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TOXIC CHEMICALS: SOURCES AND EFFECTS

INTRODUCTION
Bruce B. McCain'

The following papers address two general topics: the introduction and fate of
chemical contaminants in the marine environment, and the characteristics of
bioindicators that can be used to assess the toxic effects of selected chemical
contaminants.

The first two talks, as well as the last, are concerned with the introduction and
fate of contaminants. Smayda & Harper discuss how circulation patterns in
Mats Mats Bay could affect the distribution of pollutants in that bay. Crecelius
& Maykut present data which characterizes the seasonal variability of atmo-
sphericinputsinto Puget Sound of selected contaminants from a major urban
center. And Smith & Lucchetti give a historical overview of oil spills in Puget
Sound. On a closely related topic, Denovan & Word discuss the degradation
of Alaska North Slope crude oil, the type of oil spilled in the Exxon Valdez spill.

Of the remaining two papers, Word et al. present the results of their studies of
how various test conditions affect the responses of the amphipod, Repoxynius
abronius, to chemically contaminated sediments (R. abroniusis animportant
test animal used in acommonly applied sediment toxicity bioassay), and Ellis
& Alvarez describe relationships between seawater levels of tributyltin and
aberrant sexual characteristics in sea snails (abstract only).

- 1 NOAA/National Marine Fisheries Service, Environmental Conservation Division,
2725 Montlake Blvd. East, Seattle, WA 98112-2097
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CIRCULATION AND WATER QUALITY OF MATS MATS BAY
Thomas Smayda and Martin E. Harper!

INTRODUCTION

An oceanographic survey to document existing environmental conditions
and to evaluate sensitivity to urbanization was conducted in Mats Mats Bay,
Washington during the summer of 1989. The focus was on water circulation
and flushing, as well as water quality. Water was sampled from two bay
stations, Mats Mats channel, a background station in Admiralty Inlet, and
three inflow creeks. Oyster tissue was also sampled.

Mats Mats Bay has a unique configuration, with a narrow channel through
which all tidal exchange occurs. Channel samples collected on rising and
fallingtides and combined with creek data permitted mass balance evaluation
ofinternalloading. Abathymetric map was prepared to calculate flushingand
circulation characteristics of the bay, and drogue studies were performed to
further evaluate the circulation regime.

STUDY AREA

Mats Mats Bayis a Class AA (WAC 173-201) tidal basin located on Washington
State’s Olympic Peninsula, two miles due north of Port Ludlow (Figure 1). The
bay is a small, sheltered basin isolated from Admiralty Inlet by a narrow,
doglegged channel. Rolling hills rise to elevations of 600 feet and surround
the bay. The hilly terrain, small fetch, and angled channel combine to reduce
wind and wave action within Mats Mats Bay. The catchment area is approxi-
mately 2.4 square miles and annual rainfall is on the order of 24 inches. Runoff
from this catchment enters the bay via three small creeks.

Approximately 85% of the catchment is vegetated, 10% bay surface, and 5%
cleared for small farms, residences, roadways, and the Mats Mats quarry.
Predominant tree species are Douglas fir, western red cedar, red alder, west-
ern hemlock, and big leaf maple, with associated understory. Soils in the
catchment are dominated by Alderwood gravelly sandy loams and Cassolary
sandy loams with 0-15% slopes. Bedrock is basalt. A herring bait facility
maintains floating net pens which hold approximately 2.7 million herring
annually. Acommercial oyster bed has been located at the north end of Mats
Mats Bay. The bay is a well protected anchorage. During summer 1989
approximately 20 permanently moored boats and 3 live-aboards were ob-
served. More than 20 live-aboards may gather during peak use weekends.

! Harding Lawson Associates, 1325 Fourth Avenue, Suite 1800, Seattle, WA 98101
426
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METHODS

Surface and deep seawater samples were collected from a background station
in Admiralty Inlet, from within the channel, and from two stations located
within the bay. Three creek stations were sampled and oyster samples were
collected. Samples were collected at least once per month between July and
October. “Worst case” conditions were targeted by the collection of bay
samples during the last half of ebb tide and during minimal tidal ranges.
Drogue studies of water motion were conducted once during a minimal tidal
range and once during an average range. Samples were collected, preserved,
transported and analyzed in accord with Puget Sound Protocols (PSEP, 1986).
Groups of party balloons filled with fresh water were deployed as drogues.
Significance was assessed with a Student'’s t test at a 95 percent confidence
interval. Data quality, based upon precision, accuracy, completeness, repre-
sentativeness and comparability, was deemed wholly satisfactory.

BASIN MORPHOMETRY

Mats Mats Bay is small, heart-shaped basin of about 133 acres. Maximum and
meandepthsare24.7 and 9.9 feetand the volumeis 57 million cubic feet (Table
1). The channel is long and narrow, about 3,300 feet by 300 feet, and also
relatively deep, with maximum and mean depths of 15.7 and 9.5 feet respec-
tively. At mean tide the volume of Mats Mats Bay plus the channel is 57.5
million cubic feet, of which about 77% is within the bay and 23% in the
channel.

Table 1.
MORPHOMETRIC AND TIDAL CHARACTERISTICS OF MATS MATS BAY,
WASHINGTON.

MEAN HIGHER  MEANTIDE = MEAN LOWER

HIGH WATER WATER LOW WATER
Tidal Height (ft) 9.9 5.8 0.0
Maximum Length  (ft) 4500 4333 4190
Maximum Depth  (ft) 28.8 24.7 18.9
Mean Depth (ft) 129 9.9 6.0
Area (mill.sq.ft) 6.36 5.80 4.50
Volume (mill.cu.ft) 82.0 57.5 26.8

Water Residence  (d) 13 0.9 0.4
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WATER EXCHANGE

The average ebb tide discharges 65% of the mean tide volume, an exchange of
1.3 times per day. Assuming complete mixing within the bay, water half-life is
on average 0.32 d. Thus, even during periods of minimal flushing, consider-
able water exchange occurs in Mats Mats Bay.

The channel from Mats Mats Bay opens to Puget Sound between Olele and
Basalt Points. Effectively, the channel opening is on a promontory which
extends into the Admiralty Inlet portion of Puget Sound. This region of Puget
Sound is known to be vigorously mixed, with current velocities on the order of
0.3 knots (Mofield and Larsen, 1984). Adjacent to Mats Mats Bay, prevailing
currents flow northward, possibly on both ebb and flood tides, and mixing
depth is generally on the order of 50 m (Harper-Owes, 1986). Thus, even in
worst case conditions, water from the bay is likely swept from the channel
mouth with only a small fraction available to re-enter the bay.

Creek input to Mats Mats Bay was found to be negligible. Combined flow was
0.32 + 0.11 cfs. In contrast, based on data from Port Townsend, estimated
evaporation from Mats Mats Bay during the same 152 day period was 20
inches, or 0.75 cfs. Evaporation apparently exceeded inflow, as confirmed by
measurements which showed that the Admiralty Inlet station was slightly less
saline than Mats Mats Bay stations. The small, volume of freshwater inflow
and the negligible density difference between Mats Mats Bay and Admiralty
Inlet are not perceived to have a strong influence on Mats Mats Bay circula-
tion. Therefore, tidal prism and half-life calculation are thought to represent
good estimates of water exchange.

In order to evaluate water exchange more fully, two drogue studies were
performed, one during a minimal tidal exchange, the other during an average
tidal cycle. During these studies predominant winds were from the north, but
were very light, generally 2 to 5 knots. Surface currents moved in response to
the wind, and drogue movement was generally southward, into the bay,
regardless of tidal direction. In someinstances balloons beached, anindicator
of surface water downwelling. In other cases the balloons moved counter-
clockwise at the head of the bay. The picture which emerges is that even very
light winds which prevail during summer and autumn serve to hold floating
and near-surface objects within the bay despite the great tidal flushing rate.

Water column stability and small scale mixing (dispersion) are additional
factors which exert important influences on water exchange. Mats Mats Bay
had stable density stratification during July, August, and September. Com-
plete vertical mixing was implicated during the October sampling. The upper
mixed layer was 7 to 8 feet deep. The extent of mixing within this layer was
determined by the rate which drogues separated from one another. Random
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walk calculations indicate that horizontal dispersion was on the order of
10* cm?/s which is relatively small but typical for bodies of water the size of
Mats Mats Bay.

The channel was vertically well mixed. Peak observed flow rate during the
average tidal exchange was 1.3 feet per second from the top to within 1 foot of
the bottom. Flow through the channel apparently moves as a plug.

AVAILABLE LIGHT

Light, rather than nutrients, controls the rate of phytoplankton growth for
much ofthe year in Puget Sound waters (Winter et al., 1975). Availablelightfor
photosynthesis depends upon incident solar radiation and water clarity.
Based upon average daily solar radiation from Astoria, Oregon, and measured
secchi depths, available light is deemed sufficient to support algal blooms
between the months of March through September (>40 ly/d), but the winter
months of October through February have too little ambient light to support
rapid phytoplankton growth.

Critical depth (D_) is the depth where photosynthetic oxygen production in
the water column is equal to the oxygen consumed by water column respira-
tion (=51ly/d). The calculated critical depth in Mats Mats Bay was always well
in excess of the water depth, and thus water column oxygen production is
expected to exceed oxygen utilization all yearlong. A conclusionis thatoxygen
depletion is not anticipated to occur at depth in the water column. Oxygen
demand of the sediments, however, could result in reduced oxygen levels near
the sediment-water interface.

TEMPERATURE

Mats Mats Bay remained cool throughout the summer, 14.2+ 1.1 °C near the
surfaceand 12.9+1.0°Catdepth (Table 2). Distinctthermoclinesexisted at 2.8
meters during July and August but were absent in September and October.
Water which entered and exited through the channel was the same tempera-
ture as Mats Mats Bay bottom water and was significantly cooler than water
above the thermocline. This information also indicates that water exchange
occurred beneath the thermocline to a larger degree than above.

3

DISSOLVED OXYGEN

Dissolved oxygen (DO) concentrations within Mats Mats Bay were on average
about 150% supersaturated and not significantly different from Admiralty
Inlet values. In October, however, DOin bottom water was 5.1 mg/Landinthe
northern station was 6.3 mg/L, both less than the Class AA water quality
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Table 2.
WATER QUALITY INDICATORS FOR MATS MATS BAY DURING THE SUMMER OF
1989. Station 1 is in Admiralty Inlet, Station 2 in the channel, and Stations 3 and 4 in
Mats Mats Bay.

NITRATE TOTAL TOTAL SOLUBLE

SECCHI DISSOLVED + KJELDAHL PHOS-  PHOS- FECAL PHAEO-
DATE STA DEPTH TEMP SALINITY OXYGEN AMMONIA NITRITE NITROGEN PHORUS PHORUS COLIFORM CHL a PHYTIN

n deg.C ppt ng/L ug N/L ug N/L ug N/L ug P/L ug P/L MPN/100ml ug/L  ug/L

11-Jun-89 1T 4.3 13.0 29.10 10.4 52 95 467 76 < 2 8.20 1.50
1B 11.8 30.00 8.4 58 143 208 75 < 2 2.3 0.40

10-Jul-89 2I > 3.2 10.8 30.43 10.2 28 159 256 61 44 < 2 17.00 <o0.10
20 > 3.8 13.0 30.38 11.9 69 67 346 53 40 2 3.9 0.20

3T 2.2 14.2 30.34 12.6 50 63 < 100 58 38 11 5.50 1,30

3B 11.8 30.43 7.2 123 51 176 66 47 < 2 3.60 0.80

4 0.7 13.7 30.29 12.8 23 70 211 61 40 < 2 13.40 3.19

1T 5.8 11.9 29.82 10.1 55 140 < 100 63 < 2 350 <0.10

1B 11.7 29.89 6.6 58 168 < 100 73 < 2 1.70 <0.10

07-Aug-89 21 > 4.7 12.2 31.30 12 174 354 87 57 ¢ 2 5.05 <0.10
20 > 4.8 12.3 31.70 8.4 11 174 462 84 59 < 2 3.19 0.32

37 3.0 15.3 31.12 11.6 < 10 47 286 74 32 < 2 11.87 0.59

3B 13.0 31.23 10.0 < 10 71 502 81 69 2 14.97 < 0.10

4 > 1.6 15.5 31.52 12.6 12 59 585 80 40 < 2 10.06 0.50

1T 8.8 14.5 30.69 9.9 46 160 584 78 49 4 6.30 <0.10

1B 31.41 6.9 29 211 327 91 66 < 2 300 <O0.10

06-Sep-89 2I > 4.9 12,9 30.98 7.5 20 163 329 79 76 ¢ 2 5.48 < 0.10
20 > 4.8 15.8 30.69 9.8 23 194 < 100 79 78 < 2 411 <0.10

37 3.7 14.9 30.65 8.0 13 168 256 81 72 5 7.40 < 0.10

3B 14.5 30.98 7.5 23 168 < 100 a8 72 < 2 5.86 <0.10

4 >2.8 13.6 30.32 7.6 26 164 199 86 71 < 2 6.51 <0.10

1T 7.6 17.0 31.23 7.5 25 154 < 100 83 79 < 2 6.00 <0.10

1B 13.0 31.16 6.0 35 183 < 100 83 84 < 2 6,00 <0.10

07-Sep-89 211 > 4.8 13.0 30.64 9.5 23 195 284 81 17 < 2 4.04 0.67
212 > 5.0 13.0 30.29 9.9 24 194 < 100 82 76 < 2 7.26 <0.10

201 > 4.7 13.2 30.87 9.6 17 214 148 81 76 < 2 2.9 0.10

202 > 4.7 13.8 30.32 10.1 27 201 < 100 79 78 < 2 2.65 0.60

29-Sep-89 211 3.7 12.5 30.11 9.5 45 228 272 93 57 < 2 174 <o0.10
212 > 5.1 12.5 30.93 9.3 70 506 216 145 57 < 2 2.00 0.10

201 > 5.1 12.3 31.49 9.7 88 132 445 77 53 6 2.19 0.11

202 > 3.5 12.6 30.50 11.0 71 118 173 93 56 4 3.24 <¢0.10
05-0ct-88 21 5.1 12.0 30.49 9.2 63 223 246 86 53 4 < 0.10 2.29
20 > 5.0 11.7 30.42 8.5 100 231 490 91 87 < 2 0.45 < 0.10

ar 4.3 12.5 30.49 8.0 99 209 325 90 47 2 0.43 0.17

3B 12.4 30.28 5.1 77 192 390 91 57 < 2 0.37 0.94

4 > 1.9 12.2 30.45 6.3 103 206 205 93 63 7 134 <¢0.10

1T 7.9 12.5 29.82 7.0 67 178 567 77 55 < 2 0.80 0.30

1B 12.0 30.56 5.8 63 225 557 92 67 2 ¢<0.10 <0.10

AVERAGE 21 4.6 12.4 30.63 8.1 36 230 257 89 62 2 4.08 0.45
20 4.8 13.0 30.85 9.6 50 214 288 87 62 2 3.26 0.14

3T 3.3 14.2 30.65 10.3 43 122 242 76 47 4 6.30 0.54

3B 12.9 30.73 7.5 68 121 292 82 61 2 6.20 0.49

4 1.8 13.8 30.65 9.8 41 125 300 80 51 3 7.83 0.97

iT 7.5 14.0 30.39 8.6 48 158 335 75 46 2 4.15 0.15

18 9.2 30.76 6.3 46 197 271 85 54 2 2.45 0.10

standard of 7.0 mg/L. Dissolved oxygen was also low offshore as a result of fall
upwelling in Admiralty Inlet. The upwelling is largely responsible for the low
DO levels. The extent of man’s influence includes such sources as the respi-
ration of herring stored in net pens and the increase in oxygen demand of
sediments as a result of the introduction of organic materials to the bay. The
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respiration of herring is considered to be very similar to that of their Atlantic

allies, the menhaden: about 0.1% mg DO/g wet weight/h when not feeding

(Durbin et al., 1981). Based on 2.7 million herring per year, 14 d holding time,

30 g per fish, and the above oxygen consumption rate, the fish consume
- 300,000 mg DO/h or about 0.1% of the incoming DO.

