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FOREWORD

Katherine Fletcher
Chair, Puget Sound Water Quality Authority

The First Annual Meeting on Puget Sound Research was held at the Seattle
Center on March 18-19, 1988. The meeting was co-sponsored by the 13
agencies, universities, and private firms that are listed in the front of this
volume. We are grateful to those organizations for so readily providing
support for this meeting. This support made it possible to hold the costs
for the meeting registration and proceedings to a level that encouraged
broad attendance and participation. The attendance at the meeting--700
paid registrants--speaks strongly of people’s interest in the information
presented and desire for the exchange of ideas that occurred at the
meeting.

Protecting Puget Sound is a complex, long-term task involving many people,
substantial funding, and troubling uncertainties. In making a long-term
commitment to the Sound’s future, it is vital to recognize and fulfill the
need for research activities to increase our ability to make good
management decisions. As part of a strategy to accomplish this, the Puget
Sound Water Quality Authority in its 1987 Puget Sound Water Quality
Management Plan specified that an annual meeting on Puget Sound research
shoulg be convened. :

The purposes of the meeting, as stated in the plan, are to serve the needs
of: 1) researchers for scientific exchange and dialogue; 2) regulators,
resource managers, and public officials for technical information that would
guide them in developing policy; and 3) the public for translation of
research results. These are demanding objectives that are difficult to

satisfy simultaneously. The meeting steering committee felt that the
greatest unmet need that the conference should address was the need for
translation and dissemination of research results to agency officials,
members of the public, and all those who make decisions about managing
the Sound. To help meet this-objective the steering committee organized
the technical sessions around current issues and questions related to
managing the Sound and its watersheds. Session chairs were asked to
provide introductory comments and a closing statement that would help link
together and provide a perspective on the diverse research papers presented
in their session. Speakers were strongly encouraged to address the
implications of their research results for the questions that we have in
managing the Sound.

The opening session of the meeting was devoted to a presentation of the
recommendations of the Authority’s Committee on Research in Puget Sound
and a panel commentary on those recommendations. Again, the theme of
communication and translation of research resuits, of orienting research
toward "actions” or "outcomes," was emphasized. Both the committee and
the panelists also expressed a deeper concern and commitment to the
principle that research is essential to wise and enlightened decision-making.
We cannot afford to operate in ignorance of the potential consequences o
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our actions, either for the natural environment or for the economy and
communities of the Puget Sound region.

I hoge that this meeting will truly be the first annual meeting. There is a
need to continue opening the channels of communication between the
research community and those of us dispersed in various agencies and
offices. The form of the next meeting is not yet decided. It may be a
logical next step to convene a series of technical workshops or forums
around specific issues. Each workshop would discuss all information
available on an issue and attempt to reach a consensus on the status of our
knowledge and our next research priorities.

I hope that these proceedings will serve the purpose for which they were
intended--to create a permanent record that meeting participants and those
not in attendance can refer to as they continue in their own work. I hope
that as you read these proceedings you are challenged to reexamine your
thinking about Puget Sound.

Finally, it has been said that Puget Sound Fresents a unique pational
opportunity for research. There are very few, if any, other estuaries in
the country where one has the opportunity to examine the natural
environment in a contaminated or perturbed state and, nearby, to study a
relatively pristine reference area. We should commit ourselves to
maintaining a vigorous research effort that makes use of this natural
laboratory for the benefit of our own decision-making and similar efforts
around the country.
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KEYNOTE ADDRESS

Lawrence J. Jensen*

I appreciate very much the invitation to be with you today at this first
annual meeting on research in the Puget Sound. I have to tell you as I stand
here and look out at this group, that 1t is indeed an impressive sight. I

think it speaks well of the efforts of the Water Quality Authority and of
many other federal, state, and local organizations which have joined forces to
meet the environmental challenges in Puget Sound. I think fyour presence
here today in such numbers also bodes well for the future of Puget Sound. 1
would hope as you go from this meeting and break into your smaller sessions-
-and particularly as you begin to review the scope, complexity, and the
serious nature of some of the challenges that we face here--that you would
remember the strength of this group.

I think all too often, as we get involved in our work and as we look ahead
at how much there is to do, we tend to forget just how far we have come.

I am reminded that it’s been just sixteen years since the Clean Water Act
became law, and that’s really not a very long period of time. Yet in that
period of time we’ve succeeded in permitting some 90 thousand dischargers
nationwide; we've built over five thousand waste water treatment plants;
invested over $200 billion in various water pollution control efforts; and
maybe even more importantly, we find as we look across the country that in
every state we have strong institutions with skilled, experienced water
quality professionals. You have in the citizenry at large, I think, a
consciousness about clean water issues. All of this has come about in what is
really a relatively short period of time.

I would hope that you would bear that in mind as you continue your efforts
here in Puget Sound. I would love to come to back to the fifth or the tenth
annual meeting. I think all of us will be pleasantly surprised at how much
we've accomplished in those years.

It’s important to keep that type of perspective when we think about water
quality problems. The challenges that we face are immense, and they do pose
some very difficult problems for us. This morning I would like to offer a
perspective on the importance and the significance of the work that you are
doing here in Puget Sound as I see it from a national scale.

First, let me briefly describe for you how the work that you are doing here
in Puget Sound fits into a much larger effort nationwide that is focussed on
estuarine waters and near-coastal waters, the values of those resources, and
the environmental challenges that they face. I came to Washington to

* Assistant Administrator for Water, U.S. Environmental Protection Agency,
Washington, D.C.



participate yesterday in a ceremony which officially designated Puget Sound
as part of the National Estuary Program. A year ago in the amendments to
the Clean Water Act, Congress gave the Administrator the authority to work
with the states in designating estuaries of national significance. Together
with the states, they were given authority to convene management
conferences that would pull together state, federal, and local interests and
help and support them in their efforts to focus in a comprehensive fashion on
the challenges that we face in protecting our estuarine waters. Yesterday
was Puget Sound. Last week I was in Providence, Rhode Island, and there we
designated Narragansett Bay as part of the National Estuary Program. In
November I travelled to Elizabeth City in North Carolina and we designated
Albermarle Pamlico Sound as part of the estuary program. In January I was
in Cape Cod; there we designated Buzzard’s Bay as part of the program.
Next week I travel to Long Island and will participate in a ceremony
designating Long Island as part of the estuary prolglram. Next month will be
San Francisco Bay. Before the year is out we are hopeful that we will be
%articipating in and supporting as a federal government and as the
nvironmental Protection Agency a dozen estuary projects nationwide.

We’ve begun just recently what we call a Gulf Initiative, taking on what may
be our largest estuarine challenge, the Gulf of Mexico. We’re beginning to
search for ways to pull together all of the varied people and organizations
that are interested in addressing some of the problems that we face there.

In December I travelled to Baltimore and participated in a ceremony at which
the Administrator of the Environmental Protection Agency was present and
also the governors of three states. There they signed a second Chesapeake
Bay Agreement, building on their efforts from the past three or four years
which have been largely research and assessment. In December those
governments committed themselves to some very specific and some very
challenéing goals as far as addressing the problems in the Chesapeake Bay.
In the Great Lakes we find similarly a renewed commitment to takinﬂhe
actions necessary to preserve the environmental health of the Great Lakes.
And 50, you can see that you're part of a growing and intense focus on
estuarine and near-coastal waters across the country--one which is beginning
to gain momentum and energy. So you’re not alone.

You should also recognize as you talk about the problems here in Puget
Sound, the ones peculiar to the place where you live, that you also have
much to share with those estuary projects that are organizing themselves
nationwide. I think Puget Sound in many ways is a leader in marking the
way for how we can organize ourselves to address the estuarine problems.
The fact that you’ve established a separate Water Quality Authority, charged
by the state government with the authority to plan and coordinate and your
cigarette tax, part of which is dedicated to the clean up of the Sound--these
gre irgportant indications of the strength of the commitment here in Puget
ound.

We have been able to take your experience and help others as they begin
similar efforts across the country. I would hope, as you focus on specific
details of the problems that fyou face here that you would recognize that you
are part of a much larger effort. The contributions you make here, important
as they are for the health of Puget Sound, will often also have application
and bring benefit to similar problems that we face in other estuaries across
the country.




That’s a perspective on how Puget Sound and its estuary program fits into
the national effort. Now let me step back for a moment, and give you a
perspective on how your efforts here fit into the larger national effort to
address water pollution, not just in the estuarine areas, but in our surface
waters across the country and even in our groundwater resources. Last year,
in February of 1987, the Clean Water Act was amended. This was not the
first, but I think perhaps the most significant set of amendments that have
been added to the Clean Water Act since its passage in 1972. It marked a
very significant change in the focus, direction, and thrust of our national
water pollution control efforts.

We’re moving, partly as a result of those amendments and partly as a result
of successes we’ve had over the past 15 years, from a national water
pollution control effort that was primarily point source-focused to a program
that is focused on all sources of water pollution. The point source program
was driven by technology-based controls and was predominantly federal, both
in the financial resources that were available and also in many of the
requirements which Congress placed upon the states and the local communities
from a national level. We are moving to a program that is dealing not so
much with technology-based controls but with water quality-based controls.

It is not so much dominated by the presence of the federal government as it
is led by the state and the initiative of local governments.

Over the last 15 years our focus generally has been on point sources--on the
discharges from the factories and industries of America and on the discharges
of municipal sewage from our cities. It hasn’t been exclusive, but that has
certainly been the primary focus of our efforts. The effort to put in place a
set of controls on those types of discharges is drawing to a close. We find

as we look across the country that there is really a remarkably high
compliance rate by our major industries with the requirements of the Clean
Water Act. And we're finding as well, largely as result of the concentrated
efforts we’ve made over the last four years, that in controlling municipal
discharges we’ve done a nice piece of work. We found four years ago, when
we looked at the municipalities, that there were still, 10 years after the
Clean Water Act was passed, some 1500 major municipalities across the
country that were not in compliance with the basic secondary treatment
requirements of the Act. As a result, we put together an effort in
cooperation with the states to focus on that universe of cities. I'm pleased
to report that as we approach the deadline which we set for July 1, 1988,
we're finding all but a handful of that universe of 1500 municipalities are
either in compliance with those secondary treatment requirements or are on
schedules that will soon bring them into compliance. So we’re reaching a
point, speaking broadly, where that major effort to get appropriate controls
on those large and obvious sources of waste water discharge into our streams,
lakes, and rivers is coming to an end.

We begin now to lift our heads from that work and focus on the challenges
that remain. What do we find? Something that won’t surprise you;
something I think you’ve learned from your efforts here in Puget Sound.
There is a whole category of sources out there--nonpoint sources--which are
significant contributors to pollution in the waters of the United States. We
have to build a program that focuses much more than it has in the past on
all sources instead of just point sources. Congress recognized that in the



amendments to the Clean Water Act. It required the states to assess over a
very short time period (by August of this year) the nonpoint source pollution
in each state that is causing actual water quality problems that need to be
addressed. Having made that assessment and identified those problems, the
states are charged with the responsibility of putting to%ethcr a nonpoint
source strategy. This strategy 1s a plan that tells how the state will move
forward to aﬁress its nonpoint source problems. Obviously your efforts here
in the Puget Sound are an important part of the state of Washington’s efforts
to make that assessment and to develop that strategy, and it reflects the
change in focus from a predominantly point source program to one that
focuses on all sources.

At the same time we’re moving from an emphasis on technology-based
controls to water quality-based controls. We have said in the past to the
dischargers across the country, "You can only discharge wastewater into our
rivers and streams if you have first ensured that you have cleaned up the
wastewater to the maximum extent possible. Whatever is technically feasible
is required of you before you can discharge your wastewater into our rivers
and streams.” In other words, to a certain extent, we haven’t focused on the
actual water quality in the streams. We have required as a first line of
defense that we get those technology-based controls in place. Now what is
contemplated by the Clean Water Act is that we move to a water quality-
based focus, where we put on our hip boots, go out into the middle of the
stream and assess the actual water quality to determine whether those
technology-based controls are adequate to protect the uses that we would like
to make of our water resources in the country. From my perspective, that
move towards water quality-based controls puts a premium on the type of
work that you do--on the research effort, on good science--because the
problems that we will face are complex and challenging in determining what
water quality-based controls are necessary to ensure the purity of our water.

Finally, we’re moving from a program that has been federally dominated to
one that is much more led by the states. The nonpoint source effort I
mentioned to you is an example. Congress recognized the strong institutions
that we have in the states and gave them the responsibility of telling us how
nonpoint problems are to be solved. You see in a number of areas under the
Clean Water Act the initiative being given to the states for setting the
agenda for the next several years as we address our water quality problems.

I hope that’s not too much of an oversimplification, but I hope it gives you
some sense of the shift that is taking place in the national perspective in our
water pollution control efforts. As you reflect on what is taking place here
in Puget Sound you will recognize, E’hope, that the effort here 1s really a
microcosm of that shift. AsI'read the assessments that you've done of the
problems that you face here, it’s clear that you recognize the contribution
made not only by (})oint sources, but by nonpoint sources as well. It’s clear
that you have made substantial strides in focusing on the actual water quality
in the Sound. I think you find here in Puget Sound an excellent example of
initiative being taken by a state and the leadership role being assumed by a
state in addressing the water pollution problems that it faces.

By way of giving you perspective, I'll conclude with one final thought as you
begin your sessions today. Last fall there was a little noticed news item
having to do with the Bureau of Reclamation. It was little noticed, and yet




highly significant, in giving us a sense, particularly here in the western
United States, of what the focus will be as far as our water resources in the
years to come. The news article dealt with the Bureau of Reclamation, which
has long been the water czar in the West, charged by federal law with the
responsibility of building the large dams and developing the irrigation projects
which brought the West-to life. It was noted in that article that the Bureau

of Reclamation itself had come to a recognition that that era of water
resource development, of large irri%ation projects and huge dams, was drawing
to a close, and they needed to find for themselves a new sense of mission. I
was interested to note that heading the list of things which the Bureau of
Reclamation sees itself as doing in the years to come is a focus on water
quality. I found it very significant for the Bureau of Reclamation to come to
that recognition. In the last hundred years one of the driving efforts in the
western United States has been that reclamation effort--the effort of
reclaiming land from nature, from desert conditions and from uncontrolled
rivers--so that it can be farmed and so that communities could grow up
around it.

