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One of the goals of the Puget Sound Water Quality Action Team is communicating research results
related to the Puget Sound environment and the management of the Sound’s resources. The 1998 Puget
Sound Research Conference follows its three predecessor conferences (1988, 1991, and 1995) as the
Action Team’s largest and most visible effort to meet this goal.

Presented by the Puget Sound Water Quality Action Team and co-sponsored by state and federal
agencies, local governments, universities and businesses, the fourth Puget Sound Research Conference was held
on March 12 and 13, 1998 at the Washington State Convention and Trade Center in Seattle, Washington.
More than 600 attendees — including scientists from government agencies, universities and consulting firms;
resource managers; other decision-makers; students and members of the public — shared information on recent
research findings and discussed the implications for managing Puget Sound and its resources.

These conference proceedings provide full papers for most of the oral presentations, abstracts of the
remaining oral presentations and posters, and transcripts of the conference keynote session on “The
Endangered Species Act and Related Natural Resource Issues”, an evening session on “Communicating
Environmental Science,” and the conference wrap-up session. In addition, transcripts of question and
answer periods at the end of the many of the conference’s concurrent sessions are also included.

The papers presented in these proceedings have not been peer-reviewed, and the graphics and
references in these papers are presented much as they were submitted originally by the authors. Limited
editing was done for grammar and spelling.

We encourage you to contact the authors/presenters for further information and updates on any of
the material presented in the proceedings.

Conference Manager: David Sale, Puget Sound Water Quality Action Team

Conference Coordinator: Joanie Pop, Event Dynamics, Inc.

Proceedings Managing Editor: Richard Strickland, University of Washington

Proceedings Layout: Nina Hadley, Washington Sea Grant Program

Proceedings Technical Editors: Nancy Lerner and Lissa Ferrero, Washington Sea Grant Program
Proceedings Support/Author Liaison: Bernie Lester, Puget Sound Water Quality Action Team
Proceedings Production Support: Stephanie Barton, Puget Sound Water Quality Action Team
Proceedings Contract Manager: Scott Redman, Puget Sound Water Quality Action Team

This project was funded in part by the U.S. Environmental Protection Agency (EPA) under
grant agreement (CE-990622-02) to the Puget Sound Water Quality Action Team and co-
sponsorship support from a variety of organizations. The views expressed herein are those of
the authors and do not necessarily reflect the views of EPA, the Puget Sound Water Quality
Action Team, or any conference co-sponsors. Mention of frade names or commercial
products does not constitute endorsement or recommendation for use.

The Puget Sound Water Quality Action Team is an equal opportunity employer. If you have
special accomodation needs or need these proceedings in an alternative format, please
contact the Action Team’s ADA representative at 360-407-7300. The Action Team’s TDD
number is 800-833-6388.
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Keynote Session — The Endangered Species Act and
Related Natural Resource Issues

Welcome to Conference and Introduction

Duane Fagergren
Deputy Director, Puget Sound Water Quality Action Team

What do we hope to accomplish with this conference?
e  We want to inform managers that are making very critical decisions right now on a whole host
of issues we’re working on.

®  We want to inform citizens and help all of us understand what the basis of scientific knowledge
is about the natural resources, and how we can protect them better.

e  We want to share scientific information among researchers — from students to tribal members
who are doing research in watersheds to local governments. It’s the whole mix of agencies and
academics that makes our understanding of Puget Sound much, much richer and broader, and
this is one conference that brings all of you together.

We also hope that the conference can help us identify emerging issues, and I think our first
panel this morning is going to identify what one of those big emerging issues is now, one that we've
all been hearing about on the news recently: the proposed Endangered Species Act listing of salmon
stocks in Puget Sound.

I urge all of you to participate in the conference by asking questions and staying focused. It’s going to
be a pretty intense two days, running well into the evening tonight. To get your time and money’s worth
and for us to understand all of the issues that are on your mind, we encourage not only your questions
during the sessions, but also cornering people in the hall or talking over meals, and then staying connected
after the conference. I think we all appreciate that a lot of the real value in a conference is meeting the
person that’s doing parallel research to yours but that you’ve never met before, or talking to a newspaper
reporter about how we can explain the scientific understanding better.

Let me introduce our moderator for this morning’s keynote panel, Bob Edwards, who is a City
Councilman in Renton and also on our Puget Sound Council. I think Bob is the exact right person
to talk, in an initial way, about what the Endangered Species Act (ESA) means to him as a local
official and to introduce the rest of the panel. So with that, Bob, I'll turn it over to you.

A Local Perspective on Puget Sound Salmon Endangered Species
Act Listings

Bob Edwards

Renton City Council and Puget Sound Council

Thank you, Duane. I'm not sure about beting “the exact right person” or any of the rest of it,
but thank you for the kind words. I do serve on the Puget Sound Council, which advises the Action
Team on policy issues, and also on the Renton City Council. I’'m also a member of the board of the
Association of Washington Cities as the immediate past president, so I communicate with other city
council members and mayors from around the state.

We’ve dealt with many problems in Puget Sound over the last decade, but the approach has
been largely voluntary, and that certainly fits with a lot of what we in local government believe and
strive for. We tend to resist and have an aversion to mandates. And certainly the Endangered
Species Act (ESA) is something that has more of a look and feel of a mandate. The ESA brings a

stronger presence and a need to be accountable for salmon stocks in the Puget Sound basin. Local
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governments know that the threat is real and that it will be costly. We do want to respond, but there
is a lack of detail right now and that causes concern.

I was just back at the National League of Cities where a group of elected city officials from
Washington State met with our congressional delegation. In the meetings that we had with both our
Senators and, the one I attended, our Representatives, one of the top subjects that came up was the
ESA and the listing of the Puget Sound Chinook salmon. There is great deal of fear and trepidation,
I think, among elected officials. Partly, it’s caused by the fact that we feel like there needs to be a
road map for how we’re going to get from where we are to where we need to be and no one has a lot
of confidence that there is that road map.

The types of questions that have come up are: How high will the bar be for restoration and
habitat protection, considering what we’ve been doing for a decade? How much counts for
meaningful restoration and for a habitat conservation plan? The question that often comes up is,
“Do we get credit for what we’ve already done?” Unfortunately, I think everybody knows that that’s
not quite the way it’s going to work. ‘

We're honored to have a panel today of distinguished leaders from the federal agencies that have
major responsibility for implementing the Endangered Species Act and the Federal Clean Water Act. We :
have with us Will Stelle, the Regional Administrator for the Northwest Regional Offices of the National \'
Marine Fisheries Service, and also the EPA’s Region 10 Administrator, Chuck Clarke, who also serves on '
the Puget Sound Action Team. We have with us Robin Waples of the National Marine Fisheries Service
who is the father of ESU’s—evolutionarily significant units—and who will also explain the status of Puget
Sound salmon stocks and how far we have to go to build back these critical runs.

After we hear from our panel members, we want to open this up for questions. This is how
we're really going to be able to share information. So I'd like you to please help me welcome the {

esteemed panel, beginning with Will Stelle, followed by Chuck Clarke, and then Robin Waples.

Salmon Habitat-The Endangered Species Act and Some Points of
Intersection with the Clean Water Act

Will Stelle !
Regional Administrator, Northwest Regional Office, National Marine Fisheries Service ;

Thank you, and I’d like to thank Nancy, Duane, and the organizers for the invitation to appear
here before you this morning. What I'd like to try to do this morning is three things, which is always
ambitious. The first one of which is to simply describe to you the basic mechanics of the federal
Endangered Species Act. The second is to describe to you our approach to the issue of habitat and
how do we analyze whether habitat is good habitat or not. And the third is to discuss a little bit of
the potential points of intersection between the federal ESA and the federal Clean Water Act (CWA).

We have described evolutionarily significant units (ESU’s)—clusters of salmon runs—which |
either have been listed or are proposed for listing or are candidates for listing under the ESA. Twon’t
go into the details here but to offer the following basic point. These ESU’s cover a huge geographic
area. This is the Western United States, and probably by the end of next year when we complete our
chinook reviews, there is a pretty good likelihood that we will have final salmon runs listed under the
ESA from the border of British Columbia down to Los Angeles. The geographic scope of this
challenge is probably one of the most salient features of it. Don’t’ forget this map.

First, the basics of the ESA. In Section 4 of the ESA are the authorities for listing and rulemaking
under the act. Once species are listed, then the obligations to conserve under the ESA kick in. Those
obligations are contained in Section 7 of the Act, which describes what federal responsibilities are. There
are obligations, described in Section 9 of the Act, which tell everybody not to “take” endangered species.
There is authority to permit activities under Section 10 of the Act. Finally, I will go over areas of overlap
with the Clean Water Act and the benefits of trying to pull those two statutes together.
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First of all, the listing process. You’ve probably seen a lot of this in the news. It’s a fairly
orderly and routine and sophisticated process. Step one is to identify the proper clustering of
neighboring salmon runs based on the concept of ESU’s, evolutionarily significant units. Dr.
Waples, on the panel here, was the principal author of that and I suspect he’ll spend a little
time this morning discussing its details. -

Once we identify what the proper listing units are, we have to assess the risks that an ESU may be at
risk of extinction now or in the foreseeable future based on abundance, trends and genetics of the
populations within that ESU. Then we assess the extent of state or local conservation efforts to reduce
those risks. We are obliged under the law to use the best available science in making these judgments. We

share our technical assessments with state and tribal co-managers as we complete them.

Once a species is listed, Section 4 confers upon the agencies the rulemaking authority to apply
“take” prohibitions to endangered and threatened species and to promulgate such other rules as may
be necessary and advisable for the conservation of these listed species. The point I raise here is that
this authority to promulgate rules is very broad and very flexible. Whatever rules are necessary and
advisable. There’s not a lot of guidance there.

OK, let’s assume we have listed species. Let’s assume that they are listed as threatened under the
ESA. What happens? First of all, the protective obligations of Section 7 kick in for federal agencies.
The scope of that obligation is that it applies to all federal actions including licensing, permitting
approvals, funding, as well as managing federal assets such as federal lands and federal hydropower
projects. So it’s not just what the feds own, it’s also what they permit and license. The substance of
that obligation is thart the federal agencies are to exercise all of their authority in furtherance in the
purpose of the ESA, and the purpose of the ESA is to eliminate the risks that may cause species to go
extinct. Suddenly that obligation to conserve species is an enforceable obligation against all federal
agencies. This is a very, very powerful obligation.

There is a strict prohibition upon any federal action that may jeopardize the continued existence of
listed species or modify their critical habitat. The procedure by which you determine whether a federal
action may be jeopardizing, or whether or not you’re properly exercising your authorities to conserve, is
consultation with us at the National Marine Fisheries Service or with the Fish and Wildlife Service. They
have biological expertise under the ESA to determine what those species need and to determine whether a
proposed action is OK or not. Ifit’s not OK, what terms and conditions, what changes they must be
made in the proposal in order to minimize risks to the species? The recommendations that we make on
how to change federal actions are very nearly binding on the federal agencies. So the Section 7
consultation process by which we advise federal agencies on how to change the way they normally do
business is a very powerful tool: the most powerful tool of the ESA.

The prohibitions against jeopardy apply to federal land mangers in fresh water habitat, federal
dam operators, like the Corps of Engineers and the Bureau of Reclamation. Permitting licensing and
funding activities of for instance, the federal Energy Regulatory Commission, the Environmental
Protection Agency, the Corps of Engineers, the Natural Resources Conservation Service, the
Department of Defense, the Federal Emergency Management Agency, and the Department of
Energy, to name a few. Again, this is just to give you the flavor of the scope of the obligations.

There are conservation obligations under the ESA that apply to non-federal agencies as well.
They apply to all public and private activities: what you and I do. The substance of the obligation is
that the ESA prohibits any actions that result in “take” of endangered or threatened species, unless
those actions are exempted by incidental take permits, or special 4040 rule, which I described earlier
on. “Take” is defined to encompass the activities that cause death, harm, harassment, or significant
habitat modification that are highly likely to result in harm. The procedure by which these take
prohibitions apply is automatic, which is to say they apply to you automatically. We don’t have any
specific consultation or advisory roles to describe to you what you can and can’t do. Activities that
constitute take are subject to civil and criminal penalties under the ESA.
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As applied in the context of salmon, these take prohibitions may apply to dam operations which
kill fish, freshwater habitar activities including forestry, agriculture, irrigation and water resource
management, fishing, and hatcheries. Let me emphasize, though, that this take prohibition requires
a high standard of proof. It’s not just any old modification of habitat. One needs to prove that there
was substantial habitat modification, so substantial that it did or will result in killing fish or altering
their behavior. This is not an easy thing to prove. It’s a hard thing to prove. But it’s also a very
powerful prohibition.

The ESA under Section 10 also authorizes us to permit take pursuant to habitat conservation
plans whereby an entity may propose a long term set of activities, say land management activities,
which we believe will improve conditions for salmonids and will provide support for their continued
existence on that habitat. - 'We, in turn, can approve those plans, and that approval carries some
insulation from potential take liabilities under the Act. The scope of habitat conservation plans can
embrace any activity or group of activities that may result in the taking of listed species. The
obligations of these habitat conservation plans are to minimize and mitigate take to the maximum
extent practicable, and to contribute to the long-term survival of species within the proposed activity.

The duration of typical plans that we have been working on over the past one to five years,
largely with the large industrial landowners here in the Pacific Northwest, range from 50 to 75 years.
They tend to be multi-species, they are not just for salmonids. They tend to cover all species that are
or may be listed under the federal ESA, both aquatic and terrestrial.

These plans result in stability for the entity that has received approval. That entity, be it a land
owner or a county, so long as they are implementing the plan as approved, will not be subject to
further take prohibitions. They will not be subject to lawsuits, and if they are, that the U.S.
government will defend with them against those lawsuits. These habitat conservation plans are a
very, very important tool.

Now let me turn to the second topic I wanted to raise to you today which is, how do we think
about habitar? Our fundamental objective under the ESA as it relates to Pacific salmon and the
habitat of Pacific salmon is to seek properly functioning habitat conditions to support salmon
populations. When we look at an action to determine what its effect will be on habitat, we identify
whether that action is likely to impair properly functioning habitat, further damage impaired habitat,
or retard the progress of that habitat. Again, their reference point here is properly functioning
habitat. Properly functioning conditions (PFC) are defined, are to consist of sustained natural
processes, not static characteristics. PFC is attained when a watershed’s habitat forming processes
(i.e. riparian communities, succession, bedload transport, run off patterns) function to maintain a
healthy aquatic ecosystem over time. PFC is necessary for the long-term survival of Pacific salmon.

Now here are some of the ways in which we evaluate or assess PFC. We have what we call
pathways and indicators. The pathway, and this is again by way of an example, the pathways are
water quality, habitat access, habitat elements, channel conditions and dynamics, flow and
hydrology, and upper watershed condition. Indicators, then, are at a higher level of specificity.
Things that may affect that pathway of water quality include temperature, sediment, rurbidity,
chemical contamination, etc. Those things that traditionally encompass water quality concepts
under the federal CWA. I'm not going to go through this list overall, but i’ll give you a feel for it.

Again, in assessing whether or not those pathways will be achieved or are going to be provided
for, we try to develop ranges of those individual indicators, whether or not it’s properly functioning,
at risk, or non-properly functioning. And again, this is intended to give you an example of how we
evaluate whether or not a particular stream or a particular habitat segment is healthy, is properly
functioning or not. And if not, why not and to what extent?

Going to my third point, our major thesis is that federal and state ESA and clean water agencies
should marry their respective programs to conserve the aquatic habitat for ESA listed salmon, and to
meet sate and tribal water quality standards. To coin a phrase, this should be killing more than one
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bird with one stone. One-stop shopping. The objectives of ESA and Clean Water Act integration:
effectiveness of achieving program goals, either aquatic health or water quality; state and federal
efficiencies (one-stop shopping for the public); and flexibility in compliance at the watershed scale.
Most of these are fairly self-evident.

The major points of overlap of the CWA and the ESA: First of all, they have the same purposes as
applied to aquatic systems and Pacific salmon. The purpose of the CWA is to protect the physical,
biological and chemical integrity of the nation’s surface waters. The purpose of the ESA as it applies to
Pacific salmon is to conserve Pacific salmon and the ecosystems upon which they depend. If you're a fish,
the concept of water quality under the CWA and the concept of a healthy aquatic system under the ESA
are the same thing. And if they’re not the same thing, something is wrong. There is a geographic overlap.
Here in the states of Washington, Oregon, California, and Idaho we have major con-compliance problems
with the federal CWA, which Chuck will describe to you, and they are largely coterminous geographically
with the ESA salmon listings. There is a technical overlap in water quality and aquatic health concepts and
parameters. There should, and can, be overlaps in the regulatory machinery. The key issues in achieving
this integration are to align the ESA and CWA objectives and to align the technical parameters for
achieving those objectives, what I have described here as PFC.

Now, finally the practical constraints in doing this: time, money, and people at federal and state
regulatory agencies. We're all badly overworked, and this is just one more item that will land on our
collective plates. Variable state commitments at the DEQ levels. The state departments of Ecology or
Environmental Protection are the principal focus for responsibility for complying with the federal
CWA. These are delegated programs. So if the state agencies are not prepared to play, it will not work.

Thus far I had been mightily impressed in how uninterested the regulated community is in
putting these two regulatory regimes together. I'm not quite sure why, but, again from my
perspective, one-stop shopping makes a lot of sense. And then there’s general inertia and risk-averse
cultures in all of our various-venues. Change is hard. Change requires a lot of effort on the part of
all, and it doesn’t come simply. We have traditional ways of doing business in the federal and state
agencies. Permitees have traditional ways of doing business. Lawyers have traditional ways of doing
business. And we will need to change those traditions if we are going to achieve the objective of
marrying both the CWA and the ESA compliance here in the Pacific Northwest. With that, I'd like
to stop, and again, I thank you for the opportunity to talk to you here this morning and look
forward to your questions.

The Clean Water Act Now and into the Future

Chuck Clarke
Regional Administrator, Region 10, U.S. Environmental Protection Agency

Thanks, Will. I will try to do this rapidly to try and leave you some time for questions. I
apologize for my voice. It’s fading. I've been fighting a bug for the last three or four days and I
think it’s finally starting to win. I will try to get through this without losing my voice.

I’d like to start with a context piece. If we look at Will’s charts of ESU’s that are listed or
proposed for listing under the ESA overlain with the streams and rivers in Idaho, Oregon, and
Washington that currently do not meet water quality standards, you will note a lot of consistency
between the ESA problems being experienced throughout Washington, Oregon, and Idaho and

stream-water-quality conditions that have created some of those problems.

With this as background, I'm going to talk about two things today: (1) where are we today
related to the Clean Water Act (CWA), and (2) where we need to go tomorrow to deal with some of
the issues we face.

In many ways, when Will got up here and talked to you about the ESA, it reminded me a lot,
after having worked at the state level for a long time, about the corrections debate that goes on within
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the states. The way that people have dealt with corrections issues, criminal issues, over the last five or
six or seven years is to build a lot more prisons. It is a mechanism that looks at the back end of the
problem, not the front end of the problem.

ESA in many ways is very similar. If we haven’t done a good job at water quality standards and we
haven’t done a good job at managing and making decisions related to the environment, we end up
being subjected to the ESA. It is a reactive, at best, approach to dealing with it. It is an approach that,
in many ways, will never allow us to go back and attain what we’ve lost historically because of the
actions we've taken. As in many instances, you're trying to do through ESA the best job that you can,
by not losing any more, and maybe gaining a little bit back where you can. I think it shows that,
although we’ve made a lot of success in clean water in this country over the last 25 years, we have not
made enough, and we need to look at doing things in a different way than we have in the past.

The CWA debate is shifting after 25 years. It’s shifting from what was the debate in the 1970’
over technology-based standards vs. ambient standards. We chose, in this country, to go to
technology-based standards because we couldn’t figure out how to deal with ambient standards
because there was too much science involved. We didn’t understand it very well, and so we said let’s
just look at the end of the pipe, and let’s look at sources and tell people what they can discharge, and
that will be an easier way of dealing with clean water. Now we’re saying, gee, we made some
progress, but it wasn’t enough. And we have to look at the ambient conditions of the environment
and decide how best we need to deal with water quality.