NUTRIENTS

Mats Mats Bay waters consistently had TN:TP and DIN:SRP ratios of approxi-
mately 5:1 and 4:1, respectively, indicating that N, rather than P, was in
shortest supply for phytoplankton growth. Despite indications of N limitation,
the absolute level of dissolved inorganic nitrogen remained high. Even during
August when peak phytoplankton concentrations were observed, concentra-
tions of DIN remained in excess of 47 ug N /L. Eppley et al., (1969) have shown
that many coastal phytoplankters may grow at nearly maximal growth rates
when DIN exceeds 15 ug N/L. Thus, with nitrogen always availablein excess of
demand, nutrient limitation is not thought to have occurred.

Mass balance data suggest thatinput of nutrients from Admiralty Inletis by far
the most important source. Creek input was negligible. Internal loading
(Table 3), as found by difference of inflow to the bay, minus outflow, was not.
Notable internal sources may include sediment release, groundwater and
septage input, boater activity, and the herring net pen operation. Approxi-
mately 4% to 11% of the P which entered the Bay sedimented during July and
August; no net exchange was noted in September. In October sediment P
release contributed about 6% of the Pload. This seasonality is consistent with
known mechanisms governing P solubility and is frequently observed in
Pacific Northwest lakes. TN was, on average, generated in the bay but no
consistent trends were observed.

Table 3.
INTERNAL LOADING CALCULATED BY MASS BALANCE.

10-jul-89 07-Aug-89 06-Sep-89 05-Oct-89

INTERNAL LOADING

Total Phosphorus  (kg/d) 11.24 4.78 0.08 -7.37
Soluble Phosphorus (kd/d) 5.64 -3.07 -4.19 -5.93
Total Nitrogen (kg/d) 3.00 -168.53 351.18 -377.97
Nitrate + Nitrite  (kg/d) 127.90 0.14 -43.73 -11.81
Ammonia (kg/d) -56.80 1.57 -4.24 -55.56
Chlorophyll a (kg/d) 4.31 2.91 1.94 -0.60
Fecal Coliform (10%d) -10.94 0.38 0.97 52.89
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PHYTOPLANKTON ABUNDANCE

In Mats Mats Bay, average chl g levels were 3.3 to 7.8 ug/L with a peak
concentration of 14.97 ug/L. Mass balance calculation indicates that about
30% less chl gwashed out of Mats Mats Bay than entered. Two theories which
are not mutually exclusive may account for this. Either phytoplankton death
exceeded growth because of zooplankton and oyster feeding, or the phyto-
plankton were able to adjust their vertical placement in the water column to
avoid washout.

Paralytic shellfish poisoningmay occur when toxic phytoplankton species are
present, sometimes visible as red tides. Shellfish toxin levels are routinely
monitored in Mats Mats Bay and at Olele and Klas rocks near the channel
opening. These results indicate that dangerous levels of toxin occasionally
occur (DSHS, 1988).

WATER COLUMN FECAL COLIFORM BACTERIA

Water column fecal coliform bacteria were not abundant in Mats Mats Bay.
The maximum detected concentration was 11 MPN/100 ml, but 19 of 28
samples contained less than the detection limit of 2 MPN/100 ml. The
geometric mean concentration was less than 2.5 MPN/100 ml, within the 14
MPN/100 ml geometric mean limit imposed on Class AA Waters (WAC 173-
210-045). Lowfecal coliform levels in Mats Mats Bay have been confirmed by
other studies. A suite of 13 samples collected during May through July 1987
(Harper-Owes, 1986) had a geometric mean concentration of 4 MPN/100 ml.
Four stations sampled 12 to 14 times each by Rubida (1989) had geometric
means which ranged from 0.4 to 2.0 MPN/100 ml.

Despite low fecal coliform concentrations in bay water, the three creeks
exceeded Class AA fresh water quality standards: fecal coliform organisms
shallnot exceed a geometric mean of 43 organisms/100 ml with not more than
10% of the samples in excess of 100 organisms/100 ml. Ten samples collected
from the three creeks had a geometric mean of 121 MPN/100 ml and the
estimated upper 10% was 920 MPN/100 ml.

SHELLFISH FECAL COLIFORM BACTERIA

Freshwater input typically represents a large source of fecal contamination to
marine systems and, because freshwater tends to float, highest contamination
levels often exist at the surface. Furthermore, surface water exchange in Mats
Mats appears poor. Because oystersreside in the intertidal zone, they arein an
area of high exposure to surface waters. As discussed previously, bay water
had essentially undetectable fecal coliform bacterial concentrations, but the
three inflow creeks contained relatively high concentrations.
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The Food and Drug Administration has promulgated a guideline of 230 fecal
coliform organisms per 100 ml of shellfish tissue which applies to commercial
sales. Oysters in Mats Mats Bay exceeded this guideline in 5 of 6 samples,
havinga geometric mean of 333 MPN /100 ml and a maximum of 673 MPN/100
ml. Tissue samples collectedimmediately adjacent to inflow creeks displayed
greater concentrations of fecal coliform than did oysters from a location
distant from the creeks. Prior data (Jefferson County Department of Health,
pers. comm.) include a shellfish sample from June 1985 with 20 MPN/100 ml
and three during 1987 which showed levels of 20, 78 and 1300 MPN/100 ml.
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SIGNIFICANCE OF AIRBORNE CONTAMINANTS TO THE
MARINE WATER QUALITY OF PUGET SOUND

Eric A. Crecelius' and Naydene Maykut?

INTRODUCTION

This paper arises from a study conceived by a technical advisory committee
working through the Puget Sound Estuary Program (PSEP) to more fully
understand the contribution of airborne toxics to water quality problems in
Puget Sound (PSWQA, 1990). The PSEP is co-managed by the Puget Sound
Water Quality Authority, the U.S. Environmental Protection Agency (EPA)
Region 10, and the Washington State Department of Ecology. The Puget
Sound Air Pollution Control Agency also contributed to the study.

The problem of the cross-media transfer of pollutants prompted the study.
The deposition of airborne particles may be responsible for contributing
specific heavy metals, polycyclic aromatic hydrocarbons (PAHs), and other
organic compounds to Puget Sound. Deposition can occur directly as par-
ticles settle onto the water surface, or indirectly as they settle on land and are
subsequently washed or blown into the Sound. These toxic chemicals are then
added to the burden of chemicals in the sea-surface microlayer (the 50-
micron boundary layer between the atmosphere and the ocean), the water
column, and/or the sediments. This resultant increase in toxicity may affect
aquatic life in the Sound.

STUDY PLAN

The study to determine whether the cross-media transfer of toxic pollutantsis
significantwas conducted atCommencement Baynear Tacoma, Washington.
The Commencement Bay area was chosen because it is well studied, it has a
complex and diverse air pollution source matrix, high concentrations of lead
and PAHs have been measured inthe sediments and the sea-surface microlayer,
and a heavy loading of air contaminants from industry has been documented
there.

The Battelle Marine Sciences Laboratory, under contract from the Puget
Sound Water Quality Authority, conducted field samplingand chemical analy-
ses of atmospheric deposition samples collected over a 6-month period (July
through December 1989) at five sites in the Commencement Bay area.

! Battelle/Marine Sciences Laboratory, 439 West Sequim Bay Road, Sequim, WA 98382
2 Puget Sound Water Quality Authority, MS PV-15, Olympia, WA 98504 -0900
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RESULTS AND DISCUSSION

Results from this study were used to estimate the impact of metals and PAHs
on the sea-surface microlayer and on water column concentrations in Com-
mencement Bay. The following estimates are based on the mean contaminant
deposition rates as reported by the Puget Sound Water Quality Authority
(PSWQA, 1990). Theseresults indicate that a higher deposition rate of metals
and PAHs occurs atindustrial sites on the Tacoma waterfront (Sea-Land) than
at the Tyee Marina on Commencement Bay or at rural Riverside School near
Puyallup.

The sea-surface microlayer contains contaminants derived from atmospheric
deposition. The residence time of metals in the sea-surface microlayer was
determined by Hardy and Apts (1983) to be on the order of 3 to 20 hours for
urban air particulate matter (using a microlayer thickness of 50 microns and
awind speed of 3.6 m/s [average wind speed in Puget Sound]). The concen-
trations of metals in the sea-surface microlayer of CommencementBay canbe
estimated using the mean deposition rates for the Sea-Land and Tyee Marina
sites and using the assumptions of a thickness of 50 microns and a residence
time of 3 or 20 hours.

The predicted concentrations (in pg/L) of chemicals in the sea-surface
microlayer are presentedin Table 1. Column 2 contains concentrations forthe
Tyee Marina site (representing the low end of the deposition rates) at a
residencetime of 3 hours. Column 3 contains concentrations for the Sea-Land
site (representing the high end of the deposition rates) at a residence time of
20 hours. Column 4 contains literature values for actual chemical analyses of
the sea-surface microlayer from Puget Sound urban bays (Hardy et al., 1987),
while column 5 is a list of EPA chronic marine water quality criteria (EPA,
1986).

The estimates of contaminant concentrations from atmospheric deposition
(Table 1, columns2 and 3) indicate that the measured concentrations (column
4) maybehigh, due entirely to the cross-mediatransfer of these toxics from the
air. Results for Puget Sound microlayer field samples analyzed by Hardy et al.
(1987) are in the range of predicted concentrations. Marine water quality
criteria (column 5) do not necessarily apply to the microlayer; however, 50
percent mortality of English and sand sole larvae was observed in bioassays
when PAH concentrations exceeded 50 pg/L (Hardy et al., 1986). The marine
chronic water quality criteria values are relatively low compared with the
predicted and measured sea-surface microlayer concentrations of copper,
lead, and zinc. Combustion polynuclear aromatic hydrocarbons (CPAH)
(from flouranthene through benzolg,h,ilperylene) donothave marine chronic
water quality criteria. However, a marine acute criterion for PAH of 300 ug/L
has been suggested by EPA based on lowest effect concentrations.
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Table 1.
PREDICTED CONCENTRATIONS OF SPECIFIC CONTAMINANTS IN THE SEA-
SURFACE MICROLAYER®™,

HglL
EPA (1986}
™ SL Literature Value Marine Chronic

Contaminant  3-hour 20-hour  Hardy et al. (1987) Water Criteria
Arsenic 4.5 300 — 36
Copper 144 2,470 51-3,200 29

Lead 87 10,800 38-650 5.6
Zinc 267 14,500 135-1,420 86
CPAH®“ 11 225 8-148 3004

(@) Concentrations assume a 50 micron-thick microlayer, 3-hour or 20-hour residence times,
and deposition rates at Tyee Marina or the Sea-Land site.

{b) Data not available.

(c) Combustion polynuclear aromatic hydrocarbons.

(d) Lowest observable effects concentration,

The mass loading of contaminants to Commencement Bay from atmospheric
deposition, point sources, and the Puyallup River is presented in Table 2. The
atmospheric deposition rates are estimated using the mean deposition rates
determined over a 6-month period at the Riverside School and Sea-Land sites.
The area of Commencement Bay was assumed to be 10 km? (approximately 2
miles wide by 2 miles long). Data for mass loading of contaminants to
Commencement Bay were taken from Tetra Tech (1988) and Paulson et
al.(1989). The Tetra Tech (1988) mass loading data in Table 2 do not in-
clude sources along the Ruston shoreline because the arbitrarily chosen
deposition area does not extend to that region of the bay. Data from Paulson
et al. (1989) include municipal outfalls and the Ruston shoreline; this could
explain why the values from Paulson et al. (1989) are about four times higher
than those of Tetra Tech (1988). The Puyallup River contributes as much or
more copper, lead and zinc as the point sources.

Ifthe Riverside School deposition rates for metals are assumed to be typical for
Commencement Bay, then atmospheric deposition contributesapproximately
1 percent of the anthropogenic loading of metals. If the Sea-Land deposition
rates are used, then atmosphere deposition could contribute 15 percent of the
lead and zinc. However, because the high deposition rates forlead and zinc at
Sea-Land apparently are caused by site-specific contamination from the
metal ore offloading facility, the Sea-Land site is probably not typical of
Commencement Bay. In addition, although adequate CPAH mass loading
data were not available to make comparisons for Commencement Bay, based
on an extrapolation of the Tyee Marina PAH deposition rate and previous
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estimates by Romberg et al. (1984), atmospheric PAHs can account for less
than 20 percent of the mass loading of PAHs to the central basin of the Sound.

Table 2.
CONTAMINANT MASS LOADING TO COMMENCEMENT BAY.

Sources (metric ton/year)

Atmospheric Municipal
Deposition Point Sources and Industrial
Contaminant RS® SI® Tetra Tech (1988) Paulson et al. (1989)
Arsenic 0.007 0.07 5.2 -
Copper 0.07 0.5 3.4 17
Lead 008 2.2 3.1 15
Zinc 0.1 31 8.4 21
CPAH@ 0.013 0.055 — —

(a) Predicted from Riverside School deposition samples.
(b) Predicted from Sea-Land deposition samples.

(c) Data not available.

(d) Combustion polynuclear aromatic hydrocarbon.

The atmospheric deposition data from the Riverside School site (representing
low measured depositions) and the Sea-Land site (representing high mea-
sured depositions) were used to predict concentrations of contaminants in
water quality of Commencement Bay (Table 3). The predictions were based
on an assumption of the two conditions: a well-mixed, 10 m water columnin
Commencement Bay, and a 2-day residence time or flushing rate for Com-
mencement Bay. (These assumptions are arbitrary and could change with
time of year and tidal conditions.) The flushingrate (orlength of time for water
to pass through Commencement Bay) was taken from Cannon and Grigsby
(1982), who estimated transit times for the bay to be in the range of 2 days. The
predicted concentrations of metalsin the water column (Table 3) are relatively
low, compared with EPA marine chronic water quality criteria or Puget Sound
ambient concentrations. It is unlikely that direct atmospheric deposition of
metals has a significant effect on the quality of the water column in Com-
mencement Bay. However, the metals concentrations in the sea-surface
microlayer could be elevated at times.

The predicted concentration of CPAH in the Commencement Bay water
column is 0.003 pg/L, an order of magnitude lower than the EPA criteria value
0f0.031 pg/LPAH based on human health criteria for carcinogens, whichis, in
turn, based on eating fish exposed to CPAHs in the water.
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Table 3.
PREDICTED CONCENTRATIONS OF CONTAMINANTS IN COMMENCEMENT BAY
WATER COLUMN DUE TO ATMOSPHERIC DEPOSITION®™.

ught
Estimated Estimated EPA (1986) Puget Sound
Chronic Water Ambient
Contaminant RS Flux® SL Flux®  Quality Criteria®  Concentration®
Arsenic 0.0004 0.004 36 1.8
Copper 0.004 0.03 29 0.5
Lead 0.004 0.12 5.6 0.15
Zinc 0.007 0.170 86 1.8
CPAH® 0.0007 0.003 0.031 0.013

(a) Assumed 10 m depth of mixed water column and a flushing rate of two days.

(b) Predicted from Riverside School deposition samples.

(c) Predicted from Sea-Land deposition samples.

(d) The CPAH criteria is based on human health criteria for carcinogens, 10 risk factor from
fish consumption (assuming the fish have been exposed 0.031pg/l)

(e) Romberg et al. (1984).

() Combustion polynuclear aromatic hydrocarbon.
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THE EFFECT OF TEST SEDIMENT STABILIZATION AND
DISTURBANCE ON ACUTE TOXICITY TO THE AMPHIPOD
RHEPOXYNIUS ABRONIUS

J.Q. Word', B.W. Claiborne?, ] A. Ward', and C. Chapin?