I suggest to you that as important as that effort has been, there is a much
more important effort of which you are a part today. Over the next 10, 20,
or 30 years it won’t be the reclamation laws authorizing the building of dams
that will be the focus of our efforts in water here in the Western states. It
will be the reclamation laws known as the Clean Water Act or the Safe
Drinking Water Act--the water laws which charge us not with the
responsibility of reclaiming the land from nature, but reclaiming our water
resources from man, from the pollution and degradation that by virtue of our
activities we visited upon them. I think that will be the significant
reclamation effort of the years to come. I'm plcased to be a part of it. It’s
really encouraging to me to be in a meeting like this today with as many
people as are here who are also interested in being a part of that reclamation
effort. I'wish you well. Thank you again for allowing me to join with you

in this important meeting.






SUMMARY
FINAL REPORT
COMMITTEE ON RESEARCH IN PUGET SOUND

David W. Jamison, Megan Dethier, and John Strand*

Mandate for the Committee on Rescarch in Puget Sound

In 1986 the Puget Sound Water Quality Authority reviewed the Puget Sound
research effort and identified several issucs that needed to be addressed.
Among these issues were the planning, coordination, and funding of research
and the access to and use of research results by decision-makers. In the

1987 Puget Sound Water Quality Management Plan the Authority established
the Committee on Research in Puget Sound and asked the Committee to make
recommendations to the Authority on these issues.

The Committee was formed in February 1987. It is composed of 20 individuals

representing academic institutions, statc and federal agencies, the business

community, agriculture, environmental groups, and private research organiza-

tions. This report presents the findings and recommendations of the Commit-

tee. The recommendations will be presented for comment and discussion by

Earticipants at the First Annual Meeting on Puget Sound Research, which will
e convened in Seattle on March 18 and 19, 1988.

Findings of the Committee

The Committee finds that there is no comprehensive and coordinated program
for research on Puget Sound. While various federal agencies currently
support most of the Puget Sound rcsearch, each agency must give first
priority to meeting its own needs. None of these agencies claims
responsibility for Puget Sound as a whole. Consequently, the scope of the
research is limited. State agencies generally have limited budgets that usually
can only support short-term and site-specific studies. The result of this
fragmented approach is:

1)  There is limited coordination among agencies to optimize how research
dollars are spent;

2) No planning activity identifics the research needs for the whole Sound
as a complex system and sets thesc in the context of the most urgent
and serious problems; '

3)  There is no stable and continuous source of support for research ques-
tions that require a long-term cffort; and

*Jamison is chair of the Committec on Research in Puget Sound. Dethier is
chair of the Subcommittee on Establishing Research Priorities. Strand is
chair of the Subcommittee on Institutional Issucs.



4) There is little research that looks at the cumulative effects of our
decisions on the Puget Sound system as a whole.

5) There is no medium for interaction among researchers to discuss the
results and the implications of their work.

The Committee also finds that the present system falls short of delivering the
research results to the decision-makers and other involved parties in a form
and time frame that allows the results to be used in decisions. A significant
percentage of agency-sponsored research resides in internal reports that
receive limited distribution. Agency managers have little opportunity to stay
abreast of the multiple professional journals that might contain Puget Sound-
related research. Staff at the local planning level have a particularly strong
need for research results that are translated into operating guidelines or
models that they can readily adapt to their specific circumstances.

R r iorities for Puget Sound

The Committee devel(;,ped a process to produce a comprehensive list of
research priorities for Puget Sound and used the process to develop the list
of priorities that is included in this report. The process was keyed to using
the information needs of decision-makers and managers as the starting point
for identifying research prioritics. Work groups of technical experts were
convened to take the information needs of the managers and refine and
translate these into the research that is appropriate to address those needs.
After considering the recommendations of the work groups, the final list was
compiled by the Committee. It includes research priorities in six major
research areas:

1) The distribution and physical/chemical factors related to toxic
chemicals;

2) Biological effects of toxic chemicals;

3) Habitat modification;

4) Conventional pollutants and nutricnts;

5) Microbiological contamination; and

6) Environmental and regulatory policy.

Institutional Issues Related to Research

The Committee concluded that the magnitude of the problems related to
coordination, funding, and application of rcsearch results requires an institu-
tional structure to achieve the rescarch goals identified by the Committee.
Policy changes alone cannot accomplish this. The Committee identified seven
functions that would need to be carried out by this institution:

1)  Managing a process to set rescarch priorities;

2)  Generating research funding;




3) Managing a research grants program;

4) Translating and disseminating rescarch results;

5) Facilitating access to data;

6) Coordinating with the Puget Sound Ambient Monitoring Program; and
7)  Providing recommendations on the establishment of research reserves.

Existing Puget Sound institutions and institutions in other coastal areas were
examined to see if they could provide models for the functions outlined. In
its review the Committee looked for several critical characteristics:

1)  Participation in the process for sctting research priorities by all the
parties involved in decisions to manage the Sound;

2)  An ability to generate substantial new funding that is regionally (not
federally) controlled;

3)  An ability to communicatc research results from an unbiased position;
4) A primary focus on Puget Sound; and

5) Independence from the programmatic and policy influence of a single
agency or entity. '

A Proposal for the Puget Sound Rescarch Foundation

The Committee proposes creation of a new institutional structure that
combines many of the desirable featurcs of other model institutions. The
Puget Sound Research Foundation is proposed as an independent nonprofit
corporation consisting of representatives of colleges and universities,
%ovemment agencies, industry, tribes, citizens’ groups and nonprofit

oundations. An appointed board of trustecs would oversee management of
the Foundation and would be responsible for fund raising to generate broad-
based supFort for the research program. A scientific council composed of 12
scientists familiar with Puget Sound would be responsible for identifying and
ranking research needs for Pugct Sound and for reviewing and ranking
proposals for research funding. A management council would be composed of
representatives of the key agencics and jurisdictions involved in Puget Sound
management decisions. This council would provide the primary avenue for
input of management needs to thc scicntific council in setting research
priorities and coordination with thc Foundation’s research grants program in
mmplementing and funding the final list of research priorities.

The proposed Puget Sound Rescarch Foundation provides, for the first time, a
mechanism to coordinate rescarch prioritics that cuts across the issue- or
mission-specific perspective of any onc group or agency and focuses on the
entirety of Puget Sound. This approach will help ensure that the resources
that are devoted to research are focused on the most important problems for
the protection of the Sound. The improved information base generated by
this effort will provide agencies with the tools they need to make realistic

and defensible regulatory decisions. Reducing regulatory uncertainty reduces



the cost and time spent in litigation for all parties.

Through its research grants program the Foundation will fill gaps in ongoing
agency research and will serve as a regional sponsor for innovative research
that has potential for long-term benefits for Puget Sound. Finally, the
Foundation will serve a translation and dissemination role, assisting in the
publication of research results and in making research a tool in helping to
resolve present and future problems in Puget Sound.
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PANEL DISCUSSION OF COMMITTEE REPORT
Kai N. Lee/, G. Ross Heath?, James C. Waldo?, Phil Talmadge#*

KAIN.LEE

This morning, to begin the process of discussing the research plan, the
Authority has assembled a group that has two scientists and two lawyers.
That may be an indication of the kind of discussion we should be sparking.
It is important that this is the first annual research conference, signalling
not only the optimism of the Authority, but the lateness of the time at which
we have come to think of Puget Sound as a unit to be examined.

The Authority was formed in 1983 in order to do something called cleaning up
Puget Sound. It isn’t so clear what it means to clean up Puget Sound, it
isn’t even clear what Puget Sound is. Dave Jamison made a very important
goint this morning, that there is today no perspective on what the whole
ound as an ecosystem is and how it operates. You heard later from Megan
Dethier that in this process of narrowing down to specific research questions,
such as the transport of toxins, the panel preparing this plan deliberately
avoided a whole Sound perspective. The reason that we don’t have a whole
Sound perspective is fairly clear when you stop a moment to think about it.
While the work of the Authority is the work of planning and coordination,
the basic dilemma of public policy is that planning tends to aggregate things
but implementation tends to disaggregate or to decentralize action. As we
heard Mr. Jensen say in his keynote remarks, implementation of the Puget .
Sound Management Plan is going to require disaggregation in the future.

We face a future where "cautious creativity"” is going to have to be the
watchword. We need to emphasize stewardship of what remains of the
natural resources of the Sound as well as a cautious approach to making use
of those resources in our human activities. The future that we face is one
that will not be as intensive in its use of technology as has been the case in
the past. The final commitment to secondary treatment in our municipal
sewage treatment programs is really the end of an era. What we see in the
future are more management orientations, more uses of the voluntary
activities of hundreds and thousands of people and smaller organizations,
rather than the building of large concrete structures. We will not, therefore,
have a need or source for high capital investment dollars, but that doesn’t
mean that money isn’t still critical. It is in that kind of context, where we
are moving away from technology and away from federally provided funding,
that we need to think about the problem of managing the Sound and the
scientific problem that lies behind it.

*IInstitute for Environmental Studies, University of Washington, Seattle,
Washington 98195; 2Dean, College of Ocean and Fishery Sciences, University
of Washington, Seattle, Washington 98195; 3Gordon, Thomas, Honeywell,
Malanca, Peterson, and Daheim, One Union Square, Suite 2101, Seattle,
Washington 98101; 4Senator, District 34, Washington State Senate
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1 spoke a moment ago of cautious creativity. I think if we look to the

future what the research plan attempts to do is to lay out some directions

and priorities for what might be called "directed creativity." Directed
creativity is, as every parent is aware of with resggct to one’s children, an
oxymoron. What can be directed and what can be created are often not in
the same direction at all. It is especially an oxymoron when it comes to the
question of research, where the need of managers to have questions answered
only accidentally and rarely corre%‘onds with the scientific agenda that is
before the research community. The dilemma of managing directed creativity
is the heart of the idea that is addressed by the Puget Sound Research
Foundation concept that was laid before us a few minutes ago.

G. ROSS HEATH

I'm not going to be able to comment on all the scientific issues in the report.
I’'m hopeful that the discussions that we will have in the next couple of days
will start doing that much more seriously than any speaker can do in an
introductory session.

I"d like to congratulate both the Authority and the Committee on Research
for the job they have done in recognizing the importance of research in an
activity like the management of the quality of Puget Sound. It might seem
obvious in a society that values education and scientific research as highly as
this one does that there would be widespread acceptance of the concept that
management on the basis of knowledge is better than management on the
basis of ignorance. However, one doesn’t have to look very far in this
country to discover all kinds of examples where that has clearly been
demonstrated not to be the case. I think it’s very healthy that the Puget
Sound Water Quality Authority has started out with that philosophy in mind.

One of the issues I think that always comes up when one raises the term
research is the disagreement, sometimes contflict, between whether one should
give high priority to applied or basic research; and in fact, what does one
gain from the two. Jim Waldo has pointed out in situations like this there is
really no difference between applied and basic research; all research is
applied. The issue is really the degree to which the research is directed. I
think agencies in particular are more comfortable with research where they
know the question, and they have a pretty good idea of how to go about
attacking it. In that case they can write a pretty precise RFP and go out
and find somebody to do the work. The kind of thing that comes to mind in
that regard is how widely a given pollutant is dispersed within the Sound.
We know how to measure it, we know enough about statistics to design a
sampling program,; it is possible to direct that research very substantially.

It is much more difficult for an organization to deal with the non-directed
types of research. These are issues where we recognize the problem, but we
really don’t have a very l%ood idea of how to go about solving it. One might
look at something like the tumors we find in sole in various areas of the
Sound. The question might be, why do these fish get these tumors? That
opens up a whole raft of issues such as: should we be looking at specific
pollutants, is there some aspect of the life cycle that is particularly
sensitive? There are many, many angles to follow, and none of them is
obviously likely to be more valuable or provide a more conclusive answer than
any other. Therefore, one has to ask the question in a much more open way,
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accept proposals to do the work in a much more open way, and recognize the
chance of failure is quite high. I would say it is important when the
research activities get under way that they don’t just fund sure things but
they do make sure that they fund at least a significant number of high risk
exercises that could be high payoff. That is much of what basic research can
do.

Another issue that is mentioned in the report is the importance of peer
review. Unless the research is independently looked at by somebody who has
no vested interest in the design of the experiment or the way that it was
carried out, there will always be questions as to its validity. Scientifically

this has always been viewed as very important. More recently it has started
to appear in the courts that research which has been peer reviewed and has
appeared in the peer reviewed literature is given much greater credence than
research which is sponsored by a particular organization and is either done by
that organization itself or by its contractors and then simply disappears into
the files. That kind of research doesn’t have nearly the credibility, either
legally or scientifically, of well-reviewed work. Whatever organization is
finally set up here, you should place very great emphasis on peer review.

The research report sgends quite a bit of time talking about the proposed
Puget Sound Research Foundation. I must admit that my initial response to
the creation of yet another bureaucracy was something akin to horror. But I
do recognize that there are some functions which are not now being done
well. I would urge the committee to separate the functions from the
operations and to think carefully whether they couldn’t economize by forming
the Foundation but using one of the many existing operations in the Puget
Sound area to handle a lot of the logistics, which otherwise are very costly

for a new organization.

I agree with the comment that it is important that this Foundation have an
independent source of funding. The objective of getting an endowment rather
than having to go back to the legislature every session is a very important
one. The kinds of problems we are looking at are going to take many years,
and in some cases many decades, to solve. It has been demonstrated over
and over again that agencies and political interests just don’t have those
kinds of lifetimes. The successful models that have been talked about do
have some core of permanent funding that belongs to them, that they can
focus on the problem without having to fight every year. As a strategic
point, before formally setting up this kind of organization one should have in
sight a budget on the order of $3 million. If the Foundation is set up
without some additional clear-cut support, then the staff is going to find
itself continually fighting to survive rather than fighting to attack the
important problems that are its real objective.

Finally, my impression of the research report is that it is an important first
step, but it still strikes one as too broad. ?would estimate that the list of
research priorities represents many tens of millions and probably a couple of
hundred million dollars worth of costs. Since that amount of money will
probably not be immediately available for research on Puget Sound, the
committee is going to have to get the managers, agency people, and those
who are involved in the health of the Sound together with a moderator to
distill out the priorities. There are two kinds of priorities that should be
considered: priorities in terms of importance (what are the things we need to

13



know right now that will give us the most benefit if we do them) and
priorities in time (which things are important problems where a delay of five
years is going to make a big difference). I think breaking the list of
priorities into priorities in time and priorities in immediate importance would
be a very important next role for the committee.

