use them. But 
because the program I'm designing now probably won't be fully. operational for 10 years we have to 
remember we'll be dealing with a different audience then than we would be dealing with now. 

Another observation that I want to talk about is the fact that order emerges only after the fact I was 
involved in the first Grazing Environmental Impact Statement that was ever done in the '70s. It resulted 
from a lawsuit, Natural Resources Defense Council vs. Rogers Morton and the Department of Interior. H 
you're at all involved in range issues, you know this was a landmark case. I spent a year and a half going 
to public meetings that would break down into fist fights in the BLM offices. I went to Cattlemen's 
Association meetings where people were all sure they were going to go out of business. Some people I 
knew actually sold out in anticipation of the demise of the range livestock industry. 

It's much the same rhetoric we're hearing today about Range Reform '94, exactly 20 years later. 
When I'm teaching History of Range Policy, and I talk about that period of time, I can talk about it 
legislatively, in terms of what happened and why. But I can also talk about it from personal experi­
ence-what happened to the people in the community that I lived in and to the communities that I worked 
with. At the time, I worked with more than 400 ranchers in 10 counties in Idaho. They were intimately 
involved with this issue. Now that I look back at it, it's relatively clear to me what happened and why, 
and how the process developed. But at the time, we really didn't know. 

I used to look at my friends in the Forest Service and sigh, and think, oh I should try to get on with 
the Forest Service; they've really g9t their stuff together. Well, those of you who have been involved in 
Forest Service issues lately know that having it together runs in cycles, and they're kind of on the down 
side right now. But at the time, they were really right on top of things. 

The point is that there is order even to the messiest process. You just can't see the order when you're 
in the middle of it. And if you look back, those lessons become very clear. I'm much more interested in 
listening to the old-timers than I used to be-partly because I'm getting to be one, but partly because I can 
ask people now: What are the patterns? 

We're going through another round of budget cuts at our university. I watch the more senior faculty. 
What kinds of proposals do they get upset about? And what kinds of proposals are water off a duck's 
back? "Oh, we went through this in 1958, and we went through this again in 1964, and this is how these 
things happen." So I'm starting to find my own sense of pattern as well. And although the patterns don't 
completely constrain you, it's useful to look back and discover those patterns. 

This brings me to my last point. We talk a lot about interdisciplinary lessons. I guess because I've 
crossed disciplines several times, I realize that the principles stay pretty much the same. This is true for 
physical scientists: gravity doesn't change depending on who you work for. There are certain finite limits 
to how the world works. I believe that also applies to people-human nature, human motivation. I've 
worked in Arab cultures. I've worked in Latin America. But I find that once you really get to know 
people, once you have a means of communication, it's the same process that's driving people and the same 
concerns. So if we can look into other areas where we have other vocabularies and other experiences, the 
novelty of that context may give us new insights into our own situation. Just because my brother is an 
engineer doesn't mean he might not have an insight that could help me. These broader contacts that we 
have, then, could prove to be where some of the answers are. So let's cast the net a little bit wider. 

International lessons are the same as interdisciplinary lessons. It's so much easier to see something in 
another culture, because you are able to put aside your own blinders and defenses without feeling 
threatened. You see it, and you suddenly realize, oh my, this haS been going on here. But you hadn't 
been able to see it. So it's like cleaning the mud off your glasses sometimes to immerse yourself in 
another culture-and it's something I would encourage you to do if you have that opportunity. Or even 
just to travel. Sometimes I travel for recreation. When I was in New Zealand last spring, I would talk 
with farmers. I found they had exactly the same concerns that I have about our farm in Idaho. It's very 
helpful to realize this isn't a small-scale problem we're dealing with. This is a global problem. It's worth 
the investment to try to resolve it. 
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I wanted to boil this down to kind of a bumper sticker message that you could take home. That 
message relates to Betsy's theme of "you can't get there from here." There are a lot of places in Idaho 
that you "can't get to from here" if you travel by conventional means. If you go by car, you can't even get 
from north to south Idaho a lot of times without going out of state. But if you have a small plane, or if 
you're a whitewater rafter, or if you're willing or able to put on your boots and hike, you can get from 
anywhere to anywhere in Idaho. I know because I've done transects, and I've had to do it. You can do it, 
but you have to be flexible about the means. 

So the bumper sticker that I propose is, "Keep Your Focus on Your Ends"---on where you're going, 
on what you want to accomplish-and then find a way to get there. Too often we get so hung up on now 
we're going to do it that we forget what we really want to do. Any of you who have worked in a 
bureaucracy know that at the end of the year they don't really care what you've accomplished, but, my 
God, all these forms had better be filled out. Sometimes, we just have to remember why we're here, and 
what we would want to have said about us when we're gone: "She got this done, and this done." And it 
was because she found a way to get to there from here. Now it may have been a peculiar way of doing it. 
But in the end, all that really matters is that she got there. 

That's my innate knowledge of social science and natural resources. 

Victoria Sturtevant, Southern Oregon State College: 

I'm going to talk to you today about community-based collaborative planning efforts-what works and 
what doesn't. I'm going to talk mostly from my experience at a case study of the Applegate Partnership, 
although I've been working with a number of other partnerships and studying them for the past couple of 
years. So I'll be talking from a broader range of partnership groups. 

The Applegate Partnership is a collaborative effort. It's a multi-party, multi-agency, multi-ownership, 
multi-problem group. Two years ago, some people got together who had been working very hard trying to 
plan and basically fight agencies that were managing land in a 500,000 acre landscape area in southwest 
Oregon. They were tired of the deadlock, tired of getting nowhere, and they decided that they were willing 
to take the risk of sitting down and talking to one another. One of the first things they did was make little 
buttons that said, "No They." Those of you who have heard about the partnership have probably seen 
those "No They" buttons. They put aside their community of interest affiliations, their stakeholder 
constituent groups that all of them belonged to, and they agreed to put aside their occupations and get to 
know one another as people. It was a long, tedious process that required facilitation, and it was kind of 
quiet. But an agency person found out about the meetings and came in and said, ''Who gave you 
permission to do this?" Because often the agencies have seen themselves as the third party, the neutral 
party, that is maximizing its numbers of enemies. It's as if they reason, if you've got lots of enemies, it 
means you're doing it right, because you're in the middle and everybody's upset with you. 

So the people said, "Nobody gave us permission. We're doing this on our own, but you can join us." 
And bringing the agencies into the process conferred even more power on the partnership. 

The partnership is committed to assessment, monitoring, community outreach, and community health. 
It's trying to promote the idea that forest health and community health are related. It's a number of people, 
many of whom have moved into the area from the outside, who are trying very hard to reach the 
community and plan for the future. 

I'm going to go on to my laundry list of what works. The first thing I've observed that's very 
important is what I'll call community capacity. There have to be people who are already organized in 
some manner, who have the organizational structure, who are ready to start talking about the community, 
rather than themselves or their interest groups-people who are ready to move beyond the idea of private 
ownership. There must be a readiness, a community awareness, an understanding of the issues as being 
broader than just themselves. It's very useful to have a network of NGOs-non-govemment organiza­
tions-as well as, of course, willing government organizations. 
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The second thing that's necessary is to take time and to have a facilitator who helps with the process. 
It's very important to remove stereotypes and to distance yourself from those constituents. Humility, small 
steps, feelings, openness, field trips, food, study, assessment, focus on information rather than ideas and 
ideology-all of that is very important, and very time consuming. Agencies need to see themselves as 
facilitators, as partners, not as controllers. Everybody in the group has to take responsibility. Agencies 
ultimately have the responsibility for what's done on their land, but private owners also have to take 
responsibility for what's done on their land and how that contributes to the whole. 

One of the things that the agencies have to do is stop waiting for the public to tell them what's wrong 
and start asking the public how to do things. But that can be a difficult change in approach, because then 
the public says, "You're asking us how to do things? This is your job. What's wrong with you that you 
don't know how to do things?" So it's not an easy shift to make, either for the agencies, who think they 
have all the answers, or the public, who are used to fighting against the agencies. 

And that leads to the next thing that's important for what works, and that is to move from watchdog to 
problem-solver. Often, the public is used to being a watchdog and making sure that the industry isn't 
doing something wrong; there's that tone of suspicion there, rather than trust. 

Often, the people who are most suspicious are environmentalists. They're very worried about being co­
opted by the agencies. They want the agencies to do their own work, and they're afraid that if they sit 
down at the table and reach some consensus with the agencies, then they won't be able to back off and 
fight. One of the big questions I haven't resolved yet is whether consensus is necessary for partnerships, 
or whether people can back off and· retain their own views and not always go along with the partnership 
process. 

Community outreach and education are extremely important and probably some of the most difficult 
things for partnerships to do. For at least a year and a half, and maybe two years, it was very easy to 
blame the members of the Applegate Partnership for not really understanding their public and their 
community of 12,000 people-which is a fairly large community, especially when it's spread out. One of 
the first things that .the partnership did was hire an anthropologist to do a community assessment, to find 
out who the people were, what the interest groups were, what the demographics were, and how things had 
changed. It's extremely difficult but extremely important to know the community. 

One of the things that's been very successful in reaching out to the community is publishing a 
newsletter. In this newsletter, there's technical information that agencies have written, but there's also 
local information, folksy information, calendars, oral histories with old-timers, studies of the history of the 
area that people might be interested in. One of the things that's happened with the Applegate Partnership 
is that it's become a watershed council. The state of Oregon has dedicated lottery money to developing 
local watershed councils. One of the things that's done is gotten people in the partnership into the field to 
talk about streams. That's been successful, because it's been neighbor to neighbor, talking about what this 
stream used to be like, and what they're hoping it will be like. So community outreach is difficult but 
extremely important. 

Now, I've got my list of what doesn't work. On the top of that list is mandating partnerships. It's 
very difficult to make a partnership happen if the community is not ready. The Applegate Partnership 
served as a model for the adaptive management areas that are in President Clinton's forest plan, and some 
of those still have a way to come. Top-down control-agencies deciding how the partnerships will 
work-is also impossible. Another real flaw, I think, is to have very heavily structured facilitation-to 
have a model that's very rigid about how the process should work. You don't want the groups to get too 
dependent on a particular model, particularly if it doesn't work. 

Another real problem for partnerships can be notoriety-going back to that press release issue. When 
Interior Secretary Bruce Babbitt came to visit the Applegate Partnership on his swing up to the Forest 
Summit, that created some problems for the partnership. It brought notoriety, and with it raised expecta­
tions. One person in the partnership called it "performance anxiety." Everybody was expecting them to 
move mountains, and all they were really able to do was put rocks in buckets and carry them one place or 
another. People started to expect things from the partnership. 
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Another real problem is constituent obligations. When the board of the partnership was created, they 
wanted to have X number of timber people, X environmentalists, X farmers-and those people all have very 
strong ties to their constituents. There was a lot of suspicion and hostility from the constituents, which 
made it very difficult for the people at the table. Those stakeholder national and regional groups have 
created some tension for the people sitting at the table-particularly when the groups protest or appeal 
some of the actions that the partnership is trying to take. Actually, the members of the agency groups have 
some national and regional problems as well. Federal Advisory Committees Act raised its ugly head last 
spring, and agency people were told they could no longer be on the board or attend partnership meetings 
on a regular basis. This created a real problem, not only for the agency individuals, but also for the group, 
because then the group became very suspicious of the agencies, and there was a lot of scapegoating going 
on. When people aren't there at the table, it's very easy to blame them. As a sociologist, I know that 
group cohesion often is based on conflict with outsiders. It's very easy to point your finger at a person 
who's not there. 

The solution to Federal Advisory Committees Act has been to charter advisory groups, and it's created 
another layer of bureaucracy, another set of meetings to go to. The other interesting thing is that these 
groups have been set up on the basis of-all right, we want X from timber, and X from environmental, and 
these people are saying, ''Wait a minute, we gave up those constituency interest affiliations. We're now a 
community of place. We care more about our community than that attachment, and you're splitting us all 
back into these old conflicts again." 

So the solution hasn't been any better. There are too many issues, which are too diffuse. The 
Applegate Partnership is looking' at forest health. It's trying to get out sales for loggers. But it's also 
working on economic development. It's creating a community center and a training center. The watershed 
councils now take up a lot of time at the meetings. It's trying to do too many things. 

And the last thing. I said one of the important things that makes partnerships work is time, but time is 
one of the things that is really working against partnerships, too-because it takes so much time. It's very 
hard to keep sitting at the table when you don't have anything to show for it. On the other hand, if you try 
to do things too quickly, you can get into trouble. 

One of the real problems is figuring out incentives that will keep people coming. If it's that you're 
diminishing the number of protests against sales, and there are still sales from these outside constituency 
groups, then you haven't been successful. If it's personal gain, but you're really working for the good of 
the whole, then that motive doesn't work. If the agencies have rising expectations of you and smaller 
amounts of time, and you have to spend three to four to five hours a week in meetings, tpere's no 
motivation there. So it's very difficult for people to continue to put forth that kind of effort if they aren't 
getting the usual kinds of rewards in the business-capitalist model that we've been talking about today. 

