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Winter Scaup Densities From
Aerial Surveys, 1892-93, 1993-94
1994-95, 1995-96, 1996-97,
and 1997-98.
PSAMP, WDFW
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Figure 5. Scaup densities observed winters 1993-98 on PSAMP aerial surveys.

Trends Throughout the Pacific Flyway

Recent reports on status of sea and diving ducks have suggested that certain species have
declined (Goudie et al. 1994; Henny et al. 1995; Trost 1998) in certain portions of the Pacific
Flyway. We examined what data is available for other portions of the Pacific flyway for the following
four diving duck species and compared this with the data now available for greater Puget Sound.
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Nysewander and Evenson: Status and Trends for Selected Diving Duck Species

Comparisons of indices derived from the recent PSAMP surveys and the 1978-79 MESA studies
(Wahl et al. 1981) support other Pacific flyway data that suggest wintering scoters and scaup have
declined in numbers over the last 15 to 30 years in western Washington and throughout the flyway
(Figures 6 and 7). Goldeneyes and buffleheads, using a similar nearshore habitat, do not show this same
pattern in marine waters of western Washington (Figure 8). The decline of scaup is probably associated
in part with a different wintering pattern on the west coast than that associated with the scoter species;

this will be discussed in

more detail in the section of this report centering on wintering scoters and

scaup in San Francisco Bay.
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Figure 6. Trends in scoter populations in Alaska, Washington, and San Francisco Bay.
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Figure 7. Trends in scaup populations in Alaska, Washington, and San Francisco Bay.
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Figure 8. Densities of goldeneye and bufflehead between MESA (1978-79) and PSAMP
(1993-98) for shared transects.

The initial design contract for the PSAMP surveys in Washington state also produced a digital
database of the historical data available, primarily data associated with the MESA studies in 1978-
79. This contract also provided software to develop indices with confidence limits. When this was
utilized on both the recent PSAMP 1993-98 surveys and the MESA 1978-79 surveys, the results
appeared to indicate that the decline might be in the range of 50-70% (Figure 9). This scoter
decline should be used with caution, however, for when we examined the historical database and
software developed to calculate population indices, two sources of error were discovered. The
software was treating different survey methodologies equally in the comparison and calculations of
population indices. The 1978-79 MESA surveys utilized three to four types of survey methods:
surveys from either small boats or ferries, aerial surveys, and point counts from shore. The aerial
survey method was the least emphasized of these, especially in near-shore areas. The aerial method
was employed mostly in areas where access by land was limited, and in the open water regions where
access by boat was more difficult. The 1992-98 PSAMP surveys only utilized the aerial method. It
was also discovered that the software was not treating the data appropriately and is in need of
corrections in the code.
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Figure 9. Comparison of winter scoter population indices (with 95% C.L.) in MESA
areas using PSPOP Software, for MESA (1978-79) and PSAMP (1993-98) periods.

To come up with a more comparable way to assess changes in densities between the 1978-79
MESA surveys and the PSAMP surveys, those near-shore aerial transects flown in the MESA surveys
that were comparable to the PSAMP transects were selected. Similar transects were found in 19
MESA sub-regions, comprising 65.56 km” surveyed during MESA transects, and 303.27 km’
surveyed during PSAMP transects (Figure 10). Two methods were used to calculate densities for
scoters and scaup from these data.
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MESA Sub-regions With
Similar Tracklines Between
1978-79 MESA Surveys and

1993-98 PSAMP Surveys.
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Figure 10. Areas with similar aerial transects flown in MESA and PSAMP time periods.
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The first method calculated an overall density for each winter period (1978-79 MESA, and all
six winter PSAMP surveys) from the total number of scoters and scaup divided by the total area
covered by the transects the respective season. This method suggested a decline in scoter and scaup
densities of 65.7% and 70.4%, respectively, over the 18-year period (Figure 11).
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Figure 11. Decline of overall total densities of scoters and scaup on shared transects
compared between MESA (1978-79) and PSAMP (1993-98) in greater Puget Sound.

The second method was used to determine estimated means of, and confidence limits for, scoter
and scaup densities within the 19 MESA sub-regions. The data was combined into two periods:
1978-79 MESA transects (N=118 sample units) and 1993-98 PSAMP transects (N = 211 sample
units). Densities for each sample unit were log-transformed. An estimated mean density, for each
period, was calculated weighting by sample unit area, and then back-transforming the value of the
mean logged density. Difference between the periods was tested by factorial ANOVA. This method
presented a significant decrease in both scoter densities (P=0.024, 35.32% decline between periods),
as well as scaup densities (P=0.000, 74.56% decline between periods). The slopes for annual change
from the earliest estimated index is -0.019 for scoters and -0.039 for scaup using the transformed
densities from the comparable transects (Figures 12 and 13; also Figures 6 and 7).
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Figure 12. Comparison of estimated mean densities (with 90% confidence limits) of scoters for
shared transects between MESA (1978-79) and PSAMP (1993-98).
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Figure 13. Comparison of estimated mean densities (with 90% confidence limits) of
scaup for shared transects between MESA (1978-79) and PSAMP (1993-98).
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In an effort to evaluate whether portions of the wintering scoter population may have moved from one
portion of Puget Sound to another, we also compared the indices and confidence limits by MESA area versus
the southern portions of Puget Sound for all years of the PSAMP surveys where all areas were covered by the
survey (Figure 14). We utilized the indices calculated by the original contracted software, because we have not
had a chance to redo these. Currently we are making the assumption that the relative changes would not be
changed by new programs, but this analysis will be revisited when a new program is developed. At the
present, it appears that any decrease or increase any one year in the MESA (northern) study area seems
reflected by a similar change in the southern portion of Puget Sound. This suggests that local movement may

not be a major factor in these declines.
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Figure 14, Comparison of scoter indices in winter during PSAMP surveys
between northern (MESA study area) and southern greater Puget Sound.

San Francisco Bay

Scoter and scaup species are also important components of wintering diving ducks associated with
San Francisco Bay. More intensive type surveys have looked at the open bays and salt ponds of San
Francisco Bay between 1988 and 1997. The overall estimates that have been derived from this work are
part of the midwinter waterfowl counts and were provided by Dr. John Takekawa, USGS, Biological
Resources Division (Figure 15). Two caveats should be mentioned about this data: surf scoters make up
99% of scoters seen here, and both greater and lesser scaup are found here, although the greater scaup
should still be more predominant in the marine settings. These data are cither overall counts or
estimates and are not displayed as means. Hence, for comparison sake, the degree of change displayed
here may be most comparable to overall counts, indices, or densities for Puget Sound rather than the
mean densities derived earlier.

Much higher numbers of scaup (by an order of magnitude) utilize San Francisco Bay than are
found utilizing greater Puget Sound. Nevertheless, both scoters and scaup appear to be declining
over the last ten years. We do not know if this same trend occurred during the previous decade, but
the slope of annual change from the earliest estimated index (1988) is -0.026 for scaup and -0.057
for scoters over the last ten years (Figures 6 and 7).
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Figure 15. Scoter and scaup numbers in San Francisco Bay midwinter censuses 1988—1997
(Takekawa pers. comm. 1998). Note: open bays and salt ponds were not surveyed in 1996.

Lower Columbia River

The lower Columbia River and estuary are somewhat different from San Francisco Bay and
greater Puget Sound in that the waters are more influenced by fresh water and river dynamics than by
marine conditions. Hence this estuary appears to be more attractive to scaup than to scoter,s and it
may include larger percentages of lesser scaup which may be undergoing different dynamics than the
greater scaup population. The estuary is also much smaller in size. There is less of a consistent
survey approach that is comparable to that conducted in recent years in both San Francisco Bay and
greater Puget Sound (i.c., the PSAMP protocols and aerial surveys). At the present time we were
only able to look at data for 1993-98 that was relatively consistent in its survey scope.

Scoters are consistently present only in low numbers (<1000) as are most other marine diving
duck species like bufflehead and goldeneyes (Figure 16). The lower Columbia River may be used
during migration by scoters for short periods as they move up the coast, but it does not serve as a
wintering ground for large concentrations of and hence gives us no added perspective on changes
over time. Scaup use of the lower Columbia differs from that of scoters, with numbers usually in the
5,000 to 13,000 range with one peak reaching almost 21,000 in 1996, equal to or greater than that
observed recently in greater Puget Sound during any annual PSAMP survey. However, as most of
the scaup observed in the lower Columbia were present in the most upstream portion of the estuary,
it is unclear which species (lesser or greater scaup) comprise these numbers since this is probably the
more fresh water portion of this estuary which lesser scaup prefer. At any rate, the declines in both
greater Puget Sound and San Francisco Bay overwhelm any temporary increase seen one year in the
lower Columbia River.

Other Wintering Areas

Significant numbers of scoters winter (in differing species compositions) in British Columbia,
southeast Alaska, and other portions of Alaska (i.e., Kodiak Island). Some estimates of populations
have been made, but trend data is not available as yet for these areas to the best of our knowledge.
Conant et al. (1988) estimated through aerial surveys and correction factors that 51,256 scoters
(+69%), but only 283 scaup (+156%), probably winter in the northern half of southeast Alaska.
Aerial surveys in British Columbia (Vermeer et al. 1983) counted 33,477 scoters January—February on
7,138 km of transects throughout much of the marine coastal habitat; they estimate that half the birds
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present were observed (Savard 1982). Forsell and Gould (1980) estimated that 35,000 white-winged
scoters, 5,000 surf scoters, and 3,750 scaup wintered in the Kodiak Island area. It is uncertain from
available data whether decreases in some areas might have been balanced out by changes in these other
wintering areas, but the 1997-98 fall and winter waterfowl] survey report for the Pacific flyway (Trost
1998) lists overall numbers for scoters on wintering areas 1988-98 that suggest declines are occurring

throughout the flyway (Figure 17).
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Figure 16. Scaup, scoter, and bufflehead numbers in lower Columbia River estuary
midwinter censuses 1993-98 (Kraege unpub. data).
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Figure 17. Trends in scoters from midwinterb censuses in Pacific Flyway 1988—98
(Trost, R.E. 1998).
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Alaska Breeding Estimates

Major breeding concentrations of ducks in Alaska have been consistently monitored each summer
since 1957 with strip transect sampling from aircraft (Hodges et al. 1996). Starting in 1977, these surveys
switched to a different type of aircraft, and since then the surveys have followed the same protocol. Scoter
observations include all three species and scaup sightings combine two species whenever they were
encountered. However, the Alaskan surveys can be separated by areas. Interior or taiga portions would
include only surf and white-winged scoters whereas the coastal or tundra areas include all three species of
scoters. Conversely, the tundra or coastal scaup are primarily the greater scaup. Little is known about
what interchange may occur between years between areas. Surf scoters may or may not move between the
coastal and interior portions of Alaska any one year. We are making the assumption that it is more
comparable to choose an area that has no black scoters to compare with what is seen in western
Washington marine waters, where black scoters are not abundant.

Hodges et al. (1996) suggested that the populations of diving ducks (Ayshya spp.) and sea ducks
(Bucephala spp. and Melanitta spp.), except those of mergansers (Mergus spp.) and canvasback (Aythya
valisineria), declined by 15-75% during 1976-94. Data recently obtained that includes the last three years
(Hodges, pers. comm.) portrays a recent upswing in both scoters and scaup in portions of their breeding
range, thereby reducing or eliminating some of the decline documented earlier. In spite of this, scoters
continued to decline in interior Alaska by 23.8% over 18 years, a slope from original estimate of -0.013
(Figures 6 and 18), while the tundra scaup increased by 10.4% over 18 years, a slope of +0.006 (Figure 7
and 19). In the case of scaup in Alaska, the total numbers estimated greatly exceed any total found in
greater Puget Sound and San Francisco Bay combined. This finding suggests that the Alaska population
either 1) contributes to several different American or Asiatic flyway populations, 2) experiences
considerable mortality before they arrive in wintering grounds, or 3) the breeding surveys in Alaska
included populations moving through to eastern Siberia or other portions of their breeding range. Scaup
populations in North America have declined since the mid-1980s, and do not appear to be responding to
current improvements in water conditions on the breeding grounds (Allen and Caithamer 1998). Hence,
the larger numbers estimated in Alaska stand in contrast to some of the evidence gathered elsewhere in
North America.

Conclusions and Concerns
Pacific Flyway

e  Significant declines are being recorded in portions of the Pacific flyway for at least two species
groups of diving ducks commonly found in greater Puget Sound: scoters and scaup.

®  The rate of decline in the wintering areas of Puget Sound and San Francisco Bay for both
scoters and scaup are equal to or greater than those recorded in the Alaska breeding grounds.

Greater Puget Sound

e  The wintering populations of scoters have declined significantly since 1978. The exact rate of
decline can be debated, but by all estimates or indices the declines are accumulating to sizable
proportions as the decline continues over an ever-increasing period of years.

e  Bufflehead and goldeneyes have not exhibited this same pattern of decrease in wintering
populations using greater Puget Sound, but have demonstrated either a stable or slightly
increasing trend.

Dramatic declines in numbers of scoters and associated stocks of herring spawners have demonstrated
many similarities in timing and scale (Figure 20). Scoters have historically moved in late winter and early
spring to concentrate in large numbers near forage fish spawning occurrences like Cherry Point (Wahl et al.
1981), and would feed on the concentrations of roe just before migrating north to breeding grounds. This
phenomena in March and April has not been monitored in recent years. It seems probable that this spring

862




Nysewander and Evenson: Status and Trends for Selected Diving Duck Species

concentration of scoters would show at least similar declines to those documented for scoters in wintering
areas like greater Puget Sound.
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Figure 18. Trends in scoters estimates in interior Alaska observed by summer aerial
surveys 1979-97 (Hodges et al. 1996). Note: By choosing only interior Alaska
scoter surveys, the focus is on the same two primary scoter species found in
Washington.
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Figure 19. Trends in tundra scaup estimates in Alaska seen on summer aerial surveys
1979-97 (Hodges pers. comm. 1998).

e Scoters and scaup differ in their distribution and habitat use in Puget Sound. Scoters are often
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seen where scaup are located, but scaup are not always located where there are scoters. This may
be due in part to the fact that scoters are more numerous than scaup, but it may also reflect a
different use of marine habitats in Puget Sound. The PSAMP surveys observed goldeneyes and
buffleheads pursuing different patterns of habitat usage than those observed for either scoters or
scaup. These differences were similar to those documented earlier in Puget Sound for wintering
sea ducks (Hirsch 1980). In Hirsch’s study, different sea duck species overlapped in their usage
of the nearshore marine habitats, but the different species varied from each other in terms of
food types sought, foraging style utilized, and portion of the nearshore habitat searched for food
items.
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Ll Peeed eSO E
Figure 20. Trends in herring spawning estimates at Cherry Point, Washington 1979-97.

Implications of this Work

This component’s efforts have concentrated on monitoring numbers and distribution of marine
birds, their patterns of habitat usage, and trends in these factors over time. None of the decreases evaluated
in this paper would have been perceived without a commitment to a long term series of standardized
monitoring. The longest survey effort (Alaska breeding grounds) has been the most effective in
documenting both greater and lesser degrees of change. It is important to keep monitoring efforts
continuing at both wintering and breeding grounds if we are to be able to recognize and evaluate trends
over time, but research concerning causes might consider some of the following topics for hypotheses to
examine.

Contaminants

Scoters have been known to accumulate contaminants during their stay at wintering grounds
(Henny et al. 1991). Two recent studies concerning surf or white-winged scoters in the Pacific
flyway (Henny et al. 1995 and Mahaffy et al. 1997) did not clearly implicate nor eliminate
contaminants in terms of some role that they may play in the mortality and decreases of scoters
recorded recently. However, the sample size is very small and little is known about the levels of
contaminants required to cause deleterious effects in these diving duck species.
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Breeding Ground Factors

Failures at the breeding grounds have been documented preliminarily for scoters (Henny et al. 1995),
but causes have not been determined. Harvest by hunting does occur both in the spring and fall in or near
the breeding areas in Alaska. Documentation of this is incomplete, but subsistence harvest in Alaska was
estimated in 1996 to include 17,593 scoters (Paige and Wolfe 1997). It is unclear whether this is
considered normal or exceptional. Much of the harvest is by natives and has been under-reported in the
past.

Migration Stressors

Unusual mortality was documented during August 1990, 1991, and 1992 for molting adult
scoters in southeast Alaska (Henny et al. 1995). Population stability of sea ducks is dependent on
high adult survival and a few successful years of reproduction (Goudie et al. 1994). The mortality in
southeast Alaska is not compatible with this reproductive strategy, and suggests something is stressing
populations of scoters frequenting the Pacific flyway.

Wintering Conditions

The decrease in scoter numbers in the wintering areas appears to be equal to or greater than
those recorded for the breeding areas. This suggests that wintering factors might be at least part of
the causes behind declines. Since there is no demonstrated movement between areas of greater Puget
Sound and other wintering areas of the Pacific flyway that would account for the decreases, the
following would be potential categories to examine concerning changes on the wintering grounds:

e  Habitat changes;
e  Food web changes; or

e  Effects from any one or combination of the three climate changes or cycles that influence the
Pacific flyway (El Nifio, North Pacific Decadal Oscillation, and the 1979 climate shift in North
Pacific).

Implications for Other Species and Management

e  Scoters are considered environmental indicators that can help in evaluating the health of Puget
Sound because of their widespread occurrence and their consumption of several different
components of the food chain: shellfish and eggs of forage fish at spawning concentrations of
forage fish like herring.

e Other species of concern, like harlequin ducks, depend upon roe from the forage fish spawning
concentrations that occur during spring in British Columbia and Washington (i.e., Denman
and Hornby Islands in the Strait of Georgia). If changes in spawning forage fish stocks turn out
to be key factors in scoter declines, it would appear likely that these reductions of forage fish
may well tie in with other declines for other species.

e  The Strait of Georgia and the northern half of the greater Puget Sound make up the same
ecosystem and can not be managed or understood well without integrated monitoring, research,
and analysis.

e  The same food chains that support these migratory bird populations also sustain both
anadromous and non-anadromous fish as well as marine mammal and bird populations. This
correspondence must be addressed via some unified approach, which should include the
management of commercial and subsistence harvest by humans.
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Introduction

The inside marine waters of Washington and British Columbia are highly productive,
supporting a rich diversity of habitats and animal life, including nine species of commonly occurring
marine mammals {Osborne et al. 1988; Calambokidis and Baird 1994). Three of the marine
mammals, harbor seals (Phoca vitulina richardsi), harbor porpoise (Phocoena phocoena) and to a lesser
extent, Dall’s porpoise (Phocoenoides dalli), are vulnerable to entanglement in gillnets (Stacey et al.
1990, 1997; Gearin et al. 1995; Barlow et al. 1995a; Pierce et al. 1996).

The National Marine Fisheries Service (NMFS) is responsible for reducing human-caused
marine mammal mortality below levels deemed to be significant based on abundance estimates
within U.S. waters (Barlow 1995b). However, the marine mammals of this region undoubtedly use
both U.S. and Canadian inside waters and are affected by national, provincial and state regulations.
Therefore, the National Marine Fisheries Service (NMFS), National Marine Mammal Laboratory,
Washington, in cooperation with the Department of Fisheries and Oceans, British Columbia, was
interested in estimating abundance for these three species in this entire inside water region.

For the inside waters of Washington and British Columbia, data on harbor porpoise and Dall’s
porpoise is insufficient to determine the effect of incidental takes on their population size. The
harbor porpoise abundance estimates are either outdated (Calambokidis et al. 1992) or do not
include most of these inside waters (Flaherty and Stark 1982; Osmek et al. 1995). Dall’s porpoise
abundance estimates are lacking except for one area in Puget Sound (Miller 1989). Recent estimates
of harbor seal abundance exist for U.S. (Jeffries et al. 1997) and most of British Columbia inside
waters (Olesiuk et al. 1990; Olesiuk In prep.).

We report the preliminary results of aerial surveys for marine mammals that cover the inside
waters of Washington and British Columbia (see Calambokidis et al. 1997). Additional analyses of
these data are still underway and will be compared to a re-analysis of the 1991 survey data
(Calambokidis et al. 1992) to determine possible trends in harbor porpoise and Dall’s porpoise
abundance. The objectives of this study were to estimate abundance of harbor porpoise and Dall’s
porpoise and to examine the geographic distribution of these species plus harbor seals. Data on
harbor seal and porpoise distribution is used to evaluate whether certain areas of high sighting rates
might be identified as locations to be avoided by fisheries known to incidentally take these species in
their gill nets (see Pierce et al. 1996).
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Figure 1. Study area and on-effort survey transects (bold lines). The five regions, (1) U.S.
Strait of Juan de Fuca, (2) Canadian Strait of Juan de Fuca, (3) U.S. San Juan Islands,
including Admiralty Inlet, (4) Canadian Guif Islands, and (5) the Strait of Georgia (49°N to
50°), were flown under acceptable visibility conditions of Beaufort level <2 and cloud cover

< 25%.
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Methods

Study Area

The 1996 study area included the inside waters of Washington and British Columbia within
latitudes 47°53’ N to 50° N and the western entrance of the Strait of Juan de Fuca (124.44°W)
(Figure 1). This western edge of the study area is the line extending from Tatoosh Island, WA to
Bonilla Point, BC, a boundary used by NMFS to define and manage two harbor porpoise stocks
(Osmek et al. 1996). The study area was divided into five separate regions based on water bodies and
the international border: 1) U.S. Strait of Juan de Fuca (2,971 km®), 2) Canadian Strait of Juan de
Fuca (2,137 km”), 3) U.S. San Juan Islands, including Admiralty Inlet (1,531 km®), 4) Canadian
Gulf Islands (1,350 km”), and 5) the Strait of Georgia (49° N to 50° N; 6,370 km”). Surveys of Hood
Canal and Puget Sound proper (south and east of Whidbey Island) were not flown because harbor
porpoises densities were known to be extremely low (Calambokidis et al. 1992; Osmek et al. 1995).

Survey Design and Data Acquisition

From 7-22 August 1996, a total of 6,263 km of aerial line transect surveys were conducted
following a saw-tooth design (Cooke 1985) from a high-wing (Partenavia P-68) twin engine aircraft
flying at an altitude of 183 m (600 ft) and a speed of 167 km/hr (90 kts). Every minute, and
whenever a sighting occurred, the aircraft position was automatically recorded on a laptop computer
connected to a GPS. Beaufort wind scale (sea state) and percent cloud cover was entered at the
beginning of each transect and when visibility conditions changed. Five unique replicate survey lines
were flown in all areas except the Strait of Georgia, where three replicates were flown.

Sighting data were acquired by three observers, located at each side bubble window and the
belly window and was entered in to the computer by the recorder located in the copilot’s position.
Sighting data included species, group size, presence of young animals, and clinometer angle measured
from the aircraft to the group as it passed abeam of the aircraft. This measurement was used to
calculate the distance from the trackline and to more accurately estimate the position for each
sighting. Most groups were sighted within 400 m of the trackline.

Water depth data were determined for all sightings and one-minute aircraft positions using nautical
charts published by the U.S. National Oceanic and Atmospheric Administration and Canadian
Hydrographic Service, Department of Fisheries and Oceans. Chart scale ranged from 1:40,000 to 1:80,000
in U.S. waters and was 1:80,000 in Canadian waters. Depths were interpolated to the nearest meter or
fathom. Due to the large sample sizes of harbor seals and aircraft positions, every fourth harbor seal
sighting and every other aircraft position were measured and subsequently used to calculate mean depth.
The one-minute aircraft positions were considered an unbiased estimator of effort because the recorded
location was independent of the waypoint positions used to define the flight path.

Geographic Distribution

Geographic cells, measuring 10 minutes latitude (18.5 km) by 15 minutes longitude (19 km)
(352 km”), were defined throughout the study area and sighting rates were computed (groups/100
km). To ensure a sufficient number of sightings per cell, we only used a minimum of 40 km of aerial
effort for the porpoise cells and 20 km for harbor seal cells.

A 2-way ANOVA was used to analyze sighting rates (animals/km) differences by depth and
region. Samples consisted of pooled transect segments from each replicate survey in a region that
were conducted within a specific depth class of each region under acceptable sighting (weather)
conditions. Only samples with a minimum of two “one-minute” effort positions (representing an
average of at least 5 km) were used in the depth analysis to reduce variation from minimally sampled
strata. All statistical tests were conducted with a 0.05 significance level.
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Density and Abundance Estimation

We statistically tested differences in the number of animals seen per kilometer of survey effort among
regions, Beaufort sea state, percent cloud and year using an analysis of covariance (ANCOVA) procedure
similar to that employed by Forney et al. (1991). Samples consisted of pooled transect segments from each
replicate survey in a region that were conducted under acceptable weather conditions under similar
visibility conditions (Figure 1). The results of the analysis indicated that only data collected under the best
conditions of sea state (Beaufort £2) and cloud cover (£25%) should be used in order to reduce bias. A
total of 4493 km of total on-effort survey trackline was retained and used to determine abundance.