JAMES C. WALDO

I speak as a fan of the institutional concept in the report and in that vein I
am also going to be fairly direct and in some respects critical. I think that
this effort is more likel¥ to fail than to succeed if it is not carefully and
precisely thought out. Iread the report several times and I encourage
everyone to read the summary and then ask yourself the question, does that
summary compel you to reach for your checkbook to fill out a check? If it
doesn’t, then it may not get the appropriate response at the state level or
the federal level or the private level; and a necessary tool that we all need
will not happen. Iwant to speak from the position of someone who might be
approached to fund this, because that in some ways tends to sharpen your
thinking. As I read the report I agree with its conclusions, and I agree that
it points up our failure as a society to adjust our institutions to solve this
problem. But we will never have enough information to make us all feel
comfortable. We will never have enough information at the time when we
will be forced to make decisions. We will always sin either by taking action
when people say we have insufficient information or not acting because we
claim we don’t have enough. I submit that there will never be sufficient,
necessary, stable and continuous support for research on the magnitude that
we would all like to have. So, the question then is how do we move in the
direction that the rel;:ort sets out to accomplish those goals and to rectify
some of the areas where we are not currently doing a good enough job?

We are starting such an effort in a very difficult financial climate. It is
difficult at the state level, at the federal level, with private companies, and
with foundations. We probably will have a recession sometime in the next
two to three years, and that will make financing an effort like this even
more difficult than it is in better times. On the other hand, it is clear that
the people of this state want to see improvements-in terms of correcting past
environmental problems and ensuring that such things do not occur in the
future. They have evidenced time after time in many ways that they are
willing to pay for that, provided there are results. I think that agencies that
work 1n and around these areas want successes, they want to be able to
demonstrate that they are making a difference. Those who are affected by
these decisions, whether they are in the environmental community, the
businesslcommunity, agriculture, fisheries, or local government also want to
see results.

For purposes of discussion, I would retitle the name of this organization to

the Puget Sound Management Information and Scientific Research Foundation.
First, it needs to be part of a system, not a stand-alone entity. Second, it

needs to be targeted to actions and outcomes. The question is, what are you
trying to get at and what actions could it lead to if you had the information?

In terms of making more effective use of our scientific and research

resources, we do need to prioritize and direct at least a portion of those
efforts. The dialogue between the managers and scientists and the research
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community ought not to be all or nothing. How can we direct a portion of
these cffor?ts specifically to Puget Sound and specifically to helping us make a
difference?

There is a need for greater scientific interchange and scientific credibility.
We are finding increasingly that everybody is bringing their experts to a
dispute; and after all the experts have testified, it is less clear what we
ought to do than it was when we started initially. We are going to waste a
lot of money and time if this process does not try to foster and help support
collaborative research. This includes not only peer review, but also help in
designing priorities and addressing issues such as: how are the studies going
to be cast, what is the form of the research, and can a broad group of the
scientific community subscribe to it?

The goals can be stated in the form of two questions: 1) how do we get the
best information possible to decision-makers in a timely fashion; and 2) when
will we have better information, at what cost, and how does that affect the
nature of the decisions we have to make today versus those that can wait
until we have better information?

An action and outcome orientation and an emphasis on collaborative effort
are in this report but haven’t been sufficiently crystallized. If they were, it
would give you the ability to go to the state and federal government and
private funders and say, here are the decisions that are critical to us in
Puget Sound from an environmental point of view, from a societal point of
view, and from an economic point of view. Without this information we
either will make no decisions and stall, while everybody fights various
procedural battles, or we will make poor decisions. Poor decisions mean that
we may require less than is required to protect the environment, or we may
require costs that are unnecessary. Imprecision is the enemy of all of us who
care about Puget Sound, who want an environment and a sufficient economic
base for people to be able to earn a living.

How do we get there? My view is this report probably puts us at the leading
edge of these kinds of efforts in the country. g‘hat is both a very Fositive
statement about the report and in some ways a criticism of the efforts that
have gone on elsewhere in the country, where they have been satisfied with
less than Erecise thinking and simply launched these efforts. In my view
some of them have wasted a lot of money for the results they have obtained.

Money is essential to this effort. The money will come out of enlightened
self-interest on the part of governmental agencies and private folks. A
program should address how this research over some period of time will help
them do a better job at the decisions that they have to make as they affect
Puget Sound. The test should be action outcomes not a list of desired
research. When I read the list of research priorities that were in this report,
1 was unable to determine what would happen when that research was
completed. So as a funder, I'm not sure what I am buying other than a lot

of good research. Good research is a worthy goal, it just happens to compete
with a lot of other worthy goals in today’s society, and that is not
necessarily enough.

anally, asto the endowment, let me suggest that endowments are earned, not
given. Obtaining an endowment should be a long-term not an immediate goal
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of the organization. You first need to go out for a period of years and do
high quality work that leads to results. Then when you go for an
endowment, you can say, this is what we have done; now if we can have a
better, more predictable, more stable base, we can do a lot more. I think
this should be viewed as an evolution that should occur over an extended
period of time, not an all or nothing proposition as of today.

PHIL TALMADGE

The reaction that I had to the report was a very positive one on several
different levels. As to the prioritization of research activities, I think it is
something that is long overdue, and it was something that we envisioned
when the Puget Sound Water Quality Authority was first put into place. My
onldy quarrel with the list of priorities is that when you put environmental

and regulatory poli(.g/ as number 6 for a research foundation whose principal
function is going to be affecting environmental and regulatory policy, that is
a mistake. The first five items of priority are significant and should be
considered in the priority in which they are set forth, but environmental and
regulatory policy should be a part of each and every one of those prior five

items. Then the le%lslature, or whoever will be using the research, will have
the opportunity to have that research affect public policy. That is, in my
view, the first and foremost focus of the research activities of such an

entity.

My second comment relates to the question of whether this research function
should be conducted independently of existing institutions. By way of history
you should know that research foundations or research institutes have been
proposed in prior sessions of the legislature. They have been pr(;posed as an
adjunct to the activities of the University of Washington, and, unfortunately,
for one reason or another, the legislature felt that having a research entity

at the University of Washington was unacceptable. The legislature apparently
thought that some more independent structure would be appropriate,
something independent of the University of Washington or any other existing
institution. Therefore, from what I can see of the history of research related
activities, it would be very useful to have the research function conducted by
an independent foundation that is separately funded from a variety of sources,
rather than just the legislature itself. Its opportunity for success, its
opportunity to avoid cataclysmic cutoff of funding by one level of government
or one organization or another is certainly more realistic.

The last thing I want to mention is the question of whether or not we really
are operating in an environment of enlightened self-interest or in a situation
where the policy makers want information upon which to make management
decisions. I think research is absolutely critical to the policy making
function, and we have operated in many instances in Olympia, Washington,
D.C,, and elsewhere in a vacuum when it comes to information about the
issues on which we are attem(fting to make policy. The difficulty I see is

that we have not had the kind of broad-based public sugport for Puget Sound
activities that some people would like to think that we have had. It has

been suggested that the people of the state of Washington and the Puget
Sound basin have a deep and abiding commitment to cleaning up Puget Sound
and have a deep and abiding commitment to funding appropriate management
of the resources of Puget Sound. Unfortunately, over the last two or three
years, from my direct observation of the legislative process, that assertion is
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not true.

In the last session of the legislature, legislation the Puget Sound Water
Quality Authority proposed did not pass the legislature. This includes
legislation that would have provided for criminal penalties in some
circumstances where people violate water related laws, efforts to provide
money for nonpoint pollution cleanup, and efforts to deal with septic tanks.
The legislature, despite the Cigarette Tax that some people are privileged to
pay, has not been exactly generous in its funding in this particular area,
notwithstanding the knowledge that many of these issues about which we
speak are very expensive. Until the effort that we are talking about with
respect to Puget Sound digs deeper into the soul of people in Puget Sound by
way of citizen-related grass-roots activities, we are not going to be
successful in dealing with the management issues, the funding issues, or even
the research issues this report talks about. It is my view that we can have a
Puget Sound Water Quality Authority, we can have efforts in the legislature,
we can have efforts of the sort that this conference represents, but we are
%oing to have to broaden the effort to the citizenry at large on the issue of

uget Sound to really make it possible for pressure to be exerted on the
public decision making bodies to come up with the money to make the policy,
and to make the tough choices that are necessary. The research provided by
a research foundation can assist us in giving information to policy makers
upon which to base the tough decisions, but there has to be a broad base of
public support for that effort. Unfortunately, over the last couple of years it
has not been present. The money will not follow and the tough decision
making will not follow from policy makers until that occurs.

KAIN.LEE

1 would like to add to the things that have been said, going back to Ross
Heath’s theme of managing in the face of ignorance. The scientific
community is inclined to think that something should not be relied upon until
it has been established as a firm finding. Dave Jamison referred to this as
the conflict between trying to provide timely information and trying to
provide peer reviewed information. As all four of us have implied in our
remarks, it is often the case that society acts without having all the
information that might be desirable. One of the important functions of the
scientific community is to point out areas where certainty is not available,
not because nobody has looked, but because the (}uestions are very difficult
to answer. Puget Sound bristles with questions of that kind. The most
significant knowledge that we have about Puget Sound comes not through
scientific research, but through the activities of people making use of the
resources of the Sound. As we look to the future it seems to me that an
important research opportunity, an important opportunity for learning about
the magnitude of and reducing our ignorance, lies in focusing on actual uses
and on management steps taken in the Sound. Then we learn from our own
experience in a disciplined and systematic way, something that we do not do
today.

There has been a lot of quarrelling about what ought to be done with the
disposal of dredge spoils off the Port of Everett in preparation for the new
Navy Base there. This is an important occasion to learn about dredge spoil
disposal, something that can only be done in a limited way because of funding
constraints.
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We have had a decade and a half of trying to manage fisheries in the Sound

in light of the newly interpreted Indian treaty rights. What are the lessons
from that kind of change in man’s interaction with the biol(z%ical populations,
and what impact does that have on upland watersheds and the need to protect
spawning grounds for salmon and steelhead? Those are the kinds of questions
which are important to learn, not from laboratory research, but from the
laboratory that is the Sound itself.

Puget Sound is no longer a wilderness. It is the setting for a large industrial
socicti'. We do not need to choose whether Puget Sound should be a sewer
or a playground; we don’t need to choose whether Puget Sound should be a
highway or an aquaculture tank; we don’t need to choose whether Puget
Sound 1s a factory or a scenic treasure. We can have all of those things if
we find a way to define our uses and manage our own behavior so we can
sustain those uses.
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Introductory Statement
Curtis C. Ebbesmeyer*

The eight papers comprising this session present a number of
historical perspectives of Puget Sound's temporal variability. The
first three papers focus on contamination, the fourth on physical
oceanography, and the last four on marine life. To aid the reader
brief overviews of the papers are given below. The authors' names
are followed by the approximate years examined in their work.

1) Crecelius® and Curl (1850-1980): temporal trends of contamination
inferred from the chemical composition of age-dated sediment
cores from central Puget Sound.

2) Brown', Maguire, Armstrong, and Duxbury (1955-1985): historical
changes of Puget Sound water quality.

3) Maguire, Brown', Wilson, and Armstrong (1893-1987): contamination
problems in nonurban areas of Puget Sound from interpretations of
existing information.

4) Ebbesmexer+, Coomes, Cox, Cannon, and Bretschneider (1916-1987):
long-term changes of the circulation in central Puget Sound
related to coastal and mountain conditions.

5) Mearns® (1900-1987): review of unusual occurrences of conspicuous
marine ]ife along the Pacific Northwest coast and in Puget Sound.

6) Nichols™ (1963-1986): variations of deep (200 m) benthic
communities in central Puget Sound.

7) Bargmann® (1948-1987): abundance of economically important marine
fish in Puget Sound.

8) Moulton and Miller' (1949-1988): analysis of long-term changes in
Puget Sound marine fishes based on available data.

*Evans-Hamilton, Inc., 6306 218t Ave. NE, Seattle, Washington 98115
Speaker
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Temporal Trends of Contamination Recorded
in Sediments of Puget Sound

Eric A. Creceliusl
Herbert C. Curl, Jr.2

Introduction

Puget Sound has been used for a waste disposal site for more than
100 years. Since the establishment of camumnities and industry on
the shores of the Sourd during the second half of the 19th century,
the Sound has received a variety of wastes, including municipal
sewage, industrial waste water, coal cambustion waste, storm water
runoff, and particles fram metal smelters. The residence time
(flushing rate) for seawater in the Sound is about half a year
(Ebbesmeyer et al., 1984) while the residence time of particles in
the water column is generally less than a month (Baker, 1984;

Bates et al., 1987). Same of the contaminants discharged to the
Sourd are either attached to particulate matter or sequestered by
suspended sediments and accumlate in the fine-grain sediments.
Those contaminants which tend to remain dissolved in seawater, such
as Arsenic (As), Cadmiium (Cd), Copper (Cu), and Zinc (Zn), are
transported out of Puget Sounds into the Pacific Ocean (Crecelius
et al., 1975, Ramberg et al. 1984; Paulson et al., in press).

This paper discusses the temporal trends of contamination that can
be inferred fram the chemical camposition of age-dated sediment
cores fram central Puget Sound. The fine-grain sediment (less than
10% sand) of the deep region (>150 m) of central Puget Sound, which
accumulates relatively undisturbed sediment at a rate of
approximately 1 cm per year, provides a useful record of the
history of contamination.

Methods

This paper draws upon data fram several publications on the
distribution of contaminants in age-dated sediment cores collected
fram central Puget Sound. The intent of this paper is to summarize

temporal trends for a variety of contaminants, but not to review or
discuss all available data.

1pattelle/Marine Research Laboratory, 439 West Sequim Bay
Road, Sequim, WA 98382

2NOAA-PMEL, 7600 Sand Point Way N.E., Seattle, WA 98115
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Results and Discussion

Heavy metals

Temporal trends in the mean concentrations of lead (Pb), Cu,
mercury (Hg), Cd, and silver (Ag) for nine age-dated sediment
cores fram central Puget Sound are shown in Figure

1 and 2. Details on sampling locations, methods ard chemical
analyses are described by Bloom and Crecelius (1987).

The major features of all these heavy metal profiles, except Cd,
are the concentration increases that began during the. years 1880-
1890, reached a maximm in the 1950s, and in the case of Pb, Ag,
ard Hg, appear to have decreased in the last 10-20 years. The
apparent trend of decreasing metal concentrations in Puget Sound
sediment deposited after 1955 was tested and determined to be
statistically significant only for Hg and Pb. No significant
change in the concentrations of Cu, or Cd has occurred in the last
several decades. The mean concentration of Pb decreased 12%
between 1955 and 1981. The mean concentration of Hg decreased 20%
between the 1950s and 1970s. Silver decreased only 8% since the
late 1960s. Copper shows no significant change during the last
three decades; cadmium exhibits no significant change over the
entire 1engthoftheseoozes In contrast, sediment cores fram
urban embayments in Puget Sound indicate, that in relatively
shallow areas near contaminant sources, there has been a history of
Cd contamination in addition to other heavy metals (Crecelius et
al., 1984; Crecelius, et al., 1985).