We’re moving from point sources to nonpoint sources. The marginal costs of continuing to
ramp down on point sources are getting higher and higher and higher. We have achieved a lot of
successes. There still is some room for some additional gains, but the big gains before us are dealing
with nonpoint-source pollution, and that means that we must move away from the kind of point-
source orientation of industries and municipalities to dealing with agriculture and silviculture and a
lot of the things that we all do as private citizens in the way we live, where we live, where
development occurs, how we manage our transportation, how we deal with pesticides, how we deal
with fertilizers, how we deal with all those issues that contribute to nonpoint source problems.
We’re fundamentally at that crux right now of trying to move off of the traditional approaches in the
dealing with the nonpoint sources. It is an extremely difficult issue for regulatory agencies.

People in this country believe that they are environmentalists. If you do polling, 80 percent of
the people in the country believe they are environmentalists. If you ask them questions about what
they want to do to protect the environment, they say go out and enforce against municipalities and
industries, and by god, we’re behind you 100 percent. But if we say, “Well, how about if you do
something,” their will power rapidly declines. If you look at some of the national polling data, when
they started looking at wetlands issues as a definition of a commitment to the environment, people
started becoming much more interested in their personal property rights than they did in the
environment. When we asked the questions about going out and hammering on an industry, they
got real excited again. So I think it is going to be a difficult issue over the next decade in trying to
figure out how to deal with nonpoint issues because they are not easy to define.

There are a number of legal decisions that have occurred over the last few years that are putting
some pressure on the CWA to change the way it does business.

The first issue relates to water quality standards. Let me give you a very simplified version of
how the legal issues of water quality standards are changing. The EPA in this region is involved in
four states: Washington, Oregon, Idaho, and Alaska. We have now lost lawsuits in four states—
Washington, Oregon, Idaho, and Alaska—on how we have managed the CWA, and more
specifically water quality standards, over the last 15 years. We have been put in a position of having
to redefine how states address their water quality standards, and how they bring water body segments
that don’t meet water quality standards back into compliance with the standards.

Every two years the states take all the water quality data that they have on all their stream
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segments in their state and make determinations of what waters meet or do not meet water quality
standards. As a result of this work they publish the 303(d) list. This is a list of all water body

segments in the state that don’t meet water quality standards. After that list is compiled, the states
have to develop a strategy for every one of those segments on how to bring it back into compliance

with the water quality standards.

Because of the court cases that the EPA has lost in the Pacific Northwest, the EPA is now on the
hook to make sure that states develop and implement the strategies for bringing waters back into
compliance with water quality standards. If the water bodies don’t come back into compliance after
the states have tried to implement their strategies, then you have to go back into that segment again
and develop new strategies to try to bring that segment back into compliance.

This is a much different approach than was happening five years ago, ten years ago, or fifteen years
ago. Will made the statement that he’s not sure exactly why people haven’t been as interested in
merging the ESA and the CWA as we thought they would be. In many ways the TMDL (Total
Maximum Daily Load) and the 303(d) List (those water body segments not meeting water quality
standards) are about three to four to five years behind the ESA in the sense of people recognizing the
potential impacts on them in the community. There is not a choice on coming into compliance. It is
being mandated by the courts. So as we follow along behind the ESA, and as we recognize the issues,
we're trying to figure out a way to merge strategies and actions to address CWA and ESA concerns.

A second issue: Section 401 water quality certifications. A state has to certify that actions are
consistent with the CWA. This is called a 401 Water Quality Certification. We are now starting to
get some court decisions that say that nonpoint source actions, which we traditionally had not looked
at under 401 certifications, have to be consistent with water quality standards. The first big case that
came up in the Oregon courts dealt with grazing on federal lands, and the court decided that grazing
was subject to CWA water quality certification. So all those private farmers who had received
grazing permits for the last 100 years, under the federal law now have to go to the state of Oregon
and get a water quality certification for every one of those permits. It doesn’t take a rocket scientist
to figure out that if grazing may be subject to that, why isn’t road building in forest lands, and why
aren’t other activities going to be subject to water quality certifications.

A third issue: the water quality, water quantity linkage. There has been, in the West, a real desire
to keep these issues separated for the last 150 years. First in time, first in right: I got my water and
nobody can ever change the fact that I get that quantity. But the Supreme Court issued a decision
about five years ago, the Jefferson PUD decision, that said there is a specific linkage between quantity
and quality. Some of the segments that we show as not meeting water quality standards are listed
because they don’t have sufficient flow to meet water quality standards. This is a fundamental shift,
which will lead to a fundamental debate over water quantity policy in the West over the next decade.

Fourth issue: tribal trust responsibility. As an example, there’s a decision in New Mexico where
Albuquerque had gotten a permit for the discharge of their municipal treatment system. The tribe
downstream sued the permitting agency saying that they have water quality standards on their
reservation. The water being delivered at their border did not meet their water quality standards. The
court found in favor of the tribe: that there is a trust responsibility to deliver water to the border that
meets water quality standards. Again, a shift in policy on the way that’s been handled nationally.

A final issue: the shift to binding obligations to protect listed species and their habitat when the
ESA takes effect. The issue of ESA consultation goes beyond CWA for many agencies. I had a
discussion with the City of Tacoma this week about a Superfund cleanup in Commencement Bay.
When we discussed remedies, my first question was “Have you consulted with National Marine
Fisheries Service under Section 7 — or Section 10 because there are private companies involved — on
making a determination?” The answer was no, we haven’t yet. The presence of the ESA changes not
only the CWA but also other aspects of regulatory authority. This has created a number of difficulties
related to trying to solve these issues. Will talked about some of them, but just in the sense of double
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jeopardy, if you do a Habitat Conservation Plan (HCP), apparently, with either the Fish and Wildlife
Service or the National Marine Fisheries Service, you typically get a letter that says, its nice that you've
done that effort, but that doesn’t necessarily mean you comply with the CWA. And we may come back
in later and reexamine what you’re doing to make sure that it is consistent with the CWA. We have
double jeopardy in the system. That’s why we're trying to push-for one stop shopping and trying to
figure out a way to merge activities to meet the requirements of both these federal laws.

A number of issues confront us as we try to address better merging of federal regulatory programs.

There is currently a lack of communications between agencies and levels of government. I think
we need to figure out a way to deal not only with the relationship at the federal level, but the
relationship between us and the states and us and the local jurisdictions. We're working hard on
that, but there still is significant disconnect going on.

Agency resources are non-existent or mis-aligned. For traditional environmental agencies, you
have an air program, a water program. It’s all medium based, not geographic watershed based. The
CWA and ESA approaches are geographic based. They look at ambient impacts in a watershed.
They don’t look at whether you have an air program or a water program, and we need to figure out
how to re-align our resources.

There are also issues of risk acceptance. As Will mentioned, the HCPs that have been done are
for 75 years. When we write NPDES permits, they’re for five years. We at environmental agencies
have been less willing to accept a long-term risk in making environmental decisions. We think we
got burned on dam re-licensings when they went for 40 years, and we don’t really want to get into
that business again. So we’re trying to merge how much risk we’re willing to accept as we merge
what’s going on related to ESA and what’s going on related to the CWA.

The final issue: developing science. I've been in three environmental agencies in the last six
years and I've tried to get them to do “state of the environment” reports. I've said, “we’ve collected
data for 25 or 50 years, monftoring data and so forth, and I want to use that now.” In response, I've
been told that QA/QC isn’t very good and we’re not sure we can forecast or project with that
information what changes need to be made from a policy side. And so I've said, in every instance,
“Well, that makes it easier for me because I've just found $10 million dollars worth of budget cuts
for the next year.” Because if you can’t use the data, if you can’t use the science, then why do the
work in a social setting. I mean, I need good science to be able to support good policy decisions.

How do we deal with some of the issues raised by the shifting focus the CWA and the merging
of CWA and ESA regulatory programs? Where do we need to go tomorrow? One solution is
attention and focus. We're trying to get people’s attention. Will and I have now given this talk
probably five times in the last six months, where we’re on the panel together trying to get people to
take both of these seriously, and work together on both CWA and ESA, and I think we’re trying to

raise the attention and focus on it.

Secondly, we are still trying to settle some of the lawsuits that are out there. We’re working on
trying to get those done, and that’s going to be critical to our long-term success.

Third, we need to try innovative approaches. We're currently working with all the interested
parties on a timber, fish, and wildlife agreement in Washington. We’re trying to negotiate both the
CWA and the ESA requirements with the regulated industry, the environmental community, the
tribes, and the state to see if we can’t figure out a way to resolve the double jeopardy issue, at least in
the state of Washington, on private forest lands. Whether we’ll be successful or not, I don’t know,
but we're attempting to deal with that.

Fourth, we’ll need to re-align resources. I think it goes without saying that we need to move to a
more geographically based system. In our region we've set up a new ecosystem division that cuts
across our entire organization to try to deal with underlying science and take action.

Finally, for those of you who have been paying attention, the President has announced a new
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clean water agenda. We think it’s extremely important to ger this agenda through Congress because
it has a significant amount of resources that will be provided to deal with nonpoint sources in this
country. One of the reasons that we did a great job in the 1960’s and 1970’s to deal with municipal
waste discharges was because the federal government paid for it. We can talk about all kinds of
things, but it paid for it and it provided 90 percent of the money through grants. If we’re going to
deal with nonpoint sources, we better figure out a way to start dealing with the costs involved. I
don’t think we’re going to get a lot of people voluntarily coming to the table and deciding that they
just want to do better and spend the $100 thousand, or million, or two million, or three million
necessary. The President’s clean water agenda has about a half a billion dollars of new money to try
to deal with these issues. I think it’s critical that that becomes a portion of the solution over the next

decade.
With that, thank you very much.

Evolutionarily Significant Units and Listing of Pacific Salmon
under the Endangered Species Act

Robin Waples
Northwest Fisheries Science Center

For the last six years I've been part of a group at the Northwest Fisheries Science Center trying
to answer a few questions about the status of Pacific salmon. The key questions we have to address
are, first, "Do we have a species?” and, second, "Is it threatened or endangered?”

The first question, it turns out, is fairly complicated because of the language in the Endangered
Species Act that allows listing not only of species or even sub-species, but also of distinct population
segments of vertebrates, and that includes salmon. For salmon, where you have literally hundreds or
thousands of local spawning populations for each of the biological species, this is a fairly significant
issue.

Now what is a population that’s distinct? There is a wide variety of ideas about that, so we had
to develop a policy about how to implement that under the ESA. As Will said, our policy is based
‘on a concept of evolutionarily significant units (ESU's). I'm not going to go into the details here
because of the time, but we've taken a holistic approach where we try to integrate all biologically
important information: genetics, life history, habitat information. We're trying to identify major
chunks of diversity for the species as a whole that largely evolved independently of each other.
Collectively they add up to a rough species as a whole. If we save those big chunks, then the species
as a whole should be sustainable in the future.

In terms of the risk analysis, the second question, we look to the language in the Act where there
are some definitions of what an endangered species is. We try to tie our risk analysis back to this
language in the Act. And there is another twist. The Act says the listing determination has to be
based on the best scientific information available after consideration of conservation measures. So at
the center, in general, we stick to the technical information about the status of the stocks, and by
mutual agreement, the conservation measures are generally evaluated at the regional level. So they’re
to ones that actually make the listing determinations.

There is a connection between the two major questions: What is an ESU and what is at risk of
extinction? There are two kinds or errors we want to avoid in defining ESU’s. First, we don't want
to identify artificial units that are actually portions of the actual, underlying units. If we make this
type of error we would be addressing a group of fish for which extinction is not going to mean much:
what does it mean to lose part of one unit and part of another unit? If you lose a whole unit, you
know what that means. Extinction is a biological process. It’s irreversible. You can’t get it back, but
loss of portions of two related populations is difficult to interpret biologically or in terms of the ESA.
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The other error we want to avoid is the arbitrary definition of a unit's geographic range based
on political jurisdictions. Consider a population or group of populations that occur across an
international boundary, say between the US and Canada. In spite of the international boundary and
the fact that ESA listing sanctions would not necessarily apply outside the US, we think it’s
important, first, to identify a biologically meaningful unit, dnd then do the risk analysis on the whole
unit. If we focus only on the U.S. part of population, you have the question "What does the
extinction of that little bit mean?" It doesn’t mean much unless you understand the dynamics in the
relationship between that population to the rest of the populations in the real biological unit. This is
a point on which we actually differ a bit with the Fish and Wildlife Service. They have used

international boundaries as a way of defining distinct population segments.

I'll now go briefly through our status reviews. In 1994, we launched coast-wide status views for
all the species of Pacific salmon and anadromous trout. We’ve done six of the seven now. I'll discuss
five species: sockeye, coho, chum, chinook, and steelhead.

Sockeye salmon

The review of Puget Sound sockeye (pink) salmon was completed a couple years ago. Almost all
of the pink salmon in this area are odd-year pink salmon, and for the most part those populations are
healthy. There are a couple populations that are of concern, but for the most part, they are in really
good shape. This ESU contains Strait of Georgia populations as well.

Sockeye salmon have a very unusual life history generally tied to juveniles rearing in a lake for
one or two years. So what we have is a very, sort of, mosaic of population structure. They occur in
discrete and isolated populations. For the most part, we have ESU’s that are individual populations.
This is very different from other species.

In our announcement two weeks ago, we have proposed to list as threatened Ozette Lake
.sockeye on the Olympic Peninsula. Baker River sockeye are identified as a candidate species.
Basically, that means there’s a lot of concern, but also generally a lot of uncertainty. Looking at the
abundance of Baker River sockeye we note a really depressed state through the late 80’s. If we did
the stock assessment then, we probably would be proposing listing now. However, we've seen a huge
spike in the abundance of Baker River sockeye in recent years. It’s hard to know what to make of
that. Is that going to persist, or are we going to back down in the troughs in the next few years?
This large interannual variability in abundance is a concern. And also there’s a lot of heavy human
involvement in the perpetuation of that stock. It can't survive at the present time without human
intervention. So that’s another factor.

Coho salmon

A year or two ago the National Marine Fisheries Service announced that Puget Sound coho
salmon would be a candidate species. There is plenty of reason for concern, but there are a lot of
coho salmon in Puget Sound. There is a lot of uncertainty about how the Sound's coho are
sustained by natural production.

One of the reasons for concern for Puget Sound coho, based on data pulled together by Laurie
Weitkamp, who is head of our status review, is that the size of coho salmon caught in terminal
fisheries in Puget Sound has declined by about 50% in the last twenty years. A lot of factors might
contribute to this decline, but whatever the reasons, the fact that the fish are half as big as they were
20 years ago means that they are going to have fewer eggs, they will only be able to dig shallower
redds that are more likely to be scoured by rains, and so on. We believe it is a significant risk factor
we believe for the natural population.

Chum salmon

Much like the pink salmon, most of the chum salmon in Puget Sound are fall run, and they are
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relatively healthy. Their ESU, again, extends up into the Strait of Georgia. A few isolated

populations are of concern, but in general, they are very robust and near historical abundance. On
the other hand, there is a very distinctive group of summer run chum salmon from Hood Canal.
Genetic data indicate that this is a very ancient lineage. Very distinct from other populations and
even distinct from the summer run in south Puget Sound. The Hood Canal summer-run chum are
in really tough shape and we have proposed listing for them.

Looking at the data for Hood Canal chum salmon we see that the fall run is quite robust,
although a lot of those are hatchery fish. Until the last few years, however, Hood Canal summer
chum numbers have been very low. In the last couple of years there has been a big spike in numbers
for some of the Hood Canal summer chum populations. A lot of the populations remain essentially
zero or very few spawners, but some of them have made a huge comeback in the last couple of years.
So, again, this is a very difficult ESU to evaluate,

Steelhead

A listing determination for Puget Sound steelhead was announced about a year or so ago. The
population in Puget Sound was not really considered healthy but it was not considered to warrant
listing at the present time.

Chinook salmon

As everyone knows, Puget Sound chinook salmon were proposed as a threatened species two
weeks ago. I'd like to point out that all of the listing determinations, all of the proposals for Puget
Sound stocks at the present time are just proposals. There will be year of public comment and
review of new information before any final listing determination is made.

One of the reasons for concern for Puget Sound chinook salmon is a decline in productivity of the
population. Looking at a combination of data for all runs in the Skagit River we see a steep decline in
the number of recruits per spawner—a measure of the productivity of the population. The really scary
thing is that this is happening in the face of declining harvest rates. Typically, one of the tools managers
have to deal with declining recruits and declining populations is to ease off on the harvest rate. They've
done that to a significant degree, but there has been no response in the populations.

Finally, before I close, since this is a science conference, I wanted to point out that there a lot of
technical issues that are very difficult in both ESU and risk analysis determinations, and we continue to
work to try to improve the process. For the risk analysis, you know the definitions of the threatened
and endangered but basically we have to deal with questions like: What is likely to become endangered
or threatened? What is the foreseeable future? What is a significant portion of an ESU? That’s a major
question. How do we evaluate the genetic and ecological effects of hatchery fish?

13



Puget Sound Research 98

Questions and Answers (Keynote Panelists)

Clarke: [unrecorded question and beginning of answer] ... work out how best to deal with that. It’s
an issue, having run state agencies, and gone through water quality standards processes, and knowing
how difficult they are and how political they can become, we know it is going to be a challenge at
best. We're trying to figure out how to really get our act together so that we can provide information
that is useful and usable for the standards process. But we are looking directly at that issue.

Stelle: Let me just add one example to give you a sense of what the options may be. If you recall the chart
I put up with the pathway of water quality, and the indicators are temperature, turbidity, and sediment
loading. Those are the conventional expressions of water quality under state and federal water quality
criteria and standards. Let me describe two situations where you may be able to achieve those standards.
Take a concrete pipe, or take a small stream and line it with concrete. Line the upper banks with concrete
and pave it. Plant some vegetation over that stream; small bushes, not big trees, to deal with the issue of
temperature. And you may have yourself a stream segment that satisfies state water quality standards. But
from a fish perspective, it’s a dead stream. That's really the difference between the conventional notion of
water quality as applied and this more complicated concept of a healthy aquatic system. I boil it down to
the two adjectives of sinuousity and complexity. Sinuousity and complexity should be the characteristics
of a healthy aquatic system. We are not looking at paved channels.

Friedman-Thomas: Will, I was recently reading the federal register document on the proposed
listing and I was interested in your presentation on the Section 10 types of activities that would be
considered for considerations of “take,” and you mentioned permitting, licensing, and funding. I
remember reading in the proposed listing document about rulemaking, and I didn’t hear you speak
about that today. I wonder if you could talk a little bit about that and what the expectations are for
both federal rule making as it pertains to potential listings and subsequent “take” considerations, as
well as state level rulemaking.

Stelle: That was one of those finer points in the earlier slides that I raced through. Section 4 of the ESA
authorized the agencies to apply take to threatened species. This gets technical. Technically under the
statute, the prohibition against take automatically applies by statute to activities that harm endangered
species. The services have the authority to apply that same prohibition to threatened species as well as
endangered species. The Fish and Wildlife Service, as a general program regulation, promulgated a rule ten
years ago that said every time we list a species as threatened, we will automatically apply “take,” period. We
have not done that under the National Marine Fisheries Service, and every time we promulgate, make a
final decision on listing a species, we issue also a rule that applies take to it.

The interesting thing, from my perspective, is the ability to shape the way we apply or don’t apply
“take” to threatened species in order to accommodate commitments by states or counties in
conservation plans to recover species or their habitat on that landscape. If we're able to gert those firm,
reliable conservation strategies in place, we can by rule, not apply “take” to those activities or that
geography. There is a lot of flexibility in the way in which we can or cannot apply the prohibition on
“taking” to activities that may harm a threatened species. But it’s a complicated point.

