
















































































































































































































































































































































































































































































































































The History, Status and Future of Assimilative Capacity 

From time to time attempts have been made to evaluate the efficacy 
and utility of the assimilative capacity concept. One of the first 
such attempts was the Crystal Mountain Conference in 1979 
(Goldberg, 1979). The concept itself was not defined rigorously 
but it is obvious that many of the participants felt the 
assimilative capacity for toxic chemicals was being determined 
quantitatively for many areas. For example, the panel for the 
Southern California Bight stated confidently (Goldberg, 1979, p. 
213), 

"Ocean disposal may continue in the future with minimal adverse 
effects. Because of increased scientific knowledge of initial 
dilution, advection, dispersion, chemical conversions and 
sedimentation, biological uptake and human health, ecological, 
and aesthetic effects, we now have reasonable ability to predict 
the effects (and thus the benefits) of changes in discharge 
practices. However, continued monitoring and research are also 
necessary to provide a basis for evaluation of disposal systems 
and modifications as needed." 

The panel for Puget Sound (which I chaired), was less sanguine. 
While endorsing the concept, but not its definition* they stated, 

"We have been purposely vague·concerning implementation of the 
proposed strategy. In order to determine the assimilative 
capacity of the Sound a large amount of missing data must be 
obtained ••• A series of diagnostic models is required in order 
to describe the physical, chemical and biological functioning of 
the system as described above ••• " 

They went on to outline a monitoring strategy and made eleven 
recommendations for determining the assimilative capacity of Puget 
Sound. 

Nearly ten years later, the data base for all variables has 
increased enormously and models are being developed to describe and 
predict this behavior of contaminant inputs to the Sound. Ten 
years later we can also state with some confidence that conditions 
in the Sound are generally improving through the deliberate 
institution of source controls and the happenstance changes in 
source functions. (The exception to this happy situation is non­
urban runoff.) 

It's ironic to note that Congress was willing to test the concept 
of assimilative capacity, evidenced by the passage in 1978 of an 

* The panel stated that they viewed assimilative capacity as "not 
meaningful in terms of some absolute endpoint at which the 
capacity to absorb pollutants and stress is used up." They 
proposed, instead, " a continuum of increasing damage and 
stress in response to pollutant input. The endpoint is 
socioeconomic." (p. 266). 
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amendment to the Federal Water Pollution Control Act allowing 
waivers to the requirement of secondary treatment for 
municipalities discharging to coastal and estuarine waters (the 
infamous Sec. 301h.). To obtain a waiver an applicant had to 
demonstrate that waste discharge would not interfere with the 
maintenance of "a balanced indigenous population within the 
receiving waters." That test is actually underway despite the 
action of the State legislature to make waivers illegal since no 
major changes in disposal, with the exception of the relocation of 
the Renton STP effluent from the Duwamish River to the deep main 
basin, have occurred. 

The concept continues to receive attention, however, through the 
persistence of Goldberg. A SCOPE/ICSU* Workshop (Jong-Cheng Su, 
1983) concluded that the concept was "workable" and although the. 
force behind limiting discharges has been focused on human health, 
their real concern was the protection of ecosystems. 
Disappointingly, there were few mentions of dose-response 
relationships, or attempts at quantitation of effects or 
modeling. In 1984, a National Research Council workshop was 
convened in Baltimore on Effects of Human Activities on the Coastal 
Ocean. No report was issued. This is regrettable because the 
panels dealt with specific issues, one of which was assimilative 
capacity. The other issues were directly related, including Mussel 
Watch, the use of mesocosms and effects studies (PRIMA). 
Apparently no conclusions were reached in regard to assimilative / 
capacity, although the New York Bight anoxia event in 1976, was I 
used as a case study. The summary table for the Workshop 
tantalizingly stated that "first cut estimates ••• identified 
important. research to obtain information needed to determine 
assimilative capacity." Since then it's been pretty quiet on the 
assimilative capacity front. A review of recent literature shows 
very few new approaches or refinements, especially quantitative 
refinement of old approaches. Stop-gap remedies appear to be more 
cost effective than a thorough analysis of the problem which could 
lead to greater savings later on. For example the GAO estimated in 
1981 that $10 billion in construction costs alone could be saved if 
most of the 800 coastal treatment plants were to be granted 301h 
waivers. Savings in operating costs were estimated to be $60 
million per year if 260 treatment plants discharging directly to 
the ocean were granted waivers (GAO 1981). An analysis of the 
benefits was conducted but analysis of costs (to the ecosystem) was 
not. Since treatment plants in Puget Sound have no known 
environmental costs, since the Renton diversion, it would appear 
that the assimilative capacity of the Sound for treated sewage is 
virtually untouched. 

There have been a few attempts at constructing related cost­
benefits models. One by Tamura and Ishida (1985) is an excellent 
step in the right direction. Using a dynamic input-output economic 
model they propose a method of total emission control by assigning 
the elimination rate of pollutants to each production sector. 

* SCOPE (Scientific Committee on Problems of the Environment) 
ICSU (International Council of Scientific Unions) 
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It is readily apparent that the time for using assimilative 
capacity as a planning and management tool is yet to come. Thus 
far there has been more hand waving than hard thinking. The 
missing links are quantitative dose-response curves for pollutants 
and activities and benefit-cost analysis to determine what point on 
the curve delimits the acceptable response (and dose) from the 
unacceptable. Puget Sound might be a good place to undertake such 
a rigorous analysis. 
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NEITHER WILDERNESS NOR FACTORY 

Learning from Program Implementation in Natural 
Resources 

David Fluharty* and Kai N. Lee** 

Puget Sound is no longer pristine: multiple, sometimes 
conflicting human uses of this large, complex ecosystem 
affect its living communities and modify its geography 
and hydrology. Yet the Sound is so large, so 
incompletely understood, and so divided among 
jurisdictions that it is not managed as a coherent 
whole. Like forests, river basins, and other spatially 
extended ecosystems, Puget Sound is affected by human 
activity but the scientific and institutional bases of 
sensible management remain fragmentary. 

What is responsible stewardship in the face of 
inadequate understanding? We present here the case for 
adaptive management as the linchpin of an ecosystem 
regime (see also Hilborn 1987). 

Adaptive management is a policy framework that treats 
program implementation as a set of experiments. Actions 
taken to protect or manage natural resources provide 
information about the response of the natural system to 
human intervention. That information is available 
whether or not the actions achieve their intended 
results. But the value of the information can be 
greatly enhanced by planning to learn through paying 
attention to possible surprises, statistical power, 
controls, and monitoring. 

Adaptive management, in sum, is deliberately setting out 
to learn from experience. 

We summarize recent experience with adaptive management 
and examine its possible utilization in managing water 
quality in Puget Sound. 

* Research Associate, Institute for Marine Studies, HF-
05, University of Washington, Seattle, WA 98195 
** Associate Professor, Institute for Environmental 
Studies, Department of Political Science, FM-12, 
University of Washington, Seattle, Washington 98195. 
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The Adaptive Approach 

A decade ago c.s. Holling (1978) and coworkers 
articulated a method they called "adaptive environmental 
assessment and management" (AEAM). AEAM organizes 
information from environmental assessment studies so as 
to enhance understanding of the biological populations 
affected by environmental change (see also National 
Research Council 1986, Orians 1986). The adaptive 
method uses simple simulation models and databases to 
summarize the emerging picture of the ecosystem or 
population of interest (Walters 1986). Techniques based 
on AEAM have been used to a limited extent in managing 
fisheries in canada (see, e.g., Department of Fisheries 
and Oceans 1987). · 

The use of an adaptive approach to design natural 
resource programs at the ecosystem level is implicit in 
the concept. The most ambitious attempt to institute 
adaptive management at this scale is the Columbia River 
Basin Fish and Wildlife Program of the Northwest Power 
Planning Council (1987). Adopted by the Council in 
1984, adaptive management provides a conceptual 
framework to protect and enhance salmon (Oncorhynchus 
spp.) and steelhead (Salmo gairdneri) populations of the 
Columbia drainage which have been adversely affected by 
the development and operation of hydroelectric power 
facilities (Lee and Lawrence 1986). These populations, 
"including related spawning grounds and habitat," have 
been declared by Congress to be "of significant 
importance to the social and economic well-being or the 
Pacific Northwest and the Nation." (16 u.s.c. 839[6]) 
The Planning Council has taken the statutory injunction 
to treat the Columbia and its tributaries "as a system" 
(16 u.s.c. 839b [h] [1] [A]) by recognizing the 
freshwater and marine ecosystems in which anadromous 
fish live; the program does not attempt comprehensive 
planning or management of those habitats, however. 

Since the adoption by the Planning Council of an 
adaptive framework, there have been at least two 
additional uses of the concept in Washington state. The 
Timber/Fish/Wildlife (TFW) agreement (1987), a 
collaborative framework for timber management involving· 
state agencies, Indian tribes, timber companies, and 
environmental groups, relies on an adaptive approach so 
that the emerging experience with cooperative resource 
management can be used to improve its effectiveness over 
time (Marcy Golde, priv. communic. 1987). Finally, the 
resource planning section of the King County Planning 
Department is using the principles of experimental 
design in developing monitoring procedures for land-use 
controls and wetlands management (King County 1987a, 
1987b, 1987c) • 

257 



As this recent history suggests, adaptive management has 
been chosen within political processes, for reasons that 
go beyond the technical merits. In the governmental 
context adaptive management is useful because it allows 
contending interests to work together in a comprehensive 
policy framework without resolving their conflicts. 
After two decades of environmental dispute it has become 
clear that environmentalists are not a passing political 
fad -- and that industrial society is not a passing 
phenomenon either. The call for a larger spatial and 
temporal framework, for more planning and coordination, 
reflects a search for flexibility within existing 
institutions, in a setting where the fiscal and 
organizational abilities or government to expand are at 
best uncertain. 

Adaptive management acknowledges the biological 
uncertainties facing comprehensive planning while 
continuing to insist upon the need for a vision that 
encompasses life cycles and whole habitats. Adaptive 
management 1) allows large-scale actions to proceed in 
the face of uncertainty and potential opposition; 2) 
facilitates communication among management agencies and 
groups concerned about the exploitation and conservation 
of living resources (e.g., Hilborn and Luedke 1988); 3) 
encourages suspension of conflicts, as traditional 
adversaries jointly develop ways to learn from 
experience; 4) focuses action on questions of 
significant uncertainty, in order to lower long-term 
costs wbile raising the probability of biological 
success; and 5) organizes the collection, validation, 
and use of information for ecosystem-scale planning. 
Adaptive management, in sum, can transform political 
conflict over environmental issues on terms acceptable 
to both environmentalists and the business community. 

Such an approach requires difficult changes in the way 
resource management takes place, however. 

- The possibility of failure must be specifically 
acknowledged and planned for. 

- Front-end costs for planning, experimental 
design, and baseline measurement must be 
incurred, together with a long-term commitment to 
continue these activities. 

- Interventions must be large and yet not applied 
universally, a characteristic that makes their 
justification more difficult. 

- And, over time scales long compared to terms of 
office or duration of agency assignments, 
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information must be collected, analyzed, and 
reflected in program redesign. 

None of this is readily achieved, especially in 
institutional structures where implementation is spread 
out among more than a dozen federal and state agencies, 
Indian tribes, and intergovernmental and international 
fora (Wilkinson and Conner 1983). Above all, the 
institutional fabric must be stable, willing to run and 
make use of long-term experiments, strong enough to lead 
and flexible enough to learn. Parallels with Puget 
Sound are evident. 

Implications for Puget Sound Management 

Resource management in Puget Sound has followed 
traditional lines. Water quality, for example, has been 
managed by single-purpose agencies, largely as a by­
product of meeting the sanitation requirements of 
urbanizing areas. 
Traditional coalition-building is widely acceptable and 
deeply rooted in the politics of water quality, where 
pollution-control investments have been financed by 
Congress. Such distributive or pork-barrel policies 
naturally produce conflict minimization because their 
primary requirement is to assemble coalitions able to 
pass legislation. That is, support is sought from 
representatives whose constituency interests need agree 
on no more than the expenditure in question; pursuing 
any more detailed agreement is neither necessary nor, 
often, constructive. In many cases, there is no other 
justification for the action taken than that a 
sufficient majority is achieved. 

Rising costs, economies of scale, and, more recently, 
awareness of environmental quality and concern about 
toxic substances among the electorate, led to the 
creation of the Puget Sound Water Quality Authority 
(PSWQA) -- a planning and coordination body 
notwithstanding its commanding title. The Authority's 
approach relies heavily on consensus forged by staff and 
advisory committees and voted upon by the appointed 
officials. The Authority is an institutional forum in 
which interested parties can negotiate consensual plans, 
without all the formal and informal constraints of 
fragmented jurisdictions, incompatible single-purpose 
missions, and established rivalries. The near-term 
success of this strategy is reflected in an ambitious 
plan (PSWQA 1986) and wide public and elite support for 
its funding from state, federal, and private sources. 

As water quality programs evolve beyond point sources, 
however, consensus planning is no more than a starting 
point, since the implementation of plans will 
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necessarily involve conflict. Indeed, the consensus 
behind the Authority plan is incomplete: for example, 
industry resisted permit fee proposals in the 
legislation. Consensus planning is vulnerable to 
becoming a search for the least common denominator 
those policies and programs which are inoffensive, 
whether or not they are effective or important to 
managing the ecosystem of interest. 

Adaptive management assumes a politically sustainable 
commitment to a system perspective on management and 
learning. We do not comment in this paper on whether 
such a commitment can be built in the Puget Sound. Our 
purpose instead is to use the adaptive approach as a 
diagnostic tool, to examine what could be learned if an 
ecosystem perspective were adopted. 

Comparisons and Control A system point of view, for 
instance, would structure the selection of watersheds to 
be managed to control nonpoint pollution. Instead of 
relying on local governments and private actors to 
volunteer demonstration programs as in the Early Action 
Watersheds (PSWQA 1986), an experimental approach would 
outline what could be learned about the biological 
effectiveness of nonpoint controls by comparing the 
experience of matched watersheds. 

Comparisons can be carried out on different dimensions, 
ranging.from hydrological and biological features to 
patterns of land ownership and use. But an adaptive 
perspective would suggest that demonstration programs be 
coordinated and underlain by a monitoring or detection 
scheme able to tell the difference between programs that 
work and those that do not. This is a sharper, hence 
more valuable question than studying whether a given 
intervention does any good at all. The Department of 
Ecology's shellfish protection strategy (WDOE 1984) has 
been unable to ask that more important question due to 
lack of resources. 

Power of test A recurrent theme of adaptive management 
is "power of test," the notion that large interventions 
into natural systems are more likely than small ones to 
produce unambiguous information. Often, of course, 
large-scale modifications of the environment raise fears 
of irreversible damage. Yet when those modifications 
cannot be halted, it is important still to learn from 
their unwelcome experience. 

It is disappointing, in this light, that the u.s. Navy's 
planned dredging of the port of Everett to build a base 
for a carrier task group has not been instrumented for 
experimental purposes. The dredging operation, which is 
specifically exempted from the regulations developed by 
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the Puget Sound Dredge Disposal Analysis (PSDDA), is an 
order of magnitude larger than the annual dredge spoil 
disposal operations contemplated in the Sound. 
Regulatory monitoring is a negotiated part of the Navy 
program and PSDDA but neither is specifically designed 
to use dredging policies experimentally to probe for 
information that could be used in future management 
(Frank Urabeck, pers. com.). In this regard, the lead 
agencies in these disposal programs lack the resources, 
the institutional manadate and a perception of the long 
term value of the adaptive management approach. There 
is a significant opportunity cost in not using an 
adaptive management approach to learn from large scale 
dredge disposal. 

Research. monitoring. and management Research 
ordinarily takes place separately from resource 
management. An adaptive approach emphasizes that 
resource management itself is the most important source 
of experiments on the natural system. An adaptive 
approach would accordingly take an experimental approach 
to resource management in Puget Sound, using management 
choices to perturb the natural system to develop useful 
information. Such an effort could help to identify 
effective and economical policies for protecting and 
cleaning up the Sound, sooner and less expensively than 
research that does not use the powerful probes provided 
by current practices and pending management decisions. 

The monitoring plan developed by an interagency advisory 
committee and PSWQA staff is a consensus document. If 
funded, the monitoring program would supplant existing 
efforts -- many of which are conceded to be inadequate 
or inappropriately targeted -- and build a monitoring 
regime more capable of measuring resource 
characteristic$ of interest to managers. Yet neither 
the monitoring plan nor the PSWQA plan specifies water 
quality objectives which management should attain. 

Moreover, the monitoring and research plans drafted by 
Authority-convened advisory committees and staff take 
insufficient account of how management decisions might 
provide information useful in learning about the 
behavior of the Sound and its living communities. As a 
consequence, the proposals for research and monitoring 
lack a clear understanding of how natural, residential, 
and industrial factors affect water quality in the Sound 
taken as a whole. That is, there is no conceptual 
foundation for knowing if Puget Sound needs to be 
cleaner nor how to make it so. The point of an adaptive 
ecosystem approach is to build such a conceptual 
foundation over time. 

It is important to emphasize that these criticisms are 
not directed at the Authority, but rather at the social 
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mechanisms that in the aggregate are responsible for the 
welfare of Puget Sound. The Authority's charter is to 
identify solutions. An adaptive perspective puts weight 
as well on developing a better appreciation of the 
problems to be solved and rigorously testing the 
proposed solutions. PSWQA provides the institutional 
structure for breaking with the traditional management 
approaches and attempting the bold policy approach of 
adaptive management. However, the 1991 sunset provision 
in the Authority's legislation effectively thwarts the 
long-term approach required for adaptive management. 

In the presence of uncertainty and limited resources, 
solutions to the wrong problems are to be feared as much 
as inaction; the history of public policy since 1930 is 
filled with solutions ill-matched to problems. Yet our 
understanding of the problems to be solved inevitably 
changes as the solutions are carried out. That is why 
learning is central and why adaptive management is a 
valuable tool for natural resource management. 

Conclusion 

We close with an image of the Columbia River, an image 
we apply by analogy to Puget Sound. Mankind has built 
two Columbia River civilizations. We are trying now to 
invent a third one one in which adaptive management 
has a central role to play. 

The first Columbia River was a wilderness. At 
equilibrium this ecosystem supported a population of 
perhaps 50,000 people, who built a world centered on 
salmon (Schalk 1987). This original Columbia 
civilization lasted from time immemorial until about 
1800. 

The second Columbia River is a factory. This river is a 
powerplant: a municipal and industrial water supply that 
supports 5 million people, 100 times its aboriginal 
carrying capacity: a plantation of more than half a 
million acres, fed by one of the largest irrigation 
works on the planet. The river does these things while 
avoiding its once-uncivilized floods, and providing an 
inland waterway for navigation, recreation, and harvest 
of fish and wildlife. The industrial Columbia is an 
economic marvel, a river, as the historian Donald 
Worster recently put it (1985), that died and was reborn 
as money. For the governing logic of multiple use has 
been economic return. It is economic value that 
prioritizes the river's uses and economic growth that 
sets the tempo of its changes. 

The Columbia has not died entirely, nor, significantly, 
has it been fully reborn. That is why there may be a 
third Columbia, one whose governing principles are only 
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dimly seen; only confusingly described. We call it, 
awkwardly, "equitable multiple use." This is the 
Columbia River where Indian tribes have since 1969 
reasserted their rights to harvest fish, where $100 
million of economic value is annually invested in fish 
and wildlife mitigation -- a sum far out of proportion 
to the dollar value of the harvestable species that 
remain. 

This third Columbia is neither wilderness nor factory. 
The world the Indians knew is gone: the wilderness was 
an integral fabric, a stable tapestry whose natural time 
scale was the generations; that cloth has been cut. 
Thus, management by preservation, permitting nature to 
set the terms on which its constituent species will 
equilibrate, is no longer possible. 

Yet we are also unwilling to follow the logic of the 
factory to its endpoint, to increase power production to 
the extent its revenues outbid competeing uses such as 
irrigation. That means that management which seeks to 
optimize a single measure of worth will not work either. 

So if there is to be a third Columbia River, it must be 
a place managed by rules and processes that approach the 
complexity of the ecological interaction itself. That 
clearly challenges the capacity of human governance -­
which is why, as a practical matter, goals set by humans 
must be provisional, must be revised in light of 
experience. For the simple fact is that we do not 
understand our own place within this ecosystem. Yet we 
are unwilling to relinquish our niche as top omnivore. 
So the search for objectives has become an intrinsic 
part of management. 

This third, emerging Columbia requires, long-term 
governance that can address competing objectives in a 
way that sustains a productive balance among them. This 
will take new knowledge, a commitment to working hard 
with one's adversaries, and the ability to learn from 
biological and social experience. 

The need to fashion equitably balanced multiple purposes 
is as urgent in the Puget Sound as in the Columbia 
basin. The challenges of doing so are as new as the 
chemist's ability to detect toxins in the water column, 
as old as the human community. That combination of the 
technologically unfamiliar and the politically durable 
is what makes the promise of adaptive management of 
significant value. 
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Evaluating the Effectiveness of Proposed 
Nonpoint Source Pollution Control Initiatives 

by 

Thomas M. Leschinel 
and 

Gary Shigenaka2 

I. The Challen&e of Controllin& Nonpoint Source Pollution 

Unlike the point source pollution at which much existing pollution control 
regulation is aimed, nonpoint source pollution does not have its origins in readily 
identifiable and discrete sources. Nonpoint source pollution is typically defmed in 
terms of what it is nor, in the Puget Sound Water Quality Authority's (PSWQA) 1987 
Management Plan, for example, it is described as "pollution that is not discharged 
through pipes" (PSWQA, 1987). Nonpoint source pollution is generally perceived as a 
problem whose solutions do not lie in the relatively expensive and technologically 
complex processes which have generally been used to address point source pollution 
problems. By and large, it is not the pollution addressed by Congress in the 
environmental legislation of the 1970s (Shigenaka, 1987). 