Margaret Shannon, University of Washington: 

Do you hear it? Do you hear the language of these last three speakers? It's the language of the 20th­
century anxiety. The language of anxiety permeates every single planning effort around natural resources 
and every single policy issue that we're trying to address, whether it's welfare policy, economic policy, 
trade policy, what-can-we-do-in-Bosnia policy, what-about-Chechnya policy. In every single arena, it's the 
same language. 

I am a social scientist. How many of you would characterize yourself as a scientist of some sort? I 
want to practice my craft for you. And I'm going to have to do this with the indulgence of my colleagues 
and friends, for they are my data. I'm going to make only three points, and they're all based on what you 
have just heard. My intention is to enhance your capacity to see yourselves as social scientists as well as 
biophysical scientists. Because truly what it means to be a social scientist in everyday life is to be a 
citizen. In order to understand the world about us, we must all be lay social scientists. We must learn to 
listen to make sense of what's happening around us. Because it's our failure to do so that is the source of 
the language of anxiety. 
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You've just heard these incredible speeches that have ranged across different worlds, different ideas. I 
know you are trying to make sense of what you have just heard. I'm going to give you my take on that. I 
hope my comments will help enhance your own thinking as well. 

First, is there a conflicting set of realities? This is a consistent theme among the three speakers, that 
there are conflicting realities. The dilemma of conflicting realities is that each reality can be viewed as an 
objective reality. Each reality exists out there, in and of itself, and what we should do is learn about it. 
Just as we can learn more about the chemical properties of water, we can learn more about our various 
realities. Each one is separate. Each one has its own dynamics, its own ways of understanding the world. 

One model of conflicting realities suggests that the realities are mutually exclusive. Thus the problem 
confronting us is how to choose amongst the people in different realities. How do we determine the 
winners and losers? How do we reduce the protest of the losers? How do we pacify them when they 
lose? This model represents one way to think about society, but it is only one way, as I'm going to 
suggest in a moment, that is based on one assumption about our world. Perhaps another model, based on a 
different assumption, could help us liberate our thinking. 

Rather than thinking of the world as made up of conflicting realities, we might think of the world as 
made up of different realities. Now, when you're dealing with different realities, you have to remember 
that where you sit determines where you stand. In other words, those kinds of everyday matters that we as 
individuals deal with are going to shape very strongly how we view the world. For me to come here this 
morning, I had to make sure that an 8-year-old and a 13-year-old had somebody to be at home with them 
because they have no school today. Now one of my choices might have been to leave them alone. And 
there are many people who had to make such a choice today, because they had no capacity to get child 
care. That strongly affects their view of the world. 
We are all located differently. We all have different understandings of what it means to be affected by the 
actions of others, as well as the actions of the larger society-and that shapes our different realities. This 
model, however, suggests that realities are not mutually exclusive but compatible. Just as I had to solve 
my child care problem this morning, you all had to solve your own problems, and yet we can sit here and 
we can share the same world. Our realities are, in that sense, not conflicting and exclusive. These are two 
very different ways of thinking about our social world. 

So I'd like to move to my second point. Linda made several very interesting observations about what 
it means to experience these kinds of extremely anxious moments when it is very hard to understand 
what's going on around us. And she suggested we should have faith because things will indeed move 
forward. Let me take my two models of how to think about the world and see how faith figures in each of 
them. 

In the first model the world is an objective reality-all this is actually out there. Thus, the reason we 
can have faith despite the apparent chaos is that our only problem is our inability to see the order 
underlying it all. And thus, Linda suggests, have faith; the order is there. We will slowly come to see it, 
probably in retrospect. That's one way to think about the world. 

A totally different way is to say, there will be order, because every action that we take, every day, with 
everything we do, will make order. That's a totally different vision, because it says that we must resolve to 
create that reality every day as we wake up. And yet, we obviously do not create it anew. Every social 
act has millennia of history behind it, and as it moves forward into time it creates the future as well. 

What is theory? I am theorizing. You are theorizing. We have, I believe, in our segmentation of who 
can make theory-in our bureaucratization of the idea of who can know-we have said that theory is 
something only scientists can do. Yet, I think one of the reasons for the language of anxiety is that we are 
waiting (I assure you, we wait in vain) for the social scientists and the political scientists to make sense for 
us of what is going on out there. 

Please wait no more. We are not going to make sense of it. But the reason is simple. Theorizing is 
everyday life. Rush Limbaugh provides a kind of theorizing. You cannot act unless you have theories. 
Theories are simply the ways in which we explain what's going on around us. Theorizing is normal, 
everyday life. However, we often say people are incapable of theorizing, that all they have to offer is to 

458 



WATERSHED COMMUNITY-BASED PLANNING 

tell us their wants and their needs and how best can we meet those wants and needs. 1his leaves us to 
explain to these in need that we're not going to give them what they want today, but maybe tomorrow. 
Doesn't this sound like the arguments over the federal and state budgets? Who gets, who loses, and how 
do we decide? It's a totally different model of politics froni the one you heard discussed by the three 
participants. 

A forum for politics that's based on who gets to win and who gets to lose, and how we're going to 
decide that, is one that, by definition, must divorce citizens from politics. We citizens become inputs. We 
become sources of information. We are not actors. Because if we are to act, that's an entirely different 
model of politics. You have heard here an eloquent argument for a very different political model. 1his 
model is one that is based on a collective understanding of politics. It requires each of us to take seriously 
the action that defines citizenship. Citizenship is action. It does not exist simply because we have been, 
sort of, dubbed citizens; it exists because we act as citizens. And if we do not act as citizens, we will be 
controlled by Rush Limbaugh. That's an utter non-action, to sit and listen to someone else tell us what our 
views are. But that is the bureaucratization of politics. That is the dilemma of expertise. 

Forms for collective politics, as you have heard, take on the most fundamental shared vision of how 
society is organized, the commercial view. Put the commercial view, as Betsy described it earlier, into my 
two models of the world. The commercial view is insidious. It is based on the idea that the source of 
value is in its use; the fundamental idea is one of utility. And if the source of value is in use, then all you 
need to do in order to understand the value of a program, or a resource, or a relationship, or anything else, 
is simply to identify it objectively, and identify the value given to it by its use. If, however, the source of 
value is located in the process of valuation, then you must locate it in the politics that create valuations. 
You cannot, otherwise, know it outside of the processes of creating it. It's identical to thinking about what 
the world is-is it knowable outside the processes that create it, or must you look at the creative elements 
in order to think it, much less know it? 

The vision of collective politics-well summarized by Vicki-suggests that it must begin with vision. 
Now this is not "the vision thing." 1his is the idea of vision that Betsy began with when she spoke of 
400 people getting to know one another. That means they had to know where one another stood and 
imagine themselves into the future. That's what we do every day. Every day we imagine ourselves into 
the future. I, Iike you, make lists of what I'm going to do. I, like you, probably achieve one or two things 
on my list. However, it's the process that's important, because you have to imagine your day, in order to 
could locate yourself within it. Politics is identical. I think the reason the Contract for America has been 
so powerful is that it is attempting to provide this clarity of imagination. 

The next element that Vicki noted was the idea of authority, which she talked about as permission. 
Authority is a very important part of any society, because it really stands in contrast to vigilantism. I 
believe this is why there was such a visceral response to Kristina Jaffrey's assertion that the perspectives of 
the Nazis and the Ku Klux Klan were important in thinking about the holocaust, because those are the 
perspectives of vigilantes, not the perspectives of power exercised with some forms of legitimacy. And 
that's a very different understanding of the nature of authority and permission. 

So if we have bureaucratized authority, then indeed it is only those who have been so designated who 
can act as authorities. But if authority is something that must exist if a society is to regulate itself, then 
giving oneself authority is a normal opportunity of good forum politics. 

The next element that comes up consistently in thinking about collective politics is the notion of what 
counts as knowledge. And I've said enough, I think, to illuminate that question. But in each example, 
there was a very difficult relationship between knowing things through the procedures by which scientists 
might reveal those things invisible to us, and knowing things through the common experience of finding 
that all of our scientific frameworks were making invisible to us the very thing we wanted to know 
about-and agriforestry, I think, was the clearest example of this. We were blind to agriforestry here in 
our country because we didn't know how to ask the right question. 

The fourth thing Vicki noted is to be responsible for the outcomes, especially when they affect others. 
A politics of utility-the commercial model-requires no such responsibility. The fifth thing was the idea 
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that it was essential to have mutual problem-solving and mutual problem-diagnosis, and that this is the 
purpose of politics. But for that to take place we must create the public spaces, and this was her sixth 
point I would raise a question for you and for her. When she stated that you cannot mandate partner­
ships, I understand what she means. You cannot mandate that people shall have a relationship. On the 
other hand, can you mandate, if you will, that a public space be opened where the discussion may take 
place? Is there some way that we can counter the bureaucratization of politics by trying our best to open 
up public spaces? I think that's what's so intriguing about the Sustainable Society program: It opened that 
public space. I think that's what's so interesting about the kinds of work in a:gricultural opportunities that 
Unda has been doing: It opens public space for discussions that were not possible before. 

There is no doubt that we must continue to have powerful humility about ourselves, because our 
abilities to create a collective politics are, of course, limited by what it is we know today. We must take 
that humility very strongly to heart. However, I think we also need to realize that theorizing in our 
everyday world is simply common sense., and that the kinds of politics that have been discussed really are 
not all that different from trying, first, to get teenagers to listen to you, and second, to get them to 
contribute. Thank you. 

Baril: Unfortunately, I can't avoid making a couple of comments of my own, so bear with me. I was 
struck by Betsy's comments on function following form. I think we may not understand yet-and it may 
take us another hundred years-to consider the consequences of our issues, that Sputnik happened about 
the same time as the first altered fish were found in the Great Lakes. lhis mutual dance that science and 
environment have done together means that we look at environmental issues under the scientific model: 
isolation; cause and effect; efficiency; hypothesis. The influence of the scientific model has been great. 
For example, the turf bureaucracies reflect the specialization of our scientific fields-that ecology is 
somehow different from soil, and fish and game is different from natural resources. I would suggest the 
fact that we sit here at a Puget Sound Water Quality Authority Research conference reflects that love affair 
we've had with science for the last four decades. 

As we look at our economy, there is a triangle, and we have been consistently operating from the 
ecology viewpoint, but it is balanced by the community viewpoint. I've often said I would rather go into 
the community of Forks, not with an Environmental Impact Statement, but with a potluck dinner and a 
small string dance band. I think we probably need to learn those things. We all have them inside 
ourselves, and I hope this panel helps you free those things. 

I'd like to comment, too, on Linda's point that our forums do not provide access to talk about values. 
She talked about demographics and age of the landowners. I live in a community that is very polarized 
over growth management. One of the things I have seen is that 60-year-old farmers cannot bring to the 
table their fear that if their land is classified as long-term sustainable agricultural, they will not be able to 
get the loan at the bank to cover the melt contract till they can pay their wife's health insurance policy. 
Where do we let those issues, those real things that make us force the decision, come to the table? We 
won't find answers in probability and confidence levels. They are in discussions of real-life fears, of 
hopes for our children, of where we are in our times of life, of how we define justice and the experience 
we've had in our community. Unless we give those values legitimacy at the table, we're asking people to 
keep 90 percent of their real motivation submerged and be caught in quicksand in our public policy. 

I found Vicki's comment about consensus very interesting, because I work in conflict management and 
consensus work. Consensus is a process; it is not a product. It is not an agreement. It is a concerted 
commitment to work things out with people who are going to live and die with you. If you think that 
agency person is not the person you're going to work with in 10 years, you keep your fingers crossed. But 
if you think he's the person who's going to change the flat tire for you on a lonely country road some 
night, you have a different set of groundrules. And I think we need to restore that kind of interdependence 
in our communities. The metaphor I'd like to give you is that if you look at your watershed, at the very 
top of the watershed is the National Park System; a couple thousand feet down, it's the Forest Service; a 
couple thousand more feet down, it's the Department of Natural Resources. And you get these cross-
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sections, like an oil sample of soils-agriculture, small farms, industry, finally down to the shellfish. The 
only things that run all the way through that cross-section of our watershed are the water and the blood of 
our communities. And if we do not bring communities legitimately into that process, we will continue to 
see the issues as isolated microcosms of the whole-and forget the fertility. We need that lifeblood. 

I want to comment on Maggie's talk, too. I read a great quotation: "Government is what we do when 
we come together to solve public problems." In each one of the streams of Puget Sound, there used to be 
five different kinds of salmon. There were chinook, who came up on large, stormy floodplains, and could 
go from saltwater to the Elwha River-about 6,000 feet elevation in 40 miles-because they had 80-pound 
bodies and were great Tyee chinook salmon. And there are people like that in my community. One is a 
farmer. He walks into the meeting, and he fills the whole room. He is a Tyee kind of guy. And you all 
know people like that in your community-based projects. 

We have coho. They come in, they populate the small estuaries, they spawn, they go out in 90 days 
and they stay in the estuary. They don't ever participate in the river's activities, but they're there if you 
need them. They're great low-water stream fish because they never have to go up into the rivers. And 
each one of you knows people like the coho. They just come for the party, they never do the dishes, and 
they never give money. But they're always there when you need a lot of people in the room. So you need 
that kind of people in your community organization. 