Houghton: Will, there are a number of activities underway in the Sound, in particular, in
Commencement Bay, on clean up of contaminated sediments under CERCLA and state sediment
management actions. I wonder if you could comment a little bit on how ESA proposed listings at
this point might effect those actions, and also in particular the schedules or the additional reviews
that would be required for those proceedings.

Stelle: I'm not that familiar with the remedial work in Commencement Bay and elsewhere. Asa
general matter, the remedial work under CERCLA has two objectives to it. The first one of which is
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to clean up for purposes of human health reducing risks to human health and the environment. The
second is to remediate the site in order to remedy damages to natural resources caused by the
hazardous substances. It’s in that second phase of the fixing the damages to the natural resources
where some of the principal natural resources that may have been damaged by those CERCLA sites
may well be salmonids. I would hope that in the design of the remedial plan, that salmonid needs
have been identified and been taken into account. If they haven’t, we have a problem. In the second
point of the question; what kind of additional reviews? The approval of those clean up plans is a
federal action. They will require consultation under the ESA and it’s just one more thing. Frankly,
we have a serious problem of what I think of as bottlenecks. The workload here is enormous and the
staffing that is available to do it is minimal, and the two do not meet.

‘Malmgren: Robin, a question regarding hatchery fish. In some of your slides, there was an

indication of low populations in, say, 1927. I'm familiar with the problems of the four H’s, and so
forth, and I'm hoping that you will be developing very, very careful statistics on the impact of the
hatchery fish. Many of the tribe's areas would be destitute without our hatcheries, and, my bias is
habitat restoration, are you being very, very careful to evaluate the risk associated with hatcheries?

Waples: That’s a good question. I guess the answer is we are as careful as we can be given limited data.
Unfortunately, the possible effects of hatchery fish on natural populations are quite diverse and
complicated, and in general, faitly easy to understand conceptually. Sure, these sorts of things can
happen, and we have evidence that they have happened in certain cases. But in any particular example,
for any particular population say of any particular species, it’s very difficult, even with a fairly impressive
monitoring program, really to know for sure what the effects have been. In general, we don’t have very
impressive monitoring systems. Sometimes we have almost no data whatsoever. So that is one the
biggest sources of uncertainty and also controversy I think about some of the listing determinations is
how you deal with the effects of hatchery fish. So I guess, again, our answer is, we are doing the best job
we can in looking carefully at the data, but it’s not easy, given the scarcity of the data.

Malmgren: I hope you’re really careful because we in the state have a system of funding fish and
wildlife by our fee structures and so forth. And if we don’t have the fees and so forth we’ve got to
really look at other monies to fund the system, and I'd hate to see the whole deck of cards and

everything collapse. So I think what you're doing is extremely important for the total resource.
Thank you.

Waples: There’s no reason why hatcheries can’t be consistent with the ESA. They can be in two
ways. One, if they’re part of a recovery plan for at risk populations. And second, if it’s possible to
keep the hatcheries as separate as possible so that the level of incidental take doesn’t rise too high.
Both of those are avenues.

Malmgren: I'd like to hear the hatcheries as part of the recovery plan.
Waples: It already is, in many of the ESU’s that are listed.

Coachman: [ work for NPDES MS4 Phase One, and we have lots of projects that are federally
funded and federally permitted that are in the pipeline. And we’re wondering how the Section 7A
requirement for conferences will be affecting us. You haven’t addressed that so far, Mr. Stelle.

Stelle: Good question. The Section 7 prohibitions on federal agencies jeopardizing the continued
existence of listed fish apply basically to species which have been listed as a final matter under the
ESA. For those that have been proposed for listing, there’s also another tier of protection. And there
is a process associated with that protection as well. The Section 7 of the Act says that, for proposed
listings, if federal agencies are proposing to do things that may jeopardize, then they have to confer
with the National Marine Fisheries Service to determine whether or not it will, and if it does, then
they have to change it. That’s the conferencing obligation, and it attaches to activities that may
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jeopardize proposed listed species. I'm not quite sure what the precise question is, but the threshold
for triggering a conferencing obligation is higher than it is for consultations. It’s only those activities
that may jeopardize, not which may effect. And I expect a small avalanche of requests, conferencing
requests, over the next six months as federal agencies sift through what they may be doing and their
potential impact on salmonids. Again, it’s part of the workload problem.

Maria-Victoria Peeler: My question is for Will and Chuck both. I was wondering, Will, if you can
address the prelisting agreement section in ESA and whether, under a prelisting agreement, if either
the ESA or the state can make a jump start on this process.

Stelle: The short answer is yes. The reference is to authorities under Section 4, which stipulates that
we can enter into agreements. They are like habitat conservation plans, they are conservation
agreements with an entity, be it a federal entity, a state entity, a county or private entity, and those
prelisting agreements basically ger rolled over in the event of a listing as a habitat conservation plan.
The basic deal is if you will promise to do X, Y, and Z over the next period of time and if you adhere
to this promise, then we promise that you won’t be subject to potential “take” liabilities of the ESA
in the event species get listed. Those are prelisting agreements, and yes, they are available.

Pecler: So the second question to Chuck. Does EPA have in mind any plan to do something like this?

Clarke: That's part of the discussions that we have been having recenty. I think, to give you a specific
example where we might be able to really force-fit the two issues and do it the right way, that there have
been a lot of questions, and I mentioned the 303(d) list and Total Maximum Daily Loads (TMDLs) that
are going to have to be established across the region. In many ways, there have been questions about the
implementation authority related to making sure that a TMDL to bring a segment back in compliance
with the CWA is enforced. One of the ways that we may make sure it’s enforced is make that a part of the
ESA consultation process. That to avoid going forward, you not only have to do a TMDL, but you have
to implement all the actions associated with the TMDL to meet both the requirements under the CWA
and under ESA. And so trying to figure out a way to fit those two issues together takes you, in essence,
back to Will’s point of one-stop shopping. We’re also talking right now, in many instances, about how to
get out in front of other potential listings in the future, so that we can sit down and deal with states joindy
on water quality standards and things like sediment and temperature and other aquatic issues, rather than
waiting until those processes occur later on. So we are trying to figure out a way to deal with those.

Parr: I'm with the Washington Department of Fish and Wildlife. This question is directed to
Robin Waples in terms of the genetic constitution you currently understand about the stocks at risk.
Evolution is a dynamic process and my question is "Are future ESU’s of the current ESU stock
structures based on original genetic structure, and secondly what influence has habitat alteration had
on the selective pressure or differential survival of salmonids in ESU range?"

Waples: Again, that’s a good question. In general, in defining ESU’s, what we’re shooting for is to
find ESU’s or identifying units (usually groups of populations for most species except sockeye) that
we believe behave largely independently from other large units over evolutionary time frames, which
we would define as, say, hundreds or thousands of years. So what we’re looking at in terms of ESU’s
are largely a result of a process of evolution over the last hundreds or thousands of years, say since the
last ice age. We don’t try to project which groups will be ESU’s into the future. We think that if we
identify these major chunks and conserve as many as possible, as you say, the process of evolution is
dynamic, and it’ll go on by itself. At some rate in the future, if we save enough of those, there will be
enough options for the species as a whole to evolve, I think.
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The Puget Sound Ambient Monitoring Program

Scott Redman
Puget Sound Water Quality Action Team

Introduction to the PSAMP

The Puget Sound Ambient Monitoring Program (PSAMP) is a long-term, comprehensive
program to assess the health of Puget Sound and its resources. Approximately 10 years ago, PSAMP
was initiated to evaluate the effectiveness of the Puget Sound Water Quality Management Plan, to
assess long-term trends in environmental quality, and to improve decision-making and prevent
overlaps and duplication in monitoring efforts.

The PSAMP is implemented as coordinated studies by Washington State Departments of
Ecology, Fish and Wildlife, Health, and Natural Resources, King County's Department of Natural
Resources, and the U.S. Fish and Wildlife Service. The Puget Sound Water Quality Action Team
coordinates the program with the assistance of representatives of the implementing agencies and the
U.S. Environmental Protection Agency.

Through the studies that comprise the PSAMP, data on marine and fresh waters, fish,
sediments, and shellfish in Puget Sound have been collected since 1989; surveys of nearshore habitat
have been conducted since 1991; marine bird populations have been surveyed since 1992; and
marine bird contamination has been studied since 1995.

PSAMP Findings Presented at Puget Sound Research '98

The results of PSAMP studies and the relevant work of other scientists are used to address five
aspects of the health of Puget Sound: biological resources, physical environment, toxic contaminants,
pathogens and nutrients, and human health threats. Results in each of these areas were presented at
the 1998 Puget Sound Research Conference.

Biological Resources

PSAMP develops information about the state of Puget Sound's biological resources through a
number of studies. PSAMP studies do not evaluate the condition of marine or anadromous fish
resources or shellfish stocks. Results from PSAMP studies presented at Puget Sound Research '98
included the following:

Marine Birds

®  Status and Trends for Selected Diving Duck Species Examined by the Marine Bird Component
of PSAMP (Nysewander and Evenson)

Marine Mammals

e  Discase Screening of Harbor Seals (Phoca vitulina) from Gertrude Island, Washington
(Lambourn et al.)

Nearshore Vegetation

e  Floating Kelp Resources in the Strait of Juan de Fuca and along the Pacific coast of Washington
{Mumford et al.)

e  Mapping Shorelines in Puget Sound II. Linking Biota with Physical Habitats (Dethier and
Schoch)
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e  Mapping Shorelines in Puget Sound III. Management Applications for Inventory and
Monitoring (Berry et al.)

e  Puget Sound Intertidal Habitat Inventory: Vegetation Mapping (Ritter and Bailey)

Benthic Macroinvertebrates

e  The Distribution and Structure of Soft-bottom Macrobenthos in Puget Sound in Relation to
Natural and Anthropogenic Factors (Llanso)

e  Marine Benthic Invertebrate Communities near King County's Wastewater Outfalls (Laetz)

Physical Environment

PSAMP studies address the status of, and changes in, the Sound's physical environment,
especially the Puget Sound shoreline and the physical character of Puget Sound's marine waters.

Shoreline

e  Mapping Shorelines in Puget Sound I. A Spatially Nested Geophysical Shoreline Partitioning
Model (Schoch and Dethier) |
e  DProbability-based Estimation of Nearshore Habitat Characteristics (Berry et al.)

e  Puget Sound Intertidal Habitat Inventory: Shoreline Characteristics Mapping (Bookheim and
Berry)

Marine Water Physical Character

e  "The Puget Sound Signal” in the public evening session on Local Effects of El Nifio (Newton)

®  Variations in Residence (Flushing) Time in the West Bay of Budd Inlet, 1992-1994
Hydrographic Studies (Albertson et al.)

®  Assessing Sensitivity to Eutrophication Using PSAMP Long-term Monitoring data from the
Puget Sound Region (Newton et al.)

Toxic Contaminants

A major focus of the PSAMP over the years has been on the distribution and effects of toxic
contaminants in Puget Sound. PSAMP findings presented at the 1998 Puget Sound Research
Conference include the following:

Sediments

e  Toxicity of Sediments in Northern Puget Sound-A National Perspective (Long and Dzinbal)

e  Response of the P450 RGS Bioassay to Extracts of Sediments Collected from Puget Sound,
Washington (Anderson et al.)

Shellfish

e  Trace Metal Contamination in Edible Clam Species from King County Beaches (Stark)
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Fish
e  Factors Affecting the Accumulation of Polychlorinated Biphenyls in Pacific Salmon (O'Neill et
al.)

®  Persistent Pollutants and Factors Affecting Their Accumulation in Rockfishes (Sebastes spp.)
from Puget Sound Washington (West and O'Neill)

®  Geographic and Temporal Patterns in Toxicopathic Liver Lesions in English Sole (Plexronectes
vetulus) from Puget Sound and Relationship with Contaminant Concentrations in Sediments

and Fish Tissues (O'Neill et al.)

Marine Birds and Mammals
e  Contaminant Monitoring of Surf Scoters near Tacoma, Washington (Mahaffy et al.)
e  Elevated PCB Levels in Puget Sound Harbor Seals (Phoca vitulina) (Ross et al.)

Pathogens and Nutrients

PSAMP studies investigate water quality problems related to pathogens (as indicated by fecal
contamination) and excess nutrient loadings. Results of PSAMP studies in these areas reported at the
1998 Puget Sound Research Conference include the following:

e  Long-term Trends in Fecal Coliform Levels in Three South Puget Sound Bays and Links to
Watershed Remedial Action (Determan)

e  Variation in Primary Productivity of Budd Inlet (Newton et al.)
- Sources of Variability in Water Quality Monitoring Data (Edinger)

Human Health

The PSAMP investigates toxic contaminants, pathogens, and paralytic shellfish poisoning (PSP)
toxins as human health threats in the Puget Sound environment. Results from studies of toxic
contaminants and pathogens are listed above. One paper on PSAMP's monitoring of PSP was
presented at this conference:

e  Temporal and Spatial Distribution of PSP Toxin in Puget Sound (Determan)

PSAMP Reports

In addition to presenting results at Puget Sound research conferences and at other scientific
meetings, the PSAMP communicates its findings through the following publications:

e  Agency reports—as part of the participation in the PSAMP, member agencies all produce and
disseminate technical reports on their PSAMP efforts. These reports are the primary
publications of PSAMP findings.

®  Puget Sound Update—the sixth Update (1998) has recently been completed. This report is
intended to be accessible, yet comprehensive documentation of recent findings of the PSAMP.
New editions of the Update will be produced every two years.

®  Puget Sound Notes—an occasional, technical newsletter for Puget Sound scientists.

e Sound Waves—a bi-monthly or quarterly newsletter for citizens of the Puget Sound region.
Since late 1996 this newsletter includes a page devoted to recent findings of the PSAMP on the
health of Puget Sound.
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Data developed from PSAMP studies are also available. Various electronic and hard copy
formats are available via request to the principal investigator. Contact Puget Sound Water Quality
Action Team staff for information about whom to contact for various data sets or visit the Action
Team's Web site at http://www.wa.gov/puget_sound.
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A Conceptual Model for Environmental Monitoring of a
Marine System Developed for the Puget Sound Ambient
Monitoring Program

J. Newton
Washington State Department of Ecology

T. Mumford
Washington State Department of Natural Resources, Division of Aquatic Resources

J. Dobrmann
Puget Sound Water Quality Action Team

J. West
Washington State Department of Fish and Wildlife

R. Llanso
Washington State Department of Ecology

H. Berry
Washington State Department of Natural Resources, Division of Aquatic Resources

S. Redman
Puget Sound Water Quality Action Team

Introduction

Environmental monitoring programs are established to assess the status of ecosystem components
with the goal that this information will be used to direct human management decisions. The Puget Sound
Ambient Monitoring Program (PSAMP), established in 1988, is a multi-agency monitoring program
focused on assessing the health of and protecting the Puget Sound Ecosystem (PSWQA, 1996). In 1995,
the first comprehensive review of PSAMP was conducted by an external review panel of nationally
regarded scientists (PSWQA, 1995). A major result of the review, as related in “Panel Findings and
Recommendations” (Shen, 1995), was that PSAMP lacked a “big-picture” focus and was not well
integrated. To promote these attributes, the review panel recommended that PSAMP develop a conceptual
model that incorporates stressors, key processes, and both ecosystem and management linkages. They
asserted that this approach promotes integration of all monitoring efforts and linkage of goals/questions
and technical elements of the monitoring design to management needs. The PSAMP Steering Committee,
in unanimous agreement with the panel recommendation, responded by establishing a working group to
address the formulation of a conceptual model for Puget Sound. In this document we: 1) detail the
product of this effort, a matrix from which conceptual sub-models can be drawn; and 2) describe how
these products can be used to promote program integration and better linkage with management.

Key aspects defined at the outset for the modeling effort were that it would allow a visual
representation of our best understanding of the key components and functions in Puget Sound and human
effects on it. The model would identify three levels of relationships: natural processes (e.g., trophic
processes, energy transfer, physical relationships); stressors and anthropogenic perturbations (e.g., point and
non-point source pollution, harvest, freshwater diversion, marinas); and human management and policy
practices (e.g., agencies involved in regulation, criteria levels, management practices, public actions). The

model would identify and define linkages within, as well as among, these three levels of relationships.

The model is a communication tool, designed to show where information gaps are, where effort
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is being placed, and who or what efforts are involved on a particular ecosystem issue. The model is
dynamic in time. We envision that the model will be used to define monitoring efforts and, in turn,
the results from monitoring and research from within Puget Sound will be used to refine the model.
Use can be viewed in a feedback loop as follows:

1.  Provide general scientific agreement for the ecological framework of Puget Sound;
2.  Provide a basis to identify gaps in knowledge and understanding;

3. Provide a basis for managers to ask questions, to see the complexity of the information required
for answers, and to see relationships between management activities and ecosystem response;

4.  Provide a basis for scientists to design monitoring and research programs to answer questions;
and

5. Provide context for presenting results.

A feedback loop is established based on using #5 to reinterpret #1 and #2 and then to reassess
#3 and #4. Thus, in summary, the fundamental roles of the conceptual model are to:

e  Identify and unify the various areas of attention being addressed by PSAMP investigators into
specific topics;

e  Provide a communication tool, particularly so that one may view the effort of all (not just
PSAMP) entities with concerns and/or assessment efforts;

e  Explicitly identify linkages within as well as between anthropogenic activities, human
management policies, and ecosystem components; and

o  Explicitly identify gaps where more effort or awareness should be applied.

.Apprbach

Numerous examples of ecosystem-level conceptual models were identified (Proctor et al., 1980;
NOAA, 1983; Clark, 1986; Galveston Bay NEP, 1994). While format and complexity vary
substantially, one pattern was that several models are typically needed to describe a system or a
program. The models are tailored to serve the messages that each program is making or the audience
that is targeted. In such models, there are several categories of information that provide input data
for the conceptual model. Several of the categories are represented in Figure 1, which shows the
relations between these pools of information. We identified four categories that we wanted
represented in our conceptual model that would help us define our monitoring program: Human
Activities, Stressors, Ecosystem Components, and Management. Figure 1 also shows how these
categories relate to Society and Monitoring programs. Because of the complexity of the information
within each category and the variety of linkages, we felt the information could best be handled by
placing it in a multi-level matrix. The matrix serves to store, organize and link all input information
from each of the categories. The matrix can then be used as a reference tool for construction of
visual models. This matrix will be published in a more comprehensive documentation and
description of the conceptual model.

The information and linkages portrayed by our visual “conceptual sub-models” are those which were
distilled from the matrix. Presentation via the conceptual sub-models is in a more visually informative
format and the format can be adjusted to contain more or less detail, as desired, for various audiences.
Matrix Description

Four categories of information have direct bearing on the health of Puget Sound. Each category
forms an axis in a linked matrix. The categories are:
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Components: Components of the greater Puget Sound system are divided into Ecosystem
Health and Human Health. Ecosystem health is broken down into the physical, chemical, and
biological components of each environment (nearshore, bays and inlets, and open basin).
Human health is broken into areas where contact and consumption may be hazardous.

Activities: These are activities that impact the Puget Sound environment. Largely these are
human actions, but also include natural mechanisms of change within the system. We
distinguish construction vs. operation activities, on/over water/shoreline vs. upland activities,
and marine vs. freshwater activities. We also distinguish the activity from the resulting
stressor(s).

Stressors: These are stressors caused by or resulting from the activities described. This category
typically contains verb-noun combinations, e.g., “change sediment type” or “increase nutrients.”

Management: These are governmental regulatory and proprietary programs that have bearing
or relevance on the activities listed.

regulates E}act
< K

S
é‘/

$zo
S

infarms MONITORING assesses
(PSAM P et al ) physical, chemical, biological processes
social, political, legal, economic processes

Figure 1. Conceptual model of the relations between key categories involved in environmental
monitoring and assessment.

The matrix is primarily described by three associations: activities with management (via
regulation); activities with stressors (via causation); stressors with components (via impact). A
representation of the relational setup for the matrix is shown in Figure 2. The full matrix and its
glossary is currently being printed and will be available in a separate document published by the Puger
Sound Water Quality Action Team.