INTRODUCTION

Sediment bioassays based on research done by Swartz et al., (1985) using the
Phoxocephalidamphipod, Rhepoxynius abronius, have beenwidelyaccepted.
Sensitivity to contaminants and cost effectiveness have also been demon-
strated (Word etal., 1989). Researchersin differentlaboratories have been able
to achieve similar bioassay results (Mearns, 1986) and thus add to existing
confidence in standard protocols. The findings in this report may help to
further establish protocols for sediment handling, compositing techniques,
and equilibration times. Test results also have implications for in situ
sediment disturbances of both natural and man-made origins. That is, if the
toxicity of marine sediments increases with physical disturbance, accurate
assessmentsofenvironmental conditions must consider factors suchasbeach
transport, turbidity currents, storm and flood caused erosion, and dredging.

A total of five, ten-day static sediment bioassays were conducted (Table 1).
Four of these bioassays were run concurrently with four-day positive control
bioassays for a portion of each ten-day test. CdCl, served as a reference
toxicant to determine the sensitivity of the test organisms and to compare the
sensitivity of R. abronius collected on different dates over the extended time
period required for testing.

Table 1
OVERVIEW OF THE EXPERIMENTAL TIME PERIOD.

TEST PERIOD OF TESTING DAY DISTURBED  EQUILIBRATION PERIOD

1 day 1-day 11 0 overnight
2 day 15- day 25 0 14 days
3 day 26- day 36 0 25 days
4 day 50- day 60 48 2 days

5 day 65- day 75 64 overnight

! Battelle/Marine Sciences Laboratory, 439 West Sequim Bay Road, Sequim, WA
98382

2 AScl Corporation, Bainbridge High School, 9330 NE High School Road, Bainbridge
Island, WA 98110

3 University of Wisconsin
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Test containers for three bioassays were layered with sediments at the same
time and then initiated on three different dates. In these tests it was hypoth-
esized that contaminants would become less available to R. abronius as time
allowed sorbtion to such materials as sediment particles, glass surfaces,
colloidal particles, and organic carbon compounds (Voice and Weber, 1983;
Weber etal., 1983). This process would, therefore, remove contaminants from
the interstitial and overlying waters. Since this amphipod does not spend
appreciable amounts of time in the water overlying test sediments, its contact
with the interstitial water probably provides most of its exposure to toxic
materials under bioassay conditions (Kemp and Swartz, 1988). Change in the
survival of R. abroniuswould be used to demonstrate the change in the toxicity
of sediments with different periods of physical stability.

Secondly, it was hypothesized that if sediments were disturbed after being
allowed time to equilibrate, toxic materials would be released from the sur-
faces to which they had sorbed and would become re-introduced into the
interstitial and overlying waters. The survival rate of R. abronius was used to
evaluate the bioavailability of toxic materials. Two additional tests were
conducted to address this second hypothesis. The sediments used for these
tests were layered and disturbed prior to each test.

MATERIALS AND METHODS

Six sediment samples, including reference and control sediments, were used
forthis experiment. Fourtest sediments (MA-1U, MA-1L, SS-4L, and C-4) were
selected which were known to cause a high mortality rate in R. abroniusand
for which chemical analysis had previously been conducted. Sediments of
differing grain sizes were used for test, reference, and control sediments. A
reference sediment (SB) from Sequim Bay, Washington and a control sedi-
ment (WB), native to R. abronius and from West Beach of Whidbey Island,
Washington, were used. Each sediment sample had five replicate test con-
tainers. Thus, each of the five, ten-day sediment bioassays consisted of thirty
test jars.

In addressing the first hypothesis, Tests One, Two, and Three were designed
to test toxicity of sediments which had been allowed to equilibrate over
increasing periods of time up to thirty-five days after the initial disturbance.
This was accomplished by layering all jars for the first three tests one day after
the disturbance of compositing by thorough hand mixing of each core sam-
ple. Initiation of each test occurred after different periods of stability on the
water table had been allowed. [This first hypothesis had its origins in the work
of Word et al.(1987) with equilibration of DDT. Their findings demonstrated
adecrease in the interstitial water’s DDT concentration over a period of near-
ly forty days.] Test Three’s sediment and overlying water would then be
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retrieved and reused after a disturbance was induced to test the second
hypothesis. This design was implemented to limit variables other than distur-
bance from entering into the experiment. Test Five was later designed to test
the effects on toxicity of a disturbance of a greater magnitude than that used
in Test Four.

All bioassays were conducted according to standard protocols (PSEP, 1986;
Swartz et al., 1985), with the exceptions of the deviation from the maximum
sediment holding time and the deviation of extended time periods between
layering and test initiation in Tests 2 and 3.

RESULTS

Chemical Analysis

Polynuclear aromatichydrocarbon (PAH) analyses were not performed on the
C-4 test sediment. However, of the sediments analyzed, the PAH values of the
MA-1U sediment stands out at levels above those found by Plesha et al. (1988)
to be toxic to R. abronius. Arsenic, Chromium, and Nickel all appear in MA-
1U’sanalyses at toxic levels. When organic carbon level were considered, both
theMA-1U and SS-4L test sediments contained significant levels of PAH’s. The
positive correlation between organic carbon and equilibrium partitioning
and thebioavailability of organic materials has been discussed by Staples et al.
(1985).

Table 2

SEDIMENT GRAIN SIZE AND SOLIDS.

Sediment  Total Solids % Gravel % Sand % Silt % Clay

Treatment % Dry wt. > 2.00 mm 0.063- 0.004- <0.004 mm
2.00 mm 0.063mm

MA-1U 47.90 0.09 17.14 27.06 55.71

MA-1L 84.25 0.29 - 41.12 37.07 21.52

SS-4L 84.25 0.00 88.64 7.66 3.70

C-4 70.1 0.00 73.63 14.02 12.35

SB nm 0.00 27.84 42.75 29.44

WB ' 76.30 0.00 98.00 0.36 1.63

The sediments samples used show a range of grain size combinations ranging
from the 98.02% sand in the West Beach sample to the 55.71% clay of the MA-
1U (Table 2). The high values for Sequim Bay’s silt and clay content make it an
excellent reference sediment to contrast with other fine grained sediments,
while the West Beach control sediment demonstrates the survival rate of R.
abroniusin sediments of a larger size. The significance of this physical feature
of the test sediments will be considered carefully in light of the very fine grain
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size found in test sediment MA-1L. Further testing of the effects of sediment
grain size on R. abroniusis needed.

Bioassay Results

Results from Test 1-3 indicate a increase in amphipod survival through the
time MA-1U, SS-4L, and C-4 test sediments were allowed to remain physically
stable under test conditions (Figures 1-3). It appears from the MA-1U and SS-
41 data that the sorbtion of toxic materials continued over the 36 day equili-
bration period, while the C-4 bioassay results suggest chemical stability was
achieved during the 36 day period.

Figure 4 shows a low and nearly stable survival rate for the very fine grained
MA-1L sediment. In Figures 5 and 6, both SB reference and WB control
sediments’ survival rates remained high and relatively unchanged in Tests
1-3.

DISCUSSION AND CONCLUSIONS

Tests 1-3

While sorbtion of toxic materials and equilibrium partitioning has been well
documented for many hydrophobic organic compounds, some characteris-
tics of this process are not fully agreed upon (Gschwend & Wu, 1985). The
possibility of sorbtion and desorption of toxic materials in the test sediments’
interstitial waters impacting the survival of R. abroniusis considered in light
of the test results observed in these tests and the results from previous testing
(Word et al., 1987).

Sorbtion to solids and organic carbon compounds has been investigated by
several researchers (Lambert, 1968; Voice and Weber, 1983; Voice et al., 1983;
Weber et al., 1983; Gschwend & Wu, 1985; Staples et al., 1985; and Whitehouse,
1985). The position of this paper is that the sorbtion of compounds in
interstitial water is a means of removal of toxicants available to R. abronius.

For those researchers using R. abronius for sediment bioassay testing, these
results shown in figures 1-5 may be of significant interest. For although
present protocols allow fourteen days from sediment collection until bioassay
initiation, the findings of this paper indicate the time period between sedi-
ment layering and test initiation is also of great importance and should be
considered for standardization.

While the total silt/clay fraction of the MA-1L sediment was only 58.59% dry

wt., a considerable percentage (14.65 % dry wt.) of fine clay particles
(< 0.000976 mm) was present. Observations reported during Tests 1-4 of the
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unusually persistent turbidity of the MA-1L test sediments also indicate their
verysmall particle size. As showninTable 1, MA-1L sediments did not contain
a high organic carbon content. The high percentage of fine clay particles is
suggested as the primary cause of the consistently low amphipod survival
resultsin MA-1L sediment. While grain size is a difficult factor toisolate where
some level of chemical contamination may exist, it is felt by manyresearchers
to impact the survival of R. abronius (Swartz et al., 1985a; DeWitt et al., 1988;
Word et al., 1989).

The sediment disturbances in Tests 4 and 5 were brief interruptions in the
process ofincreasing sediment stabilization which occurred during the 75 day
testing period. That a defined sediment disturbance took place is felt tobe the
significant variable between Tests 1-3 and either Test 4 or Test 5. Yet, since
Test 4 sediments were allowed to stabilize on the water table with aeration at
20 °C for 50 days prior to initiation, and Test 5 sediments were allowed to
stabilize for 64 days in stainless steel bowls without aeration at 4 °C, these two
disturbances must be considered independently.

In Figures 1 - 3, the trend toward increased survival over the time of stabiliza-
tion is clear in MA-1U, SS-4L, and C-4 sediments, especially when the degree
of amphipod sensitivity shown by the positive control is considered. Also,
amphipod survival in MA-1U, SS-4L, and C-4 test sediments was negatively
impacted by both sediment disturbances, with the greater impact occurring
with the greater disturbance. Onlythe SS-4L test sediment had survival results
(Figure 2) which were lower in the Test 5 bioassay than in any other of its
bioassay tests. Other test sediments had their lowest survival rates in bioassay
Test 1. Factors such as particle size, toxic materials present, concentration of
toxic materials, equilibrium partitioning coefficients, organic carbon content,
and the magnitude of the sediment disturbance would be involved in the
desorbtion process. Thus variation in bioassay results would be expected of
differing test sediments, while the trend of lowered survival with increased
disturbance of contaminated sediments is maintained. The consistently high
survival rate of Sequim Bay reference and West Beach control sediments show
independence from the responses of test sediments. The significant increase
in the survival of R. abronius when MA-1U, SS-4L, and C-4 sediments were
allowed to stabilize indicates the importance of the time period between
sediment compositing and test initiation. Physical sediment disturbances
may also affect bioassay results by increasing the bioavailability of contami-
nants. The decrease in amphipod survival occurring with increased distur-
bance suggests the degree of disturbance during compositing and sediment
handling should be considered. The low survival in the very fine particle size
ofthe MA-1Lsediment sample similarlyimpliesfurther testingshould bedone
to determine the capability of R. abroniusto survive in such sediments during
10-day bioassay conditions.
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Implications that natural and/or man-made sediment stability opportunities
or disturbances could change the toxic level of in situ marine sediments
suggest a need for further study in this area. The impact of a disturbance of
toxic sediment must be accurately evaluated to assure sound decision and
policy-making abilities. :
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DISTRIBUTION OF NEOGASTROPOD IMPOSEX AS A
BIOINDICATOR OF TBT CONTAMINATION IN
PUGET SOUND AND ADJACENT WATERS

Derek V. Ellis and Mar M. Saavedra Alvarez*!

ABSTRACT

Neogastropod imposex (imposition of male characters on female snails) is a
bioindicator of contamination by the highly toxic organotin compound,
tributyltin (TBT), whose use in marine anti-fouling paints has been banned by
the EPA and the state of Washington. It occurred in 100% of female snails
collected from just outside Elliott Bay and Commencement Bay in July 1989,
and on the Port Angeles breakwater. It occurred at lesser levels in snails on
west coast rocky shores in the Olympic National Park. In British Columbia, the
impact was detected on all female snails within 1 km of all harbours and
marinas examined, and at lesser levels throughout the Straits of Georgia. Only
two remote sites in the northwest corner of Vancouver Island showed some
species without imposex.

The implications of these results for the Puget Sound area are that TBT
contamination remained inthe marineenvironmentin 1989, possiblyatlevels
continuing to affect mollusc mariculture. TBT regulations may not be effec-
tive, due to the use of Puget Sound waterways by foreign and national ships still
using TBT-based anti-foulant paints, and from paint-scrapingboatyards. TBT
testing should be continued to monitor the effectiveness of the existing
regulations.

! Biology Department, University of Victoria, Victoria, B.C. VBW 2Y2 Canada
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HYDROCARBON BIODEGRADATION IN THE PRESENCE
AND ABSENCE OF WEATHERED ALASKA NORTH SLOPE
CRUDE PETROLEUM

Barbara A. Denovan ' and Jack Q. Word?

On March 24, 1989, over eleven million gallons of crude oil were spilled into
Prince William Sound, Alaska, by the tanker Exxon Valdez. Approximately 20
to 25% of the oil slick had been removed by evaporation or dissolution within
the first 20 days after the spill (Rall, 1989). Much of the remaining oil formed
awater-in-oil emulsion referred to as mousse. Within tenyears the remaining
crude oil in the environment is expected to significantly decrease by natural
biodegradation, leaving only a small amount of asphalt compounds as evi-
dence of the spill. Weathering, the process of degradation, has been reported
to take place in a stepwise fashion, starting with the straight chain aliphatics
and then the low molecular weight aromatics, and finally the higher molecular
weight and substituted aromatics are slowly degraded (Atlas, 1988). Petro-
leum products provide a large reservoir of carbon for the growth of microor-
ganisms, but it has been found that mineral nutrients may be limiting factors
(Atlas, 1988). Degradation of crude oil in the marine environment has been
studied extensively for the past twenty years, and recently the Petroleum
Industry Response Organization (PIRO) has targeted bioremediation as an
area of needed research (Drew, 1989).

The aim of this study was to compare the degradative capabilities of indig-
enous microorganisms that are present in seawater and those that are present
in weathered crude oil. Inorganic nutrients were added in the form of a
commercial bioacceleratingagent, Inipol, which contains nitrogen, phospho-
rous, and an oleophilic agent.

MATERIALS AND METHODS

Conditions studied

Three glass aquaria were filled with 30 liters of sand-filtered seawaterand each
tank was aerated.® The following amounts of crude oil and Inipol were added
to the tanks: 1) 24 mlInipol, 2) 25 ml of crude oil and 24 m! of Inipol, and 3)
25 ml of crude oil and 48 ml of Inipol. The crude oil was heated to 24°C to
enable transfer. The weathered Alaska North Slope crude petroleum was
provided by Exxon. It was collected on May 5, 1989, from Skimmer #81

! Department of Civil Engineering, University of Washington FX-10, Seattle, WA 98195
¢ Battelle/Marine Sciences Laboratory, 439 West Sequim Bay Road, Sequim, WA 98382

* Each tank contained six herring for the first four days as part of another study (Atrim
and Word, 1990).
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working west of Disk Island in Lower Passage, near Naked Island, Prince
William Sound, Alaska, and shipped to the Battelle Marine Science Laboratory
at Sequim, Washington, where it was stored at 5°C. Inipol was also provided
by Exxon. Samples of 50 ml were taken from each tank after four weeks. These
samples included a portion of the floating Inipol and Inipol/oil mixtures.
Aseptic techniques were used for handling the samples after collection.