Because nonpoint source pollution is so different from the problems to which 
regulatory efforts have traditionally been addressed, its control seemingly demands the 
application of new and often untested regulatory approaches. The needs for flexibility, 
site- and source-specificity, and often, local program development and implementation, 
are frequently stressed in discussions of nonpoint source pollution control (see, for 
example, Thomas, 1985). The goals of nonpoint source pollution control efforts, like 
those aimed at point sources, are typically framed as ambient water quality goals or as 
goals for such biological indicators as levels of shellfish contamination. Yet, the 
control strategies proposed often represent radical departures from the water quality 
manager's tradition of centralized "command and control" decision making (Thomas, 
1985). 

Nonpoint source control efforts in newly emergent estuarine management 
programs, such as those in the Chesapeake Bay and Puget Sound regions, are now 
providing a testing ground for a number of alternative water quality management 
approaches. The rural nonpoint source pollution program recommended by the 
PSWQA, for example, would vest the authority to design and implement watershed 
action plans with ad hoc local watershed management committees, and would target 
control efforts on large and diverse segments of local populations heretofore not 

I Institute for Marine Studies, University of Washington, Seattle, Washington 98195. 
2u.s. Department of Commerce, National Oceanic and Atmospheric Administtation, Ocean 
Assessments Division, 7600 Sand Point Way N.E., Seattle, Washington 98115. 
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directly subject to pollution control measures (e.g., homeowners in unsewered areas, 
and hobby and commercial fanners). The very concept of a "source control program" 
would be redefined in a way that includes educational programs and technical and 
fmancial assistance as primary elements. In many instances the programs developed 
might rely on voluntary participation, thereby abandoning the traditional approach of 
rulemaking, compliance monitoring and enforcement (State of Washington, 1988). 

The problem presented by this shift in emphasis in pollution control strategies is 
clear. While the test of control program efficacy continues to be the ability to improve 
or maintain environmental quality, such proven technology-based implements as 
centralized collection and treatment plants appear to be of little relevance to remedying 
nonpoint problems. Where the primary focus was formerly on discrete, readily 
identifiable point sources, now the pollution sources of concern are numerous, diffuse 
and perhaps physically removed from the environmental problems they cause. And, 
because existing institutional arrangements for pollution control have evolved to operate 
best through centralized modes of control, the locus of concern in planning and 
management agencies may be many bureaucratic steps removed from the locus of 
pollution-generating activity in rural and semi-rural populations. In short, the problem 
for decision makers at all levels of government in coming to grips with nonpoint source 
pollution is a classic problem of implementation: program success will depend as 
much, if not more, on the actions of program administrators and their overseers, and on 
the cooperation of the thousands of individuals whose behavior must change if 
pollutant loading is to be reduced, as it will on the technical efficacy of the available 
control systems. 

In this article, we use elements of implementation theory to examine the question of 
how best to design nonpoint source pollution control programs. This perspective 
highlights the need to address in program development simultaneously two related but 
different types of questions: 1) What measures are capable of reducing pollutant loading 
when broadly applied in a particular geographic area of concern, and 2) what 
implementation approaches are capable of achieving sufficient levels of acceptance and 
utilization in the target population to assure attainment of program goals? Efforts to 
develop an "early action" nonpoint control program in the Burley Lagoon-Minter Bay 
watershed of south Puget Sound illustrate the difficulties decision makers can have in 
balancing the ability of proposed management options to achieve water quality and 
biological objectives against their effects on the willingness and ability of the intended 
target groups to adopt the necessary control measures. 

Focusing on potential implementation difficulties in program development leads to 
an emphasis on seeking and scrutinizing multiple perspectives on nonpoint pollution 
control problems. The perspectives of top-level decision makers, the intermediaries 
who would dispense policies, and the recipients of control measures are scrutinized 
carefully in implementation studies. An analysis of the problem of controlling 
pollutants associated with agricultural practices suggests that programs which blend 
regulatory, incentive-based, and public education elements may be necessary, given 
uncertainties about the effectiveness of particular control measures in achieving water 
quality goals (important to top-level decision makers) and about how proposed 
programs will be received by the target population (important to local agents) . 

... 
Given the nature of nonpoint source pollution, state guidelines cannot be expected, 

nor would it be desirable for them, to address situations in every watershed. The 
rationale for delegating much of the "hands on" work for program development to local 
watershed management committees is clear. Yet, this institutional arrangement places 
much of the burden on local committees, which must temper the mandate for 
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environmental effectiveness against the reactions of the local constituents most 
intimately affected. 

In the absence of fmancial or other incentives, the draft PSWQA guidelines will 
likely lead to local action programs which emphasize voluntary and educational 
elements. Recent experience in Puget Sound suggests however that such programs are 
not likely to achieve dramatic improvements in water quality. Strengths of program 
measures must be balanced against weaknesses, just as program effectiveness must be 
balanced against target population acceptance. It is therefore.incumbent upon managers 
at the state level to realize that the most direct means of correcting nonpoint source 
problems may not necessarily represent the likeliest to be successfully implemented; 
conversely, watershed management committee members cannot ignore the requirement 
for effectiveness in submitting a program to the state and to local constituents. 

ll. Nonooint Source Pollution Control as a Problem in Implementation 

In the nonpoint source pollution control arena, more than in other areas of pollution 
control, it appears that the success or failure of policies depends heavily on how they 
are delivered to and recei"ed by those individuals whose actions they are intended to 
affect. Problems of this type focus the attention of public policy analysts on the 
process of policy implementation, that is, the effort to put an organizational decision 
into place (Williams, 1975). Implementation, described by Hargrove (1975) as the 
"missing link" in policymaking, has been defined as "the ability to achieve the predicted 
consequences in a policy after the initial conditions have been met; the ability to forge 
subsequent links in the causal chain so as to obtain the desired results" (Pressman and 
Wildavsky, 1984). As Edwards (1980) has observed, "even a brilliant policy poorly 
implemented may fail to achieve the goals of its designers". 

Because implementation analysis focuses attention on the "delivery end" of the 
policy making process, it invites different modes of analysis than those which have 
come to be associated with "top-down" decision making. Top-down decision making 
begins 

... at the top of the [implementation] process, with as clear a statement as 
possible of the policymaker's intent, and proceeds through a sequence of 
increasingly more specific steps to define what is expected of implementers at 
each level. At the bottom of the process, one states, again with as much 
precision as possible, what a satisfactory outcome would be, measured in terms 
of the original statement of intent [emphasis added] (Elmore, 1982). 

The difficulties with this approach to policymaking stem from its underlying but 
often unarticulated assumptions -- that policies result from the actions of single, well­
defined decision makers, and that policies are best represented as the sum totals of their 
performance against the preselected criteria which defme the policymaker's original 
intent (Majone, 1976). In effect, policy implementation is viewed as a single cause­
effect chain flowing from top-level decision makers to the target population, through 
whatever intermediary agents are necessary. It is driven by the requirement that the 
selected policy implements address directly and effectively the problem of correcting the 
ills identified and characterized by the decision criteria. 

The problem with the top-down approach is that, because the search for possible 
implementation problems is not on a par with the analyst's search for corrective actions, 
unforeseen implementation difficulties may render the goals of policy unreachable. 
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Because the possibility of discretionary action on the part of policy intermediaries and 
members of the target population can never be completely eliminated, unintended 
consequences may serve to subvert the original policy goals. In studies of U.S. 
Economic Development Administration (ED A) efforts to reduce unemployment in 
Oakland, California, for example, Pressman and Wildavsky (1984) found that 
subsidies offered to employers to create jobs for minorities led to few actual 
employment opportunities for the intended recipients. According to the authors, this 
occurred because the EDA paid grants to employers before the jobs were filled, rather 
than subsidizing wages after candidates were employed. In this case, the unintended 
consequence of awarding grants prior to realization of the intended policy goal, i.e., 
hiring of minorities, was a substantial reduction in motivation to follow through on the 
part of the employers receiving the subsidies .. 

Ill. A Framework for Examinin~ Implementation Questions in Policy Evaluations 

Elmore (1982) describes an analytical framework intended to make explicit those 
considerations likely to be of primary importance to the population at which policy is 
directed, and to those governmental agents actually responsible for "dispensing" policy. 
The idea is to design policy "from the ground up." As a result, the emphasis in 
identifying goals for evaluating prospective policies is on the target behaviors at the 
lowest level of the system, where "administrative actions intersect private choices", 
rather than on the overall health or response of the system of concern. Conditions and 
actions necessary to realize these goals are then specified at each successively higher 
level of the hierarchy which leads to top-level decision makers. 

An essential feature of this approach is "perspective-taking" ability. The problem to 
be solved is viewed simultaneously from the perspective of the target population, 
policy-dispensing intermediaries, and program managers. The selection of appropriate 
policy approaches is then framed by the answers to such questions as: 

• What choices at the lowest level of the implementation hierarchy have the 
most immediate effect on the problem to be addressed? 

• Given these choices, what outcomes would be expected to follow? 

• What must implementing agencies do to promote desired outcomes and 
minimize deleterious effects on their own internal operations? 

• What external conditions could affect these outcomes? 

• Given all these considerations, what measures are available to the 
policymaker to effect the desired result? (Shigenaka, 1987) 

Such an analytical perspective encourages the examination of prospective policies at 
the level where they would be administered, focusing on the interface between the 
"street level" implementor and the program's consumers. Ideally, policy is tailored to 
accommodate the morass of technical, political and organizational factors which 
ultimately determine its success, rather than built on the presumption that the effect of 
such influences can be controlled to its advantage. 

The upshot of such an approach is that multiple perspectives -- particularly the 
perspectives of those at the interface between policy consumers and policy dispensers -­
must be sought and utilized in policy development The importance of such 
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considerations in implementing nonpoint source pollution control programs is well­
illustrated by Novotny and Chesters 0981): 

In translating verbal objectives (e.g., water quality suitable for recreation) into 
design criteria, the planner or the regulatory agency must choose with care and 
discrimination the objectives that will be maximized and those that will be 
treated as constraints. For example, a farmer would treat profits from his 
production of agricultural products as an objective and maintenance of water 
quality as a constraint. A planning agency would, on the other hand, consider 
water quality as the primary objective and maintenance of a viable fanning 
economy as a constraint. 

In the following section, we illustrate how such considerations might apply to the 
control of nonpoint source pollution associated with agricultural practices in the Puget 
Sound region. 

IV. Choices Among Agricultural Runoff Control Measures for Puget Sound 

The PSWQA's proposed nonpoint source pollution management regulations (WAC 
Chapter 400-12) emphasize local development and implementation of watershed action 
plans. However, fears have persisted in the region's agricultural community that local 
agents will simply opt for the regulatory programs thought to be preferred by higher 
level authorities (Doran, 1987). The proposed regulations emphasize that action plans 
may contain a variety of elements, including 

... use of best management practices ... ; inventories of individual farm 
plans; voluntary action for prevention and correction; special considerations for 
noncommercial farms; education; incentives; compliance; and other appropriate 
measures (State of Washington, 1988). 

Yet, in the same set of draft regulations, it is made explicit that the required long­
term assessment of the chosen package of measures emphasize that program 
effectiveness is to be judged in terms of "trends related to water quality, habitat, 
biological conditions and land use". 

How might proposed nonpoint source control measures be analyzed in a manner 
that explicitly accounts for the differences in the way such measures are perceived by 
policy planners, policy dispensers and the recipient population? More importantly, 
how might the elucidation of such differences be usefully incorporated into program 
design? 

Measures that might be considered in a program to control nonpoint source inputs 
of fecal coliform bacteria -- a major pollutant concern in the shellfish growing areas of 
Puget Sound -- include the fencing of watercourses running through or adjacent to 
properties where livestock are kept, and the use of agricultural extension agents to 
advise property owners about the importance of proper livestock management and the 
means to effect it These two measures represent qualitatively different approaches that 
would be perceived in different ways by the parties involved in the policymaking 
process. State level managers might embrace the idea of fencing farm animals away 
from bodies of water because they believe it has a reasonably good chance of reducing 
fecal coliform levels. Recognizing that it would be an onerous, high-cost endeavor for 
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local property owners, they might favor a regulatory approach with economic 
incentives. Property owners, however, seeing such a program as burdensome and 
unnecessarily intrusive, might become resistant to the idea of any regulatory program. 
In such a situation, local watershed committees would find themselves in the position 
of balancing the local political risks of recommending regulatory programs against the 
risks of being held accountable to higher authorities for taking directions not likely to be 
viewed as effective in reducing pollution loading. 

A program of extension agent outreach, therefore, would offer the great advantage 
in the eyes of local planners and property owners of being voluntary, in terms of 
specific controls which might be recommended. It would also offer a number of 
perhaps less immediate benefits, such an an opportunity to gather, through field 
personnel visits, more information on the precise nature of pollution-generating 
activities in the district, and additionally projecting a positive image of an assistance­
oriented bureaucracy. Higher-level authorities would, of course, perceive these same 
benefits, but might have more reason to be concerned that program effectiveness will 
ultimately depend on the willingness of property owners to adopt measures 
recommended by extension agents. 

Because such regulatory initiatives as the PSWQA's draft regulations emphasize 
that effectiveness in protecting water quality is the criterion which must ultimately be 
served, top-down-oriented decision makers would be inclined to favor required 
property owner participation in whatever measures are adopted. They might then look 
to fmancial incentives and other mitigating measures designed to make such programs 
more palatable to their recipients. 

In contrast, a "bottom-up" perspective on the same situation might attach more 
importance to maximizing the ability of local decision makers to interact effectively with 
property owners in important watershed areas. With such a perspective one might 
focus more on how levels of participation sufficient to fulfill policy objectives could be 
achieved in what are essentially voluntary programs. 

Elmore (1984) adopts an economic perspective in suggesting that the effectiveness 
of such approaches will depend on whether consumer preferences for desired policy 
outcomes relative to other goods are really aligned with agency preferences. The 
assumption in choosing a voluntary approach, therefore, is that the information and/or 
assistance programs that comprise a voluntary approach will change behavior in the 
target population so that it reflects more closely what policy makers want. However, 
Harrington et al. (1985) suggest that people will not voluntarily alter their patterns of 
behavior unless, among other things, they are convinced that a) the policy objectives 
are worthy and the recommended actions will promote them, and b) the costs they will 
bear do not exceed the benefits they perceive they would accrue if the measures 
succeed. 

Moving beyond a purely academic discussion of policy interactions in the nonpoint 
source control arena, what, then, are the practical considerations for policy makers at 
the state and local levels? What are the relevant lessons? A program which emphasizes 
the utilization of information on the perspectives of the different actors in the causal 
chain which implements policy in its design might consider steps like the following: 

• Compile a comprehensive list of applicable nonpoint source pollution control 
measures that might be included in the program; 

2 71 



• Consider major groups with an interest in the watershed plan, and evaluate 
each measure from each perspective -- citing both strengths and weaknesses; 

• Consolidate strengths and weaknesses by measure, in order to provide an 
oveiall summary of each measure; 

• Focusing on weaknesses, evaluate how each might be reduced or 
ameliorated; 

• Examine constraints that might affect efforts to address weaknesses in a 
program; 

• Eliminate from further consideration those measures clearly incompatible 
with those constraints unlikely to be ameliorated by other actions which 
might be built into the program; and, 

• Construct a program from the remaining measures, balancing the mandate for 
effectiveness against other watershed-specific constituent concerns. 

This approach offers the advantages of explicit consideration of a number of 
perspectives, and a process that anticipates potential problems of program 
implementation. In this way, a more efficient and hopefully less adversarial 
policymaking procedure would be promoted. 

V. Conclusions: Lessons for Puget Sound 

It is, of course, premature to suggest that the PSWQA's proposed nonpoint source 
control program will run into implementation difficulties as it is applied to watersheds 
in the Puget Sound region. It can also be argued that the approach outlined here is 
intuitively obvious, and a structured restatement of the process as it in fact exists. 
Nevertheless, the early experience with rural nonpoint control in the region suggests 
that Agency planners would do well to adopt an implementation-focused perspective in 
anticipatory planning. As Shigenaka (1987) and Carter (1987) have documented, 
Washington Department of Ecology attempts to develop in 1984 a nonpoint program 
aimed at shellfish protection in the Burley-Minter watershed of south Puget Sound 
shifted in an uncontrolled fashion from a strongly regulatory approach to one that was 
heavily voluntary in character. The regulatory program initially proposed showed a 
predominant top-down approach to its design and implementation; predictably, it 
generated considerable local protest The replacement program developed by a local 
citizens advisory committee, however, may have little in it likely to generate meaningful 
levels of citizen response to its campaign to increase public awareness of nonpoint 
source problems and solutions. An analysis of the program's effectiveness in reducing 
pollutants (Struck, 1986) has been rather pessimistic. 

Implementation analysis focused on the delivery end of. the policy process can 
anticipate implementation problems which, when unaddressed, serve either to render 
programs ineffective in achieving their goals, or to take control of program evolution 
effectively out of the hands of those with the greatest stake in having it succeed. 
Because such analysis is infrequently applied by decision makers in program design, 
most implementation studies to date have revealed after-the-fact consequences of 
implementation failures too late to do much for the programs which have failed. The 
approach described here offers one way to anticipate prospective problems rather than 
simply react to them. In the Puget Sound region, such a shift could result in efficient 
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crafting of more effective policies to address the ongoing challenge of nonpoint source 
pollution. 
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SUMMARY STATEMENT 

Robert L. Bish* 

Each of the papers presented here makes an extremely important 
point. Assimilative capacity must be brought out of the closet and 
examined specifically. In a world of scarce resources zero input 
or arbitrarily defined rules are not feasible because to garner 
support for pollution control policies it is important to be able 
to demonstrate the benefits that result from them exceed their 
cost. 

In order to predict and estimate benefits that can be expected to 
flow from alternative policies we need better information. An 
important way to gather this information is to treat each policy 
change as an experiment - monitoring it as one would an experiment 
and thus comparing hypothesized with actual consequences. This 
approach, called adaptive management, enhances learning even if 
policies do not all achieve their intended results. 

Policies can fail for a variety of reasons. One reason is that 
they are not implemented successfully. Historically most water 
pollution control measures have been engineering and 
technologically based, with implementation by well-trained 
professionals. As policies become more diverse and decentralized, 
and especially as successful implementation depends on the behavior 
of citizens (e.g. household toxics, land-use run-off, etc.) 
implementation becomes much more difficult. Thus, each policy must 
be examined not only in terms of its likely success if it is 
implemented successfully, but in terms of the likelihood of its 
being implemented successfully. This approach is called an 
implementation perspective. Assimilative capacity (or lack 
thereof) and accompanying benefit-cost analyses are also an 
important part of the implementation perspective because 
citizens and decentralized decision-makers must really support 
policies because they believe they are beneficial, something that 
they will not do if policy such as zero discharge is advocated as 
an end in itself without any evidence that benefits flow from such 
a policy. 

Together the three papers presented in this section treat three 
very important issues in environmental decision-making. 

*Professor of Public Administration and Economics, University of 
Victoria. 
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SHELLFISH 
CONTAMINATION 
WHAT ARE THE SOURCES? 

Marleen M. Wekell, 
U.S. Food and Drug Administration 
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Introductory Statement 

Marleen M. Wekcll* 

Molluscan shellfish are highly regarded as a food in the United States. 
During the twentieth century many of the productive shellfish growing areas 
in the U.S. have been closed. Some of these closed are include the following 
(2): Boston Harbor, closed in 1909; San Francisco Bay, closed in the 1930's; 
Raritan Bay, closed in 1961; and parts of Chesapeake Bay, Narragansett Bay, 
and Puget Sound. These closures have been due to natural phenomena, 
overfishing, and/or pollution. 

There are four major issues associated with shellfish safety. These are the 
presence of pathogenic microorganisms, marine toxics, chemical contaminants, 
and decomposition. The first three will be discussed today. 

Before the talks in our session begin, let us review some relevant factors 
regarding shellfish contamination. First of all, shellfish are filter feeders. 
They feed by pumping water containing particulates through gill systems so 
that biological and chemical contaminants may be ingested if present. 
Second, shellfish grow in estuaries, often subject to contamination. Finally, 
shellfish are often eaten raw and whole. 

The FDA provides administrative oversight regarding the regulation of 
shellfish in the U.S. Prior to 1925, the safety of shellfish for human 
consumption was evaluated by microbiological evaluation of the shellfish. This 
system was changed to evaluation of shellftsh growing water after the 1924-
1925 typhoid fever breakouts associated with consumption of law clams (1, 2). 
The National Shellfish Sanitation Program (NSSP) was formed at this time 
also. The NSSP is a voluntary cooperative program between the FDA, state 
shellfish control agencies and the shellfish industry. Shellfish growing waters 
are evaluated with the following guidelines (5): 

1. There should be no nearby discharges of sewage containing human or 
animal waste. 

2. The waters should be free of dangerous quantities of industrial wastes. 

3. Paralytic Shellfish Poison (PSP) levels should not exceed 80 
micrograms/100 gm of shellfish. 

4. Coliforms should not exceed 70/100 ml water, and not more than 10% of 
the samples exceed 230/100 ml for a 5 tube MPN decimal dilution test. 