Table 1. Survey regions, effort and preliminary sighting rates during 1996.

Area  Effort Harbor porpoise Dall's Porpoise
Region (km®)  (km) : Sightings Animals Sight rate | Sightings Animals Sight rate
U.S. Strait of Juan de Fuca 2,971 1,365 90 127 0.066 29 49 0.021
U.S. San Juan Islands 2,137 752 58 83 0.077 11 15 0.015
Canadian Strait of Juan de Fuca 1,531 728 60 86 0.082 11 20 0.015
Canadian Gulf Islands 1,350 546 31 44 0.057 13 28 0.024
Strait of Georgia 6,370 1,102 20 23 0.018 0 0 0.000
Total 14,359 4,493 259 363 0.058 64 112 0.014

Density and abundance estimates were calculated with the computer program DISTANCE
(Laake et al. 1993) and the methods described in Burnham et al. (1980) and Buckland et al. (1993).
DISTANCE was used to select the best model for the probability density function fit to the
perpendicular distances, calculate f(0) and its variance, and to test for relationships between group
size and distance from the transect line. Abundance was calculated as:

No— n*E(S)*f(0)*g(0)*A-
T 2L,

where N_denotes estimated abundance in a region, r = one of five regions, n_denotes sightings in a
region, E(S) = group size for that region, £(0) = the probability density function at distance zero,
g(0) = the probability that an animal is detected on the trackline, and L _is the distance surveyed in
region, and A is the area of the region. A g(0) of 0.292, (CV=36.6%) was used based on calibration
surveys conducted in the San Juan Islands in 1992 (Laake et al. 1997) which used the same aircraft
and survey procedures employed in this study.

Estimates of variation for the regional abundance estimates were defined using:

o) = [ev(m)) + (v E(59) + v s @) + (g @) ]

The variance for n_was calculated based on the replicate surveys conducted in each area (Buckland et
al. 1993, p. 90). Pooled estimates of abundance were calculated as the sum of the regional estimates.

Results

A total of 1,505 sightings of 3,340 animals from nine marine mammal species were sighted
during the on-effort portions of the two-week survey (Figure 2). The three most common species
were harbor seals, harbor porpoise, and Dall’s porpoise, accounting for 71%, 22% and 6% of all
sightings, respectively. Other species sighted under acceptable visibility conditions were killer whales
(n=8) (Orcinus orca), gray whales (n=3) (Eschrichtius robustus), minke whales (n=2) (Balaenoptera
acutorostrata), Steller sea lions (n=3) (Eumetopias jubatus), California sea lions (n=1) (Zalophus
californianus), and sea otters (n=3) (Enhydra lutris) (Figure 3). No marine mammals other than
harbor seals and harbor porpoise were sighted in the Strait of Georgia.
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Figure 2. A total of 1,505 sightings of 3,340 animals from nine marine
mammal species were sighted during the on-effort portions of the two-week
survey. The tree most common species were harbor seals, harbor porpoise,
and Dall’s porpoise, accounting for 71%, 22%, and 6% of all sightings,
respectively. Abundance estimates were calculated for the two porpoise
species(*).
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Figure 3. Locations of the other marine mammals seen during the 1996
surveys of the inside waters of Washington and British Columbia, Canada.
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Harbor Seals

Sightings and Geographic Distribution

Harbor seal sightings were common and occurred throughout the study area in the narrow
passages as well as in open water (Figure 4). A total of 862 groups (974 seals, including 20 pups)
were observed at sea, while 26 groups (1,159 animals) were hauled out at various land sites.

Figure 4. On-effort sightings of harbor seals and haul sites made under acceptable
visibility conditions. Also shown are effort-corrected sighting rates (at sea) of harbor
seals for geographic cells (352 km®). A minimum of 20 km of aerial effort was required for
each cell to ensure an adequate number of sightings were available for comparison with
other cells.
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Harbor seal sighting rates varied significantly by region and depth (2-way ANOVA, P<0.05).
Sighting rates were highest in the two island regions of the (29.5-33.7 groups/100 km) and similar
. in the others (13.1-16.4 groups/100 km). Although harbor seals were sighted most in the shallower
waters of each region (Figure 5), this species occurred in all depth classes.

DEPTH: ALL REGIONS AND SPECIES

m Harbor seai [1/4]  gHarbor porpoise ~ [(Dall's porpoise)
4 a7 T 858 km —T36Tkm
12 (718 ki) 0km) |- (G08km) (681 km) . (564 km)
10 .
[45]

Groups/100 km

0-25m . 26-50 m 51-100 m 101-150 m >151m
Depth (m)

Figure 5. Sighting rate by depth class for harbor seals, harbor porpoise, and
Dall's porpoise observed in the study area under acceptable visibility
conditions. Seal rates and sightings were four times greater than shown due
to data subsampling. Because no Dall's were sighted there, the survey effort
for the Strait of Georgia was excluded from the analysis for Dall’s porpoise.

Out of a total of 38 geographic cells, 37 contained at least one seal sighting; rates varied greatly from
three to 59 groups per 100 km of effort (Figure 4). The highest rates (31-59 groups/km) were found in
two clusters of cells encompassing; (1) the northern Gulf Islands, and (2) northeast Orcas Island. The
sighting rates adjacent to these cell clusters were also high (21-29 groups/100 km) and comparable to those
in the eastern Strait of Juan de Fuca near western Whidbey Island and around Protection and Smith
Islands, which are well established haul sites (Huber 1995). The highest rates in the Strait of Georgia (21—
29 groups/100 km) were comparable for two cells: (1) between Hornby and Texada Islands, and (2) near
the Fraser river mouth and Robert’s Bank, an alluvial sand bar that is extensively used for hauling,

Abundance

Density and abundance estimates of harbor seals were not calculated because adequate estimates
have already been calculated for this species based on counts of haul-out sites in these waters (see
Jeffries et al. 1997; Olesiuk et al. 1980; Olesiuk in press.).

Harbor Porpoise

Sightings and Geographic Distribution

A total of 382 sightings of 549 harbor porpoise were made during the surveys, with 311 of these
sightings made on-effort (Figure 6). Group sizes of harbor porpoise ranged from one to three (66%
single animals), with the exception of two off-effort sightings of six animals.
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Harbor porpoise occurred throughout the study area with few breaks in their geographic
distribution. Sighting rates for harbor porpoise were highest in the Canadian Strait and San Juans
(8.0-8.1 groups/100 km) and lowest in the Strait of Georgia (1.9 groups/100 km). Sighting rates
varied significantly by regions and by the interactive effect of region and depth. When the Strait of
Georgia was excluded from the analysis, no significant differences existed between the other four
regions. The interactive significance is due to the differences in the depth distribution pattern by
region. However, unlike seals, an opposite pattern of increasing sightings with increased depth was
apparent in both island regions; no clear pattern was detectable for harbor porpoise in the three other
regions alone or all regions combined (Figure 5).

Harbor porpoise sightings occurred in all 19 cells; and rates ranged from one to 21 sightings per
100 km (Figure 6). (The Strait of Georgia was unrepresented for both porpoise species because effort
there was mostly less than 40 km per cell). Sighting rates were highest (21 groups/100 km) northwest
of Orcas Island and almost as high (15-16 groups/100 km) in the following areas: (1) west of
Whidbey Island, (2) off Victoria, British Columbia, and (3) in the central U.S. Strait.

Groups/100 km|

Figure 6. Harbor porpoise sighted while on-effort under acceptable visibility
conditions. Effort-corrected sighting rates measured 352 km® and contained a
minimum of 40 km of aerial effort.

Preliminary Abundance Estimates

Sighting rates showed a steady decrease with distance from the transect line, and a truncation
distance of 0.375 km (sightings >64 degrees with 0 = vertical) only eliminated two harbor porpoise
sightings. The best model of the sighting distances was the Uniform key with one polynomial

adjustment.

The preliminary estimate of harbor porpoise abundance was approximately 6,000, with
approximately 50%, 35%, and 15% of the population found in the Strait of Juan de Fuca, San
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Juan/Gulf Islands, and the Strait of Georgia, respectively (see Calambokidis et al. 1997 for additional

details). This estimate is corrected for the number of animals missed on the transect line (uncorrected
estimate X 3.4 = corrected estimate, see Laake et al. 1997). As revealed by the analysis of harbor
porpoise sighting rates (Table 1), the density was lowest in the Strait of Georgia. Despite the large
size of this region (more than double any other region), it contributed less than 1,000 animals
(corrected abundance) to this total. Calculated densities in the other regions were fairly similar and
contributions to abundance were generally proportional to their areas.

Dall’s Porpoise

Sightings and Geographic Distribution

A total of 97 sightings of 173 Dall’s porpoise were made during the surveys, with 76 of these
made on-effort (Figure 7). Group sizes of Dall’s porpoise ranged form one to five animals, with 87%
of the sightings consisting of one or two animals. Dall’s were sighted in all regions except the Strait
of Georgia.

Figure 7. Dall's porpoise and calves (black cross) sighted while on-effort under
acceptable visibility conditions. Effort-corrected sighting-rate blocks measured 352
km? and contained a minimum of 40 km of aerial effort. No Dall's porpoise were
sighted in the Strait of Georgia.

Dall’s porpoise were more clumped in their distribution than either harbor seals or harbor porpoise.
The overall distribution of group sightings shows few sightings occurring east of Haro Strait and the waters
immediately west of Whidbey Island in the eastern Strait of Juan de Fuca. Sighting rates in the regions
where Dall’s occurred varied little within the Gulf Islands, and were higher (2.2 groups/100 km) than in
the Canadian Straits (1.4 groups/100 km). With the Strait of Georgia excluded, (because of the lack of
sightings), there were no differences in sighting rate by region. Dall’s porpoise were distributed unevenly by

876




Osmek et al.: Abundance and Distribution of Porpoise

depth, with significantly more sightings in the deepest waters (P<0.001) (Figure 5).

Almost one-third of the geographic cells had zero sighting rates (Figure 7). Dall’s porpoise
sighting rates in the remaining cells ranged from 1-5 groups/100 km. The exception was for one cell
encompassing northern Haro Strait/Boundary Pass and the Canadian Gulf Islands, which was
dramartically higher (13 porpoise/100 km). This relatively high rate was the result of 11 Dall’s

porpoise groups being sighted over several minutes during a single replicate survey.

Preliminary Abundance Estimates

The preliminary uncorrected estimate of abundance of Dall’s porpoise for all regions for 1996 was
approximately 450 animals, with about 60% and 40% of the population found in the Strait of Juan de
Fuca and the San Juan/Gulf Island regions, respectively. No correction factor for animals missed on the
transect line is available for Dall’s porpoise. Because of the similarity between Dall’s and harbor
porpoise in body size, group composition, and breath rate, we assume, for this study, that the
proportion of Dall’s porpoise missed is likely similar to that calculated for harbor porpoise (Laake et al.
1997). With this correction factor, the estimated abundance of Dall’s porpoise would be about 1,500
for all four regions combined.

Discussion

Regional Differences

It is suspected that the summer distribution of marine mammals in the study area is affected
largely by prey availability, especially for those smaller species with high energetic demands
(Morejohn 1979). The trans-boundary waters of the San Juan/ Gulf Island regions, which had the
highest sighting rates of all three species with respect to both region and the 352 km” cells, are unique
from the other waters of the study area in ways that may affect prey abundance and distribution. The
channel forming Haro Strait has comparable depths to the western Strait of Juan de Fuca (>300 m),
even though it divides the two shallowest regions in the study area (NOAA Nautical Chart).
Currents in this area and the adjacent waters around Boundary Passage are relatively strong and can
exceed several knots (NOAA Tidal Current Tables 1995). Along with these strong currents are
distinct tide rips, zones of mixing which were more consistent and prominent there than the other
regions we sampled (SDO, personal observation).

Shore- and vessel-based studies have associated greater concentrations of marine mammals with
tide rips (harbor seals: Suryan 1995; Dall’s porpoise: Miller 1989; and harbor porpoise: Everitc 1980;
Flaherty and Stark 1982; Raum-Suryan 1995). These authors and Read (1983), who observed harbor
porpoise foraging on herring at rips near the surface, believe these aggregations of marine mammals
are related to greater prey abundance. Herring, an important prey species for these marine mammals
(Cowan 1944; Pike and McAskie 1969; Stroud 1981), especially during summer (Everrit et al. 1980;
Gearin et al. 1995), are associated with areas of such mixing because of zooplankton concentrations
along these convergence zones (Battle et al. 1936). These higher aggregations of prey and the possible
action of current upwellings possibly transporting herring closer to the water’s surface may lead to

increased foraging efficiency (Watson 1976).

The lack of marine mammal sightings in the Strait of Georgia, other than harbor seals and harbor
porpoise, was surprising because this region had nearly the highest amount of acceptable aerial effort. The
absence of other marine mammal sightings there may be related to either animals temporarily leaving this
region or a general avoidance of this region. Because this is the first study to systematically survey these
waters, no matine mammal sighting data is available for comparison with other seasons or years. The lack
of Dall’s porpoise sightings in the Strait of Georgia is consistent, though, with the findings of Cowan
(1944) and Pike and McAskie (1969), who reported that Dall’s porpoise were uncommon in this region
relative to Johnstone Strait to the north (Jefferson 1987) and the waters of the Gulf/San Juan Islands to the
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south (Everitt et al. 1980; Calambokidis et al. 1992).

Evaluation of Areas to be Avoided by Fisheries

Although there were significant patterns in the geographic distribution of the three species
tested, these patterns may not be dramatic enough to be of great value to management in reducing
incidental take levels in gillnet fisheries. Harbor seals and harbor porpoise, the two species
incidentally taken most often in the U.S. San Juans, were present in almost all of the geographic cells
as well as distance to shore classes. Consequently, significant reductions in takes through regional or
habitat closures would be difficult. Instead, these data might better be used by managers for
regulating future human activities that potentially could impact marine mammals and habitat
quality, especially in those geographic cells where encounter rates were highest.

Abundance Estimates

The surveys in 1996 provide the best estimates of harbor porpoise abundance in the inside
waters of Washington and British Columbia due to their greater and better distributed coverage
compared to past surveys. This paper also was the first to report abundance estimates of Dall’s
porpoise for these inside waters. Although the use of the harbor porpoise correction factor (Laake et
al. 1997) to correct for the number of Dall’s porpoise missed on the aerial trackline is not ideal, it
probably provides a reasonable estimate for Dall’s porpoise because these two species are similar in
body size, travel in small groups, and have fairly short similar dive intervals.

Given the potential risks to harbor porpoise from incidental entanglements and the evidence of
their population decline in Puget Sound proper, the preliminary reanalysis of the 1991 survey data
(Calambokidis et al. 1992) and comparison with the estimates from this study are encouraging. This
comparison indicates that harbor porpoise numbers probably have not declined in the past five years
in the U.S./Canadian Strait of Juan de Fuca and the U.S. San Juan Island regions (Calambokidis et
al. in press). Multi-year survey data for the other two regions and information on human-caused
mortality for all of these inside waters is still needed to adequately assess the effect of these takes on
this harbor porpoise population.
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Introduction

As part of the Puget Sound Ambient Monitoring Program (PSAMP), the Washington Department of
Fish and Wildlife (WIDFW) has the responsibility for addressing the health and status of marine mammals in
Puget Sound. To address this issue, harbor seals were selected as a good indicator species to monitor the
overall health of marine mammals. Harbor seals were selected because they are upper-trophic-level predators
that are year-round, breeding residents of Puget Sound, as well as being abundant, widely distributed, and
relatively easy to study. As upper-trophic-level predators, harbor seals also provide a mechanism for
monitoring how contaminants effect the health of various marine species in Puget Sound as well.

As part of PSAMP-related research efforts, WDFW has worked with researchers at the National
Marine Mammal Laboratory (NMML) and other agencies to conduct: 1) aerial and ground surveys
to determine status and trends of regional harbor seal populations; 2) annual capture and marking of
cohorts to monitor vital parameters and reproductive success; 3) blubber biopsies to monitor
temporal and spatial trends in contaminants (primarily PCBs); and 4) serologic screening of free-
ranging harbor seals for various diseases. Disease screening efforts have been focused at WDFW’s
primary harbor seal study site at Gertrude Island (near McNeil Island). This site has the largest
harbor seal haulout area in southern Puget Sound, with more than 700 seals using this site seasonally.

Determination of the health status of Puget Sound harbor seals has focused on serologic
screening for a variety of diseases that have been linked with mass die-offs or illness in seals and other
marine mammals from around the world. Serologic screening has been conducted for calicivirus,
influenza virus, morbillivirus, leptospirosis, and brucellosis. Tissue samples were also collected and
cultured for selected diseases from a number of stranded harbor seals found on Puget Sound beaches.

Methods

Capture and Handling Techniques

WDFW has conducted disease screening as part of ongoing harbor seal research efforts since 1986,
with recent research activities authorized under Marine Mammal Protection Act Scientific Research Permit
No. 835. The primary method of capturing harbor seals uses a beach seine technique described by Jeffries
etal. (1993). Additional seals were captured by grabbing individuals following either boat or beach rushes.
Once captured, seals were placed in individual hoop nets to determine weight, age, sex, and marking.
Blood for serologic screening was drawn from the extradural intravertebral vein using a vacutainer adapter
and an 18 gauge 1.5- to 3.5-inch needle. For blood collection, serum separator and heparinized vacutainer
tubes were used. Serum was separated as soon as possible and aliquoted into 1-2 mL samples and frozen
(-20 _C) pending disease screening., Heparinized samples were also frozen for bacterial blood cultures.
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Collection of Specimen Materials

As part of the Northwest Marine Mammal Stranding Network, WDFW responded to reports of
numerous marine mammal strandings from areas around southern Puget Sound. WDFW also has worked
in cooperation with NMML to collect samples of marine mammals taken incidental to commercial
fisheries. Whenever possible on live stranded marine mammals, a blood sample was drawn for health
screening. From dead stranded or incidentally taken animals, blood was also collected in serum separator
tubes. Blood samples were spun, serum aliquoted, and frozen. Depending on carcass condition (freshness),
a selection of tissue samples was collected. For fresh or slightly decomposed animals, a thorough necropsy
usually was performed. Tissue samples for histopathology were collected and stored in 10% formalin.
Sections of various tissues were also collected in sterile whirl packs and frozen pending work up.

Assessment of Age Classes

Based on known pupping-season dates at Gertrude Island, and using weight/age correlations for harbor
seals from British Columbia (Bigg 1969), ages of individual harbor seals were dlassified as nursing pup (<2
months), weaner (2—-6 months), yearling (6~18 months), subadult (18—48 months), or adult (>48 months).

Diseases and Screening

Calicivirus (San Miguel Sea Lion Virus)

The first calicivirus isolated from marine mammals was San Miguel Sea Lion Virus (SMSV),
recovered from two female California sea lions from the San Miguel Island rookery that had recently
aborted (Smith and Boyt 1990). Since this first isolation, there have been numerous serotypes of
calicivirus isolated from a variety of other marine mammals, including the northern fur seal, Steller
sea lion, northern elephant seal, Pacific and Atlantic bottlenose dolphins, and walrus (Smith and
Boyt 1990). Serology has shown positive titres in the bowhead whale, gray whale, fin whale, sperm
whale, Sei whale, and the Hawaiian monk seal as well (Smith and Boyt 1990). The calicivirus
serotype isolated from California sea lions was similar to vesicular exanthema of swine (Smith et al
1973), with clinical symptoms characterized by vesicular lesions (primarily on flippers), abortions,
diarrhea, encephalitis, and death. There have been no reported cases of calicivirus in harbor seals.

The serology and virus isolation attempts were done by Oregon State University (OSU), School of
Veterinary Medicine, Corvallis, OR. The serum and rectal swabs were tested for evidence of exposure to
marine calicivirus serotypes as described in Smith et al. (1978) and Barlough et al. (1987).

Influenza

Influenza virus has been linked to a mass die-off of harbor seals on the New England coast in 1979
and 1980, with acute pneumonia and a secondary mycoplasma bacteria infection were the causative agents
(Geraci et al. 1982). Although harbor seals seem to be most susceptible to influenza virus, other species of
seals and cetaceans have been reported to be susceptible this virus as well (Webster et al. 1981; Hinshaw et
al. 1986; Danner et al. 1998). The influenza virus in marine mammals has been shown to be similar to
avian influenza and can be extremely virulent (Webster et al. 1981). Clinical symptoms include outwardly
healthy animals that were weak and lethargic, often resulting in death. Although the influenza virus has
been linked with mass die-offs of Atlantic harbor seals, it has not been reported in Pacific hatbor seals.

Serological testing and attempts of isolation for influenza virus were done at St. Jude Research
Hospital, Memphis, TN. Rectal and nasal swabs in culture transport media and serum were shipped
overnight. The serum was tested by hemagglutinating-inhibition assay against Seal/Mass/1/80
(H7N7) and Seal/Mass/27/83 (H4N5). The rectal and nasal swabs were transferred to embryonated
chicken eggs as well as MDCK cells for culture as described in Webster et al. (1981).
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Morbillivirus

Morbillivirus was associated with the 1988 mass die-off of an estimated 20,000 harbor seals and
several hundred grey seals in western Europe (Dietz and Harkonen 1989). The causative agent for this
disease was found to be a morbillivirus similar to Canine Distemper (CDV) and subsequently named
Phocine Distemper (PDV) (Mahy et al. 1988; Osterhaus and Vedder 1988; Osterhaus and Vedder
1989). Since this first reported PDV epizootic affecting seals, other strains of PDV have been identified
from other pinniped and cetacean species as well (Duignan et al. 1995a; Duignan et al. 1995b). CDV
has also been shown to manifest morbillivirus in marine mammals as well. Since the discovery of these
potentially lethal viruses in a variety of marine mammals, screening for PDV and CDV titres has been
widespread, not only in the wild but also in captive and rehabilitated animals. The clinical symptoms of
CDV- and PDV-infected animals include depression, fever, cutaneous lesions, gastrointestinal
dysfunction, nervous disorders, and respiratory distress (Visser et al. 1991; Visser et al. 1993).
Morbillivirus has not been reported in Pacific harbor seals.

Serum samples were tested for antibodies to morbilliviruses by the National Institute of Public Health
and Environmental Protection (NIPHEP), Netherlands (Dr. A.Osterhaus) in 1986 and 1989; the
Department of Pathology, Microbiology and Immunology, University of California, Davis (Dr. D. King)
from 1992-1994; the Department of Pathology, University of Guelph (Dr. P. Duignan) in 1993; San Jose
State University, Department of Biological Sciences (Dr. J. Boothby) in 1995; and the U.S. Department of
Agriculture, Plum Island (Dr. C. House) in 1996. Techniques used by the various researchers included
virus-neutralization test to CDV and ELIZA; virus-neutralization tests using PDV, CDV and other
morbilliviruses; and by micro.titre neutralization test for antibodies to PDV.

Leptospirosis

The first report of leptospirosis in a marine mammal was from a California sea lion in 1970 (Vedros
etal. 1971), and this species seems to be most affected by this disease. Epizootics that have occurred within
the California sea lion population have been linked to past El Nifio events. High numbers of sea lions
(primarily 2—8 year old males) are found stranded on beaches with clinical symptoms which may include
lethargy, depression, extreme thirst (often drinking from freshwater sources), reluctance to use rear limbs,
and renal failure (Dierauf et al. 1985). Leptospirosis has been reported in northern fur seals as well (Dierauf
1990). The causative agent is Leptospira pomona or a similar Leptospira organism. Leptospirosis is zoonotic,
and because of its potential health risk to humans and domestics animals (dogs, cattle, sheep, pigs, and
horses), precautions should be taken when handling marine mammals that potentially carry the disease.
Leptospirosis has also been linked to reproductive failure, abortions, and multiple hemorrhagic syndrome
in fetuses and neonates in California sea lions and northern fur seals (Smith et al. 1974; Smith et al. 1977).
Leptospirosis has not been reported from harbor seal populations.