Mineralization

The samples from the three tanks were diluted in sterile milk dilution bottles.
Sixteen bottles were used for each of the three samples; thus a total of 48 bottles
were used. The bottles were fitted with Teflon tape wrapped rubber stoppers
in order to limit sorption. Each bottle contained 49 ml of sand-filtered,
autoclaved seawater, 1 ml of sample, and approximately 1 ml of one of the “C
labelled compounds. Each of the four “Clabelled compounds were added to
four replicate bottles. The fourth bottle was poisoned with 500ul of 0.125M
HgCl, . Sterile mini (7 ml) scintillation vials, suspended in the headspace
above the cultures by Teflon tape, were used for CO, traps, and 1 ml of 0.3M
KOH was put in each trap. See Figure 1.

14C Hexadecane

oo M) ) B

14C Phenanthrene | 1 Y
14C Chrysene

Tefion tape /

Sample &
14C labeled
compound
Figure 1.
EXPERIMENTAL DESIGN.
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The following compounds were chosen as representative of the components
of crude oil and were purchased from Amersham: {1-*C] n-hexadecane, [9-
C] phenanthrene, [1-*C] naphthalene, [4-"“C] chrysene. The final concen-
tration of each of the labelled compounds was 2.2X10° dpm per bottle.

< NIANNANNANN

[1-14C] n-Hexadecane

©©©©

[1-14C] Naphthalene [9-14C] Phenanthrene [4-14C] Chrysene

® Indicates position of the 14C labelled carbon.

The cultures were incubated at room temperature in the dark with no shaking.
At the end of each time period the scintillation vials were replaced with new
vials containing 1 ml of 0.3M KOH and the old vials were filled with cocktail
(NEN Aquasol-2) and stored overnight at 4°C to reduce chemilluminesce and
then counted on a Packard Bell scintillation counter. The percent of the “C
labelled compound mineralized was calculated by subtracting the poisoned
control from the average of the three replicates and assuming that the total
amount added, 2.2X10° dpm, was available to the organisms in each sample.
The actual amount available is probably lower due to volatilization, leakage
and sorption.

RESULTS AND DISCUSSION

After 97 days a larger percentage of naphthalene was mineralized in the
absence of crude oil (Figure 2), and larger percentages of phenanthrene,
chrysene and hexadecane were mineralized when crude oil was present
(Figures 3 and 4). Naphthalene was 50% mineralized by the samples with no
crudeoil present, and about 20% mineralized by the samples containing crude
oil. This pattern was reversed for phenanthrene and chrysene; both were only
slightly mineralized by samples with no oil present. But phenanthrene was
mineralized by about 30% and chrysene was mineralized by about 15% when
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MINERALIZATION IN THE PRESENCE OF SEAWATER AND INIPOL (NO CRUDE
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Figure 3.

MINERALIZATION IN THE PRESENCE OF EQUAL CONCENTRATIONS OF CRUDE
OIL AND INIPOL.

crude oil was present. Even though hexadecane was mineralized less than
10% under all three conditions there was a slight increase in the amount of
mineralization when the crude oil was present.

The fact that all the percentages of mineralization were lower than 50% may be
due to the assumption that all of the C labelled compounds were available,
or the batch cultures may have become limited in inorganic nutrients and/or

oxygen.
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Figure 4.
MINERALIZATION IN THE PRESENCE OF 2 TIMES THE CONCENTRATION OF
INIPOL AS CRUDE OIL.

Weathered crude oil collected from Prince William Sound approximately one
month after the spill of the Exxon Valdez apparently harbored organisms that
were capable of degrading components of crude oil. Organisms presentina
relatively pristine environment may not be capable of significantly degrading
crude oil within a short time period, even if a bioaccelerating agent is added.
This is in contrast to organisms present in one month old crude which were
able to degrade three of the sample compounds at a significantly higher rate.

This information could be used to develop an assay to indicate whether an
area has been exposed to periods of contamination by crude oil. The ratio of
the mineralization of naphthalene and phenanthrene could be monitored in
soil or sediment samples.
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A HISTORICAL SURVEY OF OIL POLLUTION IN PUGET SOUND
AND SURROUNDING AREAS

A. Kirk Smith, LT]G, USCGR' and Gino L. Lucchetti?

INTRODUCTION

Pursuant to the Federal Water Pollution Control Act (FWPCA) of 1972, the
United States Coast Guard (USCG) began enforcing federal regulations per-
taining to the discharge of certain pollutants into navigable waters of our
coasts, majorinland rivers and Great Lakes. The United States Environmental
Protection Agency (EPA) was designated as thelead agency for enforcing these
same regulations inland. The FWPCA gave authority and responsibility to the
President which was delegated in Executive Order 11735. Responsibility for
developing a national contingency plan (NCP) for pollution response was
delegated tothe EPA. Responsibility for administering the revolving pollution
fund, utilized during some oil pollution responses, was delegated to the USCG.

The NCP defines terms such as the “On-scene Coordinator” which is the title
designating either the EPA or the USCG as the responsible government body
for responding to oil discharges or chemical releases within certain geo-
graphical areas. All reports of oil discharges are required to be investigated
by the predesignated on-scene coordinator (OSC).

Anational computer system was needed to compile all reports investigated by
the USCG. The development of a system began in 1972. Several alterations,
additions and updates to the system led to the development of the Marine
Safety Information System (MSIS) used today. MSIS enablesthe USCG to track
pollution trends within specific geographical zones around the United States.

The original intent of the legislators in 1972 was to eliminate all pollution by
1985. Obviously this hasn’t been the case. Recent events in and around Puget
Sound have demonstrated that the discharge of oil is still an all too common
occurrence. Since 1985 several incidences of major oil spills have occurred,
including the discharge of over 200,000 gallons of crude oil at Port Angeles in
1985, 67,000 gallons of heavy cycle gas oil at Anacortes in 1988, and 227,000
gallons of bunker C oil near Grays Harbor, along the coast of Washington, in
December, 1988. In addition to these large events, there has been growing
concern over the cumulative contribution by smaller discharge events to the
overall oil contamination problems in marine waters of Washington.

! Marine Safety Office Puget Sound, 1519 Alaskan Way South, Seattle, WA 98134

2 King County Surface Water Management, 710 Second Avenue, #730,
Seattle, WA 98104
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The objectives of this survey were to summarize USCG data on oil discharge
events and to evaluate possible trends by year, season, month, and source. Its
purpose was to provide environmental professionals with valuable informa-
tion concerning incidence of oil discharges in Puget Sound and on the Wash-
ington coast. Future surveys and research programs should be conducted to
further define biological and ecological implications of the rate and volume of
oil discharge in our marine waters.

METHODS

This study reviewed the USCG database for oil discharges contained within
the Marine Safety Information System (MSIS) for the period between 1981 and
1989, inclusive. The area of concern extended north from the mouth of the
Queets River, and eastward through the Straits of Juan de Fuca and all US
waters of Puget Sound (Figure 1). The MSIS records oil discharges based on
actual observations by USCG personnel. Initial detection and reporting of an
oil discharge may be accomplished by USCG personnel, ship or oil facility
operators, and private citizens. Each reported oil discharge includes informa-
tion on the date, time, location, volume, and source.

Northern Puget Sound

Stralt of Juan de Fuca

Upper Puget Sound

Central Puget Sound_

Southern Puget Sound

Figure 1.
THE AREA OF CONCERN COVERED BY THE OIL SPILL SURVEY.
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RESULTS

The number of reported oil discharges decreased from 1981 to 1986, with 451
discharges reported in 1981 and 188 in 1986 (Figure 2). The incidence of
reported discharges has risen steadily since 1986, with 457 discharges re-
ported in 1989, the highest yearly total of discharges reported over the nine
years of observation.

500

B #0il Discharges

# Discharges

0

1981 1982 1983 1984 1985 1986 1987 1988 1989

Year

Figure 2.
NUMBER OF REPORTED OIL DISCHARGES, 1981-1989.-

From 1981 - 1989, the Central Puget Sound Region (encompassing Elliott Bay
west to Bremerton) had the highest frequency of reported oil discharges
(Figure 3), ranging from a high of 278 separate incidences in 1981 to a low of
94 in 1986. Thisregion generally had more than three times as many reported
discharges as any other region. Between 1981 and 1986, the Southern Puget
Sound Region, including Tacoma and Commencement Bay, had the second
highest frequency of reported discharges. However, since 1986 the Northern
Puget Sound Region, which includes the San Juan Islands and the Anacortes/
Bellingham area, has become the second most significant region for reported
discharges. The Coast Region, extending south from Neah Bay to the Queets
River, consistently had the fewest reported incidents of oil discharges, with as
few as 2 reported incidents in 1986 to a high of 11 in 1981.
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Figure 3.
NUMBER OF REPORTED OIL DISCHARGES BY REGION.

Unknown sources contributed the highest frequency of reported oil dis-
charges, representing43.6% (1363) of allreported incidences from 1981 through
1989 (Figure 4). However, by volume, unknown sources were only the third
largest (6.4%; 33,000 gallons) contributor to oil contamination (Figure 5).
Amongknown sources, those fromland contributed the mostbynumber (460;
14.7%) followed by fishing vessels with 9.2 % (287). Tank ships contributed
only 4.6 % of the total number of reported discharges but were the largest
contributor by volume of any source with 323,742 gallons (62%) discharged.
Recreational vessels, which include pleasure craft and small private fishing
boats, had the smallest contribution in terms of both frequency (114; 3.6%)
and volume (1283 gallons).

The majority of reported discharges from 1981 - 1989 were less than 100
gallons (Figure 6). Conversely, large discharges (1,000 gallons and greater)
were relatively infrequent.

Due to time constraints, we were unable to statistically analyze the monthly

data for significant differences between months. However, there did not
appear to be any consistent monthly trends in discharge when data were
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Figure 4.
NUMBER OF DISCHARGES BY SOURCE (1981-1989). Of 3119 oil discharges, 1363
(43.6%) were from unknown sources.)

compared by month for the nine year period (Figure 7). Total reported
discharges by month were highly variable.

DISCUSSION

The data show that despite increased awareness of both private and public
operators and of regulatory agencies in the past ten years, oil discharges are
still a frequent event in Puget Sound. The USCG data base is dependent on
human observations, and as a result may be affected by several factors,
including changes in funding for harbor patrols, efficacy of the FWPCA in its
requirement for polluters to report discharges, and increases in the numbers
of people living and recreating around marine waters. For instance, Figure 3
indicates that the Central Puget Sound Region had a higher incidence of
reported spills than any other. Itis also the mostindustrialized and populated
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VOLUME DISCHARGED BY SOURCE (1981-1989) in gallons. Notes: 1) Of 520,000
gallons discharged, 33,000 (6.4%) was from unknown sources, 2) Two incidents
contribute over 94.6% (306,357 gal) of the volume spilled by tank vessels.
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Figure 7.
TOTAL DISCHARGES PER MONTH OVER NINE YEARS (1981-1989).

of alllisted regions. One might expectthisregion to have the highestincidence
of oil discharges; therefore, number of reported discharges and total number
of actual discharges may be closely correlated for that particular region. In
contrast, The Washington Coastal Region is very sparsely populated and has
little land based marine industry within the region, making it difficult to
determine whether the number of reported discharges is closely correlated to
total number of actual spills. Essentially there are so few potential witnesses
within the coastal region that it is possible that a large percentage of the total
number of actual spills is undetected and/or unreported. More research is
necessary to determine how closely correlated the number of reported dis-
chargesis to the total number of actual discharges within a given geographical
region. If the two are closely correlated, then number of reported discharges
for a given region might be useful as an indicator of the degree of oil pollution
impacting that region. In addition it should be noted that the authors believe
that the data presented here may be representative of only a portion (possibly
less than 50%) of the actual number of discharges that occurred over the nine
year study period.
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There is no clear indication why there was a decrease in the number of
reported oil discharges during the mid 1980s. It may be related to the activity
of the marine industry, vessel movements and number of oil transfers during
the same period. Likewise, it would be interesting to make the same compari-
sons into the late 1980s, when the number of reported discharges increased
each year. One might expect that the renewed environmental awareness so
prevalent in this time period contributed to the increase in the number of
reported oil discharges. A similar comparison could be made between the
Southern and Northern Puget Sound regions to determine the cause of the
shift in frequency of reported discharges described above.

Upon comparing the sources of reported discharges to the total volume of oil
discharged from those sources (1981 - 1989), it is interesting to note that land-
based discharges contributed the greatest amount of oil when two events, the
wreck of the Arco Anchorage and the MCN5 Barge, are excluded from the
tanker vessel data (Figure 5). Effects of theland-based pathway of contamina-
tion may be greater than many other sources because of the high importance
of nearshore areas in productivity of marine waters and because many of the
organisms found there, such as juvenile fish and benthic invertebrates, areill
equipped to avoid oil contamination. The data also indicate that while fishing
boats had the highest frequency of spills from known sources, they spilled
much less volumetrically than many other known sources (Figures 4 and 5).
This may be due to their relatively high abundance and frequent operation in
the region and low fuel capacity.

The biological and ecological implications of the data are difficult to assess
because of a lack of information on chronic effects of low levels of oil. Many
biological effects of oil contamination have been extensively studied, particu-
larly with respect to acute effects following large spills. Significant recovery
after suchlarge spillsis often accomplished within five years after theincident
in temperate coastal waters (Mann and Clark, 1978; Vandermeulen, 1982).
Long term subtle effects may be present for aslong as ten years (Sanders et al.,
1980). Much of this recoveryis assisted by a variety of mechanismsfor physical
and biological breakdown of oil and the ability of many organisms to recover
after a disturbance. Our data suggest, however, that in certain areas of Puget
Sound the low level presence of oil may be a common water quality condition
rather than an exception. If this is the case, then the ability of populations and
communities to recover from such frequent water quality disturbances may
becompromised. Theresult maybeareduction in species diversity,commu-
nity complexity, and loss of resilience to additional disturbances.

CONCLUSIONS

Oil discharges continue to be a common occurrence in Puget Sound, despite
increasing efforts by many citizens and agencies to eliminate such events. Oil
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in the environment of Puget Sound may be becoming an increasingly com-
mon elementin the overall water quality of the area, rather than theinfrequent
disturbance element it is often perceived to be. It is unclear what the long-
term biological and ecological effects of low chronic oil contamination are, but
if they follow typical responses to pollution, then we would expect areduction
in complexity, and ultimately in productivity, of the aquatic community.
Land-based sources were the single largest contributor to oil contamination
and may have the most significant effects, since they directly contaminate
highly productive nearshore habitats. A program which identifies and rem-
edies land-based problems while simultaneously improving vessel and ship
handling of oil would provide significant benefits in reducing oil in the waters
of Puget Sound.
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PUBLIC ATTITUDES

INTRODUCTION
Richard Shikiar!

Obviouslyattitudes, beliefs, values are extremelyimportantin the issues of the
environment. They are also related in a very strong way to issues of gover-
nance. In a sense our panel session is the twin of the one dealing with public
governance. The papers that we have here deal with the really crucial link in
instituting reform and change in our society.

1 Battelle Seattle Research Center, 4000 NE 41st, Seattle, WA 98105
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TELL ME IN FATHOMS, FEET DON'T MEAN ANYTHING TO ME:
MARITIME FOLKLIFE FROM PUGET SOUND

Phyllis A. Harrison !

Participants in Puget Sound Research '91 have gathered in response to a
common concern with environmental and quality-of-life issues that affect all
of us here in the Puget Sound region. To date, these issues have been
scrutinized primarily from a hard data, scientific point of view which has
produced highly significant data for use in planning, prevention and manage-
ment. We must, however, realize that environmental issues in Puget Sound
involve more than watershed basins, sediment depositions, non-point pollu-
tion and measurable resources like shellfish harvests and salmon runs. Envi-
ronmental issues also involve cultural resources: sites, structures, expres-
sions, activities and ways of life developed around the unique environment of
Puget Sound. Regional folklifeis one suchresource that playsalargerolein the
complex ecology of humans and the Sound.