To assess human impacts on the Puget Sound ecosystem, one may first consider the human activities;
we have then identified the stressors caused by these activities (matrix A), and the management that
regulates the activities (matrix B). It must be noted that since both natural and anthropogenic activities
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can cause the same stress, in some cases the human impact alone cannot be assessed unequivocally. In
addition, a smaller matrix (matrix C) has been added because although we are treating Puget Sound as a
closed system, it is not. There are external natural inputs to the system that may modify the impact of
stressors in a negative or positive way that must also be considered. Stressors are then followed across to
identify which of the components of the ecosystem or related human health that they impact (matrix D).
A glossary to define the terms in all the categories of the matrix follows this document.

At the intersections of the columns and rows in matrices A, B, and C, a check mark appears if
there is an association between the two items. Question marks are used in a few cases where the linkage
may or may not occur. At the intersections of the headings in matrix D, association is indicated in
various ways by use of several symbols. We differentiated direct from indirect associations based on
whether the stressor acted directly on that component (e.g., added toxics kill benthic fish) or acted
through an intermediary component (e.g., added nutrients change primary production, which affects
fish), which we termed indirect.

Activities: Components:

C

human nat. inputs human health & ecosystem |

Stressors
Stressors:

Management:

g Activities:

Figure 2. Organizational relations between categories, shown as axes of matrices, used i
to oraanize kev environmental monitorina.

We divided the Puget Sound natural ecosystem into three non-overlapping areas: nearshore,
bay/inlet, and open basin. “Nearshore” is taken to be a region marked by its elevation or depth
relative to sea level based on habirat ateributes (highest extent of seawater plants to depth of benthic
euphotic zone). In this usage, the “bay/inlet” and “open basin” areas both exclude this nearshore
portion. These latter two areas differ in their degree of physical enclosure: “bay/inlet” represents the
portions of Puget Sound that are ringed by shorelines, somewhat protected, and typically shallower
(e.g., Commencement Bay, Sinclair Inlet); whereas, “open basin” represents the deep, typically well
mixed basins (e.g., Main Basin, Whidbey Basin). However, no categorization is perfect; places such
as Hood Canal have areas with attributes of both bay/inlet and open basin. The purpose of having
three areas is to evaluate which impacts change and which stay consistent regardless of physical
characteristics.

In summary, the matrix associates various activities with components of Puget Sound ecosystem
and human health. We have done this by explicitly identifying which stressors and what

management are associated with each activity as well as how resulting stressors are translated to the
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various aspects of the ecosystem. These features directly satisfy the key aspects desired for the PSAMP
conceptual model, as stated at the outset of this effort.

With this much inherent detail and complexity, modeling the entire system represented in the
matrix would likely prove unyielding. However, as described below, the matrix can be used to
construct more manageable conceptual sub-models that represent a portion of the entire system,
focusing on one stress or one component and identifying all of its linkages. Not only can the matrix
be used to construct conceptual (sub)-models, but PSAMP investigators also have used it to identify
monitoring topics, integrated questions, and to point to possible environmental indicators.

Matrix Limitations

There are several limitations to the matrix that bear mention before demonstrating its use to
create conceptual sub-models. First, no “currency” or specific parameterization (e.g., abundance,
carbon, or health) has been defined for the ecosystem component categories. Although the matrix
identifies linkages between stressors and ecosystem components as impacts, the nature of the impact
is undefined. For instance, a stressor can impact an ecosystem component through a reduction in
number/concentration, through substitution or loss of species, through change in individual health,
etc. We identified an impact when any type of alteration could be identified. Thus, when
constructing models, it cannot be specified from the matrix # priori whether the model tracks carbon

flow or species impacts. This must be decided by the user, taking into account the underlying
mechanisms by which stressors act on components and the responses of the components to stressors.

A second limitation is that when indirect associations are shown, the nature of the indirect
association has not been defined in the matrix. A more complete model of the system would indicate
relationships between ecosystem components. The user must employ knowledge of ecology and
incorporate aspects of ecosystem function into sub-models.

A third limitation is the overlap in and the subjective nature of the three physical ecosystem areas we
have defined. We have already acknowledged the difficulty of fitting all Puget Sound areas into one of
these three. There are further considerations that must be taken when modeling. While the physical
differences in the three areas are appropriate on the scale of vegetation and plankton, many macrobiota
(e.g., lingcod, rockfish, grebes) freely swim or fly between areas and may spend time equally or randomly
between all three. Thus, when constructing a mode! for these organisms, one must consider all associations
noted and make a sub-model that combines them to a suitable degree for the organism or population.

Due to scaling and dilution factors, in most all cases impacts on organisms are worst in the nearshore,

followed by bay/inlet, followed by open basin.

Use of the Matrix to Develop Conceptual Sub-Models

Conceptual sub-models are basically a visual representation of the linkages associated with a specified
portion of the matrix. This can take any format but both stressor-based and component-based models
have particular utility for planning environmental monitoring. Construction of a conceptual sub-model
consists of taking a particular heading in the matrix and linking all the headings connected to it. An
example of this is shown in Figures 3 and 4, which are stressor-based and component-based models,
respectively.

To produce a more integrated and defined monitoring program, within PSAMP the principal
investigators evaluated the list of stressors in the matrix and chose the topics shown in Table 1 that would

focus on the listed stressors. Examples of conceptual sub-models that illustrate topics are shown in Figures
5and 6.

Benefits of the Approach

One utility of the modeling exercise is in aligning the monitoring framework and emphases
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with the conceptual sub-model, such that gaps are identified. For instance, for the Human Health
topic, there are no identified activities or stressors driving the causes of biotoxins. This is a research
need. For both the Toxics and Nutrient topics, we have used the model to identify areas where
monitoring should be focused. To address these areas, are scoping pilot projects in focused areas:
toxics in the lower levels of the food chain (e.g., plankton); and nutrient effects on vascular plants,
respectively.

The PSAMP conceptual models are now being used as tools to communicate with management
regarding program focus and related policy attributes, with the public regarding the emphasis of
PSAMP relative to the entire system, and with other scientists, particularly colleagues involved in
similar or related programs and interests in order to forge a better understanding of the
environmental status, as well as to form new collaborations.
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Introduce
exotics

Increase air

deposition

Alter growthrate & species diversity
nutrients production
biomass & Change
production abundance
[Phytoplankton

'species diversity, growth
rate & production

Increase

sedim. load growthrate &

production

Alter
light

Decrease
sedim. load

Increase
turbidity

Figure 4a. Component-based conceptual sub-model for phytoplankton.
The phytoplankton attributes that are affected by the stressors are shown in
italics.

Increase air
deposition

Increase
marine
debris

Alter
FW input,
flow, timin,

introduction

dilution

transport & residence time

re-introduction

esuspended
sediment

Figure 4b. Component-based conceptual sub-model toxics concentration.
The mechanism for the effect is shown in italics.



Newton et al.: A Conceptual Model

Table 1. Stressors categorized into topics showing where present PSAMP monitoring effort is
currently applied. A sixth topic, “Human Health,” addresses contact with and consumption of
marine toxics, harmful phytoplankton, and fecals/pathogens.

Topic Stressor Current Effort

Contamination

1. Toxics add toxics X

2. Nutrients/Pathogens add nutrients X
contribute fecal coliform bacteria X

increase marine debris
increase air deposition

Physical Environment Alteration

3. Inputs to nearshore and increase sediment loadings X
pelagic habitat
decrease sediment loadings X
alter freshwater output X
increase strength of peak flows X
4. Ambient changes in alter light transmissivity from turbidity X

nearshore and pelagic habitat
cause shading (structures)
produce noise
create physical disturbance via intrusion

change depth or shoreline slope X
alter sediment type, include: via water X
transport

physically disturb the sediments

resuspend sediment

reduce endemic benthic habitat area X
sea level change

add constructed habitat
alter seawater temperature regime X

x

impede water circulation X
Organisms
5. Marine biota extinction/threatening of marine species X
introduction of exotic marine species X
alter local marine species composition X
change marine organism abundance X
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Human Activities

Shoreline Development & Uses

Existing structures (toxics)
Construction & repair (toxics)
Shoreline & on-water ops.
Log booming, etc.
Shoreline recreation (fecals)

Spills/Discharges

Wastewater
Stormwater
Toxicsloil spils {toxics)
Boat discharges
Ballast water
Mis-use of on-sites (toxics)
Failing on-sites (fecals)
Groundwater (toxics)

Watershed Adivities

Ag. runoff
Air pollution (toxics)

Marine Activities

Operating boats (fecals)
Dredging & disposal (toxics)

N AN

Biological Resource Harvest &
Culture

Shellfish culture working seds.
Floating aquaculture w/ feeding

TA

Natural Inputs

Ocean (toxics)
Rivers
Groundwater
Rainfall (toxics)

Stressors

Contribute Fecal
Coliform Bacteria

Add Toxics

Human Health Threats

Pathogens

+ Consumption of sh ellfish

+ Contact with water

? Consumption of fish

? Consumption of otherinverts
? Consumption of algae

? Consumption of birds

Toxics

+Consumption of fish
+Consumption of shelilfish

? Consumption of other inverts
? Consumption of algae

? Consumption of birds

? Contact with water

Biotoxins
+ Consumption of shellfish

Figure 5. Conceptual model of human health threats in Puget Sound.
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The Puget Sound Regional Synthesis Model (PRISM)

Jeffrey E. Richey
School of Oceanography, University of Washington

The Puget Sound Region and PRISM

Puget Sound is an integral part of the life of the Pacific Northwest. The beauty and the value of its
forests, waters, islands, and shorelines provide an irresistible lure for recreational, aesthetic, and
commercial activities. But Puget Sound and its environs are undergoing changes induced by increasing
population. At current rates of growth and patterns of urbanization, the region can expect to urbanize

‘land area equal to the city of Tacoma every two years and the city of Portland every five years. Forests,
wetlands, and estuarine habitats continue to decrease in area, water resources are over-subscribed, and
sediments are increasingly polluted. Together, these effects have led to declining fish populations. If
extended over decades, this cumulative degradation will increasingly compromise the viability of the
region as a human resource.

One of the most significant challenges for the citizens of the Puget Sound and Georgia Basins is
how to balance this population growth while maintaining the environmental integrity so important to
the livability and economic viability of the region. Key to finding such a balance is to have a strategy,
based on the most sound information possible, to determine the tradeoffs between alternative scenarios
for the future. This strategy must include educating the citizens of the region about what the issues and
consequences of decisions are, and creating tools to enhance communication among the key players.
Current knowledge about Puget Sound is substantial, but fragmented; it is almost entirely descriptive and
rarely “prescriptive.” In practice, critical issues are divided up amongst multiple agencies and
jurisdictions; each is responsible for a piece, but nowhere do they come together.

Developing such a strategy and bringing
a common vision and process to the region is
the goal of PRISM (the Puget Sound
Regional Synthesis Model) a new, and new
type, of project based at the University of
Washington (UW). PRISM intends to
develop and sustain a dynamic and integrated
understanding and description of the
B cnvironmental and human factors that will
shape the Puget Sound region as it moves into
the 21st century.

PRISM will be a “laboratory and
classroom without walls,” capable of traveling
in time and in space to analyze multiple issues
of the region. Its greatest resolution and
accuracy will be in confronting the state of Puget Sound today, where access to information is the greatest
and, hence, the ability to understand processes and to educate is the greatest. As we develop our ability to
model the environment as it exists today (which provides some confidence on the limits of what we
know and indicates what directions we must go), we can “zoom in” on periods of the past. The further
we go back in time, the more blurry our vision becomes, but in the process we learn what the tradeoffs in
analysis are. With the composite information from the present and past, the most challenging task will be
to travel into the future, into the 21st century.

PRISM will address questions critical to the functioning of Puget Sound and surrounding
watershed, and assess how the ecosystem responds to natural and human-induced (or anthropogenic)
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change. Answering these questions will allow us to focus on the major issues confronting the region:

e  How does the landscape and seascape of Puget Sound function both as a natural system and in
response to human activities across different time and space scales?

®  What are the institutional and social forces that influence how society affects the Puget Sound
environment, and how can these forces be better managed to both conserve and develop
environmental resources? :

PRISM will then consider how to derive and use the resulting information in education and in
regional partnerships for the application of the information to regional needs:

e  How can the information and understanding obtained through PRISM be used as a means to
integrate the component parts of the university and community to offer a high quality
interdisciplinary education?

e  How can the university best work with other public and private organizations as partners in
understanding, managing, and learning about the Puget Sound region?

/W/SM Science, Education and
Partnerships for the

21st Century

To do this, PRISM requires three concurrent elements:

e  Science. Science represents the active synthesis of the multiple sources of information available in

the region that must be brought to bear on the issues in an integrative, dynamic, and forward-
looking manner. As will be described below, the vehicle for Information will be the creation and
maintenance of a “Virtual Puget Sound” (VPS).

e  Education. A Puget Sound-driven education program develops and in turn uses the understanding

represented by the VPS as the vehicle to conduct the essential and unparalleled level of

interdisciplinary learning required across the UW and out to the citizenry. PRISM education efforts

are based primarily on the need to be responsive to new mandates to enhance the quality of

undergraduate instruction and to provide more opportunities to undergraduates to participate in
research activities. Consequently PRISM will provide both content to courses, and resources in the
form of VPS information and/or data, running PRISM-supported modeling interfaces, or linking
students in classes with researchers involved in PRISM. Conversely, PRISM is set up to benefit by

student involvement in that students may be directly involved in data acquisition, model

development, and analyses of Puget Sound cases that enhance the “accessibility” of PRISM to other
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students. Additionally, efforts to extend both PRISM content and technological resources to K-12
education will take place through pre-service and in-service teacher education opportunities, and
through non-traditional educational outlets such as museums and nature centers.

®  Partnerships. Data of interest to PRISM extend far beyond those collected by university researchers.
PRISM is actively developing partnerships to integrate existing and new information about Puget
Sound; these partnerships will facilitate the linking of biophysical and socioeconomic data from many
sources including agencies, academic institutions, NGOs, and businesses. PRISM partnerships are
conceived as being fully collaborative, where individuals with expertise in a particular topic work
together on a common problem, regardless of institutional affiliation (often via the World Wide Web).
In this manner PRISM will work to meet the information needs identified in an iterative methodology
of user and task analysis. Ultimately PRISM partnerships will be judged not only on the utility of
PRISM information, but on the ability to meet common goals that contribute to greater understanding
and improved management of the region’s natural resources.

PRISM: Its Domain and Issues

The geographic area encompassed by PRISM includes
the drainage basins (with forests, agriculture, and urban
land), shorelines and estuaries, and the open water of the
Sound itself. This domain requires understanding and
tracking of fundamental ecosystem processes and events
from mountaintops to ocean floor. Explicit is the
recognition that political boundaries cross drainage basin
boundaries (where government agencies do not typically
operate). While the emphasis will be on Washington State
waters, the contiguous ties with British Columbia are

~ implicit. Such a perspective will be crucial as the
population of Puget Sound expands and remaining vacant
lands between Vancouver and Olympia become developed.

The focus of PRISM is to address a set of major
environmental issues of the region that have the
common denominator of the movement of water and its constituents from the atmosphere across the
landscape and the seascape, and, hence, have a common basis for resolution. Climate and land use
practices restructure the water cycle and have major impacts on the economy, biological productivity,
and habitability of the region. Understanding and quantifying the water cycle including rainfall patterns,
impacts of land use on stream flows and water quality, the impact on wetlands and estuaries and Puget
Sound circulation are of first order importance for the Puget Sound community. Specific issues include
water supply and quality (allocation, pollutant and contaminant fate, combined sewer outflows,
eutrophication of lakes and the Sound), biotic resources (salmon and the Endangered Species Act, habitat
integrity and diversity, harmful algae, local fisheries), and air quality. They include the major hazards the
region faces, from flooding, landslides, and seismic activity.

The central operating principle of PRISM is that these regional “forces of change” operate upon a
common biophysical structure. We can then treat the “issues” as being a set of tangible consequences created
by how forces of change operate upon the Puget Sound Basin. That is, the forces of change are the specific
impacts on the environment driven both by social or human actions (e.g., changes in transportation,
demography, infrastructure, and technology) and by climatic variations (in rainfall or temperature). The world
of Puget Sound is then represented as the “physical template” (below), with multiple time and space scales. It
includes the basic structure of the basin (mountains, river basins, flatlands, cities, shorelines, and seafloor), the
changes in the basin, which happen over time (the evolution of a forest into a subdivision), and the short-term
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dynamics (rainfall patterns causing floods, washing sediments into estuaries).

A Virtual Puget Sound

The primary vehicle for integrating the information requirements for the forces, issues, and Puget
Sound Basin is the creation and nurturing of the “Virtual Puget Sound” (VPS). VPS will serve as a
gateway to an interactive archive of integrated numerical modeling systems and databases. A series of
modules describing the ecological and physical world of Puget Sound will range from basin-wide models
and observations of the entire Puget Sound region to ultra-high resolution finite element models suitable

Models and Databases

The integrating theme
of PRISM is the
movemeaent

oFf water:

through the
atmosphere

for studies of specific sub-regions.
The modules of the VPS will be considered as distinct information systems, containing historical

and real-time data (including regional government databases, current information on the state of the
region, meteorological and hydrological information, land use, biological inventories, economic and
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demographic databases). The modules will also include database tools to access the information, spatial
and statistical tools to work with the data, models to project future data states, and a database of literature
pertaining to each module. They will link historical information, current conditions, and future

projections using the emerging network-based distributed database and model technology. The specific
modules of VPS include: -

The Physical
Template

The basic
information for the
modules will consist
of the “physical
template,” where the
multiple data layers
required to describe
the land and Sound
are assembled in
spatial models
(illustrated here for

Precipitation

Snow

the Snoqualmie ¢ : S
Basin). The basis of hs ‘ fevation
the physical template \ ; >

for the regionis a Snoquafmie

spatial consistent -4 Watershed
digital elevation ' :

model (DEM) on
which a flow-direction grid, and a modeled network of streams and basins can be calculated. The
physical template is more then a GIS database of thematic layers, such as soils, vegetation, or land use.
The physical template is the explicit statement of the relationship between these data layers over both
space and time. From this perspective, the physical template becomes a geographically referenced
description of the spatial and temporal dynamics of the region.

Coupled Atmosphere-
Hydrology

An atmospheric regional
weather module will provide
high temporal and spatial
resolution for such
information, as rainfall and
surface temperature required by
the land-surface and water
modules. Meteorological
forcing for surface hydrology
models is provided by the fifth-
generation MM5 mesoscale
atmospheric model: a limited-
RiverFiow st Larnation area, non-hydrostatic, sigma-

9 EC I 2% coordinate model designed to
. Bl predict mesoscale and regional-
scale atmospheric circulations
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and surface exchanges. A consortium of local, state, and federal agencies now runs the MMS5 to produce
48-hr weather forecasts at a 12-km spatial resolution for the entire Pacific Northwest and at a 4-km
resolution over Washington State. This model is initialized using both observations (both satellite and
in-situ) and large-scale output from National Weather Service models. Finer-scale surface water
movement is represented via the Distributed Hydrology-Soil-Vegetation Model (DHSVM), a physically-
based, spatially distributed hydrologic model that explicitly solves the water and energy balance over a
topographic grid with cells of typical dimension 30-200 m. DHSVM uses as inputs spatial image data
and meteorological forcings from the MMS5.

This hydrology model will then be coupled to water resource modeling and hazard prediction
(flooding, landslides). Information on water distributions from the hydrology model will be integrated
with the requirements of public utilities across the region. Landslides in the Seattle neighborhood of
Magnolia, for example, can be predicted from a basic scientific understanding of how slides are produced
combined with spatial data sets.