Serological screening for leptospirosis titres was done by Oregon State University (OSU) for
samples collected from 1985-1992. Since 1992, leptospirosis screening has been done by the
Washington Department of Agriculture (WDA), Microbiology Laboratory in Olympia, WA. At
OSU the serum was tested for titres against Lepzospira pomona. The serum was diluted with .85%
NaCl to 1:100, 1:200, 1:400, 1:1800 1:1600 and 1:3200 and tested of antibodies to L. pomona
antigen using the microscopic agglutination test. Leptospirosis screening done at WDA included
testing with L. pomona, L. hardjo, L. grippotyphosa, L. icterohemorrhagiae and L. canicola.

Brucellosis

Brucellosis is a contagious bacterial disease described in a number of mammalian species,
including cattle, bison, swine, sheep, dog, and humans. It is primarily a pathogen of male and female
reproductive tracts, characterized by abortion and impaired fertility (Kennedy and Miller 1993).
Brucellosis can also infect and cause a variety of clinical diseases in humans (Gelfand et al. 1989).

Infection of marine mammals with brucellosis was first described in 1994 (Ross et al. 1994).
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Three different brucellosis strains have been isolated from a number of different marine mammals in
the United Kingdom including the common seal, harbor porpoise, common dolphin, Atlantic white-
sided dolphin, striped dolphin, hooded seal, gray seal and European otter (Foster et al. 1996). A
Brucella sp. has also been reported isolated from a Pacific bottlenose dolphin from California (Ewalt
et al. 1994). The brucellosis isolates obtained from the marine mammals have been reported as
members of the genus Brucella, however they do not match any known Brucella sp. and probably
represent new, undescribed strains (Ewalt et al. 1994). Brucellosis infection could potentially have a
major impact on health and reproductive success of infected marine mammal species.

Harbor seal serum was tested at the Washington Department of Agriculture (WDA) Microbiology
Laboratory in Olympia for the presence of antibodies to Brucella abortus antigens supplied through the
National Veterinary Services Laboratory (NVSL) in Ames, IA. Procedures used for testing samples
followed standard protocols for Brucella abortus testing developed by NVSL. Interpretation of results of
screening of exposure to Brucella abortus followed standards developed by the U.S. Department of
Agriculture. Serum was screened for brucellosis using the Brucella Buffered Plate Agglutination test
antigen (BAPA), the Brucellosis Card test (BBA), Rivanol, and complement fixation (CF) test.
Supplemental testing was done on a small number of serum samples using Particle Concentration
Fluorescence Immunoassay (PCFIA). A seal was considered positive when all tests (BAPA, BBA and
Rivanol [>:50]) were positive; a seal with one or more but not all tests positive was considered suspect.

For culture and isolation of brucellosis from dead harbor seals examined from Puget Sound
beaches, tissue samples from lymph nodes, organs, bodily fluids, and parasites were collected in
individually labeled, sterile whirl packs and frozen at —20°C. Selected sample were sent overnight on
dry ice to NVSL, Ames, IA for bacterial culture and isolation. Samples were cultured for brucellosis by
method described by Ewalt (1989).

Representative tissue samples were collected during gross necropsies by WDFW and preserved in
10% formalin. Tissues were submitted to Northwest ZooPath (Dr. M. Garner) for histopathology.
Tissues were trimmed, embedded in paraffin, sectioned, and stained. Following histopathology, tissues in
paraffin blocks were submitted to NVSL, Ames, 1A for brucellosis immunohistochemistries.

Results
Calicivirus

All harbor seal samples from Gertrude Island screened for exposure to calicivirus by Oregon
State University were negative (Table 1).

Influenza

All harbor seal samples from Gertrude Island screened for exposure to influenza viruses
(Seal/Mass/1/80 (H7N7) and Seal/Mass/27/83 (H4N5)) at St. Jude Childrens Hospital were
negative (Table 1).

Morbillivirus

All harbor seal samples from Gertrude Island screened for exposure to morbillivirus (CDV and
PDV) at the various laboratories were negative (Table 1).
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Table 1. Results of viral disease screening of harbor seals at Gertrude Island by age class.

DISEASE PUPS WEANERS YEARLINGS SUBADULTS ADULTS TOTALS
CALICIVIRUS

Serology 0/0 0/3 0/12 » - 0/24 0/50 0/89

Culture 0/0 0/3 0/13 0/23 0/54 0/93
INFLUENZA

Serology 0/0 0/3 0/12 0/24 0/50 0/89

Culture 0/0 0/3 0/13 0/23 0/54 0/93
MORBILLIVIRUS

Serology 0/0 0/17 01 0/34 0/30 0/82

Leptospirosis

Screening of Gertrude Island harbor seals for exposure to leptospirosis occurred from 1986 through
1997, with a total of 81 of 361 harbor scals tested (Table 2) showing low titres (<1:400). All seals tested
prior to 1994 (n=93) were negative for exposure to leptospirosis. Of seals tested since 1994 (n=268), 81
(31%) had low leprospirosis titres (<1:400), primarily for L. grippotyphosa, indicating possible exposure but
no active leptospirosis infection (Table 2). Two additional seals caught in 1997 from other areas had
positive titres (>1:400), indicating presence of leptospirosis. One animal was an adult female caught in the
Columbia River with titres of 1:800 for L. pomona. The other animal was an adult male caught in the
Puntledge River near Courtney, British Columbia, with titres of 1:3200 for L. pomona as well.

Table 2. Leptospirosis titres in harbor seals sampled at Gertrude Island, 1986—1997

Negative* Suspect** Positive***
Age Class n= Females Males Females Males Females Males
PUP 62 18 12 14 18 0 0]
WEA NER 64 27 26 5 6 0 0
YEARLING 37 16 15 5 1 0 0
SUBADULT 68 20 38 4 6 0 0
ADULT 130 29 79 7 5 0 0]
TOTALS 361 110 170 35 46 0 0
* NEGATIVE = No titres
** SUSPECT = Titres < 1:400

b POSITIVE = Titres > 1:400

Brucellosis

A total of 263 seals were tested for evidence of exposure to brucellosis at Gertrude Island between
1994 and 1997 (Table 3). A total of 53 (20%) had suspect or positive titres for brucellosis. Twenty-nine
(11%) had a suspect titre and 24 (9%) had a positive titre. Additional harbor seals captured in other areas
of Washington also showed evidence of brucellosis exposure. Seals screened from haulout sites at
Desdomona Sands (in the Columbia River) and Minor Island (in the Strait of Juan de Fuca) resulted in
3/22 (14%) and 14/77 (18%) with suspect or positive titres for brucellosis, respectively.

Table 3. Brucellosis titres in harbor seals sampled at Gertrude Island, 1994-1997.

Negative* Suspect** Positive™*

Age Ciass n= Females Males Females Males Females Males
PUP 42 22 16 2 2 0] o]
WEANER 77 28 37 5 4 1 0
YEARLING 22 2 9 2 0 4 7
SUBADULT 35 10 10 2 6 3 5
ADULT 87 34 44 0 6 0 3
TOTALS 263 101 109 11 18 8 16
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* NEGATIVE = All brucellosis tests negative

** SUSPECT TITRES = One or more but not all brucellosis tests (BAPA, BBA and
Rivanol >1:50) positive

el POSITIVE TITRES = All brucellosis tests (BAPA, BBA and Rivanol>|:50)

positive.

For harbor seals screened for titres to brucellosis at Gertrude Island, the age classes that had the
highest rates of suspect or positive titres were yearlings (618 months old) with 19/29 (65%), followed by
subadults (18—48 months old) with 20/50 (40%). The age class with lowest percent of suspect or positive
titres were adult animals (> 48 months) with 14/129 (11%). Of all the adult females screened for
brucellosis titres in Washington, only one animal was seropositive. This adult female was caught in the
Columbia River and showed evidence of having recently aborted based on vaginal distention.

Serum samples were also obtained from an additional 99 harbor seals found dead on Puget
Sound beaches and screened for evidence of exposure to brucellosis. A total of 18 (18%) of these
animals showed suspect or positive titres for brucellosis. NVSL was able to isolate a Brucella sp.
organism from four of six (67%) freshly dead animals where serology indicated exposure to
brucellosis. The type of brucellosis isolated from Puget Sound harbor seals was biochemically similar
to a Brucella species identified from a seal in the United Kingdom. However, subsequent DNA
testing showed these were genetically distinct strains. The Brucella species found in Puget Sound
harbor seals was isolated from 27 of 34 tissues and body fluids sampled, with heavy culture growth
from samples collected from the lymph nodes, lungs, urinary bladder and feces (Table 4).

Immunohistochemistry techniques found positive brucellosis staining within the uterus and gut of
the Parafilaroides sp. lungworms from two of the animals where a brucellosis organism was cultured and
isolated. In addition to being present inside of the Paraftlaroides, staining also revealed the presence of
brucellosis in inflammatory cells and an abscessed area of the surrounding parachynema (Garner et al.
1997). There was also positive staining in some of the lymph node tissues as well.

Table 4. Tissues cultured for brucellosis from harbor seals stranded in Puget Sound

Tissue Sampled 96-7 96-9 97-4 97-9
Lymph nodes
Sublingual X + ++
Submandibular ++
Supra scapular + ++ -
Sub scapular X + ++ ++
Inguinal X ng ++ 4
Mesenteric X + ++ 4+
lliac X ng + +4
Renal + ++
Splenic X + ++
Gastric X R +
Mediastinal X ng +++ ++
Reproductive + ++
Hepatic -+
Puimonary e ++
Cardiac ++
Organs

Tonsil + +
Thymus +
Reproductive tract ng ng ++ ng
Liver ng + + ng
Kidney ng ng ++ ng
Spleen ng ng + ++
Pancreas ng ng ++ ng
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Lung ng +++ Pure growth ++

Synovial tissue + ng
Eye X + ng
Feces “ A ng
Urinary Bladder ++

++++  Confluent growth (>1000 colonies)
+++- Heavy growth (100-999 colonies)

++ Moderate growth (10—99 colonies)
+ Sparse growth (<10 colonies)
ng No growth

Discussion

Monitoring the status and health of Puget Sound harbor seals has been one of the primary objectives
of the WDFW’s PSAMP research efforts. Annual health screening for a variety of diseases known to be
either zoonotic or to have caused mass die-offs in marine mammals in other areas provides one
mechanism to assess health risks to Puget Sound harbor seals. Evidence suggests Puget Sound harbor seals
may have been exposed to leptospirosis, although the significance of low-level titres to this disease
remains unknown. Regional harbor seal populations show evidence of exposure to a previously unknown
strain of brucellosis that may be significant relative to other marine mammals and domestic livestock.

Serology screening indicates that Puget Sound harbor seals represent a generally naive population to
diseases such as calicivirus, influenza virus and morbillivirus. The etiology and risks from these diseases
relative to Puget Sound harbor seals remains unknown. Research has shown links between seals in areas
of relatively high environmental contamination, failed immune response, and disease (Ross et al. 1996),
which may also play a role in the health of Puget Sound harbor seals as well. In addition to health risks
to Puget Sound harbor seals, the presence of brucellosis in marine mammals harvested by various Native
American tribes in the Northwest poses an unknown human health risk related to potenial human
exposure and infection. Marine mammal biologists, seal rehabilitators, and fishermen who. have direct
contact with pinnipeds may also be at risk of brucellosis infection.
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New Tools to Reduce Seabird Bycatch in Puget Sound
Salmon Drift Gillnets

Edward F. Melvin and Loveday L. Conquest
University of Washington

Julia K. Parrish
Department of Zoology

Abstract

We compared seabird entanglement and salmon catch rates in modified gillnets across times of day in the
1996 North Puget Sound non-treaty sockeye fishery. Our objective was to develop fishing gear and techniques
that reduce seabird bycatch in salmon drift gillnets without significantly reducing salmon catch. Modified gear
incorporated either visual or acoustic alerts (pingers) into traditional nylon monofilament nets. Time-of-day
treatments included sunrise, sunset, and daytime fishing. Seabird entanglement and salmon catch rates varied
significantly among gear types and time of day categories, but the patterns of variation were species-specific.
Results identified three tools to reduce seabird bycatch in Puget Sound salmon drift gillnet fisheries without
reducing fishing catch rates: abundance based or ecosystem management, modified gear, and time of day.
Fishing 20-mesh visual barrier nets at times of high fish abundance during openings that include either
daytime-and-dusk or daylight-only fishing together have the potential to reduce seabird bycatch by up to 70%—
75% in years similar to 1996. These three tools were incorporated into management regulations for the non-
treaty fishery by the Washington Fish and Wildlife with the endorsement of fishery leaders.

Whale Watching in the Boundary Straits: Growth Trends

and Cooperative Self-Management

Richard W. Osborne
The Whale Museum

Abstract

Whale watching in the Boundary Straits of Washington State and British Columbia has grown at an
exponential rate over the last decade, and in recent years has accelerated its growth beyond levels of whale
watching found anywhere else in the world. Management of this industry has not yet been undertaken
through traditional governmental authority, but has been left to non-governmental organizations that
have applied intensive educational efforts relying on cooperative self-management.

The retail sale of orca watching in this region began in the late 1970s, but did not gross more than
$10,000 annually until 1985. By 1991, ticket sales broke $1 million, and by the end of the 1997 season
they approached $5.7 million, with 81 commercial boats from both sides of the border carrying more
than 113,000 passengers. Data were collected through questionnaires distributed to commercial
operators in 1988, 1991, and 1993, and through empirical observations collected by educational patrol
boats that have monitored whale-watching activities since 1993.

Educational patrol boats that promote self-regulation, an industry-based international commercial
operators association, and annual public workshops have led to the development of cooperative self-
imposed regulations by the majority of private and commercial vessels that engage in whale watching in
the boundary waters. Despite uncontrolled growth of the industry, these self-regulatory methods show
promise of being effective in sustainably managing the situation.
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7C: Birds and Marine Mammals

Questions & Answers

Q: Does this include any of the Washington Coast and Willapa and Grays Harbor?

Nysewander: It did not include the coast. Our particular survey area relates to the Puget Sound
Ambient Monitoring Program. It includes everything from the Strait of Juan de Fuca in. That’s why I
did look at the Columbia River, and we would probably want to check those data out a little more
closely. My initial reaction plus my experience having friends that live down there and being down there
is that there are not 60 or 70 thousand scoters living in Willapa Bay that would compensate for this type
of decline over the years.

Q: Any theories on why you don’t see Brucellz in adults? Do you think they die off?

A: In other mammals, particularly livestock, it appears to be associated with reproductive function. It is
bacteria that kind of disappears when reproduction function is not active, so it may be that during the
reproductive period we would see it more but it basically disappears and only manifests itself in
reproductive cycles. We don’t know exactly why it doesn’t show up, but it’s similar to what’s going on
with other mammals.

Q: Ed, on the gillnets and bird entanglement, you concluded your talk saying that only 20 percent of the
gillnetters (the non-tribal people) were effected and that essentially the tribal fisherman didn’t have to
follow these new rules to reduce entanglement. How do you think that should be changed or addressed,
if it should at all? What are the options for dealing with tribal folks, or is the take of birds, in your

opinion, incidental and not unacceptable?

Melvin: Well, just to expound a little bit. The position of the tribes as I understand it, and, of course, I
don’t represent them, is that it has not been demonstrated to them that there is a conservation issue for
common murres or rhinoceros auklets. Therefore, they are not motivated to take action. Secondarily,
they don’t consider themselves included under the umbrella of the Migratory Bird Treaty Act. However,
they do respond to initiatives under the ESA. So, in terms of where things are likely to go in the future,
it’s difficult to say. Just do you have an idea of the participants involved, in British Columbia, there are
about 2,000 permits and in Washington there’s about 2,000 permits. In general, the tribal fishers and
the Canadian fishers in the last few years have gotten more openings. So, that’s where my estimate of
about 20 percent of the effort comes for the non-treaty fleet, and it’s very approximate. If anything, I
think it’s lower, actually. So, it seems like if your general interest is to effect seabird conservation through
management—and I also need to add this is the first place where there ever has been research to develop
tools to reduce seabird bycatch, and put it in place without closing the fishery—we do have the tools. I
know the US Fish and Wildlife Service plans to engage the tribes in that discussion and that will be
unfolding. Recently because of the inequity of the regulation, it’s my understanding that a local court in
Skagit County basically issued an injunction that precludes even the non-treaty fishers from having to
abide by these regulations right now. From the gillnetters point of view, that is, the non-treaty side,
their perspective is that the regulation was essentially unfair. They want to actually apply these tools but
they’d like to see them applied uniformly so that they don’t wind up losing out.
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Q: Steve, when you looked the distribution of the Dall’s and the harbor porpoise, did you correlate or
take a look at the food fish species?

Osmek: As far as the distribution of the animal relative to forage fish that time of year, we didn’t, but that’s
something that I'd be really interested in. Some people at the marine mammal lab right now, Brett Hanson
and Bill Walker, they are looking at diet of both harbor porpoise and Dall’s porpoise, so we'll get a better
idea what kind of a dietary overlap there might be between the species. And then the next step would be
trying to find out what the distribution of the baitfish is. Several years ago I looked through some of the
WDFW data, and it’s pretty difficult to try to make any sort of assessment of a baitfish at this point. We
know where some herring are spawning, of course, and surf smelt, and other species, but to make a broad
generalization over that entire study area at this point is pretty difficult to do.

D. Peeler: Mr. Osborne, with the high concentration of boats in Sinclair Inlet this summer, and as I
recall there was a Coast Guard boat that was down there most of that time, and I believe your
organization also finally dispatched your boat down, what was your view of the compliance with the
voluntary guidelines during that period?

Osborne: Well, the 100-yard guideline that the federal government has was not followed at all. We
actually had four or five different governmental agencies in there at one point, along with our educational
boat, which was actually there first, and they were all giving out different information, so it was not very
well organized. But the whales did adapt quite nicely to all that boat traffic. The one day there were 500
boats, they actually got pinned up against shore for about half an hour, but they swam underneath the
boats, and then went back to a pattern, and they seemed to be dealing with the boat traffic. But it
could’ve been better coordinated. We were pretty unprepared for something like that.

D. Peeler: I was one of the land-based people looking out over the hoards of boats, and with the
movement of the whales, it'd be pretty hard to keep to voluntary guidance. The whales were moving
faster than the boats on the day I was there.

Osborne: Yes. Our objective was actually to just have everybody shut off their engines and just sit there
and let whales maneuver around. But again, there wasn’t a consistent plan as to how to deal with it.

Q: Could you briefly tell us what the voluntary guidelines are?

Osborne: You're not supposed to approach any marine mammal in the water closer than 100 yards, is
what it boils down to. That is not based on scientific information. That’s mostly based on the fact that
most Americans know what the size of a football field is. But the thing to keep in mind is, if you're
going to put in a regulation and you don’t have any scientific information, you have to do it on some
basis. And certainly, this has been in place long enough that we can start to evaluate whether 100 yards is
a good distance or not. The industry has taken on additional guidelines. They’re eliminating a thing
called leap-frogging, which is you drive up ahead of the whales and shut off your engines so that the
whales come underneath your boat. They are staying further off-shore so not to block the views of shore-
based whale watchers. They have slower approach distances. Under certain conditions, they form lines
on the outside. And for us, we're trying to control recreational boaters mostly. And with the commercial
whale watchers setting an example it makes it extremely easy for us to show recreational boaters what to
do. So really the commercial operators have been critical in this whole management program.
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Wrap-Up Session - Where Do We Go From Here?

Fagergren: I again have the honor of being here: I gave the starting comments and I get to give
the closing comments. I think the turn out for this session is a testimony to the dedication of people
that are still here.

I hope that the conference has been very worthwhile. I'm very thankful that you all came for
whatever length of time you could be here and that some of you are still here.

We will have Jan Newton present the student awards and then we’re going to run through a very
quick session presenting the interpretation or perspective of different people that have been involved
with this conference, and for some of them, many of the research conferences that we’ve had on
Puget Sound. They’ll compare this conference to previous conferences; talk about issues that are
either in common or new, and discuss a bit about where we go from here.

With that I’ll turn it over to Jan and let her give the awards for the student papers.

Newton: I don’t think there’s much that’s more fun than seeing the next wave of good minds come
in and recognizing how they’re going to bring us into the future. Last night, a friend of mine,
actually he works with me, but he’s also a friend, Skip Albertson, said a quip, and I think I have it
right. He said, ‘Freshmen are the ones who come in and bring in new knowledge to an institution
and seniors are the ones who leave it there.” I think we’ve seen, in this meeting, an awful lot of high
quality presentations from some students. Some very innovative thoughts. Some very high quality
methods of presenting things. Another colleague said, “Yes, you can tell the student talks because
they’re the ones you can hear and you can see the good slides and all of that.’

The process in evaluating the student presentations is really difficult because, first of all, there
were a lot of them. We had twenty student presentations; ten graduate talks, three undergraduate
talks, and seven or eight posters, I'm not sure of the tally there. That’s a lot of presentations and as
you know there’s a lot that goes into scoring a presentation, some of it very subjective. In order to
do this we used score sheets that had different categories about clarity, content and presentation, etc.
There were numerous anonymous judges in the audience, secretly going around and listening to

these talks and looking at these posters and talking with the students and keeping track of them.

I have all of the evaluation sheets that we received from the judges. We’re going to give these to
the students so each student should get a handful of these evaluations to provide them some
information about how their presentation or poster was received. It’s a lot more informative than
knowing “I won” or “I didn’t win.” Students will get to see the opinions and the comments of the

judges about their talks, the suggestions that were made, and the diversity of opinions that are out
there.

Something that we really wrestle with is that sometimes there are no clear winners. People have
different opinions and I should say that the judges came from a wide variety of backgrounds. From
academia, management, education, etc. I will get down to the really important stuff, but before I do

that, I want to thank all of the judges.

We're giving awards in three categories: posters, graduate talks, and undergraduate talks. Each
student who wins will get a certificate and a check. I’'m going to tell you the winners and the runners
up because, as I said, it was really hard to score some of these.

We had seven student posters. The winner of the best student poster is Casimir Rice. It doesn’t
look like Casimir is here. The runner up is Kyle Ren from the University of Washington and third

place is Wendy Simms from the Institute of Ocean Sciences.

We had three undergraduate talks that were very difficult to rank. The winner is Tim Crone.
Second place is Lisa Nguyen and the third place is Ken Prentice.
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Finally, we come to the category that was the hardest to score. The winner for the best graduate
talk is Kelly Curtis. For second place, we had a tie, and it’s kind of ironic because they were both
speaking on similar topics. Both of them spoke on climate impacts on organisms, and those people
are Bill Pinnix and Beth Bornhold. The third place presentation is Brian Haug.

Fagergren: Now, I'd like John Armstrong, being the historian he is, to give his perspective on how
we may have plowed new ground or learned new things through this conference or how this
compares to what we've seen in the past.

Armstrong: I don’t know if I'm comfortable with this historian role, but no one else wanted to do it.

I decided what I'd try to do is go over some of the major issues since the mid-1970s. And I thought,
well, the way to look at that would be to go back to the past research conferences. The first one I
went to was in 1977 called “Use, Study, and Management of Puget Sound” held at the University of
Washington. I picked up those proceedings and thought I'd pick out a paper to show how far we've
come since 1977. I'd ask you if you’d agree that this paper wouldn’t be relevant today because we’ve
gone beyond that: Brian Mar at the University of Washington gave a paper on “Muddling Through
the Management of Puget Sound.” Probably, he could give that same paper today, 20 years later,
although we’ve tried a lot of things since then.

I thought what might be useful is to really quickly go over some of the major programs, and
initiatives, and issues that I've seen over these 20 years. For the folks who’ve been around that long
and longer, maybe it’ll remind you of some of the things you’ve worked on, some of the big issues
that came along. For those of you that are newer here, I think you’ll be amazed that, even though
I’m going to just cover what is a brief list of these things, there’s an awful lot that’s gone on in Puget
Sound as far a science and management in the last 20 years.

The ones I won’t mention, because they would come up every year throughout the 20 years, are
habitat loss and population growth. Every year we talk about that and every year it seems to get

worse.
e  When I first started, there were the Metro interim studies, looking at effects of Metro’s outfalls
on Puget Sound.

e  NOAA was starting to fund work in the Strait of Juan de Fuca and the Puget Sound, oil
transport related biological studies, the MESA one was looking at various things in Puget
Sound, many studies.

e  The Boldt decision came, giving the tribes rights to salmon.

e  Liver lesions were shown in flatfish around Puget Sound. The whole issue of toxins became
bigger and the newspaper printed pictures of hotspots in the urban bays, mainly.

®  We start seeing heavy harvest of nonregulated invertebrates and seaweed.