Folklife is shared knowledge, gleaned from living and working within a com-
munity on a daily basis, hearing what is said, watching what is done and see-
ing how it is done. That intangible knowledge frequently finds expression in
specific ways, like fishermen speaking in fathoms rather than feet. When
studying folk tradition, folklorists frequently look at discrete forms like arts
(fancy knotwork), crafts (boat building), legends (a haunted fish camp), cus-
toms (tying a broom to the mast to indicate a good catch) or beliefs (whistling
in the wheel house will bring on a storm) which we can document and isolate.
But folk expression is more than isolated incidents. Growing out of the shared
experiences of community life, folk tradition encapsulates and reflects com-
munitybeliefs, attitudes, knowledge and values. Local folklife helps to identify
aregion, as Puget Sound is identified by chainsaw carvers, wooden fishboats
and jokes on local subjects ranging from rainfall to slugs to spotted dowels.
Further, bygiving form to the abstract, local folklife can provide accessto those
intangible aspects of human habitation, those culturally-based and commu-
nity-based meanings that make a set of geographic circumstances a region
and that create a sense of place, of personality, for its residents.

Puget Sound Indian culture includes a wealth of traditions occasioned by a
way of life intimately and integrally tied to the environment. One is the annual
ceremony welcoming the return of the salmon each year. Tribes in the region
have always depended heavily upon the salmon for survival, and for genera-
tions they celebrated and safe-guarded its migration with prayers and cer-
emonies marking the official openingofthe fishing season. A number of Puget

! The Institute of the NorthAmerican West, Life on the Sound, 519 South G Street,
Suite 204, Tacoma, WA 98405
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Sound tribes, including the Tulalip and the Squaxin, have revived the tradi-
tional ceremony, and their annual celebrations bring together tribal fisher-
men, tribal members and non-Indian participants in a festive and ritualized
acknowledgement of this vital natural resource. The first salmon, caught
specifically for the ceremony, is brought to the longhouse in a ritual proces-
sion, carried on a mat decorated with cedar boughs. Following the ritual
butchering, cooking and serving, the bones are carried back to the water with
equal ceremony. A community feast concludes the celebration. Anthropolo-
gist Hilary Stewart’s observations apply as aptly to the contemporary cer-
emonies as to the historic:

The significance of the prayers and ceremonies cannot be fully under-
stood by those of us who were not a part of the culture, but they neverthe-
less convey a message as meaningful today as it was a thousand years ago.
Itisalegacy of wisdom: that to honour and respect the resources of the sea
and river is to ensure their continuous abundance for all time (Stewart,
1977).

A traditional narrative, passed along from elders and told to me by Squaxin
fisherman David Whitener, explains the ceremony in traditional terms.

That story about the first salmon was a story about a little boy and he loved
salmon. He swam with the salmon and he played with them. Finally the
salmon people decided to take him home with them, and he wanted to go.
So they took him to the land where the salmon people lived, and he lived
there for several months, maybe years, but he got homesick and so the
salmon people agreed to bring the boy back to visit with his family. The
messages were sent so that the family of the little boy knew they were
coming and prepared real carefully, cleaned the streams and cleaned the
beaches, prepared for the salmon boy and the salmon people to come.
They had the ferns and the moss and the carriage all ready and waiting,
and they caught the first salmon, cleaned him carefully, made sure that
everything was taken care of real nice, cooked the salmon, but before they
ate the salmon they took the skeleton very carefully, very ceremoniously
took it back down to the beach and placed it upstream to show the
direction for therest of the salmon people. So the message was pretty clear
that the family of the boy was taking very good care of the salmon that
were coming back. The idea is that every year they still come back to visit
and it’s important for us to make sure that they’re welcome, that they’re
taken care of and that everything is waiting for them (Whitener, 1990).

The salmon becomes both symbol and sustenance for Puget Sound Indians,
and its significance is expressed and maintained through folk traditions of
narrative and ceremony. Such traditions are as significant aresource as s the
natural resource that inspires them.
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Suquamish basketmaker Edward Carriere learned basketry from his great-
grandmother, Julia Jacobs. Each year, she spent the spring and early fall
gathering materials like cedar bark, cedar root, cattail, cherry bark and various
grasses, and then spent late fall and winter weaving baskets to sell or trade to
tribal members, to Indians from neighboring tribes and to non-Indian cus-
tomers in Seattle. Clam baskets were her particular expertise, and young
Carriere spenthourshelpingher gather materials. “Isoonlearned whichkinds
to bring home, as the bum ones were promptly thrown out. Even as a small
child, I sat for hours watching her make these baskets” (Carriere, 1988). At
fifteen, he began making baskets. “The first two were weak and crooked, but
the third one was a real masterpiece. Even Grandma commented on it.”
Though he wove few baskets during his working years, he has resumed his
weaving since retirement and, though his clam baskets are no longer used for
harvesting clams, he is known throughout the Northwest as a master
basketmaker and teacher. Carriere’s clam baskets reflect more than an indig-
enous craft passed along for hundreds of years and hundreds of generations.
Theyreflect a profound respect for and an intimate knowledge of the environ-
mentthat provides the resource and reasons for their creation. Besidesknow-
ing how to weave a basket, the native basketmaker knows where to find these
materials, when to harvest them so they will be pliable for weaving, and how
to harvest them to avoid damaging or depleting the resource for future
basketmakers. The process of weaving a basket becomes a collaborative one
for the native basketmaker whofeels a genuine responsibility for the resources
used in basketry.

Native traditions are not the only cultural resource from the region. Gig
Harbor, located across the Narrows Straits from Tacoma, is a good example of
how traditional culture continues to shape the identity of a once-isolated
community. Before European exploration, the area that is now Gig Harbor
served as seasonal camping grounds for Puyallup, Nisqually and Steilacoom
Indians. The first Europeans to visit the area were scouts from the Wilkes
expedition (Para, 1990). 1867 saw the arrival of the first Yugoslavian settlers
who selected Gig Harbor as a fine site for a fishing village, and from then on a
steady influx of settlers, particularly Yugoslavian and Scandinavian, arrived to
occupy themselves with fishing, boatbuilding, logging, farming and related
businesses and industries. In 1990, Gig Harbor faces the same issues of most
communities around the Sound: a decline in those traditional occupations
accompanied by steady growth in development, commuter communities and
various support services housed in shopping centers and office parks. Yetits
maritime heritage is still a vital part of Gig Harbor’s identity, if not of its
economy.

Restaurants and storefronts capitalize on maritime themes with names like
The Tides Tavern, The Shoreline, The Harbor Inn, Look and Sea Antiques and
Neptune’s Court, while street names like Dorotich, Novak, Skansie, Harbor-
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view, Soundview and the newer forms like Snug Cove Lane memorialize
early families and the maritime landscape. Yard and lot decor also reflects a
clear maritime influence, with anchors, blocks and pulleys, piles and heavy
line, “webbing” (fish net), and the ubiquitous seagull appearing as regular
themes.

Land use, both historic and contemporary, revolves around the needs of
maritime occupations. Though pleasure boat marinas and rented moorage
are becoming more common, family-owned docks still dot the waterfront,
serving as moorage for the family fishing vessels and as a place to repair both
boats and gear during the off season. A few yards inland, many of the older
homes sit on large lots, built by fishing families and designed to provide room
for vegetable gardens, as well as space to repair, maintain, dry and store their
large fishing nets.

MarcoMalichlivesin suchahouse. Bornin 1913, Malich hasfished since 1928,
when he first went out with his father. “We’d fish from June through Novem-
ber, then I'd work in the shipyard. But I always went back to fish” (Malich,
1988). In September of 1988, when I first interviewed him, Malich was still
going back to fish. He is well known to his Gig Harbor neighbors as an expert
fisherman and as a real expert in the craft of mending gill nets. Malich has
“sewn web” (built and repaired fish net) since he was twelve. After school and
on weekends, he would join his father in the net shed to load the needles with
twine and eventually to mend net. His schools were the fishboat and the net
shed; histeachers were family and the community of older, more experienced
fishermen with whom he worked.

About a quarter of a mile down the road from the Malich house is another set
of cultural markers—a cluster of net sheds, barn-like work areas built on
pilings over the shoreline with a dock on the waterside for mooring a fishing
boat. Built by first and second generation Yugoslav fishermen, the sheds are
another visible sign of an active fishing culture.

Fourth generation fisherman Donald Gilich owns and uses the shed his father
built in 1934. “Nothing’s square. They didn’t use any plans” (Gilich, 1989).
Gilich mended his first net at age seven, and he took his first cut from a fishing
trip at age sixteen, in 1936. For most of his life, he fished the San Juans and the
Sound duringthe summerand fall. During the winter, heworkedin the woods,
eitherlogging or picking evergreens, and during the spring, he worked on gear
in preparation for the fishing season. Though technology and politics have
impacted his work significantly, Gilich still works a seasonal round much like
his father and grandfather before him. He still fishes the Victory, a wooden
seine boat inherited from his father, and still spends much of his off-season
time in the net shed working on gear. The shed combines work space and
social space. Duringthe off season, when Gilich works alonein the shed, other
fishermen stop in to share local news. Come late spring, when Gilich and his
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crew are busy with repair and maintenance to boat and gear, hanging lead,
hanging cork line, and checking the net for holes, the shed becomes work
space, training ground and cultural archive as newer crew members learn
techniques and skills from more experienced fishermen, and as all participate
in the informal, oral processes of cultural education—recollections of past
seasons, expectations of the upcoming season, jokes, and anecdotes concern-
ing the lot of the fisherman.

Figure 1.

THE GILICH NET SHED, GIG HARBOR, WA. (L to R, Donald Gilich, crew members
Matt Dyer, Mike Viahovich, Rich Vlahovich, and Quentin Clark.) Photo by Phyllis
Harrison.

Gilichand Malich are living cultural resources, carryingin their minds genera-
tions of knowledge about fishing, navigating, weatherlore, local plant, animal
and marine life. not to mention the qualities that make a good fisherman or a
poor one. In addition, they share history and experience, intangible factors
that give heightened meaning to the tangible artifacts like a net shed, a seine
boat, or a house with an empty lot beside. As one of Malich’s fisherman/
apprentices says, his knowledge is the kind “You can't find in a book. . . One
thing that’s odd. Guys like this have little formal education. But they have
tremendous knowledge, tremendous skill. He's an artist” (Harrington, 1988).

Further examples of maritime folklife abound in the Puget Sound region: from
the south Sound, oyster farmers who, despite severe economic setbacks, strive
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to maintain traditional diked oyster beds for farming Olympia oysters; from
the Skagit River, boat builder Frances Hildebrand whose river scows are
designed for negotiating the lower Skagit, and Russell Orrell whose carved
decoys reflect an insider’s intimate and expert knowledge of an area and its
waterfowl]; from further north, the practice of reef net fishing in the San Juans
and by the Lummi Indians; and from around the Sound, techniques and
recipes handed down within a family or community for preserving or prepar-
ing regional seafoods. Many show changes in response to a changing world:
third-generation fisherman and shipwright Michael Vlahovich spends his
time repairing, not building, wooden seiners, and Guy Hoppen builds his
father’s wooden skiff, but of fiberglass, not wood; Quileute canoe carver Ribbs
Penn has adapted his traditional dugouts to support an out-board motor;
Martinac Shipbuilding Corporation still christens its seiners withchampagne,
though contemporary masts eliminate the space that used to house the silver
dollar included for good luck; most skippers use radios and barometers to
predict the weather, though many still watch the natural signs like mackerel
skies and seagulls flying inland.

My purpose here is not to provide a laundry list of folk traditions, but rather to

.. suggest that the cultural resources of Puget Sound are vast and varied, and to
= suggest that an integrated understanding of the Sound as a habitat must
- include its human occupants, particularly those whose lifeways depend upon

I its natural resources. If we are to devise realistic, workable and democratic

. answers to the difficult issues of environmental conservation and planning,

. we need a sensitivity to all the factors, tangible and intangible, natural and

cultural. We need a bridge between the scientific and the humanistic. We need
to speak in both fathoms and feet.
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PUBLIC OPINION ON AQUATIC LANDS ISSUES AND POLICIES
Gene Patterson' and Lisa Randlette?

INTRODUCTION

Who s “the Public”? And why is it important for the Aquatic Lands Division of
the state Department of Natural Resources to understand “Public Attitudes”?

The Aquatic Lands Division manages two million acres of state-owned aquatic
lands—an area equal in size to King County—for the benefit of all Washingto-
nians. Public benefits include encouraging direct public use of and access to
aquatic lands, fostering water-dependent uses, ensuring environmental pro-
tection, utilizing renewable resources, and generating revenue in a manner
consistent with these stewardship responsibilities. Half the revenue is cur-
rently dedicated to providing new public access to rivers, marine waters, and
navigable lakes.

The Division has a distinct “public,” and it is important to understand the
characteristics of this public. It is also important to understand fully the
public’s attitudes and needs so that the public may be well served. In many
cases, attitudes and needs of different residents may be in conflict and require
aquatic land management policies to balance the public interest.

As part of developing a long-term management plan, the Division wished to
tap different sources of information so as to fully consider public attitudes on
aquatic issues. A public opinion survey was recognized as one way to gather
input and feedback about public priorities. Unlike committees and hearings,
surveys may accurately depict the range of public attitude. The Division
sought answers to questions on the following topics:

e Uses of waterfront and bodies of water

 Attitudes toward development issues

» Attitudes toward environmental issues

e Priorities for waterfront recreational uses

* Preferences for aquatic land management strategies
* Preferences for expenditures of state funds

! Elway Research, Inc., 2125 Fifth Avenue, Seattle, WA 98121

2 Division of Aquatic Lands, Department of Natural Resources, MS QW-21, Olympia,
WA 98504
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SURVEY

Aquestionnaire was designed and pretested by Elway Research, Inc. of Seattle.
Interviews were conducted by telephone from a central facility in Seattle.
Interviews were completed with adults from 403 households across Washing-
ton, in proportion to state population distribution. Households were con-
tacted through a random-digit dialing method which allows for the inclusion
of unlisted numbers. Interviewing occurred from January 23 through Febru-
ary 4, 1990.

The maximum margin of error for a sample of this size is + 5% at the 95%
confidenceinterval. In theory, in 95 out of 100 similarly drawn samples, these
results would be within 5% of the results obtained from 1nterv1ewmg all state
residents 18 years or older.

RECREATIONAL VISITS TO STATE WATERFRONT

Washingtonians interviewed for this survey were frequent visitors to the
state’s shorelines. In fact, 41% stated that their residences were within one-
half mile of a body of water. When asked how often in the last year they had
visited fresh water lakes, Puget Sound and the coast, 84% reported at least four
visits. Twenty-six percent visited at least two different types of water at least
seven times total; only 23% had visited shorelines fewer than three times in the
last year.

Twenty percent had visited Puget Sound once amonth or more, including 25%
of Western Washington residents, and 17% of those who lived more than 1/2
mile away from water. Almost half (45%) of Eastern Washington residents
reported visiting Puget Sound at least once in the last year for recreational
purposes.

ISSUES FACING BODIES OF WATER

Nine respondents in ten (91%) volunteered at least one “serious problem
facing shorelines and bodies of water in Washington.” The single most cited
problem was “trash or litter.” The top problems named in this unaided
question were:

Trash or Litter 46%
Oil Pollution 31%
Industrial Pollution 16%
Sewage 11%
Chemical Pollution 11%
Keeping Areas Natural  10%
Overcrowding 10%
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By three to one, respondents favored reserving “remaining urban waterfront”
as “open space for public use” (68%) over “a mix of commercial uses” includ-
ing marine and non-marine uses (23%).

If more money is needed to manage and protect submerged lands, respon-
dents favored getting it from “those who lease the lands for their own use”
(68%) rather than from “the state general taxes” (20%).