*Seafood Products Research Center, Food and Drug Administration, 909 1st 
Avenue, Seattle, Washington 98174 
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5. Fecal coliforms should not exceed 14/100 ml water, and not more than 
10% of the samples exceed 43/100 ml for a 5 tube MPN decimal dilution 
test. 

Since 1900, there have been approximately 11,600 cases of shellfish-borne 
disease in the U.S. and Canada (3). The cases can be broken down by 
percentage incidences into the following categories for the U.S. (3): 

Gastroenteritis (unknown etiology) 
Typhoid (no cases reported since 1 959) 
IIifectious Hepatitis 

43% 
26% 
11% 
11% Norwalk Virus (1980-1986) . 

Vibrio species 2% 
7% Unspecified 

There are several other factors to consider regarding the contamination of 
shellfish by biological or chemical means. There is a need for better methods 
to evaluate bacteria in marine environments for most methods underestimate 
·their numbers. Also there is new and intriguing evidence that marine 
bacteria can undergo a viable, but non-culturable phase ( 4). Some of these 
bacteria may play a role in formation of marine toxins. Also there are some 
"new" marine toxins besides PSP such as the one recently involved in the 
contamination of mussels in the area of Prince Edward Island in Canada. 
Indicator organisms and pathogens from humans versus animals in shellfish 
growing waters are also subjects of continued debate. There have been few 
studies regardin~ chemical contamination of shellfish and risks posed to 
humans consummg them. 

Some of these issues will be discussed today. The five papers presented here 
will include discussions of potential pathogens, the microbiolo~ of inshore 
and deepwater sites, fecal coliforms from harbor seals, microbiOlogical and 
chemical contaminants in shellfish and PSP in shellfish of Puget Sound. Let 
us begin! 
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INCIDENCE OF POTENTIAL PATHOGENS 
IN 

PUGET SOUND WATERS AND SHELLFISH 

Charles A. Kaysner, Carlos Abeyt;.a, Marleen M. Wekell, 
Robert F. Stott, and Mary H. Krane 

Introduction 

Many of the shellfish growing areas within the Puget Sound basin 
are subjected to pollution from nonpoint sources. These sources 
can and, in some cases, do contribute bacteria which have been 
traditionally considered as pathogens. Several of the small 
bays within Puget Sound, some used for harvest of oysters, 
Crassostrea gigas, are impacted by a variety of nonpoint 
pollution sources in the watershed such as septic systems, 
livestock, waterfowl, and wildlife. 

Failing septic systems in some areas have been shown by analysis 
of water samples to contribute significant levels of fecal 
coliforms; in other cases, septic systems have been suspected as 
the cause of sporadic high bacteriological counts, but an actual 
cause and effect relationship could not always be demonstrated 
through analytical procedures or dye studies of the systems. In 
theory, the result would be the same in both cases. The area 
would be closed, to harvest without actual sources being 
deter-mined if one were to interpret the National Shellfish 
Sanitation Program. 

Therefore, the purpose of a recent study by the u.s. Food and 
Drug Administration and washington State Department of Social 
and Health Services was to develop better methods to evaluate 
nonpoint pollution sources and, to gather more data on the 
incidence of pathogens in various estuaries where there were 
observable nonpoint pollution sources. 

Materials and Methods 

This study focused on two small estuaries within the South Sound 
basin, Eld Inlet and North Bay in Case Inlet. Streams, water 
from drainage ditches, shoreline sediments, and shellfish 
species were enumerated for total coliforms, fecal coliforms, 
fecal streptococci, c. perfringens, and heterotrophic count to 

*seafood Products Research Center, Food and Drug Administration, 
909 1st Avenue, Seattle, washington 98174 
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determine sources. A qualitative assessment was made of samples 
for species of Yersinia, Aeromonas, Vibrio, and Salmonella. 
Sampling took place in May, 1986 (dry study), and March, 1987 
(wet/Winter). During March, 1987, well points or sampling tubes 
were placed in strategic locations to collect sub-surface water 
samples. It was thought that water from those well points might 
indicate possible fecal contamination not readily observable 
during a normal shoreline sanitary survey. All water samples 
were passed through membrane filters, either 250 or 500 ml 
portions, and the membranes were analyzed for pathogenic 
organisms. 

Visual observation and historical shoreline information were 
used to select sampling stations during the study. These 
stations consisted of fresh water tributaries and areas 
demonstrating the following: underground seepage; organic 
buildup on the beaches indicated by algae growth; and silt 
layers which may enhance survival of bacteria versus sandy or 
gravel shorelines. Sampling sites within the watershed were 
chosen to determine additional impact. 

Results 

The bacteriological results confir.med that visual inspection and 
the historical sanitary survey information about the beach used 
to establish sample sites were, in some instances, of benefit. 
The samples as collected do demonstrate potential pollution to 
growing areas. 
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FIGURE 1. Results of shoreline sample stations based on visual 
observation in Eld Inlet showing diverse bacteriological content 
and possible impact from nonpoint pollution. (TC - total 
colifor-m, FC - fecal colifor-m, FS - Fecal streptococci, HTC -
heterotrophic count.) Values are geometric mean of bacterial 
numbers for stations within each plot. 
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Figure 1 is an example of one of the areas that was found to 
have va~ing beach conditions and dramatic diversity in 
bacteriological content. It would appear then that nonpoint 
sources found on this particular beach can impact the adjacent 
growing area. Elevated heterotrophic, total and fecal coliform, 
fecal streptococci, (reported as geometric means of the sample 
stations within the plots on the beach) and c. perfringens 
counts were found in areas that appeared in most cases to have 
greater organic load. 

A number of traditional pathogenic bacterial species were 
isolated from the shorelines. Table 1 presents the incidence of 
pathogenic species found during the two study periods. A I 
seasonal, but contrasting, incidence is noted in two of the j 
genera, Vibrio and Yersinia. Mesophilic Vibrios were more . 
c0111110n i~r months While Yersinia spec1es were more 
prevalent during the winter or colder times of the year due to 
their psychrotolerant nature. We have found similar results in 
other studies done in Puget Sound. DNA hybridization analyses, 
using virulence marker probes, of species of these groups found 
none of the Vibrios to contain virulence factors. These two 
Vibrio sp. have not been historically shown to be related to 
~pollution. One isolate of Y. enterocolitica from the 260 
tested was found to contain the vrrU!ence plasmid. It was 

TABLE 1. INCIDENCE OF PATHOGENS IN 'R«> SOt11'H SOUND 
SHELLFISH GIO'n~ AREAS 

MAY 1986 MARCH 1987 

Total Samples 140 131 

v. cholerae, non 01 2.9% 0.08% 

v. J2!rahaemolyticus 15.0 0.02 

Y. enterocolitica 17.1 33.6 

Aeromonas sp. 90.7 84.7 

c. perfringens 93.6 86.2 

salmonella sp. 0.02 0.02 
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isolated from a beach sediment below a house with a suspected 
failing septic system (the house shown in Fig. 1). Although a 
low incidence of pathogenic strains of Y. enterocolitica was 
found in the total population, the poential for contamdnation of 
the shellfish is evident. Y. enterocolitica was approximately 
1/3 to 1/2 of the total YerSinia poP\ilation in May and March 
respectively. 

A high incidence of Aeromonas and f· perfringens was found 
during both studies. A seasonal occurrence was not evident. 
Potential pathogenic strains of Aeromonas were isolated from all 
sample types. Biochemical markers of virulence, including 
beta-hemolysins, were found in over 90% of the strains isolated. 
'Dle Aeromonas group has been found from previous studies to be a 
common resident of aquatic environments. While c. ~rfrin¥ens 
has been previously used primarily as an indicator o feca 
pollution from warm blooded animals, a recent study by Rhagubeer 
and Matches, at the University of Washington found that over 75% 
of the environmental strains they tested were capable of 
producing enterotoxin, the factor involved in human illness. 
Additionally, approximately 30% of their isolates were the same 
serotype c0111110nly found implicated with human illness. 'lhus, we 
may have an organism with human health implications that should 
be looked at in a more serious light, particularly where other 
causative agents in shellfish illnesses cannot be identified. 

Salmonella serogroup C1 was isolated from sediment at the same 
sample site in one bay during both studies. This suggests a 
continual source of this pathogen during a nine-month period. 
Although not proven, the presence of a hobby farm with 
ducks/geese appeared to be the source of this pathogen. The 
presence of Salmonella of the same serogroup in a small fresh 
water stream near the farm and on the shoreline below indicates 
a direct and continued source of contamination to the shellfish 
growing area. 

Conclusions drawn from the study are: 

(1) Bacterial species that have been traditionally 
classified as human pathogens can be found in areas 
impacted by nonpoint pollution. 

( 2) Bacteriological analysis of sediments can be 
supportive of visual shoreline appearance. 

TO confirm the above findings and the conclusions drawn 
from this study would require additonal sampling as per 
NSSP criteria. Samples would be collected during the most 
adverse pollutive and hydrographic conditions. In the 
Puget Sound area, this would be during a high rainfall 
period which would charge the ground water system coupled 
with moderate tidal excursion. 

283 



Microbiology of Inshore and Deep Water Environments 
of the Seahurst Area of Puget Sound 

Dr. Jack Matches*, Steve Fischnaller, Errol V. Raghubeer and 
Denise Anderson 

INTRODUCTION 

This paper is a report of work done between July 1982 and 
March 1984. Data collected during this 21-month study was designed 
to obtain pre-discharge ecological data for a planned expansion of 
the Renton Sewage Treatment p 1 ant. The p 1 an ned discharge into 
Seahurst Bay was changed and the final site chosen was from Duwamish 
Head into Elliott Bay. These microbiological studies, a part of a 
large study, were directed towards environmental health aspects and, 
we studied indicator organisms and pathogens. . j 

Bacteria are continually discharged into Puget Sound from a 
number of sources. These include municipal sewage treatment plant 
effluent; sewage treatment plant overflow; industrial waste; storm 
water runoff; private sewage discharges in the form of septic tank 
leakage; farm waste and resident animal waste. While most sewage­
associated bacteria are harmless to humans, a small but significant 
portion are known human pathogens. 

The presence of pathogenic and indicator bacteria in the 
marine environment can have a direct relationship to human health. 
There is 1 imited contact between humans and most of the offshore 
water column; however, much more contact occurs between humans and 
the intertidal areas. When pathogenic bacteria and viruses are 
present in the intertidal zone, human exposure may occur through 
several activities including beachcombing, shellfish harvest and 
consumption, fishing, swirmling in warmer months, and scuba diving 
throughout the year. The presence of pathogenic organisms in the 
intert ida 1 zone can thus pose a public health hazard to users of 
these areas. Contact between humans and the Puget Sound basin is 
limited and through fish harvested from the area. 

When pathogenic bacteria, originating in the gut of man or 
other warm-blooded animals, are present in the water column and 
intertidal waters in numbers too low for reliable detection, the 
indicator organism concept becomes important. These indicators are 
also found in the gut of man and other warm-blooded animals but in 
much higher numbers than pathogenic bacteria. When these indicators 
of fecal pollution (fecal coliforms, enterococci and Clostridium 

*Professor, Institute for Food Science and Technology, University of 
of Washington, Seattle, Washington 98195 
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~erfringens) are found in water and shellfish samples, the potential 
or the presence of enteric pathogens is high. 

Sampling Stations 

Intertidal sampling stations used in this study are shown in 
Figure 1. The beaches shown include Lincoln Park, Seahurst Park, 
Normandy Park, Des Moines-Vashon Ferry, NE Vashon Park, Tramp Harbor 
and Robinson Park. Also, note the indicated sewage disposal 
outfalls in or near the sampling area. The sampling areas for 
water, fish and sediments are shown in Figure 2. Water column 
stations are numbered from 1 to 13. Stations 4-10 and 12 and 13 
were used in this study. 

Sample Descriptions 

Samples collected and analyzed during this study are shown in 
Table 1. Intertidal samples of water, shellfish and sediment were 
collected on a monthly basis from the beaches on the east side of 
Puget Sound. Additional samples were collected on a quarterly basis 
from the four sites on Vashon Island. 

Water column samples were collected on a monthly basis from 
five of the nine stations per month. Basin sediments were collected 
only once during this project. Fish intestinal content samples were 
collected on a quarterly basis during the last half of this project. 
Fish and sediments were collected from the basin area shown in 
Figure 2. 

Bacteria isolated during this study were different for each 
type of sample collected but included fecal coliforms, Yersinia 
enterocolitica and Salmonella for shellfish. Intertidal water 
samples were monitored for the presence of fecal coliforms, 
enterococci and Salmonella. Intertidal sediments collected in the 
same area as the clams were monitored only for the presence of 
Clostridium perfringens. In the water column, samples collected at 
one meter depth were measured for the presence or numbers of 
indicator organisms (fecal coliforms) and pathogens (Yersinia 
enterocolitica and Salmonella). 

Basin sediments were analyzed for the presence of the 
indicator and pathogenic organism Clostridium perfringens to produce 
baseline data which characterizes the accumulated fecal pollution ·in 
these areas. Fish intestinal contents were also analyzed for 
Clostridium perfrinfens to measure the potential pick-up of fecal 
pollut1on from the 1sh feeding areas. 

RESULTS AND DISCUSSION: 

Results are presented on the microbiology of samples collected 
from the intertidal area, the water column and sediment and fish gut 
contents. A total of 707 samples were collected and analyzed during 
this study. 
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Intertidal 

InterMdal beaches are used for the harvest of shellfish. 
Since shellfish are filter feeders they will pick up bacteria from 
the water and are thus indicators of the sanitary conditions of the 
water. In addition, since shellfish are often given very mild heat 
treatments during cooking, the bacteria present may not all be 
killed. In this study, clams were the primary shellfish species 
present. In other areas of Puget Sound, oysters are the predominant 
shellfish species harvested and consumed, and often without cooking. 
In fact, oysters are the only animal eaten alive. Therefore, 
animals eaten alive or undercooked could be the source of potential 
pathogens for consumers. 

The levels of fecal coliforms in intertidal water are shown in 
Figure 3. Numbers enumerated by the most probable number method 
(MPN) vary between less than 10 to almost 200 per 100 ml of water. 
The significance of these data is that six of the beaches sampled 
had fecal coliform levels higher than the Food and Drug 
Administration guidelines permit for commercial harvest. The 
guidelines for shellfish growing waters permit a maximum mean of 14 
feca 1 co 1 iforms per 100 m 1 with not more than 10% of the samp 1 es 
exceeding 43/100 ml. Although these beaches are not used for 
commercial harvest, they do support private or recreational 
harvesting. The 1 eve 1 s of feca 1 co 1 i forms indicate that potentia 1 
pathogens may be present. This indicator concept does not mean that 
if fecal coliforms are high, pathogens will be present. The 
usefulness of the concept is that if fecal coliform levels are low, 
the chance for the presence of pathogens is also low. 

The levels of fecal coliform bacteria permitted (by the 
guidelines) in shellfish at the wholesale level are 230/100 grams 
meat by the MPN procedure. Since water samples had high numbers of 
fecal coliforms, it is not surprising that clams also exceeded the 
guidelines for commercial harvest as shown in Figure 4. Beaches 
with intertidal water not meeting the shellfish harvest guidelines 
were also the beaches with high numbers of fecal coliforms in the 
shellfish. The numbers in shellfish were higher than numbers in 
water. This difference was due to the filter feeding by clams. In 
pumping water the clam was able to filter and concentrate the 
bacteria. 

Clams were tested for the presence of Yersinia enterocolitica 
and data obtained are shown in Table 2. Yers1n1a 1s not an 
indicator of fecal pollution. Instead Yersinia enterocolitica is a 
human pathogen and has been implicated 1n food borne disease. Since 
Y. enterocolitica and Y. enterocolitica-like organisms can only be 
distinguished through -biochemical testing (or gene probes when 
available) and not by colony appearance on selective plating media, 
the MPN values collected during the study were a combination of the 
four species. After identification, actual numbers were calculated. 
Over 400 cultures of Yersinia were isolated from clams and 162 or 
38% were identified as Y. enterocolitica. The three other species, 
intermedia, frederiksenTi and kristensenii made up the remainder 
(Table 3). 
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A seasonal fluctuation in numbers of Yersinia enterocolitica 
is evident from Table 2. During the colder months of January 
through March when water column temperatures dropped to 8.5°C, 38 of 
49 shellfish samples (78%) were positive, whereas only 4 of 50 
samples (8%) were positive from July through September when water 
column temperatures peaked at 15°C. The effects of temperature on 
Yers inia numbers are shown in Figure 5. As the water temperature 
decreases, the numbers of Yersinia increase. This inverse 
relationship also holds true at higher water temperatures. 

Yersinia enterocolitica are entering the environment 
throughout the year but are present in higher numbers during cold 
weather. This seasonal increase has not been explained but may be 
due to prolonged survival of the organisms, or they may be 
introduced to the marine environment in greater numbers during the 
winter months. 

The numbers of salmonella isolated in these studies (Table 3) 
were low. Only one isolate was recovered and identified from 104 
clam samples tested. Also only one isolate was recovered from 102 
intertidal water samples. Both come from the area of Vashon Island. 
Also, this pathogenic bacterium was not isolated from the 66 water 
column samples tested. 

Salmonella are enteric pathogens which are excreted in high 
numbers from patients suffering from salmonellosis. During 
salmonellosis outbreaks involving large numbers of people, the 
leve 1 s of these pathogens can increase in sewage. During other 
periods, the numbers discharged in sewage are reduced greatly by 
dilution and short survival in the marine environment. The levels 
isolated in these studies was low. Only two samples out of 272 
tested were positive for Salmonella. Data reported during the last 
few years indicate that pathogens and other bacteria may be present 
in the environment but not culturable. Although not tested, this 
may have happened in this study. 

Clostridium perfringens were isolated from both shellfish and 
intertidal sediment (Figure 6). Numbers varied between about 18 and 
65 per gram of shellfish tissue and between 9 and over 100 per gram 
of intertidal sediment. These bacteria which are both pathogens and 
indicator organisms show that fecal material has reached the 
environment. They are present in the sediment and also in the clams 
which are consumed. Data from our studies and that reported -by 
other workers show that ~· perfringens are present in the 
environment as spores. This partially explains the numbers in the 
environment. In addition to reaching the environment in high 
numbers, the resistant spores permit the organism to remain viable 
for long periods of time. This was borne out with short term 
viability studies in soil from our earlier work. 

Enterococci or fecal streptococci are gut organisms often used 
as indicators of fecal pollution. As with the other indicator 
bacteria, when found in the environment, they indicate fecal 
contamination and the potential presence of pathogenic bacteria 
(Figure 7). Enterococci are present in the intestinal tract in 
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lower numbers and die off more slowly than fecal coliforms. The 
enterococci also do not normally multiply in water. 

Published data show that when the ·levels of enterococci 
increase in marine recreation waters to levels of 10 or more per 100 
ml, the rate of gastrointestinal symptoms among swimmers increases. 
Enterococci levels in this study exceeded 10 per 100 ml in the same 
sampling areas where fecal coliforms were high, a further indication 
of fecal contamination. 

Water Column 

Stations, numbers 6, 12 and 13, are the only water column 
sites with mean MPN fecal coliform values that exceed 14 per 100 mls 
of water (Figure 8). Station number 6 is located approximately 0.1 
mile from the Salmon Creek sewage discharge point. Pollution 
sources causing an increased fecal coliform density at stations, 
numbers 12 and 13, were unidentified. 

The differences between fecal coliforms in offshore and 
intertidal water are not clear. However, fecal sources in 
intertidal areas may be runoff, small streams, shore birds as well 
as particular matter moved to the intertidal areas by wind and tidal 
currents. Offshore water, which is deep may undergo mixing with 
dilution of the numbers of bacteria even through sewage disposal 
outfalls are in the sampling area. In our portion of the study we 
did not trace the sources to their origin but rather measured the 
organisms present at the sampling stations. 

The presence of Yersinia enterocolitica in the water column 
was measured. Only one out of 76 water column samples was positive 
for this pathogen. The positive sample was collected in December. 
In addition, only one water sample, collected in January, was 
positive for Y. enterocolitica-like species. The water column 
samples, due to dilution, contain lower numbers of organisms than 
shellfish because of the concentrating effects of the shellfish•s 
filter feeding method. 

Yersinia enterocolitica are present in higher numbers in the 
inshore areas than the water co 1 umn. This may be re 1 a ted to the 
proximity of the inshore sampling sites to potential sources of 
contamination. 

Sediments and Fish Guts 

Marine basins have been shown to act as rece1v1ng troughs for 
particulates settling out of the water column. In water systems 
that are subjected to 1 arge volumes of sewage effluents, such as 
Puget Sound, the bacterial load which settles out with the 
part i cu 1 ates increases tremendously. A 1 so, 1 iterature data show 
that a close relationship exists between the amount of sewage 
pollution and the levels of £. perfringens in marine basin 
sediments. In this study the levels of C. erfrin ens enumerated 
from basin sediments at the shallowest depth tested 61 meters) was 
763 cells/gram, whereas an average of 15,867 £. perfringens 
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cells/gram were enumerated at the deepest location of 191 meters 
(Figure 9). 

The higher numbers of £. perfringens in the basin sediments, 
although affected by pollution levels, may also be influenced by the 
temperature regime in the deeper waters. Spores and possibly 
vegetative cells may survive longer in the deeper regions because 
the temperature is lower and more stable than temperatures at 
intertidal sites. Since high numbers of C. perfringens were found 
in sediments showing a concentration of fecal mater1al, we examined 
the gut contents of fish collected between 50 and 200 meters depth. 
In previous published work, we found that the numbers of C. 
perfringen in fish gut contents varied depending upon the levels of 
pollution in the sampling areas. In that study, the area off the 
end of the diffuser pipe at the West Point outfall contained high 
numbers of £. perfrin~ens. As we traveled north through Puget Sound 
and then out the stra1ghts of Juan De Fuca the numbers decreased. 