® A decision was made by the Department of Ecology and EPA that all the treatment plants in
Puget Sound had to go to secondary treatment.

e  There was a big odor problem in West Seattle with rotting seaweed.

e  Superfund came along. Commencement Bay became a Superfund site. Now we’ve got Harbor
Island, Sinclair Inlet, Eagle Harbor.

e  Some dead whales were found in the Sound; this elevated environmental issues even more.
®  The Puget Sound Water Quality Authority was formed.

e  Seaweed was looked into, a lot of money went into that, but it never took off.
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Mussel culture was tried. I can’t go into a restaurant now without finding Penn Cove mussels
somewhere.

EPA started getting money for Puget Sound with its National Estuary Program and has funded
a lot of studies over the years.

There were South Sound studies back in the mid-1980s, we just heard about some Budd Inlet
studies at this conference. There were Budd Inlet studies then, and also studies in the South
Sound looking at potential discharge zones.

Urban bay studies were done in the mid- and late 1980s concentrating on toxins in the urban
bays. We had a lot of fishing advisories in those days. I first became aware of those when there
was Greenpeace sign on the waterfront in Seattle with my phone number on it as a contact —
quite surprising to me — and then King County replaced those a week later because they didn’t
want to be upstaged by Greenpeace.

There were lots of Puget Sound reconnaisance studies going around the Sound looking at what
were the sediment conditions and the contaminant levels and fish and seaweed and so on.

Victoria sewage came up and talks about boycotting Victoria. That issue isn’t dead yet.

Mustard gas — there was talk that the U.S. dumped mustard gas at the Strait of Juan de Fuca
mouth years ago. No one ever found it though.

Sea Grant came out with a series of books on Puget Sound.
Ecology came out with'state sediment standards.
The Puget Sound Ambient Monitoring Program began.

There was a Puget Sound Conference in Washington, D.C., of all places. Several of us went
back to that one.

There was clam scam: geoducks were illegally harvested. One year we talked about that.

Herschel taking steelhead at the locks. How many years and how many hundreds of thousands
of dollars were spent on that?

Canadians did some studies, Burrard Inlet studies at Vancouver and Fraser River Estuary
studies.

Harbor seal were shown to be the source of some contaminated shellfish beds in Hood Canal.
The way we solved that is we built floats so that the harbor seals would go out and go on the
floats instead of on the shore where the clams were.

The Renton outfall studies; more Metro work.
Boldt Two came along recognizing the tribes right to shellfish.

Pacific Marine Environmental Laboratory, an arm of NOAA, stopped doing work in Puget
Sound.

Padilla Bay became a National Estuarine Research Reserve.

There were studies of the impacts of aquaculture of salmon. Harmful algal blooms then killed a
lot of those salmon.

There was an oil spill in the Strait of Georgia.
Exotic species in Puget Sound, like Spartina, started to be discussed a little bit.
Juvenile salmon were shown to take up contaminants in rivers.

The watershed approach became big. This was maybe five years ago. We hear a lot everyday
now about the watershed approach.
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®  We had an agreement between Washington and British Columbia to work on environmental
issues and this Puget Sound Georgia Basin Task Force that you heard about at this conference
was formed.

e  More Budd Inlet studies.

®  Atlantic salmon escaped last summer.

e  Salmon wars with Canada.

e  Exotic species really becoming a big issue now.

®  Depressed stocks. We've talked about this over the years. Not many are getting better.

®  Marine protected areas are getting popular. Several people mentioned those at this conference.
e  PRISM, the UW is starting to try to do more of a concerted, coordinated effort in Puget Sound.
e  Endangered Species Act.

e  Fish and Wildlife Department — we get the exotic species act and chinook salmon issues and the
Department of Fish and Wildlife’s funding starts going down.

e  Lately, Sea Grant, which published books a long time ago, came out with a CD-ROM on Puget
Sound.

This list could go on and on and on. It’s just amazing to me when I start thinking back how
many issues and projects all of us here and others worked on in the Sound. I guess my conclusion is
simple. It’s that it’s an interesting and rewarding thing to work on understanding and protecting
Puget Sound. It’s also always going to be a full time job. That’s my quick history of the last 20
years.

Fagergren: Curt Ebbesmeyer, would you give your perspective, and then maybe Jan following you,
and then Shari.

Ebbesmeyer: Thanks, Duane. I've been around a little longer than John. I remember the days when
the Office of Naval Research was the main funder of Puget Sound oceanography, and that was in the
1960s. If you weren’t on the Navy funding, you didn’t have much to do. That carried through to
the mid 1960s, and then West Point kicked in and we got the sewage out of Lake Washington.

What impresses me most about this particular conference is the sheer volume of money being
spent on oceanography. It’s just enormous. You have a really intensive, first-rate program in the
Duwamish. We’re not using simple models anymore. The Duwamish Project that Randy Shuman
is running is sucking up a significant amount of Boeing Cray time; that’s pretty impressive. In Budd
Inlet, we're using a similar kind of model, but we haven’t tapped into Boeing yet. But the models are
being applied are state-of-the-art, Cray level type models, not just in one or two places, but around
the Sound. Budd Inlet is a couple of million dollars of oceanography. The UW PRISM effort is a
few million spent over a number of years. The Denny Way CSO Program was half a million in
oceanography. The Elliott Bay Restoration Program was a half a million. The Hylebos investigation
is going on now. There’s probably a million or so. If you add up all the pieces, there’s several
million every year going to understand the oceanography, and I'm just looking at the physical
aspects.

Where do we go from here? I still maintain that Puget Sound is dying the death of a thousand
cuts. There’s no way of looking at what is really happening, overall, to the Sound. I still think it’s
like the client on the operating table and we’re all a bunch of surgeons. We run and we make our
little cut and we go out and nobody’s coordinating all these surgeons. I think the patient is kind of
sitting there and not doing too well, and we’re all kind of, maybe, happy, and we all leave the room
and the client dies. I don’t think that’s very good service. I'm still looking for a way to manage
overall Puget Sound so we have all this coordinated so that when somebody does something in one
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little bay, we know what its overall impact is going to be. I'm very optimistic. We’re just lacking that
overall coordination tool.

Newton: What Duane asked for is several people’s perspectives on what they really learned from this
conference. What are your take-home impressions or lessons? So I thought up two, and since I have
two minutes, I'll take a minute each. One has to do less with science than it does with the way we’re
doing science. Similar to what Curt just said, I think one thing that impresses me and actually gives
me a lot of hope for the future is seeing some programs coming together and working together. I see
PRISM excited to work with PSAMP. I see Canadians excited to work with the U.S., and maybe
we’re not where we really need to be, but I think we’re making a lot of progress that perhaps we
weren’t making as much before.

I guess 'm a bit more encouraged than Curt in that I do see some larger regional scale studies
starting to happen. Department of Ecology is making a commitment, at least in the planning stages,
of looking at nutrients in all of south Puget Sound. The program with Metro King County that
Randy is heading up is looking at siting wastewater treatment plants and they’re looking at central
Puget Sound as a whole. I think that we really need to keep going in this direction because I agree
with Curt that we could let the system die the death from a thousand cuts. So that’s my first
observation, and it’s quite an optimistic one that we can start to make some progress, though, as we
know, it’s not easy and it’s not cheap either.

The second thing is a scientific observation. I think one thing that I'm exited to see is people
looking at the system and looking at it as a system as a whole in the sense of, you saw a lot of talks
that were looking at climate impacts on biological systems. I think, all too often, we were looking at
our little parcel of water, our little beach, and we weren’t really taking into account the fact of
interannual climate impacts. I'll mention the two student talks, Bill Pinnix” and Beth Bornhold’s on
how interdecadal climate variations are changing some biological stocks. I think those are the things
we really need to keep tabs on. The impacts of El Nino, a subject near and dear to my heart. Those
kinds of things are important so that we can be able to separate out what’s coming from humans and
what’s coming from the natural system itself. Thank you.

Schaftlein: Hi, my name is Shari Schaftlein. I work for the Washington Department of
Transportation and manage our environmental initiatives and water quality program. Asa DOT
employee, I want to thank you for staying this late and let you now that you are all going to be stuck
in congestion. But I'd be happy to give you a free coupon to drive your SOV in the HOV, so you
can see me afterwards about that.

I’'m supposed to represent the typical manager and kind of give you a response on how I would
apply what I heard over the past couple of days. In our department we probably spend about a
million dollars a week on mitigation and analysis with about a hundred million dollar budget over a
biennium. We’ve got about $1.5 billion of construction going on over a biennium. About 30 EIS’s
at any one point in time. A couple hundred projects and 20 year long range planning going on. So,
I need your data, I need it now, and I need it to help affect decisions and moneys that are being
spent.

I want to share with you some perspectives of trying to be a translator between the science and
the policy makers, particularly in a large department like DOT, which would be reflective of many
public works or large development folks. You deal with some issues such as your manager saying, ‘1
watched a show about fish in Alaska last week, their fish seem to be able to jump really high. Why
do we have to fix our fish passage problem in Washington State? Can’t our fish just jump higher like
the one in Alaska?” And you start seeing the interdisciplinary gap between environmental science and
civil engineering. To take it a step further in terms of analysis, I've worked on a value engineering
team with a geotechnical engineer who complained to me as an environmental scientist, ‘You know,
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you all aren’t very credible. Your science keeps changing. You keep changing what you’re
evaluating. You don’t know whether what you do works, etc., etc. I had to defend my profession
and remind him about how long we have been building roads and building bridges. Since Roman
times, before Roman times? How big of a budget does the U.S. government put into analyzing every
conceivable thing you’d want to know about asphalt and concrete? And the budget just soars
compared to what federal highway officials spend on environmental research. And I reminded him
that our science was only about 20 years old and that there are incredible variables to deal with, and
we are working with issues that don’t lend themselves to complete mathematical models that are

solvable. We can’t deal with everything in a lab like you can with geotechnical engineering.

So how have I been listening to the results presented at this conference? I'm listening to hear if
the results conclusive. Will I spend money differently? Do the results represent additive
information? Are the folks presenting this in a way that tells me, “Here’s step one and that will lead
to something in the future.” Have you ruled out an option for me or narrowed my choices? Is it just
pure research? Tell me what it is so I know how to fit it in, in terms of making a management
decision?

I’'m also reminding folks that we have a very large research budget and call help fill in the gaps of

research that needs to be done, if it’s done in an applied way.

I certainly wanted to congratulate the folks who presented their presentation in the form of:
“here’s what I'm going to tell you; here’s how you will use this data; here’s how decisions will be
made; here’s what my customers thought about the research.”

I feel very positive about the results of the conference. We tried to set it up and encouraged the
authors to describe next steps and apply it to policy perspectives, and I think we accomplished that
and I talked to a number of people who felt that that was a benefit of this conference in describing
what their research meant in terms of policy and management decisions. I think the next steps in
terms of what we have to look forward to in the future are rolling up the darta to support
prioritization. There was progress in that. There was progress in large-scale ecosystems analysis.
Folks have complained that don’t do cumulative impacts analysis at our department. Well, we can’t
do it if no one else has done it to help affect how we’re going to develop our transportation system.

We need cost-benefit data, most importantly. We're trying to figure out how we take limited
resources and distribute them to whatever the priority problem is. That’s a big debate right now.
When I’'m advocating for resources in my department, ’'m going up against people who say, “Well,
we need to do this safety improvement because 14 lives will be saved and X number of products will
get to the port quicker, and all that means that six million dollars of benefits will exist for this one
million of cost. Shari, how much benefit is there for that fish passage? How much benefit is there
for that stormwater retrofit, etc.” And I just have to say well, it costs X million and it’s really
important and people feel good about it. You’re kind of limited in competing right now when you
try to go up against cost-benefit analysis in a department that’s trying to shift to that. I think other
departments are having that same kind of experience right now. As we evolve and look at what we
include, I think cost-benefit analysis will help us tremendously.

I want to show a graphic now, and ask you all to think about, did the science that you have
heard over the past couple days get reflected? The legislature just ended at 10:30 last night and has
set in motion a number of policy actions and budgets to try to attempt to deal with what we’ve been
talking about here today. I wanted to highlight the results and share with you some of the moneys
and ask you to review this legislation. Think about whether your research results are represented.

When you take your 25-page paper and squeeze it down into an executive summary and squeeze
it down in a paragraph and share it with a legislator and see it end up in a bill, you might be
appalled. And you might be appalled when you take your research and cram it into something and
give it to your policy wonk and have them explain it to the legislature and see what kind of questions
get asked, you might get appalled. Science does somewhat get lost in our public policy debates.
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With House bill 2514, we have a watershed-management-planning bill in this state right now.
Did the science get reflected? I think, definitely. There was much debate over just having a water
quantity bill, and many people worked very hard to try to get the option, at least, to include water
quality and habitat in that bill. So, we’re making progress with that concept. And I think there’s
about five million dollars going into that to go out to locals'and 14 staff at Ecology to provide
technical assistance.

Wetland mitigation. It was certainly recognized by the legislature that we’ve got to move
mitigation banking, and they put some language together to try to move that forward in a consistent
way around the state, and the legislature is backing that and expecting reports on how well we are
doing to get that implemented.

Advanced mitigation. The legislature put in two million dollars in our account for us to start
doing mitigation in advance of a project. So, for example, if we add a lane to I-5 down to Portland,
and in the Chehalis basin we might create a wetland bank now, years in advance of that project
happening, a big huge bank for all the little bitty impacts we’re going to have. That would make
ecological sense. We've got the moneys to do that and some authorities to do that now. And the
legislature has promised about another 20 million dollars to support this over the next six years.

On fish enhancement and permit streamlining, the legislature put in over five million dollars to
fix fish passage on non state roads and an additional half million dollars on state roads and looked at
permit streamlining. How do we get these projects on the ground quicker?

Finally, the salmon recovery-planning bill passed as well. And a lot of science evolved into that
discussion as well. There was a science advisory team included in that, which should be one of the
bullet points there listed. To have an independent science, to make sure we’re covering salmon in a
scientifically legitimate way.

I think put in a little over 20 million dollars to go to on the ground projects for restoration. So
all the work that we heard today on projects, there’s money there to start doing it in a prioritized
manner.

It was kind of comical to hear the legislature talk about critical path thinking. They could come
up with some of these science concepts and see it to the end.

So I think there was tremendous progress, and a lot of things that we were talking about made it
into these bills, and I would ask the scientists and folks in this room to recognize that all these bills,
and many others that we couldn’t list here, have technical advisory committees and what-not, where
we need to get the science working with the policy and get it implemented. And certainly, as Jan
mentioned, this is requiring a'lot of interdisciplinary work when we start doing tradeoff analysis and
prioritizing within a watershed.

Fagergren: Bill Pinnix, would you mind stepping to the mike and giving your perspective, and Tom
Putnam, if you would follow him and give a minute or two, I'd appreciate it.

Pinnix: Duane asked me to give my feelings, as a student, on this conference. After the panel, 'm
not sure what I have to say other than what I saw here was a big step forward (at least in my mind,
having not been to a Puget Sound Research Conference before), but a step forward in
interdisciplinary research, or conferences that bring people from very different scales of the scientific
community: from management to biology to large scale systems into the same conference to speak
about a shared resource.

I've been very privileged to work in an interdisciplinary research group at the University of
Washington looking at the effects of climate impacts on the Pacific Northwest. The research that I
do concerning salmon, I could not do alone. I couldn’t do as a fisheries biologist. I'd still be doing
histology of salmon ovaries, had I not been in this group. I've learned an immense amount of
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knowledge that is stored in other aspects of science.

And not only de we learn what other scientists are learning, but we learn new methods of
analyzing old data. A lot of what I do is take data that has been collected for the last 30 to 40 years
and re-analyze them with new techniques, and lo and behold, patterns emerge that people have not
been able to see before. So I think that this type of forum is extremely useful for educating, not only
scientists and managers, but that we can take this education to the community and help educate
others.

My only suggestion is that these happen more often than every two or three years. I'd like to see
these happen every six months. I'm sure not a lot of research can be done that fast, but there’s a lot
more out there. Thank you.

Putnam: I'm Tom Putnam. I'm on the Puget Sound Council, which has turned out to be kind of a
nexus point for trying to implement some of the decisions and the things that are going on in
science. This is the fourth Puget Sound reserach conference I've been to.

I've noticed the fulfillment of a lot of the original ideas that were talked about back in the early
1980’s. We were talking then about what would it be like to talk about a watershed. What's a
watershed? What's an ecosystem? What would it be like to manage based on these concepts? For
me it’s really exciting in the last couple of days to see studies that reflect these concepts. We're now
getting data based on research based on these concepts which may seem pretty basic, and it may seem
we’re not as far along as we should be, but it’s a lot of progress in the last 12 or 14 years.

The lack of data, for a lot of things, has been an excuse not to act. We don’t know if fish stocks
are really crashing, We don’t know what’s going on. That’s been an excuse not to act. Now, we're
getting data. We're getting the basis to go ahead and act which I think I'm also seeing a little more
confidence on the part of scientists and people doing these studies and a little more willingness to
participate and to suggest and say, “This is what we ought to do.” I think science is traditionally
more reserved, has been more reserved. I‘m really encouraged to see people coming forward and
working on these issues and doing that.

I'm also very impressed by technological refinements. I make films for a living, among other
things, and I made a film about Puget Sound in 1990, and I was trying to visualize a lot of the stuff
that was going on then about dynamic models and layering of GIS data and integrating things; the
PSAMP data, and things like that. It’s really exciting to see PRISM and some of the other ways that
we're beginning to visualize. I think that is one of the most important things, and that’s where we go
from here. We go out from our circle of science and policy and offices, and we go out to the public
with this and we let them understand what is at stake and the dynamics, and we get them out there
in nature and on the water and see the fish and the birds and what an incredible place we live in.

Thanks.

Fagergren: Thanks, Tom. Jacques White from People for Puget Sound. Would you like to say few

words?

White: First of all I'd like to thank the Puget Sound Water Quality Action Team and the Advisory
Committee for putting together a really good conference. I'd like to give the unofficial energizer
award to Jan Newton for participating, I think, directly in at least five sessions, either as a panelist, a
speaker, or a moderator. I think that you all should pat yourselves on the back a little bit.

This is my first Puget Sound Research Conference. I came here from the Chesapeake Bay
Region where I was a research scientist, and they put together a similar meeting like this, and I don’t
think it was any bit better in terms of quality, in terms of quantity of material, in terms of the
creativity that 'm seeing, and in terms of direct addressing of some serious problems that they have.
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They do the kind of work that they do there, at least from their funding from the EPA, on about 20
to 40 times as much as the money that you guys get, and you’re doing quite a bit of good work. If
I've ever heard a reason or a justification for getting more resources here to continue the good work
you're doing, I think that that is an indication of it. With that said, I think I have a couple of
comments that will echo some of the comments that were made by the earlier speakers.

I definitely agree with some of the things that Shari said. I think there are some challenges that
are before us. Everything that I see right now through my work for People for Puget Sound and
habitat restoration is kind of focus through salmon goggles, and that focus is intensifying. So the
things that I say are going to be related to that.

At the conference, I heard that the National Marine Fisheries Service and EPA are going to work
together to unify requirements for ESA and the Clean Water Act to streamline the need for permits
for users. I would like to compare that statement to evidence that was not presented here, but that
the EPA is lowering cleanup requirements for PCBs in Commencement Bay, on the one hand, and
on the other hand, NOAA scientists at the meeting today presented information that there’s
significant contamination of salmon and other resources in Commencement Bay systems. So what I
learned is that National Marine Fisheries Service and EPA coordination to protect fish and water
quality has not yet happened, and my message to you all is, ‘Please help, if you can.” If you can
figure out a way to make that move that forward that would be a really good thing.

The other issue echoes directly some of the things that Shari said. What I didn’t learn is how to
carry out a limiting factors analysis for salmon in an entire watershed that will allow us to prioritize
restoration projects and make realistic estimates of current and projected system carrying capacity.
Notice that I didn’t say, result in more fish. There are other factors besides habitat — climate
conditions, harvest, and hatcheries — that also impact fish. But we don’t have a good idea of how to
directly go from a restoration project or a number of restoration projects to a number of increased
carrying capacity for our watersheds. As we think about spending millions and millions and millions
of dollars on restoration, that that’s something that we need to do. So I would suggest that we get to
work on developing a methodology to do cost-benefit analysis that indicate, not only the economic
cost effectiveness of a given restoration action, but also maximizes benefits to total ecosystem services
to fish and other natural resources for a given project. I realize I'm not asking for much, but those
are my comments. Thank you very much.

Fagergren: Tim Ransom, do you have a statement to make?

Ransom: Just a couple of comments. The first being that if Mr. Pinnix wants to see this every six
months, he should come talk to Dave Sale and then me about what it takes to do this. I want to
point out that Dave and his crew, Joanie Pop, Scott Redman, Jan, did all this for us, and having
done it twice myself, I do have a certain perspective to that.

I have a comment on the quality of graphics on the screen, but I'm not going to go into that
right now because I'm too tired. T’ll simply point out that the best graphics I saw, and the best talks,
in terms of technique, that I heard, were given by students, and I think that’s a wonderful sign.

Secondly, just as an overview, I remember in 1991, I believe it was, the first conference, there
were a lot of talks about individual species, and we all came away from that conference saying, we've
got to think systems. And that’s what everybody went and did for the next four or five years and we
got into the watershed process. And that worked for a while and it developed other kinds of larger
system processes. We're now back to thinking species in the future. We can now be talking about
fish and I challenge us to think about how that is going to drive us for the next three years until the
year 2001 when we’re going to be here again, or somewhere like it, asking ourselves these same
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questions. Thanks.

Fagergren: It’s my understanding that Kelly Curtis, who is the graduate award winner, is now here
and so is Beth Bornhold, who was second in a tie with Bill.. Could you please stand and be
recognized. And Kelly, we have the award here if you’d like to come get it after we’re finished. 1
would really appreciate if someone, whether it’s Beth, or someone else from our good friends from
Canada come forward and say something from their perspective coming down here. We really try to
bill this as a Puget Sound/Strait of Georgia Conference. We really appreciate the many very good
papers presented by Canadian researchers. I'd really appreciate it if someone would come forward
and say something.

Bornhold: I was kind of hoping I wasn’t going to be noticed, but I guess somebody saw me sitting
there. I was really excited to come up here and to hear what was being done in Puget Sound. Iknew
a little bit about what was being done in Strait of Georgia from my own work, but it was really good
to hear all the similar work that’s being done in Puget Sound, and to hear how the future looks
towards the Canadians and the Americans working together, because I think we are doing a lot of
similar work. The two basins aren’t separated. I mean there is an international border there, but the
water doesn’t see that, so I think it’s really important to continue to look across that border and to
work together. And that’s really what I got out of the conference was seeing that, so hopefully we’ll
continue to do that.

Fagergren: Thank you very much, Beth. Tim, I appreciate you thanking Dave. I wanted to have
the last word to thank Dave for all the hard work he’s done, and Joanie Pop from Event Dynamics.
Dave, if you want to say something, I think you have earned the right to say the last thing and then I
think the conference is over. It’s 5:00 and we wanted to get you out of here at 5:00.

Sale: Well I'll talk really briefly. As has been talked about at previous conferences, we discussed a
wrap up session. In the past it’s always been set aside because we’ve felt “Who’s going to want to
come to a session at 4:00 on a Friday afternoon? Everybody’s going to want to go home.” We
thought that we might get 20 or 30 people here. I think it says a lot about everyone here in this
room, how many people are here. I think you owe yourselves a round of applause for sticking
around.

One of the things that was really exciting for me about doing this was start with the individual
abstracts as they came in and see all the pieces of work that are being done and to see them come

together as connections among them become clear. Sometimes that gets lost in talking about
individual work.

One of the things we tried to bring across at this conference is that there are a lot of efforts going
on right now to integrate our work: PSAMP or PRISM, the Georgia Basin Initiative, the Task
Force across the border. I think that we really need to keep that sort of thing up. There’s a lot of
complexity to both the environmental and cultural systems around here, but it doesn’t mean that we
can’t get at the problem. Thanks a lot for coming.
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Response of the P450 RGS Assay to Extracts of Sediments

Collected From Puget Sound, WA
Jack W. Anderson and Jennifer M. Jones

Columbia Analytical Services

Edward Long and Jawed Hameedi
National Oceanic and Atmospheric Administration

The induction of the cytochrome P450 gene family, specifically CYP1A1, in response to toxic
and/or carcinogenic organic compounds is widely used as a biomarker for exposure to contaminants
in the aquatic environment. Organic compounds, including dioxins, furans, coplanar PCBs, and
high molecular weight PAHs, are known to bind to an intracellular cytosolic protein referred to as
the aryl hydrocarbon (Ah) receptor. This complex is translocated to the nucleus of the cell, where it
interacts with xenobiotic response elements in the promoter of the CYP1A1 gene and causes
transcription of the P450 enzyme system. CYP1Al induction has been used in the development of
toxic equivalency factors (TEFs) for polychlorinated dibenzo-dioxins (PCDDs), polychlorinated
dibenzo-furans (PCDFs), and PCB congeners as a measure of their potency relative to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (Safe 1994). Similarly, TEFs have been developed for PAHs as a
measure of carcinogenic potential compared to B[a]P (U.S. EPA 1993).