Modl by Or. Ruchard Paimes, Use ntertaca by Victor Bakard T )

Puget Sound Circulation, Water Quality, and Nearshore habitat

A Puget Sound circulation and water quality module will receive inputs on atmospheric conditions and
surfacewater discharge to describe currents in the Sound and potential movements of important nutrients and
contaminants. A phytoplankton model, responding to the nutrient availability and to the short wave radiation
data supplied from the atmospheric model, will forecast productivity in different locations of the Sound. Each
model will be thoroughly validated using data collected in the past and being gathered by various state and local
agencies. The Princeton Ocean
Model, a three-dimensional, time-
dependent, sigma-coordinate,
numerical model now used extensively
among coastal and estuarine
researchers, is being adapted to
represent the circulation and
ecosystem structure of Puget Sound.
This model includes realistic
bathymetry and an accepted
parameterization of turbulent mixing.
It is forced by realistic tides and river
flows (from the hydrology modules),
and has been run to simulate Puget
Sound circulation and stratification for
a model year. Biology and chemistry
are being incorporated.
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PRISM will complement these efforts by conducting observations at crucial points using moored and bottom-
mounted arrays, shipboard observations (both from the UW research vessels and through collaborative
arrangements with shipping concerns such as Washington State Fetries), and by means of remote sensing. Of
particular importance will be monitoring of the entrance of Admiralty Inlet from the Strait of Juan de Fuca,
through a combination of moorings and shipboard observations, temperature, salinity and current to give a
boundary condition to the circulation model, and flux of nutrients into the Sound.

The focus of the marine biological communities module will be to describe nature and extent of historical
change in shoreline, inter- and shallow water sub-tidal habitat, with an emphasis on major commercial and
recreational fisheries species (e.g. bivalves, crabs, shrimp, flatfishes, salmonids). A hierarchy of marine habitats
will be defined for inter-and sub-tidal areas of Puget Sound based on major assemblages of flora and fauna,
physio-chemical attributes, as linked to riverine and watershed features. Spatial distribution will be derived from
present day resource atlases and historical documents back to the 1870s. These databases will be used to build
simulations derived from the “Circulation and Physical Processes” group to study outcomes of scenarios for
remedial actions (e.g., return of diked land to wetlands habitat for salmon), or consequences of further human
perturbations (e.g., spread of exotic species).

The Human Dimension

The PRISM human dimension currently includes two components: (a) the impacts of human action
on the biophysical system, and (b) the socioeconomic effects of environmental change in the Puget
Sound. Human decisions will be treated explicitly through the development of an urban ecosystem
model (UEM), ultimately addressing how population changes over time might affect the region.

This model will predict the environmental stresses associated with urban development and land use
change under alternative demographic, economic, and policy scenarios. Urban development is a dynamic
outcome of the interactions between the choices of many actors including households, businesses,
‘developers, and governments. These actors make decisions that alter the patterns of land use and human
activities. UEM will be designed to model spatially explicit processes that link these decisions to changes
in the Puget Sound biophysical structure. PRISM will build on existing urban simulation models to
predict four types of human-induced environmental stressors: land conversion, resource use, emissions,
and other physical modifications that affect the habitat of specific species. The initial focus will be on
modeling changes in land use and land cover. The model is object-oriented and builds on an existing
urban simulation model (UrbanSim) to predict the location behaviors of households, businesses, and
developers. Production and consumption behavior will be added to houscholds and businesses and linked
through a grid representation of land to infrastructure and natural systems. Governmental choices about
urban growth, zoning, infrastructure, and pollution control policies are exogenous to the model. The
core location model in UrbanSim will also be revised from its current aggregate structure to one based on
micro-simulation, and from a zone description of space to one based on a high resolution grid structure.
Using UrbanSim predictions as an input, changes in land use and cover will be modeled using a
multinomial logit-model based on a set of land use and cover determinants including original use,
accessibility, environmental conditions, cost of conversion, and policy constraints. The model will
provide parameter estimations to calculate land use and cover transition probabilities. The output of the
urban ecosystem model will serve as the input to several biophysical models including the hydrology, hill-
slope stability, water quality, atmospheric, and aquatic and terrestrial ecosystem models.
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A socioeconomic impact
model will estimate the direct and
. _ indirect effects of the changes in the
:’OP ulation , : [ Puget Sound biophysical structure
rom 1990-20RU% 7 <« - N k
- : ‘ on property value, income, health
and quality of life. The current
focus of the socioeconomic model is
on the potential impacts of flood
and landslide events. Stakeholders
concerns and interests that are
related to these impacts are also
mapped to identify the differential
impacts on various economic and
social groups.

UWeniversiy of Washingron L/'IF:'PRISM,‘VP;\Tumlirulwn 3798 The biophysical and the human

» dimensions will be linked through
an integrated assessment model. Development of such an integrated model will provide a framework to
answer relevant policy questions for the Puget Sound. More specifically scientists in such areas as marine
affairs, urban planning, engineering, and resource management will work with natural systems scientists to
develop an integrated view that satisfies both the natural and social sciences. This integrated framework will
constitute the basis to describe causal relationships and interactions at a variety of spatial and temporal
scales. A decision-support system will be devised to evaluate the impacts of current trends and alternative
futures in terms of social and economic benefits and costs, as well as in terms of environmental values and
benefits. This system could be used to determine who pays for, and who benefits from, changes in land use,
resource management and other regulatory actions that affect Puget Sound. The integrated assessment
model and decision support system will allow policy makers, students, and researchers to determine
scenarios that maximize benefits to the Puget Sound environment and to human society. Changing how
society relates to Puget Sound will require changes in the behavior of large organizations and institutions,
businesses, households, and individuals. PRISM will develop models and analyses of regulations and
behavioral patterns that determine land use, resource management, and waste disposal in order to make
better predictions of the impact of future actions on the natural environment and on social benefits. From
these predictive models, policy makers, scholars, and citizens can devise best practices for human activities
and behaviors to sustain and enhance the Puget Sound environment over the next century.

The process of collaborations visualization, communication, and computer graphics have advanced
to a stage that cooperative work between units is viable and the distribution of graphical output to
university and community groups is possible. PRISM will determine how to make a heterogeneous
collection of complex scientific models available in a uniform way and provide general mechanisms for
coupling them. It will examine how to handle multiple scales in both space and time, and how to
visualize the vast amount of information required. To promote consensus on purposes and to assess our
current state of knowledge and capabilities, a goal of the VPS is to serve as a forum for evaluation of
alternative approaches. The execution of VPS will be via the World-Wide Web.

What is Unique About PRISM?

PRISM is intended to help address issues played out daily in the newspapers across the region. The
establishment, verification, and continuous refinement of the Virtual Puget Sound environment will
provide a powerful tool for education and outreach. Model output will be made available in real time
and retrospectively through the World Wide Web and other media. Once improved to a state of
considerable realism, the VPS will be used for evaluating the effects of changes in land management and
other environmental changes. By contributing to the capability of the region to make optimum use of its
resources, the sustainability and viability of the Puget Sound Basin should be promoted.
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The Georgia Basin Ecosystem Initiative

Bruce Kay
Environment Canada, Pacific and Yukon Region

Introduction

Ecosystem initiatives represent a major component of Environment Canada’s contribution toward a
more sustainable future for Canada. The department works with a broad spectrum of governments and
communities of interest in pursuit of shared objectives. Ecosystem initiatives also advance the
achievement of Environment Canada’s goals and objectives, including those reflected in the department’s
overall priorities:

e  ensuring Canadians have clean air and water;
e  protecting and conserving nature; and

e  studying climate change.

Ecosystem initiatives facilitate the achievement of results that can be superior to those achievable
through either the department acting alone or through traditional partnerships. They have the capacity
to lever government resources, focus science, coordinate efforts, generate public and political support and
produce the informed decisions necessary to address ecosystem issues. Moreover, they help to build the
capacity of the department and all of the partners and communities involved.

Ecosystem initiatives are cooperative ventures in geographically targeted ecosystems, and are guided
by the principles that generally guide departmental programs and activities, including:

e  Ecosystem approach—recognizing the interrelationships between land, air, water, wildlife, human
activities, etc.;

®  Science—basing decisions on sound science, both natural and social, combined with local and

traditional knowledge;

*  Government partnerships—governments working together to achieve the highest level of
environmental quality for all Canadians;

e  Citizen/community-based—engaging individuals, communities, aboriginal peoples, industry and
governments in the design and implementation; and

e  DPollution prevention—it is better for the environment and often more cost effective to prevent
pollution from occurring rather than clean up after ecosystems have been degraded.

Ecosystem initiatives also offer opportunities to experiment with innovative forms of governance.
They combine the perspectives, interests and resources of citizens and governments with those of the
private and non-profit sectors. They promote shared responsibility and accountability for issues while
providing a means for federal and provincial governments to deliver on their responsibilities and
accountabilities.

Georgia Basin Ecosystem Initiative

The Georgia Basin ecosystem encompasses an area of approximately 135,000 km” and includes the
land and inland sea (Georgia Strait, Puget Sound, and the Strait of Juan de Fuca) defined by the heights
of land formed by the Vancouver Island Ranges, the Coast Ranges, the Cascades, and the Olympic
Mountains. The boundary is marked roughly by Campbell River in the north, Olympia in the south,
Hell’s Gate in the Fraser Canyon to the east, and Race Rocks in the Strait of Juan de Fuca to the west.

The Basin has one of the most rapidly expanding urban/suburban concentrations in North America.
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With its location and high quality of life, it has emerged as a major gateway to the Pacific Rim group of
countries.

Two-thirds of British Columbia’s population (2.7 million people) and three-quarters of its labor
force live in the Georgia Basin. In 1990, the combined Washington/B.C. population in the Basin was
5.7 million. The population within the Georgia Basin is projected to about double in the next 20 years.
Development pressures are now imposing unprecedented levels of physical, chemical, and biological
stress on the ecosystem. Unchecked, the increasing level of human imposed stress will put at risk the very
ecosystem conditions that provide the foundation of the region’s economy, the health of individuals, and
the overall quality of life thar attracted people here in the first place. With appropriately managed
growth, a remarkable opportunity exists for this region to provide an example of how to do it right—of
providing for the well-being of people and their communities while maintaining (as a minimum) or
preferably improving, ecosystem health.

For all of these reasons, the Georgia Basin ecosystem has been assigned a high priority for attention
by Environment Canada, and other federal and provincial counterparts. It is here where the greatest
concerns are, it is here where the greatest gains are to be made, and it is here where successful resolution
of sustainability issues will have the greatest impact on similar problems facing other parts of British
Columbia, Canada, and abroad.

The Georgia Basin Ecosystem Initiative (GBEI) has not emerged in a vacuum. Rather, it has been
built on decades of activity at the federal, provincial, regional district, and municipal level. For example,
the experience/successes of the Fraser River Estuary Study and resulting Fraser River Estuary
Management Plan (FREMP), the Fraser River Action Plan (FRAP), the Fraser River Management Plan
(FRMP) and its successor the Fraser Basin Council (FBC), the province’s Georgia Basin Initiative (GBI),
the evolving Growth Management Plans of the Regional Districts, the BC-Washington Environmental
Cooperation Council, and a number of more discrete federal and provincial programs have all provided
essential input.

Initiative Purpose, Vision, and Goals

The GBEI is an evolving, results- and science-based integrated action plan. Its purpose is to
enhance coordination and collaboration amongst the many government and non-government
stakeholders while achieving measurable improvements in:

e  conditions affecting environmental health and human well-being;

® the capacity of individuals and families, businesses and organizations, and all orders of government
to deal with issues of sustainability; and

e the efficiency and effectiveness of government.

The initiative is taking an approach to dealing with priority issues that is holistic, long-term,
consensus-based and inclusive of affected stakeholders. In doing so, it is attempting a new approach to
problem solving and the delivery of government services. It is not simply doing more of what has been
done already over the years.

A draft vision statement for the initiative has been developed collaboratively with participants. It is:

VISION

Managing Growth to Achieve Healthy, Productive, and Sustainable
Ecosystems and Communities




Richey: Puget Sound Regional Synthesis Model

Similarly, the following three broad geals have been identified:

GOALS

¢ to enhance environmental health
e to enhance society’s capacity to achieve sustainability

e to enhance human well-being

The purpose, vision, and goals all recognize the multi-faceted, environmental, social, economic,
cultural and political nature of achieving progress toward sustainability. In addition, the network of
collaborators that is being established reaches well beyond traditional “environmental” partners to
include many government agencies and businesses and organizations of civil society that capture this
breadth of perspective.

The initiative includes three primary streams of activities (Figure 1). In each stream and in each
program element, environmental, social, economic, cultural, and political implications play a role in
program design, implementation, and assessment of success.

GEORGIA BASIN ECOSYSTEM INITIATIVE
FRAMEWORK

VISION
Managing Growth to Achieve Healthy, Productive and Sustainable
Ecosystems and Communities

]

Enhancing o . Enhancing
Environmental Health Building Capacity Human Well-being

Figure 1. Organization of the Georgia Basin Ecosystem Initiative.

Issues
Key issues facing the Georgia Basin ecosystem that will be addressed by the initiative include:

e the pervasive issue of growth management;
e  Lower Mainland air quality (emissions, resulting conditions and implications, solutions);

e  continuing point and non-point discharges to surface water and related programs of pollution
prevention;

e  contamination of ground water, particularly by agricultural activities;
e  sewage contamination of shellfish production areas;

®  toxic chemicals, in particular endocrine disrupters;
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e  degradation and loss of coastal and uplands habitat (often from urban and suburban expansion) and
the related land management regimes; and

o  shifting responsibilities between federal, provincial, and local orders of government, and the need
for effective cooperation and collaboration.

To address these issues, multi-agency working groups have been established to develop detailed
action plans. Figure 2 summarizes the action plans currently under development.

Actions to Enhance Actions Contributing to Actions to Enhance
Environmental Health a Sustainable Society Human Well-being
« Achieving Clean Air « Transferring Science to Decision-makers {Under development by
Health Canada in coliaboration
« Achieving Clean Water » Mobilizing Communities with provincial heaith partners)

« Conserving and Protecting Nature  « Measuring Progress

» Governanace Models

Figure 2. Lower Fraser/Georgia Basin Ecosystem Initiative action plans.

Next Steps

During 1998, the action plans will be completed and implemented with a number of partners.
Annual review of progress will be facilitated through an interagency coordination mechanism, and
priorities and strategies will be evaluated based on the action plan results and emerging issues in the
basin.
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The Puget Sound/Georgia Basin International Task Force:

Transboundary Protection of Marine Resources

David Peeler '
Washington State Department of Ecology

Les Swain
BC Ministry of Environment, Lands, and Parks

Abstract

The Puget Sound/Georgia Basin International Task Force (Task Force) was created under the auspices of
the Environmental Cooperation Agreement signed by the Governor of the State of Washington and the
Premier of the Province of British Columbia in 1992. The Task Force consists of voluntary representatives
from several state, provincial, and federal resource agencies, and it coordinates and collaborates on activities
affecting shared marine resources. An early action of the Task Force was to assist an appointed Marine Science
Panel to review the status of shared marine resources and make findings and recommendations for their
protection. Since the release of the Science Panel”s recommendations in 1994, the Task Force has been
responding to the highest-priority recommendations. The Task Force, together with several topic-specific
Workgroups, has developed technical information on several of the recommendations (exotic species, habitat
loss, protection of marine plants and animals, and marine protected areas) and has published several technical
reports. The Task Force and Work Groups are also developing strategies and management recommendations
to address these high priority issues. We will present information on how technical details are being
transformed into management actions, while other papers being presented at this workshop will deal with the
specific process for each topic area where this is progressing. The Task Force has also conducted some
transboundary work on marine monitoring, strategic planning, and toxic discharges. The Task Force will
continue to press ahead on these issues, and, as resources allow, tackle other priority recommendations as well.

Fisheries and Oceans Canada—Science and the New Oceans

Act

Dr. John Pringle
Fisheries and Oceans, Canada

Abstract

Canada's federal government has the mandate, granted under the British North America Act (1872) and
retained in Canada’s 1982 Constitution, to manage marine renewable resources in most nearshore and all
offshore waters. The Oceans Act, promulgated in 1997, provides a modern framework for ocean resource
management and marine environmental protection in all Canadian waters. The Act’s Part II sets out principles
to guide the Department of Fisheries and Oceans’ management efforts, and it provides basic tools and
authorities with which to design and implement the new oceans management process. The Oceans
Management Strategy includes sustainable development, management of oceans as ecosystems, integrated
management of activities impacting marine waters, and the use of the precautionary approach. The Act, during
its formative stages, was strongly influenced by the Department's Science Sector; advice based on scientific
research is thus the underpinning of the department's thrust. Initial research initiatives are described.
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The Cumulative Effects of Urbanization on Small Streams
in the Puget Sound Lowland Ecoregion

Christopher W. May .
Applied Physics Laboratory, College of Ocean and Fishery Sciences, University of Washington

Background

In the Pacific Northwest (PN'W), as in many areas of North America, urban development is
rapidly expanding into areas containing much of the remaining natural aquatic écosystems. In the
Puget Sound lowland (PSL) ecoregion, the natural ecosystems most directly affected by urbanization
are small streams and associated wetlands. These ecosystems are critical spawning and rearing habitat
for several species of native salmonids (both resident and anadromous), including cutthroat trout
(Oncorbynchus clarki), steelhead trout (O. mykiss), coho salmon (O. kisutch), chum salmon (O. keta),
chinook salmon (O. rshawytscha), pink salmon (O. gorbuscha), and sockeye salmon (O. nerka). These
fish, especially the salmon species, are of great ecological, cultural, and socio-economic value to the
peoples of the PN'W. Despite this value, wild salmonids are in considerable jeopardy of being lost to
future generations (Figure 1). Over the past century, salmon have disappeared from about 40% of
their historical range, and many of the remaining populations (especially in urbanizing areas) are
severely depressed (Nehlsen et al., 1991). There is no one reason for this decline. The cumulative
effects of land-use practices, including timber harvesting, agriculture, and urbanization, have all
contributed significantly to this widely publicized “salmon crisis.”
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Figure 1. Representative data showing the decline in salmon stocks in the Puget Sound
lowland (PSL) region, using 1978 as the base year for spawner counts (Washington State
Department of Fisheries data).

The effects of watershed urbanization on streams are well documented (Leopold, 1968; Hammer,
1972; Hollis, 1975; Klein, 1979; Arnold et al., 1982; Booth, 1991). They include extensive changes in
basin hydrologic regime, channel morphology, and physiochemical water quality. The cumulative effects of
these alterations has produced an instream habitat that is significantly different from that in which
salmonids and associated fauna have evolved. In addition, development pressure has a negative impact on
riparian forests and wetlands, which are essential to natural stream functioning. Considerable evidence of
these effects exists from many studies of urban streams in the PNW (Perkins, 1982; Richey, 1982;

Steward, 1983; Scott et al., 1986; Booth, 1990; Booth and Reinelt, 1993; Taylor, 1993). Nevertheless,
most previous work has fallen short of establishing cause-and-effect relationships between physical and
chemical variables resulting from urbanization and the response of aquatic biota.
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The most obvious manifestation of urban development is the increase in impervious surface area and
the corresponding loss of natural vegetation. Land clearing, soil compaction, encroachment on riparian
corridors, and modifications to the surface-water drainage network all typically accompany urbanization.
Watershed urbanization is most often quantified in terms of the proportion of basin area covered by
impervious surfaces (Schueler, 1994; Arnold and Gibbons, 1996). Although impervious surfaces
themselves do not generate pollution, they are the major contributor to the change in basin hydrologic
regime that drives many of the physical changes affecting urban streams. Basin imperviousness and
stormwater runoff are directly related (Schueler, 1994). The two most common measures of
imperviousness are total impervious area (%TIA) and effective impervious area (%EIA). The distinction
between the two lies in the linkage between the impervious surface and the drainage network. Total
impervious area includes all impervious surfaces in the watershed. Effective impervious area includes only
those that are directly connected to the surface drainage system. Total and effective basin imperviousness
are typically proportional to each other (Alley and Veenhuis, 1983; Beyerlein, 1996). In previous studies, a
TIA of about 10% has been identified as the level at which impairment of the stream ecosystem begins
(Klein, 1979; Steedman, 1988; Schueler, 1992; Booth and Reinelt, 1993). Recent studies also suggest that
this potential threshold may apply to wetlands as well (Taylor, 1993; Horner et al., 1996).