In this study (Figure 10) the numbers of £. perfringens from 
fish varied from approximately 90 organisms per gram of gut contents 
at Tramp Harbor to over 446 organisms per gram of gut contents at 
the Seahurst sampling station. 

We feel that the high levels of C. ~erfri~ens in fish gut 
contents is indicative of the fecal materia ln t e basin and this 
material is picked up by fish probably during foraging. 

As a surrmary of £. perfringens work, the data in Figure 11 
show the variation in numbers between types of samples collected. 

Hundreds of C. perfringen isolates were collected during these 
studies and 90 were sent to the Center for Disease Control in 
Atlanta, Georgia for serotyping (Figure 12). These included 
isolates from intertidal as well as basin areas. CDC was able to 
serotype approximately 50% of our isolates which was greater than 
the approximately 40% they routinely type from clinical samples. 
These serotyped organisms fell into 30 different serotypes that 
contain strains causing food poisoning and other health problems in 
humans. 

Some strains of C. perfringens produce enterotoxin which is 
responsible for food pO'lsoning in humans. We developed an enzyme 
linked irrmunosorbent assay (ELISA) technique to determine the leve.ls 
of enterotoxin produced by selected isolates including those 
serotyped (Figure 13). Many of the isolates collected in this study 
produced enterotoxin and those from the basin produced the highest 
levels. 

We conclude from these basin studies that contamination is 
coming primarily from municipal sewage effluent discharges, with the 
higher numbers of organisms being correlated with closeness to the 
sewage outfalls. Serotyping of isolates indicate that strains of c. 
perfringens that cause human food poisoning are present in the 
marine environment. Some of these bacteria could conceivably have 
been excreted in feces by individuals suffering from perfringens 

289 



gastroenteritis. Also, a less likely conclusion is that they are 
naturally present in the environment. This relationship may be 
measured when a rapid serotyping procedure is available for 
environmental strains of~· perfringens. 

CONCLUSIONS 

The conclusions drawn from these data show several things. 

1. An area we originally thought to be pristine was in fact 
impacted by pollution. 

2. Some of the sources of pollution were not obvious until 
we found that water reaching the sampling areas could be influenced 
by 9 different sewage outfalls close to the sampling sites. 

3. Levels of fecal coliforms in intertidal areas were above 
the guidelines permitting commercial shellfish harvest. Counts were 
high in the growing waters as well as in shellfish. 

4. Although data were not presented, Vibrio 
parahaemolyticus was not present in high numbers in samplescJiie 
poss1bly to cold water temperatures. It is common for these 
organisms to reach high numbers in shallow bays where water 
temperatures increase. However, along the main body of Puget Sound 
which is deep with mixing the temperatures do not increase to levels 
permitting vibrio to increase rapidly. 

5. Salmonella an enteric pathogen were detected in only two 
samp 1 es. Low numbers may be a resu 1 t of 1 ow 1 eve 1 s added to the 
environment, failure to survive in the marine environment or the 
presence of unculturable salmonella. 

6. Clostridium perfringens, one of the most widely spread 
pathogens is also an 1ndicator organism. It measures past and 
present fecal contamination. This organism was found in all samples 
we tested. 

7. The ~· perfringens isolated from fish gut and basin 
sediments showed a h1gher proportion of enterotoxin production (% of 
population), than from intertidal areas. 

8. The C. perfringens from the deep area also produced --~ 
higher levels ofenterotox1n than isolates from intertidal areas. 

9. We fee 1 that the d i sposa 1 of sewage accounts for the 
presence of high numbers of f. perfringens in the basin areas. 

10. The organisms in the intertidal and water column areas 
may come from sewage particulate matter floating to the surface and 
moved by ·wind or currents. In addition, organisms in the intertidal 
area can be contributed by sources from 1 and such as runoff and 
streams contaminated by humans or animals. 
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TABLE 1: Total number of samples examined 

SN-1PLE 
TOTAL NUf-1SER 

OF SAMPLES 
TYPE COLLECTED 

SHELLFISH 178 

INTERTIDAL 166 
WATER 

INTERTIDAL 178 
SEDir•1ENT 

WATE.~ 106 
COLUMN 

BASIN 18 
SEDIMENT 

FISH INTESTINAL 61 
CONTENTS 

TABLE 2: Incidence of Yersinia enterocolitica sensu stricto 
in shellfish 

Honths supled 

n J A S 0 H D J F M A M J J A 0 H D J F H 

Lincoln Pk. 2S 

Seahurst Pk, 42 

Nol'1118ndy Pk. 40 -
Des Hoines Bch. 38 

Vashon Ferry 6 

HZ Vashon Pk 

Tra.., Harbor 6 

Robinson Pk. 

- + - + + - - - + -
- + - - + + + - + - + - - - + 

- + - + + + + + + - - - + 
- + + + + + + - + + + - + + + 

+ 
+ 
+ 

211 

- + -
- + + 
+ + + 

+ + + 
+ 
+· 
+ 
+ 



TABLE 3: Species distribution of Yersinia isolates 

Yersinia enterocolitica 162 {39%) 

Yersinia intermedia 122 {29%) 

Yersinia frederiksenii 85 {20%) 

Yersinia kristensenii 23 ( 5%) 

Other 27 ( 6%~ 

Total 419 

TABLE 4: Number of samples positive for Salmonella 

SAMPLE 
N* NPos** 

CctiECTI ON SITE 
TYPE % PosiTIVE OF POSITIVE SAMPLES 

SHELLFISH 104 1 <1% N.E. VASHON PARK 

INTERTIDAL 102 1 <1% VASHON FERRY 
WATER 

WATER 66 0 0% 
COLUffi 

*N = NUMBER OF SAMPLES ANALYZED 

**NPOS = NUMBER OF SAMPLES YIB..DING POSITIVE RESULTS 
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FIGURE 1: Beach sampling station 
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FIGURE 2: Water column sampling stations 
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FIGURE 3: FECAL CDLIFORMS IN INTERTIDAL WATER 
JII.Y 11112 - 1WD1 1984 
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FIGURE 4: FECAL COLI FORMS IN SHELLFISH 
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FIGURE 7: ENTEROCOCCI IN INTERTIDAL WATER 
JII.Y 11182 - IWDI 111114 
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FIGURE 9: Clostridium perfringens - BASIN SEDIMENT 
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FIGURE 10: Clostridium perfringens IN FISH GUT 
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Harbor Seal Populations and Their Contributions to Fecal Coliform 
Pollution in Quilcene Bay, Washington 

John Calambokidis* and Brian D. Mclaughlin* 

Introduction 

Fecal coliform bacteria are found primarily in the intestines of 
warm-blooded animals and are currently used as an indicator of 
bacterial contamination of marine and fresh waters (Geldreich 1966). 
Commercial harvesting of shellfish in the headwaters of Quilcene Bay 
has recently been closed due to high fecal coliform levels (Cook 
1984, 1985). Humans and domestic animals have traditionally been 
considered the primary sources of bacterial contamination with 
remedial action usually focused on these sources. 

Harbor seals congregate in many areas of Puget Sound, including 
Quilcene Bay (Calambokidis et al. 1978, 1979, 1985). Very little 
data exist on the possible contribution of marine mammals to fecal 
coliform levels found in marine waters. 

We monitored the number of harbor seals in Quilcene Bay, estimated 
the amount of feces they generate, and examined coliform 
concentrations in their feces in order to evaluate the possible 
contribution of harbor seals to fecal coliform levels found in 
Quilcene Bay. 

Methods 

Censuses of harbor seals in Quilcene Bay were conducted at least once 
a month from September 1985 to October 1986. Counts were also made 
during this period at the Dosewallips River Delta, just south of 
Quilcene Bay. 

Seal haul-out sites in Quilcene Bay and the Dosewallips Delta were 
searched for seal scat for fecal coliform analysis. Ten samples of 
fresh feces were collected and delivered on ice to Biochem 
Environmental Services, Inc. within 7 hours. 

Concentrations of total coliform, fecal coliform, and fecal 
streptococci were determined using the Most Probable Number (MPN) 
method. Samples were tested for the predominant bacterial 
populations and the presence of human pathogenic enteric organisms 
through Salmonella and Yersinia enrichment. 

*cascadia Research Collective, Waterstreet Bldg., Suite 201, 
21St W. Fourth Ave., Olympia, WA 98501 
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Seal feces were also examined to determine the food consumed by 
seals. Feces used for fecal coliform analysis as well as other scats 
collected previously were screened through nested 0.5 and 2.0 mm 
screens. Fish otoliths recovered from the scats were compared to a 
reference collection at Cascadia Research and the species of fish 
identified. 

Results and Discussion 

Harbor seal populations 

Numbers of harbor seals counted at Quilcene Bay on 56 days ranged 
from 0 to a maximum of 230 seals. Seals were primarily found hauled 
out at log booms on the eastern side of Quilcene Bay. Lower numbers 
were found intermittently hauled out on oyster rafts at the southeast 
entrance of Quilcene Bay. Monthly high counts were variable and 
there were no apparent seasonal trend in numbers (Figure 1). The 
overall harbor seal population in Quilcene Bay likely fluctuates with 
animal movement in and out of the bay. The high count of 230 seals 
is considered the maximum number of seals present in the bay at any 
one time. The number of seals seen at the Dosewallips River Delta, 
just south of Quilcene Bay, often exceeded the counts in Quilcene 
Bay, with a maximum of just under 500 animals seen at this site. 

Harbor seal populations in Quilcene Bay and the neighboring 
Dosewallips Delta appear to be increasing based on comparison of 
counts made from 1977 to 1986. Numbers of seals seen at the 
Dosewallips Delta in this period have more than doubled while those 
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Figure 1. Monthly high counts of harbor seals in Quilcene Bay, 
September 1985 to October 1986. Number of days counts 
were made each month is listed. 
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in Quilcene Bay have increased at a slower rate. Harbor seal 
populations in other parts of Puget Sound have been growing rapidly 
in recent years as well. The rate of increase seen in Quilcene Bay 
appears to be lower than for many other areas in Washington State 
(Calambokidis et al. 1985). In 1972 harbor seals were protected 
under the Marine Mammal Protection Act. This year probably marks the 
most likely time when harbor seal populations began to increase. 

Scat production 

Daily seal fecal production can be estimated in two ways. First the 
average feces weight found in this study of 183 g can be multiplied 
by two (estimated defecations per day), yielding an estimated 366 g 
per day per seal. Alternately feces production can be estimated from 
food consumption and assimilation efficiency. Feces weight in seals 
has been reported to be around 10% of fish weight (Pastukhov 1974, 
Ashwell-Erickson and Elsner 1981). Estimated daily fish consumption 
rates for harbor seals vary widely with most common estimates between 
5 and 10% of body weight (see summary in Ashwell-Erickson and Elsner 
1981 and Calambokidis et al. 1984). A mathematical model (Leslie 
matrix) of a harbor seal population structure was used along with 
harbor seal weight-age equations provided by Boulva and Mclaren 
(1979) to determine the average weight of a seal in a population 
growing at 5% per year. The mean weight of a harbor seal was 50 kg 
based on these calculations. The daily scat production of a typical 
50 kg seal can thus be estimated as 50 kg X 0.05 to 0.10 
(consumption) X 0.10 (fecal/fish weight)= 250 to 500 g. This range 
of calculated rates brackets the estimated fecal production from the 
first technique described above. 

Using the fecal production rates above the maximum number of 230 
seals seen in Quilcene Bay would produce approximately 57 to 115 kg 
of feces per day. 

A~hwell-Erickson and Elsner (1981) reported that prey consumption and 
assimilation rates may vary depending on prey. The only prey 
identified in scats collected during this study were of Pacific hake. 

Bacterial speciation 

The predominant bacterial population, i.e., those organisms 
comprising the upper 10% of the population included Bacillus species, 
Escherichia coli, Klebsiella, Edwardsiella, Streptococcus, 
Staphylococcus:-and Micrococcus. The two types of Streptococci 
recovered were unusual in that one was a beta-hemolytic pyogenic form 
and the other a non-hemolytic form not fitting Sherman criteria. 

Three types of E. coli were found. The conventional form conforming 
to typical biochemical patterns, a more rare anaerogenic form, and a 
type exhibiting an unusual carbohydrate utilization pattern: positive 
in lactose, mannitol, and rhamnose while negative in sucrose, 
salicin, and dulcitol. 

No human enteric pathogens were isolated from either the Salmonella 
or Yersinia enrichment procedures. Organisms recovered included 

302 



species of Proteus, Citrobacter, Pseudomonas, and Aeromonas. We know 
of no reports that have identified Salmonella from the tissues or 
feces of harbor seals. Salmonella was not among the various bacteria 
found in tissue samples and swabs from dead or dying harbor seals in 
Washington State (Calambokidis et al. 1985). Salmonella has been 
found in the tissues of other pinniped species (Keyes 1965, Anderson 
et al. 1979, Stroud and Roelke 1980) and is likely present in some 
portion of the harbor seal population. 

Fecal bacteria concentrations 

Fecal coliform concentrations in the 10 seal feces examined ranged 
widely from 4.0x106 to 9.2x108 per g with a median and geometric mean 
of 2.7x107 and 3. 1x107, respectively. Geldreich (1976) and Mara and 
Oragui (1981) list fecal coliform concentrations in the feces of 
humans and a variety of wild and domestic animals (Table 1). 

Table 1. Median and geometric mean fecal coliform concentrations per 
gram for different species reported in the literature and 
found in this study. 

Geldreich (1976) 

# Median Fecal 
source samples 

Human 43 1. 3x1 o7 
Cattle 11 2.3x1o5 
Sheep 10 1.6x1Q7 
Pig 11 3.3x1o6 
Horse 1. 3x1 o4 
Duck 8 3.3x1o7 
Chicken 10 1. 3x1 o6 
Turkey 10 2.9x105 
Goose -
Cat 19 7.9x1o6 
Dog 24 2.3x1o7 
Rabbit 14 2.0x101 
Mouse 7 3. 3x-1 o5 
Rat 2 1.8x105 
Gull -
Chipmunk 3 1. 5x105 
Elk 32 5. 1x1o3 
Robin 2.5x1Q4 
Eng. sparrow 2.5x104 
Starling 1.0x104 
Red-wing. bl. - 9.0x1o3 
Pigeon 1. Ox104 

This study 
2.7x107 Harbor seal 10 

Mara and Oragui (1981) 

# Geometric Min Max 
samples mean 

18 6.3x107 1. 3x105 - 9.0x109 
8 1.0x1o6 1. 5x1 o5 - 6.5x106 
7 2.7x1o6 1.8x105 - 5.6x107 
8 3.9x107 4.9x106 - 6.0x108 
5 1. Ox103 6.3xl02 - 3.4x103 
5 2.0x1Q7 8.8x1Q6 - 4.9x107 
9 6.3x1Q6 3.7x106- 1. 5x1 o7 
6 7.9x1Q8 2.6x108 - 2.0x1Q9 
3 6.3x1Q3 9.7x1Q2- 6.6x1Q4 
5 6.3x1Q7 8.9x104 - 2.6x109 
5 5.0x1Q8 4.1x1o6- 4.3x1Q9 
4 1.0x1Q4 2.8x1Q3 - 4.9x104 
4 6.3x1Q6 4.7x106- 1.0x1Q7 
4 1. 6x1Q5 5.6x104 - 6.3x1Q5 
6 6.3x103 1.7x1o2- 2.7x1Q5 

10 3. 1x1Q7 4.0x1Q6 - 9.2x1Q8 
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Concentrations for the same species vary greatly (up to five orders 
of magnitude) and the median values reported by Geldreich (1976) are 
often an order of magnitude different from the geometric mean values 
for the same species reported by Mara and Oragui (1981). Despite 
these variations some general comparisons can be made between other 
species and seals. The geometric mean concentration we found in 
seals (3.1x107) is lower than the geometric mean concentration 
reported for humans by Mara and Oragui (1981) but higher than the 
median value reported by Geldreich (1976). Fecal coliform 
concentrations of seals were generally higher than for most domestic 
animals but similar to dogs, cats, pigs, and ducks. 

Concentrations of fecal streptococcus were much lower than for fecal 
coliforms and ranged from 4.3x102 to 9.3x104. The fecal coliform to 
fecal streptococcus ratio ranged from 114 to 767,000. A high ratio 
of fecal coliform to streptococcus is considered more typical of 
human feces than those of domestic animals (Geldreich and Kenner 
1969, Geldreich 1976, Mara and Oragui 1981). This ratio in seals 
overlaps but is generally higher than the ratio reported for humans. 

Fecal coliform contribution ~ harbor seals 

Total fecal production of harbor seals in Quilcene Bay was estimated 
above at 57 to 115 kg per day and the geometric mean fecal coliform 
density in harbor seals was 3. 1x107 fecal coliforms per gram. This 
would translate to 1.8 to 3.6x1o12 fecal coliforms per day generated 
by the harbor seals that use Quilcene Bay. This figure represents 
the theoretical maximum contribution of harbor seals because it uses 
the maximum number of seals seen and and assumes all the feces 
generated by seals are being deposited in Quilcene Bay. Even though 
these feces are being deposited directly into the water only a 
proportion of the bacteria present are likely to become dissolved in 
the water column. 

Conclusions 

- Up to 230 harbor seals haul out on log booms and oyster rafts in 
Quilcene Bay. 

- Calculated estimates of the fecal production of a typical harbor 
seal range between 250 and 500 grams per day. 

- Geometric mean fecal coliform concentrations in 10 seal fecal 
samples was 3.1x107 per gram. This concentration is in the same 
range as for humans but is higher than most domestic animals. 

Data is insufficient to quantify seal contributions compared to 
other sources, however, these calculations indicate seals have 
the potential to be significant contributors to observed fecal 
coliform concentrations. 

- Additional research is needed to more precisely calculate seal 
contributions including: expand the sample size on fecal 
coliform densities, determine portion dissolving in marine 
water, and examine other sites were seals congregate. 
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"Chemicals and Biological Organisms 
in Puget Sound Recreational Shellfish" 

J. Faigenblum*, G. Plews* and J. Armstrong# 

Background 

Research data collected in Puget Sound since the early 
1980's showed the types and levels of chemical 
contaminants in the sediments, water-column and biota 
(Malins, 1980, 19827 Romberg, 1984). Some of the high 
chemical levels measured in the urban bays, and the 
discovery of fish with neoplasms and pre-neoplasms, 
sparked discussion about potential health risks to 
persons consuming seafood caught in urban bays. Concern 
was also expressed that recreational shellfish sites 
close to urban areas might be significantly affected by 
urban pollution. 

In 1985, the EPA Region lO's Office of Puget Sound 
established an Implementation Committee, composed of 
federal, state and local agency representatives, members 
of industry, user groups and citizen advisory 
committees, to help the EPA with its formulation of a 
Puget Sound Estuary Program (PSEP). This committee 
identified a number of actions to be taken in support of 
the PSEP goals. One of the recommended actions was a 
study to measure levels of toxic chemicals and 
bacteriological indicator organisms in clams taken from 
recreational harvesting areas. 

The EPA asked the Department of Social and Health 
Services (DSHS) to develop the study for funding. The 
resulting joint agreement was signed in 1986 between the 
DSHS and EPA, Region 10. The implementing agency was the 
Shellfish Protection Section (SPS), Office of 
Environmental Health Programs, DSHS, Olympia. The SPS's 
prime agency responsibility was to regulate the 
commercial shellfish producers and assure their 
compliance with sanitary standards set by the National 
Shellfish Sanitation Program {NSSP). 

The overall study hypothesis was that sites closer to 
urban bays would show higher levels of contaminants and 

* Shellfish Protection Section, Department of Social 
and Health Services, Olympia 

# Office of Puget Sound, Environmental Protection 
Agency, Region 10, Seattle 
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bacteriological indicator organisms than the reference 
site, a site well away from urban or industrial 
influences. 

The chemicals were selected based on their toxicity, 
distribution and persistence in the environment. All of 
the chemicals were on the EPA's Priority Pollutant List 
and had been recognized as compounds of concern in Puget 
Sound (Tetra Tech, 1986). 

The chemicals were: 

a) Inorganic chemicals: arsenic (non-speciated), 
cadmium, copper, lead, mercury and zinc. 

b) Organic chemicals: hexachlorobenzene (HCB), 
hexachlorobutadiene (HCBD), p,p'DDT, p,p'DDE, 
poly-chlorinated biphenyls (PCB's: as measured by 
Aroclor 1254) and polynuclear aromatic 
hydrocarbons (PAH's). 

The biological indicator organism was the fecal coliform 
bacterium. 

Shellfish sampling began in April, 1986 and was 
completed in August, 1987. 

Choice of Target Species 

The principal target species was Protathaca staminea, 
the native littleneck clam. The secondary target species 
was Saxidomus giganteus, the butter clam. These two 
species are the most harvested by the public.(Price and 
Ladd, 1978). Both clams are filter-feeders. 

Sampling Sites 

The location of the twenty sampling sites around Puget 
Sound are shown in Figure 1. The site codes used in 
Figure 1 are explained in Table 1. The reasons for 
choosing these specific twenty sampling sites included: 
a) being situated close to urban or industrial pollution 
sources; b) known heavy harvesting-use by the public and 
c) representation of different areas in Puget Sound. 