The P450 Reporter Gene System (RGS) measures induction of the CYP1A1 protein via the reporter
gene, firefly luciferase, to determine the presence of inducing compounds in environmental samples. As
such, RGS gives an actual assessment of the potential of contaminants on sediments at a specific site to
produce chronic and/or carcinogenic effects of flatfish if they were to occupy the site. It also gives an
indication of the chronic effects on benthic organisms at the site, as an RGS response above 60 g of
benzo[a]pyrene equivalents per g was highly correlated with degradation of infaunal communities. This
testing program was designed to determine the potendal toxicity and carcinogenicity of sediments collected
from Puget Sound, Washington. The results of this project illustrate the ability of P450 RGS to identify,
rapidly and inexpensively, the most toxic and hazardous samples within a harbor, bay, or coastal section.
Using the entire data set (n = 100), 11 sediment samples were identified as containing concentrations
significantly greater than the mean B[a]PEq, using the 99% confidence interval. When Everert Harbor is
considered a point source of contamination within the Sound, 15 samples from that area were excluded
and an additional statistical analysis of this data set (n = 85) identified 21 samples as significantly greater
than the mean. A strong correlation (r2 = 0.91) between the RGS B[a]PEq and the distance from a station

in Inner Everett Harbor was observed.

The Widespread Occurrence of Elevated Summer Stream
Temperatures in Upper Hood Canal Watersheds and

Relation to Riparian Land Uses

Peter Babls
Port Gamble S'Klallam Tribe

The objectives of this study was to assess summer stream temperatures in upper Hood Canal
watersheds in relation to state water quality standards and associated riparian land uses. Twenty nine
max/min thermometers, placed in 20 streams, were checked weekly during the summers of 1992,
1993, and 1994. Based on preliminary findings, more intensive sampling on three streams was
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conducted in 1995 and 1996 using continuous reading thermometers. Results show that 14 of the
29 stations sampled between 1992 and 1994 were in violation of state water quality standards. An
analysis of stream temperature in relation to riparian condition indicated that loss of forested riparian
zones through agricultural use was the primary cause of elevated temperatures.

Real-time Monitoring of Bluff Stability at Woodway,
Washington

Rex L. Baum, Edwin L. Harp, Richard G. Lahusen, William ]. Likos, and
Philip S. Powers
U.S. Geological Survey

Damaging landslides occur almost every year on steep bluffs near Puget Sound. Most occur during or
after periods of heavy rainfall. Previous workers have attributed such slides, particularly the deep ones, to
groundwater seepage within the bluffs. Few actual measurements have been made, however, to study the
relationships between rainfall, seepage, and bluff stability. During the summer of 1997, the U.S.
Geological Survey began a project to monitor rainfall, groundwater pressures, and slope movement at an
unstable bluff adjacent to the head of a slide that derailed a freight train during January 1997. The site is in
Woodway, Washington, about 10 km north of Seattle. The monitoring project will help clarify the time
lag between rainfall events and resultant water-pressure changes, the magnitude of seasonal and short-term
water-pressure variations, and the effects of water pressure changes on bluff stability. Field data are
collected every 15 minutes and relayed by phone to a computer network where they are processed and then
presented on the World Wide Web. Near-real-time monitoring of the site will also allow us to test and
refine technology that might be used for landslide forecasting, emergency notification, or mitigation.

Puget Sound Intertidal Habitat Inventory: Shoreline
Characteristics Mapping

Betty E. Bookheim and Helen Berry
Washington Department of Natural Resources

Accurate information on the quality, quantity, and distribution of intertidal habitats is
important to monitoring and sustaining the health of Puget Sound. As part of the Puget Sound
Ambient Monitoring Program (PSAMP), the Nearshore Habitat Program (NHP) in the Aquatic
Resources Division of the Washington State Department of Natural Resources (DNR) inventories
intertidal habitats in Puget Sound.

Intertidal habitats are characterized by interacting physical, chemical, and biological factors. The data
collected by NHP focuses on two components of intertidal habitat: vegetation types and shoreline
characteristics. This poster summarizes information and methods used to survey the shoreline characteristics
component of our inventory. The physical artributes described in this method are derived from “A Marine
and Estuarine Habitat Classification System for Washington State” (Dethier, 1990) and includes information
on system, subsystem, wave or current energy, substrate, and water regime. The mapping methods used
ground data in conjunction with photo-interpretation of color infrared aerial photos.

Final delineations were completed on 1:12,000 scale DNR orthophoto maps using a Zoom
Transfer Scope and then digitized.

Inventory results are available in digital GIS format or paper maps. This information is being
used in conjunction with our DNR intertidal vegetation inventory layer and other habitat
information for management, land-use planning, and research.
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The Regional Geologic Framework of Puget Sound, and

its Application to Geologic Hazards

Derek B. Booth and David R. Montgomery
University of Washington

Kathy Goetz Troost
Shannon & Wilson, Inc., and University of Washington

Understanding of the geologic framework of the Puget Lowland has been hampered by intrinsically
complex stratigraphic relationships, obscured by dense vegetation, and confounded by outdated human
comprehension of Quaternary history. These problems are nowhere better expressed than in the Seattle-
Tacoma area, where the distribution and sequence of glacial and nonglacial deposits have been debated by
geologists for decades. We are particularly interested in the application of geologic mapping to
determining the continuity of aquitards, revealing the structural deformation that expresses the region's
active tectonism, and predicting geologic hazards associated with slope instability. While developing a
basic geologic framework, we are also utilizing radiocarbon dating, paleomagnetic studies, and
tephrochronology to determine the distribution of, and to establish a regionally based chronology for, the
deformation of critical Quaternary deposits. We are working most closely with the U. S. Geological
Survey, but because of a long history of public and private geologic studies in this area we are emphasizing
a broadly collaborative effort. When integrated with geophysical models of the Earth’s crust beneath Puget
Sound, this geologic framework can validate predictions of large-scale tectonic deformation expressed by
the region's high seismicity. When added to a simple slope-area model that already can credibly predict the
location of many observed landslides, this framework should permit a much better understanding and
anticipation of catastrophic hill-slope failures.

Identification and Delineation of Deposits from Log
Handling and Pulping Operations Using Sediment Profile

Imaging
David G. Browning and Gene Revelas
Striplin Environmental Associates

Organic particulate deposits associated with log handling, log storage, and pulp-mill discharges in
marine and fresh waters have recently come under increased regulatory scrutiny. A first order evaluation is
determining the horizontal and vertical extent of these deposits. A method has been developed whereby
wood debris/fiber volume estimations are made by comparing the amount of wood and fiber particles in
sediment profile images (SPI) images to petrographic modal estimators. Volumetric estimates can be
determined for the top 10 cm of the sediment column or the entire depth of the sediment column
represented in the SPI image. Where optical contrast between wood debris and the sediment column is
high, particles as small as 0.5 cm can be identified. This technique has been used to delineate and estimate
the percentages of debris in the sediment column associated with log rafting and storage in
Commencement Bay and Lake Washington, WA in addition to characterizing a pulp effluent deposit in a
southeast Alaska fjord. In each study area, differences in wood/pulp debris morphology and sedimentary
fabric were observed. Areas containing the greatest amounts of wood debris exhibited the shallowest
apparent redox potential discontinuity (RPD) depths in each study. Shallow RPD depths, coupled with
highly reduced underlying sediments, are indicative of organic loading and high sediment oxygen demand.
RPDs generally deepened away from the areas containing discernible wood/pulp debris. The identification
and estimation of amounts of wood debris using SPI provides a primary measure of wood debris/pulp
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deposit extent, whereas the distribution of the RPD depths provide a secondary measure of the degree of
sediment organic loading where distinct wood particles can no longer be seen.

Monitoring Non-Point Source Pollution in an
Agricultural Watershed: Water Quality in an Estuarine
Slough, Padilla Bay, Washington

Douglas A. Bulthuis and Robin M. Cottrell
Padilla Bay National Estuarine Research Reserve

Padilla Bay National Estuarine Research Reserve monitors water quality in Padilla Bay and its
tributaries as part of the National Estuarine Research Reserve System-Wide Monitoring Program.
Joe Leary Slough, the largest freshwater tributary to Padilla Bay, drains a predominately agricultural
watershed that includes orchards, berries, beef grazing, dairies, and annual crop agriculture. Salinity,
temperature, dissolved oxygen, turbidity, and pH were measured at 30-minute intervals for more
than one year at the mouth of Joe Leary Slough. The data indicate tidal influence, seasonal
differences, storm event responses, and the effects of agricultural practices.

Shellfish Farm on Hood Canal

Colleen A. Burge, Amalia C. Baker, Jobn Pitts and Charles Baker
Quilcene High School

The Quilcene-Brinnon Schools Shellfish Science Club is an educational, high school club that
raises oysters and teaches the community about water quality. The oysters are raised on both
Quilcene and Dabob bays off the Hood Canal. 4.7 acres of beach were donated by Jefferson County
and the Washington Department of Fisheries and Wildlife. The oysters raised are sold at fairs,
festivals and an annual community dinner. At these functions, water-quality brochures are handed
out to stress the importance of clean water to the community.

Student members have a variety of educational activities for participation, from business
. . .. . .
procedures to labor intensive work. The club's main goal is to raise enough money to take a fun and
educational, aquaculture-related field trip every two years.

Quilcene High School students have managed and operated the model farm for over three years,
receiving two environmental awards, one locally and one nationally. The club hopes to continue to
raise oysters and teach the community about the importance of water quality.

Application of Regional Tribal Fish Consumption Study
Data to Risk Assessments for Local Sites

Christine M. Chew and Nancy A. Musgrove
Roy F. Weston, Inc

Because fish consumption behaviors vary widely among different populations, site-specific
exposure data and application of those data are critical to ensure realistic estimates of exposures and
resulting potential risks. A recent study of fish consumption habits of two Puget Sound Native
American tribes provides substantial information on both the fish harvesting and fish consumption
patterns of tribal members. This study provides consumption rates for all fish and for functional
groups of finfish and shellfish, as well as information such as preparation methods, harvesting areas,
and parts of the fish consumed. Because these data may serve as surrogates for other Puget Sound
tribal or subsistence populations, direct application of values reported in the study may not provide
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reasonable estimates for the different exposed populations. Site- and population-specific exposure
issues must be addressed. For example, types of finfish and shellfish harvested, the harvestable
amount of these fish available at the site, and the portion of consumed fish harvested from the site
affect how these data can best be applied to risk assessment calculations. Where possible, fractional
use of averaged data may provide more accurate surrogate values than unmodified data. In addition,
further examination of the data used in the fish consumption study has yielded a more specific
breakdown of exposure patterns with particular regard to different types of shellfish.

An Indicator Study of the Environmental Health of the

Sequalitchew Creek Watershed

Emily E. Cudney, Jessica ]J. Fox, Kris M. Grinnell, Ryan W. Smedes, and Kirsten C.
Workman
Pacific Lutheran University

Sequalitchew Creek flows three miles from Sequalitchew Lake on Fort Lewis, through the City
of DuPont, into the southern portion of Puget Sound. The watershed is small, but on the verge of
rapid development as a planned community that includes residential, commercial, and industrial
land use. The community wants to maintain a small community feeling and a healthy creek system as
this development occurs.

As part of a class on Environmental Methods of Investigation at Pacific Lutheran University, we
collected geological, chemical and biological field data from the stream as well as assembling land
use, economic, demographic, and political data about the entire watershed. We used these data to
develop a preliminary indicator study of the environmental health of the Sequalitchew Creek
watershed. We identified key issues that the watershed faces and selected indicators to be monitored
over time. These indicators include measures of the creek’s properties: discharge, total phosphate,
and fecal coliform. These indicators also include as characteristics of the watershed: percent of
residents who work in DuPont, types of businesses, road sizes, and acres of open space. For each we
identified an optimum value and made specific reccommendations to help the community improve
the environmental health of the watershed.

Flow Estimation Model for Small to Medium-Sized

Streams in Puget Sound Based on Sparse Measurements

and Precipitation Data

Matthew Davis and Chris Cleveland
Brown and Caldwell

Flow histories of surface-water discharge are an essential piece of information in many studies;
however, dedicated flow monitoring can be expensive and difficult to maintain. Hydrologic models have
been used with success to estimate flows when measurements are not readily available. Some models
however are data intensive, requiring information on soil types and properties. Quantification of these
parameters can be expensive and time consuming, A model has been developed to predict stream flows
using easily attained measurements: daily precipitation data and intermittent stream flow measurements.
The model routes precipitation through a series of "boxes” that idealize different storage and transfer
processes within a watershed. Model calibration adjusts the parameters that control flux into and out of
the boxes. Intermittent streamflow measurements are used to guide the calibration process and evaluate
error. Optimization of the model parameters may be accomplished through trial and error or automated
with an optimization technique such as a genetic algorithm. The model is simple enough to be used in a
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spreadsheet or may be coded in a more robust form in a -alone application. The model is well suited for
streams draining small to medium-sized watersheds and was applied successfully in the Budd Inlet
Intensive Study to nine streams.

Nutrient Transport from Major Rivers to Puget Sound

and Adjacent Waters

S.S. Embrey and E.L. Inkpen
U.5. Geological Survey

Historical data were compiled for the Puget Sound Basin study unit of the U.S. Geological Survey's
National Water Quality Assessment Program to calculate nutrient loads transported each year from major
watersheds to Puget Sound and adjacent waters. Major nutrient source loadings also were estimated to
relate land use with watershed nutrient yields. With data from 24 water-quality monitoring sites, a
computer program calculated average annual nitrogen and phosphorus loads for 1980-93.

Each year, rivers and streams transport 11,000 tons of inorganic nitrogen, 9,900 tons of organic
nitrogen, and 2,100 tons of total phosphorus to Puget Sound and adjacent waters. Because of their
large stream flows, the Skagit and Snohomish Rivers carry the largest nutrient loads. Nutrient yields
per square mile of drainage basin, however, tend to reflect land use and development. The populous,
agriculturally developed watersheds in the eastern half of Puget Sound Basin generally yield more
nutrients than the less developed basins of the Olympic Peninsula. Yields up to 2.8 tons of nitrogen
per square mile from the Samish and Nooksack River Basins correspond to source loadings of 9-10
tons of nitrogen per square mile from fertilizer, animal manures, and atmospheric deposition.

Marine Recreational Fisheries Statistical Survey (MREFSS)

Pamela Erstad ,Lori Takeoka, Sue Hoffmann
Washington Department of Fish and Wildlife

The Marine Recreational Fisheries Statistical Survey (MRFSS) program began in Washington
State in 1979 through 1988 and recently began again in 1996. It is funded by the Pacific States
Marine Fisheries Commission (PSMFC) and its purpose is to collect catch-and-effort information
from marine recreational anglers along the west coast of the U.S. This information is very useful to
recreational bottomfish managers because Washington state currently has no effective methodology
for assessing recreational bottomfish harvests in Puget Sound. There are two components of the
survey: an intercept survey that collects information on species composition and CPUE, and a
follow-up telephone survey which is used to estimate total effort. In addition, information is being
collected on bycatch, an issue that is becoming an increasingly important element of fishery
management. Finally, the MRFSS Program collects economic information on what anglers are
willing to spend on recreational fishing in Washington State. This data is extremely important
because it provides information for resource managers, legislative bodies, and sportfishing
organizations on the economic contributions of sport fishing. This in turn could help fund special
projects with the aim of enhancing recreational fishing throughout the state.
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The Importance of Combined Sewer Overflow Water-
Quality Characterization in Bremerton's Combined Sewer

Overflow Reduction Plan

Melinda ]J. Fobn and Kathleen Cahall
City of Bremerton Public Works and Utilities

With funds from a Washington State Centennial Clean Water Fund Grant, the City of
Bremerton conducted two years of intensive water-quality monitoring of its combined sewer
overflow (CSO) discharges. Flow-weighted composite and grab samples from 15 CSO sites were
obtained and analyzed for typical parameters, including nutrients, metals, and organics. Results were
compared to marine acute water-quality criteria and other nonpoint sources.

Discharge from a combined sewer system is composed of wastewater and storm water. The
average wastewater component for each CSO site was determined. The concentration of ammonia
and nitrates in the combined sewer sample was compared to an ammonia value representing 100%
waste water. CSO sites had a wide range of wastewater component values, ranging from 1.8% to
37.5%. The wastewater pollutant loading for each CSO site into the receiving waters was
determined using 1996 flow volume and percent waste water. CSO site pollutant loading reveals a
more complete picture of the impact to the receiving environment of the different sites when
compared to evaluation of flow volume only. The City of Bremerton realizes the importance of
CSO-discharge water-quality information in prioritizing and evaluating CSO reduction projects.

Water Quality Goals for Lake Sammamish Derived from a

Long-term Monitoring Program

Jonathan Frodge and Joanna Richey
King County Water and Land Resources Division

Diversion of sewage from Lake Sammamish in 1968 reduced the external load of phosphorus by
about 35%. Lake Sammamish responded favorably to this nutrient diversion. Over a 5-10-year
period, total phosphorus concentrations decreased from approximately 30-35 mg/liter to 15-20
mg/liter. During this period of lake recovery, summer concentrations of chlorophyll decreased from
3—4 mg/liter to about 1-2 mg/liter, with a corresponding increase in water clarity from about 3.3
meters to 4.5 meters.

These water quality gains are currently being reduced by increased nonpoint pollution from
continuing development of the watershed. Since 1978 total phosphorus concentrations have
increased from about 13 mg/liter (1978) to 22 mg/liter. Empirically derived water quality goals of
22 mg/liter volume weighted total phosphorus are expected to maintain average summer algae
populations at current levels (2.8 mg/liter chlorophyll a), and should result in summer average
water clarity of about 4.0 meters. If these water quality goals are maintained, beneficial uses in
Lake Sammamish and downstream water quality in the Sammamish River will be protected.
These water quality goals provide both a public education tool and a basis for the adaptive
management of this watershed.

913



Puget Sound Research 98

Production and Abundance of Heterotrophic Bacteria in
Budd Inlet (WA) During Spring and Summer of 1997,
and their Distribution Relative to Effluent from a

Wastewater Treatment Facility

James Gutholm and Gerardo Chin-Leo
The Evergreen State College

Bacteria in the water column can be important contributors to the eutrophication of estuaries.
We measured bacterial abundance (DAPI) and production ([3H]-Leucine) in Budd Inlet (WA)
during spring and summer of 1997. This estuary is the southernmost inlet in Puget Sound and may
be especially susceptible to eutrophication because of restricted tidal flushing. It also receives
substantial nutrient inputs from the Deschutes River and from the wastewater treatment facility
(LOTT) that services a large urban area. In spring, bacterial abundance ranged from 11.01 x 10°
cells/mL to 3.85 x10° cells/mL, and bacterial production from 18.37 pg C/L/day to 4.73 ug C/L/day
. These values are in the high range compared to other productive estuaries. To examine the
possible enhancement of bacterial activity by wastewater, sampling stations included the area where
treated waste water enters the bay. In spring, both bacterial abundance and production were
significantly higher near the sewage outfall than at a site (Boston Harbor) 10 km away (p>>0.01). In
summer, we increased the number of sampling stations near the LOTT outfall. During this period,
even though both bacterial abundance and production were higher than in spring, no obvious trends
were found with increasing distance away from LOTT.

Viral Hemorrhagic Septicemia Virus in Herring from the

Puget Sound Spawn-On-Kelp Fishery

Paul Hershberger and Richard Kocan
University of Washington

Objective: To determine whether activities involved with closed pound spawn-on-kelp (SOK) fisheries

contribute to active infections of viral hemorrhagic septicemia virus (VHSV) in associated herring.

Methodology:

e  Phase 1: Wild herring from an SOK pound were sampled prior to impoundment and after 24
hr of confinement within the pound.

o  Phase 2: Sexually mature herring were purse seined, transported to a net pen, and sampled from
within the pen at 48-hr intervals. Tissues from all sampled fish were analyzed for VHSV via

plaque assay.

Results:

Phase 1: None of the herring (0/30) tested VHSV+ prior to introduction to the pound, while
12.2% (5/41) tested VHSV+ after 24 hr of confinement.

Phase 2: None of the herring (0/100) tested VHSV+ upon introduction to the net pen but the
percentage of VHSV+ herring increased to 17% (17/100) after eight days of confinement.

Conclusions: Activities associated with closed pound SOK fisheries are responsible for transfer
and/or activation of VHSV infections among impounded herring. VHSV+ herring resulting from
SOK activities may spread viral infections to wild fish due to:

1. The proximity of wild herring to the pounds, and
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2. Release of VHSV+ post-spawn herring from the pounds.

Bull Kelp's Parasitic Brown Algae

Bruce Higgins
Marine Concepts

Typical methods for bull kelp (Nereocystis luetkeana) distribution and condition estimation may
be missing health issues. It was reported in the 1970s that bull kelp can be infected by a parasitic
brown alga. This parasitic condition can manifest itself in a variety of ways, but one that is obvious
by visual exam is a warty external appearance. It may not have been widespread in the past, but has
moved from rare or unusual to common at Edmonds Underwater Park, which adjoins a many acre
kelp forest. Prior to 1992, this condition was rare, but starting with the 1993 season, native kelp
and rafted kelp shows consistent evidence of this problem.

The condition appears to begin by a 5-cm stipe length and continues to persist throughout the
life of the plant. It does not appear to influence the development of the blades or reproduction later
in the season. It also does not appear to be stationary is space as kelp noted with the problem in one
site does not appear to have maintained the condition the following year. This is a factor that may
need to be included in future kelp census studies.

Island County/WSU Beach Watchers' Volunteer Intertidal
Monitoring Program

Jan Holmes, Susan King, and Mary Farmer
Island County/WSU Beach Watcher Volunteers

Island County/WSU Beach Watchers are trained volunteers dedicated to protecting and
preserving the fragile environment of Island County and Puget Sound waters through education and
public awareness. The goal of the WSU Beach Watchers’ Monitoring Program is to document in an
accurate and meaningful manner the ongoing changes in beach profiles and biodiversity at specified
beach sites following beach-monitoring guidelines.

The WSU Beach Watchers’ program provides citizens an excellent opportunity to learn more
about Island County beaches—about the plants and animals that live on a healthy beach and about
the factors that might cause changes on a beach, either suddenly, or more slowly over time.
Beginning in 1990, WSU Beach Watcher volunteer monitors have documented beach profiles and
surveyed the numbers of plants and animals in the intertidal zone. The procedures have been field
tested, standardized and streamlined until all volunteers, regardless of backgrounds, are able to
understand and follow the guidelines after their initial training. The same monitoring procedures are
applied to all types of beaches. The product, over time, is an expanding, quality controlled, baseline
study of our island's beaches with data invaluable for the assessment of the health of our changing
shores. The results of the development of the WSU Beach Watchers' beach monitoring program are
currently being published as a Volunteer Monitoring Training Manual, including sections on
Woatershed Monitoring and Volunteer Training and Support. This manual will be shared with other
environmental programs interested in developing volunteer intertidal monitoring programs in Puget
Sound and beyond.
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Ecological Functions of a Saltmarsh/Mudflat Complex
Created Using Dredged Material at Jetty Island,

Washington—The Final Verdict.

Jonathan P. Houghton
Pentec Environmental, Inc

R. H. Gilmour and D. L. Gregoire
Port of Everett

The Port of Everett and US Army Corps of Engineers constructed a 15-acre berm using clean dredged
sand to form a protected 19-acre mudflat. Four objectives were established for testing project success: 1) to
balance erosion losses on the island, 2) to create additional dune grass habitat, 3) to create a protected
embayment that would be colonized by marine invertebrates, and 4) to demonstrate a beneficial use of
dredged material. Productivity and invertebrate biomass were expected to increase in the protected
embayment, improving habitat for fish, shorebirds, and waterfowl.