Study Design

A key objective of the PSL stream study was to identify the links between landscape-level
conditions and instream environmental factors. This objective included defining the functional
relationships between watershed modifications and aquatic biota. The goal was to provide a set of
stream-quality indices for local resource managers to use in managing urban streams and minimizing
resource degradation due to development pressures. The assumption is that given populations or
communities of organisms (native salmonids) can be maintained at a specified level by sustaining a
certain set of habitat characteristics, which, in turn, depend on an established group of watershed
conditions. An additional objective was to identify any possible thresholds of watershed urbanization
related to instream salmonid habitat and aquatic biota. The study was designed to establish the links
berween landscape-level conditions, instream habitat characteristics, and biological integrity. A
conceptual model of this design is illustrated below:

Watershed and Riparian = Instream Habitat = Aquatic
Characteristics Conditions Biota

A subset of 22 small-stream watersheds (Figure 2) was chosen that represented a range of
development levels from relatively undeveloped (reference) to highly urbanized. Total impervious
surface area, because of its integrative nature, was used as the primary measure of watershed
urbanization. The attributes of the stream catchments were established using standard watershed
analysis methods, including data from geographic information systems (GIS), aerial photographs,
basin plans, and field surveys. Impervious surface coverage, riparian integrity, physical characteristics
of the instream habitat, chemical water-quality constituents, and aquatic biota were analyzed on both
watershed and stream-segment scales. Stream flow was continuously monitored by local agencies on
10 of the study streams. Chemical water-quality monitoring (base flow and storm events) was
conducted at 23 sites on 19 of the study streams. Biological sampling (macroinvertebrates) was
performed in 31 reaches on 21 of the study streams. Extensive surveys of instream physical habitat
and riparian zone characteristics were made on 120 stream segments that included all 22 PSL
streams; each survey represented local physiographic, morphologic, and sub-basin land use
conditions from the headwaters to the mouth of each stream. Salmonid abundance data were
obtained from public, private, and tribal sources.
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Figure 2. Puget Sound lowland (PSL) ecoregion.

All streams were third order or smaller, ranging in basin area from 3 to 90 km2, with headwater
elevations less than 150 m. Stream gradients were less than 3.5% (most were < 2%). The study watersheds
represented the two general types of geologic and soil conditions found in the Puget Sound region. These
types are mainly a result of the last glacial period (15,000 years ago). All but three of the watersheds were
dominated by pootly drained glacial tll soils, with the remaining basins being dominated by glacial
outwash soil types (moderately well drained). In the undisturbed, natural forested condition, PSL
catchments are capable of providing adequate natural storage of precipitation in the surficial “forest-duff,”
and little runoff results. Therefore, in natural PSL watersheds a subsurface-flow hydrologic regime
dominates. Development typically strips away this absorbent layer, compacts the underlying soil, and
exposes the underlying till. Also lost is a significant amount of interception storage as well as
evapotranspiration potential provided by the regionally dominant coniferous forest. The typical suburban
development in the PN'W has been estimated to have roughly 90% less storage capacity than naturally
forested areas (Wigmosta et al., 1994). The latest (1990) stormwater mitigation and best-management
practices (BMPs) would, at most, recover only about 25% of the original storage capacity (Barker et al.,
1991). Because these standards affected very little new development that occurred between 1990 and the
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start of this study in 1994, the basin conditions observed largely reflected the pre-1990 situation, and little
effective stormwater control was present. Therefore, no significant conclusions could be drawn from this
research about the effectiveness of current stormwater controls (BMPs) and regulations.

Results and Discussion

‘Watershed Conditions

Watershed imperviousness ranged from undeveloped (TIA < 5%) to highly urbanized (TIA >
45%). Imperviousness (% TIA) was the primary measure of watershed development; however, other
measures of urbanization were investigated. Calculating impervious surface area can be costly,
especially if computerized methods like GIS are utilized. In addition, the land-use data required for
calculating %TIA may be unavailable or inaccurate. As part of this study, a low-cost alternative to
using impervious area was also investigated. Analysis demonstrated that results were very similar
whether development was expressed as impervious area or as road density (Figure 3). This is
especially relevant in that the transportation component of imperviousness often exceeds the
“rooftop” component in many land-use categories (Schueler, 1994). A recent study in the Puget
Sound region has shown that the transportation component typically accounts for over 60% of basin
imperviousness in suburban areas (City of Olympia, 1994).

The PSL study (Cooper, 1996) confirmed that watershed urbanization significantly changes basin
hydrologic regime (Leopold, 1968; Hollis, 1975; Booth, 1991). The ratio of modeled 2-year storm flow
to mean winter base flow (Cooper, 1996) was used as an indicator of development-induced hydrologic
fluctuation (Figure 4). This discharge ratio is proportional to the relative stream power and thus is
representative of the hydrologic stress on instream habitats and biota exerted by stormflow conditions
relative to baseflow conditions. Modification of basin hydrologic regime was found to be one of the
‘most influential changes resulting from watershed urbanization in the PSL region.
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Sound lowland (PSL) streams.
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Figure 4. Change in basin hydrologic regime with urbanization in Puget Sound lowland
(PSL) streams as indicated. by the ratio of 2-year storm flow to winter base flow.

In addition to increasing basin imperviousness and the resulting stormwater runoff,
urbanization also affects watershed drainage density (kilometers of stream length per square kilometer
of basin area). This was first investigated by Graf (1977). In the PSL study, natural, predevelopment
drainage density (DD) was calculated using historic topographic maps. This was compared with the
current, urbanized DD, which included the loss of natural stream channels (mostly first-order and
ephemeral ones) due to grading or construction and the increase in artificial “channels” due to road
crossings and stormwater outfalls. The ratio of urban-to-natural DD was used as an indicator of

urban impact (Figure 5).
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Figure 5. Change in watershed drainage density (DD) due to the effects of urbanization
on the stream channel network.
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Riparian Conditions

The natural riparian corridors along PN'W streams are among the most diverse, dynamic, and
complex ecosystems in the region. Natural riparian integrity in the PN'W is characterized by wide
buffer zones, a nearly continuous corridor, and vegetation dpminated by a mature, coniferous forest.
Riparian corridors are key features that significantly control environmental conditions in stream
ecosystems (Naiman, 1992). The extent of the riparian zone, the level of control that it exerts on the
stream environment, and the diversity of its functional attributes are mainly determined by the size
of the stream and its longitudinal position within the drainage network (Naiman et al., 1993). Well
developed, morphologically complex flood plains are often an integral part of the riparian corridors
surrounding PN'W streams and rivers (Naiman, 1992). The riparian corridor is frequently disturbed
by flooding, creating a naturally complex landscape. Ecological diversity in riparian zones is
maintained by the natural disturbance regime (Naiman et al., 1993).

Not surprisingly, riparian conditions were also strongly influenced by the level of development
in the surrounding landscape. The impact of development on riparian corridors varies widely,
depending on the type and intensity of land use, the degree of disturbance to streamside vegetation,
and the residual integrity of the riparian zone. Under past land-use practices, increased development
has led to a decrease in the width of the buffer zone, fragmentation of the riparian corridor, and an
overall degradation in riparian quality. In general, until 1993, development regulations in the PN'W
did not specifically address riparian buffers. Sensitive-area ordinances, now in effect in most local
municipalities, typically require riparian buffers 30-50 m (100-150 ft) wide. These recently adopted
regulations had little influence on the urbanized streams in the PSL study. In general, wide riparian
buffers were found only in undeveloped or rural watersheds (Figure 6). The actual size of riparian
buffer needed to protect the ecological integrity of a stream system is difficult to establish (Schueler,
1995). In most cases, the minimum buffer width “required” depends on the resource or use of
interest and the quality of the existing riparian vegetation (Castelle et al., 1994).

100 ry
90 {a :
2 . ab
A
80 + 2‘\ 3 as '
A - I“L - A A
70 '--~A?A ------ :‘A-\-;-\--\------A ------------ L T L R R R R
: T~ A A
A A o A A
60 . M s A Tfya A “
4 . A T a A
. A A ~ e~ A A
50 1 A : A A ~~4 . a4 A R
. :“ ~ 4 A N
40 4 : L Te-a r=-083
: A s A -
30 { i * a
: !
20 + ;
A 1
: A ]
10 1 . A i
0 N : . N —_— . H
0 10 20 30 40 50 60 70
‘Watershed Urbanization (% TIA)

Figure 6. Relationship between riparian buffer width and basin urbanization (%TIA) in
Puget Sound lowland (PSL) streams.

Encroachment into the riparian buffer zone is pervasive, continuous, and extremely difficult to
control. At the same time, riparian forests and wetlands, if maintained, appear to significantly mitigate
some of the adverse effects of development. A buffer width of less than 10 m is generally considered
functionally ineffective (Castelle et al., 1994). The fraction of riparian buffer less than 10 m wide was used
as a measure of riparian zone encroachment. In general, only natural, undeveloped basins (TIA < 10%) had
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streams where less than 10% of the buffer zone was in a nonfunctional condition. As watershed
urbanization (%TIA) increased, riparian buffer encroachment also increased proportionally. For the most
highly urbanized streams (TTA > 40%) in this study, generally more than 40% of the buffer zone was in a
nonfunctional condition.

The longitudinal continuity of the riparian corridor is at least as important its lateral width. A nearly
continuous riparian zone is the typical natural condition in the PNW (Naiman, 1992). The riparian
corridor in urban watersheds can become fragmented from a variety of human influences; the most
common and potentially damaging being road crossings. In the PSL stream study, the number of stream
crossings (roads, trails, and utilities) increased in proportion to the intensity of basin development. All but
one undeveloped stream (TIA < 10%) had, on average, less than one riparian break per kilometer of stream
length. Of the highly urbanized streams (TIA > 40%), all but one had more than two breaks per
kilometer. Based on current development patterns in the PSL, only rural land use consistently has less than
two breaks in the riparian corridor per kilometer of stream length. In general, the more fragmented and
asymmetrical the buffer, the wider it needs to be to perform the desired functions (Barton et al., 1985).

The riparian zone was also examined on a qualitative basis. Mature forest, young forest, and riparian
wetlands were considered “natural” as opposed to residential or commercial development. From an
ecological perspective, mature forest and riparian wetlands are the two most ecologically functional riparian
conditions in the PN'W (Gregory et al., 1991). In the 22 PSL streams, riparian maturity was also found to
be strongly influenced by watershed development. Only in natural streams (TTA < 5%) was a substantial
portion of the riparian corridor mature forest (40% or greater), whereas urban streams consistently had
little mature riparian area. In addition, none of the urbanized PSL streams retained more than 25% of their
natural floodplain area.

Chemical Water Quality

Chemical water-quality constituents were monitored under baseflow and stormflow conditions.
Baseflow conductivity was found to be strongly related to the level of basin development (Figure 7). Coal
Creck was a confirmed outlier owing to the residual effects of historical coal mining in its headwaters.
While conductivity is a nonspecific chemical parameter, it is a surrogate for total dissolved solids and
alkalinity and an excellent indicator of the cumulative effects of urbanization (Olthof, 1994). Storm event
mean concentrations (EMC) of several chemical constituents were found to be related to both storm size
(magnitude and intensity) and basin imperviousness (Bryant 1995). However, water-quality criteria were
rarely violated except in the most highly urbanized watersheds (TIA > 45%). Figure 7 also shows the
relationship between urbanization and the EMC of total zinc (TZn). Total phosphorus and total
suspended solids showed similar relationships. Zinc and lead in the sediment also showed a relationship
with urbanization, again with the highest concentrations occurring in the most developed basins, although
all were still below sediment-quality guidelines. As with other recent studies (Bannerman et al., 1993; Pitt
et al., 1995), these findings indicate that the chemical water quality of urban streams is generally not
significantly degraded at low impervious levels, but it may become a more important factor in streams
draining highly urbanized watersheds.

Instream Salmonid Habitat Characteristics

Large woody debris (LWD) is a ubiquitous component in streams of the PNW. No other structural
component is as important to salmonid habitat, especially for juvenile coho (Bisson et al., 1988). LWD
performs several critical functions in forested lowland streams, including dissipation of flow energy,
protection of stream banks, stabilization of stream beds, storage of sediment, and providing instream cover
and habitat diversity (Bisson et al., 1987; Masser et al., 1988; Gregory et al., 1991). Although the influence
of LWD may change over time, both functionally and spatially, its overall importance to salmonid habitat
is significant and persistent. Both the prevalence and quantity of LWD declined with increasing basin
urbanization (Figure 8). At the same time, measures of salmonid rearing habitat, including percentage of
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pool area, pool size, and pool frequency, were strongly linked to the quantity and quality of LWD in PSL
streams. While LWD quantity and qualitywere negatively affected vy urbanization, even many of the
natural, undeveloped streams lacked LWD (especially very large LWD). This deficit appears to be a

residual effect of historic timber-harvest and “stream-cleaning” activities. Nevertheless, with few exceptions,

(habitat restoration sites), high quantities of LWD occurred only in streams draining undeveloped basins
(TTA < 5%). It appears that stream restoration in the PSL should include enhancement of instream LWD,
including addressing the requirement for long-term recruitment of LWD.
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An intact and mature riparian zone is the key to maintaining instream LWD (Masser et
al., 1988; Gregory et al., 1991). The lack of functional quantities of LWD in PSL streams was
significantly influenced by the loss of riparian integrity (Figure 9). In general, except for
restoration sites, higher quantities of LWD were found only in stream segments with intact
upstream riparian corridors. In addition, LWD quality was strongly influenced by riparian
integrity. Very large, stable pieces of LWD (greater than 0.5 m in diameter) were found only in
stream segments surrounded by mature, coniferous riparian forests. This natural LWD
historically provided stable, long-lasting instream structure for salmonid habitat and flow
mitigation (Masser et al., 1988).
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Figure 9. LWD quantity and riparian integrity in Puget Sound lowland (PSL) streams.

The stream bottom substratum is critical habitat for salmonid egg incubation and embryo
development, as well as being habitat for benthic macroinvertebrates. Streambed quality can be
degraded by deposition of fine sediment, by streambed instability due to high flows, or both.
Although the redistribution of streambed particles is a natural process in gravel-bed streams, excessive
scour and aggradation often result from excessive flows. Streambed stability was monitored using
bead-type scour monitors (Figure 10) installed in salmonid spawning riffles in selected reaches (Nawa
and Frissell, 1993).

Before scour After scour and fill

Figure 10. Sliding-bead type scour monitors.
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As would be expected, larger scour and/or fill events usually resulted from larger storms and the
resultant higher flows. The available stream power and basal shear stress may be the most significant factors
affecting the potential for streambed instability. Stream power is proportional to discharge and slope. Since
flows tend to increase with urbanization, it would generally be expected that stream power would increase
as urbanization does, all else being equal. Cooper (1996) found this to be the case for the PSL study
streams. Shear stress is dependent on slope, flow velocity, and streambed roughness. It is the critical basal
shear stress that determines the onset of streambed particle motion and the magnitude of scour and/or
aggradation. Because local slope and streambed roughness are highly variable, it is not surprising that scour
and fill are also variable and that no significant relationship was noted between the 2-year stormflow to
winter-baseflow ratio and any of the scour monitor measurements. This tends to emphasize the local
nature of scour and aggradation events. Nevertheless, basin urbanization in PSL streams was found to have
the potential to cause locally excessive scour and fill. Urban streams in the PSL with gradients greater than
2% and lacking in LWD were found to be more susceptible to scour than their undeveloped counterparts.

Streambank erosion was also far more common in PSL streams draining urbanized watersheds
than in streams draining undeveloped watersheds. A survey protocol similar to that of Booth (1996)
was used to evaluate all stream segments for streambank stability. Stream segments where >75% of
the reach was classified as stable were given a score of 4. Between 50% and 75% was scored as 3, 25—
50% as 2, and <25% as 1. Artificial streambank protection (riprap) was considered a sign of bank
instability and scored as 1. Only two undeveloped, reference stream segments (TIA < 5%) had a
stability rating of less than 3. In the 5-10% range, the streambank ratings were generally 3 or 4.
Between 10% and 30%, there was a fairly even mixture of streambank conditions from stable and
natural to highly eroded or artificially “protected.” Where the TIA was greater than 30%, no
segments had a streambank stability rating of 4, and very few had a rating of 3. The latter were found
only in segments with intact and wide riparian corridors. Artificial streambank protection (riprap)
was a common feature of all highly urbanized streams (TIA > 45%). Overall, the streambank stability
rating was inversely correlated with cumulative development (%TIA) upstream and even more
closely correlated with development within the segment itself, perhaps reflecting the local effects of
construction and other human activities. Streambank stability was also influenced by the condition
of the riparian vegetation surrounding the stream. In this study, the streambank stability rating was
strongly related to the width of the riparian buffer zone and inversely related to the number of breaks
in the riparian corridor. While not completely responsible for the level of streambank erosion, basin
urbanization and loss of riparian vegetation contribute to the instability of stream banks. Besides
vegetative cover, other stream corridor characteristics, such as soil type and valley hillslope gradient,
also contribute to the stability of the stream banks.

Fine sediment sampling (using the McNeil method) indicated that urbanization can also
degrade streambed habitat. The levels of fine sediment (% fines) were related to upstream urban
development, but the variability, even in undeveloped reaches, was quite high (Wydzga, 1997).
Nevertheless, fines did not exceed 15% until TIA exceeded 20%. In the highly urbanized basins
(TIA > 45%), the fine sediment was consistently > 20% except in higher gradient reaches, where the
sediment was presumably flushed by high storm flows.

The intragravel dissolved oxygen (IGDO) was also monitored as an integrative measure of the
deleterious effect of fine sediment on salmonid incubating habitat. IGDO monitors were installed in
artificial salmonid redds and monitored throughout the coho incubation period (Figure 11). A
significant impact of fine sediment on salmonids is the degradation of spawning and incubating
habitat (Chapman, 1988). The incubation period represents a critical and sensitive phase of the
salmonid life cycle. During this period, the typical mortality rate in natural streams can be quite high
(>75%). A high percentage of fine sediment can effectively clog the interstitial spaces of the substrata
and reduce water flow to the intragravel region. This can reduce the levels of IGDO and build up
metabolic wastes, leading to even higher mortality. In extreme situations, sediment can form a barrier
to alevin emergence, resulting in entombment and death. Elevated fine sediment levels can also have
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various sublethal effects on developing salmonids which may reduce the odds of survival in later life
stages (Steward, 1983). While low IGDO levels are typically associated with fine sediment intrusion
into the salmonid redd, local conditions can have a strong influence on intragravel conditions as well
as the distribution of fine sediment (Chapman, 1988). Spawning salmonids themselves can also
reduce the fine sediment content of the substrata, at least tetnporarily.

Downwelling
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Figure 11. Architecture of a typical salmonid redd showing position of intragravel
dissolved oxygen (IGDO) monitor (c). (a) Streambed topography near pool tailout. Likely
spawning area (area of flow into gravel) is marked with an X. (b) Redd construction
creates a low-flow zone, facilitating egg deposition and fertilization (fine sediment is
flushed from pocket). (c) egg pocket covered by upstream digging and down-welling flow
maximized by redd topography. Induced flow flushes sediment, provides oxygenated
surface water to developing embryos, and removes metabolic wastes. (modified from
Bjorn and Reiser, 1991).