Clams collected at quarterly intervals at these twenty 
sites were analyzed for fecal coliform levels. Clams 
taken from eight of these sites were analyzed for 
chemical concentrations. The chemistry sites are listed 
in Table 2. Alki Point, Dash Point, Mukilteo, Ross 
Point and Priest Point were expected to show signs of 
influence from nearby urban areas. One site, Birch Bay, 
in Whatcom County, was selected to be the reference 
site. 
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Sample Collection and Transport 

The clams were dug from one or more locations along a 
100 foot stretch of beach. Samples were collected during 
minus tides. The excavating tools used were clam-rakes 
or spades. The clams were retrieved by hand and placed 

Code 

AP 
BB 
BC 
BL 
BR 
CI 
CP 
DP 
ow 
LP 
MK 
NP 
PC 
pp 
PR 
PV 
RP 
SP 
sw 
WP 

Table 1: DSHS-EPA Study Sites 

Site 

South Alki Point 
Birch Bay State Park 
Burton Acres County Park 
Burley Lagoon 
Brownsville Marina 
Camano Island State Park 
Carkeek Park 
Dash Point State Park 
Dosewallips State Park 
Lincoln Park 
Mukilteo Fuel Tanks 
Normandy Beach Park 
Picnic Point State Park 
Post Point/S. Terminal Park 
Priest Point Park· 
Point Vashon 
Ross Point Tidelands 
Skiff Point 
Saltwater State Park 
Walker County Park 

County 

King 
Whatcom 
King 
Pierce 
Kitsap 
Island 
King 
Pierce 
Jefferson 
King 
Snohomish 
King 
Snohomish 
Whatcom 
Thurston 
King 
Kitsap 
Kitsap 
King 
Mason 

into a plastic bucket. Broken or cracked clams were 
discarded. There was no pre-collection preparation or 
cleansing of rakes, spades or buckets, it being assumed 
that their condition would not affect the protected 
tissues of the clam. 

Table 2: Chemistry Sites 

South Alki Point (West Seattle) 
Birch Bay State Park (Whatcom County) [reference site] 
Burton Acres County Park (Vashon Island) 
Burley Lagoon (Pierce County) 
Dash Point State Park (Tacoma) 
Mukilteo Fuel Tanks (Mukilteo Ferry Dock) 
Ross Point Tidelands (Bremerton/Sinclair Inlet) 
Priest Point Park (Olympia/Budd Inlet) 

Before leaving the beach, the clams were washed free of 
surface sediment, using seawater collected in the 
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bucket. Clams collected for inorganic, synthetic organic 
and pesticides analysis were transferred by hand to one­
gallon borosilicate glass jars with Teflon lined lids, 
cleaned to EPA specifications. Clamss collected for 
bacteriologic analysis were transferred by hand to 
sterile plastic bags. The jar or plastic bag was then 
placed on ice and transported to the laboratory in 
Seattle. EPA Chain-of-Custody forms were used to keep 
track of all samples. 

Sample Preparation and Digestion 

Clams were shucked with sterile knives, with a new knife 
for each sample. Their shells were measured and the 
juices and all tissue material, including stomach 
contents, were blended and the resulting homogenate 
frozen at -10 degrees Centigrade prior to analysis. 

Stomach and gut contents were included in the analysis 
since the health risk to humans consuming clams was the 
principal concern, and people consume all the tissue in 
the shell. 

Inorganic Chemistry Analyses 

Homogenate to be tested for arsenic, cadmium, copper, 
lead and zinc levels was digested using nitric and 
perchloric acids. Arsenic, cadmium and lead were 
analyzed using an Atomic Absorption Graphite Furnace 
Atomizer using the Jarrell Ash Video 11E with Smith 
Hieftje background correction. Copper and zinc were 
analyzed by Atomic Absorption Flame Atomizer using the 
Perkin-Elmer 306 AA. The homogenate to be tested for 
mercury was digested using sulfuric and nitric acids. 
Mercury was analyzed by the cold vapor atomic absorption 
method using the Coleman 50 Mercury Analyser. The 
inorganic analysis QA/QC procedures followed were 
reviewed and approved by the EPA's Regional QA/QC 
Officer. 

The analytical procedure detection limits for the six 
heavy metals studied were: 

Arsenic 
Cadmium 
Copper 
Lead 
Mercury 
Zinc 

0.2 
0.01 
0.6 
0.04 
0.02 
5.0 

ppm, 
ppm, 
ppm, 
ppm, 
ppm, 
ppm, 

wet weight; 
wet weight; 
wet weight1 
wet weight1 
wet weight1 
wet weight. 

Organic Chemistry Analyses 

Organic chemicals in the shellfish tissue samples were 
analyzed by GC/ECD (for HCBD, HCB, p,p'DDT, p,p'DDE and 
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PCB's) and by HPLC/fluorescence (for PAH's). Extract 
confirmation by GC/MS was very limited, and applied to a 
few PAH extracts only. The detection methods used were 
not sufficiently specific to eliminate common 
interferences in the samples, at levels within the 
target analytical range. The QA/QC validation data set 
was not complete. A specific problem was the lack of 
matrix-recovery data for all analytes except for the 
PCB's. The data were less than fully validated or were 
obtained by less than definitive techniques. 

As a result, the decision was made to consider the 
organic analysis data as screening-level data and make 
only limited use of it. 

Microbiological Analyses 

All shellfish tissue analyses for fecal coliform were 
done according to procedures specified in APHA standard 
methods (Greenburg and Hunt, 1984). 

Inorganic Chemistry Results 

A summary of the inorganic results are found in Table 3. 
The results presented are overall arithmetic averages by 
heavy metal and by target species. Asterisks indicate a 
statistically significant difference between the species 
means for a given chemical. The results are presented as 
ppm, wet weight. 

The highest arsenic levels were found at Burton Acres 
County Park (Quartermaster Harbor). This supports the 
findings of others who have found elevated levels of 
arsenic and antimony in the Quartermaster Harbor area of 
Vashon Island (Crecelius, 1975). It is thought that the 
source for both metals was the ASARCO smelter near 
Tacoma and that the mode of transport was by air. 

Arsenic values found in this study were found to agree 
with values published by other investigators working in 
Puget Sound and with values published for clams 
elsewhere in the country (Cummins, 19761 Romberg, 19841 
Steimle, 1986). 

The cadmium values found by the study were also found to 
be in agreement with values from research published from 
the Puget Sound and from other parts of the u.s. The 
clam, P. staminea, was observed to accumulate 
significantly more cadmium than ~ giganteus. 

A bentnose clam, Macoma nasuta, sample yielded a copper 
level greater than 30 ppm, wet weight, compared to the 
maximum ~ giganteus level of 4.2 ppm. The copper values 
for the target species were in agreement with other 
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Table 3: 

Metal 

Arsenic 

Cadmium 

Copper 

Lead 

Mercury 

Zinc 

Mean Levels of Heavy Metals in P. staminea 
and S. giganteus, Puget Sound,-r986-87 

Results given in ppm, wet wt. 

Species N 

S. giganteus 22 
P: staminea 32 

s. giganteus 22 
P: staminea 39 

S. giganteus 22 
P: staminea 32 

s. giganteus 21 
P: staminea 25 

s. giganteus 19 
P: staminea 25 

S. giganteus 22 
P: staminea 39 

3.0 1.01 1.6 - 5.2 
2.7 0.78 1.3- 4.1 

0.13* 0.071 0.04 - 0.39 
0.32* 0.097 0.10 - 0.54 

1.9* 1.11 <0.6 4.2 
1.3* 0.51 <0.6 - 2.4 

0.17* 
0.08* 

0.02 
0.02 

~4.4 
15.2 

0.115 <0.04 - 0.42 
0.042 <0.04 - 0.18 

0.005 <0.02 - 0.04 
0.004 <0.02 - 0.03 

1.19 
2.03 

12.2 - 16.4 
11.7- 21.2 

* Statistically significant difference 
between species means, p < 0.05 

Puget Sound values and other u.s. clam values. The 
butter clam was found to accumulate significantly more 
copper than the native littleneck. 

The lead values for this study were found to be less 
than those found in other Puget Sound studies and less 
than those from other parts of the country. These 
discrepancies are most likely due to differences in 
analytical technique on the part of this study. 

Mercury levels were found to be very low and close to 
the analytical detection limit of 0.02 ppm. The highest 
value, 0.04 ppm, was well below the 1.0 ppm FDA 
guideline for mercury in edible portions of fish and 
shellfish. 

Zinc values were found to be in general agreement with 
other Puget Sound values and with values from around the 
u.s. Two Macoma inquinata, sand clam, samples yielded 
zinc values over 40 ppm, compared with the P. staminea 
maximum value of 21.2 ppm. Zinc values were-noted to 
peak at all beaches in June, 1987. 

The data suggested that bioaccumulation rates can differ 
by species. The local Macoma ~ tend to bioaccumulate 
copper and zinc to a greater extent than other Puget 
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Sound clam species. These are, however, two metals of 
lesser public health significance. 

Results of statistical analysis of the inorganic 
chemistry data did not support the hypothesis that 
levels at other sites were less than levels at Birch 
Bay, the reference site. Birch Bay was the lowest site 
for both target species with lead. It was the lowest 
site for P. staminea with copper. For the other heavy 
metals, arsenic, cadmium, mercury and zinc, there were 
other sites with lower values than Birch Bay. The 
project's hypothesis could not be supported since it 
could not be shown that "urban" sites such as South Alki I 
Point, Dash Point, Mukilteo, Ross Point and Priest Point 
had higher levels of contaminants than the "rural" · 
sites. 

Organic Chemistry Results 

In keeping with the decision to treat the organic 
analytical results as screening level data, only the 
maximum values measured are reported in Table 4. The 
data in Table 4 have been suitably corrected for blank 
values and surrogate recovery efficiency measurements. 
The values reported in Tables 4 are interpreted to mean 
that actual values of a given compound in the samples 
were equal to or less than this maximum value of analyte 
plus interference. Results are given as ppb, wet weight. 

Table 4: Organic Chemical Maximum Levels by Site 
DSHS-EPA Recreational Shellfish Study, 

Puget Sound, 1986-1987 

Screening level values only 
Results given as ppb, wet weight 
Clam species: P. staminea, 

Site 

South Alki Pt. 
Birch Bay (Control) 
Burley Lagoon 
Burton Acres Co. Pk. 
Dash Point St. Pk. 
Mukilteo Fuel Tanks 
Priest Point Park 
Ross 

ND 
* 

Point Tidelands 

not detected 
Aroclor 1254 only 

HCBD 

ND 
ND 
ND 
0.1 
0.3 
ND 
ND 
ND 

s. g:ig:anteus 

HCB DDT 

0.7 0.8 
10.5 2.3 

0.8 ND 
0.9 ND 
3.1 0.4 
0.3 5.1 
0.3 3.1 
0.4 0.7 

DOE PCB's --.-
2.2 23 
1.6 20 
0.8 23 
0.9 25 
1.1 45 
1.5 59 
1.2 51 
1.4 35 

PAH's 

83 
31 
33 
70 
68 
26 
81 
92 

These maximum values were well below any current USFDA 
standards and were consistent with levels expected for 
non-urban, non-industrial sites. 
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Fecal coliform bacteria 

Currently, there are no federal or state standards 
covering the acceptability or non-acceptability of 
recreational shellfish sites in Puget Sound. The 
classification of acceptability of a commercial 
shellfish growing-area is based on: 1) a detailed 
shoreline sanitary survey of the site to identify all 
possible sources of pollution: 2) an intensive water 
quality testing program of the water over the growing 
area, and of any other significant water sources 
entering the growing area: and 3) at least five 
shellfish meat samples taken within one month. No 
single type of information is judged to be adequate to 
judge the acceptability of a site, it requires all three 
types of information. 

In this study, only the meat sample information was 
available. There was no accompanying water quality data 
or sanitary survey information. Therefore, it was not 
possible to judge the recreational sites by criteria 
used for commercial sites. 

A 230 MPN fecal coliform shellfish meat level is used 
for commercial shellfish stock as a signal for further 
testing of the acceptability at the wholesale market 
level. Given the lack of water and sanitary survey data, 
an arbitrary decision was made to choose 230 MPN of 
fecal coliform in shellfish tissue to represent a limit 
of desirability when considering the recreational 
shellfish study data. It does not mean that this level 
represents a health risk to consumers of recreational 
shellfish. 

Table 5 presents the fecal coliform results, by site, 
and by MPN value category. The MPN categories are: 1) 
less than 30: 2) between 31 and 230: and 3) greater than 
230. Values less than 30 MPN indicate relatively clean 
samples. 

Three sites had more than 70 percent of their samples 
below 30 MPN and had no samples with values greater than 
230: Birch Bay State Park (reference site), Burton Acres 
County Park (Vashon Island} and Camano Island State 
Park. 

Three sites had more than 70 percent of their samples 
greater than 230. These three sites, Point Vashon, 
Walker County Park and Dosewallips State Park, yielded 
samples that were by any standards polluted. Subsequent 
water samples taken at these three sites bolstered the 
finding that the sites have environmental quality 
problems. None of these sites were "urban". 

315 



Table 5: Percentage of Fecal Coliform Counts 
Falling into MPN Categories 

Site N 

South Alki Point 6 
Birch Bay State Park 7 
Burton County Park 7 
Burley Lagoon 7 
Brownsville 8 
Camano Island State Park 7 
Carkeek Park 5 
Dash Point State Park 6 
Dosewallips State Park 6 
Lincoln Park 6 
Mukilteo Fuel Tanks 7 
Normandy Beach Park 7 
Picnic Point County Park 7 
Post Pt./S. Terminal Park 7 
Priest Point Park 8 
Point Vashon 7 
Ross Point Tidelands 7 
Skiff Point 7 
Saltwater State Park 7 
Walker Park 7 

MPN Categories 

<30 31-230 

17% 50% 
71 29 
86 14 
29 29 
25 62 
71 29 
20 60 

0 50 
0 0 
0 67 

14 57 
29 57 
14 43 
29 14 
13 50 
14 14 
14 43 
57 14 
43 43 

0% 0% 

>231 

33% 
0 
0 

42 
13 

0 
20 
50 

100 
33 
29 
14 
43 
57 
37 
72 
43 
29 
14 

100% 

The highest levels of fecal coliform in the study were 
found at a remote rural site, Dosewallips State Park 
(MPN value range: 790- >24,000), contrary to all 
expectations. Water samples taken at the site confirmed 
the tissue results. A sanitary survey indicated several 
possible sources of pollution from septic tank drainage 
to seal feces. The Dosewallips findings do suggest that 
all sites have to be tested, and that lack of pollution 
cannot be taken for granted based on location. 

Table 6: Percentage of Fecal Coliform Counts Falling 
into MPN Categories by Date of Collection 

MPN Category 

Sam121e Date N <30 31-230 >231 

June 1986 18 22% 50% 28% 
October 1986 36 25 33 42 
December 1986 20 60 25 15 
April 1987 20 10 55 35 
June 1987 20 25 30 45 
October 1987 20 30% 30% 40% 
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The data was examined to see if there were changes in 
shellfish quality in different times of the year. Table 
6 gives the data placed into three MPN categories by 
month of collection. Statistical testing showed that the 
December 1986 results were significantly different from 
both the October 1986 and April 1987 results, i.e. that 
there were more low-value MPN results in December 1986. 
It would take several other annual cycles of readings to 
verify this finding. 

Conclusions 

a) Inorganic chemicals: 

More shellfish need to be analyzed for heavy 
metal levels to confirm the values found in this 
study. This study did not find levels of heavy 
metals concentration that should be of concern to 
public health authorities. Long-term health risk 
assessment is beyond the scope of this study. 
EPA, Region 10, has plans to use the data for 
long-term health risk evaluation. 

b) Organic chemicals: 

Levels of organic chemicals in recreational 
shellfish in Puget Sound need to be measured and 
confirmed. The screening level data resulting 
from this study suggests that none of the six 
organic compounds studied occur at levels that 
pose a short-term risk to public health. 

c) Bacteriological indicator organisms: 

Before regulatory action can be taken at a beach, 
three steps need to be taken: 1) measure levels 
of fecal coliform in the shellfish; 2) measure 
fecal coliform levels in the surrounding waters, 
to confirm levels measured in the shellfish; 3) a 
sanitary survey is completed to identify all 
sources of human and animal wastes and the 
potential for the presence of pathogens. 

Under the 1987 Puget Sound Water Quality Authority's 
Management Plan, the Shellfish Protection Section is 
working with local health departments to develop 
criteria for regulatory limits at recreational 
shellfish sites. Also under consideration are 
procedures for public notification at beaches that 
exceed proposed recreational site regulatory limits. 
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Uptake and Distribution of PSP Toxins in Butter Clams 

Introduction 

* Mark K. Beitler 

Paralytic shellfish poisoning (PSP) can occur in man from the 
ingestion of bivalves which have fed on toxigenic Protogonyaulax 
catenella and P. tamaresis. Limited information is available on 
PSP toxin uptake, transport, retention, and loss in butter clam 
tissues. For many years it was believed that bivalves only con­
centrated PSP toxins from dinoflagellates ingested. However, 
recent findings suggest that some shellfish and bacteria associ­
ated with marine invertebrates can decrease and/or increase the 
lethality of the toxins by decarbamoylating them or transforming 
gonyautoxins (GTX) I-IV and neosaxitoxin (NEO) to saxitoxin (SIX) 
(Sullivan et al., 1983; Shimizu and Yoshioka, 1981; and Kotaki 
et al., 1985)-:-

This study was a continuation of previous research at the Insti­
tute for Food Science & Technology, U. of WA, to explore PSP 
toxin distributions in the marine food web. The projects were 
conducted from 4/85 to the present with support from the Washing­
ton Sea Grant Program. The purpose of the work described here 
was to test whether: 
[1] nontoxic butter clams from the Hood Canal could absorb and 
retain PSP toxins from ingested f. catenella and form STX from 
other toxins, 
[2] there are similarities between tissues which retain toxins 
in the feeding experiments and those of clams in the field, and 
[3] there are trends in toxin type and concentration in different 
tissues of butter clams in the field. 

Materials & Methods 

Field studies 

Butter clams were collected from Dockton County Park in Quarter­
master Harbor off Vashon Island, Beckett Pt. in Discovery Bay, 
East Sound on Orcas Island, and Middle Ground in Sequim Bay. 

Feeding studies 

Nontoxic butter clams (N = 50) from the Hood Canal at Seabeck 
were put into 701, filtered, aerated seawater maintained at 11 C 

*Predoctoral Associate, Institute for Food Science & Technology, 
HF-10, University of Washington, Seattle, WA 98195. 
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and fed a total of 711, clonal f. catenella for 2.25 days. Four 
clams were randomly sampled over 0-58 days after initiating the 
feeding and 8 tissues were dissected per clam and processed sepa­
rately. The experiment was repeated except the shellfish were 
fed a total of 84L, clonal P. catenella for 8 days and 4-6 clams 
were randomly sampled over 0-83 days ·after starting the feeding. 
Pairs of 8 tissues were processed. 

Tissue processing and PSP toxin analysis 

Clams from Quartermaster Harbor and Discovery Bay were processed 
and analyzed by the method of Jonas-Davies and Liston (1985). 
Other shellfish tissues were homogenized in 0.10 N HOAc, filtered, 
and stored at -41 C until being analyzed for 8 PSP toxins, 2-5 
times, by the high pressure liquid chromatography method of 
Sullivan and Wekell (1987). 

Results 

Feeding studies 

The P. catenella culture contained 19.8, 5.3, and 4.3 fmol/cell 
of GTX I+ IV, GTX II+ III, and NEO, respectively, and no detect­
able STX. 

Butter clams from the ·Hood Canal absorbed and retained PSP toxins 
from ingested f· catenella (Fig. 1-2). All tissues were free of 
PSP toxins before the cultur~s were fed. GTX I-IV rapidly 
increased in the visceral masses in both studies during the feed­
ing periods and gradually decreased after the feedings stopped. 
In the first experiment, 0.32-0.58 rimol GTX II + III/g tissue were 
detected in some of the kidneys on day 28 and persisted through 
day 58. Similarly, GTX I-IV increased in kidneys in the second 
study after the feeding stopped and were retained through day 83. 
In the mantle, pallial muscle, and remaining kidney· in the second 
experiment, GTX I+IV was not detectable in these three tissues 
after day 27 but by day 83 low concentrations of GTX II + III were 
still present. In the gill of the second study, GTX II + III rose 
from days 0-27 but decreased to a low concentration by day 83. 

Butter clams may form STX from GTX I-IV and/or NEO; STX was 
detected in siphons in both feeding studies and in the visceral 
mass, kidney, and in the mantle, pallial muscle, and remaining 
kidney of the second feeding study. STX persisted for more than 
4 weeks in the siphons of experiments 1 and 2 and in the mantle, 
pallial muscle, and remaining kidney of the latter study. 

Field studies 

Not all butter clams sampled from bays in or near Puget Sound had 
high concentrations of PSP toxins (Table 1). Most of the shell­
fish collected at Quartermaster Harbor were free of toxins; only 
siphons sampled in 6/85 contained Bl and STX. In contrast, whole 
clams from Discovery Bay and Sequim Bay exceeded 80 ~g STX equiv­
alents/ lOOg tissue, the legal limit for safe shellfish. These 
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Fig. 1. Scatter plot of the PSP toxin composition of tissues of 
nontoxic butter clams (Saxidomus giganteus) fed !· catenella for 
2.25 days. Each symbol represents the mean± S.D. of 2-3 analyses 
of each tissue sampled. 

clams contained mainly STX and NEO and lower concentrations of Bl 
and GTX II + III. 