The major feature in the metal profiles (Figs. 1 ard 2) is the
almost linear increase in the concentrations of Pb, Cu, Ag, and Hg
that began at background concentrations in the late 1800s and
reached a maximm in the middle of the 1900s. This increase
roughly parallels the population growth in the Seattle-Tacama area.
Industrial development began about the turn of the century along
the shores of Puget Sound. The ASARCO lead-copper smelter began
operating in 1889 near Tacama. Coal particles in sediments
deposited during the early 1900s probably resulted from coal
shipping when Tacaoma was a major coal shlppmg port (Furlong and
Carpenter, 1982). Anthropogenic increases in the concentrations of
metals in sediments have been reported for mmerocus other water
bodies (Forstner and Wittmann, 1983). Of more interest than the
past increase in contaminants, however is the decrease now
occurring in Puget Sound.

The lower recent contamination levels of Pb, Ag, and Hg should be
of great significance to regulatory agencies if the decreases are
indeed the result of reductions in the pollutant loading to Puget
Sound. The past maximum concentrations suggest that Puget Sound
was more contaminated 10-30 years ago, and that as the loading
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decreased during the last decade the sediment quality has improved.
For the sediment quality to improve, cleaner sediment must be
deposited on the older sediment. Also, the rate of sediment mixing
must be slow relative to the sedimentation rate, or a small change
in input rate could not be detected for many years. Evaluation of
the sources of contaminants to Puget Sound indicates that rivers
and shoreline erosion supply relatively clean sediments to the
basin (Dexter et al., 1981; Curl, 1982; Crecelius et al., 1983).

Organic chemicals

The sedimentary history of hydrocarbons recorded in fine-grain
sediments of the central basin shows increased concentrations
paralleling the urbanization of the Seattle-Tacoma area. The
maximum concentrations of polynuclear arcmatic hydrocarbons (PAH),
unresolved camplex mixtures (UCM), and n-alkanes were found in
sediments deposited in the 1940s (Fig. 3). Gschwend and Hites
(1981) reported similar PAH maximm levels in sediment cores from
Europe and the United States. Bates et al. (1984) suggest this
maximum corresponds to the period when the maximum number of
Seattle area dwellings used coal or wood for heating. More
recently, dwellings have been heated with gas, electricity or oil,
which produce relatively small amounts of cambustion particles.
Barrick (1982), and Barrick and Pral (1987) have estimated that
sewage and atmospheric dust-fall are the major contributors of PAH
to central Puget Sound. - Although total anthropogenic (man-caused)
pollution is probably still increasing, air pollution control
devices to reduce particle emissions may be keeping atmospheric
particulate PAH concentrations at a steady level.

The sedimentary histories of alkanes and M, show a similar
increase with increased industrialization of the Seattle-Tacama
area (Fig.3) (Bates et al., 1984; Barrick et al., 1980). The
maximum concentratons are found at approximately 1965, the time
period when Seattle’s largest sewage treatment plant (METRO) came
on line. Prior to that time, much of Seattle’s sewage was
discharged untreated into Puget Sound. The decline in UCM and
alkane concentrations in recent sediments may be attributable to
METRO.

The temporal trends in the contaminations of central Puget Sound
with synthetic organic chemicals, such as polychlorobiphenyl (PCB)
and the pesticide DDT, are similar to the metals and hydroc

except the appearance of these chemicals did not occur until about
the 1930s (Fig. 4). These campounds show maximm subsurface levels
in the 1950s and 1960s. The profiles of these chemicals generally
follow the history of industrial production and release to the
enviromment. The surface sediments of Puget Sound have been
gradually recovering since the discharge of these chemicals to
Puget Sound was virtually stopped.
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Recent Functions

As a result of source control, including restrictions on the use of
materials for certain applications (e.g., lead in gasoline, PCBs in
anything, DDT), pretreatment requirements (e.g., laundries and
plating plants), economic trends (e.g., decreases in shipbuilding,
the closure of smelters) and technological trends (e.g., the
conversion of hame heating fram coal fuel to oil to electricity),
it is apparent that source functions of both metallic and organic
contaminants to Puget Sound, and other estuaries, should be and are
decreasing.

The Seattle West Point Treatment Plant provides approximately half
of the primary treated sewage to Puget Sound. Concentrations of
Zn, Cu, Cr, and Pb have been decreasing in its effluent since at
least 1980 (Roamberg et al., 1987). Zn, Cu and Pb loadings
decreased by 80% (Fig. 5). Since the sources for these metals are
different and have changed at different rates, improved performance
of the plant operations is probably the reason. In addition, Cu has
shown a further decrease since 1982whenawata:ha:denmgprogram
was instituted to preserve copper plumbing. Further reductions in
all contaminant inputs from sewage effluent can be expected as
plants throughout Puget Sound convert to secondary treatment.
However, these gains will be offset somewhat as the Puget Sound
watershed population continues to grow. The Puget Sound Council of
Govermments (PSCOG) (personal communication) estimates that
populations in the four urban counties, King, Pierce, Snochamish and
Kitsap will increase by 20%, to over three million people by the
year 2000. Since at least METRO is beginning to produce effluent
closer to secondary treatment as regards to trace metals and toxic
organics, it would appear that inputs of these substances will
remain close to steady state for the foreseeable future.

As alluded to earlier, most major pollutant point source functions
are declining. However, as yet uncontrolled combined sewer :
overflows, non-point runoff and same industrial sources remain, and
are very difficult to monitor. For example, in 1986 surface plumes
enriched in dissolved trace metals were found off Harbor Island in
Elliot Bay, an industrial area with many shipyards, and off the
Denny Way CSO (Curl et al., 1987). Dissolved Cu concentrations
exceeded the EPA criterion by 2.5 times off Harbor Island; other
metals were in high concentration, but lower than the criteria.

Off the Denny Way CSO, Cu concentrations exceeded the criterion by
3 times.

Finally, "hot-spots" remain as potential source areas but without
further additions, are gradually being buried by sediments.
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Conclusions

The temporal trends of contamination of central Puget Sound,
inferred fram the chemical composition of age-dated sediment

cores, indicate heavy metal and hydrocarbon contamination began in
the late 1800s, reached a maximm in the mid-1900s and has begun
to decrease in the last decade. Synthetic organics first appear in
sediments deposited in the 1930s and reach a maximum in the 1950s.

Because of the relatively rapid flushing rate and rapid
sedimentation rate in Puget Soud, changes in contaminant loading
will result in relatively rapid changes in surficial sediment
quality.
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Water Quality Trends in Puget Sound

Stephen K. Brown, Becky A. Maguire,
John W. Armstrong, Alyn C. Duxbury 1

Introduction

The purpose of this study is to assess historical changes in water
quality in Puget Sound (Tetra Tech, Inc., 1988). Growth of
population and industry have caused increasingly large gquantities
of nutrients and other wastes to be introduced into the sound
(National Oceanic and Atmospheric Administration, 1985; Puget
Sound Water Quality Authority, 1986). The major focus of this
project is to determine whether changes in nutrient concentrations
and the intensities of algal blooms have occurred. Pollutants
from pulp mills and sewage discharges are also investigated.
Although toxic contaminants are an important concern in Puget
Sound, they are not included in this study because of the lack of
high quality, long-term data. .

Previous studies of nutrients and algal blooms in Puget Sound
contain little evidence that anthropogenic influences have changed
nutrient concentrations or algal bloom intensities in the main
basin of the sound [e.g., Duxbury, 1975; Municipality of Metropol-
itan Seattle (Metro), 1977]. However, relevant information is
lacking from most regions of the sound, including the poorly
flushed embayments (Jones and Stokes, Inc., 1984). Moreover,
recent field and modeling studies of Budd Inlet suggest that
anthropogenic nutrient enrichment may be enhancing the intensities
of algal blooms in Budd Inlet by 30-50 percent (URS, Inc., 1986).

Methods

Data for this study were obtained from historical and ongoing
monitoring programs of the University of Washington Department of

Is. Brown, Tetra Tech, Inc., 11820 Northup Way,
Bellevue, WA 98005
B. Maguire, Metro Environmental Lab, 322 W. Ewing St.,
Seattle, WA 98119
J. Armstrong, Office of Puget Sound, U.S. EPA
Region X, WD-139, 1200 6th Ave., Seattle, WA 98101
A. Duxbury, Washington Sea Grant, 3716 Brooklyn
Ave., Seattle, WA 98195
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Oceanography, Washington Department of Ecology, Washington
Department of Fisheries, and Metro. Before the data were used,
the validity of the field and laboratory techniques used to
produce the data was confirmed. Also, computer files containing
the data were examined for completeness and corrected for incon-
sistencies in data coding and units of measurement.

Thirteen study areas were investigated (Figure 1). Data were
combined from two or more sources to obtain the longest possible
period of data coverage for each study area. Data collection
began during the 1950s at 11 of the study areas and during the
1930s at 2 of the study areas. Data from all the sites were
available through 1986.

Long-term and recent temporal trends were analyzed statistically.
Because the study focused on algal blooms, the analyses were
limited to the portion of the year when algal blooms occurred in
each study area. Long-term trends were defined as changes in
water quality that occurred over the entire period for which data
were available (i.e., usually 1950s-1986). Recent trends were
defined as changes in water quality that occurred since 1973.
Thus, the recent data are a subset of the long-term data.

Results

Physical conditions

Salinity values decreased in eight study areas, while water
temperature values increased in seven study areas. For example,
at 10-m depth since the 1950s, declines in salinity values ranged
from 0.4 to 1.5 ppt, and increases in water temperature values
ranged from 0.5 to 1.40 C. The water temperature increases are
consistent with the observed warming of the climate in the Seattle
area (i.e., mean annual air temperature has increased approximately
1.10 C since 1945). However, the salinity decreases are not
consistent with the observed decline in rainfall in the Seattle
area (i.e., total annual rainfall has declined approximately 20
percent since 1945). A possible explanation for the salinity
decreases is decreased inputs of oceanic water from the Strait of
Juan de Fuca, but this hypothesis could not be tested during this
project.

Dissolved oxygen

Dissolved oxygen concentrations increased in seven study areas
located in southern Puget Sound or Hood Canal. At 10 m depth,
these increases ranged from 0.7 to 1.7 mg/L since the 1950s. The
sites in southern Puget Sound were influenced by unusually high
dissolved oxygen concentrations (up to 15 mg/L) at depths of 0 to
30 m in 1986. The cause of these high dissolved oxygen concentr-
ations is not known. Because the maximum values were observed
during different months in the affected areas, a single, particul-
arly intense, algal bloom probably could not be the cause.
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Unusually high dissolved oxygen concentrations were not observed
in Hood Canal in 1986, and the increases in dissolved oxygen
concentrations detected in Hood Canal occurred gradually.

With the exception of the Oakland Bay study area, very low
dissolved oxygen concentrations (e.g., <3 mg/L) were rarely
observed. The Towest mean dissolved oxygen concentration (4.3
mg/L) was observed at 30-m depth in the South Hood Canal study
area. At the Oakland Bay study area, sulfite waste liquor
discharged from the pulp mill in the City of Shelton reduced
dissolved oxygen concentrations, occasionally down to zero. After
the mill closed in 1957, very low values were not observed in
Oakland Bay.

Nutrients

Nitrate data are available only since the mid-1970s. Substantial
decreases in nitrate concentrations were detected in the Carr
Inlet and South Hood Canal study areas. For example, decreases
since 1976 averaged approximately 6 ug-at/L at 30-m depth. The
changes were increasingly erratic and smaller in magnitude along a
south to north gradient in Hood Canal. Therefore, the factor
affecting nitrate concentrations in Hood Canal [apparently algal
blooms (see below)] was probably most influential in southern Hood
Canal. .

Long-term (1950s-1986) decreases in phosphate concentrations were
detected in seven of the nine study areas for which long-term
phosphate data are available. These decreases ranged from 0.2 to
0.8 ug-at/L at 10-m depth. Thus, phosphate concentrations were
higher in most areas during the 1950s than during the mid-1980s.
The -cause of these declines is not known, but because decreases
were detected in both rural and urban sites, anthropogenic
influences do not appear to explain these results.

Recent (1973-1986) increases in phosphate concentrations were
detected in 6 of the 12 study areas for which recent data are
available. The increases ranged from 0.6 to 1.0 ug-at/L at 10-m
depth. However, in the sites where data are available from the
1950s, the recent increases did not bring concentrations up to
levels observed during the 1950s. A1l the recent increases
occurred in urban study areas, while no statistically significant
recent changes (P>0.3) were detected in rural study areas (Figure
2). Thus, phosphate concentrations have increased since the mid-
1970s in urban areas, but have not changed in rural areas. These
results suggest that the recent increases in phosphate concentrat-
jons may be attributed to anthropogenic factors.

Phytoplankton abundance

Few trends were detected in the values of variables used as
indicators of phytoplankton abundance (chlorophyll a concentration,
percent dissolved oxygen saturation in surface water, Secchi disk
depth). However, based primarily on oxygen saturation data,
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phytoplankton abundance appears to have increased in the study
areas in Carr Inlet and Hood Canal. In the Carr Inlet study area,
percent dissolved oxygen saturation at the surface has increased
by approximately 30 percent and Secchi disk depth has decreased by
approximately 50 percent since 1977. However, the values of both
of these variables fluctuated erratically over this time period.
In Hood Canal, the phytoplankton increases appear to have occurred
in relatively deep water (i.e., 10-m depth). Changes in dissolved
oxygen saturation at the surface and Secchi disk depth were not
statistically significant. However, water transparency is high in
Hood Canal (i.e., mean Secchi disk depths ranged from 4.8 to 6.0 m
in the three study areas on Hood Canal), and increases in percent
dissolved oxygen saturation at 10-m depth probably can be attribu-
ted to increased photosynthesis near this depth. The increases in
percent dissolved oxygen saturation at 10-m depth ranged from 20
to 30 percent, with the largest increase occurring at the South
Hood Canal site and the smallest increase occurring at the Dabob
Bay site.