And then there are chum. Now chum are not bashful; they will spawn in parking lots. They're the 
kind of fish that we put in school classrooms for kids to look at, and they're great for restoration. You can 
raise them in 90 days in the classroom, put them in the stream, and have all the guys with the backhoes 
brag, ''We restored the salmon stream in three months or less." It's kind of like the instant Jello version of , 
stream restoration. But those chum are the kind of friendly guys who are forgiving. And we need that 
kind of people in our community, too. 

Over the 10,000 years, our natural resource system evolved to take advantage of that tremendous 
diversity. I hope our communities will recognize the sacredness of diversity in nature, so that we can 
begin to honor it in ourselves. Because it's a great lesson that nature has to teach us, as we come out 
reinventing for ourselves a 21st-century community that no longer sees itself with a frontier, but sees itself, 
as in a landsat photograph, with no place else to run. 

Question and Answer Period 

Q: Is this something new, or have we just gone full-circle and rediscovered it? 

Baril: We're toying with that idea as well. What we're finding is that the communities know much more 
about town meetings than the agencies, and often the agencies ant in conflict of interest with what our 
communities know intuitively. The dilemma I want to add to your question is, what if that community is 
so homogeneous that we think they'd log it all down or fish the last fish, versus a community that we think 
represents all interests and could reach its own conclusions. Anyone have comments? 

Hardesty: Whether or not a gathering really represents the community, I'm discovering, has a lot to do 
with when you have the meeting. Because if you have a meeting during the day, you get a very different 
community than you do if you have the meeting at night. I worked in Utah, where there are a lot of 
Mormons. For them Monday night is a time to stay home with your family. So you're not going to get 
representative community turnout if you schedule any kind of a program on Monday night. So even what 
we define as community depends in part on the mechanics of how we're doing things. There are lots of 
people out in our communities who represent a part of the community we never see just because of the 
schedules that we keep. Sometimes for that reason I like to go to the grocery store at midnight. It makes 
me realize that the community I normally see isn't the whole thing. When we're thinking about the town 
hall and imagining everybody participates, it's strange to stop and think, how would we even find out who 
everybody is? 
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Geist: I'd like to add something to that. I think a lot of what we're trying to do is rediscover stuff we 
used to know but that we've lost. As a professional woman, I'm glad to have the opportunities that the 
changes of the last 20 years have brought. But I can see that sociologically, some very interesting things 
have happened as a result of those changes. When women of my ·generation entered the work force 
something we expected was that the men would naturally end up working less. Yet now we find it takes 
two adults to support a household, when it used to take only one wage-earner. Now what happens is that a 
lot of things we didn't have to buy in the past we now have to buy. And a lot of relationships that used to 
arise naturally in a community don't happen anymore. Now I have to buy child care. Now I can't garden 
fully the way I want to; I have to hire somebody to do some of my pruning. Now instead of going to a 
neighbor, people go to therapists. Aunt Bessie lives across the state, so I can't talk to her about child 
rearing. I mean, how many of you had to go to parenting classes, for heaven's sake? Or sex classes? I 
mean, we don't know how to do any of it anymore. The concern I have about commodification and this 
growing dependence on experts is that we now think we have to go to somebody else. This fits with what 
Maggie was saying about investing ourselves with that sense of being able to create, whether it's theories 
or solutions; and the need to invest our citizens with that sense as well, encouraging them, creating the 
context in which that kind of contribution is an expectation. I think this expectation has existed at other 
times in our cultUre. But I believe in the last 20 years it has diminished significantly. 

Baril: I also want to add that unless we start seeing issues as economy, ecology and community~ we'll 
end up ecologically pushing for large 10-acre parcels to preserve our open space. We'll do so without an 
analysis of the impact on the community. When you've got a 10-acre open space parcel, that means that a 
couple has a $1,900-a-month mortgage, which forces both people to work, and which forces them to own 
two cars. Nobody has any time to share the farm equipment or the orchard. The kids come home to an 
empty house. No one has time to volunteer in the community or to participate in public functions, which 
means we begin to pay people, as representatives, to meet during the day to talk about our interests. 
Unless we start doing this kind of holistic analysis, and allow legitimate interdependent issues to come to 
the dialogue, we risk relying on a hatchery-type, mono-culture approach. And we all know what that got 
us. 

Q: I suggest to you that there's a whole circular process right now with our inability to use large timber 
companies' land. You can go anywhere now and see gates up on almost every private timber company 
road system that was once used for recreation. Now, they're closed; you're out. Where did it come from, 
the opposition? If we don't solve the situation of opposition between large timber companies, and use the 
lands that are available, there won't be a place for us to go. 

Baril: The comment is about the loss of open and common space that has resulted from timber lands 
being locked up from recreational use or multi-use access. 

Hardesty: I've got to take that one because we posted our farm this year for the first year. We've had 
problems with timber theft, and with kids going up there to drink beer and make fires, and that's a real 
concern to us. And that breaks my heart because places I used to hunt 20 years ago, I can't get to now. 
We live in an area that doesn't have a lot of public land. So now I've got two wonderful bird dogs that 
don't get to hunt birds. That, to me, is a painful thing, and I never thought that I'd post my own land. 
But that's exactly what's happening. People who are using the land don't share the values of the people 
who have responsibility for the land. That appears to be the problem. Locking up the land is not the only 
answer. We've got to make some long-term efforts to establish a different value in our watershed and the 
people that come here. But in the meantime, we've got to keep them from burning it down until we can 
get these things straightened out. I agree that's a serious question. 
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Q: It's not just to keep people from vandalizing the land and so on. There are a lot of landowners who 
very much resent the lock-up mechanisms of the environmentalists, and they post their land to get even. 

Baril: I just finished a watershed plan in my. area, and the plan's first recommendation is that agencies 
stop by people's doors and ask for permission to enter their land, because they're so concerned about not 
knowing when agencies are trespassing on their land. 

Q: When you talk about community consensus, I get this image of a community that's been living in an 
area for a long time, with people who have like values and interests, as well as generations of knowledge 
in how an area works. But today, with our mobile population, gaining consensus seems impossible. I 
lived in a small community recently where a lot of people came from different directions, with different 
sets of values, and with different perceptions of the way things should be. Have you had any experience of 
overcoming that? 

Sturtevant: I can speak to that. The question was, as we become a much more diverse population, as we 
have new people moving into rural areas who have. different values about how to use those rural areas, how 
do you reach~ consensus? In southwest Oregon, where I live, there's a great deal of in-migration as well 
as out-migration by people who can no longer live on the land or keep their farms. And in Oregon we 
have land-use planning that makes it difficult to subdivide farms. People have left, and their kids have left, 
and equity migrants from California and from other countries have moved in. When seeking to build 
consensus in such a diverse group, we have started by defining the few easy areas where people can all 
agree, and then we have moved from there. Often, people in partnerships say there's really about 80 
percent of things in the middle that they can agree upon. It's those 10 percent at either end that are tough. 
But there's a range of agreement. The difficulty is when you do have to enter those areas where you can't 
agree. A real problem with the Applegate Partnership is most of those sitting at the table were new 
migrants, who had the time and the resources and the education that allowed them. to spend those resources 
in a partnership effort. What's been interesting is that they've always known they have to involve the local 
people, they have to draw from the indigenous knowledge, and they have to get the community behind 
them, or else they've failed. Their mission is to try to inform people about why it is that they have to 
clean up their streams, because we're about to have the salmon listed down there. Rather than be afraid of 
losing your rights, ask yourself, what we can do to restore this dream so we won't have the salmon listed? 
Salmon are one of those 80 percent things that everybody can agree upon. We all want to have salmon. 
The question is, how do we get them? What we've found is, the best way to get everybody to agree is to 
get them on the land, rather than sit around the table and talk about what they don't agree on. When you 
get on the land, forest health is something, at some level, people can agree about. 

Geist: I'd like to add to that. There's a technique I've used in a class I teach on experience of place that 
I think could be replicated in lots of different settings. That is, I ask my students to do a map of their 
neighborhood-and I don't give them much more instruction than that other than to say, "put anything on 
the map that's important to you." It's been a profound exercise. Some of them create a map that doesn't 
even contain contiguous places, because their sense of the neighborhood is actually three or four geographi­
cally separate places in the city. But what I've seen happen is that, especially if there are several people 
who live in the same neighborhood, the map brings out what people value, what they notice, what they're 
aware of. They may notice this particular arterial, or that particular wall. Or perhaps this particular tree 
becomes a landmark for them. Going back to some earlier comments about consensus, we need to value 
those different views. If you can get all those people in a room together and look at their maps, you can 
see what it is that stands out to people. And you'll begin to get a better idea of what that community 
actually is, or what that area actually is-because it is the amalgam of all those perceptions. 
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Hardesty: Often when we get groups together to talk about what we're going to do in a watershed, we 
start by asking each person to describe what the watershed would look like if their dreams were fulfilled. 
How's it going to look? How's it going to sound and smell? How's it going to function? For example, 
I'm involved in the anti-grazing conflict right now. I hear people say, ''We have to get the cows out of 
there." But when they focus on what the watershed is going to look like, the cows become irrelevant. 
They may find what they want is a woody overstory; they want lots of vegetation; they want healthy 
populations of fish and other organisms. And then we start talking about what it's going to take to get it 
from where it is to where people want it to be-because they generally find what they want is not all that 
different from what others in the watershed want. Then we can talk about the tools that would get them 
there. This defuses the conflict over how we're going to get to where we're going to be. Instead it 
focuses everybody on where we're going to be, by having them actually picture it in their minds and 
describe that picture. 

Baril: Just remember, we spent the last hundred years picking up a lot of expensive skills about how to 
settle the wilderness, and we ran into the Pacific Ocean. Now we can tum back and spend the next 
hundred years learning peacemaking skills, as if we are going to live and die together. So I hope we see 
you at a lot of dances and potlucks. 

*** 
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SKINNY STREETS AND ONE-SIDED SIDEWALKS: A TECHNICAL AND POLICY STRATEGY 
FOR NOT PAVING PARADISE 

Cedar Wells1 

INTRODUCTION 

As part of our development pattern in the Northwest, we replace natural land covers with impervious 
surfaces such as buildings, streets, and parking lots. These impervious surfaces block stormwater from 
soaking into the ground and recharging groundwater, and contribute to increased surface flows, flooding 
and erosion, degradation of fisheries habitat, and permanent alteration of naturally occurring hydrology and 
soil structure. Current development and stormwater management practices aim to deal with consequences 
but fail to directly address the source of the problem-impervious surfaces. 

The City of Olympia's Water Resources Program is conducting an Impervious Surface Reduction Study 
(ISRS) with the assistance of community representatives and neighboring jurisdictions. The study is 
funded by the Washington Department of Ecology through the Centennial Clean Water Fund and by 
Olympia residents through their storm and surface water utility. 

STUDY APPROACH 

From the beginning of the study, a variety of research questions related to impervious surfaces have 
been identified. Local and natipnwide interest in the study has brought to light several water quality and 
quantity issues that could benefit from more research, including correlation of hydrologic and stream 
impacts to percent impervious surface land coverage, costs and benefits of various strategies as compared 
to other storm water management tools, and impervious surface tracking systems. Many of the water 
resources problems associated with impervious surfaces cannot be addressed without considering population 
growth, development patterns, sustainability, and a variety of public goals. Over the next 20 years, the 
population of Olympia and surrounding North Thurston County is expected to increase by 66 percent. If 
that growth occurs, impervious surface coverage is expected to double (Thurston Regional Planning 
Council, 1993). Consequently, the study focuses on identification of impervious surface reduction 
strategies for urbanizing areas and is designed to complement current growth management planning2 and 
Olympia's Sustainability City Criteria3

. Growth management planning has presented an opportunity to 
establish policies and regulations that would decrease impervious surfaces associated with new construction 
and result in less impervious surface per capita. The study assumes impervious surfaces are a well­
identified problem and that reduction is a viable strategy for enhancing infiltration capacity. However, 
reducing impervious surfaces is only one of many stormwater management alternatives and should be 
considered on a case-by-case basis for cost and management effectiveness. Local governments are urged to 
explore reduction strategies that are appropriate for their local community, recognizing that impervious 
surface reduction is still an experiment in finding real-world solutions. 

1 City of Olympia, Public Works Department, Water Resources Program. 837 7th Avenue S.E., Olympia, WA 
98507-1967 
2 The Washington State Growth Management Act was enacted in 1990 and requires local governments in rapidly 
growing counties to plan for the projected population. Under the act, local governments are required to develop 
comprehensive land use plans and bring local regulations into consistency with the comprehensive plan. 
3 Olympia's City Council has pledged to evaluate all city policy decisions based on two sustainable city criteria: 1) 
meet present needs without jeopardizing future generations; and 2) take into account the environmental, economic, 
social, and political requirements for their success, and their impact on the natural environment and human activities. 
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STUDY ELEMENTS 

Growth Management: An Opportunity for Early lmplementa~ion 
Concurrent growth management planning has provided an opportunity for early implementation of the 

study's initial findings. Olympia is revising street, parking, and development standards to bring them into 
compliance with the Growth Management Act and Olympia's Comprehensive Land Use Plan. The 
revisions provide a broad arena for considering impervious surface reduction with community goals such as 
public safety. Narrower residential streets, alternative surfaces, taller buildings, and other strategies have 
been incorporated into proposed policies and standards. For example, proposed street standards include 
requirements for 20- and 25-foot-wide local access streets, compared to the existing standard of 32 feet 
wide. Close coordination of research and policy development with staff in various city departments has 
been essential to developing policies that complement several community goals. Internal briefings have 
proven invaluable in ''paving the way" for early implementation. 