The toxin distribution of experimentally fed clams matched that of 
shellfish in the field (Fig. 1-2, Table 2). Toxins were concentra­
ted mainly in the siphon, kidney, mantle + remaining kidney and 
mantle + pallial muscle + remaining kidney. The highest total 
concentration of toxin was found in the kidneys of experimentally 
fed clams at day 83 and of shellfish collected at Orcas Island. 
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Fig. 2. Scatter plot of the PSP toxin composition of tissues of 
nontoxic butter clams (Saxidomus giganteus) fed !· catenella for 
8 days. Each symbol represents the mean ± S.D. of 2-3 analyses 
of pairs of tissues collected. 

STX was the major toxin in the tissues of clams from Sequim Bay 
and Orcas Island except where Bl and STX predominated in the 
kidneys (Table 2). In shellfish from Orcas Island, the kidney 
had the greatest toxin concentration but in the more lethal clams 
from Sequim Bay, the siphon, kidney, and mantle + remaining kidney 
contained the highest concentration of toxin. The kidneys of clams 
from both sites contained the largest number of different toxins. 

Discussion 

Results of the feeding studies suggest butter clams and/or bacteria 
associated with the shellfish may increase the lethality of GTX 
I-IV and/or NEO ingested by converting them to STX. It is unknown 
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Table 1. PSP toxin profiles of butter clams (Saxidomus giganteus) 
collected at Quartermaster Harbor, Discovery Bay, and Sequim Bay. 

guartermaster Harbor, Vashon Island 

Collection nmol/g (JJg STX equiv./lOOg) 

Date Descri(!tion !a ~ GTX II + III !!!Q. m m!! 
4/ 8/85 Clams without siphons 2 0 
6/20/85 " " " 5 0 

-siphons 5 2.47 2.67 5.14 
(7) (102) (109) 

7/ 7/85 Whole clams 3 0 
7/17/85 " .. 3 0 
7/30/85 2 0 

2 0 
8/28/85 4 0 

4 0 
4 0 

Bsckett Pt. 1 Discoverx Bax 

9/14/85 Whole clams 2 0.36 1.43 1.69 3.48 
(9) (60) (65) (134) 

Middle Ground 2 Seguim Bal 

8/25/87 Whole clams 32 0.98 0.33 2.35 7.5 11.2 
(3) (8) (98) (286) (395) 

a N • number of clams 

what environmental factors might promote this transformation of 
toxins. Nontoxic butter clams from the Hood Canal have the poten­
tial for absorbing and retaining PSP toxins when exposed to P. 
catenella. If these shellfish ingested sufficient numbers of this 
alga, the clams could pose a threat to human safety. 

There was no consistent pattern between the occurrence of PSP 
toxins in butter clams and geographic location. In Quartermaster 
Harbor, butter clams exceeded the legal limit for toxicity follow­
ing small blooms of P. catenella in 1984 (Jonas-Davies and Liston, 
1985) but the shellfish were below the limit the next year 
(Table 1). In contrast to Quartermaster Harbor, Discovery Bay and 
Sequim Bay contained hazardous clams. Because shellfish were 
collected from areas with low human populations and limited indus­
trial growth, it is unknown what effects urban and industrial 
wastes may have had on !· catenella growth and, in turn, PSP toxin 
concentrations in butter clams. 

Recommendations 

Investigations are currently being conducted to determine whether 
the butter clam and/or its microflora are increasing the lethality 
of toxins ingested. Additional research should be performed to 
examine the role of bacteria and endogenous enzymes in shellfish 
in forming, interconverting, and destroying PSP toxins and the 
effects of changing environmental conditions on these reactions. 
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Table 2. PSP toxin distribution of butter clams (Saxidomus 
giganteus) from Sequim Bay and Orcas Island. 

Middle Ground, Sequim Bay ( 68 clams collected, 8/25/87) 
Total ·nmol toxin 

% Total Toxin g 

T!ssue !J6 clams} GTX I + IV GTX II + III !! !.§Q m (Mean± S.D.) 
Mantle + remaining 

± 18,.2 kidney 3 24 13 60 38.4 
Siphon 20 23 57 37 .o ±11.7 
Kidney 8 6 38 14 34 35.6 ± 4.9 

Mantle 1 17 18 64 12.5 + 5.2 
Heart 1 15 21 63 12.3 + 4.7 
Pallial muscle 1 11 16 72 6.1 + 1.6 
Gill 4 2 33 61 4.6 ± 1.6 
Mantle muscle 7 21 72 4.08 ± 1.53 
Visceral mass 2 5 22 71 4.0 ± 2.3 
Foot 45 55 1.16 ± 0.46 
Blood 26 74 0.42 ± 0.26 
Adductor muscle 100 0.36 ± 0.15 

Whole body (32 clams) 3 9 21 67 11.2 ± 2. 7 

East Sound 1 Orcas Island (62 clams collected, 7/16/85) 
Total 1111101 toxin 

% Total Toxin I 

Tissue GTX I + IV GTX II + III Bl NEOa STX ~Mean± S.D.) 
Kidney 4 10 46 -To 13.46 ! 9.21 

Siphon 45 55 4.33 ± 3.42 
Visceral mass 1 5 94 2.60 ± 1.20 
Gill 8 92 0.91 ± 3.20 
Mantle muscle 100 0.24 ± 0.25 
Adductor muscle 0 
Foot 0 

a Foreign material prevented the quantitation of NEO with any certainty. 

Because nontoxic butter clams in the Hood Canal have the potential 
for becoming lethal, studying factors which affect the growth of 
P. catenella may help prevent this from occurring. Water from the 
Hood Canal should be tested to determine whether it inhibits the 
growth of this dinoflagellate vs. water from other areas of Puget 
Sound. If P. catenella will replicate in water from the Hood 
Canal, other factors which promote its growth should be explored. 
Experiments need to be conducted to determine what components of 
the natural environment and in urban and industrial wastes could 
induce blooms of this alga. Additional research will provide more 
insight into the development of PSP in clams and the growth of 
P. catenella. This information might help to prevent bivalves on 
the Hood Canal from becoming toxic and, in turn, slow the rising 
cost of monitoring shellfish for PSP in Washington. 
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Summary Statement 

Marleen M. Wekell* 

This concludes the session on shellfish contamination. I thank the five 
speakers for their fine presentations. 

Although we still do not have a complete understanding of all of the sources 
of contamination of Puget Sound shellfish, the information presented today 
gives us more insight on the issue. Contamination from human and naturally 
occurring sources can be found in shellfish harvested from certain areas of 
Puget Sound. The data of Kaysner et al. suggests that nonpoint sources such 
as from failing septic systems are contaminating shellfish from in shore areas 
of southern Puget Sound. Some of the bacteria isolated are potential human 
pathogens such as species of Salmonella, Hermonas, Vibrio and Y ersinia. 
Inshore and deepwater environments of the Seahurst area are also 
contaminated with potential pathogens which show seasonal fluctuations 
(Matches et al.) with psychrotropic organisms such as Y ersinia species found 
in greater numbers in the colder winter months. 

In addition to human sources, harbor seals in Quilcene Bay and possibly in 
other areas have the potential of contributing indicator organisms (fecal 
coliforms) according to Calambokidis and McLaughlin. Although neither 
Salmonella nor Yersinia was isolated from a small sampling (10) of harbor seal 
feces, the health risks posed to humans consuming shellfish collected from 
areas frequented by marine mammals in Puget Sound are not understood. 

Shellfish such as littleneck and butter clams from several areas of Puget 
Sound were found by Faigenblum et al. to contain varying levels of fecal 
coliforms as well as inorganic and organic contaminants. Sources of 
contamination were not always evident. 

A final source of contamination of Puget Sound shellfish discussed today, 
Paralytic Shellfish Poison (PSP) occurs in some areas but not others. The 
work of Beitler indicates that butter clams from a traditionally non-toxic area 
(Hood Canal) have the ability to not only take up and retain PSP but they 
can change some of the algal PSP toxins into more toxic forms. 

There are still more unknowns regarding contamination of Pu~et Sound 
shellfish. We know what some of the chemical and microbiological 
contaminants are and in some cases what levels are present. We do not 

*Seafood Products Research Center, U.S. Food and Drug Administration, 909 
1st Avenue, Seattle, Washington 98174 
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always know how they got there or what factors influenced the process. In 
regard to PSP, we still do not understand what environmental parameters 
affect the growth and toxin production by the algae reponsible. It is not 
always clear how to prevent or reduce human sources of chemical and 
microbiological contamination of Puget Sound shellfish. In addition to human 
sources, it is not known what proportion of fecal contamination of shellfish is 
contributed by marine mammals or by birds and other animals. 

Hopefully our continued research efforts in this field will help us answer 
these and other questions so that effective preventative measures can be 
employed. 
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Introductory Statement 

Keith E. Phillips * 

Decisions concerning the topic of dredged material management 
require significant government attention, and the topic is 
consequently too expansive to fully address in a single meeting 
session. There are at least two reasons for this. First, we may 
dredge over 300 million cubic yards each year in the United 
States just to maintain our existing navigation channels. And 
second, research into the environmental effects of dredging over 
the last 15 years has exceeded the $100 million mark. 

On the other hand, dredging is less of an influence in Puget 
Sound. Volumes over the last 15 years have averaged around 1.5 
million cubic yards per year. Nonetheless, with the current 
focus on contaminated sediments found in portions of our harbors 
and waterways, substantial attention has been recently devoted to 
dredging issues in the Sound. The federal and state Puget Sound 
Dredged Disposal Analysis (PSDDA) is developing a regional 
program for the unconfined, open-water disposal of relatively 
clean dredged material. Also, the occassional navigation 
development project can result in large volumes of material being 
dredged in a single year. Such is the case with the U. S. Navy 
Homeport project proposed for the Everett, Washington area. 

As a comprehensive program, PSDDA is designating sites, 
establishing dredged material testing procedures and disposal 
guidelines, and defining site monitoring and management 
requirements. Several of the speakers today will refer to this 
program. 

The focus of today's session is the interaction of dredging with 
living resources -- and how we assess and avoid those 
interactions. The speakers will provide some select insights 
into these questions, beginning at the dredging end. Can we 
predict the degree to which dredging will alter the availability 
of dissolved oxygen to aquatic life? 

At the disposal site, what living resources are present and which 
should we avoid? How do we assess the value of various areas of 
the bottom to mobile fish and shellfish? After disposal, what 
happens to this value over time? And last, how do we make the 
necessary value judgments on which management decisions are 
based? 

* State of Washington Department of Ecology, Olympia, Washington 
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Predicting Dredging Impacts on Dissolved Oxygen 

John D. Lunz*, Mark W. LaSalle** and Leonard Houston*** 

Introduction 

Haverstraw Bay is a greatly widened area of the Hudson River (5 km 
wide, 2.5-3.0 m deep shoals) some 35 mi (56 km) from its mouth at 
New York City. It is a known nursery area for several species of 
anadromous fishes, including striped bass, Marone saxatilis. 
Because of the bay area's recognized value to the fishery, the state 
resource agency (NY State Dept. of Environmental Conservation) 
expressed a concern for potential dredge-induced reduction in 
dissolved oxygen (DO) across the bay in late summer and fall when 
juvenile fishes congregate in the shoals. The U.S. Army Corps of 
Engineers (New York District and the Waterways Experiment Station) 
responded to the concern by constructing a simple, generally 
applicable numerical model to predict dredge-induced DO reduction. 

The model was based on existing knowledge of suspended sediment 
concentrations around dredging operations, site-specific data on 
organic content of the sediment to be dredged, and river hydrology 
(flushing). The model was tested by monitoring DO levels during 
dredging operations in September and October 1987. Additional 
information on other sediment parameters which might be better 
predictors of DO reduction (i.e., ferrous iron, free sulfides) were 
collected and used in an alternative model. The original and 
alternative models were evaluated and compared using field 
monitoring results. 

Methods 

The model assumes that DO reduction is related to a) the oxygen 
demand (OD) of the sediment being dredged, b) the concentration of 
sediment suspended by the dredge, and c) the time period that a 
parcel of water (e.g., 1 liter) would be exposed to the suspended 
sediment field around the dredge. Oxygen demand was estimated by 
using existing data on OD and volatile solids (VS) concentrations 
reported for the Connecticut River (Issac, 1965) to generate a 

.*Science Applications International Corporation, Admiral's Gate, 221 
Third St., Newport, RI 02840 
**U.S. Army Engineer Waterways Experiment Station, Environmental 
Laboratory, P.O. Box 631, Vicksburg, MS 39180 
***U.S. Army Engineer District, New York, Environmental Analysis 
Branch, 26 Federal Plaza, New York, NY 10007 
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regression equation for predictive purposes. Volatile solids 
concentrations for Haverstraw Bay sedieents were estimated by 
analysis of total organic content (TOC) making the worst-case 
assumption that TOC = VS. Suspended sediment concentrations in the 
dredge plume were taken from a study of a bucket dredge operation 
reported by Bohlen~ al. (1979). Residence time of a parcel of 
water within the suspended sediment plume around the dredge was 
calculated using data on flow rate and cross sectional area of the 
bay. 

The predictive ability of the model was tested during dredging 
operations through daily monitoring of DO concentrations and optical 
turbidity levels during periods of lowest expected concentrations 
(sunrise and next slack tide). Measurements of DO and turbidity 
(surface, mid-depth, near-bottom) were taken at four equidistant 
stations around the dredge, located 300 ft (91 m) upstream, 
downstream, and to either side. Two additional stations were located 
600 ft (183 m) and 1200 ft (366 m) downstream from the dredge. A 
control station was located outside the dredging area (near the 
upstream extent of the existing navigation channel). 

Baseline data on DO and turbidity and the extent (if any) of impacts 
into the shoals were obtained by sampling three bay-wide transects 
across the entire width of the bay. Transects were located at both 
ends and near the middle of the channel being dredged. These 
transects were sampled weekly, beginning three weeks prior to 
dredging, and extended two weeks after dredging ended. 

Additional data on ferrous iron and free sulfide concentrations were 
obtained for sediment samples collected from the dredged material 
barge and used to test an alternative model of DO reduction. This 
model is based on the assumption that these compounds are the most 
frequently encountered readily oxidizable material in estuarine and 
marine systems, and that they become fully oxidized upon suspension 
in the water column. Dissolved oxygen reduction is estimated by 
using stoichiometric equivalents for oxidative reaction of these 
materials at concentrations of suspended sediment observed around a 
bucket dredge (Bohlen et al., 1979). 

Results 

The average TOC value of Haverstraw Bay sediment samples was 15,886 
mg/kg or 1.6% VS. Using the regression equation generated from data 
~ Issac (1965), the estimated OD value for this VS concentration 

1ras 0.0115 mg DO/mg VS/4 days. Based on TOC values for the bay and 
suspended sediment concentrations of a worst-case dredging plume, 
400, 200 and 100 mg/1 at 100 (30 m), 1000 (305 m) and 1500 ft (457 
m) from a dredge (Bohlen et al., 1979), estimates·of VS 
concentrations and OD rates were calculated (0.0736, 0.0368 and 
0.0184 mg D0/1/4 days at distances of 30, 305 and 457 m from the 
dredge, respectively). Proportioning the residence time within each 
subportion of a hypothetical suspended sediment field (30, 30-305, 
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305-457 m) over 4 days (a liberal estimate based on flow rate 
through the system) yielded an estimated DO reduction of less than 
0.1 mg/1. 

Daily DO monitoring was conducted from 10 September through 9 
October 1987. For the purposes of this paper, data for the most 
frequently observed worst-case combination of time-of-day and tidal 
condition (sunrise/ebbing tide) are compared between stations around 
the dredge (Table 1). Stations are arranged in Table 1 in order of 
increasing theoretical effect of dredge-induced DO reduction (91 m 
downstream > 91 m lateral and upstream > 183 m downstream > 366 m 
downstream~ control). 

Table 1. Mean deviation in dissolved oxygen concentration (mg/1), 
relative to control (overall range, 5.6-8.4 mg/1), at six 
locations around a bucket dredge during (n=4) and without 
dredging (n=16) and the difference between dredging and 
non-dredging. Values are for observations made at sunrise, 
under ebbins tide conditions. 
Operational 91 m 91 m 91 m 91 m 183 m 366 m 

DeEth Status Down Lat. Lat. UE Down Down 
Surface Dredging -0.08 -0.13 -0.03 -0.20 0.00 -0.13 

Non-dredging -0.18 -0.16 -0.13 -0.10 -0.16 -0.15 

Difference +0.10 +0.03 +0.10 -0.10 +0.16 +0.02 

Mid-depth Dredging -0.10 -0.15 -0.10 -0.23 -0.05 -0.05 

Non-dredging -0.20 -0.14 -0.04 -0.12 -O.ll -0.14 

Difference +0.10 -0.01 -0.06 -O.ll +0.06 +0.09 

Bottom Dredging -0.23 -0.13 -0.15 -0.15 -0.10 -0.08 

Non-dredging -0.12* -0.08 -0.02 -0.03* -0.04 +0.01 

Difference -O.ll -0.05 -0.13 -0.12 -0.06 -0.07 
*n=15 

Considerable variation in DO concentration, relative to the control 
station, was observed for non-dredging periods when the dredge was 
inoperative during sampling, but presumably operating up to several 
hours prior. These observations ranged from +0.7 to -0.9 mg/1 for 
surface, +0.3 to -0.8 mg/1 for mid-depth, and +0.3 to -0.6 mg/1 for 
bottom measurements. Control station variability was often greater 
than that observed near the dredge. 

Variation in DO observed when the dredge was operating during 
sampling ranged from +0.4 to -0.6 mg/1 for surface, +0.2 to -0.5 
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mg/1 for mid-depth and +0.2 to -0.6 mg/1 for bottom measurements. 
Overall, dredging had a positive effect on surface DO 
concentrations, a positive or slightly negative effect on mid-depth 
DO concentrations and a slightly negative effect on bottom DO 
concentrations around the dredge. The stations most affected by the 
dredge appeared to be the 91 m upstream and downstream stations. 
Maximum deviations in DO concentration, however, were generally less 
than 0.20 mg/1. Associated data on turbidity in the vicinity of the 
dredge showed levels generally at or below 10 NTU 1 s (equivalent in 
this system to about 40 mg/1) in the surface and mid-depth levels to 
as high as 40 NTU's (equivalent to about 160 mg/1) in bottom waters. 
Suspended sediment levels were thus less than half those used for 
the model predictions. 

Baseline monitoring of DO prior to dredging showed variation in DO 
concentrations, measured in the channel proper, ranging from 0.1 to 
0.7 mg/1 for surface, 0.1 to 0.7 mg/1 for mid-depth, and 0.2 to 0.9 
mg/1 for bottom measurements. 

Measured concentrations of ferrous iron and free sulfides ranged 
from 176.0 to 483.1 ng/mg and from 1023.1 to 2621.6 ng/mg sediment, 
respectively. Applying the stoichiometric equivalents of 2.327 mg 
Fe/mg DO and 0.501 mg S/mg DO to values from 11 sediment samples 
yielded a mean total DO reduction of 0.317 mg/1 at 100 mg/1 
suspended sediment concentration. DO reduction at 200 and 500 mg/1 
suspended sediment concentrations were calculated to be 0.634 and 
1.585 mg/1, respectively. 

Discussion 

Judging from the results of this monitoring study, the TOC based 
model of DO reduction underestimated DO reduction while the 
alternative model, based on concentrations of oxidizable iron and 
sulfides, more closely predicted DO reduction around a bucket dredge 
operation. The difference in predictive accuracy between the two 
approaches is due to the inherent temporal differences in the 
oxidation rates of the predictive agents. For TOC, the model is 
based on the relationship between volatile solids concentrations and 
oxygen demand which acts over the course of days. This reduction in 
DO concentration is mediated by biological activity (BOD) acting on 
the volatile solids within the sediment. Iron and sulfides react 
very rapidly (within seconds or minutes) creating an immediate 
oxygen demand. This second scenario better fits the actual 
conditions surrounding an operating dredge where anoxic sediments 
remain in suspension for only a short period of time. The reason 
that predicted DO values were greater than observed may be because 
the suspended sediment concentrations observed in the field studies 
were significantly less than the value used as a model parameter 
(160 mg/1 versus 400 mg/1). Mixing, not accounted for in this simple 
model, may also have reduced observed DO values below predicted 
levels. The predicted values, would have thus overestimated DO by a 
factor of two. 
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Results of the monitoring study suggest that DO reduction induced by 
an operating bucket dredge is minimal: generally less than 0.1 mg/1 
with maximum reduction of no more than 0.2 mg/1. It is important to 
point out, however, that natural variation in DO concentration, as 
measured in the three pre-dredging weekly transects, was, on some 
occasions, greater than that observed near the dredge. Dissolved 
oxygen concentrations were also observed to be somewhat more 
variable on non-dredging days, suggesting that an extrinsic 
factor(s) may be affecting DO. 

Comparative information on dredge-induced reduction in DO is limited 
to two studies: a bucket dredging project in a highly industrialized 
channel in New York (Brown and Clark, 1968) and a hopper dredging 
project in a tidal slough in Oregon (U.S. Army Engineers, 1982). 
Oxygen depletion in the New York channel ranged from 16 to 83 
percent (ambient range, 4.5-8.2 mg/1) in the mid to upper water 
column and up to 100 percent in near-bottom layers during December 
and March dredging activity. Conditions in the channel were 
complicated by reduced tidal flushing. Dredge-induced DO reduction 
(1.5-3.5 mg/1) at the Oregon site was limited to slack water 
conditions in the bottom 1/3 of the water column persisting until 
tidal flow resumed (within 2 hrs). Dissolved oxygen concentrations 
were observed to actually increase (by 2.0 mg/1) under flood tide 
conditions. In the present study, DO concentrations during slack 
water and flood tide conditions were generally similar to that shown 
for ebb tide conditions (Table 1). 