Pollutants

Concentrations of sulfite waste liquor (measured by the Pearl
Benson Index) were analyzed as an index of pollutants from pulp
mills. Sulfite waste Tiquor concentrations declined in all four
study areas located near pulp mills: Bellingham Bay, Port Gardner,
Commencement Bay, and Oakland Bay. Since the mid-1950s, 10-fold
decreases were detected in the Bellingham Bay, Port Gardner, and
Oakland Bay study areas. A decrease of approximately 50 percent
was detected in the Commencement Bay study area. [The pulp mill
on Commencement Bay is a kraft mill, and does not discharge
sulfite waste liquor. However, the wastes discharged by the mill
are detected by the Pearl Benson test (Henry, C., 17 November
1987, personal communication).]

Declines in sulfite waste liquor concentration generally coincided
with improvements in the waste treatment processes used by local
pulp mills, although the decline at the Oakland Bay study area
occurred when the nearby pulp mill closed in 1957. Concentrations
of sulfite waste liquor at the Port Gardner study area are plotted
by year in Figure 3. In Port Gardner, sulfite waste liquor
concentrations dropped after the local pulp mill adopted secondary
effluent treatment in 1980.

Decreases in concentrations of fecal coliform bacteria in some
areas appear to be attributable to changes in point sources. For
examplie, the mean fecal coliform bacteria concentration in the
Bellingham Bay study area declined from approximately 6
organisms/100 mL in 1974 to <1 organism/100 mL in 1986. The
decreases coincided with improvements in sewage treatment facilit-
jes and elimination of combined sewer overflows in the City of
Bellingham.

An apparent 25-fold increase in the concentrations of fecal
coliform bacteria in the Port Gardner study area coincided with
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Figure 3. Concentrations of sulfite waste liquor near
Port Gardner from 1956 through 1985.
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Figure 4. Concentrations of fecal coliform bacteria near
Port Gardner from 1974 through 1986.
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the onset of secondary effluent treatment by a local pulp mill in
1980 (Figure 4). This increase was probably due to discharges of
the bacterium, Klebsiella, an organism that is detected in the
standard fecal coliform tests, and that grows rapidly in the
secondary treatment ponds of sulfite pulp mills.

Discussion

Numerous changes in water quality were detected despite the
limited availability of high quality, long-term monitoring data.
However, because the amount of data was limited, the results
should not be considered definitive. The absence of detectable
changes in a study area may indicate that no changes occurred, or
that the available data did not provide sufficient resolution to
detect changes that occurred.

Changes in salinity and water temperature values detected during
this study highlight the importance of physical processes that
affect water quality. For example, a change in salinity values in
an area indicates that a change has occurred in the ratio between
fresh and salt water. Because the concentrations of many chemicals
are quite different in fresh and salt water, changes in salinity
values provide information about the influence of changes in water
sources on water quality. Also, the ability to interpret the
water chemistry data in this study would have been enhanced if
measurements of inputs from deep, oceanic water and from upland
sources had been available.

Three factors may have contributed to the lack of observations of
low dissolved oxygen concentrations in this study. Due to the
lack of data, most study areas were not located in areas where
this problem is most likely to occur (i.e., the heads of poorly
flushed inlets). Also, the data generally do not include samples
from bottom water, which typically is the depth at which dissolved
oxygen concentrations are lowest within a site. Finally, the
analyses included only the algal bloom period, while lowest
dissolved oxygen concentrations typically occur after algal blooms
(i.e., late summer, rather than late spring and early summer).

The cause of the long-term decline in phosphate concentrations, and
the recent increases in phosphate concentrations in urban study
areas, could not be determined. One possible explanation for the
long-term decreases involves decreased inputs of phosphate in the
oceanic water that enters Puget Sound from the Strait of Juan de
Fuca, but this hypothesis could not be tested in this study. The
recent increases in phosphate concentrations in the Bellingham
Bay, Port Gardner, and Commencement Bay study areas may have been
influenced by improvements in effluent treatment procedures used
in nearby pulp mills [sulfite waste iiquor removes phosphate from
seawater solution (Westley and Tarr, 1978)]. However, other
anthropogenic factors (e.g., increases in sewage discharges or
runoff from fertilized areas) may have affected phosphate concent-
rations in all the urban study areas.
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Probable changes in phytoplankton abundance were detected only in
the study areas in Carr Inlet and Hood Canal. However, the lack

-of detectable changes in phytoplankton abundance may be attributed

in part to inadequacies in the database. Systematically collected
data on cell density, chlorophyll a concentrations, or photosynth-
esis rates would have provided direct measures of phytoplankton,
but few such data were available. Some of the phytoplankton
indicator variables used in this study are affected by variation
in environmental factors other than phytoplankton (e.g., Secchi
disk depth is reduced by suspended sediments in the water).

Recommendations

This project provided a unique opportunity to assess historical
and existing monitoring programs by using the data in a water
quality trends analysis. Recommendations derived from the
experience of using the data and from the results of the study
follow.

) One organization should oversee all water quality monitoring
programs to facilitate compatibility of field and laboratory
techniques and database formats, and to coordinate geo-
graphic coverage. U.S. Environmental Protection Agency’s
(U.S. EPA) Puget Sound Estuary Rrogram has published a
series of recommended protocols (U.S. EPA, 1986) to
facilitate standardization of techniques used by researchers
in Puget Sound.

° Changes in field and laboratory techniques should be
documented; new techniques should be calibrated with old
techniques.

° Goals of the monitoring program should be determined
quantitatively before the study design is chosen (e.g., how
much change in dissolved oxygen concentrations should be
detectable over a given time period?). The efficacy of
alternative study designs in detecting temporal trends
should be evaluated with statistical power analysis using
existing data.

° The influence of physical factors (e.g., climate, flows of
oceanic and fresh water) on water quality should be
monitored to improve understanding of ecosystem function
and to enable comparison of the impacts of physical and
anthropogenic factors on water quality.

° Water quality in Budd Inlet should be monitored to determine
whether nitrogen removal by the LOTT sewage treatment plant
reduces the intensity of algal blooms.

] A microbiological test is needed to distinguish between
bacterial contamination from sewage and secondary effluents
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from sulfite pulp mills (which contain the bacterium,
Klebsiella). Because current fecal coliform bacteria tests
cannot make this distinction, shell1fish beds may be closed
because of exposure to pulp mill effluent rather than
exposure to sewage. Although not well studied in Puget
Sound, the health risk from Klebsiella contamination
appears to be less than the health risk from sewage
contamination.
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Toxic Problems in Nonurban Areas of Puget Sound
Becky A. Maguire, Stephen K. Brown,
Donald E. Wilson, John W. I\r'mst\r‘ongl

Introduction

The objective of this study is to assess, by interpreting existing
information, possible contamination problems in nonurban areas of
Puget Sound. The project currently is in progress, so final conclus-
ions are not available. Therefore, examples are presented to
illustrate the assessment process. Site rankings developed for this
project will be used to help prioritize nonurban areas for possible
detailed literature and field studies in the future. These studies
would assess quantitatively the extent of problems in selected, high
ranking areas. Evaluation criteria include historic and present
sources of toxic chemicals, sediment condition, and biological
impacts. Other environmental probiems, such as paralytic shellfish
poisoning and low dissolved oxygen concentrations, may also be
impgrtant concerns in Puget Sound, but are beyond the scope of this
study.

This study is an extension of the Urban Bay Action Program developed
by U.S. Environmental Protection Agency’s (EPA’s) Puget Sound Estuary
Program (PSEP) (U.S. EPA 1986). Under this program, abatement and
remedial action strategies are developed and implemented for urban
embayments contaminated by toxic chemicals within Puget Sound. Toxic
chemicals may damage biological communities and enter the food chain,
creating potential human health impacts.

Methods

The information in the study is grouped geographically into the 12
regions of Puget Sound used in the Puget Sound Environmental Atlas
(Figure 1) (Evans-Hamilton, Inc. and D.R. Systems, Inc. 1987). The
following seven urban areas are excluded from the study: Bellingham
Bay, Everett Harbor, Eagle Harbor, El1liott Bay, Sinclair Inlet,
Commencement Bay, and Budd Inlet (Figure 1). These bays are not

Ig. Maguire, Metro Environmental Lab, 322 West Ewing Street,
Seattle, WA 98119

S. Brown and D. Wilson, Tetra Tech, Inc., 11820 Northup Way,
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included because toxic contaminants are known to exist there and
detailed studies are under way or being prepared for them.

Three categories of information are included in this report: sources
of toxic substances (e.g., permitted discharges, hazardous waste
generators, hazardous waste sites), sediment condition (i.e.,
concentrations of toxic contaminants in sediments), and biological
impacts (i.e., sediment toxicity, altered benthic communities,
bioaccumulation, histopathology of bottom fishes, and fish kills).
These categories are consistent with those used in PSEP’s Urban Bay
Action Program (U.S. EPA 1986) for assessment of environmental
degradation in the urban bays of Puget Sound.

The sources of information used in this project include scientific
papers; government reports from the United States and Canada,
Washington state, and local agencies; unpublished federal and state
agency files; and reports produced by the private sector. Additional
information was obtained during interviews with environmental
professionals familiar with Puget Sound.

Assessment matrices

For each site included in this study, data on sources of toxic
substances, sediment condition, and biological impacts will be
incorporated into an assessment matrix for the region of the sound
where the site is located. This information also will be combined
for an overall evaluation of each site. Data for each of the above
categories are evaluated for 1) level of concern (LOC) and 2) degree
of certainty (DOC) for the assessment matrices. Ratings of Tow,
medium, and high are assigned separately for each data category based
on the severity of the potential problem (LOC), and on the amount and
appropriateness of the available information (DOC). Details of the
criteria used to determine the ratings will be available in a report
by Tetra Tech, Inc. (1988).

Results

Examples of the assessments in this study are presented for two sites
located in Region 8: Richmond Beach and Point Jefferson/President’s
Point. The results are preliminary assessments of problems that
could exist in these two areas, but do not indicate that problems
definitely exist.

Richmond Beach

Overall rating. The overall LOC rating is high; the overall DOC
rating is medium.

Sources of toxic substances. The LOC and DOC ratings for sources of

toxic substances are both medium. Approximately 2,400 kg of
hazardous wastes were generated by the petroleum industry in the

46




area during 1984 (Washington Department of Ecology 1984). There is
a small sewage outfall (<2 MGD) in the area (Tetra Tech, Inc. 1984).

Sediment condition. The LOC rating for sediment condition is high;
the DOC rating is medium. Six stations near the Richmond Beach
Sewage Treatment Plant outfall were sampled during 1981-1982 in the
Municipality of Metropolitan Seattle (Metro) Toxicant Pretreatment
Planning Study (Metro 1984). At two stations, one organic compound
{N-nitrosodiphenylamine) was found in concentrations well above the
Apparent Effects Threshold (AET) [i.e., the concentration at which
biological impacts have always been detected in Puget Sound (Tetra
Tech, Inc. 1986)]. In addition, concentrations of five.other organic
compounds and one metal (zinc) exceeded concentrations found in
reference areas by >10 times, but these concentrations did not exceed
AET values.

Biological impacts. The LOC and DOC ratings for biological impacts
are high. 1In 1984, approximately 29 percent of a sample of 21
English sole (Parophrys vetulus) was found to have liver lesions
(Krahn et al. 1986). An unknown pollutant caused a fish kill of
Juvenile salmonids in 1985 (LeVander, L., 3 March 1987, personal
communication). One organic compound (di-n-butyl phthalate) has been
detected in crab muscle tissue (Cancer spp.) at concentrations >5
times higher than the detected concentrations in reference areas
(Metro 1984). Bioassay data are not available.

Point Jefferson/President’s Point

Overall rating. The overall LOC rating is medium; the overall DOC
rating is Tow.

Sources of toxic substances. No information is available.

Sediment condition. The LOC rating for sediment condition is medium;
the DOC rating is low. Two stations have been sampled near Point
Jefferson (Metro 1984). The concentrations of two metals and two
organic compounds exceeded reference concentrations by >10 times, but
no concentrations were in excess of AET values.

Biological impacts. The LOC and DOC ratings for biological impacts
are medium. In 1984, 20 percent of a sample of 20 English sole
(Parophrys vetulus) was-found to have liver lesions (Krahn et al.
1986). However, Malins et al. (1987) reported no incidences of liver
neoplasms or pre-neoplasms in a sample of 40 English sole. The
available bioaccumulation data do not indicate that substantial
elevations of tissue contaminants occur in the area (Malins, D.C., 22
July 1985, personal communication; Krahn et al. 1986). Bioassay and
fish ki1l data are not available.
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Discussion

The approach in this study can be used to compile and interpret
scarce data for a large geographical area. This approach is
necessary in defining environmental problems in the less developed
and less studied areas of Puget Sound. The first step in this
approach is to screen available information, with the objective of
determining where environmental problems might exist outside the
urban bays of Puget Sound. Steps to be followed in the future
include detailed literature studies and field investigations of
areas that emerge from this study as high priority sites. The
purpose of future studies would be to obtain a more comprehensive
and current data set to assess problems and develop remedial actions
for nonurban areas of Puget Sound.
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Decade-Long Regimes of a Fjord Basin's Oceanography,
Hydrology, and Climatology: Puget Sound, 1916-'87

Curtis C. Ebbesmeyer1, garol A. Goomes1, Jeffrey M. Cox!
Glenn A. Cannon®, Dale E. Bretschneider

Abstract

Data collected at eleven sites in the Pacific Northwest during 1916-
'87 indicate that the flow pattern in Puget Sound's Main Basin
oscillates between two regimes (I, II) each typically lasting a
decade and having distinct oceanographic, hydrologic, and climatic
characteristics.

Introduction

Long records of environmental measurements often contain
fluctuations over time intervals spanning several years to decades.
This paper shows that the currents measured in Puget Sound's Main
Basin co-oscillate with conditions on the Pacific Coast and in the
Cascade Mountains (Fig. 1). These conditions were grouped into two
regimes shown schematically in Figure 2. Supporting analyses,
physical explanations, and references will appear in a longer paper
to be published by the American Geophysical Union. TFigures appear
at the end of the paper.

Data

Oceanographic, hydrologic, and climatic measurements made in the
Pacific Northwest U.S. were examined for evidence of prominent
regimes (Fig. 1).

Site 1: Coamstal Conditions - Departures of annual average sea level
and sea surface temperature from long-term means were computed for
the Pacific Coast from monthly data at Neah Bay.

1. Evans-Hamilton, Inc., 6306 21st Ave. NE, Seattle, WA 98115.
2. Pacific Marine Environmental Laboratory, National Oceanic and
Atmospheric Administration (NOAA), 7600 Sand Point Way NE,

Seattle, WA 98115,

3. Pacific Marine Center, National Ocean Survey, NOAA, 1801 Fairview
Ave. E., Seattle, WA 9810C2.
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Sites 2, 3: Source Water Conditions - Annual average temperature
and salinity of the oceanic water flowing inland near the bottom of
the Strait of Juan de Fuca were computed from monthly observations
made at Pillar Point at 140 m (Site 2). Characteristics of the
source water farther inland (Site 3) were also compared with the
Basin's properties.