Involvement and Education 
The study is guided by both steering and citizen advisory committees. These committees are composed 

of neighborhood, development, and business representatives, as well as natural resource managers from 
both the public and private sectors of the local community. The citizen's advisory committee has played a 
key role in identifying strategies, incentives and barriers, and recommendations. Other avenues for 
involvement and education have included a needs assessment; community forums and presentations; 
distribution of fact sheets, reports, arid research summaries; and media coverage. Approximately 50 people 
have been directly involved in the research and development of the study's recommendations. As of March 
1995, approximately 1,500 people received information about the study. 

Technical And Policy Analysis 
Various technical and policy issues were analyzed to increase understanding about problems with 

impervious surfaces and the costs, benefits, and incentives associated with certain strategies. Key research 
tasks have included a policy review, basin and site coverage assessment, parking analysis, and demonstra­
tion projects. As a result of the coverage assessment and parking analysis findings, several of the study's 
recommendations address streets and parking. 

Policy review 

A policy consultant was hired to summarize Olympia and other local government (Lacey, Tumwater, 
and Thurston County) policies related to impervious surface reduction strategies. The summary was used 
to determine which local policies currently encourage impervious surface reduction, and helped identify 
which policies could be modified to further encourage reduction. The summary has served to highlight 
current accomplishments and possible changes that could be made through growth management planning. 

Basin and site coverage assessment 

A basin and site coverage assessment of three basins (Figure 1) overlapping the North Thurston Urban 
Growth Management Area (North Thurston UGMA) was conducted to identify what types of land use and 
impervious surfaces provide the greatest potential for reduction. The three basins total 37,000 acres and 
were selected because recent land use and impervious surface coverage data from Hydrologic Simulation 
Program- Fortran (HSPF) models was readily available, and because the land use and growth patterns in 
the basins are similar to the North Thurston UGMA as a whole. The assessment indicated that vehicle­
oriented pavement, such as streets, driveways, and parking lots, would constitute most of the impervious 
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surfaces in these basins at 80 percent buildout1. The assessment also indicated that the majority of 
impervious surfaces at 80 percent buildout would be associated with commercial/industrial and high-density 
residential land uses in these three basins. At 80 percent of buildout, it was estimated that there would be 
6,200 acre-feet of stormwater per year added to the runoff currently managed in the three basins. 

ts:s·.'Si Oties of Lacey, Olympia, & Tumwater 

- • ·- Urban Growth Management Boundary 

-Water 

not drawn to scale 

- Woodard/Woodland Drainage Basin 

- Perdval Drainage Basin 

- Chambers/Ward/Hewitt Drainage Basin 

Figure 1. Olympia area basins used in basin and site coverage assessment 

1 Buildout is typically defmed as full development at maximum densities allowed by zoning. However, sites in the 
Olympia area typically develop at lower levels than allowed by zoning. Using a 80 percent buildout scenario provides 
a conservative estimate of future impervious surface coverage. 
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Parking analysis 

A parking analysis consisting of a special parking capacity study and cooperative parking survey was 
conducted to provide information for revising Olympia's parking· ordinance. The parking analysis was 
designed to provide information concerning parking ratios (standards) for each land use, to assess whether 
proposed median parking ratios would result in less impervious surface than current minimum parking 
ratios, and to determine whether cooperative parking is a viable strategy for reducing impervious surfaces. 

The special parking capacity study consisted of informational interviews, field observations, and a 
reduction analysis. Interviews of owners and managers of 31 selected sites outside downtown Olympia in 
the North Thurston UGMA were conducted in August 1994. The interviews asked about peak hours and 
adequacy of parking capacity. Interview results were then compared to field observations of actual parking 
stall occupancy. The reduction analysis estimated the amount of impervious surface coverage that could be 
expected under Olympia's proposed median parking compared to existing minimum parking ratios. 

Results of the special parking capacity study indicated a 60 percent to 70 percent vacancy rate among 
the 31 sites. Even with the high vacancy rates, no owner or manager indicated excess parking was a 
problem. In fact, the majority of respondents (71 percent) indicated that the amount of available onsite 
parking was adequate. This discrepancy could be because several respondents indicated that August 
(summertime) was not the peak season for some businesses. Results also indicated that 38 percent more 
parking than the existing minimum parking ratios require was built. This finding confirms what planners 
have known for a long time: that minimum parking ratios do not reflect actual demand or needs, and don't 
take into account the problems associated with impervious surfaces. This preliminary parking study 
indicates that Olympia's proposed median parking ratios should result in less impervious surface than 
would be built under the current minimum parking ratios. 

The cooperative parking1 survey involved interviewing planners from five selected local jurisdictions2 

to assess existing cooperative parking policies and regulations, and to identify barriers and incentives to 
shared parking3

• Results indicate that cooperative parking definitions and requirements vary from 
jurisdiction to jurisdiction, and that this can be a barrier to implementation. Legal agreements are required 
of cooperative parking participants by all five of the jurisdictions; however, none of the jurisdictions 
provide model language or agreements. Providing such model language or agreements could encourage 
more cooperative parking. Shared parking is allowed by the five jurisdictions, even though none actively 
promotes it or requires it as an alternative to new or larger parking areas. Incentives for cooperative 
parking include reduced construction, landscaping, and maintenance costs, and the increased ability to 
complete projects that would otherwise have been denied due to parking deficits. Three jurisdictions offer 
reductions (5 percent to 25 percent) in required parking if developers agree to share parking. 

Demonstration projects 

Two demonstration projects are currently scheduled for construction: a sidewalk renovation project at 
Olympia City Hall and a soil restoration project at Olympia High School. The Olympia City Hall project 
will incorporate a paver display and information on sources, costs, installation methods, benefits, and 
limitations of pavers4

. The goal of the display is to encourage use of pavers in residential settings. The 

1 Cooperative parking includes various methods to increase the use of available parking areas, including shared, joint, 
and coordinated parking. 
2 The five local jurisdictions included the cities of Bellevue, Lacey, Olympia, and Tumwater, and Thurston County. 
All survey participants were planners in local land use and planning departments. 
3 Shared parking is the mutual use of a parking area by land uses with noncompeting hours of operation, such as a 
theater and office building. 
4 Pavers are concrete grid or modular pavement whose spaces are filled with pervious materials such as sod, sand, or 
gravel. 
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soil restoration project will include installation of an infiltration trench along one side of a highly 
compacted dirt and gravel parking lot, in order to reduce surface runoff to an adjacent soccer field. The 10 
by 200 foot trench will contain non-compacted soils with a sub-surface layer of cellular confinement 
material to reduce compaction of deeper soils. The goal of the Olympia High School restoration project is 
to assess the effectiveness of cellular confinement technology for parking lots. Results of the two 
demonstration projects will be available in spring 1996. 

RESULTS 

Changes In Awareness 

The greatest result of the study thus far has been the increased awareness among city staff and citizens. 
Through committee involvement, presentations and briefings, and dissemination of written materials, city 
staff are more aware of problems associated with impervious surfaces. At the beginning of the study, 
impervious surface reduction was not an explicit objective of street, parking, or development policies. 
Olympia's proposed Unified Development Code currently contains specific policies that will result in 
reduction. 

Many local development and business community members have participated in the production of study 
materials, and provided insights into incentives and policies they could support. Consequently, the concept 
of impervious surface reduction is being considered by citizens and staff alike .in public processes. Putting 
the topic "on the table" is a significant first step in achieving actual reduction. 

Recommendations for Reduction 

Study results have been the basis for 19 recommendations and associated implementation actions. The 
·recommendations are divided into six categories: overall, vehicle-oriented, construction practices and 
landscaped areas, design and placement of buildings, community involvement and education, and study 
evaluation. It's expected that at least nine of the recommendations will be wholly or partially incorporated 
into city policies. Three of the study's recommendations were incorporated into city policy before the 
study, included only as guidance for other local jurisdictions outside the North Thurston UGMA. If 
funding is provided and policies are adopted as proposed, Olympia will implement all or part of 81 percent 
of the study's recommendations not already being implemented. Much of this implementation will begin 
before the study grant expires. By the year 2020, a 10- to 20-percent reduction in impervious surfaces 
associated with new construction is expected in Olympia if most of the study's recommendations are 
implemented. 

Such reduction also could be achieved in other communities. Table 1 summarizes some of the key 
implementation actions local governments could take to reduce impervious surfaces. These actions address 
the main categories of impervious surfaces: vehicle-oriented pavement, buildings, and compacted soils. 
Over the next few years, evaluating these actions will be necessary to ascertain their success. 

Each community needs to determine which actions are suitable given the specific mix of public goals 
and community character. Actions appropriate for Olympia may not work for other communities. Local 
governments interested in achieving cost-effective impervious surface reduction are highly encouraged to 
involve citizens, businesses, builders and developers in identifying incentives for implementation and real­
world solutions. 
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CONCLUSIONS 

Reduction Provides Options 

Reducing impervious surfaces associated with new development by 10 percent to 20 percent does not 
solve the long-term water resource problems with impervious surfaces. However, it does provide some 
options. Continued population growth and development pressures will result in more urbanized watersheds, 
and such growth is unsustainable. The list of actions in Table 1 addresses only future development, and 
does not address existing impervious surfaces. However, reducing impervious surfaces associated with 
future development can result in the "freeing up" of space that would otherwise be covered with impervi­
ous surfaces. In the case of Olympia's three basins used in the basin and site coverage assessment, this 
amount is estimated to be approximately 600 acres, less than 2 percent of the area. This space could be 
used for offices, stores, or other development that may have been built on the fringe of the urban core area, 
allowing for dense development and efficient use of roads and public services. lnfill development can 
result in less impervious surface coverage per capita than would occur with a more sprawling development 
pattern. The space also could be used for parks or other urban amenities. Reducing impervious surfaces 
ultimately needs to be linked to land use policies and growth management policies. 

Table 1: Selected impervious surface reduction actions for consideration by local governments 

• Narrow local access streets to 20 or 25 feet in width. Provide adequate parking and emergency vehicle access. 
Narrow arterials to federal standards in locations where safety can be maintained. 

• Use pavers and other pervious surfaces for low-use areas such as overflow parking, emergency access roads, and 
residential driveways. Promote residential use of pervious surfaces through displays, fact sheets, and demonstration 
projects. 

• Encourage cooperative parking such as joint, shared, and coordinated parking. Require developers to explore 
cooperative parking, transportation demand management, and trip reduction options before exceeding parking ratios. 
Develop parking ratios that reflect parking needs, versus single peak day projections. Allow unlimited distances 
between shared parking partners through an administrative variance. Review current policies for shared parking to 
determine if proximity requirements for shared parking partners pose a barrier. Provide model legal agreements. 

• Encourage underground or under-the-building parking, and the construction of multi-storied parking structures. Provide 
public financing and revise development standards to allow additional building height and floors if parking is 
incorporated into buildings. 

Construction Practices and Landscaped Areas 

• Limit soil compaction and land clearing associated with new development. Require phased clearing and the 
retainment of high quality native vegetation and undisturbed areas. Encourage measures such as neighborhood 
covenants and map and plat conditions that protect existing vegetation and undisturbed areas. Revise government­
sponsored neighborhood grant programs to allow funding of native vegetation preservation or enhancement projects. 

Design and Placement of Buildings 

• Modify development standards and zoning codes to require cluster and infill development that decreases impervious 
surfaces per capita on a regional basis. 

Evaluation 

• Monitor impervious surface coverage trends and effectiveness of adopted policies. Track developments that 
incorporate reduction techniques and evaluate long-term effectiveness. Investigate costs and benefits of impervious 
surface reduction techniques compared with current stormwater management methods. 
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Need For Additional Research 

'This study leaves as many questions unanswered as it has answered. More research is needed to better 
define costs and incentives, hydrological and water quality relationships to impervious surfaces, and 
perviousness of lawns and other surfaces. Many of the problems with impervious surfaces are not directly 
linked to water resources. A cumulative impact assessment would provide an opportunity to consider all 
the costs and benefits of impervious surface reduction, rather than just those related to water resources. A 
cumulative impact assessment also could provide a broader review of our current development pattern, and 
be an appropriate opportunity for the local community to develop a long-term strategy to reduce impervious 
surfaces. 
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STORMWATER MITIGATION EFFECTIVENESS 

Douglas Beyerlein, P.E., and Joseph Brascher1 

INTRODUCTION 

Land development in the Puget Sound region has changed the flow of the many streams that feed the 
Sound either directly or indirectly via the larger rivers. These streams perform a dual but conflicting role. 
The streams are used as a storm sewer collection and transport system for runoff, and they provide habitat 
for salmonids before their journey to the sea. 

Land development provides more and faster runoff through the removal of forest soil and vegetation 
and their replacement with impervious surfaces (roads, roofs, and parking lots) and with grass vegetation. 
The runoff storage capacity of the forest vegetation and soil is lost. Mitigation measures are usually 
required for land development to replace this storage capacity and prevent damage to stream habitat when 
the forest is removed. 