Recommendations 

Based on the results of this study, the alternative model of DO 
reduction, using sediment concentrations of readily oxidizable 
compounds (i.e., ferrous iron, free sulfides), appears to be a 
better predictor of DO reduction around dredging activities. While 
predicted DO depletion was slightly greater than that actually 
observed, the model served to provide a liberal estimate of DO 
reduction which is preferable, particularly in light of the highly 
variable conditions which can exist in estuarine systems. The 
presence of considerable natural DO variation stresses the 
importance of good pre-dredging baseline data for putting any 
dredging monitoring data into true perspective. 
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Invertebrate Resource Assessments 
in and around Proposed Dredged Materials 

Disposal Sites in Puget Sound* 

Paul A. Dinnel, David A. Armstrong, and Robert R. Lauth 

Introduction 

The multi-agency Puget Sound Dredge Disposal Analysis 
(PSDDA) Program was formed to site, evaluate, and 
manage the long-term, unconfined, disposal of dredged 
sediments in Puget Sound. As part of the siting 
process, trawl assessments of demersal invertebrate and 
bottomfish resources (See Donnelly et al. this 
conference, for a summary of the fish studies) were 
conducted in and around 15 proposed disposal sites in 
10 general areas of Puget Sound for the purpose of 
siting disposal areas to minimize potential resource 
conflicts. 

Coincident with the PSDDA evaluations was the need of 
the U.S. Navy to identify a confined (capped) disposal 
site in Port Gardner for open-water disposal of 
contaminated sediments from the Navy Homeport site at 
Everett, WA. With the support from these two separate 
projects, seasonal trawl assessments were made at PSDDA 
Phase I sites (Central Puget Sound, including the Navy 
site at Port Gardner) in 1986 and at PSDDA Phase II 
sites (North and South Puget Sound in addition to a 
second year assessment in Port Gardner) in 1987. 

The object of this paper is to provide a synopsis of 
the methods and sites involved in the trawl study and 
provide a summary of the general findings together with 
appropriate references to the detailed final reports. 

Methods 

The areas sampled during 1986 and 1987 are shown in 
Fig. 1. Phase I (1986) sampling included two proposed 
sites each in Elliott and Commencement Bays, three 
sites in Port Gardner and one site in Saratoga Passage. 
Phase II (1987) sampling was conducted around two sites 
each in the Nisqually area and Bellingham Bay and one 
site each in the Strait of Georgia, Rosario Strait, and 

*contribution No. 747, School of Fisheries, WH-10, 
University of Washington, Seattle, WA 98195 
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Figure 1. Map of Puget Sound showing the PSDDA 
sampling locations. 
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near Port Townsend and Port Angeles in the Strait of 
Juan de Fuca. The latter four sites were "dispersive" 
in nature and received less sampling effort than the 
other sites which were considered "non-dispersive". 

Generally, each area was sampled on a seasonal basis 
except for the dispersive sites (April and October 
only) . Sampling consisted of single tows of a 3-m beam 
trawl (Gunderson and Ellis 1986) pulled by the 16-m 
research vessel Kittiwake for about 5 minutes at a 
target ground speed of 2.5 km/hr. Each tow was gauged 
by radar ranges to be 1/8 nautical mile (about 232 m) 
long which produced an estimated area swept by the net 
(opening = 2.3 m) of about 530 m2. The number of 
stations sampled in each area varied from 14 (Saratoga 
Passage) to 95 (Port Gardner) for the non-dispersive 
sites and from 6 to 11 for the dispersive sites. A 
portion of the stations sampled were within the 
boundaries of the prospective disposal sites and the 
remaining stations stratified by depth around the 
sites. 

All Cancer spp. and Chionoecetes spp. (tanner) crabs 
caught in the trawl were counted, sexed, and assessed 
for molt and reproductive condition. Pandalid shrimp 
were identified to species, counted, measured and 
checked for eggs. Other invertebrates of actual or 
potential resource concern (e.g., scallops, mussels, 
sea urchins, sea cucumbers, etc.) were enumerated but 
not measured. 

Further details of the sampling methods, sites and 
stations are recorded in the project final reports 
(Dinnel et al. 1986, 1988a, 1988b) submitted by the 
University of Washington. 

Results 

Non-dispersive sites 

Nisgually. Trawls in and around two zones of Siting 
Feasibility (ZSFs) showed that invertebrate resources 
were minimal in both zones. The major resource of 
concern in this area is the sea cucumber, Parastichopus 
californicus, which was most common at depths shallower 
than the proposed disposal sites. A small population 
of Dungeness crab, Cancer magister (probably survivors 
of one successful year class), was found, but none were 
caught within the ZSFs. 

Commencement and Elliott Bays. Invertebrate resources 
of concern were scarce in and around the ZSFs in these 
two urban embayments. A few Dungeness crab were caught 
in Elliott Bay and several species of pandalid shrimp 
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were present in both areas, but not at densities 
presently considered to be of commercial importance. 

Port Gardner. A substantial population of Dungeness 
crab (up to about 200,000 adults, mostly females) was 
found to reside in Port Gardner year-round, and 
portions of this bay are important for egg-bearing 
(gravid or ovigerous) females. This discovery was 
responsible for the relocation of the Navy's Homeport 
confined disposal site (for contaminated sediments) 
from an inshore location at 80 m depth to a site less 
frequented by crab between 90-130 m depth. This 
finding was also partially responsible for the eventual 
choice of a PSDDA unconfined disposal site in the 
deeper, offshore area of Port Gardner where crabs are 
relatively rare. In both cases, the choices of deeper 
sites in Port Gardner should also minimize potential 
impacts to shrimp and bottomfish (Donnelly et al., this 
conference) resources. 

Saratoga Passage. Invertebrate resources were minimal 
(mainly a few pandalid shrimp) within the Saratoga 
Passage ZSF but Dungeness crab and sea cucumbers did 
occur in the shallower areas. Present plans do not 
call for a disposal site in Saratoga Passage due to the 
selection of one of the two Port Gardner sites. 

Bellingham Bay. Bellingham Bay was relatively rich in 
invertebrate resources, especially Dungeness crab, 
pandalid shrimp, and the large nudibranch, Tritonia 
diomedea, which is valuable for neurophysiological 
research because of its large nerve fibers. While the 
PSDDA siting process relies on the trawl data to help 
select a final site location in Bellingham Bay, the 
question of whether or not a site is finally acceptable 
in terms of resource considerations by the various 
management agencies and the public may be a bigger 
question for this embayment. Presently, there are few 
criteria or standards for objective resolution of 
development/resource conflicts of this nature, although 
several are under consideration (see Clarke, this 
conference) . 

Dispersive sites 

As previously mentioned, resource assessment at the 
dispersive sites was less rigorous (two seasons only at 
6-11 stations) compared to the non-dispersive sites. 
The reasons for this were two-fold: 1) the concept of 
PSDDA adopting a dispersive philosophy was tentative 
and, 2) demersal resources should suffer less impacts 
in a dispersive site due to maximized dilution and 
dispersion of disposed sediments. General results of 
trawl surveys at the dispersive sites were as follows: 
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Strait of Georgia. Resources were scarce within this 
deep-water (-200 m) ZSF and limited to an occasional 
shrimp or scallop (including the rare weather-vane 
scallop, Pecten caurinus) . Dungeness crab were caught 
in fair numbers inshore of the ZSF, but were limited to 
depths less than -about 100 m. Catches of sea urchins 
(Strongylocentrotus pallidus and ~ droebachiensis) and 
mussels (Modiolus) in the southern portion of the ZSF 
indicated a hard, rocky bottom, while large catches of 
brittle stars in the northern portion indicated a sandy 
bottom. 

Rosario Strait. The Rosario Strait site is very rocky 
and highly affected by tidal currents. This area, 
which was sampled entirely by rock dredge, was 
dominated by pink scallops (Chlamys spp.) sea urchins, 
and mussels. No Cancer crabs (except small ~ 
oregonensis) and only a few small pandalid shrimp were 
caught. 

Port Townsend. Strait of Juan de Fuca. This site was 
dominated by pink scallops, small pink (Pandalus 
borealis) or coonstripe (~ danae) shrimp, and sea 
urchins. 

Port Angeles. Strait of Juan de Fuca. The invertebrate 
catches at this site were very similar to the Port 
Townsend catches except that coonstripe shrimp were 
absent and a few sidestripe shrimp (Pandalopsis dispar) 
were caught. 

Discussion 

The trawl surveys conducted as part of the PSDDA 
(Dinnel et al. 1986, 1988a) and Navy Homeport (Dinnel 
et al. 1988b) projects provided basic biological 
resource data which aided final siting of five dredged 
materials disposal sites in Puget Sound, and identified 
potential resource conflicts which may affect the 
eventual establishment of a disposal site in Bellingham 
Bay. In some cases the data favored areas tentatively 
selected based on other siting factors (e.g., currents, 
depth, navigation lanes, cost, etc.), while in other 
cases (e.g., the Navy and PSDDA sites in Port Gardner) 
the final siting decisions were very dependent on 
resource considerations. Siting decisions based, in 
part, on seasonal resource densities should help to 
minimize adverse short-term impacts due to physical 
site disruption as well as long-term impacts due to 
elevated toxicant concentrations in disposed sediments. 

In addition to the use of the trawl data for siting 
purposes, "baseline" information is also provided for 

341 



evaluation of future disposal activities at these 
sites. Presently, little quantitative invertebrate 
resource data exist for Puget Sound. Past work 
includes only an early shrimp assessment (Smith 1937) 
using a commercial-sized otter trawl and some seasonal 
beam trawl sampling by English (1976) in four general 
areas (Port Gardner, March Point, East Sound and Cherry 
Point) as part of an oil baseline study. Thus, the 
work discussed in this paper represents the most 
current and comprehensive invertebrate resource survey 
undertaken to date. Besides providing siting 
information, these surveys have provided additional 
insights into recruitment times, growth, periods of 
molting and egg production for crustacean species, and 
identification of some favored habitats. In the case 
of the two-year data base in Port Gardner, valuable 
measures of interannual variability have been obtained. 

Presently, the Puget Sound Water Quality Authority is 
addressing the need for a long-term, comprehensive 
program to monitor Puget Sound and its resources (PSWQA 
1987) . This program will develop and implement a 
monitoring plan which will evaluate long-term trends in 
the health of Puget Sound and its resources. Of prime 
importance in any long-term plan is the ability to 
build on the present data base and maintain a 
consistency in sampling methodology and stations. The 
time is ripe to build on the Sound-wide PSDDA/Navy 
sampling program which has been carried out in the last 
two years and has involved some 1,500+ trawl samples 
throughout the Sound. 
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Demersal l'ish Asseliablaqes Sampled at 
Puqet Sound. PSDDA Sitesl 

Robert F. Donnelly, Shelley C. Clarke, Robert R. Lauth, 
Bruce S. Miller and John H. Stadler 

Introduction 

Several communities bordering Puget Sound are horne to in­
dustrial and recreational facilities that require access 
to nearshore and estuarine waters. These facilities (both 
existing and planned) are usually in areas that are peri­
odically dredged to maintain water depth for vessel use. 
The Puget Sound Dredge Disposal Analysis (PSDDA) group was 
formed to identify and evaluate aquatic sites where 
dredged materials could be disposed of and managed in 
Puget Sound. The PSDDA group was composed of members from 
agencies involved with management and resource issues in 
Puget Sound. Final site selection was partially based on 
evaluation of the biological resources found at each of 
the proposed disposal sites. 

This paper gives a general overview of the trawl studies 
conducted by the University of Washington to assess bottom 
fish resources at, and adjacent to, each proposed 
disposal site, and implications for long term monitoring. 

Materials and Methods 

Six areas designated for the permanent (non-dispersive) 
storage of dredged materials were sampled in and around 
the following areas (Fig. 1): the Nisqually region, 
Commencement Bay, Elliott Bay, Saratoga Passage, Port 
Gardner and Bellingham Bay. Primary and alternate sites 
were located in each area except Saratoga Passage, which 
had only one site. One of the Port Gardner sites was 
later proposed as the location for confined disposal of 
dredged materials from the U.S. Navy Horneport construc­
tion. Four additional sites were selected for disposal of 
relatively uncontaminated dredged materials: two were in 
the Strait of Juan de Fuca (one each near Port Townsend 
and Port Angeles), one in Rosario Strait and one in the 
Strait of Georgia (Fig. 1). These sites were labeled 

1Contribution no. 752, School of Fisheries WH-10, University of 
Washington, Seattle, WA 98195. 
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Figure 1. Map of Puget Sound showing the PSDDA sampling 
locations. 

"dispersive" because dredged materials would be dispersed 
by the strong tidal currents in each area. Since dispers­
ive sites were not intended for permanent storage, they 
were only sampled twice. 

The number of times each area was sampled ranged from one 
in Saratoga Passage to five in Port Gardner. Multiple 
samplings were done by season. Sampling adjacent to each 
proposed disposal site was stratified according to depth 
with several collections taken at each depth or stratum. 
The stations sampled for fish resources consisted of a 
subset of the stations sampled for invertebrate resources 
(see Dinnel et al., this conference). The sampling gear 

345 



consisted of a 7.6 m, semi-balloon, two panel otter trawl 
(Mearns and Allen 1978) and a rock dredge. The otter 
trawl was towed from the research vessel Kittiwake at a 
target ground speed of 4.2 km/hr for a distance of 370 m. 
All fish resource stations were sampled with the otter 
trawl except for those in Rosario Strait where the rough 
bottom required the use of a rock dredge. The samples 
were sorted to species and enumerated in the field, then 
placed in plastic bags, marked, put on ice and later 
frozen. In the laboratory, lengths, weights and life 
history stages were recorded. For greater detail on 
sampling materials, methods and analyses see the project 
reports by Donnelly et al. (1986, 1988) and Lauth et al. 
(1988). 

Results 

Non-dispersive sites 

Nisgually region. The two proposed sites or Zones of 
Siting Feasibility (ZSFs) were located at different depths 
and had different fish assemblages. ZSF 3, the western 
site, was dominated by subadult English sole (Parophrys 
vetulus) throughout the year. Shiner perch (Cymatogaster 
aggregata) and other small fishes, especially blackbelly 
eelpouts (Lycodopsis pacifica), were seen during winter 
and spring. The eastern site was almost twice as deep 
(=120 m) as the western site and was characterized by the 
presence of English sole and Dover sole adults (Micro­
stomus pacificus), ratfish (Hydrolagus colliei) and the 
occasional quillback rockfish (Sebastes maliger) . The 
species assemblages changed with depth and season at all 
sampling stations. 

Commencement and Elliott bays. The ZSFs within these two 
bays were only sampled twice, summer and autumn. The 
Commencement Bay ZSFs contained the least fish of all the 
sites designated for the permanent storage of dredged 
materials. In contrast, the Elliott Bay ZSFs had high 
numbers of fish and many species. Both bays showed dif­
ferences in fish assemblages based on depth. Generally, 
the deeper the sampling site, the fewer the species. 

Port Gardner. On the basis of depth and time, differences 
in species assemblages were seen in this bay. The make-up 
of the fish assemblages changed from season to season for 
depths to 80 m. These shallow strata generally had higher 
numbers of species and individuals and more complex assem­
blages than fish assemblages at the deeper strata (>80 m) . 
Below 80 m, five species dominated: English sole, Pacific 
hake (Merluccius productus), Dover sole, slender sole 
(Lyopsetta exilis) and ratfish. Some of these species 
underwent apparent migrations during the sampling period. 
Pacific hake showed signs of movement into and out of the 
area while English sole appeared to move vertically. 
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Saratoga Passage. Saratoga Passage was sampled only once 
and the fish assemblages varied with depth. The number of 
species and number of individuals decreased with increas­
ing depth. 

Bellingham Bay. The catches of fish in Bellingham Bay 
were similar at most of the stations. Bellingham Bay is 
shallow and flat with a bottom depth of about 25 to 30 m. 
Small individuals of several species, primarily longfin 
smelt (Spirinchus thaleichthys) and English sole, were 
often collected in high numbers. The variety of flatfish 
was greater in Bellingham Bay than any other area sampled, 
English sole, flathead sole (Hippoglossoides elassodon), 
butter sole (Isopsetta isolepis) and starry flounder 
(Platichthys stellatus) all being found in abundance. The 
fish assemblages at the few shallow stations differed from 
those found on the flat bottom, and at all locations 
varied with season and depth. 

Dispersive sites 

Few species and few individuals were caught at the Port 
Angeles ZSF, except for walleye pollock (Theragra chalco­
gramma) during the October sampling. The walleye pollock 
were primarily subadults. Very few individuals or species 
were captured at the Port Townsend ZSF, with walleye 
pollock dominating the catches in October. Rock dredge 
sampling at Rosario Strait resulted in the capture of few 
species and individuals. The catches, even though small, 
contained several species of snailfish (Liparis spp.). 
Small numbers of fish were captured in the Strait of 
Georgia ZSF. However, at stations adjacent to the ZSF, 
catches were larger and showed an inverse relationship 
with depth. 

Discussion 

The PSDDA bottomfish studies provided useful data on the 
fish resources present in the ZSFs. These data were used 
by PSDDA in their final site selections. In addition, 
these studies generated valuable information on fish 
assemblages that can be used as baseline data for post­
disposal monitoring. 

The results of the PSDDA studies indicated that the fish 
assemblages were dynamic through space and time. Species 
assemblages at given depths varied seasonally. The fact 
that assemblages in Puget Sound varied regionally is 
possibly due to the distinct physical characteristics of 
each area. Some species underwent annual vertical migra­
tions, others appeared to move into and out of study areas 
and some species appeared to be non-migratory. Results 
from this and other studies (Donnelly et al. 1984a, 
1984b), indicate that Puget Sound bottomfish assemblages 
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are dynamic, changing from season to season, while showing 
similar processes from year to year. 

The Puget Sound Water Quality Authority (PSWQA) is plann­
ing to establish a long-term program to monitor biological 
resources in Puget Sound (PSWQA 1987) and one objective of 
the program will be to monitor changes in these resources. 
The PSDDA fish data provides a potential baseline of 
information for long-term monitoring. Further, work is 
presently underway to assemble all the historical data on 
demersal fish in Puget Sound (see Miller and Moulton, this 
conference) . Monitoring bottomfish assemblages would be 
preferable to monitoring a few individual species since 
assemblages would be better indicators of change in the 
environment (Warren 1971). In addition, bottomfish 
resource surveys should consider fish dynamics to best 
evaluate fish assemblages. 

Consistent data collection is also an important aspect of 
long-term monitoring because changes in fish assemblages 
will be indicative of changes (positive or negative) in 
the environment. All fishing gear is selective and any 
changes in methods (e.g., velocity) or gear will change 
the portion of the fish assemblage that is sampled. 
Therefore, adopting the sampling gear and methods already 
employed in the PSDDA studies (and previous Puget Sound 
fish studies) would allow the incorporation of those data 
into any monitoring program. 
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EVALUATION OF BENTHIC HABITAT QUALITY AND BOTTOMFISH FEEDING 
HABITAT POTENTIAL AT PSDDA DISPOSAL SITES IN PUGET SOUND 

David R. Kenrlall* and Douglas Clarke** 

Introduction 

Dredging and disposal projects in Puget Sound embayments may 
have profound impacts on benthic habitat quality at both dredging and 
disposal sites. Environmental monitoring programs of dredging and 
disposal operations have traditionally focused upon detection of 
changes in benthic communities. In addition to their utility as 
indicators of changed benthic quality, benthic organisms have been 
perceived as appropriate targets of monitoring attention due to their 
importance as a forage base for valuable fisheries resources. 
Knowledge of the consequences of altered benthic conditions on 
trophic pathways to date have, however, been speculative. Insight 
into impacts to benthic-pelagic trophic linkages would provide the 
dredged material manager with more meaningful information than 
conventionally collected lists of faunal abundances (Rhoads et al., 
1978; Lunz and Kendall, 1982; Becker, 1984; Rhoads and Germano, 1986; 
Becker and Chew, 1986). Site selection studies at Puget Sound 
Dredged Disposal Analysis (PSDDA) non-dispersive sites provided an 
opportunity to apply this approach (Clarke, 1986; Clarke and Kendall, 
1988). The objectives of this paper are (1) to describe a 
comparative evaluation of benthic community and fish food habits data 
sets from the PSDDA Phase II North and South Puget Sound study areas 
with the intent of estimating functional as well as structural 
aspects of benthic conditions, and (2) to illustrate the application 
of trophic support information in dredged material management 
decisions. 

Methods 

I 
.l 

Two non-dispersive Zones of Siting Feasibility (ZSF) were 
located near the Nisqually delta between Anderson Island and Devils 
Head (Devils Head ZSF) and Anderson Island and Ketron Island (Ketron I 
Island ZSF). Two additional ZSF•s were located in northern and j 
southern Bellingham Bay. During July 1987, 22 box core stations were 
occupied within the Devils Head and Ketron Island ZSF•s, and 17 
stations were occupied in the Bellingham Bay ZSFs (see Clarke and 
Kendall, 1988 for sampling details). Each sediment core sample was 
vertically partitioned to allow infauna to be processed from the 0-2, 
2-5, 5-10, and 10-15cm sediment depth intervals. Infauna from the 0-
2cm interval were retained on a 0.25mm sieve, whereas the deeper 

* U.S. Army Corps of Engineers, Seattle District, Seattle, WA 
** U.S. Army Engineer, Waterways Experiment Station, Vicksburg, MS 
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sediment fractions were washed through a O.Smm sieve. Infauna were 
picked and sorted to the class/order taxonomic level, then separated 
into discrete size classes (0.5, 1.0, 2.0, 3.35, and 6.35 mm) by a 
modified wet-sieving procedure described by Carr and Adams (1973). 
Wet-weight biomasses were then determined and converted to 
grams/square meter. 