Plantings of Jaumea, Salicornia, and Distichlis in 1991 flourished and achieved over 100% cover
in some areas by 1993. Epibenthic zooplankton sampling in spring 1992 and 1994 showed higher
abundances of juvenile salmonid prey species inside the berm than at comparable elevations on
exposed shorelines along the remainder of the island. Beach seining in 1992 and 1994 demonstrated
that juvenile salmon and other fish, especially juvenile surf smelt, use the embayment during high
tides. The mudflat is intensively used by migrating shorebirds and bald eagles. Data from 1995
sampling demonstrated that the project met all pre-established criteria for success. Additional
nourishment of the berm is planned in 1998 to maintain its physical integrity and preserve the
ecological benefits.

Seismic Landslides in Puget Sound (SLIPS): Quaternary

Faulting and Submarine Mass-Wasting

Robert E Karlin and R. . Watters
University of Nevada

Mark L Holmes
University of Washington

Structure, stratigraphy, and geometry of Quaternary submarine landslides have been mapped
from Everett to Tacoma using seismic profiling and side-scan sonar imaging. Massive submarine
landslide complexes (>1 km wide) occur in several locations including Maury Island near Tacoma,
Skiff Point (Bainbridge Island), Alki Point in West Seattle, Possession Point (Whidbey Island),
Mukilteo, Edgewater, and Gedney Island near Everett. Ages of these slides are being determined by
dating turbidite layers in piston cores. Submarine landslides are relatively common in the eastern
passages of Puget Sound and tend to be better preserved than on land. Conversely, despite numerous
coastal slides, western passages generally do not have submarine expression of mass wasting because
of intense tidal scouring of the submarine slopes. Older Pleistocene units north of Seattle tend to fail
as coherent blocks, whereas younger Esperance Sand/Lawton Clay units south of Seattle generally fail
as incoherent slides, flows, and spreads. Many large slides in or near major fault zones appear to have
been activated several times during the Holocene. Extensive Holocene thrust faulting and large
landslides associated with the South Whidbey Island fault zone suggest that this area is tectonically
active and may constitute a major seismic risk to the Everett-north Seattle area.

Geophysical Investigation of the Pacific Sound Resources
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and Eagle Harbor SuperFund Sites, Puget Sound,
Washington

Robert E. Kayen, Terry R. Bruns, Michael D. Fisher, Michael R. Hamer, and Homa Lee
U.S. Geological Survey

Chris Beaverson
NOAA Hazmat

The US Geological Survey, EPA, and NOAA acquired side-scan sonar, seismic reflection
profiles, and bathymetry over the Eagle Harbor and Pacific Sound Resources SuperFund sites. Our
objective was to spatially map units of potentially contaminated sediment placed offshore during
operations at these sites. Our principal tool to acquire seafloor imagery was the Datasonics SIS-
1000, a single deployable device with three channels supporting CHIRP side-scanning sonar and a
downward-looking CHIRP sub-bottom profiler. Single-beam bathymetric surveys were conducted
by the Hydrographic Section of NOAA to augment the geophysical dataset collected by the USGS.

Our investigation focused on addressing the following concerns: (1) determine the areal extent,
thickness, and orientation of any potentially contaminated sedimentary layers; (2) ascertain any
unusual characteristics or anomalies associated with the sediment surface or sub-bottom layers; (3)
determine potential NAPL pathways associated with anthropogenic layers; (4) determine the extent
of submarine structures. At Eagle Harbor, we additionally sought to characterize the morphology
and spatial extent of the cap material placed on the harbor floor. For both sites, we found that the
side-scan imagery, coupled with bathymetry, allowed for detailed description of the surface
morphology of the sites, whereas, patchy zones of bubble-phase gas in the sediment-column hindered
our efforts to observe the sub-seafloor stratigraphy in seismic reflection profiles.

Ichthyophonus Infections in Wild and Lab-Reared Pacific

Herring (Clupea pallasi)

R. Kocan, P. Hershberger, and T. Mehl
University of Washington

Objectives:

1) Determine pathogenicity of Ichthyophonus for herring; and

2) Describe the natural history of Iehthyophonus in wild herring,

Laboratory-reared herring infected with Iehthyophonus spores began dying in 11 days. Skin lesions
were detectable by 36 days, and by 56 days, 90% were dead. Ichthyaphonus was cultured from all
infected tissues. Infected tissues were injected into coast range sculpins (Cottus aleuticus), which became
infected and/or died. Sculpins fed infected tissues became infected, while the controls did not.

Wild herring demonstrated skin lesions in 6%, 5%, and 4% of 0-year, 1+, and 2+ fish,
respectively, while 6% 23%, and 52% of each group cultured positive for tissue-associated
Ichthyophonus. There was no difference in weight or length between infected and uninfected fish.

Conclusions: Ichthyophonus is pathogenic for nonimmune herring, causing nearly 100%
mortality. Lesions of the heart, liver, spleen, muscle preceded the appearance of skin lesions. Tissue
culture appeared to be the most efficient method for detecting this organism.

Six percent of wild herring were naturally infected by 3—4 months old, while 52% of adults were
infected. There was no evidence that the health or survival of wild fish were affected, but different
environmental conditions or levels of infection could result in a significant level of morbidity and

mortality.
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Puyallup River Radio-Telemetry Study: White River
Spring Chinook, 1996-1997

Ruﬂlhd%y,BhdededaAﬂhhmdﬂﬂuihmakLawdjWamkAkbon
Puyallup Tribal Fisheries

Chinook salmon, Oncorhynchus tshawytscha, with esophageally implanted radio tags were tracked
in the Puyallup River system to determine movement patterns, migration hazards and spawning
locations. A total of 272 adult chinook were tagged comprising 12% and 17% of the adult
escapement above Mud Mountain Dam in 1996 and 1997, respectively. White River chinook were
targeted by tagging fish at the Buckley trap located on the White River and those fish demonstrating
carly freshwater entry into the lower Puyallup River. Entry timing of White River stocks and
summer/fall run hatchery stocks overlapped by six weeks. Movement, holding periods and holding
locations varied widely among individual fish. The single greatest travel rate recorded was 32.5 km
in 24 hours. The majority (75.5%) of the fish tagged moved through the lower Puyallup River (<
rkm 17.3) within 14 days. Holding periods ranged up to 10 weeks. Males exhibited a higher
propensity to move upstream and then back down. Most (74% of all redds) spawning took place
within two non-glacial tributaries, but ranged from river km 18 to 89.8 of the mainstem White
River. Redd elevations ranged from 45 to 853 m above sea level. Spawning occurred earlier within
high-elevation stream reaches than in low-elevation reaches.

Development of Arsenic Speciation Data for Edible Biota,
Sediments, and Water

Roseanne M, Lorenzana
USEPA, Region 10

A collaborative research project between USEPA Region 10 (Seattle) and the USEPA National
Exposure Research Laboratory (Cincinnati) was started in September 1997. The objectives are (1)
to develop a laboratory extraction method(s) for speciated arsenic in fish, shellfish and seaweeds
which can be used with existing analytical arsenic detection methodologies; (2) in Alaska and
Puget Sound samplesto determine concentrations and relative proportions of dimethylarsentate
(DMA), monomethylarsonate (MMA), inorganic arsenic and organic arsenic and (3) to determine
the effect of typical preparation and cooking procedures on speciated arsenic concentrations. The
technical approach involves further developing analytical methodologies, collection of Puget
Sound fish, shellfish, seaweed, water and sediments, analyzing the samples, and publishing an
exposure assessment utilizing information from Puget Sound seafood consumption surveys
(completed in 1996 (tribal) and 1997 (Asian Pacific American)). The expected outcomes include
a standard operating procedure for assessment and validation of the quality of arsenic speciation
data, publication documenting an extraction and analytical laboratory method, and publication of
findings and a database which provides results of analyses in a manner that can be used in regional
risk assessments.
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Contaminant Monitoring of Surf Scoters near Tacoma,
Washington as part of the Puget Sound Ambient

Monitoring Program

Mary Mabhaffy and Jeff Krausmann
U.S. Fish and wildlife Service

Dave Nysewander
Washington Department of Fish and Wildlife

Adult male surf scoters were collected in Puget Sound near Tacoma, Washington in October
1995 and February 1996. Surf scoters are a relatively abundant winter resident seaduck in Puget
Sound. Comparing the contaminant concentrations in scoters collected after they first arrive to
those collected in the late winter allows an evaluation of contaminant exposure during the winter.
Concentrations of mercury and chromium increased slightly in wintering scoters; however, they were
well below concentrations known to cause negative impacts to birds. No appreciable uptake of
polyaromatic hydrocarbons by the scoters was observed during their winter residency. General bird
health was evaluated by examining a variety of tissue samples for lesions and conducting blood cell
counts and serum chemistry. In general, the surf scoters collected appeared to be in good condition.
The scoters were primarily feeding on mussels, clams, tube worms, and snails.

Association of Smallmouth Bass (Micropterus Dolomien)
Nests with Residential Piers in Lake Sammamish, King

County, Washington

Roderick W.R. Malcom
Muckleshoot Indian Tribe

Freshwater piers may create habitat for predators of juvenile salmon or increase the interaction
between salmon and their predators. Increased predation upon juvenile salmon may impair
restoration efforts. To ascertain the potential for piers to increase the interaction between juvenile
salmon and smallmouth bass, an introduced predator, 2.2 km of Lake Sammamish was surveyed by
boat. Bass nests were located and the distance to the artificial inwater structure measured. Nearshore
salmon use was determined by the spot beach seining and through analysis of other salmon use data
collected in Lakes Washington and Sammamish. Smallmouth bass nests were preferentially
associated with artificial in-water structure. Fifty percent of smallmouth bass nests were located
within 2 meters of artificial in-water structure and 75% of nests within 11.5 m.

Though this study did not attempt to determine if smallmouth bass spawning is limited by lack
of in-water structure, it did demonstrate residential piers and other artificial in-water structure
provide focus for smallmouth bass spawning. Given the existing number of piers and ongoing
construction rates, future research should quantify the impacts of piers upon the smallmouth bass
population in Lake Sammamish and explore the association of other predators of juvenile salmon
with artificial in-water structure.
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Characterization of Groundwater Discharge into a Tidally
Influenced Surface Water Body, Thea Foss Waterway,

Tacoma, Washington

Daniel W. Matthews
Hart Crowser, Inc.

This talk discusses our methodology and presents preliminary results of our evaluation of
groundwater discharge rates and associated chemical mass-loading rates into the tidally influenced
Thea Foss Waterway. Because the Thea Foss Waterway is known to be a groundwater discharge
area, mobilization of contaminants by flowing groundwater needs to be considered in evaluation of
alternatives for remediation of contaminated sediments. The field program for the project included
installing and sampling monitoring wells within and adjacent to the waterway, sampling recent
marine sediments in the waterway, analyzing chemical partitioning between sediment and
groundwater, sampling groundwater discharging to the waterway by means of well points and
bottom flux chambers, monitoring water levels during a tidal cycle, evaluating groundwater salinity,
and aquifer testing. The fate and transport of man-made contaminants dissolved in groundwater and
adsorbed to sediments was estimated by several methods including numerical modeling techniques.

Environmental Limitations to Vegetation Establishment

and Growth in Biofiltration Swales

Greg Mazer
University of Washington

To combat nonpoint source water pollution, federal and local governmental agencies throughout
the country have required construction of “in pipe” stormwater quality improvement facilities. One
such facility, the biofiltration swale (also called bioswale or biofilter), is an open channel possessing a
dense cover of grasses and/or wetland plants through which runoff is directed during storm events.
Aboveground plant parts (stems, leaves, and stolons) physically filter particulates and their associated
pollutants as runoff passes slowly through the channel. Herbaceous cover is considered to be well
correlated with treatment performance.

Environmental conditions and construction history were examined for eight biofiltration
swales in King County, WA to determine relative importance of and threshold values for the
various factors influencing vegetation establishment and growth. To improve future biofiltration
swale design and performance, more consideration to providing seeded grasses with environmental
conditions conducive to germination and establishment is recommended. However, even when
installed properly, bioswales may not perform as anticipated in the long term if base and storm
flows become channelized and/or base flow (inundation) persists through the growing season.
Therefore, I recommend restricting biofiltration swales to very low flow (discharge and velocity)
conditions and constructing large retention ponds and wetlands to improve stormwater quality
under high-flow conditions.

920




Poster Session Abstracts

Geologic Mapping in the Eastern Juan de Fuca Strait

David.C. Mosher, Kim Conway, Robert Kung
Geological Survey of Canada

Antony Hewitt
University of New Brunswick

High-resolution geophysical mapping in the eastern Strait of Juan de Fuca has led to the
identification of three Quaternary geologic units: 1) till and diamict, 2) glacio-marine sediments, and
3) Holocene reworked sediments. Till is an acoustically amorphous unit and underlies most of the
Strait. It is exposed at the seafloor in places, especially on the shallow banks. Glacio-marine
sediments are typically layered and overlie till and outcrop over much of the seafloor. They have
been extensively eroded. Holocene sediments consist of reworked glacio-marine and till material,
since there is very little modern sediment input into the eastern Juan de Fuca Strait. This material is
thin over much of the strait and thickens near banks, islands, and the coastline, areas where there is
abundant sediment supply. This Holocene reworked material shows abundant evidence of strong
current activity. Over much of the sea floor it is thin, forming a lag over older deposits, with
bedforms developed on the surface. Adjacent to banks and coastlines it forms drifts and large sand
waves. In one area south of Discovery Island these sandwaves are 25 m high and 500 m in width.

Two Years of Repetitive Side-scan Sonar Mosaics of the

Point Grey Ocean Disposal Site, Vancouver, Canada

David.C. Mosher and Ralph G. Currie
Geological Survey of Canada

Dixie Sullivan
Environment Canada

One of the most active designated ocean disposal sites on the west coast of Canada is just outside
Vancouver Harbor, off Point Grey in the central Strait of Georgia. The site, defined by a circle 10.78
km” in size, was officially designated in 1968, although dumping has been occurring in the region
since 1938. It is in water depths between 210 and 250 m. Approximately 9.0 million tons of
material has been dumped at the site since its designation. Repetitive sides-scan sonar mosaicing of
the ocean floor, combined with video inspection using a remotely operated vehicle (ROV), are two
monitoring tools used in this study. The intent is to investigate the impact of disposal on the sea
floor, the rate of burial of disposed material, the dispersal rate of disposed material, and the amount
of disposal occurring outside of the prescribed area. Digital geo-referenced mosaics allow for
calculation of difference maps, which highlight newly disposed material. Approximately 85,000 m’
of material were dumped during a one-month period between surveys. ROV observations show the
disposed material to consist of wood-waste spoils, excavation material from construction sites, and
bundle wire from saw mills.
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Weak Osmoregulation Observed in Cancer gracilis

(Crustacea: Brachyura) from Southern Puget Sound

Nicole Ann Nelson, Raphael Ritson-Williams, and Erik V. Thuesen
The Evergreen State College

Although very abundant in the Puget Sound estuary at salinities near 25 g/kg (Kozloff 1996),
Cancer gracilss is generally considered to be a coastal species unable to tolerate estuarine salinities
(Jensen 1995). In order to investigate the osmotolerance of C. gracilis, we maintained crabs at 15,
20, 25, and 37 g/kg for an acclimation period of two weeks. Our results show that C. gracilis has a
100% survival rate at salinities of 20 and 25 g/kg. Hemolymph drawn from crabs acclimated for four
hours to salinities ranging from 17-34 g/kg shows C. gracilis to be a weak osmoregulator at salinities
from 17-20 g/kg, similar to previously published reports for C. magister. Osmoregulation was not
observed after a 24-hour acclimation period, whereby the hemolymph of all crabs was found to be
isotonic with the seawater. We also investigated the enzyme carbonic anhydrase (CA) that
contributes to ionic regulation. Assays were performed on gill CA activities using the DCO2/DpH-
method to obtain the CA activity of each gill. No difference was found in CA activities between gill
pairs, indicating that there are no specialized performance patterns in the gills of C. gracilss.

Long-Term Patterns of Resident Orca Occurrence in
Relation to Salmon in Puget Sound and the San Juan

Islands

Richard W. Osborne
The Whale Museum

The diet of the resident orcas that frequent the inland marine waters of Washington State and
southern British Columbia has been shown to be dominated by a preference for salmon. The loss
and/or severe reduction in salmon resources would be expected to correlate with changes in the
pattern of occurrence of these orcas in the area. The year-round monthly occurrence of these
orcas has been documented by pooling observations collected from public and private sighting
networks in place in Washington and British Columbia since 1976 (N= 15,957). The most recent
15 years of this information has been coded as the number of days per month that resident orcas
have been detected. Annual patterns of change were then assessed by month and compared with
a) Washington State monthly salmon sport catch records, b) Fraser River sockeye and pink salmon
run estimates, and c) for an overall trend that might indicate more recent changes in orca
occurrence from earlier years.

Findings indicate that the resolution of this data is not high enough to significantly correlate the
salmon measures with monthly orca occurrence relative to the orcas’ year-round habitat, but it has
documented a recent shift in their historical pattern. There is a higher occurrence of the orcas in the
spring and a lower occurrence in the fall, as contrasted with an annually steady occurrence in the
summer and winter. However, in 1997 there was a sharp increase in the fall occurrence of the orcas

'in Puget Sound, which is a significant departure from this trend, and may be indicative of food

availability stress in this orca population.

922




Poster Session Abstracts

Microhabitat Use by Rocky Reef Fishes in Puget Sound

Robert E. Pacunski and Wayne A. Palsson
Washington Department of Fish and wildlife

Scuba, video, and acoustic surveys have been conducted in Puget Sound, Washington State,
since 1992. These surveys have identified major and minor habitat associations of principal reef
fishes including copper rockfish (Sebastes caurinus), quillback rockfish (S. maliger), Puget Sound
rockfish (S. emphaeus), kelp greenling (Hexagrammos decagrammus), and lingcod (Ophiodon
elongatus). In particular, copper rockfish showed a high association with boulder fields and less usage
of walls and rubble fields. Observed habitat associations may be in part the result of fishing and
comparisons with patterns with fished areas and no-take refuges may help to identify the effects of
fishing on habitat use by reef fishes.

Severity and Magnitude of Puget Sound Coastal Bluff
Landsliding, 1996-97

Dr. Leonard Palmer
Portland State University

Active landsliding during 1996-1997 was observed along approximately 20% of sampled
sections of coastal bluffs in northern Puget Sound. Recent landsliding (within the last 3-5 years)
was observed along about 30% of the bluffs. Thus, about half of the sampled bluffs demonstrated
active landslide evidence within approximately the past five years. In 1996-97, five people died,
about 2% of homes were destroyed and many others sustained extensive damage. About 16% of
remaining homes on or below the bluffs appeared to be at severe risk by having no (less than 10
feet) set back from the bluff top or bluff toe. About 60% of the sampled coastal bluffs are now
developed, providing opportunity for improved development guidelines for the remaining
undeveloped 40% of coastal bluffs.

In this investigation, aerial reconnaissance photographic sampling of coastal bluff landslides in
northern Puget Sound on April 1997 was done to obtain a comparative evaluation of the
magnitude and severity of coastal bluff landsliding. The sample is based upon east-facing bluffs
(exposed to sunlight during the flight) of Kitsap and Jefferson counties from Bainbridge Island
northward to Marrowstone Island, and of Magnolia Bluff in Seattle. The landslide activity in
sections of coastal bluffs ranged from 6% to 36% of the 10 coastal bluff sections. Most of the
homes on the bluffs appeared to be constructed closer to the edge of the bluffs than a 45_ slope
extended from the base of slope.

Apparent causes of landsliding include glacial stratigraphic conditions, wave undercutting,
concentrated and accelerated surface and underground drainage from above, uncontrolled land
grading and vegetation changes, and triggering by natural seasonal storm events, especially those
of greater that normal magnitude. The 1996-1997 storm was at least a 100-year event

(USACE, 1997).
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Trawl Survey Results in the Transboundary Waters of
Washington and British Columbia

Wayne A. Palsson, James Beam, Suzanne Hoffman, and Paul Clarke
Washington Department of Fish and wildlife

Bottom-trawl surveys have been conducted in Washington since 1987, and in 1997, a synoptic
survey was conducted in the transboundary waters of Washington and British Columbia. The
surveys were designed to estimate numerical abundance of key benthic species, identify population
trends, and quantify the impact of fisheries. The 1997 survey was also designed to describe the
distribution of key commercial fishes that inhabit the Strait of Georgia but likely move between both
sides of the international boundary.

Standard trawl-survey methodology was used to design the stratified systematic surveys. A 400-
mesh Eastern Trawl was towed by a chartered fishing vessel. The bottom trawl is fitted with a
codend net liner with a 1.25-inch mesh opening, and the trawl is towed at predetermined stations for
10 minutes. Trawl surveys were regionally based and at least 25 samples were taken each year. Five
depth strata were designated as follows: 5-20 fathoms, 21—40 fms, 41-60 fms, 61-120 fms, and
>120 fms.

Population trends will be evaluated as well as the effectiveness of survey design. The impacts of
fishing will be discussed in relation to areas of heavy, little, or no commercial fishing.

Riverton Creck West Restoration Project: Partnership
Approach for Habitat Restoration and Flood Control at
an Urban Watershed

Ryan Partee
City of Tukwila

Ira Dunbar, Denis Bourcier
Boeling

‘The Riverton Creek watershed drains approximately 430 acres and is located in Northwest
Tukwila. The west tributary drains a small, forested area before crossing a major transportation
corridor as it winds through the middle and lower watershed, which comprises residential and
industrial areas. The east and west tributaries meet just upstream of the Duwamish estuary bridge at
Route 599. The creek is subject to stormwater runoff originating from various land uses, including
agricultural, residential, industrial, and transportation.

The objective of the current restoration project is to build on past efforts to combine
revegetation and provision of in-stream habitat improvements into a multi-steward strategy that
would increase fish habitat while reducing flooding potential at industrial operations adjacent to the
creek. The stakeholders and users include the City of Tukwila, King County (KC), Tukwila
Elementary School, WA Dept. of Fish and Wildlife, residents of the Riverton community in
Tukwila, and Boeing Company employees. Additionally, the restoration parallels the Storm Water
Pollution Prevention Plan BMP’s for the Boeing facility as well as the watershed-wide plan for
improvements currently being implemented by the City. Utilizing City of Tukwila as well as Boeing
Company resources and volunteers, in addition to support provided to the city of Tukwila via a KC
stream habitat improvement grant, the restoration project incorporates traditional revegetation
methods with specific habitat improvements and physical barriers to sediment input to the stream.
The resultant reductions in stream sediment loading and localized alterations have permitted the
yearly installation of a salmon egg-hatching incubator and yeatly releases of salmon fry that are being
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raised at area elementary schools. Selective use of small sediment detention ponds and source control,
combined with revegetation and in-stream habitat additions, have resulted in dramatic improvements
in water quality and availability of habitat. This project provides an example of how an urban stream
tributary can be upgraded and still meet flood control needs in a watershed that is subject to various
contaminant and sediment loading sources. T

Risk-Based Monitoring of Chemical Contaminants in an
Intertidal Seep Zone

Gary A. Pascoe and Len Hayman

EA Engineering, Science and Technology, Inc.
Les Williams

Foster Wheeler Environmental, Inc.

Renee Wallis

U.S. Navy

As part of a five-year monitoring program along the shore of Liberty Bay, metals and semi-
volatile organic chemicals were measured in ground water, seeps, sediments downgradient of the
seeps, and shellfish. Groundwater transport and discharge results in exposures of marine organisms
and humans to groundwater contaminants, particularly in the intertidal zone where groundwater
directly contacts marine sediments and shellfish. Consequently, the monitoring program was
developed to: (1) document the effectiveness of natural processes on attenuation of chemical
concentrations in groundwater; and (2) develop site-specific measures of chemical exposure that
could not be accurately predicted in a risk assessment. Samples were collected from over a dozen
wells screened in surficial groundwater, two downgradient seeps, and nine sediment and shellfish
(littleneck clams) stations arranged as a grid in the intertidal and subtidal zones. Along the shoreline
of the site, spatial trends in cadmium and chromium concentrations were apparent in seep water,
sediments, and clam tissues. Concentrations of chromium, cadmium, and several other chemicals in
sediment and shellfish tissue were elevated above reference (EAR) area concentrations. The EAR
ratios decreased along the exposure pathway from groundwater to sediments to tissues. These results
indicate that sediment and tissue sampling are effective monitoring end points of ecological risk and
natural attenuation of contaminated groundwater discharge into the marine environment.
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Contaminated Sediment Disposal, Development, and
Application of Siting Criteria in Bellingham Bay
Clay Patmont and Tom Schadt

Anchor Environmental, L.L.C.