In the Puget Sound region, stormwater mitigation measures are based on the idea of controlling runoff 
from developed areas so that the magnitude of runoff does not exceed that of the undeveloped condition. 
Peak flows from developed areas are made smaller by delaying and reducing the rate at which the runoff 
leaves the developed site. This is done by either detaining or retaining the runoff water on site. 

Stormwater detention is accomplished by routing the runoff through a pond, tank, or vault that stores 
the water and releases it at a reduced rate before it enters a stream or other water body. Retention is 
keeping the runoff on site and infiltrating the water into the ground. 

In much of the Puget Sound region, construction of detention facilities (ponds, tanks, and vaults) is the 
primary means by which increased runoff into the streams from development is mitigated. This is because 
the underlying soils have low infiltration rates as a result of the compression of silts and clays into a till 
layer during periods of prehistoric glacial movement through the Puget Sound basin. Because of the poor 
percolation of water through till soils, infiltration of runoff is generally limited to sandy, outwash soils. 

Stormwater mitigation effectiveness can be measured in terms of the ability to increase development 
without increasing peak stream flows. Stream habitat can be protected when there is little or no increase in 
the flood flows that define a stream channel through channel scour and stream bank alteration. These 
defining flood flows are typically in the range of the two-year to 100-year event. As a result, these are the 
flood flows upon which we can judge the effectiveness of existing stormwater facilities. 

WATERSHEDS STUDIED 

The U.S. Environmental Protection Agency's HSPF (Hydrological Simulation Program- Fortran) 
computer program (Bicknell et al., 1993) was used to model the effectiveness of different proposed 
mitigation measures at different locations in the Puget Sound region. The objective of the hydrologic 
modeling was to evaluate the effectiveness of stormwater mitigation requirements for new land develop­
ment in King and Thurston counties. 

The methodology was to use the HSPF model to continuously simulate streamflows for (1) May Creek 
in King County, (2) an East Sammamish Plateau wetland in King County, and (3) Woodland Creek in 
Thurston County for a 30- to 40-year period of record using both current and future full buildout land-use 
conditions. The simulated long-term streamflow record was then used to compute flood frequencies for a 
range of flows at a variety of locations for each water body listed above. 

AQUA 1ERRA Consultants, 1509 Hewitt Ave., Suite 121, Everett, WA 98201 
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May Creek, King County 

The May Creek watershed in King County has a drainage area of approximately 15 square miles. The 
stream drains to Lake Washington and includes a portion of the city of Renton on the south side of the 
watershed and the new city of Newport Hills on the north side. The watershed's population was 16,000 in 
1990, with a majority of the residents living in the western half of the watershed. The eastern half of the 
watershed is mostly rural and forested. In the center of the watershed is May Valley, through which May 
Creek flows. May Valley is an agricultural valley; much of the valley is in pasture supporting non­
commercial farms. King County has designated the eastern portion of the watershed to be outl!ide of the 
urban growth management area for King County. · 

In the May Creek watershed, development impacts have resulted in increased flooding. Flooding 
problems have been observed on May Creek tributaries, along the shorelines of the lakes (Boren and 
Kathleen) in the watershed, and in the main stem of May Creek in May Valley. For our study, stormwater 
mitigation of future land development impacts was modeled using the proposed King County drainage 
standard: KCRTS. KCRTS (King County Runoff Time Series) is based on HSPF continuous simulation 
modeling. It is expected to replace the SCS-based methodology (SBUH, TR-20, etc.) used in King County 
for the design and sizing of stormwater detention ponds. The new KCRTS methodology has been 
demonstrated by King County staff to provide better mitigation than the SCS-based methods currently in 
use (Jackson, 1994). We wanted to investigate how well it will solve the future flooding problems of the 
May Creek watershed. 

Future full buildout land-use conditions for the May Creek watershed were provided by King County 
and represented in our HSPF model of the watershed by increasing the impervious area and converting 
forest land cover to grass, where appropriate. Mitigation was incorporated into the future conditions by 
adding detention facilities to the model for those new developed areas that will be required to have 
detention in the future. Future conditions were modeled with and without mitigation to evaluate the 
effectiveness of the proposed mitigation. 

The results of the proposed mitigation for the May Creek watershed are shown in Table 1 and Figure 1 
(Beyerlein, 1993). Mitigation is effective on the tributary streams that are affected by urban development, 
such as Honey Creek, where the increase in the two-year peak flow from current to future mitigated 
conditions is only 10 percent, compared to a 29 percent increase for no mitigation. 

Mitigation is not as effective for the rural portions of May Creek where the major future land-use 
change will be from forest vegetation to grass as a result of land clearing activities. No mitigation is 
required for these areas. This lack of mitigation is reflected in the increase in peak flood flows. For 
example, the East Fork of May Creek will see a 64 percent increase in the future two-year peak flow 
without mitigation; this is only reduced to 60 percent with mitigation. Other rural tributaries (North Fork 
of May Creek and Cabbage Creek) are similarly affected. 

The main stem of May Creek from May Valley to Lake Washington shows that mitigation is only 
partially effective in reducing peak flows. In May Valley the future two-year flood increases 18 percent 
without mitigation, 14 percent with mitigation. The 100-year flood in the valley shows even less 
mitigation influence. The future 100-year flood increases 22 percent without mitigation, 20 percent with. 
Downstream at the mouth the future 100-year flood increases 28 percent without mitigation and 27 percent 
with mitigation. 

The lack of effective storm water mitigation on the main stem of May Creek is mainly due to two 
factors. (1) The upstream rural areas (East Fork, North Fork, and Cabbage Creek) will have little or no 
mitigation required; thus, they will add large additional flows to the main stem in May Valley. And (2) 
May Valley is like a bathtub that slowly fills before draining out at its downstream end. As a result, the 
timing of the tributary flood flows into the valley is less important than the total volume of water running 
into the valley. The valley takes 12 to 18 hours to reach peak depth (and flow), and thus, the delay of 
tributary runoff by a few hours in a detention pond does little to reduce valley flooding. Detention ponds 
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reduce peak runoff rates from developed areas, but they do not reduce the increased runoff volumes 
produced by the increased impervious area and conversion from forest to grass. 

Figure 1. 
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East Sammamish Plateau Wetland, King County 

A privately owned peat wetland on the East Sammamish Plateau in rural King County has been 
affected by suburban development. The open water wetland is approximately 10 acres in size and is 
surrounded by a drainage area some 10 times its size. Half of the surrounding drainage area is developed 
suburban land; half is still covered by forest. 

Detention ponds were built to current King County standards for the suburban portions of the 
watershed. Yet the owners of the wetland have observed increased flooding of the wetland and alteration 
of the wetland's seasonal water fluctuations or hydroperiod. The current King County mitigation standards 
are based on SCS (Soil Conservation Service) curve number methodology used in the SBUH (Santa 
Barbara Urban Hydrograph) program. 

An HSPF model was constructed for the wetland and surrounding drainage area. The model allowed 
us to evaluate the effectiveness of the existing mitigation facilities on the adjacent wetland compared to no 
mitigation and natural, predeveloped land-use conditions. 

As shown in Figure 2, existing mitigation facilities do little to reduce the impacts of the additional 
runoff from adjacent suburban land. As with the problems observed in May Valley, this situation is largely 
due to the fact that because of the wetland's long water storage period (weeks), runoff volume is more 
important than runoff peak rates. The existing mitigation facilities control runoff peak rates; they do 
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Table 1. May Creek increase in flood size from current conditions 

2-year flood 10-year flood 100-year flood 
Subcatchment forested current future mitigated forested current future mitigated forested current future mitigated 
Name (cfs) (cfs) (%) (%) (cfs) (cfs) (%) (%) (cfs) (cfs) (%) (%) 
HIGHLANDS 
EFK East Fork 35 42 64% 60% 57 68 49% 46% 89 102 41% 38% 
NFK North Fork 105 123 43% 37% 175 199 25% 22% 268 296 12% 11% 
CAC Cabbage Creek 43 46 78% 70% 77 81 63% 53% 126 133 55% 45% 
cou Country Creek 24 26 112% 35% 42 46 85% 37% 70 77 65% 40% 
LMC Long Marsh Creek 40 42 19% 2% 71 75 13% 4% 118 125 11% 4% 
WT4 Wetland 4 7 9 67% 11% 12 15 73% 33% 20 25 68% 52% 
LBU Lake Boren Upper 16 23 22% 13% 28 43 26% 16% 47 72 40% 28% 
LBL Lake Boren Lower 21 36 42% 17% 36 62 39% 23% 60 103 40% 33% 

EAST RENTON PLATEAU 
LKA Lake Kathleen 5 5 20% 20% 6 8 38% 38% 8 13 54% 54% 
LKC Lake Kathleen Creek 11 17 18% 12% 17 26 19% 15% 24 36 33% 31% 
PSC Greenes Creek 10 26 58% 23% 18 42 57% 21% 31 68 56% 21% c: RHC Renton Highlands Creek 17 33 30% 18% 27 51 33% 22% 42 76 37% 26% ~ HCU Honey Creek Upper 7 19 79% 16% 13 30 77% 13% 21 45 80% 16% CCI 
HCM Honey Creek Middle 13 43 16% 7% 23 52 -2% 0% 37 60 -13% -5% > HCL Honey Creek Lower 20 63 29% 10% 36 85 19% 6% 59 109 13% 4% z 
MAY VALLEY ~ 
CFD Coalfield 151 170 19% 14% 250 285 26% 22% 396 461 30% 28% 0 
MVM May Valley Middle 143 164 16% 12% 242 276 20% 17% 385 445 20% 18% ~ MVL May Valley Lower 141 165 18% 14% 245 285 22% 19% 397 4 68 22% 20% 

~ CCP Coal Creek Parkway 173 208 22% 17% 299 357 23% 20% 482 582 25% 21% i 'I 
'I LOWER BASIN 

""" CN5 Canyon 5 175 210 23% 17% 301 361 23% 20% 485 589 25% 22% "" ~ CN4 Canyon 4 195 245 26% 16% 337 420 26% 21% 546 687 27% 25% c;; NHC Newport Hills Creek 6 12 75% 17% 10 20 70% 10% 16 31 74% 10% 
CN3 Canyon 3 200 255 29% 16% 346 435 27% 21% 560 707 28% 26% {I) 

c: GYP Gypsy Creek 6 16 56% 13% 10 25 56% 16% 16 38 58% 16% 
"" CN2 Canyon 2 217 316 31% 15% 377 521 26% 18% 617 794 28% 27% {I) 

CIH Canyon 1 223 336 33% 16% 387 548 28% 19% 633 825 28% 28% 
BNB Lower May Creek 223 341 33% 15% 389 556 27% 17% 636 835 28% 27% 



PUG£T SOUND RESEARCH '95 

nothing to control total runoff volume. Consequentially, additional runoff is only slightly delayed in 
reaching the wetland. But with or without the delay caused by the detention ponds, the wetland is still 
flooded to an unnatural depth, and it is flooded more often becaus~ of the extra runoff from the adjacent 
suburban area. 

Figure 2. 
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The significance of the additional runoff flooding the wetland and altering its hydroperiod can be 
judged using criteria developed by Dr. Rich Horner as part of the Puget Sound Wetlands and Stormwater 
Management Research Program (Horner, 1994). The criteria provide eight hydroperiod guidelines of 
wetland water depth and duration of flooding, which can be examined using the continuous water depth 
data generated by the HSPF model of the wetland. 

A comparison of the wetland's simulated water depth with and without the neighboring suburban 
development showed that seven of the eight guideline hydroperiod alterations were exceeded because of 
additional runoff volume from the development. The seven guidelines that are exceeded are: 

(1) limit annual maximum depth increase to 30 em (1.0 ft); 

(2) limit average monthly water level fluctuation (WLF) increase to 5 em (0.2 ft); 

(3) limit stage excursions (number of occurrences) to a maximum of 8 em (0.3 ft) for a duration of 24 
hours in any 30-day period between 1 February and 31 May (the growing season); 

(4) limit maximum depth increase to 30 em (1.0 ft) during the period of 1 June through 30 September; 
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(5) limit stage excursions to a maximum of 15 em (0.5 ft) for a duration of 72 hours in any 30-day 
period between 1 June and 30 September; 

(6) limit water depth increase of any amount to no more than once per year (specific to peat wetlands); and 

(7) limit stage excursions to a maximum of 15 em (0.5 ft) for a duration of 24 hours in any 30-day period 
(specific to peat wetlands). 

The only guideline that was not exceeded is the limitation of the increase or decrease in the dry period 
to two weeks. 

The existing stormwater mitigation is ineffective in protecting this wetland from the impacts of 
development in this watershed. 

Woodland Creek, Thurston County 

The Woodland Creek watershed is located in northern Thurston County and includes a portion of the 
City of Lacey. The watershed is 29 square miles in area and drains to Henderson Inlet near the south end 
of Puget Sound. There are three major lakes in the southern portion of the watershed with most of the 
development occurring along the I-5 corridor, which cuts across the middle of the watershed. The southern 
two-thirds of the watershed contain outwash soils, which are very sandy with high infiltration rates. The 
northern third of the watershed is mostly covered by till soils (low infiltration rates). Much of the northern 
portion of the watershed is also outside of the Growth Management Area for Thurston County. 