Demersal fish food habits samples were collected at each study 
area during ongoing fisheries resource investigations by the 
University of Washington during July 1987 (see Dinnel et al., 1988 
for sampling descriptions). Demersal bottom-feeding fishes were 
separated from the total catch at each trawl station and sorted into 
species size classes (5-9.9, 10-14.9, 15-19.9, 20-24.9, 25-29.9, 30-
34.9, and ~3Scm Standard Length). Stomach contents of fishes in each 
size class sample for a given location were pooled and processed as 
described by Borgeson (1963). Food habits samples were sorted to 
major taxa, size-sieved, and wet-weighed in the same manner as the 
benthic samples. Predator fish size class samples were grouped by 
cluster analysis (Bray-CUrtis similarity coefficient, group average 
sorting) according to their relative prey size exploitation patterns. 
Prey size exploitation patterns were then used to estimate vulnerable 
infaunal prey sizes for each predator group. 

The benthic data set was subjected to a data reduction and 
analysis sequence using cluster analysis (Bray-Curtis similarity 
coefficient, square root transformation, group average sorting), 
which identified benthic "strata" based on station similarities in 
terms of biomass quantities and benthos size characteristics. Strata 
were determined for four cumulative sediment depth intervals (0-2, O­
S, 0-10, and 0-lScm), which corresponded to estimates of potential 
foraging depths for individual demersal fish predator groups. 
Trophic support values were calculated as that portion of the total 
biomass in a benthic stratum within the vulnerable size range and 
available foraging depth range for each predator group. 

Results and Discussion 

Characterization of the benthos 

Qualitative differences in benthic community structure were 
readily apparent among the four ZSF study areas. Polychaetes 
represented a major faunal component at each study site, and 
contributed substantially to the foraging base within the available 
and vulnerable zones identified. At the Bellingham Bay ZSFs, bivalve 
molluscs, primarily Axinopsida serricata, were a dominant component 
of the benthic assemblage. In comparison, bivalve molluscs comprised 
a much smaller portion of the benthic biomass at the Nisqually area 
study sites. Bivalve biomasses were particularly low at Devils Head 
ZSF stations. In contrast, ostracods and other small crustaceans 
(cumaceans and amphipods) were present in substantially larger 
quantities in the Nisqually area than at Bellingham Bay. Ophiuroids 
were essentially absent at the Ketron Island ZSF, but were present in 
notable amounts at the remaining sites. 
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In terms of total benthic biomass the Ketron Island ZSF 
displayed greatest mean wet-weight (approx. 112 g/sq m), whereas the 
Devils Head ZSF exhibited the lowest standing crop (approx. 65 g/sq 
m), and Bellingham Bay biomasses were intermediate. Vertical and 
size ·distribution of benthic biomass in the sediment column varied 
among the study areas. Figure 1 depicts the generalized ZSF specific 
distribution of mean benthic biomass among the various size 
categories for each discrete depth zone. This illustration can be 
used to compare the potential trophic support both available (in the 
appropriate size range) and vulnerable (in the appropriate foraging 
depth zone) to given predator feeding groups at each study area. 
Large differences are apparent between the two Nisqually sites, 
particularly in the size distribution and depth partitioning of lmm 
and 6.35mm benthos. Biomass in the 0-2cm sediment depth layer 
displayed highest mean values at the Ketron Island ZSF. In Bellingham 
Bay, the size distribution of biomass is similar between study areas 
down to Scm, except in biomass magnitude. A notable increase in 
large benthic biomass particles (size >3.35mm) occurs at the south 
ZSF relative to the north ZSF at sediment depths greater than lOcm. 

Food habits analysis. 

Although dominated by English sole (Parophrys vetulus), the 
overall trawl catch also contained Dover sole (Microstomus 
tacificus), rex sole (Glyptocephalus zachirus), butter sole 
Iso setta isole is), rock sole (Lepldopsetta bilineata), starry 

flounder Platichthys stellatus), and snake prickleback (Lumpenus 
sagitta). English sole diets were found to consist primarily of 
polychaetes, bivalve molluscs, euphausids/mysids, amphipods, small 
crabs and shrimp, and ophiuroids. Ostracods and cumaceans were 
important prey items in several samples. Euphausids and mysids, 
which are facultative members of the benthos, were a notable dietary 
component only at the Devils Head ZSF. 

Seven prey exploitation patterns were discerned among the fish 
species size class samples. None of the predator groups classified 
by cluster analysis utilized predominantly small prey (less than 
l.Omm = Group I prey size exploitation. pattern). Five groups were 
identified based on their modal prey sizes as having fed upon 
primarily intermediate sized prey (in the 1.0 to 3.35mm size range = 
Groups IIA-E prey exploitation patterns). Two additional predator 
groups were found to have fed predominantly on large prey items 
(3.35mrn or larger = Group IliA and B prey exploitation patterns). 

In general there was a close correspondence between observed 
food habits and composition of the benthic assemblage at each study 
site. This relationship was evident not only in the taxonomic 
composition of the diets and available benthos, but in the size 
characteristics of the infauna present in the stomach contents as 
well as in the sediments. For example, a bimodal size distributicn 
was noted for the benthos only at the Ketron Island study ZSF. A 
similar bimodal size distribution (biomass peaks in the 1.0 and 3.35 
mm size categories) was apparent in the prey of several English sole 
samples taken from the Ketron Island ZSF (Group IIC). Another example 
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of this relationship is seen in the foraging habits of starry 
flounder (Group liB) in Bellingham Bay, where their diets matched 
infaunal size distribution and taxonomic composition within the top 
Scm of the sediment column. The benthos here consisted to a large 
extent of Axinopsida serricata in the 2mm size category. 

Benthic resource analysis 

Figure 2 depicts the spatial array of benthic infaunal biomass 
potentially available and vulnerable to four of the observed feeding 
groups within Bellingham Bay. In general, foraging habitat potential 
observed for Group II predators showed a north-south gradient of 
decreasing prey biomass potential, with markedly lower biomass within 
the top 5cm through out the southern two-thirds of the ZSF. Higher 
trophic support in the 0-Scm available zone primarily reflected the 
presence of 2mm and 3.3Smm bivalves (Figure 1), and may be a 
consequence of trawling activity disturbances of the bottom. 
Neglibible differences in potential trophic support were apparent for 
Group Ill predators within the Bellingham Bay study area, primarily 
due to the availability of polychaetes larger than 3.35mm at S-lOcm 
sediment depths. 

Marked differences in biomass were apparent between Devils Head 
and Ketron Island ZSF's, particularly within the top Scm of the 
sediment column (Figure 1). Benthic foraging habitat potential was 
depressed at Devils Head, which may be a consequence of intense 
predation pressure attributable to higher abundances of small 
demersal fishes at this site (Dinnel et al., 1988). Conversely, 
generally higher foraging habitat potentials observed at Ketron 
Island may reflect lower levels of predation due to lower abundances 
of small-sized demersal fishes. Fishes found at this site were 
primarily large size classes of English sole (Dinnel et al., 1988). 

Conclusions 

The results clearly documented close correspondence between 
benthos and foraging habits of fishes at each of the study sites. 
Evaluations of benthic habitat quality from a trophic support 
standpoint lead to recommendations for potential disposal site 
locations or site boundary alterations to optimize available trophic 
support for resident and transient demersal fishes. Based upon a 
north-south gradient of decreasing trophic support potential at 
Bellingham Bay, we recommend consideration of the south ZSF as the 
preferred site, with the site to be located in the south-west corner 
of the ZSF. At the Nisqually ZSF's, the Ketron Island ZSF exhibited 
higher trophic support potential than the Devils Head ZSF, although 
observations of relative fish abundance indicated higher utilization 
of the Devils Head ZSF by demersal predators. Active foraging by 
smaller-sized demersal predators at the Devils Head ZSF suggests that 
this area may be functioning as a nursery area to a greater extent 
than the Ketron Island ZSF. Small adjustments in site boundaries 
within each of the Nisqually ZSF's can optimize trophic support 
considerations. It should be pointed out that other potential natural 
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resource and human use concerns must be balanced against trophic 
resource concerns in the final site selection determination. 
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Figure 1. Three dimensional plots of mean benthic biomass accross size categories and sediment 
depth intervals for each of the four Zones of Siting Feasibility evaluated in North 
and South Puget ~ound. Note that biomass in the 0.25mm size category was measured 
only for the 0-2cm depth interval. 
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Vicinity map on left depicts Bellingham Bay Zones of Siting Feasibility with box core stations. 
Figure on right depicts spatial arrays of benthic feeding habitat potential for four of the 
identified predator feeding groups. Values in grams/square meter (wet weight). 

Predator Feeding Group: IIA, liB, IID, IliA 
Available Zone (foraging depth): 0-Scm, 0-lOcm 
Vulnerable Sizes: l-2mm, l-3.35mm, 2-6.35mm 



Balancing Wasta Disposal and l'ishary Resource 
Xmpacts: A Comparison of Mathodsl 

Shelley C. Clarke 

Introduction 

In recent years a trend has developed to assess the 
ecological impact of human activities on the environment 
by means of quantitative guidelines. The movement began 
with drinking water quality standards, progressed to 
standards for marine water quality and is now expanding to 
include standards for allowable impacts on living resourc­
es. Proponents of such guidelines argue that they in­
crease accountability and consistency in management deci­
sions by allowing laypeople to easily evaluate agency 
procedures (Packham 1984; Bibko 1976). These guidelines 
either identify specific resources to be protected or set 
limits on the impacts of harmful substances or activities. 
Although they are based on scientific information, the 
guidelines themselves are not necessarily scientific 
statements (Noss and Marks 1981) . Rather, they are policy 
instruments to be used in specific contexts with appro­
priate caution. 

According to conventional terminology, a guideline is a 
numerical statement of an acceptable condition or impact 
and a standard is a guideline fixed by law (Cabell! 1983) . 
This paper presents two guidelines and one standard which 
are currently used in decision-making for dredged material 
disposal. It also outlines two other quantitative tech­
niques for balancing waste disposal and impacts to fishery 
resources. For each case, an example is provided using 
local data to illustrate the technique. These examples 
are not meant to propound these indices as suitable for 
local policy but merely to focus attention on how such 
indices are developed and the advantages and disadvantages 
associated with their use. This type of consideration may 
encourage further research on more efficient and accurate 
alternatives. 

!contribution no. 748, School of Fisheries WH-10, University of 
Washington, Seattle, WA 98195. 
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Important Flatfish Populations 

This guideline was formed in December 1986 by the Washing­
ton Department of Fisheries (WDF} in response to inquiries 
as to what would constitute an important flatfish popula­
tion. The Seattle District Army Corps of Engineers (COE} 
requested this guidance in choosing dredge disposal sites 
in the Puget Sound Dredge Disposal Analysis (PSDDA) 
project (Bargman 1987} . Since WDF had not yet begun its 
finfish resource surveys, the only available data was from 
commercial fishing records. The guideline, which WDF 
calls a "critical density", is therefore formulated on the 
density of flatfish required to support a commercial fish­
ery, in this case, the English sole fishery. According to 
WDF records, 28.63 kilograms (63 lbs.} per hour is the 
minimum catch rate which will induce a trawler to set a 
net. The average area swept per hour in this fishery is 
considered to be approximately 5 hectares, thus the 
minimum catch per hectare is calculated to be: 

28.63 kg/hour x 0.2 hour/hectare= 5.73 kg/hectare. 

Assuming the average commercial flatfish weighs.91 kg (2 
lbs.}, the critical density for a commercial flatfish 
fishery is approximately 6 fish per hectare. 

WDF presented this figure to the COE but cautioned that 
"certain areas may be utilized ... for specific life func­
tions including feeding, rearing and spawning. These 
areas may subsequently be considered critical habitat and 
subject to different [guidelines]." (Blum 1987). This 
quantitative guideline, though formulated for the PSDDA 
project, was considered but not utilized in the draft 
siting decision (COE 1988). In fact, in every season 
sampled, PSDDA sites in all three Phase I locations 
exceeded 6 flatfish per hectare (Dinnel et al. 1986}. 

Important Crab Population 

A similar sequence of events resulted in a WDF guideline 
for an important Dungeness crab population. PSDDA 
requested WDF provide them with a numerical criterion to 
guide their siting decisions. WDF contacted University of 
Washington fishery researchers who had data from recent 
north Puget Sound resource surveys. These data were 
compiled in a bar chart that showed number of crab per 
hectare at each of 22 stations. On the basis of this 
chart it was suggested that a naturally occurring crab 
density which was dramatically greater than background 
densitites could be tentatively set at 100 crab per 
hectare (P. Dinnel 1987}. 

This figure eventually was given to the COE with similar 
cautions that "critical habitats" merit special treatment 
in siting decisions (Cahill 1986) . Unlike the flatfish 
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guideline, the crab guideline was articulated in the 
siting deliberations. No PSDDA sites exceeded the crite­
rion but the Navy's originally proposed confined aquatic 
disposal (CAD) site surpassed the guideline in each sampl­
ing season (Dinnel et al. 1986). Although the 100 crab 
per hectare guideline did not alter the PSDDA siting deci­
sions, it strengthened the identification of the Navy's 
CAD site as "crab condo"(Haley 1986). This, in combination 
with other factors, resulted in relocation of the disposal 
site to an area of lower crab density. 
Allowable Impact to Crab Populations 

The Washington Department of Ecology (WDOE) had to con­
front the issue of protecting crab populations in issuing 
the Water Quality Certification for the Navy Homeport 
Project. The permit states that approval for the second 
year's disposal is contingent upon demonstrating that the 
site has a mean annual density of less than 100 female 
adult crab per hectare and such crab are less than 5% of 
the total female adult crab population in a specified area 
within Port Gardner (WDOE 1987). These standards reflect 
the WDF "important" population figure with the additional 
stipulation that the 100 crab refers to adult females. 
The 5% figure represents the maximum percentage of the 
area's adult female crab the project is allowed to impact. 
This standard was developed using rough calculations to 
determine that the proposed disposal area occupies about 
10% of the bay's area. It was then decided that the site 
should have less than half the average crab density of the 
bay if, as a worst case assumption, all crab in the 
disposal area would be killed (Elwell 1988) • 

Protection of crab resources in the WDOE Water Quality 
Certification involves a two-part test and either standard 
could be more conservative depending on population distri­
bution and size. For example, if adult female crab are 
evenly distributed and each hectare in the disposal site 
has 75 adult female crab per hectare, the total number of 
crab in the disposal site would be approximately 7650. 
Currently, the best estimates place the adult female popu­
lation in the Port Gardner area somewhere between 54 and 
197 thousand crabs (Wainwright 1988), and 7650 is 21% and 
6% of these estimates, respectively. For this hypotheti­
cal situation, the 5% standard could negate the permit 
whereas under the 100-crab per hectare standard, it would 
be approved. However, it is common for adult female crab 
to aggregate (Dinnel et al. in prep.; Orensanz and 
Gallucci in press). Under these circumstances it is con­
ceivable that 100 crab per hectare could be the limiting 
standard. If the disposal site crab total was under the 
5% standard, an aggregation within the site could drive 
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the average density per hectare above 100 crab and affect 
permit approval. 

Indices of Degradation 

Recently there has been a movement toward defining envi­
ronmental impacts within the context of natural variation 
in population levels. The National Oceanic and Atmospher­
ic Administration (NOAA) has developed several "indices of 
degradation" to address this issue (O'Connor and Dewling 
1986). Although such indices are not yet being used, the 
concept is interesting and has potential in environmental 
impact assessment. 

As a local example, one of these indices is applied to 
data collected for the purpose of modelling the impact of 
dredging on Dungeness crab in Grays Harbor, Washington 
(Armstrong et al. 1987). 

b lx - t co .1) sxy ~ (1/n) (1/m) 1 
The index (I) is defined: I = t ] 
where Y = mean number of crabs in the area during 

dredging, averaged over m years 
x = mean number of crabs in the area before 
dredging, averaged over n years and calculated to 
be 2,198,478 using WDF crab landing statistics for 
Grays Harbor and offshore from 1943-1976 (n=34). 
(WDF 1976) 
sx = standard deviation of x 
t(0.1) =one tailed t statistic (df = n-1) 
b = 1.74 (assuming a replacement rate of 1) 
(After O'Connor and Dewling 1986.) 

The model of dredging impact suggests a total loss of 
202,000 crabs (using the linear, confined, mean estimate 
over a 4 year period. Y can then be calculated as: 

((2,198,478) X 4 -(202,000))/4 = 2,147,978 

and I is given by 

~2,198,478- (1.308)1,225,401 ~(1/34)(1/4)~1. 7 4 
= 0.9306 2,147,978 

According to the index scale, 0.9306 or any number between 
0 and 1 is interpreted to be within the normal zone of 
population variation. 

Risk Analysis 

Another technique for balancing waste disposal needs 
against fishery resource impacts is that of risk analysis. 
This process involves identification of hazardous consti­
tuents of the dredged materials, characterization of the 
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risk to the ecosystem through exposure and suseptibility 
calculations and managing the risk by translating the 
scientific results into a social and regulatory framework. 
Risk characterization involves generating a dose-response 
curve from bioassays on established indicator organisms 
(amphipods, mysids, oyster larvae, etc.). Risk character­
ization also requires calculating ecosystem exposures with 
various disposal options. Exposure assessments and dose­
response assessments are then combined to estimate the 
probability and extent of adverse effects associated with 
contaminant release (Tetra Tech 1986) . The results are a 
ranking of disposal options by risk. 

Although risk analysis was examined in a PSDDA report 
(Tetra Tech 1986), PSDDA's goal was to designate uncon­
fined open water disposal sites for basically clean sedi­
ments. Therefore, the PSDDA project used a qualitative 
mapping of biological resources for its disposal site se­
lection. Risk analysis is especially valuable in disposal 
decisions concerning contaminated sediments since it is 
designed to rank the risks of various types of disposal 
options (e.g. unconfined, confined, nearshore, upland). 
Its utility will depend on whether the model is robust 
with slight changes in dose-response and exposure vari­
ables. If not, other considerations may weigh more 
heavily in the final decision (Tetra Tech 1986) . 

Discussion 

The indices outlined above have both advantages and dis­
advantages in marine policy formation. Advantages include 
1) easily developed and understood guidelines or stand­
ards, 2) facilitation of decision-making and 3) easily 
defended policy. However, each of the techniques outlined 
above has its own particular problems. The guideline of 6 
flatfish per hectare is based on commercial fishing re­
cords for one fishery which may have little relevance to 
natural population sizes. In addition, abundance sampling 
for guideline comparison is heavily gear dependent. Al­
though the guideline of 100 crab per hectare is based on 
standardized resource survey data, it has a similar prob­
lem with gear dependency. However, it does serve to pro­
tect resource aggregations and identify preferred habi­
tats. The allowable impact standard for crab (5%) avoids 
inherent ties to any particular gear type, addresses the 
project's impact on the entire population and allows the 
impact to change with population fluctuations. Which of 
these standards is used in Port Gardner will depend on the 
crab population distribution and size. O'Connor and 
Dewling's (1986) index also considers the impact in a 
population context but only uses population variance in 
its assessment. Status of the fishery at the time of 
impact (e.g., recovering versus sustained high production) 
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can be an important component of the ultimate effect. The 
technique of risk analysis can be highly subjective since 
the result is heavily dependent on the included variables 
and their weighting. 

The first step in grappling with the complex and contro­
versial issues in impact assessment is to realize that 
there is no magic number. The best approach may be to 
consider a variety of indices as well as qualitative 
methods, keeping in mind their particular drawbacks and 
biases, rather than depending on one or two. Ultimately, 
better data bases must be developed to respond to the 
information needs of environmental policy. Quantitative 
techniques can effectively facilitate decision-making but 
should be used cautiously so as not to compromise the 
science upon which they are based. 
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Summary Statement 

Keith E. Phillips * 

Environmental planners are frequently surprised to discover how 
little we really know about bottom living resources in Puget 
Sound. What limits their production? Dissolved oxygen and water 
quality? Habitat, cover and food? Predation and fishing? How 
many crabs and sole are there? What is the population value of 
10 crabs; 100 crabs? Where are they located? We've found some 
"crab condos;" but where are their "children's playgrounds" and 
their "conununity kitchen?" 

Given these uncertainties, how do we assess adverse effects to 
living resources? Often, we do not -- we simply do the best we 
can to avoid them. And where we can't avoid them, management 
decisions are not easy. 

In some areas, we are making progress. Dissolved oxygen 
predictions can lead to field monitoring of dredging, and to 
management decisions to ensure fish passsage, and to minimize the 
magnitude and area of dredging influence. We are beginning to 
quantify the food value of the bottom to bottom-feeding fish and 
shellfish. Benthic areas with higher food value can then be 
selectively avoided, and the value of an impacted area can be 
monitored over time. We are beginning to overtly express our 
value judgments used in management decisions, and to objectively 
assess the utility of the resulting standards and guidelines. 

However, we all recognize that key information about living 
resources is still missing. While the past impetus for obtaining 
this information has often been construction development or waste 
management activities, we now see that the subject deserves 
broader funding and longer-term assessment. Unless resource 
managers better understand their system, management decisions of 
all sorts will continue to be hampered. And until then, decision 
guidelines and standards will necessarily have a greater 
componen~ of administrative policy than science. 

* State of Washington Department of Ecology, Olympia, Washington 
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