Sites 4, 53¢ Runoff - Monthly discharge from the two largest rivers
influencing the Basin were averaged within calendar years (Site 4,
Fraser River at Hope, British Columbia; Site 5, Skagit River at
Concrete, Washington).

Sites 6, 7: Basin Water Properties -~ Temperature, salinity, and
density were averaged within months and calendar years from
observations made in the vicinity of sites 6 and 7 by the University
of Washington and the Municipality of Metropolitan Seattle.

Sites, 8, 9: Currents - Current speed and direction were measured
with Aanderaa current meters at sites 8 (1972-'81) and 9 (1983-'84).
Fortnightly fluctuations were suppressed by averaging the
observations over 28-day intervals.

Site 10: Wind -~ Hourly wind speed and direction at Tacoma were
‘summarized by | by month from records of the Puget Sound Air Pollution
Control Agency.

Site 11: Snow Depth - Depth of snow as measured on 15 March for
each year was obtained for the Paradise Ranger Station located on
the southern side of Mount Rainier.

Methods

Several methods were developed to reduce the number of variables
necessary for description of the regimes.

1. Correlations amongst the current meter data showed that the
depth of no-net-motion separating the upper and lower flow
layers at Site 8 was nearly constant (~56 m). In the lower
layer deeper than 56 m, observations near 100 m depth (hereafter
the mid-depth speed U_ ) were correlated with speeds at
greater depth. When %he mid-depth speed exceeded ~6 cm/s,
the fastest inflow tended to be near 100 m; at slower mid-depth
speeds the fastest inflow deepened (Fig. 3).

2. Annual averages of temperature, salinity, and density made at a
single depth were found to be representative of other depths in
the lower layer.

3. To obtain a time series giving approximately equal welght to
observations representative of the coast, Basin, and mountains a
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dimensionless departure (8) of annual averages from historical
mean values was formulated using three highly correlated
variables,

5 = _l( ATQ + Ip-Typ + SD-SD ) , (1)
3 \ oat, o7y OsD

where: O, standard deviation of subscripted variables;
overbars, mean values over the record length; ATc, coastal sea-
surface temperature anomaly; Tb' Basin temperature; and SD, snow
depth. Negative § were defined as Regime I and positive values
as Regime II.

Characteristics of the Regimes

Correlations amongst the eleven sites resulted in a schematic
diagram for conditions during the Regimes (Fig. 2).

1.

3.

4e

Duration and strength - The dimensionless departure ( §; eq. 1)
was computed from annual averages between 1916-'87 and smoothed
using a 5-year running, equally weighted average (Fig. 4).
Statistical analyses yielded the following characteristics of
the smoothed departure: the mean (standard deviation) of the
duration between zero crossings equalled 8.9 (2.3) years;
maximum departures during each regime averaged 0.7 standard
deviations from the long-term mean.

Basin conditions - The smoothed departure was highly correlated
with the mid-depth current speed (correlation coefficient,

r = +0.86; Fig. 5). Given the other correlations between the
mid-depth speed and flow patterns in the lower layer, the
Basin's current structure corresponding with the Regimes

varies approximately as illustrated in Figure 3. This result
together with the departures shows that: Regime I, fastest
inflow occurs near mid-depth when the Basin is relatively cold
(< 9.7°C); Regime II, fastest inflow occurs toward bottom when
the Basin is relatively warm (> 9.7°C).

Coastal conditions - The correlations with coastal temperatures
indicate that during Regime I sea level stands below normal and
that colder, more saline water flows toward Puget Sound along
the bottom of the Strait of Juan de Fuca. Conversely, during
Regime II sea level stands above normal and warmer, less saline
water flows inland.

Mountain conditions -~ The correlations with snow depth indicate
that during Regime I southerly winds during winter are more
frequent and deposit a deeper than normal snowpack in the
Cascade Mountains. Consequently runoff from higher elevation is
also above normal. Conversely, during Regime II southerly
winds, snowpack, and upper elevation runoff lie below normal.
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Summary and Conclusions

1. Strong, decade-long regimes (I, II) account for a large fraction
of the interannual variability of oceanographic, hydrologiec, and
climatic measurements made in Puget Sound and approaches.

2. The regimes may be characterized as follows (see Fig. 2):

I, On the Pacific Coast colder, more saline water flows inland
toward Puget Sound along the bottom of the Strait of Juan
de Fuca while sea level lies below normal. At below normal
temperature the fastest flow into the Main Basin occurs
near mid-depth. Meanwhile more frequent southerly winter
winds deposit a deeper than normal snowpack in the Cascade
Mountains and as a result high elevation runoff lies above
normal.

II. On the coast warmer, less saline water flows toward
Puget Sound and sea level lies above normal. At warmer
temperatures the fastest inflow in the Basin occurs toward
the bottom. Meanwhile winter winds are less frequent from
the south; consequently snowpack and runoff fall below
normal.

3. The mean (standard deviation) of the regimes' duration equals
8.9 (2.3) years. Since Regime II has persisted since 1977, we
speculate that conditions in the Pacific Northwest should soon
reverse to those of Regime I and remain so through most of the
1990's.

4. Because the time required to complete a cycle through two
regimes (~2 decades) is comparable to the length of many
environmental data sets available for Puget Sound, particularly
marine biological and chemical observations, trends or means
derived from short records should be viewed with caution.
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Fig. 1. Puget Sound's Main Basin (inset) and approaches showing
sources of data (dots): Site (1), Neah Bay, sea surface
temperature and sea level data; Site (2), north of Pillar
Point, source water temperature and salinity data; Site
(3), northeast of New Dungeness Spit, density data
immediately seaward of Admiralty Inlet; Site (4), Hope,
Fraser River discharge data; Site (5), Concrete, Skagit
River discharge data; Site (6), Point No Point, Basin
temperature and salinity data; Site (7), Point Jefferson,
Basin temperature and salinity data; Site (8), off Meadow
Point, current meter data; Site (9), off Elliott Bay,
current meter data; Site (10), North 26th and Pearl
Streets, wind data; and Site (11), Paradise Ranger Station,
snow depth data. The 2500 foot contour for mountains is
also shown. Notation for inset: hatched areas, sill
zones; arrows, direction of surface flow carrying large
fractions of freshwater; dots, data locations.
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Behavior of oceanographic, hydrologic, and climatic
variables during two regimes (I, II): a) Pacific coast sea
level; b) source water feeding inland to Puget Sound from
the Strait of Juan de Fuca; c) winter winds over Puget
Sound where arrow weight increases with frequency; d)
runoff with discharge scaled by arrow weight; e) snow depth
scaled by blackened area and density of snowfall; f) basin
net circulation (arrows) with fastest inflow near mid-depth
in Regime I and toward bottom in Regime II.
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Fig. 3. Schematic velocity profiles in Puget Sound's Main Basin
during Regime I (a) and II (b) superimposed on mid-channel
depth between sills in Admiralty Inlet and The Narrows. In
the lower layer having inflow the fastest currents occur
near mid-depth in Regime I, and toward the bottom in Regime
II. During the transition between regimes the deep
velocity gradient (shear) changes from positive in I to
negative in II.
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Unusual Marine Organisms in Puget Sound:
Longterm Trends in a Poorly Understood Ecosystem

Alan J. Mearnsl*
Introduction

Due to its great depths and open connection with the Pacific, Puget Sound is
a habitat for sea and ocean life as well as the more familiar estuarine
organisms such as herring; oysters and juvenile salmon. Like the open
coast of the Pacific Northiwest, Puget Sound harbors not only populations of
shark, rockfish, sablefish, hake and flatfish but also deep-sea creatures
such as lantern fish. Unfortunately, we remain rather ignorant about the
natural history of these creatures, preferring instead to focus research on
the more obvious and economically important estuarine and anadromous
forms. Nevertheless, the true ocean organisms of the Sound may provide
us with an important long-term sense of what is happening in the Sound.

The 1982-83 El Nino event served as a warning that the Sound is greatly
influenced by oceanic processes (Schoener and Fluharty, 1985). Ocean
fishes and invertebrates appeared in commercial and research catches or
were observed by boaters -during and following this major upheaval of the
Pacific. Salmon strayed dff their normal migratory paths and catches of
some species such as squid changed markedly. .These events and
occurrences paralleled simflar ones occurring all along the shores of
Alaska, British Columbia, Washington, Oregon and California as well as the
entire eastern Pacific Ocean. In short, Puget Sound was included in the
changing Pacific phenomenon.

The problem is that the occasional El Nino event may not be the only major
oceanic disturbance affecting marine life in the Northwest and in Puget
Sound. In reviewing records of foreign organisms associated with the
last El Nino event it became apparent that there were many strange
occurrences of marine life during other years not experiencing major El
Nino activity. (Mearns, 1988). Were such occurrences indicative of oceanic
disturbances originating elséwhere such as in the northeast Pacific? If so,
did they impact coastal areas such as Puget Sound? Indeed, should we look
more carefully at what unusual organisms are telling us? Should we, in
fact, monitor the ecology of Puget Sound sea life?

This paper attempts a small but hopefully provocative step in answering
those questions by reviewing reports of unusual occurrences of
conspicuous marine life along the Pacific Northwest coast and in the Puget
Sound area. The report attempts to place local unusual occurrences in the
larger context of long-term oceanographic and climatological changes.

1gcologist, Pacific Office, Ocean Assessments Division, National Oceanic and
and Atmospheric Administration, Seattle, WA, 98115
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The report draws on a recently completed study of trends in unusual
occurrences of marine life along the entire coast of the northeast Pacific
from southeast Alaska to northern Baja California. Mearns, 1988).

Methods

Reports of rare and unusual marine organisms occurring along the
Northwest coast during the past century were identified from various
publications and personal contacts and interviews. The Northwest was
defined to include the coastline from the California-Oregon border to
approximately Juneau, Alaska., and including the inland seas of Puget
Sound and the Straits of Juan de Fuca and Georgia.  An unusual occurrence
was one that was (1) a range extension, (2) classified as unusual by
reporting authors or (3) a rare species in survey lists (such as Miller and
Borton , 1980). Data were extracted according to methods cited in Mearns
(1988). Each occurrence was entered into a record that included
information such as the species, location, method of capture, and number
of individuals.

Records were composited to develop files identifying individual
species/year occurrences for each of five subregions (Oregon coast;
Washington coast; Inland Sea, as defined above; British Columbia Coast; and
southeast Alaska coast). These files were then sorted by year and the
number of occurrences plotted to examine trends.

My assessment of trends began first by looking at patterns from records
from the "Inland Seas" of Puget Sound and the adjacent straits, Next, data
from the entire Northwest were examined to see if similar patterns
prevailed.

During the course of the survey it became apparent that knowledge was
lacking about the "unusualness" of some apparently-rare organisms such
as deepsca and mesopelagic fish. These were excluded from the analysis,
but included in the discussion.

Northwest and Puget Sound Records

A total of 202 records of unusual occurrences in Pacific Northwest waters
were developed for 40 species of conspicuous (easily identified) marine
organisms including fishes (24 species), elasmobranchs (7), non-
vertebrates (8) and reptiles (1). The collection covered the period 1883
through 1987.

Within the inland seas of Puget Sound and the straits I developed 77 records
of notable occurrences for 4 species of elasmobranchs, 11 species of fish,
four non-vertebrates and one reptile covering the period 1883 to 1987
(Table 1). The organisms actually captured within Puget Sound ranged
from tunas (Pacific bonito, Sarda chiliensis) to Pacific electric ray
(Torpedo califorica, which shocked several collectors). When pooled by
year and plotted, several features of these data are apparent. Most obvious
are peaks in occurrences of unusual organisms during the well-known El
Nino years of 1957-58 and 1983 (Figure 1). In addition, there appear blocks
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Table 1. List of some species involved in unusual occurrences in Puget
Sound and the Straits of Juan de Fuca and Georgia (southern).

Common Name

Scientific Name

Years of Occurrence

Thresher shark
Pacific electric ray
Basking shark
(others)

Salmon shark
Pacific bonito
California tonguefish
Pacific pompano
49,83,85

Ocean sunfish
White seabass
Pacific barracuda
Pacific sardine
California lizardfish
Jack mackerel
Pacific mackerel
Pacific pomfret
Market squid

Purple sailor
pteropods
red tides (PSP)
sea turtle

1949,72
1964,65,71,72,79,86
1939,48,58,63,72,

1963,64
1900,19,62,63,64,72
1984
1903,08,40,41,46-

1919,26,59,62,83
1883,1957,58

1904,58, (more)
before 1892;1916,1958
1975,83,84,87

1975,83

before 1919,1963
before 1884, 1963
1927,40,41,58,59,62,82,
83

1934, 57(?),83,84
1958 .
1945,59,78,80,81

1986

of contiguous years with unusual occurrences including 1940-41, 1945-49,
1962-65, 1971-72 and 1978-84.

Although a minimal amount of data is included
resulting patterns are strikingly similar to those from the larger more

geographically extensive data for the entire Northwest coast. As shown in
Figure 1, the same year groupings of unusual occurrences appear for the

entire Northwest coast.
El Nino-associated reports becomes quite evident and

in this assessment, the

In addition, the potential magnitude of the 1982-83

new groups of

reports appear for the late 1920s, mid 1930s. and late 1940's And while

there are few years without reports,

the early 1920s the early 50s and the late 60s.
. . ith the Nortt Pacific: The Odd Y

The patterns reported above agree with those analyzed in detail for the
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Figure 1. Annual variations in reported occurrences of unusual marine
organisms for inland seas of Puget Sound and the Straits of Juan de Fuca
and southern Straits of Georgia (upper) and for the entire Northwest coast
(middle) and annual average deviations in sea level. at Neah Bay
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entire northeast Pacific coast (Mearns, 1988). That study involved 577
records of occurrences of 161 species of invertebrates, fishes and reptiles
which various authors reported as unusuval. The number of reported
occurrences increased over time from about 2.25 per year in the early
1900's to 16.5 in the 1950s dropping to 10.5 per year in the 1960s and 5.8 per
year in the 1970s. The long-term rise (1900 to 1950) occurred for both
southerly occurrences of northern species and northerly occurrences of
southern species. From these data 13 years were identified with
significantly higher-than-average numbers of unusual occurrences.