Coincident measurements of instream DO and IGDO allowed calculation of a IGDO/DO
interchange ratio (Figure 12). In all but one case, the mean interchange ratio was > 80% in the
undeveloped reaches (TTA < 5%). As basin development (%TIA) increased above 10%, there was a
great majority of the reaches in which the mean interchange ratio was well below 80% (as low as
30%). While these DO levels are not lethal, low IGDO levels during embryo development can
reduce survival to emergence (Chapman, 1988). Several urbanized stream segments had unexpectedly
high (>80%) IGDO concentrations (see Figure 12). All of these segments were associated with intact
riparian corridors and upstream riparian wetlands. Generally, these reaches also had stable stream
banks and adequate levels of instream LWD.
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Figure 12. Relationship between urbanization (%TIA) and the ratio between mean
intragravel dissolved oxygen (IGDO) and instream dissolved oxygen (DO} in Puget Sound
lowland (PSL) streams.

Coho salmon rely heavily on small lowland streams and associated off-channel wetland areas
during their rearing phase (Bisson et al., 1988). They are the only species of salmon thar overwinters
in the small streams of the PSL. Cutthroat trout are commonly found in almost all small streams in
the PNW. Cutthroat and coho are sympatric in many small streams in the PN'W and as such are
potential competitors (adult cutthroat also prey on juvenile coho). In general, habitat, rather than
food, is the limiting resource for most salmonids in the PN'W region (Groot and Margolis, 1991). In
urban streams of the PSL, rearing habitat appears to be the limiting factor. This study found that in
all but the most pristine lowland streams (TIA < 5%) significantly less than 50% of the stream
habitat area was pools (Figure 13). Even in these “reference” streams, pool habitat was generally
below the “target” level of 50% recommended (Peterson et al., 1992). This is presumably due to the
effects of past land-use practices (timber harvest and agriculture) and lack of instream LWD (see
Figures 8 and 9). In addition, the fraction of cover on pools decreased in proportion to sub-basin
development. The most urbanized streams had significantly less pool habitat (on average, less than
half) than that found in reference streams (Figure 13a). Coho rear primarily in pools with high
habitat complexity, with abundant cover, and where LWD is the main structural component (Bisson
et al., 1988). The cumulative effects of human activity in the watershed, including the loss of riparian
forest area and reduced instream LWD, significantly reduced pool area, pool diversity, and pool
quality. As a result, instream habitat complexity in urban streams is far below that necessary to
support a diverse and abundant salmonid community.
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Figure 13a. Habitat unit distribution (TIA < 5%).
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Figure 13b. Habitat unit distribution (TIA > 45%).

Biological Integrity

The multi-metric benthic index of biotic integrity (B-IBI) developed by Kleindl (1995) and Karr
(1991) was used as a measure of the biological condition of the benthic macroinvertebrate community in
PSL streams. The abundance ratio of juvenile coho salmon to cutthroat trout (Lucchetti and Fuerstenberg,
1993) was used as a measure of salmonid community integrity. Figure 14 shows a direct relationship
between urbanization (%TIA) and biological integrity, using both measures. Only undeveloped reaches
(TIA < 5%) exhibited an B-IBI of 32 or greater (45 is the maximum possible score). There also appears to
be a rapid decline in biological integrity with the onset of urbanization. At the same time, it appears
unlikely that streams draining highly urbanized sub-basins (TTA > 45%) could maintain a B-IBI greater
than 15 (the minimum B-IBI is 9). B-IBI scores between 25 and 32 were associated with reaches with a
TIA < 10%, with eight notable exceptions (see Figure 14). These eight reaches had sub-basin TIA values in
the 25%-35% (suburban) range, and yet each had a much higher biological integrity than other streams at
this level of development. All eight had a large upstream fraction of intact riparian wetlands and all but one
had a large upstream fraction of wide riparian buffer (>70% of the stream corridor with a buffer width >
30 m). These observations indicate that maintenance of a wide, natural riparian corridor may mitigate
some of the effects of watershed urbanization.
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Figure 14. Relationship between watershed urbanization (%TIA) and biological integrity
in Puget Sound lowland (PSL) streams. The benthic index of biotic integrity (B-IBl) and
the abundance ratio of juvenile coho salmon to cutthroat trout were used as indices of
biological integrity.

Urbanization also appears to alter the relationship between juvenile coho salmon and cutthroat
trout. In this study, coho tended to dominate in undeveloped (TIA < 5%) streams, whereas cutthroat
were more tolerant of conditions found in urbanized streams. Figure 14 shows the coho-to-cutthroat
abundance ratio in those PSL study streams (11) where data were available for the period of the
study. Natural coho dominance (cutthroat:coho ratio > 2) was seen only at very low watershed
development levels (TIA < 5%). It is significant that both salmonid and macroinvertebrate data
indicate a substantial loss of biological integrity at a very low level of urbanization. These results
confirmed the findings of earlier regional studies (Perkins, 1982; Steward, 1983; Scott et al., 1986;
Lucchetti and Fuerstenberg, 1993).

Given that relationships were identified between basin development and both instream habitat
characteristics and biological integrity, it is reasonable to hypothesize that similar direct relationships
exist between physical habitat and biological integrity. As a general rule, instream habitat (both
quantity and quality) correlated well with biological integrity. For example, measures of spawning
and rearing habitat quality were closely related to the coho:cutthroat ratio, and measures of
streambed quality (benthic macroinvertebrates) were closely related to the B-IBI. Chemical water
quality may also influence aquatic biota at higher levels of watershed urbanization.

In addition to the quantitative habitat measures, a multi-metric Qualitative Habitat Index
(QHI) was also developed for PSL streams. This index assigns scores of poor (1), fair (2), good (3),
and excellent (4) to each of 15 habitat-related metrics, then sums all 15 metrics for a final reach-level
score (the minimum score is 15 and maximum is 60). The QHI is similar in design to that used in
Ohio (Rankin, 1989) and as part of the US EPA Rapid Bioassessment Protocol (Plafkin et al., 1989).
As was expected, biological integrity was directly proportional to instream habitat quality (Figure
15). Coho dominance is consistent with a B-IBI > 33 and a QHI > 47, conditions found only in
natural (TTA < 5%), undeveloped streams. These results were consistent with the findings of a similar
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study in Delaware (Maxted et al., 1994). The QHI has the advantage of being simpler (less costly)

than more quantitative survey protocols, but may not meet the often rigorous (quantitative)
requirements of resource managers. However, as a screening tool, it certainly has merit.

45 7

o B-IBI Score High Habitat Quality .
40 1 Coho/Cutthroat Ratio and High Biotic =~ . 16
Integrity s o °
35+ s es 3
Ne ls&
30 ° scss o @
. . e e §
. o . .
25 ¢ ' e @ 14 E
. . oe 2
. . .
20 . ® 3 §
. . .
15 ¢ [} 5
* o [ * ™ 2 5
10 & yowHabitat Quality o o Fi
and Low Biotic 11 S
5¢ Integrity CL
n
0 : L ' » —R + ' 0
0 10 20 30 40 50 60 70
Qualitative Habitat Index (QHI)

Figure 15. Relationship between instream habitat quality and biotic integrity in Puget
Sound lowland (PSL) streams. The benthic index of biotic integrity (B-1Bl) and the ratio of
juvenile coho salmon to cutthroat trout are used as indices of biological integrity.

A major finding of this study was that wide, continuous, and mature-forested riparian corridors
appear to be effective in mitigating at least some of the cumulative effects of adjacent development.
Figure 16 illustrates how the combination of riparian buffer condition and basin imperviousness
affects biological integrity, as measured by the B-IBI. These observations suggest a set of possible
stream quality zones similar to those proposed by Steedman (1988). Excellent (natural) stream
quality requires a low level of watershed development and a substantial amount of intact, high-
quality riparian corridor. If a “good” or “fair” stream quality is acceptable, then greater development
may be possible, with an increasing amount of protected riparian buffer being required. Poor stream
quality is almost guaranteed in highly urbanized watersheds or where riparian corridors are negatively
impacted by human activities such as development, timber harvest, grazing, or agriculture. Because
of the mixture of historical development practices and resource protection strategies included in the
study area, it was difficult to make an exact judgment as to how much riparian corridor is
appropriate for each specific development scenario. More intensive research is needed in this area.
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Figure 16. Relationship between basin development, riparian buffer width, and biological
integrity in PSL streams.

Summary

Results of the PSL stream study have shown that the physical, chemical, and biological
characteristics of streams change with increasing urbanization in a continuous rather than a threshold
fashion. Although the patterns of change differed among the attributes studied and were more
strongly evident for some than for others, physical and biological measures generally changed most
rapidly during the initial phase of the urbanization process as TIA rose above 5-10%. As
urbanization progressed, the rate of degradation of habitat and biologic integrity usually became
more constant. There was also direct evidence that alteration of the watershed hydrologic regime was
the leading cause for the overall changes observed in instream habitat conditions.

Chemical water quality constituents and concentrations of metals in sediments did not follow
this pattern. These variables changed little over the urbanization gradient until imperviousness
(%TIA) approached 40%. Even then water column concentrations did not surpass aquatic life
criteria, and sediment concentrations remained far below freshwater sediment guidelines. As
urbanization (%TIA) increases above the 50% level, the point where most pollutant concentrations
rise rapidly, it is likely that the role of water and sediment chemical water quality constituents
becomes more important biologically.

It is also apparent that, for almost all PSL streams, the quantity and quality of large woody
debris must be restored for natural instream habitat diversity and complexity to be realized. Of
course, prior to undertaking any habitat enhancement or rehabilitation efforts, the basin hydrologic
regime must be restored to nearly natural conditions. Results suggest that resource managers should
concentrate on preserving high-quality stream systems through land-use controls, maintenance of
riparian buffers, and protection of critical habitat. Enhancement and mitigation efforts should be
focused on watersheds where ecological function is impaired but not entirely lost.

Alterations in the biological community of urban streams are clearly a function of many
variables representing conditions in both the immediate and more remote environment. In addition
to urbanization level, a key determinant of biological integrity appears to be the quantity and quality
of the riparian zone available to buffer the stream ecosystem, in some measure, from negative
influences in the watershed (see Figure 16). Instream habitat conditions also had a significant
influence on instream biota. Streambed quality, including fine sediment content and streambed
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stability, clearly affected the benthic macroinvertebrate community (as measured by the B-IBI). The
composition of the salmonid community was also influenced by a variety of instream physio-
chemical attributes. In the PSL region, management of all streams for coho (and other sensitive
salmonid species) may not be feasible. Management for cutthroat trout may be a more viable
alternative for streams draining more highly urbanized watershieds. The apparent link shown here
between watershed, riparian zone, instream habitat, and biota supports management of aquatic
systems on a watershed scale.

This research indicates that there is a set of conditions that, though not individually sufficient, are
necessary to maintain a high level of stream quality or ecological integrity (physical, chemical, and
biological). If maintenance of that high level is the goal, then this set of conditions constitutes the standards
that must be achieved if the goal is to be met. For the PSL streams, imperviousness must be severely
limited, unless mitigated by extensive protection of the riparian corridor and BMPs. Downstream changes
to both the form and function of stream systems appear to be inevitable unless limits are placed on the
extent of urban development. Stream ecosystems are not governed by a set of absolute parameters but are
dynamic and complex systems. We cannot “manage” streams but instead should work more as “stewards”
to maintain naturally high stream quality. Preservation and protection of high-quality resources should be a
priority. Engineering solutions are useful in some situations in urban streams, but in most cases they
cannot fully mitigate the effects of development. Rehabilitation and enhancement of aquatic resources will
almost certainly be required in all but the most pristine watersheds. In order to support natural levels of
stream quality, the following recommendations are proposed.

®  Reduce watershed imperviousness, especially targeting transportation-felated surfaces and
compacted pervious areas.

®  Preserve at least 50% of the total watershed surface area as natural forest cover.

e  Maintain an urbanized stream system drainage density that is within 25% of pre-development
conditions (i.e., an urban/natural DD ratio < 1.25).

e  Continuously monitor stream flow and maintain 2-year stormflow/baseflow discharge ratio of
much less than 20.

e  Allow no storm water to drain directly into a stream without first being treated by quality and
quantity control] facilities.

®  Replace culverted road crossings with bridges or by arched culverts with natural streambed
material.

e  Retrofit existing BMPs or replace them with regional (sub-basin) stormwater control facilities
with the goal of restoring the natural hydrologic regime.

e  Limit stream crossings by roads or utility lines to less than two per kilometer of stream length
and strive to maintain a nearly continuous riparian corridor.

e  Ensure that at least 70% of the riparian corridor has a minimum buffer width of 30 m and
utilize wider {100-m) buffers around more sensitive or valuable resource areas.

e  Limit encroachment of the riparian buffer zone through education and enforcement
(< 10% of the riparian corridor should be allowed to have a buffer width of < 10 m).

e  Actively manage the riparian zone to ensure a long-range goal of maintaining at least 60% of the
corridor as mature, coniferous forest.

e  Allow no development in the active (100-year) floodplain area of streams. Allow the stream
channel freedom of movement within the floodplain area.

®  Protect and enhance headwater wetlands and off-channel riparian wetland areas as natural
stormwater storage areas and valuable aquatic habitat resources (buffers).
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e  Adopt a set of regionally specific stream assessment protocols including standardized biological
sampling (e.g., B-IBI).

e  Under low-to-moderate basin development, use chemical water quality monitoring sparingly,
i.e., only if a chemical pollutant is suspected or in situagions where biological monitoring
indicates a problem. For highly urbanized streams, sampling should be more frequent but
should still be focused on specific constituents of concern.

e  Taylor monitoring of instream physical conditions to the specific situation. Salmonid habitat
surveys should include a measure of rearing habitat (LWD and/or pools) and a measure of
spawning/incubating habitat (%fines and/or IGDO). In addition, standard channel
morphological characteristics (pebble count, streambank condition) should be measured. Scour
monitoring should be used to evaluate local streambed stability in association with specific
development activity.

The complexity and diversity of salmonid life cycles and stream communities, along with our
limited understanding of them, should engender caution in proposing any simple solutions to reverse
the cumulative effects of urbanization in streams of the PSL region as well as other regions.
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Treatment Wetlands—What Happened in Black

Diamond

Gregory Zentner
University of Washington, Department of Civil Engineering

Introduction

Several west coast communities are using or proposing to use treatment wetlands for municipal
wastewater (sewage) treatment to improve effluent quality and to restore or enhance wildlife habitat.

This paper reviews the development history of treatment wetlands in Black Diamond, Washington,
and five communities in Oregon and Northern California. The systems profiled here include the
municipal wetland treatment systems in the region whose development history is notable, usually from a
standpoint of regulatory compliance, and for whom a database exists to show how well the system works.
The available information suggests that Black Diamond is unique in the use of an unimproved natural
wetland; that Arcata is a success in part as a result of the application of beneficial use standards and
watershed location; that well-designed and constructed first generation wetlands perform well with respect
to the water quality parameters for which they are designed (biochemical oxygen demand and total
suspended solids) and that the habitat created by municipal treatment wetlands is regionally significant,
possibly replacing wetland functions and values of wetlands lost to development.

Black Diamond, Washington

Black Diamond is a town of approximately 1600 located at the base of the Cascade Range in
western Washington, 30 miles southeast of Seattle. Until the early 1980s, the residents of Black
Diamond were served by on-site and community septic systems (Thielen, 1978).

In 1979, Black Diamond adopted a wastewater facilities plan to construct an aerated lagoon and
a “marsh-lagoon” to treat community wastewater. The marsh-lagoon, when constructed, would
consist of two 3.5-acre, 4-foot deep lagoons sited within an existing 130-acre marsh. Nutrient
removal, necessary for compliance with proposed permit conditions, would be achieved in part
through an annual harvest of marsh-lagoon vegetation. Marsh-lagoon effluent would be discharged
to the surrounding wetland, which is traversed by Rock Creek upstream of Lake Sawyer (Kramer,
Chin and Mayo, 1979 and 1980).

Construction in the existing wetland required a US Army Corps of Engineers permit. During
the permitting process, United States Environmental Protection Agency (EPA) wetlands staff, other
resource agency staff, and environmental organizations objected to the siting of a treatment facility in
an existing wetland. Agency staff recommended that the city limit wetland improvements to
installation of a weir at a downstream location to increase detention time and treatment, or thart the
city use an alternative wetland, one that was being invaded by trees and which was, as a result, losing
marsh characteristics (Kramer, Chin and Mayo, 1980).

The town was apparently surprised by these objections, believing that EPA and the Washington
State Department of Ecology (Ecology) had approved the use of the wetland with the approval of the

facilities plan.

In response to these comments, Black Diamond prepared a facilities plan addendum that
evaluated the proposed marsh-lagoon and, alternatively, use of the 130-acre marsh in its natural state.
The study concluded that both systems could meet nutrient effluent limits but that a decrease in
phosphorus reductions could be expected during the 20-year life of the project. The study
recommended use of the natural wetland. Advantages of using the natural wetland included lower
construction-related environmental impacts and a savings of several hundred thousand dollars in
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construction costs. The town also avoided the Corps permitting process under this alternative
(Kramer, Chin and Mayo, 1980; Stephens, 1986).

The treatment system, an aerated lagoon with natural marsh treatment, qualified for 100%
funding from EPA under Innovative and Alternative funding criteria and began operating in 1981.
Shortly thereafter, algal blooms were reported in Lake Sawyer (Peterson, 1990).

In 1985, after several years of treatment plant operation and reports of increased algae in Lake
Sawyer, a consultant was hired to evaluate the performance of the Black Diamond facility. The
consultant concluded that the system was not meeting mass removal performance requirements for
biochemical oxygen demand (BOD), total suspended solids (TSS), and phosphorus. Samples taken
in May, 1985, showed approximately 70% BOD removal, whereas the town's discharge permit
specified 85% removal. Inorganic nitrogen was reduced by 85%, compared to the seasonal removal
requirement of 70% . Total nitrogen was reduced by 55%. Phosphorus concentrations in Rock
Creck were reported to be ten times that of pre-discharge concentrations. The study noted that
surface and/or groundwater flow into the marsh provided 50-fold dilution of the influent and was
partially responsible for decreases in pollutant concentrations (R.W. Beck and Associates, 1985).

EPA was approached to fund system improvements when it became apparent that Black
Diamond was not meeting permit limits. EPA staff were initially concerned with the amount of data
available to support a finding of failure—a finding necessary for EPA to fund improvements under
existing effluent limits. EPA could also fund improvements if the parties agreed that more stringent
limits were needed based upon receiving water sensitivity. However, EPA suggested that more
stringent limits could be prescribed only if supported by an evaluation of all pollution sources to
Lake Sawyer (Catey, 1986; Joy, 1987; Saikewicz, 1988; Williams, 1989).

The location and possible dearth of monitoring stations may have created difficulty in
evaluating the performance of the Black Diamond wetland. Shortly after the system went on-line,
the effluent sampling point was established in Rock Creek downstream of the wetland. Water
quality at this station would be affected by upstream watershed influences. The choice of this
location as a sampling point may reflect the integrated nature of Rock Creek and the wetland—that
is, it may have been difficult or impossible to find a discrete location defining the wetland discharge
into the creek. Additionally, several unmonitored creeks and springs fed the wetland.

In 1988, despite EPA’s previous recommendation for a watershed-based analysis, Ecology
proposed more restrictive effluent limits for Black Diamond. The following year, a consultant to
Black Diamond summarized alternatives available to meet the new limits and recommended

abandonment of the lagoon/marsh system in favor of conveyance to a regional treatment facility
(Brown and Caldwell, 1989).

In 1991, Ecology published the results of a year long study of Lake Sawyer. The report described the
condition of Lake Sawyer as mesotrophic with an 18% expectation of attaining eutrophic conditions. The
report concluded that the Black Diamond wastewater treatment facility accounted for 40% of the lake’s
external phosphorous load and that removal of the discharge from the creek would decrease the likelihood
of eventual eutrophication. The report noted that development in the Rock Creek watershed had also
contributed to deteriorating water quality in Rock Creek and recommended management practices for the
control of phosphorus from future development (Carroll and Pelletier, 1991).

The diagnostic study also reported that the lagoon and wetland treatment system removed roughly
77% of the phosphorus and 73% of the nitrogen from Black Diamond’s waste stream. The report noted
that these reductions surpassed original design expectations.