MANAGEMENT PRIORITIES

Protecting the environment should be the top priority for state government
shoreline managers, according to these state residents. When asked torate six
management functions on a scale of “very high priority” (7) to “very low
priority” (1), the results (by overall mean rating) were:

Priority

Ranking Management Function

6.5 Maintaining and protecting the environment associated
with shorelines and bodies of water

5.7 Resolving conflicts over how shorelines and bodies of
water are used

5.5 Promoting existing and new renewable resource industries,
such as raising clams, fish, or seaweed

54 Providing public recreational opportunities on shorelines
and bodies of water

4.6 Collecting fees for private use of public shorelines

4.2 Creating new jobs through economic development of
shorelines

Average scores for these functions were remarkably similar across geographic
and demographic categories of respondent.

ENVIRONMENTAL POLICY GUIDELINES

Each presented policyfor protectingthe marine environment got high priority
ratings: the lowest mean score was 4.9 on a 7-point scale. The rankings echo
the earlier mention of “trash and litter” as the number one problem in the
marine environment; the top three priorities involve keeping foreign material
out of the water:
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Priority

Ranking Environmental Policy Priorities

6.6 Limiting sewage disposal into bodies of water

6.6 Limiting the potential for oil spill damages

6.5 Controlling marine plastics and debris pollution

6.4 Protecting wetlands and wildlife areas

6.1 Cleaning up contaminated sediments from the bottom of
bodies of water

6.0 Protecting marine mammals, such as seals, sea lions, and
whales

5.9 Controlling negative impacts of shoreline development

5.8 Controlling storm water runoff pollution

5.8 Protectingrecreational and commercial navigation channels
and routes

54 Resolving conflicts between shoreline residents and com-
mercial industrial uses

49 Preventing activities on the water from interfering with or

disrupting views from the shore

One gets a sense of what respondents include in “environmental protection”
from examining correlation data. “Protecting the shoreline environment”
correlated with:

Protecting wetlands (r=.49);
Resolving conflicts (r=.48); and
Limiting oil spills (r=.45).

“Protecting wetlands,” in turn, was related to:

Cleaning up contaminated sediments (r=.50);
Protecting marine mammals (r=.45);
Limiting oil spills (r=.43);

Limiting sewage disposal (r=.42).

By three to one, respondents preferred spending to prevent clean sites from
becoming polluted rather than cleaning up polluted sites. .

Given a choice between the state or business paying for cleaning polluted

submerged lands for which the responsible party could not be identified,
seven in ten respondents chose to tax industry.
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RECREATIONAL USES OF AQUATIC LANDS

When asked to choose between types of water bodies for “providing recre-
ational opportunities,” respondents were split. One third (33%) said lakes;
27% said Puget Sound; 19%, the coast; and 13%, rivers. Overall, those who had
used waterfront least in the previous year were most likely to name lakes as
the highest priority for recreational opportunities (41%).

The most frequent waterfront users were more likely to name Puget Sound
(34%). Even those who visited the coast most often chose Puget Sound (35%)
over the coast (30%).

When forced to choose between development priorities for recreation, most

respondents chose small-scale, neighborhood waterfront parks over large
regional ones (61%), and pedestrian trails over docks (67%).

PRIORITIES FOR STATE GOVERNMENT

Educating the public about submerged lands and buying wetlands in order to
protect and manage them should be the top priorities of state government,
according to ratings given by respondents.

Respondents were asked to rate six activities of state government.

Priority

Ranking State Government Actions

5.5 Public education about submerged lands

5.4 Buying wetlands in order to protect and manage them

5.3 Hiring more staff to help ensure that state-owned waterfront
and submerged lands are not abused

5.2 Developing new aquaculture industries, such as salmon net
pens, seaweed harvesting, and oyster beds

3.9 Encouraging development of new ports and shipment
facilities

3.7 Encouraging shoreline tourism, through the construction of

marinas, hotels, restaurants
Public education was rated highest—and tourism was rated lowest—in every

region of the state and by low frequency users and high frequency users alike.
Port development was rated next to last in every region of the state.
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COMPARISONS TO 1982 STUDY

In the autumn of 1982, the Department of Natural Resources commissioned
asimilar studyof public priorities for submergedlands. “Litterand trash” were
named most often in 1982 as things “disliked” about the respondents’ favorite
shoreline or body of water.

Washingtonianstoday seem less concerned about collectingrent for lessees of
submerged land than they were eight years ago. In 1982, 57% said “shipping
facilities” should pay “maximum rent;” 36% said houseboats should pay
“maximum rent;” 29% said marinas should pay “maximum rent.” In the
present study, only 23% said houseboats should pay “maximum rent,” and
only 24% said water dependent industries should pay “maximum rent.”

The 1982 study asked respondents to rank the priorities for different uses of
waterfront land. While the wording was not always identical, some of the
questions correspond to priorities from the present study. Average ratings for
the two surveys were standardized to a 100-point scale for comparison.

Study Priority
Year Waterfront Use Ranking
1982 Habitat protection 91/100
1990 Protecting wetlands and wildlife areas 91/100
1982 Commercial food production 67/100
1990 Promoting existing and new renewable

resource industries, such as raising

clams, fish and seaweed 79/100
1982 Public recreation access 73/100
1990 Public recreational opportunities 77/100

As the standardized scores show, priority rankings did not shift appreciably for
these items between 1982 and 1990.

CONCLUSIONS

Overall, these findings reveal a consistent orientation to the issues covered.
They are internally consistent, in that protection of the environment was
invariably given the highest priority for action. They were also consistent with
the findings of eight years ago: many of the same problems were named and
similar objectives were given highest priority.

Itis apparentin these results that Washingtonians value theirmarine environ-
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ment—that comes as a surprise to no one—and that they want state govern-
ment to act on their behalf to protect that environment. They want users to
pay, but they are users, too. They seem willing to contribute their fair share for
managing and protecting these areas.

Public education is both desired and needed. At one point in the survey,
“educating the public” was named as the most useful thing state government
could do. The need for public education is not only pointed to by these
respondents, but is reflected in the overall results. Respondents assigned
priorities to management activities because the questionnaire forced them to.
One gets the sense that most people would endorse anything they thought
would do some good. As stateresource managersindicate the relative benefits
of each activity, latent public support for “protecting the environment” can be
translated into support for effective public policies.

Many of the Division’s current policy and program directions were reinforced
by the survey findings. Controlling trash or litter was the single most cited
problem. In the past year and a half the Division has initiated a Marine Plastics
Debris Program to coordinate statewide cleanup and prevention. The Divi-
sion has increased its efforts to protect aquatic habitats through the Puget
Sound nearshore habitat inventory and the open-water sediment disposal
program, discussed elsewhere in these proceedings.

The findings on recreational priorities were the most immediately useful.
Preferred geographic areas and types of recreational facilities will be consid-
ered when funding future public access sites.

The Division of Aquatic Lands has used the results of this survey to help frame
the critical issues for the strategic planning effort. Public education was rated
as a high priority for state government action. Strategies are currently being
developed by the Division on how best to present aquatic lands information
to the public, how to identify desired outcomes of public education programs,
and how to monitor the effectiveness of efforts and make adjustments.

Copies of the report and public opinion survey are available from the Depart-
ment of Natural Resources at the following address:

Division of Aquatic Lands
Department of Natural Resources
Mail Stop QW-21

Olympia, WA 98504

(206) 753-5324
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ANGLER PREFERENCE FOR BOTTOMFISH MANAGEMENT IN
PUGET SOUND

Cyreis Schmitt, Han-Lin Lai, and Gregory Bargmann '

INTRODUCTION

Puget Sound has long been known as a productive and popular fishing area.
Although its salmon fishing is renown, bottomfish also provide enjoyable
recreational experiences to sport fishers and a livelihood to commercial
fishers. As interest in harvest of bottomfish has increased, the Washington
Department of Fisheries (WDF) has sought to develop management ap-
proaches that incorporate angler preferences while conserving the resource.
This process has intensified since 1989 when Governor Gardner declared his
intent to make Washington State the “Sport Fishing Capital of the Nation”.

Sport fisheries for bottomfish in Puget Sound can contribute substantially
toward achieving the Governor’s goal. Of the 1.5 million fishing trips taken by
Puget Sound boatersin 1987, about 20% were targeted on bottomfish. Anglers
fishing for salmon also frequently catch bottomfish. Anglers fishing from
boats harvested 750,000 bottomfish in 1987. More than 20 species of bottom-
fish commonly appear in anglers’ catches. Sport fishers currently harvest
more rockfish, walleye pollock and lingcod than commercial fishers. Sport
harvests of Pacific cod, greenling, flatfish, and surfperch are also significant,
and halibut sport fishing has soared in popularity in the past five years.

For Washington to become the sport fishing capital of the nation, WDF must
not only practice wise stewardship of fish resources but also provide high
quality fishing experiences to anglers. To help identify what sport fishers view
as high quality fishing, WDF conducted a random opinion survey of angler
preferences for bottomfish management in Puget Sound. This information,
together with public input WDF receives in many other ways such as through
public hearings, from organized fishing groups and from departmental advi-
sory councils, is used to formulate management plans to meet the needs of the
resources and public.

METHODS

The target audience for this study included sport anglers and divers who fish
for bottomfish in Puget Sound. Although WDF does not have lists of names or
phone numbers for these fishers, it does maintain a list of names and ad-

! Washington State Department of Fisheries, 7600 Sand Point Way N.E., Bin C15700,
Seattle, WA 98115
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dresses of anglers (residents and non-residents) who purchased aWashington
salmon catch record card in 1989. Most anglers who fish for bottomfish are
included on this list because over 90% of all sport fishers purchase a salmon
catch record card. Consequently, this list was considered an adequate sam-
pling frame for this study, and arandom sample was selected for a telephone
survey. The Social and Economic Sciences Research Center (SESRC) at Wash-
ington State University was contracted to conduct a telephone survey and
assist in preparation of the survey questionnaire. SESRC obtained telephone
numbers for anglers in the sample from current U.S. West directory informa-
tion. SESRC trained all interviewers in the correct manner to ask and provide
interpretation to the questions. The interview consisted of 65 questions and
took about 15 minutes to complete.

Several pretests of the questionnaire were conducted to resolve any wording

_problems. Pretest data were not included in the results. The survey was
conducted between July 16 and July 31, 1990. Up to five attempts were made
to contacteach angler. Intotal, SESRCattempted to contact 1,347 anglers, and
408 completed the interview. The number of interviews was constrained by
funding limitations.

Many questions required the respondents torate the importance of a particu-
lar item among one offive categories: extremely, very, moderately, slightly, or
not at all important. Similarly, many other questions asked the respondents
to rate the priority they would give a particular item among one of five
categories: very high, high, medium, low, or not a priority. For both types of
questions, the qualitative responses were transformed into quantitative scores
byassigningvaluesfrom 0to4 so that the highest categories ofimportanceand
priority received the highest value. The percentage of total responses in each
category was multiplied by the corresponding value, and the results were
summed to yield a single score, on a scale of 0 to 400, for anglers’ responses to
each question.

RESULTS

The focus of this paper concerns anglers’ opinions on general topicsrelated to
sport fishing for bottomfish in Puget Sound. During our survey, a number of
questions related to specific fishing regulations were asked but are not ad-
dressed here. A full report addressing all questions and data is being prepared
for publication as a WDF Technical Report.

Who Responded?

The majority of the respondents were Washington residents (99%), male
(85%), Caucasian (96%), and had completed high school (94%). Nearly 62%
reported they had completed at least some college training and 11% reported
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theyhad attended vocational school. Nearly 12% were aged 65 oroverand 22%
were aged 50 to 64 years. Younger anglers were more numerous, with 36%
aged 35 to 49 years and 30% between ages 18 and 34.

Anglers’ Fishing Activities

For the 264 anglers who reported fishing for bottomfish in Puget Sound during
the preceding 12 months, most (70%) went fishing less than ten times, al-
thoughsixanglers (2%) reported fishing more than fifty times. The 144 anglers
who did not fish for bottomfish during the previous year reported doing so
within the last five years. Forty percent of all anglersreported that their fishing
participation during the past five years has remained the same, while 30%
reported it has decreased and 30% reported it has increased. Most anglers
(85%) fished from a private boat, whereas 8% fished from the shore or a pier
and 7% fished from a charter boat. Over half (56%) planned their vacation
around the fishing season.

Mostanglers (71%) said they did not put most of their effortinto fishingforone
particular kind of bottomfish in Puget Sound. However, for those who did,
lingcod was targeted by 34% of the anglers, rockfish was targeted by 20%, and
halibut was targeted by 16%.

Anglers’ Impressions of Present Fishing Quality

Fishing quality is a very subjective measure and based on many factors, such
ascatch, weather, scenery, etc. We allowed anglers to use their own definition.
When asked to rate the present quality of sport fishing for bottomfish in Puget
Sound, 44% rated it as fair and 29% rated it as good. Over 3% rated it as
excellent, but 23% rated it as poor. However, when anglers in our study
compared it to quality five years ago, 39% rated present quality as worse and
another 16% rated it as much worse. Nearly 30% rated the quality the same as
five years ago and 4% rated it as better or much better.

A factor affecting the quality of sport fishing for bottomfish in Puget Sound is
anglers’ perceived health risk from eating their catch. When asked to what
extent they felt that eating bottomfish from Puget Sound is a risk to their
health, 36% indicated it was not at all risky whereas 27% said it was somewhat
risky, and 26% said it was moderately risky. Over 9% reported it was highly or
extremely risky and 2% did not know.

What Is Important to Anglers?

Anglers were asked to indicate which of four general arenas was most impor-
tant to improve sport fishing for bottomfish in Puget Sound. Habitat protec-
tion and fisheries management were most important to equal numbers (38%)
of anglers whereas fishing access was most important to 18% and the remain-
ing 6% considered public education and information most important.
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In a series of questions, anglers were then asked to rank the importance of
several specific ways within the four general arenas to improve sport fishing.
Although individual responses varied widely, quantitative scores, given in
parentheses, are used for comparisons among questions.

Anglers were asked to indicate the degree of priority they would place on each
of three possible actions to improve public education and information about
sport fisheries for bottomfish in Puget Sound. Although all three actions were
important, increasing public education through fishing guides, pamphlets,
etc. received greatest priority (236), increasing law enforcement by WDF was
somewhat lower priority (226), and establishing a phone hotline for
bottomfishing regulations and conditions was lowest overall priority (213).

Similarly, anglers indicated the degree of priority they would give to each of
three possible actions to improve access to bottomfish resources. Increasing
the number of public boat ramps scored highest (206), increasing the amount
of shoreline open to the public for bottomfishing was lower priority (196) and
building more public fishing piers received the lowest priority (179).

Of six possible management actions to improve sport fishing for bottomfishin
Puget Sound, anglers were asked to rate the priority of each. Creating more
reefs for fish habitat was considered highest priority:

Create more reefs for fish habitat 269
Maintain opportunity to fish every day of the year 238
Culture bottomfish 233
Establish more restrictive regulations to increase the

abundance of bottomfish 223
Establish preserves for fish protection and

underwater sightseeing 216
Establish a trophy fishery 166

In a similar question, anglers were asked how important they felt each of the
following six considerations were for management. Again, the opportunity to
fish every day and enhancement ranked high:

Enhancement of marine fish through hatcheries

or cultures 285
Year-round fishing opportunity 269
Maintain current management practices 242
More restrictive fishing regulations 184
Catch and release fishery 168
Trophy fishery 140
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SUMMARY

Several general themes were evident from anglers’ responses. Nearly half of
the anglers consider the quality of sport fishing for bottomfish in Puget Sound
as only fair, and over half consider the quality worse than five years ago. The
degree of concern about potential health risks from consuming bottomfish
from Puget Sound appears to vary widely, perhaps as a result of little or
confusing information. Over one third consider eating bottomfish moder-
ately to extremely risky to their health, yet an equal number do not consider it
at all risky. The remainder consider it somewhat risky.