Tracey P. McKenzie

bPacific International Engineering

Mike Stoner

Port of Bellingham

Rachel Friedman-Thomas and Lucille Pebles

Washington Department of Ecology

John Anderson

Georgia-Pacific West, Inc.

The objective of this paper is to present a two-part process used by the Bellingham Bay
Demonstration Pilot Project Work Group to blend participating agencies/entities goals, policies,
regulations, and objectives into a process that identifies and prioritizes disposal sites for contaminated
sediments in Bellingham Bay. Part One used exclusionary, avoidance, and cost screening criteria,
along with available GIS databases, to identify a long list of 70 potential upland, nearshore fill, and
confined aquatic disposal sites. Part Two involved the development of disposal site evaluation
criteria and scoring guidelines relative to Pilot Project goals, and application of these scoring
guidelines to the long list of disposal sites. Application of the scoring guidelines to the long list of
disposal sites will be presented, along with a description of how final contaminated sediment disposal

site alternatives were identified by the Work Group. These final disposal alternatives will be more
fully evaluated in a forthcoming Feasibility Study and SEPA/NEPA EIS.

The Biosolids Handshake
John Poppe

City of Bremerton

The City of Bremerton constructed an 18-hole golf course in the 1960s. The demand for the
facility provided the City an opportunity to expand the course in 1995-96 by adding another 18-

hole course for public use.

Grade work and surface contouring began in the fall of 1995 and was completed early in 1996.
The soil conditions were generally clay and sand with a predominance of fine sand as the final top
mix. The fairways and greens were planted with grass seed from April through July 1996.

The sandy soil was very low in plant nutrients and had no organic content for water retention.
Therefore, commercial fertilizer was used every two weeks as the nutrient source, with several water
applications per day.

The anticipated growth (without biosolids) of the new turf prohibited course play until March
1997. The new course play schedule resulted in concern about the delayed time from the capital
investment to the start of revenue by those playing the new course.

The City of Tacoma and the City of Bremerton have been developing the use of biosolids for
various uses around Kitsap County for several years. This cooperation resulted in the City of
Tacoma applying 361,000+ gallons at 5% total solids to 90% of the new Bremerton golf course.

As a result of the cooperative efforts of the Class A biosolids application, the new course opened on the
Labor Day weekend of 1996. The revenue generated by the early opening is estimated to be $300,000.
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Depositional and Erosional Mechanisms and Rates in
Elliott Bay from Geological, Geophysical, and Historical
Hydrography Data

Kyle K Ren, Michael Hutnak, and Mark L. Holmes
University of Washington

The objectives of this study were to determine the depositional and erosional environments in Elliott
Bay, a Puget Sound embayment forming the Seattle waterfront, and to describe and quantify processes
responsible for producing those environments. Hydrographic charts from 1935 and 1970, together with
bathymetry profiles obtained in 1996 and 1997, were digitized and differenced to determine areas
exhibiting significant changes in depth. Granulometric data for 500 previously collected bottom samples
were analyzed to characterize depositional and erosional environments. Piston coring and reflection
profiling were used to map seismic-stratigraphic units and examine subsurface stratigraphy.
Paleobathymetric analysis shows the eastern marginal slopes of the Elliott Bay to be undergoing almost
continual erosion, whereas the western slopes are characterized by depositional environments. The average
net accumulation rate over the entire embayment was 0.6 cm/yr between 1935 and 1970. Episodic
turbidity currents (~1/century) and submarine landslides have eroded into pelagically deposited sediment
in outer Elliott Bay and along two inner submarine canyons. Bottom morphology and geometry of
stratigraphic units suggest turbidity current velocities of 3-13 m/sec. The frequency and magnitude of
turbidity currents and landslides suggest that care should be taken when choosing locations for sewer
outfalls, submarine cables and pipelines, and dredge spoil disposal sites.

Toxic Response and Bioaccumulation in a Deposit-
Feeding Polychaete—Relative Life-Stage and End-Point

Sensitivity, and the Potential for Trophic Transfer
Casimir A. Rice
University of Washington

Gina M. Ylitalo, Barbara L. French, and Ed Casillas

Northwest Fisheries Science Center

This study provides a comprehensive set of baseline toxicity data that characterizes critical life stage
responses of an animal with a typical marine life history, in long-term sediment exposures over a wide
range of toxicant concentrations. The opportunistic, deposit-feeding polychacte Armandia brevis was
exposed for 60 days to sediments supplemented with each of the toxicants dieldrin, pp'DDE, Aroclor
1254, fluoranthene, cadmium, copper, lead, and mercury. Mortality and emergence from sediment (an
avoidance response) were recorded daily, and growth and maturity were measured at 20, 40, and 60 days.
To assess recruitment, cultured planktonic larvae were presented with the same sediments as the juveniles
and adults. All life stages of A. frevis proved amenable to laboratory experimentation. For all toxicants, the
overall pattern of end-point sensitivity was growth (most sensitive) > settlement > maturity > emergence >
mortality (least sensitive). The general rank of toxicant toxicity was dieldrin (most toxic) > pp'DDE =
Aroclor 1254 = fluoranthene > copper > cadmium > lead = mercury (least toxic). Regression relationships
between sediment and whole-body concentrations of organic compounds were linear, with
bioaccumulation factors ranging from approximately 15 to 25. Overall, these results give insights into how
anthropogenic chemical contamination may affect benthic marine ecosystems through differential effects
on various life-history parameters.
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Puget Sound Intertidal Habitat Inventory:
Vegetation Mapping

Rebecca Ritter and Allison Bailey
Washington State Department of Natural Resources

Puget Sound's nearshore habitats are a natural resource of significant value. The region's rapidly
growing population continues to push habitat issues to the forefront for resource decision makers. The
Washington State Department of Natural Resources, as part of a project to monitor the nearshore
environment through the Puget Sound Ambient Monitoring Program, has characterized intertidal and
canopy-forming vegetation in Puget Sound. This poster summarizes the inventory method used, and
discusses the impact of geospatial detail on subsequent applications. Eight intertidal vegetation types were
classified using multispectral imagery: eelgrass, brown algae, kelp, green algae, mixed algae, salt marsh, spit
and berm vegetation, and red algae. The vegetation types encompass most common macroscopic
vegetation found along Puget Sound's shorelines. Ground data, collected during the growing season, were
used to guide the classification, or for classification accuracy assessment.

Comprehensive management of these important resources is best addressed by appropriately
accurate and detailed information. The intertidal vegetation inventory provides information on the
following characteristics of a feature: type, location, distribution, areal extent, shape/boundary, size
range, and fragmentation. This high-resolution (4 m) inventory with polygon representation of
features allows for detailed analysis of vegetation beds over broad areas, adding an important
dimension to applications that analyze spatial relationships.

Elevated Levels of PCBs, PCDDs and PCDFs in Harbour
Seals (Phoca vitulina) and Killer Whales (Orcinus orca)

Inhabiting the Strait of Georgia, British Columbia,

Canada

P.S. Ross, M.G. Ikonomou, and R.F, Addison
Institute of Ocean Sciences
G.M. Ellis
Pacific Biological Station
L.G. Barrett-Lennard
University of British Columbia

We carried out a study aimed at assessing the levels of the polychlorinated -biphenyl (PCB), -dibenzo-
p-dioxin (PCDD), and -dibenzofuran (PCDF) chemicals in free-ranging harbor seals and killer whales in
British Columbia, Canada. Blubber samples were obtained from 43 harbor seals from three different areas
in the Strait of Georgia. Pneumatic darts were used to obtain blubber samples from six known-age free-
ranging killer whales from a southern resident pod, animals known to frequent Strait of Georgia waters, as
well as 24 northern residents. Congener-specific analysis of PCBs and PCDD/Fs was carried out using gas
chromatography-high resolution mass spectrometry (GC-HRMS). Concentration-age relationships were
generated for males and females of both species. We estimated that a 10-year-old male harbor seal has 294
ng/kg of 2,3,7,8-TCDD Toxic Equivalents (TEQ) and 21 mg/kg PCB; a 15-year-old female has 118
ng/kg TEQ and 8 mg/kg PCB; while a 22-year-old male killer whale has 893 ng/kg TEQ and 106 mg/kg
PCB; a 45-year-old female has 139 ng/kg TEQ and 22 mg/kg PCB in blubber (lipid weight). The lower
levels in females of both species reflected the loss of contaminants to their calves during pregnancy and
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lactation. We estimate that 3.3 kg of PCBs are distributed among the 30,000 harbour seals and 6.2 kg are
distributed among the 96 killer whales frequenting Strait of Georgia coastal waters. Results suggest that
contaminant levels may be high enough in some of the marine mammals inhabiting this coastal region of
Canada to affect reproduction, immune function, and endocrine function, and that the killer whale
population may be at particular risk. o

Application of Multiple-Bioassay Interpretation Index to

Four Interpretive Frameworks

Bruce W. Rummel and Spyros P. Paviou
URS Greiner, Inc.

Body of a multiple-bioassay index (MBI) has been developed to evaluate results from abstract
sediment bioassays and to provide a metric for facilitating sediment quality assessment. The index
integrates the results of different bioassay tests into a single value, which represents the cumulative
contribution of each test. The index allows for the explicit derivation of threshold levels for no
adverse effect, minor adverse effects, and adverse biological effects consistent with regulatory criteria.
The MBI is compared to four existing interpretive methods: Washington Sediment Management
Standards, Puget Sound Dredged Disposal Analysis (PSDDA), USEPA/USACE negative control

response method, and the reference envelope method of the California State Water Resources Board.

Caged-Mussel Pilot Study at the Port Alice Pulp Mill on

Vancouver Island, B.C.

Michael H. Salazar
Applied Biomonitoring

Sandra M. Salazar
EVS Consultants

An in-situ caged mussel pilot study was conducted to evaluate this approach as part of
Environmental Effects Monitoring (EEM) at Canadian pulp and paper mills. The objective of the
pilot study was to test the feasibility, scientific value, and applicability of using caged bivalves as a
tool for EEM. Effects endpoints included survival, growth, percent water, and percent lipids.
Exposure endpoints included mussel tissue chemistry and chemical analysis of lipid bags (semi-
permeable membrane devices; SPMDs). To provide the option of including this methodology as
part of Cycle 2 of EEM, the pilot study was conducted from August—October, 1997 at the Port
Alice Mill pulp mill, Vancouver Island, B.C. Planning has been open to industry, government,
and consultants. Representatives from each group observed and participated in the actual sorting,
measurement, and deployment process. The scope of work included an element of technology
transfer and the project was viewed as a combined Pilot Study-Workshop. The study will be
evaluated based on previously established criteria such as: 1) scientifically defensible; 2) cost-
effective; and 3) well-defined decision points. A significant relationship was found between
proximity to the mill effluent diffuser and reduced mussel growth. Results show potential
applications for monitoring effluents in Puget Sound.
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Survival and Growth of Caged Mussels at 70-Meters

Depth in Port Valdez, Alaska

Michael H, Salazar
Applied Biomonitoring

Sandra M. Salazar
EVS Consultants

An én-situ field study was conducted to evaluate the feasibility and scientific value of using caged
mussels as a monitoring tool to characterize chemical exposure and biological effects associated with
the Ballast Water Treatment Facility (BWTF) effluent being discharged into Port Valdez, Alaska. A
tiered approach was used; mussel survival and growth in Tier 1; chemical analysis of mussel tissues in
Tier 2. Caged mussels (Mytilus trossulus) were transplanted at seven sites in the vicinity of the BWTF
diffuser at a depth near 70 meters. Three hundred mussels were deployed for 56 days at each station;
cages with individual compartments were used to facilitate measurement of individuals at the
beginning and end of the test. There were no statistically significant differences in either weights or
lengths by station at the beginning of the test. Mean survival of mussels was 97% and there were
small increases in mean length (5%) and weight (7%). Growth results were similar to other mussel
transplants in southeast Alaska and natural populations of intertidal mussels in the vicinity of the
BWTF. The pilot study demonstrated that mussels transplanted to depths near 70 meters in Port
Valdez will survive and grow so chemical analysis will proceed.

Long-term Trends in Willapa Bay, Washington from 26
Years of Oceanographic Observation: Effects of El Nifio

and Other Natural Cycles

Rebecca Schudlich
University of Washington

Carol J. Falkenbhayn, Casey Clishe, and Jan Newton
Washington Department of Ecology

This study characterizes the natural forcing and responses of the physical-biological dynamics of
Willapa Bay, a large estuary in southwest Washington. Data from the Washington State Department
of Ecology’s long-term Marine Waters Monitoring program (MWM) supplies 26 years (1973—
present) of quasi-monthly measurements of temperature, salinity, water clarity, nutrients,
chlorophyll-a, and fecal coliform bacteria. Recent data (1997—present) from an EPA-funded study of
Willapa Bay conducted by the Washington State Department of Ecology provides additional
measurements of temperature, salinity, water clarity, and chlorophyll-a concentrations at a much
higher time resolution (15-minute). The MWM data provide a long-term perspective on the effect
of seasonal cycles and several El Nifio events on the dynamics of Willapa Bay. The EPA data capture
the unfolding 1997-98 El Nifio event, while resolving tidal cycles, weather, and runoff events. Fecal
coliform bacteria levels are highest near river mouths and during rain-dominated seasons, as
expected. El Nifio events have had a variety of effects on Willapa Bay. The present El Nifio is
significantly warmer (by 23 _C) than any of the other seven El Nifio events measured since 1973;
its continuing effects on Willapa Bay are still being measured.

Asian Pacific American Seafood Consumption Study
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Ruth Sechena and Richard A. Fenske
University of Washington

Connie Y. Nakano
Refugee Federation Service Center

Sbiquan Liao
StatPro Consultants

Nayak Polisaar
The Mountain-Whisper-Light Statistical Consulting

Objective: Data gaps exist in the characterization of seafood acquisition and consumption habits
among Asian Pacific Americans (APA) because they traditionally consume different types and parts
of seafood than the general United States public. This study documents APA seafood acquisition
and consumption habits within 10 ethnic groups (Cambodian, Chinese, Filipino, Korean, Hmong,
Japanese, Lao, Mien, Samoan, and Vietnamese) in King County, Washington.

General Methodology: To address these data gaps a two-year EPA Environmental Justice
Community/University Partnership Grant was awarded to the Refugee Federation Service Center
(RFSC) and the University of Washington, NIEHS Center for Ecogenetics and Environmental
Health, Community Outreach and Education Program. A questionnaire was developed to
characterize seafood acquisition, preparation and consumption. Study participants were randomly
selected from volunteer lists, as well as community and church rosters. Bilingual surveyors used
plaster seafood models to elicit more accurate seafood meal size estimates, and have completed a total
of 200 survey interviews.

Results: Preliminary results were expected by February 1998.
Significant Conclusions: Pending.

Practical Applications: This study will provide valuable information about APA seafood
consumption patterns in terms of types of seafood consumed, quantitative meal size estimates, and
preparation practices.

Non-ionic Surfactants in Marine Sediments of the Strait

of Georgia

Dayue Y. Shang, R. W. Macdonald and M. G. Ikonomou
Institute of Ocean Sciences, Canada

Toxic to aquatic organisms and suspected endocrine disruptive compounds, non-ionic surfactants
nonylphenol and its polyethoxylates (NPnEO, n = 1-19) are being phased out in Europe. However, so far
no data of NPEOs are available in North American marine environment. Using liquid chromatography
coupled to electrospray ionization mass spectrometry, we developed a highly sensitive quantitative method
to analyze NPEO concentrations in marine sediments. Five gravity sediment cores and 21 grab samples
collected from Strait of Georgia were assayed for NPEO concentrations. NPEO oligomers with up to 19
ethoxy units were found in Strait of Georgia sediments at concentrations ranging from 10 to 960 ng/g (dry
weight basis). The application of Principal Component Analysis on the NPEO data set shows a remarkably
clear separation between the coastal and non-coastal areas. The significant result from the new soft-
ionization MS analytical method—thar the metabolites of the longer polyethoxy-chain nonionic surfactant
are persistent in marine sediments—is contrary to previous conclusions that only NP EO and NP,EO
persist in the environment. The results of this work also suggest that a NPEO concentration mapping in
the Puget Sound Strait is necessary to study the mobilization and biodegradation of NPEOs in sediments
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and to assess the potential environmental impact of NPEOs.

Methods for Analysis of Triad Data

Alice Shelly and Lorraine Read
EVS Environment Consultants, Inc.

The Triad approach to the measurement of environmental contamination generates multiple
endpoints from three (or more) categories. A sample Triad data set might contain synoptic
information collected on sediment chemistry data for a suite of chemicals, laboratory toxicity data for
several sediment bioassays, and #n-situ observations of the benthic community. The objective of the
triad analysis is to identify any relationships present between the different legs of the Triad, and to
interpret the risk level of individual sites based on the weight of evidence conveyed in the synoptic
measures of the Triad data set. Typically, each of the endpoints are subject to different sources of
variability and the relationships between the legs of the Triad are generally not very clear making
interpretation difficult. We present a multi-step process for aggregating the information from all
endpoints to provide a relative framework for interpreting stations based on the weight of evidence,
and an absolute framework for distinguishing between individual stations. We use exploratory
analyses to help select the individual endpoints; a randomization technique to indicate which stations
are uniformly dirty, uniformly clean, or indeterminate; and multivariate technique to display the
distance between stations. We present the results for a Triad analysis performed on data collected
from a metals-contaminated aquatic site.

Bioaccumulation of Hydrophobic Organic Chemicals by

Aquatic Biota with Low Lipid Content

Burt Shepard
URS Greiner

Equilibrium partitioning models are commonly used to predict organic chemical concentrations
in both sediment and aquatic biota from the chemical concentration in water. For sediments, it is
recognized that the partitioning relationship, and, thus, the predictive power of the equilibrium-
partitioning model begins to break down at sediment organic carbon concentrations lower than 0.2
0.5% organic carbon. There is little if any information regarding the predictive power of the
equilibrium-partitioning model for biota with a low lipid content. Partitioning of organic chemicals
between sediment and a sea cucumber (Parastichopus californicus) with a lipid content less than 0.2%
has been measured at several locations in Puget Sound. The measured sediment concentrations of
organic chemicals have been used in an equilibrium-partitioning model to predict the chemical
concentrations in sea cucumbers, which were then compared to the measured residues in the field
collected animals. The model predictions in all cases were within a factor of 10 of the measured
residues, and usually within a factor of four of the measured residues. Although the model correctly
gives order of magnitude estimates of bioaccumulation in sea cucumbers, the model predictions are
more accurate for animals with a higher lipid content.
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Modeling of Propwash Effects on Sediment Capping

Material

Viadimir Shepsis and David Simpson, P.E.
Pacific International Engineering PLLC

Velocity produced by a ship’s propellers can be a significant agent in dispersing bottom sediment
under particular combinations of water depth, propeller speed, and details of the propeller itself.
This paper reports recent studies in Puget Sound that have investigated applicability of equations
describing propwash velocity to specific water depths and propulsion systems that define conditions
near certain ferry docks of the Washington State Department of Transportation. Predicting
disturbance of bottom sediment requires accurate knowledge of water velocities experienced near the
sediment surface. A model was developed that incorporated recent research on propeller-induced
velocity field, and that included certain calibration constants relating to the radial spread of the
velocity jet behind the propulsion system. Field measurements were then made to evaluate the
constants and verify the model. The result of this effort is a tool that has applicability in predicting
the dispersion of sediment, contaminated or otherwise; in predicting the zone in which the
disturbance would take place; or in determining the depth of scour that would likely occur in a
sediment cap; or in defining the sediment size of the capping material that would resist scour under
given vessel-operating conditions.

Plasma Vitamin A as a Biomarker of Contaminant-
Related Toxicity in Free-Ranging Harbor Seals (Phoca
vitulina)

Wendy Simms
Institute of Ocean Sciences and University of Victoria

Peter S. Ross and Michael G. Tkonomou
Institute of Ocean Sciences

Captive harbor seals fed herring from polychlorinated biphenyl (PCB)-contaminated waters have
exhibited reduced levels of plasma vitamin A, partly as a result of the physiological disruption of the
transport mechanism of this essential nutrient. Contamination of the marine environment with
PCBs has resulted in the accumulation of high levels of these fat-soluble chemicals in harbor seals
and other top predators. As part of an ongoing ecotoxicological study, we are examining plasma
retinoid concentrations as an indicator of contaminant-related toxicity in healthy, free-ranging,
Pacific Northwest harbor seals. In a preliminary effort, we live-captured twelve 3—4 week-old harbor
seal pups in the Boundary Bay area of southwestern British Columbia. Heparinized blood samples
were collected from the extradural vein of each seal, stored at 4 _C in the dark until centrifugation,
and plasma was cryopreserved at —80 _C until analysis. Existing methods were adapted to extract
vitamin A from plasma samples and to quantify it using reversed-phase high-performance liquid
chromatography (HPLC). Retinol concentrations for the 12 seals averaged 378 pg/L +34.8 (range
210 to 568 pg/L), and replicates were consistently within 6% of each other. Having established these
techniques, we will be monitoring the retinoid disrupting effects of contaminants on harbor seals at
several sites in BC and Washington.
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Effects Of Contaminants on Reproductive Parameters of
Male English Sole (Pleuronectes vetulus) From Puget
Sound, WA .

Sean Y. Sol, Brian D. Bill, Lyndal L. Johnson, and Tracy K. Collier

National Oceanic and Atmospheric Administration

Effects of contaminant exposure on gonadal development in adult male English sole (Pleuronectes
vetulus) from Puget Sound, WA, were investigated. Maturing males were collected from two urban
areas (Eagle Harbor and Hylebos Waterway) containing high levels of sediment PAHs (polycyclic
aromatic hydrocarbons) and PCBs (polychlorinated biphenyls), and two moderately contaminated
non-urban sites (Colvos Passage and Pilot Point). Reproductive parameters including
gonadosomatic index (GSI) and the plasma reproductive steroid, 1,1-ketotestosterone (a steroid
involved in spermatogenesis), were compared to levels of contaminant exposure measured as biliary
fluorescent aromatic compounds (FACs). Preliminary results showed that fish collected from urban
areas had elevated levels of biliary FACs compared to fish collected from non-utban areas. No
significant differences in reproductive parameters (GSI and plasma 11-ketotestosterone levels) were
observed, and the proportion of maturing animals was similar between fish collected from urban and
non-urban areas. Nevertheless, a few fish with high levels of biliary FACs had reduced GSI and
plasma 11-ketotestosterone levels. In contrast to female sole, which have been shown to undergo
reproductive impairment when exposed to these contaminants, males seem to be relatively resistant
to contaminant exposure. However, sufficiently high exposure may have the potential to reduce
gonadal development.

Merging Industrial SWPPP BMP's with P3 Initiatives:

Solid Waste Compactor Pad and Decant Station

Ralph W. Squires, Dave Logsdon, and Denis Bourcier
Boeing

Facilities improvements commonly address the aspects of both Industrial Storm Water Pollution
Prevention Plan as well as WDOE-controlled Pollution Prevention Plans. The current project, which
is the subject of this paper, provides both 1) a work area for compacting, weighing and separating
solid waste; and 2) a decant station for street sweeper, storm water catch-basin, and oil/water
separator clean-out waste. The combination of these activities at the solid waste pad resultin a
substantial waste reduction based on its in-ground aqueous waste separation capabilities, as well as
the ability to segregate, weigh, and compact solid-waste materials in an enclosed area with
stormwater pollution control.

Our previous research has characterized oil/water separator and catch-basin waste at two facilities
such that the physical and chemical properties of the waste allow for separation of solids, oil fraction
and aqueous component using simple solids settling and oil flotation designs. The system produces
effluent concentrations of FOG, metals, and solids that are well below POTW criteria. A total
reduction of over 700,000 pounds of hazardous waste at four Boeing facilities was realized, the
installation of an in-ground oil/water separator will streamline the current process. The multiple use
of the pad for solid waste activities provides the needed control and removal of debris which
otherwise might pose a stormwater pollution risk, while at the same time providing the protected
space for solid waste segregation and weighing,.
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Accumulation of Tributyltin (TBT) in Invertebrates and
Fish from the Duwamish Estuary and Non-Urban

Reference Areas in Puget Sound, WA
Jobn Strand

King County Water and Land Resources Division

Sandie O'Neill and James West
Washington Department of Fish and Wildlife

Scott Mickelson, Diane McElhany, Kevin Li, and Tom Georgianna
King County Environmental Lab

Concentrations of TBT in invertebrates and fish were monitored by King County and the
Washington Department of Fish and Wildlife in support of ecological and human health risk
assessments of combined sewer overflows in the Duwamish River and Elliott Bay. Species monitored
included English sole (Pleuronectes vetulus), quillback rockfish (Sebastes maliger), Dungeness crab
(Cancer magister), bay mussel (Mytilus trossulus), and intertidal invertebrates, mostly amphipods
(Traskorchestia traskiana).