Nine of these years (1918, 1919, 1931, 1937, 1947, 1958, 1959, and 1965) were
clearly dominated by unusual northern occurrences of southern warmer
water species, one (1915) by extreme southern occurrences of northern
species and three (1963, 1948 and 1951) by mixes of southern, northern and
oceanic species.

Of these thirteen years, only six (1918, 1931, 1948, 1957, 1958 and 1959) were
also physically unique with respect to Southern California records of sea
surface temperature and sea level, and with respect to occurrences of El
Nino events: five (all but 1948) were clearly warm-water years along
much of the coast. However, 7 years (1915, 1919, 1937, 1947, 1951, 1963 and
1965) were not physically unusual with respect to conditions off Southern
California.  All but 1915 involved unusual northerly occurrences whereas
1915 was a year of numerous southerly occurrences (salmon in Southern
California ). Since the only physical data invoked in that study were from
Southern California, the possibility remains that conditions further north,
and unconnected with El Nino events, were unusual in their own right.

It is now evident that at least the 1963 occurrence of southern species in
Puget Sound can be partially explained. As reported recently by Dodimead
(1985) 1963 was indeed an unusually warm year as recorded by temperature
gages along southemm Vancouver Island.  Indeed, the entire period 1957
through 1967 appeared to be unusually warm in waters of the Pacific
Northwest.  However, the early 60s did not experience the elevated sea
level usually associated with El Nino events (bottom of Figure 1). If
adequate records can be identified it may be possible to determine if Puget
Sound experienced the same phenomenon and, indeed, if there are
significant oceanic events originating in the Northwest independent of El
Nino events.

The Decp Sea Fauna of Puget Sound

During the course of this investigation it became apparent that several
species of deep sea and mesopelagic fish captured in Puget Sound could not
be readily analyzed without careful accounting for sampling effort.
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Included in Miller and Borton's (1980) catalogue of Puget Sound fishes are
six species: longnose lancet fish; slender barracudina; California headlight
fish; Northern lanternfish; and blue lanternfish. In addition, Hart (1973)
lists nearly a dozen other deepsea and mesopelagic fish from the Straits of
Georgia.  He also refers to a Praser Counter-current that at times may
bring such organisms to the Vancouver shoreline. These may not be
unusual occurrences, but fortuitous captures of a resident mesopelagic
fauna of Puget Sound and the straits.

Di ion

The trends and patterns descibed here are probably omly minor
manifestations of larger, yet to be discovered oceanic processes that affect
all marine life in the Northwest and Puget Sound. It may be that
fluctuations in important fishery stocks and landings have their origin in
processes that also deliver to our shores the rare and unusual.

One process that is clearly underway is global warming as a result of the
"Greenhouse Effect". I am not aware of the extent to which Puget Sound
researchers and monitoring communities are planning to account for local
ecological changes resulting from this process or indeed if anyone has
even attempted to predict what might happen in the Sound. How will
rising sea level and changing tides affect flushing and circulation in the
Sound? Will red tides increase or decrease as a result? Will currently
common species be replaced? It may be that unusual occurrences of exotic
organisms may provide warning of pending change, provided we
understand what is now "normal". To emphasize this point, it can be shown
that a tropical fish, the finescale trigger fish, Balistes polylepis, has been
undergoing a long-term series northern range extensions from San Pedro,
CA in 1931, continuing with increasingly northerly records in 1946 (Santa
Barbara), 1951 (Monterey), 1958 (Santa Cruz), 1959 (San Francisco) and,
more recently, 1983 (Yaquina Bay) and 1984 (Willapa Bay). Perhaps there
are many indicator species that we should be monitoring now.

This brief review suggests to me that much needs to be learned about the
ecology of the main body of Puget Sound and the Straits of Juan de Fuca or
how those ecosystems respond to events of oceanic proportions. Our
current knowledge may be limited only in part by a lack of data : there are
numerous catch statistics and observations developed by the Washington
Department of Fisheries and regional universities but there are no routine
Puget Sound ecological monitoring programs other than the voluntary
study of Nichols (this symposium). A second constraint may be the lack of
a unified theory that prompts an ecological surveillance. A third may be a
lack of a regional journal for scientists to publish such observations and
encouragement to do so.
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LONG-TERM CHANGES IN A DEEP PUGET SOUND BENTHIC COMMUNITY:
LOCAL OR BASIN-WIDE?

Frederic H. Nichols *
Abstract

Near-continuous quantitative sampling of the macrobenthos at a 200m-
depth site off Seattle has demonstrated that species composition has
remained relatively stable since 1963, with the clam Macoma
carlottensis as the numerical dominant. Since the mid-1970’s,
however, total abundance has been increasing and numerical dominance
among species has shifted markedly over irregular, multi-year
intervals to species that were previously rare. That is, Macoma
began to share dominance with a succession of species (the
polychaetes Ampharete acutifrons and Pectinaria californiensis, the
clam Axinopsida sericata, the ostracod Euphilomedes producta, and
the cumacean Eudorella pacifica) that had been, until their recent
irruptions, minor components of the community.

Preliminary data from samples collected since 1969 at two other
sites suggest that some of the recent individual species irruptions
at the 200m site (e.g., Ampharete, Pectinaria, Euphilomedes,
Eudorella) occurred simultaneously at one or both of the other two
sites. Hence, these changes were apparently basin-wide rather than
localized.

The increased incidence, in the last ten years, of irruptions of
previously minor species, and the concomitant increase in overall
macrofaunal abundance remain unexplained by this study, but
hypotheses of a changed physical environment and increased
productivity should be examined. Long-term monitoring of the
benthic environment at open water sites like those used in this
study will provide necessary controls for shorter-term monitoring of
nearshore sites that are more clearly affected by human activity.

Introduction

The Puget Sound benthos (that community of invertebrates living in
bottom sediments) has been the subject of numerous surveys since the
1920’'s (e.g., see Lie, 1968 and 1974 for references to earlier
studies). We have learned from the many studies that species
composition in Puget Sound is roughly determined by water depth and
sediment particle size and that the occurrence of common species can
be reasonably well predicted. It is not possible, however, to
demonstrate any evidence that the benthos of Puget Sound has changed

* U. §. Geological Survey
345 Middlefield Road MS-496
Menlo Park, California 94025
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perceptibly since the first samples were collected in the 1920's
This is the case, in part, because sampling locations, methods,
sample handling, and data reporting varied greatly from study to
study, because abundance of a given species varies widely in both
space and time even within a limited range of depth and grain size,
and because the common species collected during the early surveys
remain common today. The few studies that have included sampling at
fixed sites through time, e.g., Lie (1968), Lie and Evans (1973),
and Nichols (1975, 1985), have shown that while community
composition remains reasonably stable, numerical abundance of
individual species at any location varies greatly over both seasonal
and annual time scales, thus further confounding attempts to compare
recent with past data sets.

In the context of increasing human influence on Puget Sound, it is
important to determine to what degree biotic communities have
changed through time. Benthic invertebrates, because of their
sessile habit, can provide a continuing record of the effects of
changes in their environment through changes in species composition
or abundance (Bilyard 1987). Needed, therefore, are data
consistently collected over many years at fixed sites to quantify
the limits of natural variation within a community and its
environment and, thereby, to reveal trends or permanent changes.

The purpose of this paper is to describe results of a continuing
long-term study, initially described by Nichols (1985), in which
patterns of variation have been characterized at three open water
sites (locations well removed from major human influence) and
several unexplained trends have been detected.

The Study

Among the many locations where samples of the benthos have been
collected over the decades, only three sites have been sampled
continuously for periods sufficiently long to characterize typical
year-to-year variation in the community: Station 1 at 35 m water
depth, Station 2 at 200 m depth, and Station 3 at 250 m depth
(Figure 1; see Nichols, 1975). Station 2 has been sampled nearly
continuously for 25 years.

Nichols (1985), reporting on the data collected at Station 2 through
1983, showed that since the mid 1970's numerical dominance changed
irregularly from species to species over multi-year periods, and
that total abundance was increasing with time. Further sampling and
analysis has provided additional evidence that the community,
subject to continuing irruptions of previously uncommon species, is
gradually changing with time and that some of the changes are not
restricted to station 2. Macoma carlottensis has been the
numerically dominant species since the beginning of the study in
1963 (Figure 2). Macoma was absent only during 1969 and early 1970
(there are no data from 1968 to determine when the decline in this
species began) when it was apparently replaced (through an as yet
unknown mechanism) by the polychaete Pectinaria californiensis
(Figure 2). Beginning in the mid-1970’s, dominance shifted from one
species to another, with intermittent irruptions of Macoma, the
polychaete Ampharete acutifrons, the clam, Axinopsida sericata, the
ostracod Euphilomedes producta, the cumacean Eudorella pacifica, and
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Figure 1. Central Puget Sound, with locations of three long-term
benthos sampling stations.

the polychaete Pectinaria (Figure 2; Nichols unpublished data). As
a consequence of these unexpected species irruptions, total
abundance in the community has steadily increased with time since
the mid-1970's (Figure 3).

Because we lack data for several 1- to 2-year periods between 1965
and 1973 (Figure 2), it is not possible to say definitely that the
events of the past 10 years are a significant departure from the
situation prior to the mid-1970's. It is certainly possible that
Ampharete, Axinopsida, Euphilomedes, and Eudorella were more
abundant during the unsampled periods, although the intervening data
do not support this possibility. The data suggest, rather, that a
subtle transition in this community toward larger populations and .
frequent shifts in dominance among species has been occurring,

trends that are clearly apparent in the unbroken suite of data
gathered since 1973.

An obvious question is raised by the results from this single site:
are the observed changes restricted to this site (i.e., influenced
by local factors) or are they representative of more widespread
community dynamics? While data from two other stations, sampled
since the mid-to-late 1960's, are just now being analysed, early
results suggest that at least some of the changes seen at station 2
are reflected in the other two stations as well. As examples, the
polychaetes Pectinaria californiensis and Ampharete acutifrons
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irrupted simultaneously at the two deep sites, and Pectinaria
abundance at the shallow site also increased during the irruptive
periods (Figure 4). On the other hand, abundances of Macoma

carlottensis and Axinopsida sericata varied widely from station to
station through time.

scu O

The results of this ongoing study demonstrate that the benthic
community of Puget Sound is characterized by very large interannual
variations in the abundance of a few species, typically as
irregularly occurring irruptions of several years duration. Because
some of these irruptions occurred simultaneously at all sites, we
can tentatively conclude that the maintenance of these communities
may be dependent, at least in part, on processes that are basin-
wide.

While these results remain unexplained, two hypotheses are
suggested: (1) physical processes, such as water circulation and
mixing that affect survival and recruitment of larvae and juveniles,
have changed and (2), the waters of the Puget Sound basin have
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become more productive, and thus support higher abundances of
benthic invertebrates.

Ebbesmeyer et al. (this volume) provide evidence that circulation in
the main basin of Puget Sound can change over decades: there is a
major difference in circulation patterns between the decade before
the mid-1970’'s and the decade since then. Possibly, a major shift
in currents can result in a change in transport processes that
alters the mixture of larvae being recruited to the bottom at any
site. For example, the predominance of up-estuary flow along the
bottom of the main basin during the past decade (as opposed to the
predominance of flow at mid depth during the previous decade) could
have enhanced larval dispersal near the bottom. In the absence of
data on invertebrate larvae in Puget Sound, however, this hypothesis
remains speculation.

There is also no clear evidence from existing data that the waters
of the Puget Sound basin, with time, have become more productive
and, as a result, stimulated an increase in benthic invertebrate
abundance. However, given the increased human population in the
Puget Sound area and the concomitant increased rate of waste input,
it is possible that gradually increasing nutrient concentrations
could cause an increase in overall water column productivity and the
subsequent enhancement of organic matter supply (food for the
benthos) to the sediment surface.

An hypothesis of gradually increasing productivity, if supported by
data from other studies, should be examined. Initial comparisons
could be made between present conditions (e.g., nutrient levels,
phytoplankton abundance, sediment organic content, and benthic
oxygen demand, etc.) and those measured a decade or two ago (e.g.,
Collias et al., 1974; Winter et al., 1975; Pamatmat, 1971). While
such retrospective studies may provide preliminary evidence of the
presence or absence of major long-term changes, comparisons between
separate short-term (l1- to 2-year) studies may produce misleading
results; as can be seen from the data presented here, results from a
short study may not be representative of longer term "average"
conditions. The establishment of routine, long-term water column
and bottom monitoring (e.g., of nutrients, oxygen, phytoplankton
abundance [chlorophyll], sediment organic matter, and benthos, as
well as contaminants; see Chapman et al., 1987) at a number of open
water sites such as those discussed here, will be necessary to
provide quantification and interpretation of natural (background)
variability and trends within the Puget Sound benthic community.
The results from open water sites will also provide the essential
"control" for shorter-term monitoring results from nearshore sites
that are expected to be most strongly affected by human activity
(see Bilyard 1987). Such a network should allow us to develop
reliable evidence of the presence and significance of water quality
trends in Puget Sound, including evidence of improvements resulting
from regulatory actions.
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Trends in Abundance of Economically Important
Marine Fish in Puget Sound

Gregory G. Bargmann*

Introduction

The Washington Department of Fisheries routinely assesses the
abundance of economically important species of marine fish in Puget
Sound. These assessments are largely done for fisheries management
purposes. However, they do provide insight into the abundance of
major fish species and into the interannual variability of abundance.

These assessments have increased as fishing pressure has increased in

Puget Sound. The Tongest time period for which some idea of abundance
can be inferred is thirty to forty years and, in most cases, is nearer
to ten to fifteen years.

Methods

The Department of Fisheries estimates fish abundance in two general
ways; indirect and direct. Indirect methods rely on fishermen, and
their fishing effort and resultant catch, to provide insight on fish
abundance. Direct methods involve department employees going out and
actually measuring the amount of fish present at a certain time.
Generally these direct measurements occur when the fish are spawning
or just before they spawn because, at these times, the fish are
congregated and their abundance is most easily and accurately
measured.

For each species discussed in this report, a brief summary of the
method used to estimate abundance is given. Additionally, a reference
is listed for more detailed information.

English sole

English sole (Parophrys vetulus) is one of the most important species
in the commercial fisheries and one of the fish species most
associated with contamination studies in Puget Sound. Abundance of
English sole in Puget Sound is monitored through the landings of the
otter trawl fishery. Landings of English sole from Puget Sound have
been as high as 2.4 million pounds annually. However, the amount of
fish Tanded has declined in recent years. Concurrent with the decline
has been a decline in the catch rate (Figure 1). This decline has
been most evident in the central Puget Sound region (Quinnell, 1984).