Overall, the results reflect anglers’ concerns for protecting fish resources and
especially their habitats. More anglers considered habitat protection and
fisheries management more important to their fishing satisfaction than ac-
cess and public information. To improve the quality of sport fishing for
bottomfish, anglers give high priority to enhancement through culture and
artificial reefs and to year-round fishing opportunity. Non-traditional fisher-
ies, such as catch and release and trophy fisheries, were relatively unimpor-
tant to most anglers.

The information from this survey, together with publicinput WDF receives in
other ways, is used to formulate management plans to meet the needs of the
resources and public. Achieving the Governor's goal of making Washington
State the sport fishing capital of the nation depends on successfully incorpo-
rating anglers’ needs while conserving the resources for future fishers.
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THE QUALITY OF WASHINGTON'’S WATER AND OTHER
NATURAL RESOURCES - A 1990 SURVEY OF CITIZEN OPINIONS

Arno W. Bergstrom, Don Hanley, and Robert Howell

ABSTRACT

Aformal and systematic process was needed to identify current, emergingand
strategic natural resource issues in Washington that are of wide concern to
Washington citizens. The project objective was to seek citizen input in plan-
ning future educational programs conducted by Washington State University.

InMarch 0f1990, amail survey of 1300 randomly selected households through-
out Washington State was conducted to gather opinions on environmental
and natural resources issues. Survey respondents rated the quality of water
and other natural resources. People expressed their opinions on the impacts
of human activity on the environment and specificallyidentified water quality
issues and related problems.

Natural resource issues considered very serious in the State of Washington by
at least 70% of the survey respondents included:

» Lack of solid waste disposal sites

¢ Loss of land due to urban growth

e Water and soil contamination from hazardous waste

¢ Exporting of logs from public forests

* Loss of wildlife habitat in woodlands and wetlands

¢ Clear-cutting of public forests

» Over dependence on non-renewable energy

¢ Water pollution from fertilizers and pesticides

Fifty-six percent of the respondents believed the quality of the state’s natural
resources has gotten worse compared to 10 years ago. People were most
concerned about air and water quality and population growth and develop-
ment as contributors to this decline. Additional concerns raised included all
types of pollution, clear cutting of timber, and the intensity of logging activi-
ties. Fifty-eight percent of the respondents expected the quality of the state’s
natural resources to get worse by the year 2000.

Cooperative Extension and the Department of Natural Resource Sciences are
using the survey results to develop relevant educational programs that will
serve a larger segment of Washington’s citizens.

! Washington State Unversity Cooperative Extension, Pierce County, 3049 S 36th St.,
Suite 300, Tacoma, WA 98409-5739

487



PUGET SOUND RESEARCH "91

PANEL DISCUSSION

Richard Shikiar (Battelle Seattle Research Center, and the moderator), and the
speakers, Phyllis Harrison (The Institute of the NorthAmerican West), Gene
Patterson (Elway Research, Inc.), Cyreis Schmitt (Washington State Depart-
ment of Fisheries), and Arno Bergstrom (WSU Cooperative Extension), were
Jjoined by Robert Bish (University of Victoria, School of Public Administration)
and Daniel Jack Chasan Vashon Island Groundwater Management Advisory
Committee). Chair Shikiar began with an observation:

Richard Shikiar: Since this panel discussion has to do with public attitudes,
it always has struck me that the public is very slow to react, or very unsure
to react, to slowly evolving public events. Issues such as global warming
[and other] slowly developing changes in environment don’t cause the sort
of public outcry that crises do—the Valdez oil spill, gas shortages, other
types of societal crises. So I would ask the panel if they have any thoughts
about how we can get the public mobilized (or is the public currently mobi-
lized?) to take action regarding environmental change and to demand legisla-
tion for protecting the environment, when environmental degradation is such
a slowly moving phenomenon?

Daniel Jack Chasan: 1 think there are two parts of a response to that. One is
that I think people are, to some extent, if not mobilized then ready to be
mobilized now. Theyfeel, atleast vaguely, that these things areimportant, but
I don't think that it is very easy for people to focus [on], to pick things out of,
the multiplicity of situations that they are told about virtually daily. The fact
that they care in the abstract doesn’t mean necessarily that they are going to
be willing to take any very strenuous action or to spend any particularly
large sums of money in the future.

The sad part, I think, [is that] while clearly people do tend to respond more
when you have something like a Valdez oil spill, you are going to some extent
“create” an eventif both themain news magazines suddenlydiscover the topic
the same week, which is something they tend to do. And then people are
pontificating about it for the following week or two on television and in the
other print media—you're going to have a Valdez oil spill. You have created at
least the perception of something that’s [suddenly] happened, rather than
some kind of slow situation.

Robert Bish: While the crises come and go it, is terribly critical to have an
infrastructure of scientists, of interest groups, of agencies who are plugging
away, so'that when you do have a crisis there is some source of information or
ability to make a response. The dilemma is how to keep the infrastructure
going, and many of you keep it going because you work for governments. But
the science end can often be difficult, as Marsha [Landolt] discussed yesterday
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morning. [There you have people] turn[ing] to big projects that are routine,
rather than havinga lot of independent scientists who are funded at a modest
scale to be poking away at the frontiers of problems which, for all you know,
may be the next emerging problem [or crisis]. And the infrastructure is justas
important as the visibility that comes from time to time. I think in thisregion
theinfrastructure is exceptionally good. The question then is whendo you get
the crises when things happen. The Shorelines Management Act is a pretty
good piece of legislation for its time, but it took some crises, coming out of
GuemesIsland and some previous disputes, to then get it through. Butifthere
hadn’t been a lot of work and knowledge first, we would likely have ended up
with a big lemon, and you wouldn’t be [any] better off.

Gene Patterson: When you said “howto get the publicmobilized,” that’s agood
way to put it. In all the surveys we have done, including the Seattle Times
survey, the public is quite interested and is looking for answers. In the DNR
surveyitlookslike theyare just trying to find people to give them solutions, and
as soon as they can find something that makes sense, a solution that makes
sense to solve the problem that they perceive, then they’ll jump on it as soon
as they can. They may not be mobilized, but I would like to reiterate that the
surveys seem to show that they are quite concerned and ready to do what'’s
needed.

Cyreis Schmitt: 1 can only speak with regard to bottomfish in Puget Sound and
working with the Department of Fisheries, but oftentimes it seems that the
squeaky wheels get the grease. One of the objectives we had was to see if the
squeaky wheels are representative of the majority of people that may want to
enjoy these fishing experiences, and to try and get some idea of what they
wanted, as opposed to what they didn’t want. Ithink thatis equallyimportant.
Trying to decipher what will make them happy from what they say they don’t
like is sometimes not so fruitful. So, hopefully we are trying to be better in that.

Phyllis Harrison: As an educator I always come back to education as the
primaryanswer. Obviouslyeducational programsworking through ourschools
and also institutions like museums and aquariums—all of those entities that
reach the public at large—don’t have the same kind of dramatic impact as a
huge oil spill in Prince William Sound. ButIdo thinkin the longrunthatisthe
way to get people to a point of view and a state of mind where maybe they’ll
respond beforethe disaster comes. Maybe we evenreach a point where we can
do something to prevent some of those disasters from happening. Butl always
think that education is the key.

Q. Alyn Duxbury. For Dan Chasan: I think we all know that the public’s
perceptions, attitudes, opinions, are pretty much formed by the only access
to data that they have, which comes through the media. I would like Dan
to comment on how responsible he feels the media has been in this area
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with correctly presenting what the actual problems are in an objective man-
ner, by factual reporting, versus presenting them as editorialized material.

Daniel Jack Chasan: 1think that the media in general does a very poor job of
reporting scientific subjects unless they can be dramatized somehow, and this
is no exception. That doesn’t mean that the reporting has all necessarily been
inaccurate, butI also don’t think that it has been any better on this than it has
been on other subjects with a large degree of scientific content.

Arno Bergstrom: That is one of the challenges that we faced in terms of our
discussions in preparing for the survey. There is a tendency, as scientists and
educators, to discount the opinions of citizens, given their primary source of
information, be it the facts or not. The point of view that I am taking, and that
I like to think Washington State University is taking, is that we still have to
recognize and work with the fact that citizens do have some ideas, some
opinions, regardless of how accurate or misguided they may be.

Q. Adelle McCallum (Island County): On the angler survey, what are your
feelings on the question of [a] squeaky wheel being reflective of public opin-
ion? .

Cyreis Schmitt. [People tend to see the] Department of Fisheries as generally
salmon-oriented. We did have a remarks [section] as part of the question-
naire, and what I gleaned from the [respondents’] remarks is that there is a
great deal of confusion about what the management responsibilities were for
the Department of Fisheries, as opposed to the Department of Wildlife. Many
of the remarks were oriented towards steelhead, or trout fishing, or other
topics than bottomfishing in Puget Sound, for example. There wereindividu-
als, though, that said they were glad to finally see that the Department was
paying attention to bottomfish. One of the efforts that the Department has
tried to undertakein the past fewyearsis to give more attention to shellfishand
bottomfishing issues, recognizing their importance as well, and not taking
away, hopefully, from any of the salmon work that is going on. But [it wants to]
start to do as good a job with those resources as has been done with salmon.

I think in general there hasn’t been a large amount of “squeaking” over
bottomfish, incomparison to salmon, so that thelegislature and policy makers
haven’t paid as much attention to this subject as they have to others.

Q. Bill Hashim: Most of the questions I have heard or have seen in polls always
ask about humans and nature. They presuppose this world view that creates
a separation. How about asking questions like “Humans in nature,” or
“humans as part of nature”? Something that transcends the dualism.

Gene Patterson: Unfortunately, for something as structured as a telephone or
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mail survey, you usually have to make it as easy as possible for people to fill it
out, or you won 't get 15% return, or anyone doing it on the phone. Unfortu-
nately, since at this time, as you pointed out, the paradigm is people here and
then nature somewhere out there, we have to phrase things usually the way
people can do them. However, in smaller, more qualitative ways, like in focus
groups and such, it is really interesting to find out that there are people out
there who are thinking just that way. It is just more difficult to do that in a
structured survey, where you are trying to get high response.

Arno Bergstrom: Our survey did [ask those kinds of questions], and I would
encourage you to talk to me later, because there was a question or two that
dealt with that. I wasn’t even going to attempt to disclose that. Besides, the
question has a bit of ownership with Dr. Riley Dunlap in the Department of
Rural Sociology at WSU. He is going to use the analysis of that question for
some papers he is going to be co-authoring. You might want to talk to me
about it, and I can get you together with Dr. Dunlap.

Q. Catherine Verill. 1 have a couple of speculative analyses that I would like
some comments on, if you can. First, I was struck with a dichotomy—that
some of your surveys stressed preferences more than attitudes. They were
requesting user groups to express their preferences to amanagement regime,

.1 think in hopes of influencing it. That was [the case] both [for] the DNR
shoreline user and the Department of Fisheries’ bottom fisherman [surveys],
and I would speculate that there is a difference between preferences (gear, or
seasons and uses) versus the kind of attitude thing that I heard the morning
panel talk about, which is more about values, senses of community, joint risk
assessments, impacts, timeframes for those sorts of managements. I think if
we get the two confused we will really end up spending a lot of Centennial
Clean Water cigarette money sending out brochures, and pamphlets, and
hotlines about preferences, and not really get to the attitudes I think Dr. Bish
and Mr. Chasan talked about.

The second thing was finding that the “public information” in your survey
included everything from telephone hotlines to enforcement. Ithink thatisa
real dangerous precedent, because if we spend all this time dealing with
attitudes being the same as hotlines, and public information being the same
as brochures, we will missthe pointwhich1I think thatall of your surveys talked
about, which was a strong attitude [sic] for experiential [sic] experience—
small regional parks, “I'd rather be on the water all of the time, whether I catch
any fish or not,” and the kind of one-on-one basis that I think will instill the
attitudes we need to really protect......... [tape out]

Phyllis Harrison: 1 would comment, at least, that you are absolutely correct. 1
think we certainly need to look at attitudes [as opposed to preferences], but
then those become interpretive sorts of questions, and they often require very
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different kinds of research tools. They are much harder to quantify, and it is
much harder to makea piechart, orabar chart, thatkind of graphic that wecan
put up on a screen and say, “Hey, look at this! This is [it in] black and white!”
I can’t do that with Ed Carriere’s feelings about cedar trees, or Don Gilich’s
feelings about his net shed. That’s the dilemma. And so we get back again to
it being a slow process when we start looking at some of those things, even
slower than some of the other things you have been dealing with. Itisnoteasy.

Cyreis Schmitt: Also, the focus of our survey was really looking at things we
can do, and in terms of attitudes, I agree that it is useful to know [them], but
then we have to decide how do we do things in order to match those attitudes,
and what specifics do people have in mind when they have a certain attitude.
So we focussed more on preferences and giving them a bit more specificityin
choices. Your comment about the public education, and incorporating en-
forcement and hotline, and so forth—that was a very simplified (way of]
look([ing] at things, mainly for the purpose of this talk. We asked those things
not even in the same set of questions, and much more specific wording was
given on each of those [questions], so that they weren’t ever really, during the
course of the survey, lumped as public education. There was a whole series of
questions on public involvement in-education and fisheries management,
and so forth. Ilumped them—obviously not a very good idea—for simplicity
here and in order to meet the timeframe.

Robert Bish: Your question is an extremely good one, but I think we expect
people in the Department of Fisheries to worry about preferences for, say,
bottomfish, and we expect Arno [Bergstrom] to be a little broader, because he
is looking at a range of things that [WSU Cooperative] Extension can get
involved in. And then we get to the more abstract level of attitudes like I was
discussing this morning. I think those are best explored by academiciansin a
university settingwho are curious about the techniques of surveyresearchand
curious about the relationship to political institutions and how they function.
We may not have as much of that going on here as I would like. Wedon’thave
that ongoing survey that, say, UCLA runs in the L.A. basin, or that Michigan
runs. Boy, it would be valuable to have a quarterly survey here, over time.
[That kind of survey] can be self-sustaining, economically, because you sell
some questions to people who want to know about products, and so on, but
you can have other parts of the survey to find what you want to find out about.
That would really be useful to answer some of the questions that I think are
important. ButI wouldn't expect any operating state agency or local govern-
ment agency to be doing that.

Q. Doug Dobbins. 1 have a question for Bob Bish. This morning you used the
word ‘bargaining’, and you said ‘bargaining and negotiation’. I see there is a
distinction there, and I wonder if you could comment on the fact thatwe don’t
have very good bargaining skills in general, and that maybe by developing
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these skills we would develop the attitudes that you were proposing.

Robert Bish: 1 was using the terms in a more general way. But if people have
alotof confidencein themselves and that their agencyisdoingagood job, they
then are much more comfortable moving into bargaining with others or
negotiating in a way to find mutually beneficial solutions, or solving common
problems where they both do seek the same objective. (Sometimes it is
exchange, sometimesits common objective.) I think thereisa prettyhighlevel
here, compared to other jurisdictions I've worked in closely. So if you are a
specialist in the area you see the deficiencies, but believe me, there are places
where agencies are weaker, staff are weaker personally-—they are defensive,
they hoard information. Those kind of systems work much less well than here.

I tend to see the glass as half full. If youareon the ground, you probably see
it as half empty,

Q. [No name given]: How do we deal more effectively with misleading
environmentalism, such as was exemplified in the Alar scare, with Meryl
Streep’s involvement? Or with some of the illegal activities, such as we have
had with the tree spikers and some of the Greenpeace organizations?

Daniel Jack Chasan: Those are a couple of different questions, and obviously
one’s approach to them depends, in part, on one’s perception. There are
clearly people who didn’t think that the Alar thing was misleading, at least, if
nothing else, as an expression of people’s concern about even small amounts
of carcinogens. I think the general answer has to be general education. To
some extent thatis begging the question, though. Howdoyou educate people?
And how do you get people to agree on, or acknowledge levels of certainty, or
levels of safety, or levels of hazard? I am not sureI havea very good answer for
that.