In the Woodland Creek watershed development impacts have resulted in increased flooding of 
Woodland Creek and its tributaries. For the purposes of our study, stormwater mitigation of future land 
development impacts was modeled using the 1994 Thurston County drainage standards. These standards 
require the infiltration of excess runoff from new development wherever possible. Detention ponds are 
required for new development on till soils. In addition to modeling Thurston County's drainage require­
ments for new development, we also evaluated possible regional detention projects in the watershed. All of 
these projects are located on tributaries to Woodland Creek except for a proposed outlet control structure 
on Long Lake. This study was funded by the U.S. Geological Survey and Thurston County (Beyerlein and 
Brascher, 1994). 

Future full buildout land-use conditions for the Woodland Creek watershed were provided by Thurston 
County and represented in our HSPF model of the watershed by increasing the impervious area and 
converting forest land cover to grass, where appropriate. Mitigation was incorporated into the future 
conditions by adding detention facilities to the model for those new developed areas that will be required to 
have detention in the future. Future conditions were modeled with and without mitigation to evaluate the 
effectiveness of the proposed mitigation. Regional facilities were added where appropriate in an attempt to 
reduce future flood flows to no increase over current flood flows. This situation is labeled Service Level 1. 
Further reduction in future flood flows was accomplished by doubling the drainage manual's detention 
requirements (Service Level 2A) and by adding cluster development to those areas where future conversion 
to suburban land use will remove forest vegetation from the watershed (Service Level 2B). 

The results of the proposed mitigation for the Woodland Creek watershed are shown in Table 2 and 
Figure 3. Mitigation is effective where infiltration is required. The increase in the 100-year Woodland 
Creek peak flow at Martin Way (in the I-5 corridor) from current to future mitigated conditions is only 10 
percent, compared to a 165 percent increase for no mitigation. However, downstream tributaries that drain 
till soils show the mitigation requirements to be less effective in these areas. For example, Eagle Creek 
100-year peak flow increases from 63 cfs for current conditions to 187 cfs for future mitigated conditions 
(an increase of 197 percent) and 381 cfs for future unmitigated conditions (505 percent increase). Eagle 
Creek peak flows are partially mitigated by the drainage manual requirements, but are still almost twice 
that of current land condition peak flows. 
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Table 2. Woodland Creek 100-year flood flows: all scenarios 

Service Service Service 
Level 1 Level 2A Level 2B 

Scenario: Forested Current Future Future Future Future Future 
w/o Manual w/Manualw/projectsw/double manual Cluster 

Subbasin NumberSubbasin Name (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

50 Pattison Lake outlet 30 41 46 44 44 44 43 
60 Long Lake outlet 27 43 56 49 38 37 36 

8 Subbasin 8 trib 0 23 23 24 24 24 24 
80 Lake Lois outlet 16 36 60 40 40 32 32 

9 Lacey, Goose Pond Area 0 0 479 0 0 0 0 
100 creek at Martin Way 39 69 183 76 71 71 70 

13 Lower College Creek 12 52 138 107 27 22 22 
14 Middle College Creek 15 61 136 95 25 23 23 
15 Upper College Creek 4 30 80 43 15 15 15 ""1:1 
17 Thompson Place trib 23 87 716 128 128 91 91 c: 

180 creek at Draham Rd 66 187 854 283 213 180 180 C'l 
21 Eagle Creek 44 63 381 187 95 84 80 m 

~ 22 Palm Creek 9 17 63 32 6 6 6 
0 23 Fox Creek 35 47 110 92 17 17 17 

240 creek at Pleasant Glade 139 306 1430 583 317 264 260 c: 25 Jorgenson Creek 19 27 98 54 12 12 12 z ~ 270 Mouth 227 455 1702 727 471 426 393 c ~ 
0 :;IC 

m 
~ 

~ 
~ 
:::r:: ... 
I.C 
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To return future peak flows to current levels (the goal of Service Levell) we also investigated the 
addition of individual regional detention projects. The majority of these projects are located on the 
tributaries in the northern half of the watershed (north of the 1-5 corridor). In general, these proposed 
projects have sufficient storage volume to reduce future peak flows to near or below current peak flows. 
For example, the Eagle Creek future 100-year peak flow is reduced from 187 cfs to 95 cfs with the 
addition of a regional stormwater detention project on the creek. The current 100-year peak flow is 63 cfs. 

For some Woodland tributaries the regional projects reduced the future 100-year peak flow to below 
the predevelopment forested 100-year flow. Examples of this situation are Palm Creek (forested: 9 cfs; 
project: 6 cfs), Fox Creek (forested: 35 cfs; project: 17 cfs), and Jorgenson Creek (forested: 19 cfs; project: 
12 cfs). Yet even with these substantial reductions in tributary peak flows the main stem of Woodland 
Creek still had future 100-year peak flows greater than current conditions (471 cfs at mouth versus 455 cfs 
for current conditions) at Service Level 1. 

Additional mitigation was required to further reduce Woodland Creek future peak flows. The drainage 
manual detention pond requirements were doubled (Service Level 2A) to evaluate what impact that will 
have in furtller reduction of peak flows beyond the Service Level 1 requirements. Because of the 
previously discussed impact of the regional projects on the tributaries, the doubling of the drainage manual 
standards made a difference only in areas with till soils that drain directly to Woodland Creek. This can be 
observed in the reduction in main stem future 100-year peak flow at the mouth, which decreases from 471 
cfs (Service Level 1) to 426 cfs (Service Level 2A). Current condition 100-year peak flow is 455 cfs. 

The last mitigation measure to be investigated for Woodland Creek was the introduction of cluster 
development in forested till soil portions of the watershed (Service Level 2B) in addition to Service Level 
2A regulations and projects. Cluster development was represented by increasing the forested land outside 
the urban growth management area from 20 percent to 70 percent of the current forest cover. Development 
was concentrated on the remaining 30 percent of the available land. As is true for Service Level 2A, the 
protection of forest vegetation made a difference only in areas with till soils that drain directly to 
Woodland Creek because of the impact of the Service Level 1 projects on reducing tributary streamflow. 
This is observed at the mouth of Woodland Creek, where the Service Level 2A 100-year peak flow is 426 
cfs and the Service Level 2B 100-year peak flow is 393 cfs-an 8 percent reduction. Without the Service 
Level 1 regional detention projects, the cluster development would have a greater impact on reducing flood 
flows in the Woodland Creek watershed. 

SUMMARY 

Standard stormwater mitigation measures are not completely effective in protecting water bodies and 
stream resources. This is because (1) mitigation is not required for the land conversion from forest 
vegetation to grass, and (2) peak flow mitigation does not reduce total runoff to water bodies (streams, 
lakes, and wetlands) where the water body's storage time is greater than the detention pond's storage time 
required by mitigation. 

Mitigation can be successful where (1) infiltration is required, and (2) detaining and reducing peak flow 
runoff delays the runoff sufficiently to prevent it from adding to downstream problems. Detention works 
best where runoff drains directly to a flashy stream. In this situation delaying the runoff by a few hours 
will prevent it from adding to the stream's existing peak flow. 

If full mitigation of future land-use impacts is a goal to save existing water resources of the Puget 
Sound basin, then more strict development controls will be required. Specifically, mitigation should be 
required for land conversion from forest to grass. Additional mitigation for impacts to streams, lakes, and 
wetlands that have long peak flow and/or depth durations should be investigated and alternative solutions 
found for discharge from standard stormwater detention facilities. 
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WATER QUALITY PROTECTION-YOUR HIGHWAY TAX DOLLARS AT WORK 

Shari Schaftlein1 

INTRODUCTION 

This paper describes the progress in developing a stormwater management program at the Washington 
Department of Transportation (WSDOT). Topics highlighted include the inventory and field screening of 
outfalls in Puget Sound, the effort to prioritize outfalls for retrofitting, implementation of the Highway 
Runoff Manual, development of the National Pollution Discharge Elimination System (NPDES) municipal 
stormwater application, and WSDOT-funded water quality research. 

The key regulatory framework under which the program is developing includes Chapter 173-270 WAC 
(Puget Sound Highway Runoff Rule) and NPDES municipal stormwater regulations under the Federal 
Clean Water Act. The Runoff Rule states that WSDOT shall complete all practicable Best Management 
Practice (BMP) projects for stormwater treatment for highways with an Average Daily Traffic (ADT) of 
50,000 or greater by December 31, 2005, and for other highways by December 31, 2015. Per the NPDES 
requirements operators of a storm sewer system serving areas with a population greater than 100,000 are 
required to get a permit for stormwater discharges. WSDOT highways located in the following areas are 
subject to permit requirements: unincorporated Snohomish, King, and Pierce Counties and the cities of 
Seattle and Tacoma. The permit application process requires that: 

1) a comprehensive stormwater management program be developed; 

2) an inventory be conducted to identify storm water sources and impacts; 

3) a discharge characterization and monitoring program be developed; and 

4) illicit connections be identified and a prevention plan be developed. 

The proposed storm water management program is submitted as part of the permit application. Each 
program element consists of a task description, implementation schedule, evaluation, and budget. Program 
elements include: lllicit Connections, Construction Site Runoff, New Construction and Retrofit BMPs, 
Maintenance, Sampling, and Public Education. 

OUTFALL INVENTORY 

Methodology 
Since July 1993 field crews have been conducting a stormwater drainage inventory on the state 

highways within the Puget Sound Basin. Unlimited access highways within incorporated communities 
were not surveyed because these roads are maintained by the local road department. The inventory consists 
of: outfalls (those sites where highway runoff is collected and discharged to surface water, groundwater, 
and municipal storm sewers); existing stormwater structures providing quantity and quality control (BMPs); 
and offsite potentially illicit connections to the WSDOT drainage system. Information on each drainage 
structure was collected during a visual inspection in the field and recorded on a field data sheet. Character­
istics recorded for the drainage structures include: 

1) Outfalls-inventoried as belonging to one of the following four categories: 

• Culverts 12 inches or larger-shape, size, material, condition, blockage. Culverts under this size were 
also inventoried if they drain directly into surface water (e.g. from a bridge surface). 

1 WSOOT-Environmental Mfairs, P.O. Box 47331, Olympia, WA 98504-7331 
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• Open channels discharging to surface water or leaving WSDOT right-of-way-lining (vegetation, soil 
or an impenneable material such as asphalt or concrete), dimensions, amount of vegetation, and degree 
of obstruction. 

• Interconnections between municipal stonn drain systems and the WSDOT drainage system. 

• Dry wells. These were inventoried as both outfalls and water quantity BMPs, as they remove runoff 
from the road surface but also discharge it, untreated, to aquifers. 

2) Existing Best Management Practices (BMPs). Water quality and quantity BMPs were categorized as 
one of the following types: infiltration trenches, dry ponds, dry wells, wet vaults, wet ponds, oil/water 
separators, biofiltration swales, or spill control structures. Ecology ditches and catch basin filters were 
inventoried as experimental BMPs. Erosion control BMPs associated with pennanent BMPs were also 
noted-hay bales, rock check dams, silt fences, etc. 

3) Connections to WSDOT right-of-way from off site. These are pipes or open channels that are 
connected or convey stonnwater to the WSDOT drainage system from off the right-of-way. The Utility 
Permit data)?ase was reviewed to determine whether approval to make the connection had been applied for 
and recorded. In addition engineering and maintenance personnel were contacted to locate areas where off­
site drainage was permitted. Non-permitted or unknown connections were documented as illicit. 

The inventory was accomplished by: reviewing construction plans; consulting both regional WSDOT 
personnel and local public works departments; and locating structures in the field. The screening 
assessment for potential water pollution problems was made from observations and if necessary sampling. 
Global Positioning System (GPS) equipment is being used to obtain accurate locations for the outfalls. 
Data sheets are entered on a computer database using Filemaker™ software. Key attributes for each outfall 
are being loaded into a stonnwater outfall layer in a Geographic Infonnation System (GIS), which is an 
Arclnfo™ fonnat. 

Because of time constraints, a faster field screening protocol known as "windshield survey" was 
established for certain low-ADT highways. Using this protocol, the field crews were able to characterize 
long sections of homogeneous rural highways. Field notes were taken on general drainage characteristics, 
and outfalls that discharged directly to surface water were inventoried. 

Survey Results 

There are approximately 1,675 miles of state highways in the Puget Sound Basin, all of which lie 
within the boundaries of WSDOT's Northwest and Olympic Regions. As of January 1995 the inventory 
work has been completed on 955 miles, and these break down by county as follows (total miles/miles 
inventoried): Clallam (113/0); Island (51/8); Jefferson (88/0); King (3321298); Kitsap (89/62); Mason 
(119112); Pierce (2691259); Skagit (167/100); Snohomish (216/88); Thurston (56/38); Whatcom (175/90). 
Highways in Kitsap, Mason, Pierce, Thurston, and southern King counties with an ADT below a threshold 
of 10,000 were inventoried using the windshield survey protocol. In Skagit and Whatcom counties the 
ADT threshold was 20,000. 