Concentrations (wet weight) of TBT were highest in invertebrates and fish from the Duwamish
River and Elliott Bay, and significantly lower in organisms from reference areas. TBT
concentrations in sediments were also higher in the Duwamish River and Elliott Bay than in
reference areas. Highest concentrations of TBT were found in the soft bodies of bay mussels (177.8
pg/kg) and crabs (81.9 pglkg) from the Duwamish River and Elliott Bay. Concentrations of TBT in
fillets of the longer-lived quillback rockfish from Elliott Bay (38.8 to 50.2 pg/kg) were significantly
higher than concentrations of TBT in fillets of English sole from Elliott Bay (3.8 to 5.6 pg/kg).
Concentrations of TBT in intertidal invertebrates (whole animal) from Kellogg Island in the
Duwamish River ranged between 17.6 and 36 pg/kg, essentially the same range of concentrations
measured in sediments at Kellogg Island.

Developing an Alternative Watershed Management
Approach: Preliminary Results of Modeling and

Measurements for Sinclair Inlet

Steven R. Swanson
Puget Sound Naval Shipyard

Kenneth Richter and P. F. Wang
SSC - San Diego

Puget Sound Naval Shipyard has proposed a project to EPA (through the Project XL framework)
to create an integrated watershed management approach for Sinclair Inlet based on solid scientific
research. This will involve comprehensive monitoring, computer modeling of the inlet and
watershed, and an ecological risk assessment. This project will also incorporate extensive stakeholder
involvement. Preliminary research has included three-dimensional computer modeling of Sinclair
Inlet and initial real-time and ambient measurements of water quality and characteristics. This
included metals, salinity, temperature, dissolved oxygen, currents, and others. This paper will
present the early modeling results, data from measurements, and correlations between the model and
data. The inlet hydrodynamics were shown to be dominated by tidal and wind forces, and
demonstrated three-dimensional characteristics. This mode] will eventually be used to predict
contaminant fate and transport and may be linked to surface water models to predict contaminant
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loading. Additional monitoring of the watershed will be necessary over a long time scale to assess
seasonal variations. The results of this project will be used to determine realistic TMDL's based on
actual ecological impact and risk assessment, as well as developing an innovative, alternative
regulatory approach to managing the entire watershed based on community goals.

A Large Outbreak of Vibriosis in Washington State, 1997

Patti Waller, Ned Therien, and Maryanne Guichard
Washington Department of Health

Vibrio parahaemolyticus is a naturally occurring bacterial pathogen that increases in marine waters
and sediments during warm summer months. Large numbers of the organism in seafood can cause
illness primarily characterized by diarrhea.

In Washington the number of confirmed cases of vibriosis has ranged between two and 36 cases
per year since it became a reportable illness in 1987. In 1997 there was a marked increase in the
number of vibriosis cases in the state, with a total of 57 laboratory-confirmed cases and 19 suspect
cases reported to the Washington State Department of Health (WDOH). Oysters were identified as
the most likely vehicle of transmission in 61 cases (89%), with 55 ill persons consuming them raw.
Most cases (62) occurred in late July and August. California, Oregon, and particularly British
Columbia had similarly high numbers of vibriosis cases reported during the same period.

The WDOH, along with the commercial shellfish industry, took several actions, including
stricter shellfish handling procedures, voluntary closure of oyster beds, mandatory closure of some
oyster beds, and issuing news releases advising consumers to eat only thoroughly cooked shellfish
products. Results of environmental sampling during the outbreak showed levels of the organism
below the regulatory action level. This suggests the action level should be reevaluated.

Use of a Flux Chamber to Assess Groundwater Recharge
into a Tidally Influenced Water Body, Thea Foss

Waterway, Tacoma, WA
Birgitta Willix

Hart Crowser, Inc

The flux chamber was designed to measure average groundwater flow into a surface water
body and to collect time-averaged samples for chemical analyses. The design was based on David
R. Lee’s device and consists of an initially deflated plastic bag attached to a stainless-steel cone
partially inserted in the sediments. Several modifications to Lee's design were added to ensure
stability in a tidally influenced environment. Five chambers were placed in the Thea Foss
Waterway in Tacoma. They collected water at rates varying between 0.02 and 1.57 gallons per day
per square foot, showing significant variability in the groundwater flow. Salinity measured in the
samples varied from 0 to 27 ppt. Groundwater in the Thea Foss Waterway area has displayed
similar variability in salinity. Preliminary analytical data (analytical results have not been received
from the laboratory to date) will be presented and its use in the evaluation of alternatives for
remediation of contaminated sediments discussed.
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Sediment Quality Changing At Cleanup Site along Seattle

Waterfront

Dean Wilson and Pat Romberg
King County Water and Land Resources ‘Division

In 1992 a layer of clean sand was placed over 4.5 acres to isolate or cap contaminated bottom
sediments located north of the Coleman Ferry Dock and offshore of Piers 53—55. Repeated
monitoring four years after cap placement show many changes in the surface sediments, but that the
sand is still isolating underlying contaminated sediments.

Surface samples taken in 1996 showed that previously elevated levels of PAHs have decreased,
while two new chemicals were detected that have not been previously found along the waterfront.
The source of 4-methylphenol and phenol has not been determined, but both chemicals are used in a
variety of products. Benthic taxonomy samples show the site is repopulated, but the benthic
community has become more like the pre-cap community. This change may be partly linked to a
greater percentage of fine-grained sediments in the remediation area.

Washington Department of Fish and Wildlife's Wetland

Inventory Project

Robin Woodin
WDFW Habitat Program

Washington Department of Fish and Wildlife (WDFW) is addressing its role of wetland
stewardship through first conducting a detailed wetland inventory of all agency lands. The
information collected includes maps, classifications, noxious weed occurrence and extents,
restoration and enhancement options, and adjacent land uses. Designed to benefit other potential
users of this wetland information, the database includes a complete digitally mapped component
(GIS coverage). The project began with the type of agency land having the majority of acres, the
“Wildlife Areas,” which comprise more than 700,00 acres statewide. Wildlife Areas have been
purchased or brought under management through formal agreement for the purpose of managing for
target wildlife or fish species. Consequently, the proportion of wetlands on these WDFW lands is
four times greater than the total land base of Washington State.
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James L. Martin AScl Corporation 987 Gaines School Road Athens, GA 30605 706/353-8718 - 2B
Dan Matthews Hart Crowser 1910 Fairview Ave. E Seatltle, WA 98102-3699  206/324-9530 206/328-5581  PA
Christopher May APL-UW 1013 NE 40th St. Seattle, WA 98105 206/543-1300 206/543-6785 1A
Greg Mazer UW/Pentech Environmental 5713 Latona Ave. N Seattle, WA 98105 206/729-1624 206/685-2692  PA
Doug McChesney WA State Dept. of Ecology PO Box 47600 Olympia, WA 98504-7710  360/407-6884 3B
Diane McEthany King County Environmental Laboratory 322 West Ewing Street Seattle, WA 98119-1507 iCc
Richard McGee Evans-Hamilton, Inc. 4608 Union Bay Place NE Seattle, WA 981054026 206/526-5622 206/526-5633 5B
Tracey McKenzie Pacific Intemational Engineering 310 Waterfront Bidg. Edmonds, WA 98020 425/744-7700 5B
Mike McPhaden NOAA 7600 Sand Pointe Way NE Seattle, WA 98115-0070 206/526-6783 3B
Ed Melvin WA Sea Grant, School of Fisheries Box 357980 Seattle, WA 98195-7980 206/543-9968 206/685-7471 7C
Scott Mickelson King County Environmental Laboratory 322 W. Ewing St. Seattle, WA 98119-1507 206/684-2377 206/684-2395 1C
Mary Lou Mills WA Dept. of Fish and Wildlife 600 Capitol Way N. Olympia, WA 98501-1091  360/902-2839 360/902-2844  7A
David Mosher Geological Survey of Canada Pacific Geoscience Center, 9860  Sidney , B.C. V8L 4B2 250-363-6451 PA
West Saanich Rd.
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Richard Mueller WDFW 16018 Mill Creek Bivd. Mill Creek, WA 98012-1296 425/379-2311 425/379-2323  4C
Tom Mumford WA State Dept. of Natural Resources PO Box 47027 Olympia, WA 98504-7027 360/902-1079 360/902-1786  2C, Pl
Sydney Munger King County DNR 700 5th Ave. Ste 2200 Seattle, WA 98104 206/296-1970 206/296-0192 4B
Michael Murray National Oceanic and Atmospheric 2725 Montlake Bivd E Seattle, WA 98112-2013  206/860-3329 206/860-3335 7A
Administration
Mark Myers NOAA/NMFS 2725 Montlake Bivd. E Seattle, WA 98112-2013  206/860-3329 206/860-3335 6B, 6B
John Nakayama Science Applications Intemational Corp. 18706 N. Creek Parkway Ste 110  Bothell, WA 98011-8020 425/482-3313 425/487-1491 5B
Nicole Nelson The Evergreen State College 1702 Jefferson St. Olympia, WA 98501 360/705-4055 PA
Jan Newton WA State Dept. of Ecology 300 Desmond Dr. Box 47710 Olympia, WA 98504-7710  360/407-6675 360/407-6884 P, 1B, 1B
Lisa Nguyen Seattie University 914 E. Jefferson St. Seattle, WA 098122-5366 206/220-8145 206/296-5786  6A
James Norris Marine Resources Consultants PO Box 816 Port Townsend,  98368-0816 360/385-4486 360/385-4486 2C
WA
Dale Norton WA State Dept. of Ecology 300 Desmond Dr. Olympia, WA 98504-7710  360/407-6765 360/407-6884 1B
David Nysewander WA Dept. of Fish and Wildlife 600 Capitol Way N. Olympia, WA 98501-1091  360/902-2693 360/902-2162 7C
O.Paul Olson National Oceanic and Atmospheric 2725 Montiake Blivd. E. Seattle, WA 98112-2013  206/860-3329 206/860-3335 6B
Administration
Sandra O'Neill WA Dept. of Fish and Wildlife 600 Capitol Way N. Olympia, WA 98501-1091  360/902-2843 360/902-2944 2B, 6B, 2B
Richard Osbome The Whale Museum PO Box 945 Friday Harbor, 98250 360/378-4710 x26 7C, PA
WA
Steve Osmek Cascadia Research 3836 NE 95th St. Seattle, WA 98115 206/526-2863 206/526-2863 ; 7C
Robert Pacunski WDFW 16018 Mill Creek Bivd. Mill Creek, WA 98012-1296 425/379-2314 4C, PA
Leonard Palmer Portland State University PO Box 65333 Port Ludlow, WA 98365 360/437-9300 PA
Wayne Palsson WDFW 16018 Mill Creek Blvd. Mill Creek, WA 98012-1296 425/379-2313 425/379-2323 3B, 4C, 4C
Tony Parra WDFW 16018 Mill Creek Bivd. Mill Creek, WA 98012-1296 425/379-2312 425/379-2323 4C
Julia Parrish Dept. of Zoology 3707 Brooklyn Ave. NE. Seattle, WA 98195 7C
Ryan Partee City of Tukwila Public Works Department 6300 Southcenter Blvd. Tukwila, WA 98188 206/433-0179 PA
Gary Pascoe EA Engineering, Science & Technology 536 Root St. Port Townsend, 98368 360/385-9977 360/385-9977 PA
WA
Clay Patmont Anchor Environmental 1411 4th Ave. Ste 1210 Seattle, WA 98101 206/287-9130 PA, 5B
Daniel Pauly University of British Columbia Hut B-8 Rm.100 2204 Main Mall  Vancouver, BC V6T 124 604/822-2211 604/822-1201 7A
Lucille Pebles WA State Dept. of Ecology 3190 160th Ave. SE Bellevue, WA 98008-5452 425/649-7272 425/649-7098 5B
Dave Peeler WA State Dept. of Ecology PO Box 47600 Olympia, WA 98504-7600 360/407-6461 360/407-6426 Pl
Mary Jane Perry University of Washington Box 357940 Seattle, WA 98195-7940 206/543-2652 506/543-0275 2A
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Paul Pickett WA State Dept. of Ecology PO Box 47710 Olympia, WA 98504-7710  360/407-6685 360/407-6884  6A
Susan Pierce National Oceanic and Atmospheric 2725 Montlake Bivd. E. Seattle, WA 98112-2013  206-860-3329 206/860-3335 6B
Administration
Bill Pinnix UW School of Fisheries Box 357980 Seattle, WA 98195-7980 206/685-1616 206/616-7980 4C
Tony Pitcher University of British Columbia Hut B-8 Rm.100 2204 Main Mall  Vancouver, BC V6T 1Z4 604/822-2211 604/822-1201 7A
Linda Polzin WA State Dept. of Agriculture Mailstop 42560 Olympia, WA 98504-0926  360/753-2228 7C
John Poppe City of Bremerton 239 4th Street Bremerton, WA 98337 360/478-5290 PA
David Preikshot University of British Columbia Resource Mgmts. Environmental ~ Vancouver, BC V6T 1Z3 604/822-6224 604/822-9250 7A
Studies
Ken Prentice University of Washington 4233 7th Ave. NE #203 Seattle, WA 98105 206/547-2384 2B
John Pringle Fisheries and Oceans Canada PO Box 2000 Sidney, BC V8L 482 250/363-6335 250/363-6310 Pl
Scott Redman Puget Sound Water Quality Action Team PO Box 40900 Olympia, WA 98504-0900 360/407-7315 360/407-7333  PI,3A, Pl
William Reichert National Oceanic and Atmospheric 2725 Montlake Bivd. E Seattle, WA 98112-2013  206/860-3329 206/860-3335 6B
Administration
Kyle Ren UW School of Public Health Box 357234 Seattle, WA 98195 425/673-1453 PA
Jeff Renner KING-5 TV 333 Dexter N. Seattie, WA 98109 . 206/448-5555 206/448-4525 3B
Casimir Rice University of Washington / NOAA/NMFS 10 Park Avenue, Bldg. B Mukilteo, WA 98275 425/743-3307 PA
Jeff Richey UW School of Oceanography Box 357940 Seattle, WA 98195 206/543-7339 206/685-3351 PI
Joanna Richey King County Water and Land Resources 700 5th Ave. Ste 2200 Seattle, WA 98104-5022 206/296-8056 206/296-0192 = 6A
Becky Ritter WA State Dept. of Natural Resources PO Box 47027 Olympia, WA 98504-7027 360/902-1105 360/902-1786 ° PA
Sue Robinson Parametrix, Inc. 5808 Lake Washington Bivd. NE  Kirkland, WA 98033 425/822-8880 1C
Peter Ross Institute of Ocean Sciences PO Box 6000 Sidney, BC V8L 4B2 250/363-6806 250/363-6807 6B, PA
Bruce Rummel URS Greiner, Inc. 2401 4th Ave. Ste 1000 Seattle, WA 98121 206/674-1907 206/674-1801 PA
Silvia Salas University of British Columbia Resource Mgmts. Environmental ~ Vancouver, V6T 123 604/822-6224 604/822-9250 7A
Studies CANADA BC
Mike Salazar Applied Biomonitoring 11648 72nd PI NE Kirkland, WA 98034 425/823-3905 425/814-4998 PA
Will Satak Mason County Environmental Health PO Box 1666 Shelton, WA 98584 360/427-9670 iC
Tom Schadt Anchor Environmental 1411 4th Ave. Ste 1210 Seattle, WA 98101 206/287-9130 206/2879131 5B
Carl Schoch Oregon State University College of Oceanic & Atmospheric Corvalis, OR 97331 541/737-5229 5A, 5A
Sciences
Kevin Schock King County DNR 821 2nd Ave. MS 81 Seattle, WA 98104 206/689-3161 206/684-1741  4B,4B
Rebecca Schudlich U of W School of Oceanography Box 357940 Seattle, WA 98195-7940  206/685-3657 206/685-3354 PA
Ruth Sechena University of Washington 4225 Roosevelt Way NE Ste 100 Seaitle, WA 98105 206/616-7557 206/685-4696  PA
*Pi = Plenary, PA = Poster Abstract 945
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Name Affiliation Address City Postal Code Voice Fax Sessions*
Paul Seidel Parametrix, Inc. 5808 Lake Washington Bivd. NE  Kirkland, WA 98033 425/822-8880 1C
J. Anne Shaifer WA Dept. of Fish and Wildlife 1000 Point Whitney Rd. Brinnon, WA 98320 360/586-1498x224 2C,4C
Dayue Shang Institute of Ocean Sciences 9860 W. Saanich Rd. Sidney, BC V8L 4B2 250/363-6415 250/363-6807 PA
Alice Shelly EVS Environment Consultants 200 W. Mercer St. Ste 403 Seattle, WA 98119 206/217-9337 206/217-9343  PA
Burt Shepard URS Greiner, Inc. 2401 4th Ave. Ste 1000 Seattie, WA 98121 206/674-1922 PA 1C
Vladimir Shepsis Pacific Intemational Engineering PLLC 10900 NE. 8th St. STE. 1300 Bellevue, WA 98004-4449  425/744-7700 PA
Janice Shroy Parametrix, Inc. 5808 Lake Washington Bivd. NE  Kirkland, WA 98033 425/822-8880 1C
Randy Shuman King County DNR 700 5th Ave. Ste 2200 Seattle, WA 98104-9830 206/296-8243 206/296-0192  2A,4B, 4B
Kristi Silver King County Water and Land Resources 700 Fifth Avenue Suite 2200 Seattle, WA 98104 206/296-1886 1C
Jim Simmonds King County DNR 700 Fifth Avenue Suite 2200 Seattle, WA 98104 206/296-1886 206/296-0192
Wendy Simms Institute of Ocean Sciences 9860 W. Saanich Rd. Sidney, BC V8L 4B2 250/363-6806 250/363-6806  PA
Rick Singer WSDOT PO Box 47331 Olympia, WA 98504-7331  360/705-7402 360/705-6833 1A
Brian Smiley Dept of Fisheries & Oceans Canada Pacific Biological Station Nanaimo, BC VIR 5K6 250/756-7029 5A
Sean Sol NOAA/NMFS/NWFSC 2725 Montlake Bivd. E Seattle, WA 98112-2013  206/860-3347 PA, 6B
Ralph Squires Boeing Information & Communication Mailstop 46-87 Seattle, WA 98124-2207 206/544-2966 PA
Systems
Kimberle Stark King County DNR 700 5th Ave. Ste 2200 Seattle, WA 98104-9830 206/296-8244 206/296-0192 1C,1C
Carla Stehr NOAA/NMFS 2725 Montlake Bivd. E Seattle, WA 98112-2013  206/860-3310 206/860-3335 6B, 6B
Jeffrey Stem King County 900 Oaksdale Ave. SW Renton, WA 98055-1219  206/296-7229 206/296-7051 .~ 1A
Robert J. Stewart Digital Analogics, Inc. 4116 55th SW Seattle, WA 98116 206/932-1239 2A
Mike Stoner Port of Bellingham PO Box 1677 Bellingham, WA  98227-1677 360/676-2500 360/671-6411 5B, 5B
John Strand King County Water and Land Resources 700 Fifth Ave. Ste 2200 Seattle, WA 98104 206/296-1979 206/296-0192 1C,4B
Peter Striplin Striplin Environmental Associates 222 Kenyon Street NW. Suite E-1 Olympia, WA 98502-4553 360/705-3534 4B
John Summers WA State Dept. of Ecology PO Box 47710 Olympia, WA 98504-7710  360/407-6682 360/407-6884 1B,5C
Terri Sutherland Canadian Wildlife Service 6270 University Blvd. Vancouver, BC V6T 1Z4 604/940-4678 604/946-7022 6C
Les Swain BC Ministry of Environment, Lands and 765 Broughton St. Victoria, BC V8V 1X4 Pl
Parks
Steve Swanson Puget Sound Naval Shipyard Commande (Code 1115.13) Bremerton, WA 98314-5001 360/476-0456 360/476-1835 PA
R. Sweeting Fisheries and Oceans Canada P.O. Box 2079 Sidney, BC V8L 4B2 250/363-6443 250/363-6479  4C
Mary Kay Talbot UW Oceanography Bos 357940 Seatitle, WA 98195-7940 206/685-3322 206/543-0275 2A
Curtis Tanner U.S. Fish and Wildlife Service 510 Desmond Dr. Ste 102 Lacey, WA 98503-1273 4A
Ronald Thom Battelle Marine Sciences Laboratory 1529 W. Sequim Bay Rd. Sequim, WA 98382 360/681-3657 360/681-3681  4A
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Ruth Thompson URS Greiner, Inc. 2401 4th Ave. Ste 1000 Seattle, WA 98121 206/674-1922 1C
Todd Thomburg Hart Crowser 1910 Fairview Ave. E Seattle, WA 98102-3699 206/324-9530 206/328-5581 2B
Steve Tilley Puget Sound Water Quality Action Team PO Box 40900 Olympia, WA 98504-0900 360/407-7300 360/407-7333 3A
John Toll Parametrix, Inc. 5808 Lake Washington Blvd. NE  Kirkland, WA 98033 425/822-8880 iC
Vera Trainer National Marine Fisheries ServiceNWFSC 2725 Montlake Bivd. E Seattle, WA 98112-2013  206/860-3347 7B
Taina Tuominen Environment Canada 1200 West 73rd Ave. Ste 700 Vancouver, V6P 6H9 604/664-4054 604/664-9126  3A
CANADA BC
Amy Uhlenhopp University of Washington School of Oceanography Seattle, WA 98105 206/543-5445 206/685-3351 1B
Gerard VanderJagt  University of Washington 14033 SE 237th PI. Kent, WA 98042 253/630-6940 2B
Joan Villanueva University of British Columbia 6339 Stores Rd. UBC Campus Vancouver, BC V6T 124 604/822-2211 604/822-3964 2C
Bob Wagonen Ecoscan Resource Data, Inc. PO Box 1046 Freedom, CA 95019 408/728-3289 2C
J.8. Wakeman Science Applications Intemational Corp. 18706 N. Creek Parkway Ste 110  Bothell, WA 98011-8020 425/482-3313 425/487-1491 5B
Scott Wallace University of British Columbia Resource Mgmts. Environmental  Vancouver, V6T 1Z3 604/822-6224 604/822-9250 7A
Studies CANADA BC
Patti Waller WA State Dept. of Health 1610 NE. 150th St. Seattle, WA 98155 206/361-2836 PA
Laura Weiss WA State Dept. of Ecology PO Box 47710 Olympia, WA 98504-7710  360/407-6035 360/407-6884 5B
Laurie Weitkamp National Marine Fisheries Service 2725 Montliake Blvd. E. Seattle, WA 98112-2097 206/860-3246 206/860-3267 2C
James West WA Dept. of Fish and Wildlife 600 Capitol Way N. Olympia, WA 98501-1091  360/902-2842 360/902-2944 2B, 3A, Pl
Jacques White People for Puget Sound 1402 Third Ave. Ste 1200 Seattie, WA 98101 206/382-7007 206/382-7006 N 4A
Kathryn White KC Facilities Planning 821 2nd Ave. MS 81 Seattle, WA 98104 206/684-1469 206/684-1850 . 4B
Birgitta Willix Hart Crowser 1910 Fairview Ave. E Seattle, WA 98102-3699  206/324-9530 206/328-5581 PA
Dean Wilson King County Water and Land Resources 500 5th Ave. Ste 22 Seattle, WA 98104-5002 206/296-8252 206/296-0192 PA
Chariie Wisdom Parametrix, inc. 5808 Lake Washington Bivd. NE  Kirkland, WA 98033 425/822-8880 1C
Robin Woodin WA Dept. of Fish and Wildlife 600 Capitol Way N. Olympia, WA 98501-1091  360/902-2412 360/902-2946 PA
Mark Woodworth University of Washington 6519 19th Ave. NE Seattle, WA 98115 206/729-8283 2B
Gina Ylitalo National Oceanic and Atmospheric 2725 Montlake Blvd. E. Seattle, WA 98112-2013  206/860-3329 206/860-3335 6B
Administration
Gregory Zentner University of Washington ¢/o City of Tacoma Tacoma, WA 98421-2711  253/502-2108 253/502-2107 1A
*PI = Plenary, PA = Poster Abstract 947
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