*Resource Manager, Washington Department of Fisheries
7600 Sand Point Way N.E., Seattle, Washington 98115

72



Pile perch

Pile perch (Rhacochilus vacca) is an important species in both
commercial and recreational fisheries in Puget Sound. The largest
fishery for pile perch is the beach seine fishery. Performance of the
beach seine fishery indicates a decline in both landings and catch
rates of pile perch. These declines are thought to be due to
decreased availability of pile perch (Quinnell, 1986).

Pacific whiting

A population of Pacific whiting (Merluccius productus) spawns in the

Port Susan area near Everett and is subject to a commercial fishery.

The abundance of this stock has been monitored using sonar techniques
since 1979 (Boettner, 1984).

Results indicate that this population has been declining in size in
recent years from a peak biomass of 45 million pounds in 1983 to 12
million pounds in 1987.

Whiting
YEAR Estimated biomass (millions of pounds)
1979 22.9
1980 26.8
1981 33.1
1982 : 29.1
1983 45.1
1984 31.2
1985 31.2
1986 18.0
1987 12.3

The predicted biomass for 1988 is between 10 and 14 million pounds
(Stick et al.,1987).

Pacific co

Pacific cod (Gadus macrocephalus) in Puget Sound are near the southern
end of the geographical range and their populations tend to vary
greatly in Puget Sound (Pedersen and DiDonato, 1982). In most areas,
changes in population size have been without trend (Pedersen and
Bargmann, 1986). However, in recent years, declining trends in
abundance have been seen in Pacific cod in central Puget Sound
(Wildermuth, 1986; Hulsman, 1988).

Lingcod

Lingcod (Ophiodon elongatus) is an important species in both
recreational and commercial fisheries. Their population, as measured
by fishery performance, declined sharply in the mid 1970’s, especially
in Hood Canal and Puget Sound south of Port Townsend. A series of
severe fishery restrictions were implemented. Lingcod populations
apparently rebounded sharply in the 1980’s as a result of these
restrictions (Bargmann, 1985).
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Herring

Pacific herring (Clupea harengus) spawn in specific locations
throughout Puget Sound (Trumble, 1983). The spawning season begins in
January and continues into June. Approximately 15 thousand tons of
herring spawn annually in Puget Sound at several major spawning sites
(Penttila et al.,1986). While there is considerable interannual
variation in the amount of spawning at any one site, the total number
of spawners in central Puget Sound and Hood Canal has been relatively
stable. The population which spawns in northern Puget Sound in May
and June has been in a period of decline (Day, 1987).

Rockfish

Rockfish (Sebastes sp.) are important components of the recreational
fishery and are of minor importance to the commercial fisheries. The
catch by the recreational fishery has increased by nearly an order of
magnitude between the mid 1970’s and the mid 1980’s but the catch rate
{number of fish caught per fishing trip) declined during that time.
The growth in landings was largely the result of increased fishing
effort (Palsson, 1987).

Discussion

A1l of the fish species discussed are subject to rather intense
fisheries; either recreational or commercial or a combination of both.
While monitoring of these resources has not been ongoing for long
periods of time, several points can be made:

1. Fish populations do fluctuate. The amount of fluctuation depends

on the particular species. Fish, such as whiting and Pacific cod, can
show wide variations in abundance from year to year while species such
as English sole are more stable.

2. Fishing can have an important impact on fish populations.

3. Puget Sound still supports relatively large fish populations.
Annual catches of about 1 million pounds of English sole and one
quarter of a million rockfish can be made and 15,000 tons herring
spawn annually. Puget Sound is still a productive system. However,
in recent years, the trend of abundance for most of the important
marine fish species has been downward.
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English sole landings and catch rate from
the Puget Sound otter trawl fishery.
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Characterization of Puget Sound Marine Fishes
for the EPA Bay Program

Lawrence L. Moultonl and Bruce S. Miller2

Introduction

One of the main phases of the EPA Bay Program is to
characterize the study region through a system-wide
synthesis and analysis of existing data on water and
sediment quality and living resources. The objectives of
this synthesis and analysis are to identify spatial and
temporal changes in the estuarine system and evaluate
probable causes for these changes. One of the initial
steps in the characterization process is to identify the
existing data and determine which portions of the
available data are needed to adequately describe the
resources of the study area.

The ultimate objective of this project is to analyze for
long-term changes in Puget Sound marine fishes based on
the available data. Analyses of distributional
differences in Puget Sound have been conducted and notable
patterns exist (Wingert and Miller 1979), but those
analyses did not incorporate time into the evaluation.

The initial objective of the current study, reported on
here, was to inventory the more extensive historical data
sets to evaluate their suitability for use in the time-
trend analysis. Information on location, date, gear used,
number of sets made, depths sampled and types of data
recorded were reviewed and included in the inventory to
determine if these data were available in sufficient
temporal and spatial coverage and of sufficient quality to
evaluate trends in selected species or populations over
time. An additional benefit of the project is the
identification of the various collection methods used over
the years, which can be used to help define standardized
methods so that future investigations can be conducted in
a compatible fashion.

1ESE, P.O. Box 11227, Winslow, WA 98110

2risheries Research Institute, University of Washington, WH-10,
Seattle, WA 98195
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Methods

.

The inventory was conducted by:

1. Interviewing people from various organizations who
are familiar with or routinely work with the type of
data needed for the characterization study and

2. Reviewing historical data sets identified through
the interviews.

Prior to initiating the data survey, an advisory work
group was formed of people familiar with marine fish
investigations in Puget Sound, including representatives
from resource agencies, private research groups and the
University of Washington, to identify possible data
sources. These sources, and others previously known by
the investigators, were investigated to evaluate their
suitability for inclusion in the characterization study.

The data evaluation focused on the objective of the
characterization phase, which is evaluating trends over
time. The main criteria used for selecting a data set for
further evaluation and possible inclusion in the
characterization phase were:

1. Three or more years of information using consistent
methods at a specific location were available; or

2. The data set supplements similar information or
extends the period of record from other sources;

3. The data set appeared to have the detail needed to
reveal changes over time in species composition,
abundance or size structure of marine fish in a
specific area; and

4. The group of fish species being evaluated for change
are not overly affected by fishing pressure.

The twelve regions of Puget Sound utilized by Delacy
et al. (1973) to evaluate species distribution were used
to evaluate the geographic distribution of the available
data.

Results

Data available from long-term University of Washington
investigations conducted by Drs. DelLacy, English and
Miller from 1949 to the present appear to offer the best
long-term data available for certain locations throughout
Puget Sound. Other data sets, however, also provide quite
useable information. Of these additional data sets, the
Washington Department of Fisheries trawl surveys provide
considerable long-term coverage of regions in northern
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Puget Sound. In addition, the Department of Fisheries
herring spawning ground surveys contain annual estimates
of spawning density of Pacific herring at sites around
Puget Sound. A description of the coverage and methods
used by the various researchers follows:

College of Fisherijes (COF) trawl logs

These records, mostly from 1949 to 1976, were primarily
collected or recorded under the direction of Dr. Allan C.
DeLacy. Coverage ranged from Case Inlet in southern Puget
Sound to Orcas Island and Bellingham Bay in northern Puget
Sound with a substantial effort in the central Puget Sound
region. Gear used were a variety of otter trawls; howev-
er, most of the more useable time series information was
taken with the basic research trawl, which had a 1.25 inch
stretched mesh cod end. Other nets used were similar in
overall dimensions but the cod ends were usually 3.5 and
4.5 inches stretched mesh.

Data commonly recorded included species occurrence and
usually some indication of relative abundance, including
nearly complete counts, the exception being species that
were highly abundant in a haul (i.e. hundreds or thousands
of individuals). In many cases length frequencies of the
dominant species were recorded. From 1965 to 1976 there
was a series of training cruises that utilized the .basic
research trawl and re-visited the same six locations.
There were normally two, and up to four, trips per year in
this time period covering sites in central and northern
Puget Sound. These cruises normally had reasonably com-
plete data sets with total counts and length measurements.

Dr. English trawl logs

These records, from 1964 to 1978, were all collected with
a 16 ft semi-balloon otter trawl attached to a 10 ft (3
meter) beam. The body of the net was 1.25 inch mesh with
a 0.25 inch mesh cod end liner. Data collected included
total counts and length measurements of captured fish,
information on crabs and shrimp was also a primary
concern. Disease information was also collected for many
of the sampling sites. The best time series of informa-.
tion is from Port Gardner, which was sampled from 1965 to
1978, and adjacent sites at Mukilteo and Tulalip sampled
from 1973 to 1977. Some of the areas surveyed overlap the
locations and times of College of Fisheries training
cruises, thus there is an opportunity to compare the
species and sizes captured by the different gears.

Dr. Miller trawl logs
These records begin in 1969 and are continuing. Two gear

types have been used: from 1969 to 1980 sampling was
conducted with a 16 ft semi-balloon otter trawl (0.25 inch
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stretched mesh cod end) attached to otter boards, while
after 1980, a 25 ft otter trawl has been used. Informa-
tion routinely collected included total counts, length
measurements and disease incidence by species. Most of
the information has been collected in the central Puget
Sound region, primarily related to investigations near
Metro's present or planned outfalls or nearby control
areas (Table 6). More recent investigations have included
studies in Commencement Bay, Elliott Bay, Port Gardner and
Saratoga Passage. The latter two locations provide
possible ties to the Dr. English trawl series,
particularly since the sampling in 1986 used both a 25 ft
otter trawl and a 10 ft beam trawl.

Drs. DeLacy/Miller beach seine logs

From 1949 to 1967 beach seine sampling was conducted
almost annually at Golden Gardens, often during an extreme
tide cycle to examine tidal influences on fish
distribution. The gear consisted of either a 60 ft or 120
ft beach seine constructed of 1.25 inch stretched mesh
wings with a 0.75 inch stretched mesh bag. Data collected
were total counts and, usually, length measurements and
total weight of each species.

Similar methods were used at other beaches in central
Puget Sound, including Alki Point, West Point, Smith Cove,
Point Pully, and Seahurst Park. In the mid to late-
1970's, substantial beach seine sampling was conducted at
shoreline sites around the San Juan Islands as part of the
DOE Puget Sound Baseline Program (1974 to 1976) and along
the Strait of Juan de Fuca as part of the MESA Puget Sound
Project (1976-1979).

Dr. DelLacy/Miller flatfish ichthyoplankton sampling

This series was compiled between 1955 and 1985 and con-
sisted of collecting flounder eggs and larvae in Elliott
Bay during the spawning season as part of a course on
early life history of marine fishes. Gear used included
0.5 meter plankton nets, 20 and 60 cm bongo nets and
various experimental nets and plankton pumps. Information
collected included number of eggs per tow, which was
converted to density of eggs, with sampling occurring at a
variety of depths. The data set may provide interesting
information on the consistency of flatfish spawning in an
area adjacent to heavy industrial development.

Eriday Harbor Marine Lab logbooks

The information on marine fish from the Friday Harbor logs

~ consists of four types of data: (1) otter trawl records,

(2) beach seine records, (3) night light sightings and (4)
tidepool records. The logs cover a period from 1950 :to
1987, with most of the records being entered on a two year
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cycle because the fish ecology course alternated annually
with the biological oceanography course. The locations
covered vary by gear type, since each of the survey
methods samples totally different habitat.

Washington Department of Fisheries

The Washington Department of Fisheries has long-term data
on a number of marine fisheries. The most appropriate
data sets appear to be information on marine fish
collected in the trawl fishery and herring spawning
surveys.

The trawl survey data consist of summaries of logbooks
maintained by the fishermen since the mid-1950's. Infor-
mation consists of catch by species and effort for each
fishing area. Most of the data are from the Gulf of
Georgia, Northern San Juans, Bellingham Bay, Saratoga
Passage, Holmes Harbor and Discovery Bay, since these are
the areas of greatest effort. Hood Canal was an important
area in the past, but trawling is discouraged in this area
at present. There was generally low effort in central and
southern Puget Sound, in part because of the high inci-
dence of parasites in bottomfish.

Surveys of representative herring spawning areas have been
made annually for the past ten years. The surveys esti-
mate the number of tons of spawning fish in each year and
are made to coincide with the estimated time of peak
spawning. Maps are produced of the areas used. 1In addi-
tion, there are acoustic estimates of adult herring near
the spawning areas. Herring spawn in shallow water and
the spawning areas are highly vulnerable to surface con-
taminants, thus the surveys might quickly detect changes
in habitat use by spawning fish.

Miscellaneous data sources

Aside from the long-term data sets identified above, there
are a number of short-term studies that have been
conducted in a number of the regions that can assist in
interpreting long-term trends. These short-term studies
provide additional detail on marine fish populations
within a region and help extend the period of record
provided by the long-term data sets. Often these short-
term studies occur as reports or publicatians.

Recommendations

We recommend continuing with the characterization
process because of the long-term series available for
several of the regions, particularly Central Puget Sound,
whidbey Basin, Port Orchard and the San Juan Islands. It
is recommended that the following priority be used for
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analysis of data for the characterization of Puget Sound
fishes:

1. Research otter trawl data sets, focusing on Port
Orchard, Port Gardner and Bellingham Bay, with
further evaluation of Port Madison and Case Inlet
data

2. WDF herring spawning survey data

3. Elliott Bay ichthyoplankton data series, with
possible inclusion of Port Orchard and central basin
data

4. Research beach seine data focusing on the Golden
Gardens data sets

5. WDF commercial trawl data, focusing on Pacific cod,
English sole, rock sole, sand sole and starry
flounder

6. Friday Harbor logbook data, focusing on sites with
long-term sampling series by a consistent method

Research trawl logs have the best time-series information
and can be supplemented with some of the additional data
from other sources. The WDF herring spawning surveys
provide a good opportunity to follow a time-series of the
critical life stage for an individual species at widely
separated locations and deserve special treatment in a
characterization document. Similarly, the flatfish spawn-
ing areas at Duwamish Head and Port Orchard deserve simi-
lar treatment. The Golden Gardens beach seine data pro-
vide a long-term record of nearshore habitat use in an
area that has been increasingly developed, and cover the
construction period for the Shilshole Marina and break-
water. As the study progresses, other specialized studies
that document critical habitats may become apparent and
these could be incorporated.

We predict that a time series analysis of marine fish data
sets will elucidate long-term trends in Puget Sound fish
assemblages and will be of significant value for estab-
lishing a baseline against which the results of future
monitoring efforts can be compared and evaluated. The
review of the data already indicates that while many of
the beach seine and trawl sites were regularly sampled
from the 1950's to the 1970's, there has been a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>