There are three water quality management areas in the Puget Sound Basin scheduled to be permitted in 
June. The permit areas and inventory progress are as follows: 

1) Cedar-Green: All but 30 rural miles of approximately 200 miles of state highways within the permitted 
jurisdictions have been inventoried. 

2) Island-Snohomish: There are 218 miles of state highways in the permitted jurisdictions, of which 71 
miles have been completed. The remaining 147 miles have an ADT of under 20,000 and will be 
inventoried by windshield survey. 

3) South Puget Sound: There are 274 miles of state highways in the permitted jurisdictions, of which 264 
miles have been inventoried. 
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Puget Sound Basin Outfall Inventory Results 

• Outfalls: There are 2,198 outfalls characterized and inventoried, of which 1,283 are culverts ranging in 
diameter from 4 to 84 inches, 704 are open channels, 186 are pipes to other jurisdictions' storm 
drainage systems, and 25 are dry wells. Of the 1,359 outfalls that drain directly to surface water, 90 
receive treatment in a BMP and 1,269 do not. 

• BMPs: There were 203 BMPs characterized, consisting of 75 wet ponds, 46 dry ponds, 25 dry wells, 
30 oiVwater separators, 12 wet vaults, nine biofiltration swales, four infiltration trenches, one spill 
containment structure, and one ecology ditch. In several areas there were natural features, such as a 
grass-lined channels, that were offering some water quality benefits; these were not counted as BMPs, 
but treatment benefits were noted on data sheets. 

• Connections: There were 66 connections identified, of which 42 were dry and 24 were flowing. 
Twenty of these connections discharge directly to surface water without any treatment and 10 are 
treated by BMPs before being discharged. 

By July, inventory work including GPS and data entry work will be completed on the all remaining 
highways within King, Pierce, Snohomish and Kitsap County. The highways remaining in Thurston and 
Mason counties, and those along Hood Canal, may be inventoried if additional resources become available. 

FIELD SCREENING AND WATER QUALITY SAMPLING RESULTS 

A protocol based on federal regulations was established to sample the outfalls for possible illicit 
connections (WSDOT, 1993). Sampling was conducted at outfalls where illicit connections or discharges 
were suspected, the main cause for suspicion being discharge after a period of dry weather. Each flowing 
site was sampled twice within a 24-hour period and was analyzed according to EPA-approved methods, for 
the following Physical and Chemical parameters: color, odor, scum, floatables, turbidity, temperature, pH, 
chlorine, copper, phenols, and detergents. 

Because of the extension of the field screening process into fall and winter wet weather, flows were 
observed at 380 outfalls and 24 illicit connections. Of these flows, 76 outfalls and 11 illicit connections 
were sampled. Elevated levels were detected at 19 outfalls and seven illicit connections. The rest of the 
flows were determined to be from natural sources, such as springs or a groundwater table near the surface, 
with no visible signs of contamination, so sampling was not conducted. Physical observations and 
chemical analyses are as follows (note: elevated levels are concentrations at 0.2 mg/1. or greater): 

• Color. All samples appeared close to transparent in color. 

• Odor. Odors were detected at six sampling sites. These were either musty and rancid, strong 
petroleum, muddy or sewage. 

• Scum. Scum was recorded at seven sampling sites, one of which was an illicit connection from a 
commercial area. 

• Floatables. Eight sampling sites had a petroleum sheen and one had algae associated with sewage. 
The source was believed to be a faulty septic system. 

• Turbidity. The majority of the samples had low turbidity ratings; however, elevated levels of turbidity 
were recorded at nine sites. 

• pH. The normal pH results ranged from 6.5 to 8.0. There were 10 outfalls and three illicit connec­
tions where the pH levels were recorded outside this range. 

• Chlorine. Elevated levels of chlorine, from 0.3 to 3.0 mg/1, were detected at three outfalls and one 
illicit connection from a commercial area. 

• Copper. Elevated levels of copper, ranging from 0.25 to 2.0 mg/1, were detected at six outfalls and 
three illicit connections. Elevated levels from three of the outfalls and two of the illicit connections 
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were located in King County. These may be from high concentrations of copper that occur naturally in 
the groundwater in m~y parts of the county. Another possible source is leaching from copper in 
pipes. 

• Phenols. Elevated levels of phenols were recorded, at 0.5 mg/1, at two outfalls and one illicit 
connection. 

• Detergents. Elevated levels of detergents were detected, from 0.2 to 0.9 mg/1, at 12 outfalls and five 
illicit connections. At one of the illicit connections detergents were also visible in the flow. The 
highest level (0.9 mg/1) was recorded at an illicit connection from a commercial area. 

It was concluded that the field sampling process was not an effective method for discovering illicit 
connections. The most effective method is simple visual identification of connections to the WSDOT 
drainage system, and tracing these back to their sources off right-of-way. No illicit connections were 
discovered by sampling alone. Sampling does not help in discovering illicit connections unless these are 
flowing at the time of sampling. Instead it may be more useful in providing additional confirmation of an 
already suspect site. 

ILLICIT CONNECTIONS 

lllicit connections are unauthorized drainage structures that potentially convey non-stormwater 
discharges to, or through, the WSDOT drainage system from off-right-of-way locations. There are 66 
connections so far that appear· to be suspect and could potentially lead to water quality and quantity 
problems. Of these connections, three were open channels, which were considered to be illicit connections 
as a result of visual evidence of the nature of the discharges in the channels, e.g., heavy sediment loading 
from dredging or construction upstream. The other 59 connections were from culverts, ranging in diameter 
from 1 to 48 inches. 

Flows were observed at 24 of the illicit connections, and 11 of these were sampled. Elevated levels of 
either turbidity, pH, chlorine, copper, phenols, or detergents were found in the flows from seven illicit 
connections. All of these connections were located on highways in commerciaVresidential areas. The 
flows from the other 13 connections were considered to be from natural sources, with no visible evidence 
of contamination, and therefore were not sampled. The illicit connections were primarily located in 
urbanized areas. Additional investigation and/or periodic monitoring of these sites is recommended. For 
confirmed illicit connections it is recommended that property owners be notified and that either the 
connection be removed or the flow be diverted to prevent it from entering the WSDOT drainage system. 

The database of illicit connections produced by this inventory does not represent a comprehensive 
survey for the Puget Sound Basin. Only those connections in close proximity to outfalls were observed. 
A complete inventory would entail walking the entire length of the state highway. Since this is not 
practical it is recommended that when maintenance crews observe contamination or flooding problems that 
the area tributary to the problem site be surveyed. Given the minimal complaints received in the past and 
the low number of illicit discharges discovered to date it is concluded that contaminated illicit discharges 
are a minor problem. 

RETROFIT PROGRAM 

One of the primary goals of the Outfall Inventory and Field Screening project was to determine which 
areas of the drainage system have the greatest impact on receiving water bodies. Beginning with the 1995-
97 biennium, WSDOT is developing a new project category for constructing BMPs for existing highways 
where a need for stormwater management improvement has been identified. The stormwater retrofit 
category will provide funds for projects that will construct BMPs at locations where no future improve­
ments to the highway are anticipated. It has been estimated that the capitol cost for stormwater retrofit 
projects in Puget Sound will require upwards of $200 million over the course of 20 years (Entranco, 1992). 
An actual funding level will be determined on a biennial basis by the Legislature and governor. The 
WSDOT Agency Funding Request for the next biennium is projected at $4.6 million. 
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Prioritization Scheme 

In order to compare outfall impacts and rank sites for retrofit funding, a prioritization scheme was 
developed (WSDOT, 1993; Entranco, 1992). The equation· and factors used in making prioritization and 
BMP planning decisions were: 

(A+ B)+ (C x D)+ (E +F)= Rating Score 

A= water body type (ground water, small stream, small lake, sensitive wetland, large lake, river, wetlands 
and tidelands) and size of the receiving water body. A small stream is assigned a higher impact value than 
a large stream. 

B = beneficial uses of the water body (in descending priority: drinking, public health, fisheries, aesthetics, 
and flood protection) .. 

C = pollutant loading, which is in direct proportion to ADT. 

D = percentage contribution of highway runoff to the watershed. 

E = cost/pollution benefit, which weighs the overall cost of the BMP retrofit against its benefit to the 
receiving water body. This factor also incorporates a coefficient to consider the size of the waterbody as a 
measure of its sensitivity to pollution. 

F = values trade-off, which assesses how local environmental and societal factors, such as legal obligations 
or local watershed action plans, influence the construction or maintenance of the BMP retrofit 

The initial step in the prioritization process was to make a "first cut"of all the outfalls inventoried. The 
outfalls were divided into high-, medium-, or low-priority categories, based on the best professional 
judgment of the inventory crews. The outfalls in the high category were further evaluated according to 
factors A, B, C and Din order to determine the highest priority group for further research. 

As a result of the first cut the 2,143 outfalls were divided as follows: 498 were high priority, 593 were 
medium priority, and 1,107 were low priority. Extensive research and evaluation of all six factors were 
conducted on the highest priority outfalls from within the high category, in order to rank these sites. 
Recommended BMP retrofits, were developed for each of these outfalls, or groups of outfalls. A retrofit 
could include either constructing a new BMP (e.g., a biofiltration swale and wet pond) or modifying an 
existing structure (e.g., changing an asphalt-lined open channel to a biofiltration swale). The complete 
prioritization scheme was then applied to these sites to obtain a score and final rank. 

Findings 

So far, 210 high priority outfalls within the Puget Sound Basin have been researched and prioritized. 
Of these 169 are located within one of the three NPDES permit areas. The four highest-ranked outfalls 
scored 72 points out of a maximum of 91, and were grouped together into one BMP retrofit site. This site 
is located on SR5 in Whatcom County, and is tributary to Lake Samish, a public drinking water supply. 

The prioritization of the outfalls is an ongoing process and rankings will change as more are prioritized 
and conditions such as funding and regulations change. However, from the results of the initial prioritiza­
tion conducted for the 1995-97 budget process, the highest ranked sites typically: 

• are on the highways with the highest ADT, particularly SR5; 

• threaten drinking water supplies; 

• drain tight-line storm trunk systems, and discharge to headwater streams, contributing to erosion, 
sedimentation and flooding downstream; 
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• are dry wells discharging to a sole source aquifer; or 

• present a significant risk of hazardous spills entering a water supply. 

HIGHWAY RUNOFF MANUAL 

The Department of Ecology recently granted a two-year interim approval of the Highway Runoff 
Manual (HRM). The HRM establishes minimum requirements and provides technical, uniform guidance on 
how to avoid and reduce impacts to water resources. It contains the comprehensive listing, design 
standards, maintenance requirements, and other related information on stormwater BMPs. The HRM is a 
primary tool in planning for highway runoff management because it assists with determination of cost­
effectiveness, practicability, and applicability of the various stormwater BMPs available to treat highway 
runoff. The minimum requirements described in HRM address: 

Erosion and Sediment Control 
Preservation of the Natural Drainage System 
Source Control 
Water Qual~ty Treatment 
Water Quantity Treatment 
Wetland Protection 
Downstream Analysis 
Sensitive Areas and Basin Plaits 
Stormwater Site Plan 

All new impervious surfaces will be treated to standard. Where existing pavement occurs within a 
project boundary, a practicality analysis will be done to determine whether stormwater quality treatment 
will be provided. The analysis will be provided in the Stormwater Site Plan. 

WSDOT-FUNDED RESEARCH PROJECTS 

Stormwater research has increased significantly. Many of the research projects are being led by 
Washington State University (WSU); however, WSDOT staff, consultants, and local units of government 
are also involved in several projects. Project descriptions and the lead research organization are as follows: 

• WSU: assessment and application of highway slopes for highway stormwater contaminant removal. 

• WSU: development of sedimentation basin design criteria by scale model testing. 

• WSU: enhanced stormwater contaminant removal by chemical action. (A low-tech method of applying 
selected pH-adjusted coagulating chemicals to enhance sediment and contaminant removal efficiencies 
is being developed.) 

• WSU: assessment of groundwater pollution potential resulting from stormwater infiltration BMPs. 

• WSU: treatment of non-point runoff using catalytic pavement borders. (The goal is to develop a low­
tech, low-maintenance system that destroys hydrocarbons in runoff before they leave the pavement.) 

• Consultant: BMP effectiveness monitoring on the ecology ditch. (This experimental BMP is designed 
to remove pollutants through biofiltration and infiltration. It consist of an 8-inch perforated pipe 
backfilled with gravel aggregate. The surface of the ditch consists of lime and alder sawdust mixed into 
the top 2 inches of the gravel aggregate. The surface of the ditch is covered with a 4-foot-wide strip of 
erosion control blanket and is fertilized and hydroseeded.) 

• WSDOT: construction site sampling at SR 18 project. (A King County grading permit condition 
requires daily sampling for turbidity and settleable solids.) 

• WSU: stormwater retrofit cost/benefit estimating project. 
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• King County study receiving partial WSDOT funding: assessment of relative storm runoff control 
advantages of alternate roadway shoulder pavements. 

• WSU: filter strip/ecology ditch field evaluation. 

• WSU: BMP evaluation for handling and treating stormwater in confined situations. (Determines 
effective BMPs for where limited right of way situations. The most effective BMPs for treating 
storm water in urban areas, including ferry dock and terminal areas, have a number of product options 
which are used mostly based on the claims of the product manufacture.) 