Earlier in this panel session Al Duxbury asked about media coverage of Puget
Sound pollution issues, and I said that I thought that the media in general did
alousy job of covering things with a large amount of scientific content. I think
that s part of the problem. I think until you get better coverage, more detailed
coverage, more analytical coverage in the mass media—which is something
that may never happen—you’re not even going to get people talking about the
same things.

Richard Shikiar. 1 think another issue is how we manage risk in our society,
and we don’t do a very good job. We overrespond to some risks and
underrespond to others. There is a running controversy now, in Science
magazine, about the risk of asbestos. Our society has spent lots of money and
we have created an industry of asbestos removal, and now there is some
controversy as to whether it is more harmful to remove the asbestos in a public
building, as opposed to just leaving it there. One article I read, for example,
showed that there has never been any illness associated with stable asbestos
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in a public building, and yet we have created this whole controversy, and we
haven’t addressed other issues. So, there is quite a bit of controversy about
how we assess and then manage risk in our society. In the absence of some
coherent policy or approach to that, we tend to take up whatever seems to be
in the headline that day.

Phyllis Harrison: Also I think this question is leading into a talk that is going
to be given in the afternoon session by Andrea Copping, dealing with the
scientist’s role in dealing with that question. I do not want to scoop her
presentation, but she may offer some insight into that—more to come.

Q. Genevive Thissorski (Muckleshoot Tribe): 1 would like to direct this at
Professor Bish, and anyone else who would care to comment. That s, to throw
out for discussion a phenomenon that I think those of us who work in
environmental public policy tend to encounter, which may be yet another
dimension of attitudes. That is the “hidden agenda.” Maybe in your vocabu-
lary, Professor Bish, it would be a “shadow attitude.” For example, the
problem of the environmental impacts of high density development tend to
be characterized and discussed in terms of needing to balance jobs and
housing, say, against fisheries resources. People may actually go so far as to
invoke property rights as well. But, in fact what may be going on is the belief
of part of the population in the right to cash in on, or profit to the maximum
from, property holdings, versus the economic interests of the fishermen or
people’s desire to hang on to a semi-rural lifestyle and be able to continue to
afford a semi-rural lifestyle.

Briefly, another example would be, let us say, a county council fails to uphold
an interim, low-density zoning ordinance, invoking the adequacy of existing
laws, when in fact they are in a power play with the county staff. The other
examples, I think, are too numerous to mention.

Robert Bish: Political organizations work best if the boundaries are such that
they encompass the citizens that are most affected by their actions. Then we
can at least hope for some countervailing pressures and some balance. In
some of the situations where the most severe problems exist—saya smalllocal
government wants to do something but the effects occur outside of it—well,
we know we are going to have a problem unless we have alarger agency to deal
with that.

The kind of example I would use of the “hidden agenda” would be people who
want to go in and zone one acre lots in the suburbs to keep out low income
people, but say they are preserving the environment. That's as good an
example as I can think of. Housing prices are pretty important, and the kind
of development policies we are following in suburbs are exacerbating the
problem, rather than alleviating them, often in the name of clean environ-
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ment. Thereare places where we can clearly diagnose the problem more easily
than the solution, because the problem is basically that all of the people who
are affected are not accounted for in the decision-makingin that political unit.
We can never get it perfect, in the sense of the big developer versus a diffuse
citizens group. But remember, the developers might be few, but the only
reason they can make money is because they satisfy somebody’s preferences
who wants to buy their development. They in fact represent non-voters and
want us to keep thosein mind. Byin large, though, over all you'll find different
things happening in different areas, and I simply expect people basically to
look out for their own self interest in one sense, but in another sense self
interest rightly understood, where there is a little broader community there.
When you have tree spikers, the political system has lost legitimacy from their
perspective, and when a political system looses legitimacy from the perspec-
tive of very many people it reallywon’t work. We are thankful there are so few
of them, rather than more.

Those are just some of the kinds of problems—they are partly structural. The
others are just the interplay of interests. They get outcomes that we don’tlike,
but somebody else does. I hope that answers it. Itis an awkward question. It
is not very well phrased in one sense, but that is not because you can’t phrase
it. Itis because the issue is not very clear, [nor is] how we want to get at it.

Q. Maxine Keesling. 1 was very interested in what Professor Bish said this
morning about considering how your actions affect others—put yourself in
their places. We have owned, since WWII, a large amount of acreage on
Whidbey Island, and since the early 1960s a large amount of acreage in
Woodinville, where we live. We have never developed that property. A huge
chasm has opened in King County between the regulators and the regulated.
We who have saved our properties from development all these years are
suddenly being tapped to preserve our properties forever, without even noti-
fication, let alone consideration and respect. We are being told that we have
to fence ouranimals out of their pastures; even we and our kids can’tuse major
portions of our property.

Typical treatment is Governor Gardner’s October 18th Executive Order
implementing Washington Environmental 2010 Action Agenda which, like all
other government advisory committees does not include property owners as
members of any advisory committee. If we didn’t love the environment we
would not have saved our land from development. Under today’s regulations
we would not be able to clear our 10 acres of pasture on Hollywood Hill
in Woodinville. My question is, why don’t the regulators and media publicize
all sides of environmental issues, just as an EIS does on a development pro-
ject? Otherwise the readers and the public at large hear only the environmen-
tal side of these issues and don’t have any other way of knowing what'’s
happening.
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Robert Bish: My views are published on this, in a sense. If you have had a
tradition of a right to do something, and you want to downzone it to a lower
densityuse, or preserveiit, the public—the government—should buy that right
from the owner. That's the only way in which we can see if the value of that is
really worth it to the other people who are going to benefit. Put up you tax
money, buy those development rights from people, don't steal them. My
views are very strong on that.

The problem, to some extent, is the benchmark, however. I happen to livein
an area of openrange. We have to fence wandering horses out. Wedon’t have
the right to make them keep their horses home. The rights are well known,
however; we build fences, we keep the horses out. In areas where there are
change, those boundaries change, in terms of what rights you have. But when
you have had a long history of planning, zoning, and control, my argument is
if you want to make a change in the rules of the game that deprives somebody
of what they reasonably expected as under the rules of the game, you should
compensate them. That’s expensive, politicians don’t like it, you are in a
minority, so we can understand why it doesn’t happen. But in any ethical
sense, it should.

Q. Pat Wennekens: 1 think one of the issues that should run through the
education process is how the public can defend itself from arbitrary decision
byagovernmental body. Ifyou go andlook at therecords, youare goingto find
that the agencies are usually very reluctant to act in favor of what we call the
public interest. They look to the vested interest first, before they look to the
public interest. ButI think it would be very worth while to look at how public
interest agencies have brought some changes in attitude and thinking in the
government system we have. Similarly, NRDC has gone to court in many
instances, and if you see change in the environmental quality laws here it is
because we have brought changes by fightingin the courtsaboutit. Thisis very
expensive, for the public to defend itself.

Somebody mentioned Greenpeace. Well, people can see them as becoming
extremist. But to make a point you probably have to get an extreme attitude
to get the attention that produces some changes. I think this is a factor thatin
your education program and in your discussion on changing public attitude or
public perception should be brought into the equation.

Robert Bish: 1 would like to make a comment on the first part. There are two
things in British Columbia that I have become very impressed with that deal
withyour question. One is the Ombudsman, which deals with both individual
issues and systematic reviews of agency behavior. It has made some major
changesin the behavior of places like the Department of Highways and others
who were not doing what they really should. The other am less familiar with
in Washington State, but there is something called the Judicial Procedures
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Review Act which allows you to challenge a government’s decisions in a very
quick, inexpensive court proceedings, which still can be appealed. But [this
act] has made available to very small, poor interest groups the ability to call an
agency to account very quickly, beforeyou get threemonths, sixmonths down
theroad. You can get them in within two weeks, essentially, not over six weeks
at the outside, for a very inexpensive court review process by a judge. I am
impressed by those two things, and how they help correct the behavior of
administrators who are otherwise quite impervious to external control, and in
aparliamentary system of government where you only vote every five years for
a party and where many of the politicians seem to feel very impervious to
control. Those devices to lower the cost of making a complaint are extremely
valuable.

Q. George Barnt. This a comment on the education issue. If we accept the
premise that elected officials generally reflect the population that they repre-
sent, and I mean educationally now, the issue of scientific perspective and the
ability of some of those elected officials to actually assimilate the information
and understand it and have a large view of the world is really a tough one. For
example, traditionally and historically, people who are elected to port com-
missions are people probablyin their late 50s, 60s and 70s who have succeeded
in business-—peopledon’tunderstand ports very well, as voters—now becom-
ing port commissioners who have tremendous influence on what happensin
and around bodies of water. So scientific groups and citizens organizations
have to visit with those port commissions long hours, they have to educate
them in order to create effective decision makers who can understand the
issues that they are going to be making decisions about.

Until yesterday, when I came to this meeting and heard about TBT, I had no
idea that that stuff was still being used or that the Navy had exemptions and
could use it however they wanted. And there are lots of issues on which I
consider myself currently informed, but I want you to know that I would
venture to guess that most of the other officials in the small jurisdictions—
largely ports, and other counties as well because they haven’t urbanized yet—
need education at a small group level. Politicians tend to be insecure. They
have a great facade of assurance, but they are very insecure people in general,
I think, and they are easily threatened. And so you'’ve got to work with them,
educate them so that they become part of the decision, rather than being
beaten over the head and resisting because they think that somebodyis trying
to get something out of them that they do not deserve.

Richard Shikiar: 1 would like to take the first crack at that, not that I am an
elected official. Of course we do have an educational program for elected
officials—its called lobbying. Also, it depends on the level of government that
you are talking about. But as you move to the state legislature and, certainly,
Congress, although the elected officials there may not have the scientific
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background, certainly much of the legwork is done by their staffs, which do
have quite a bit of scientific expertise. Certainly in Congress the staffis doing
all of thelegwork for the Congressman/Congresswoman who willthen usually
take their staff’s direction on a vote. So I think, certainly at the higher level of
governance, they are getting decent scientific input.

Phyllis Harrison: I'll go out on a limb, too, and offer a general comment to the
whole education issue, since it has come up several times, and I was one who
was amajor proponent of education as a problem solver. I am an optimisttoo.
I tend to see the glass as half full, rather than half empty. And I believe that
people can be educated, although it is a long and time-consuming process.
But one of the things we all need to think about here {is languagel], since we are
all concerned with environmental problems and we are all concerned with
how we communicate between government and scientists and fishermen and
net menders, and all of these diverse groups.

I'll make my point by a personal anecdote. When I first received my brochure
and looked through it to look at what the other papers would be about, I
couldn’t pronounce three-quarters of the words in many of the titles, and
gosh, I have a Ph.D! One of the things we need to think about, in terms of
language—and itgoes back tomytitle, “Tell Mein Fathoms,”—weneed tolook
atthe kind of language we are using and how we are talking to people when we
communicate, because it is a hard process, but I think we can educate one
another. But we need to understand where we are all coming from, and we
need to speak each other’s language to do that.

* * * * *
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HABITAT: THE BASIS OF PRODUCTION ’

INTRODUCTION
Duane Phinney’

From my perspective, and I'm sure most would agree with me, one of the most
important aspects of Puget Sound is its role and importance in supporting a
variety of fish and shellfish resources. These resources certainly are one of the
primary attributes and one of the primaryreasons for the increasing emphasis
on protection and rehabilitation of the Sound. These resources are of course
totally dependent upon the Sound to provide their vital needs—their habitat.
The Sound and that habitat truly is the basis for production of these and the
other living resources that reside in, upon, and around its waters.

There are many and varied efforts underway to protect, create, enhance,
rehabilitate, and mitigateimpacts to fish and shellfish habitat in Puget Sound.
The papers presented in this session give a sampling of some of those efforts.

The first five papers focus on Puget Sound proper. The final paper takes us out
of the Sound and looks at efforts to protect part of our aquatic environment
that is important in itself as fish and wildlife habitat and that also has a
significant role in determining the quality of Puget Sound—the rivers and
streams that discharge into the Sound.

! Chief of Habitat Management, Washington Department of Fisheries,
115 G.A. Building, Olympia, WA 98504
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SHOULD ARTIFICIAL REEFS BE USED AS MITIGATION?
Kathleen R. Matthews'

ABSTRACT

Seasonal habitat use of young-of-the-year, subadult, and adult rockfishes
(Sebastes caurinus, S. maliger, and S. auriculatus) were compared for four
habitat types: high relief rocky reefs, low relief rocky reefs, high relief artificial
reefs, and sand/eelgrass. Diving surveys conducted December 1986 through
October 1988 on two representative sites of each habitat type revealed signifi-
cant seasonal changes in rockfish densities and habitat use. Young-of-the-
year (YOY) recruitment varied between the two survey years: YOY were ob-
served on all habitat types in the summer and fall of 1987, whereas they were
observed at only one site (artificial reef) in a similar time period of 1988.

High-relief rocky reefs had the most consistent densities of the three rockfish
species, mostly fish >200 mm TL. Adult and YOY copper, quillback, and
brown rockfishes were observed on the low relief rocky reefs primarily in the
summer months coincident with the summer algal growth; whenthekelp died
back in the fall, most rockfishes left these reefs. The highest densities of
rockfishes, primarily 80-200 mm quillback rockfish (up to 420/90-m?transect)
and large copper rockfish (up to 56.3/transect), were observed on the artificial
reefs. Here, also, density fluctuations were dramatic; copper rockfish densi-
ties peaked in fall and winter and declined (to 0/transect) during the summer,
and quillback rockfish densities also fluctuated seasonally. Sand/eelgrass
areas were the least-utilized habitat type; only during July and August were
YOY and low densities of adult copper and brown rockfishes observed on one
sand/eelgrass site.

Although all four habitats were used, natural reefs may represent source
habitats that are used by and maintain rockfishes on less productive sink
(artificial reef) habitats. Thus, the recent use of artificial reefs in Puget Sound
as mitigation for the loss of natural reefs could have negative impacts on
rockfish populations.

! School of Fisheries, University of Washington WH-10, Seattle, WA 98195
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SITING AND LOADING CRITERIA FOR SMALL VOLUNTEER
SALMON NET PENS

Richard G. Kolb!

INTRODUCTION

Puget Sound has long been the most popular winter salmon sport fishing area
in Washington. It is normally protected from high swells and waves, and
historically, the salmon were plentiful. Over the years the abundance of
salmon living in Puget Sound has declined. Through its Volunteer Fisheries
Resource Program, the Department of Fisheries (with monies from the De-
partment of Natural Resources’ Aquatic Lands Enhancement Account) is
working to help restore this resource.

The water quality of Puget Sound has also declined, and people are concerned
with it’s protection. Fishermen are often active in both areas of concern:
improving the water quality and increasing the salmon population. They
knowwater quality has a direct effect on salmon survival and abundance. The
question todayis, can volunteers raise additional salmon in net pens through-
out Puget Sound and not have an adverse affect on its water quality?

The Department of Fisheries thinks the answer to this question is yes. With
correct management of these small, short term net pens, salmon can beraised
around Puget Sound with no negative annual impact on the environment.

METHODS

The Department contracted with Parametrix, Inc. of Bellevue todevelop siting
and loading criteria. Much of this presentation originated from their report.
These criteria would result in no annual measurable accumulation of organic
material below the net pen sites. Factors used to formulate the criteria were
based on acombination of depth, current, and length of operation for differing
numbers of fish.

Parametrix developed a model to simulate the amounts of un-eaten feed and
fecal material that would settle below a net pen over a period of time in rela-
tion to depth and current. The model allowed for deposition with o