• BMP effectiveness monitoring per NPDES municipal permit requirements. ('This sampling will involve 
coordination with all the permitted municipalities.) 
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WASHINGTON STATE PESTICIDE MONITORING PROGRAM: SURFACE WATER RESULTS 
FOR THE PUGET SOUND BASIN 

Dale Davis1 

ABSTRACT 

Surface water samples for the Washington State Pesticide Monitoring Program (WSPMP) were 
collected in 1992-1994 at five sites in the Puget Sound area, and analyzed for 162 pesticides and 
breakdown products. The collection frequency was three times per year-spring, summer, and fall. 

Twenty-four different pesticide compounds have been identified in samples from these five sites. Five 
pesticides were detected exclusively at the urban sites, six exclusively at the agricultural sites, and 13 at 
both. The herbicides DCPA (Dacthal) and 2,4-D were the only compounds found at all five sites. The 
greatest number of pesticides was detected in Bellevue's Mercer Creek (18), equaled only by irrigation 
return flows in the Yakima Basin sampled by the WSPMP. 

Washington State and/or EPA aquatic life criteria are available for only one pesticide (malathion) 
detected in ·the Puget Sound area, and the concentration was below the criterion. Three organophosphorus 
pesticides, diazinon, malathion, and mevinphos (Phosdrin), have been detected at or above National 
Academy of Sciences recommended maximum concentrations for protection of aquatic life and wildlife. 
Mevinphos was found in Joe Leary Slough (Padilla Bay) at a concentration above the 96-hour LC50 for 
rainbow trout. 

The information gathered so far in this study, although limited, is the only pesticide data available for 
many water bodies in the state. However, a substantially greater effort will be required to achieve an 
adequate understanding of the occurrence and significance of pesticide residues in Puget Sound rivers and 
streams. 

INTRODUCTION 

As a result of growing concerns about pesticides in state waters, the Toxics Investigations Section of 
the Washington Department of Ecology developed and implemented the Washington State Pesticide 
Monitoring Program (WSPMP) in 1992. The program goal is to characterize pesticide residues in 
groundwater and surface water, including biota and sediments, throughout Washington. Groundwater and 
surface water monitoring are being implemented as separate tasks; this paper addresses surface water issues 
only. 

Objectives for the WSPMP include identification and quantification of pesticides in surface waters, 
documentation of trends in pesticide contamination, and assessment of adverse effects of pesticides on 
aquatic biota. Results will also be used to assess potential adverse effects on human health, and for the 
improvement of pesticide management in Washington state. 

A total of 21 sites state-wide have been sampled for pesticides since 1992. Five surface water sites 
have been sampled in the Puget Sound basin (Figure 1); these are Mercer Creek near Bellevue, Thornton 
Creek in North Seattle, Sullivan Slough and Joe Leary Slough near Mount Vernon in Skagit County, and 
Fishtrap Creek near Lynden in Whatcom County. Mercer Creek and Thornton Creek receive urban 
drainage, and Sullivan Slough, Joe Leary Slough, and Fishtrap Creek are in agricultural areas. WSPMP 
surface water reports are available for 1992 (Davis, 1993) and 1993 (Davis and Johnson, 1994a). 

Fish and sediment were collected from Mercer Slough and sediment from Sullivan Slough for the 
WSPMP in 1992. These data are available in a report by Davis and Johnson (1994b). 

Washington Department of Ecology, Toxics Investigation Section, P.O. Box 47710, Olympia, W A 98504-7710 
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Washington State Pesticide Monitoring Program 

Figure 1. Surface water sampling sites in the Puget Sound basin, 1992-1994 

METHODS 

Sampling Design 

High analytical expenses necessitate a simple screening survey approach for the surface water 
component. A single sample is collected at each site and is essentially used for a presence/absence 
assessment of pesticides with no indication of analyte variability. However, potential pesticide problems 
are identified primarily by comparing concentrations of detected pesticides to available water quality 
criteria. More intensive investigation is recommended for perceived problems. 

Sampling frequency has been variable, depending on the funding available and the sampling objectives. 
Samples were collected only once in June of 1992 as a reconnaissance to refine methods. Sampling was 
expanded to four periods in 1993: April, June, August, and October. Budget restrictions in 1994 resulted 
in dropping the August sampling period. April and June represent the anticipated peak pesticide applica­
tion periods. Sampling in October is scheduled to catch runoff from fall rains. 

Surface water samples are analyzed for 162 pesticides and breakdown products in the following 
chemical groups: chlorinated pesticides, organophosphorus pesticides, nitrogen-containing pesticides, 
pyrethroid pesticides, chlorinated herbicides, and carbamates. Samples were also collected for total 
suspended solids (TS~). total organic carbon (TOC), conductivity, and nitrate+nitrite. Field measurements 
were taken at all sites for temperature, pH, and flow. 
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Sampling Procedures 

Details of sampling procedures are outlined by Davis (1993). Procedures essentially followed those 
described in the lllinois EPA (1987) field methods manual. Briefly, samples were collected using U.S. 
Geological Survey (USGS) depth integrating samplers modified so that the water sample contacts only 
Teflon® or glass. Samples were hand composited, filling containers one-third full from each point in a 
quarter point transect across the streams. 

Analytical Methods 

Chlorinated, organophosphorus, nitrogen-containing, and pyrethroid pesticides were analyzed using a 
modified EPA Method 1618. Chlorinated herbicides were analyzed with EPA Method 615. Both methods 
use a gas chromatograph and an atomic emission detector. Carbamates were analyzed with EPA Method 
531.1 using high-pressure liquid chromatography and post-column derivitization. All analyses were 
performed by Ecology's Manchester Environmental Laboratory. 

Detection limits of pesticides for the WSPMP are substantially lower than those in other reports of 
water sampling data from Washington, and the target analyte list is larger. These analytical improvements 
are probably responsible for the higher number of pesticide detections for the WSPMP as compared to 
historical surveys. 

QA/QC 

Matrix spike and matrix spike duplicate (MS/MSD) and field duplicate samples were collected at one 
site per sample period to estimate analytical precision and accuracy. A transfer/bottle blank was prepared 
once per year to ensure that decontamination procedures are effective. Field spikes were prepared and 
submitted as blind duplicates to evaluate analyte loss and method accuracy and precision. 

RESULTS 

Twenty-four different pesticides have been identified in samples from the five sites in the Puget Sound 
Basin (Table 1). Five pesticides were detected exclusively at the urban sites, six exclusively at the 
agricultural sites, and 13 at both. Figure 2 shows the frequency of detection for the 24 compounds. DCPA 
(Dacthal) and 2,4-D, both herbicides, were the only pesticides found at all five sites. 

In WSPMP samples collected in the Puget Sound basin, malathion was the only pesticide detected that 
has a Washington State or EPA aquatic life criterion. The concentration detected was below the criterion. 

Three organophosphorus pesticides, diazinon, malathion, and mevinphos (Phosdrin), were detected at or 
above National Academy of Sciences (NAS, 1973) recommended maximum concentrations for protection 
of aquatic life and wildlife. 

Site Evaluations 

Mercer Creek drains the Bellevue area east of Interstate-405, including surface street runoff, into Lake 
Washington. Much of this area is residential, but includes a bridle trail park, shopping centers, schools, 
and two golf courses. 

Mercer Creek has been sampled as an urban trend site once in 1992, four times in 1993, and three 
times in 1994. A total of 18 pesticides have been identified in these samples. This number of compounds 
has been equaled only by irrigation return flows in the Yakima Basin sampled for the WSPMP. 

While criteria are available for nine of the 18 compounds detected at Mercer Creek, only two, diazinon 
and malathion, exceeded NAS recommended maximum concentrations for protection of aquatic life and 
wildlife. Both of these compounds are highly toxic organophosphorus insecticides that are heavily used in 
a number of applications, including several residential formulations. Detected concentrations approach 
acute toxicity values (i.e., within an order of magnitude) for some invertebrates (96-hour LC50 for 
malathion is 0.63-0.92 f.J.g/L and 0.15-0.28 f.lg/L for diazinon (Johnson and Finley, 1980)). 
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Figure 2. Detection frequency of pesticides in samples from the Puget Sound basin, 1992-1994 
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Only two pesticides, diazinon and 2,4-D, were detected in samples collected from Mercer Creek by the 
EPA in 1990 (PTI, 1991). Only seven of the 18 compounds detected in WSPMP samples were target 
analytes for the EPA study and for four of the seven, the EPA detection limits were higher than the 
concentrations reported for the WSPMP. · 

Thornton Creek also receives urban drainage. The creek flows through North Seattle on the east side 
of Interstate-S picking up stormwater runoff from parts of Northgate, Paramount Park (including Jackson 
Park Golf Course), Pinehurst, Lake City, and Wedgwood; discharging into Lake Washington at Matthews 
Beach just north of Sand Point. Thornton Creek was sampled only once in 1992, detecting five pesticides. 
Diazinon was found at a concentration above the NAS-recommended maximum level. 

Joe Leary Slough was sampled once in 1993 and three times in 1994. The slough drains the Olympia 
Marsh, northwest of Mount Vernon, into Padilla Bay. Water flow through the slough is influenced by tidal 
fluctuations, backing up behind tide gates at high tide. Land use adjacent to the slough is predominantly 
agricultural, and most of the slough has been channelized to drain fields. 

Fourteen pesticides were detected in samples from Joe Leary Slough. The concentration of mevinphos, 
11 J.l&IL, was more than 5,000 times higher than the NAS-recommended maximum concentration of 0.002 
J.l&IL. Mevinphos is extremely toxic to aquatic invertebrates (96-hour LC50 for Daphnia pulex 0.13-0.25 
~giL) and fish (96-hour LC50 for rainbow trout 10.7-13.2 ~giL). Diazinon was also found at a level above 
the NAS-recommended limit. 

Sullivan Slough is very similar to Joe Leary Slough in that it is also channelized, drains primarily 
agricultural land, and flows irito Puget Sound through a tide gate. The slough drains much of Skagit 
Valley west of the Skagit River. 

Sullivan Slough was sampled only once, in 1992. Six pesticides were identified. All were herbicides 
and none were above available water quality criteria. 

Fishtrap Creek originates in Canada, flows through agricultural land used to grow dairy support crops 
and berries, through the northern edge of the town of Lynden, and into the Nooksack River. Groundwater 
monitoring in this area in 1988 (Erickson and Norton, 1990) detected five pesticides in well water samples. 
Samples for the WSPMP were collected once in 1992 and four times in 1993. 

Eight pesticides were detected in samples from Fishtrap Creek. Seven of the detected compounds were 
herbicides and the eighth, pentachlorophenol, was a fungicide. None of the detected pesticides were above 
criteria or approached acutely toxic concentrations. None of the pesticides detected in groundwater samples 
were found in Fishtrap Creek. 

DISCUSSION 

The number of pesticides detected in samples from Mercer Creek indicate that pesticide contamination 
in w'ban stormwater is a potential threat to aquatic biota. The only site sampled by the WSPMP with 
similar numbers of pesticide detections is Moxee Drain in the Yakima Valley. Moxee Drain receives 
irrigation return water from some of the most intensively cultivated farm land in the state. 

Although most pesticide concentrations in Mercer Creek and the other Puget Sound sites have been 
low, several compounds have been present consistently for the three years sampled. Chronic effects of 
most pesticides are unknown or poorly understood, especially for extended periods of exposure time. The 
number of pesticides detected per sampling event has been higher at Mercer Creek than other sites state 
wide. This may indicate that pesticide use in urban areas is more consistent throughout the year, thereby 
potentially increasing chronic effects. 

With three or four samples collected per year at each site, detection of peak pesticide concentrations in 
stormwater runoff is not likely, but the high concentration of mevinphos found at Joe Leary Slough may be 
an example of such a peak. Undetected peak concentrations of other compounds may also be reaching 
levels that are acutely toxic to aquatic biota. 
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Table 1. List of pesticides detected at sites in the Puget Sound basin (1992-1994) 

Pesticide Name Mercer 
C~k* 

Thornton 
Creek 

Joe Leary 
Slough* 

Sullivan 
Slough 

Fish trap 
Creek* 

* -Values are averages of detected pesticides from two or more samples (non-detects were not used in the 
calculations). 
1 

- breakdown product of carbofuran. 
2 

- breakdown product of parathion. 

Effects from the 24 pesticides found in the Puget Sound area may be additive (Matthiessen, et al., 
1988), perhaps resulting in conditions that are lethal to aquatic life while the concentrations of individual 
compounds may not be a problem. Doull et al. (1980) have shown that mixtures of malathion with other 
organophosphorus pesticides are often synergistic. 
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Pesticides detected at all sites were predominantly herbicides, but only insecticides exceeded water 
quality criteria. Statewide, insecticides appear to be detected more frequently at agricultural sites. 

The information gathered so far, although limited, is the only pesticide data available for many water 
bodies. Results from multiple years will identify pesticides that are a chronic problem. However, 
substantially greater effort will be required for more intensive sampling to achieve an adequate understand­
ing of the occurrence and significance of pesticide residues in Puget Sound rivers and streams. 
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