Even before publication of the 1991 Ecology study, EPA was apparently satisfied with the
accumulation of data and experience at Black Diamond. The agency adopted a finding of failure and
funded a connection to the regional wastewater collection system. Black Diamond’s wastewater is now
treated at the regional facility in Renton.
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Wetland influent and effluent data from Black Diamond for 1990 and 1992, two of the last
three years of operation, are presented in the Discussion section.

Cannon Beach, Oregon

Cannon Beach is located 100 miles west of Portland, Oregon. Since 1984, this coastal
community of 1300 has treated its wastewater using acrated and facultative lagoons and a 15-acre
modified natural free-water-surface treatment wetland. Planning for the treatment system occurred
over a period of years and generated some local controversy.

In the 1970s, summer flows to the existing wastewater treatment plant exceeded permit effluent
limits and the design capacity of the plant. In response to these conditions, Cannon Beach prepared
an updated facilities plan and supplement in 1976 and 1977. However, the Cannon Beach Sewer
Advisory Board saw “no justification in backing a conventional collection and treatment
approach...,” and recommended that the City Council explore alternative technologies instead
(Cannon Beach Sewer Advisory Board, 1980).

The town, with considerable citizen involvement, eventually proposed a system that included a
treatment marsh and previously recommended lagoon upgrades to meet summer seasonal limits on
BOD and TSS (10/10 mg/L). Like Black Diamond, Cannon Beach recommended use of and
improvements to a local natural wetland. Berms would be placed around the wetland to improve
detention and redwood baffles would be placed in the wetland to prevent flow short-circuiting
(Kramer, Chin, & Mayo, 1978).

Both the Oregon Department of Fish and Wildlife and the United States Fish and Wildlife

Service objected to the use of a natural wetland for wastewater treatment.

In response to agency concerns, the city contracted for a biological evaluation of the wetland.
The evaluation noted that the proposed 15-acre wetland treatment area included five different plant
communities, four of which were forested, and that the wetland was used by a number of wildlife
species, including Roosevelt elk, beaver, mallards, canvasbacks, great blue herons, kingfishers, and
pileated woodpeckers. The report noted, however, that the site was part of a larger, 150-acre
wetland, suggesting that previous fears of losing a unique wetland were possibly unfounded, and that
the site was originally much drier. The site had developed wetland characteristics as a result of
logging and changes in site drainage accompanying development (Kramer, Chin, & Mayo, 1981).

As a result of the biological evaluation, the city proposed a modified design that minimized
fencing to allow continued wildlife access and used planted carthen baffles instead of redwood baffles.
The biological information and proposed modifications apparently satisfied resource agency concerns. The
modified plan was adopted by the Cannon Beach City Council, approved by the Oregon Department of
Environmental Quality, and funded by EPA as an Innovative and Alternative project. The treatment
system began operating in 1984. The wetland is used only for summer flows. Discharge is to Ecola Creek,
about one-half mile above the mouth of the creck at the Pacific Ocean (US EPA, 1993; Oregon State
Department of Environmental Quality, 1993). Wetland data are presented in the Discussion section.

Unified Sewerage Agency (Hillsboro, Oregon)

The Unified Sewerage Agency (USA) serves an urbanizing area in Washington County in the
northern Willamette River valley in the state of Oregon. USA operates four wastewater treatment
plants with a combined flow of approximately forty million gallons per day (40 mgd). These plants
discharge to the Tualitin River during winter months and to reclamation facilities, including the 15-
acre Jackson Bottoms Experimental Wetland (JBEW), between April and October. Development of
reclamation facilities was spurred in part by the settlement of two lawsuits by the Portland-based
Northwest Environmental Defense Center. One suit, related to promulgation of TMDLs for
phosphorus for 11 Oregon streams, including the Tualitin, was settled in 1988; a second, related to
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alleged violations of permit conditions by USA, was settled in 1989. The JBEW, in use since 1989,
treats secondary effluent discharged from the two mgd Hillsboro wastewater treatment plant
(Unified Sewerage Agency, 1990).

The JBEW was developed to investigate the use of a treatment wetland to remove nutrients from
wastewater and to investigate the use of wastewater to enhance biodiversity in a wetland dominated by reed
canary grass (Phalaris arundinacea). The treatment wetland is a constructed free-water-surface wetland
developed out of an existing wetland. The wetland is comprised of 17 cells underlain by three soil types.
Shallow areas (1 ft. depth) are planted with 7jpha and transition to deeper areas (3 ft. depth) planted with
sago pondweed (Potamogeton pectinaturs) (Geiger et al., 1993; Scientific Resources and Luzier Hydrosciences,
1990). The wetland is located within the 434-acre Jackson Bottoms Wetland Preserve, owned by USA and
the City of Hillsboro and managed in accordance with a Natural Resource Management Plan and permits
issued by the Oregon Division of State Lands and the US Army Corps of Engineers. In 1992, approximately
474 million gallons of effluent were distributed to 350 acres of land within the Preserve.

Treatment at JBEW is complicated by site hydrology and topography, and possibly by initial
construction practices. The wetland was originally planned as a single, sinuous, flow-through
system. However, the pre-construction survey suggested that flat site conditions would preclude
such a design and wetland cells were built instead. Subsequently, after the third year of operation,
USA staff reported that some flow thought to discharge to groundwater discharged instead through
berms into adjacent drainage ditches. Consultants estimated that 20% of inflows discharged to
groundwater through wetland soils, and 30% of inflows discharge through side berms to the local
drainage system, and that short-circuiting could be the result of poor initial construction practices
(Scientific Resources et. al., 1995).

Reed canary grass continued to thrive and even increased in extent over the initial 3-year
monitoring period. Previously, researchers at the site had not observed the grass growing in
conditions of continuous flooding. Although reed canary grass is not a preferred species, the wetland
evidently provides nesting habitat for a number of avian species (Willis, personal communication).
Wetland data are presented in the Discussion section.

Mt. View Sanitary District (Martinez, California)

The Mt. View Sanitary District serves a community of 16,000 living in and around the City of
Martinez, California, in the San Francisco Bay Area. The District operates a 1.3 mgd advanced
secondary treatment plant that discharges to a 21-acre constructed, free-water-surface wetland.
Treatment wetlands and recent plant upgrades to protect wetland habitat were developed as a result
of an evolving regional regulatory policy.

In 1969, when the District upgraded to secondary treatment, it decided to continue its discharge to
Peyton Slough rather than construct a force main to, and a new outfall in, the Carquinez Straights within
the Sacramento River/San Francisco Bay Estuary. Subsequently, in 1971, the San Francisco Bay Regional
Water Quality Control Board (RWQCB) adopted a basin plan which prohibited discharges to receiving
waters that provided less than 10:1 dilution, including Peyton Slough. The plan allowed for exemptions
when the discharger could show that the discharge resulted in a “net environmental benefit.”

In 1974, the District constructed a nine-acre freshwater marsh, redirected part of its discharge to that
marsh, and started a three-year pilot study to demonstrate compliance with the new regional policy.

At about the time the District was completing its pilot study, in 1977, the RWQCB adopted a policy
that stipulated that marshes created under the net environmental benefit exemption were to be protected as

receiving waters. As a result, Mt. View is required to meet effluent limits for its discharge to the
constructed wetland, rather than for the discharge from the wetland to Peyton slough.

The Mt. View Sanitary District has pursued two courses of action over the past twenty years to
comply with regulatory agency policy regarding net environmental benefit. First, the District
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expanded its created freshwater marsh to 21 acres in 1977 and later purchased 65 acres of adjacent
brackish marsh immediately downstream. Second, between 1992 and 1995, the District completed
treatment plant upgrades that reduced the discharge of ammonia to the marsh and replaced chlorine-
based disinfection with filtration and ultra-violet light (Wilson, personal communication).

Even before treatment plant upgrades, the created wetland provided significant regional habitat
within the industrializing I-680 highway corridor. By 1986, district biologists have documented
over 100 species of birds using the wetland area. Observations have been made on 58 species of
wading birds and waterfowl, seven species of raptors, and ten species of gulls and terns. An
assemblage of invertebrates, fish, amphibians, and reptiles also uses the wetland, including the
western pond turtle (Clemmys marmorata) (Bogaert and Fish, 1986). The western pond turtle is an
endangered species in Washington State and a federal species of concern.

Wetland data are presented in the Discussion section.

Arcata, California

The City of Arcata is a community of 19,000 located on California’s northwest coast, 100 miles
south of the Oregon border. The city is served by a 2.3 mgd wastewater treatment facility comprised
of primary clarifiers, oxidation ponds, 7.5 acres of treatment wetlands, and 31 acres of
treatment/enhancement wetlands. Discharge is to Humboldt Bay. The City developed the
treatment system in the late 1970s and early-to-mid 1980s amidst considerable local controversy and
as a result of changes in state regulatory policy.

In 1974, the State Water Resources Control Board adopted the “Bays and Estuaries Policy” prohibiting
discharges into California’s shallow bays and estuaries, including Humboldt Bay, unless the discharger could
show that the discharge enhanced the “beneficial uses” of the receiving water. After some research, the city
concluded that a marsh treatment system would enhance the beneficial uses of Humboldt Bay. Those uses
include, among others, recreation (water-contact and non-water contact), wildlife habitat, preservation of rare
and endangered species, marine habitat, fish migration, fish spawning, and shellfish harvesting.

In 1979, the city applied for and received funds from the California State Coastal Conservancy
to acquire and develop former marsh lands adjacent to the wastewater treatment plant for wetland
habitat restoration, public access, and the beneficial use of wastewater for marsh enhancement. The
city completed restoration work on these enhancement marshes in July, 1981 (Mangelsdorf, 1993).'

Simultaneously, the City entered into negotiations with state regulatory officials. The City requested
that the state approve funding for a pilot project to investigate the use of treatment wetlands to enhance the
beneficial uses, including wildlife habitat, of Humboldt Bay. Inidally, state regulatory agencies resisted
City overtures. As a result, local political leaders introduced legislation at the state level to exempt Arcata
from the Bays and Estuaries Policy and allow it to continue discharging directly to Humboldt Bay.
According to Mangelsdorf, the legislation “...was heard before the Assembly Committee on Water, Parks
and Wildlife and when the State (Water Resources Control Board) Chairman was unable to define the
term ‘enhancement’ for the Assembly Committee, the Committee immediately passed the bill.”

Shortly thereafter, the State Water Board reversed a previous position and adopted a resolution
authorizing the City to proceed with pilot studies.

The state approved Arcata’s wetlands treatment plan after a three-year pilot project. Arcata completed
treatment plant upgrades and redirected discharges from the treatment plant to its enhancement wetlands
in 1986. Additional treatment marshes were added in 1989. The Arcata City Council has designated the
enhancement marshes and surrounding open space the Arcata Marsh and Wildlife Sanctuary (AMWS).

The enhancement marshes are unique from a regulatory standpoint in that the marshes are
apparently both regulated waters of the state and an element of the City’s wastewater treatment
facility. As described in the City’s NPDES permit, the enhancement wetlands are regulated as
“...waters of the state and the United States...”:
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The treatment plant is designed to discharge disinfected wastewater treated to secondary
standards to waters of the State and the United States at two locations. Outfall 001 discharges
directly to Humboldt Bay. Outfall 002 discharges to the Arcata Marsh (and) Wildlife Sanctuary

which consists of 30 acres of freshwater wetland.

The NPDES permit states elsewhere that,

Continued discharge to Humboldt Bay and compliance with the Bays and Estuaries Policy was
achieved by the inclusion of the Arcata Marsh (and) Wildlife Sanctuary as part of the treatment
and discharge facility.

As with the Mt. View Sanitary District, effluent limits are set for discharges to the AMWS, but
these limits (30/30 for BOD/TSS) are not reflective of effluent limits that could be required for a

discharge into a wetland.

Arcara’s discharge is based upon a continued showing by the City that the discharge is
enhancing the beneficial uses of Humboldt Bay. The City has sponsored research to demonstrate
compliance with these standards. Gearheart and Higley (1993) review data on wildlife and public
use of the 150-acre marsh and wildlife sanctuary. According to these researchers, over 170 species of
birds have been observed in the AMWS, with 1.4 million waterbird use-days recorded annually
between 1984 and 1986. Nesting species included mallards, cinnamon teal, northern shoveler, pied-
billed grebe, killdeer, and black-necked stilt. The area includes five miles of trails and has become
“...a major form of low-cost recreation for bird watchers, nature lovers, fishermen, walkers, joggers,
boaters, picnickers, meditators, and tourists.” The authors report that, “In a 1987 user survey, the
most common reasons given for going to AMWS was its value as a human sanctuary and as a place to
enjoy the natural setting and ecology of a marsh.” The Redwood Audubon Society conducts weekly
nature walks at the AMWS and approximately 900 people a year participate.

Wetland data are presented in the following section.

Discussion

Table 1 presents design information on the treatment wetlands profiled in this paper. Table 2
presents influent and effluent data for the wetlands. Acreage data for Black Diamond in Table 1 is
qualified as there is uncertainty as to the amount of acreage contributing to treatment given the
presence of Rock Creek and the resulting potential for short-circuiting.

The Black Diamond treatment wetland is the only natural treatment wetland of the five profiled
(Table 1). In contrast, treatment wetlands at Cannon Beach and USA were developed by modifying
existing wetlands. These modifications are designed to improve detention time and limit short-circuiting
and thereby produce an improved effluent quality. Arcata and the Mt. View Sanitary District (Mt. View
SD) use constructed treatment wetlands, again to create a controlled environment for treatment.

The data from Arcata and Cannon Beach confirm early design principles that, in relatively small
areas, well designed and constructed (or modified) wetlands reduce effluent concentrations of BOD
and TSS to levels below 20 mg/L. The relatively high BOD concentration in USA effluent is

notable given the concentrations reported at the other facilities.

76



Table 1. Treatment Wetland Design Washington, Oregon, and Northem California Treatment Wetlands.

System Year mgd Acres/mgd Pre-treatment Type

Mt. View SD, CA 1974 1.3 16 Secondary Constructed
MVSD Upgrade1 1995 Adv. Sec.

Bl. Dmd., WA 1981 0.15 8702 Primary Natural
Can. Beach, OR 1984 0.5 30 Secondary Mod. Nat.3
Arcata, CA 1986 2.3 17 Secondary Constructed
USA, OR 1989 0.7 21 Secondary Mod. Nat.3

1. Nitrification.
2. Contributing treatment area is unclear.
3. Modified Natural Wetland

Table 2. Treatment Wetland influent and Effluent Data (Influent to Wetland; Effluent from Wetland).

Flow (mgd) BOD (mg/L) TSS (mg/l) NH, (mg/L) NO,, (mgl) Total P (mg/L)
In. Ef. Loss In. Ef. Rem. In. Ef. Rem. In. Ef. Rem. In. Ef. Rem. In. Ef. Rem.
Bl. Diamond-1990 0.17 NA 20 NA 25 NA .65 .64 .37
Bl. Diamond-1992 0.13 NA 15 NA 54 NA .78 1.2 1.3
Cannon Beach- 05 024 45% 47 5 86% 51 2 96% 12 92 21% 25 47 -83% 21 19 10%
1996 .
USA-1990° 05 013 73% 40 51 -28% 9 12 -28% 32 01 97% 69 22 68% 7.6 40 47%
USA-1992 1.0 036 66% 41 71 -73% 5 16 -232% 15 64 57% 18 82 54% 33 3.1 117
%
Mt. View SD-1995 20 NA 12 NA 9 NA 1.1 1.0 10% 19 13 30% NA
Mt. View SD-1996 20 NA 6 NA 8 NA 10 03 30% 18 14 27% NA
Arcata — 1994° 21 15 30% NA 10 NA 15 NA NA NA
Arcata — 1995 27 16 40% NA 14 NA 27 NA NA NA

Data are compiled from NPDES reports, unless otherwise noted. (NA: Not Available).
Some date values are rounded; percentages are based upon original (not rounded) data.
The 1992 data is generally representative of the years 1989-1992.

Between 1990 and 1992, the Hillsboro plant stopped nitrification of wastewater, the result of a 25% increase in wastewater flows, and a service-area-wide ban on
phosphorus went into effect. Data are mean values for 17 cells. Data compiled from Scientific Resources et al. (1995) for a three year pilot study.

The 1994 data is generally representative of the year 1992-1994.
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On a mass loading basis, pollutant reductions are substantial at most locations, the result of
subsurface discharges. None of these wetlands is lined.

These small wetlands are only partially successful in reducing nutrient concentrations. Effluent
concentrations of nitrogen are indicative of partial nitrification/denifrification. Nitrogen data from Mt. View
SD demonstrates the potential for denitrification. There, nitrification occurs as part of pre-treatment and
reduced ammonia discharges probably contribute to increased habitat quality in the wetland.

In general, there has been an explosion of information related to wetlands design since these
wetlands were planned and constructed. Recent publications include a comprehensive text (Kadlec and
Knight, 1996), updated design manuals (Reed et al., 1995; Water Environment Foundation, 1990),
conference proceedings (Hammer, 1988; Moshiri, 1993), and numerous trade journal articles and
published papers. Reed and Brown review first generation design methodologies (Reed and Brown,
1992), report on a nation-wide inventory of treatment wetlands (Brown and Reed, 1994), and review
experiences with sub-surface flow wetland (Reed and Brown, 1995). The wetlands reviewed here can be
classified as first-generation wetlands.

Information developed since these first generation wetlands were built suggests that expanded
acreage is needed for nutrient processing, compared to the acreage required for BOD and TSS removal
(Hammer and Knight, 1994; Reed et al., 1995; Kadlec and Knight, 1996; Water Environment
Foundation, 1990). Additionally, harvest of vegetation for nutrient management is no longer
recommended as harvest removes attachment sites for the epiphytic community thought to control
nutrient processing (Crites and Tchobanoglous, 1992; Brix, 1994), although some researchers have
recommended this practice as recently as 1992 (Rogers et al., 1991; Rogers, 1992). A limited harvest is
recommended to preserve open water habitat for Gambusia (mosquito fish), a species used in mosquito
control programs (Tennessen, 1993; Nolte & Associates, 1996).

Design information also now suggests that phosphorus removal in most wetlands is limited—as it is in
most treatment processes (Kadlec and Knight, 1996; Reed et al., 1995). Phosphorus is removed from water
during plant growth, but it is returned in the form of plant litter. Phosphorus can be sequestered to some
degree in the litter. Phosphorus is also removed via adsorption, complexation, and precipitation in soil
during infiltration, but soil phosphorous storage capacity is finite. In areas where groundwater surfaces,
phosphorus removal can be compromised by the limited contact between effluent and underlying soil, and
potentially by the flushing of phosphorous stored seasonally in soil during periods of infiltration.

Both water quality and habitat quality were issues for the designers of the first generation wetlands
profiled here. Water quality concerns increasingly result in the use of numeric water quality standards in
NPDES permits. The water quality data in Table 1 is available because numeric standards are used in
these permits.

In Arcata, where both numeric standards and narrative beneficial use standards are used, an emphasis
on the latter may have contributed to project success. Specification of beneficial use standards resulted in a
design for the enhancement wetlands that provided for both treatment and habitat. The Arcata
enhancement wetlands use a mix of open water and emergent vegetation that provides, in addition to
treatment, waterfowl habitat (Weller, 1978). The Mt. View SD wetlands also support a mix of open water
and emergent vegetation, the result of district efforts to create habitat while improving effluent quality.

The lack of a data set for Black Diamond comparable to the other treatment wetlands profiled here
is unfortunate. Not only was Black Diamond the only natural treatment wetland (of the five profiled), it
was also the only treatment wetland of the five that was established high in a watershed. Without a
suitable data set, it is difficult to say whether "failure” at Black Diamond was due in part or entirely to
the treatment facility, or in part or entirely to watershed location, or some other factor. Watershed
location deserves consideration.
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For any treatment facility, an upstream location may reveal problems more readily than a
downstream, estuarine location. An upstream facility discharges to a freshwater environment with
relatively sensitive receptors. For Black Diamond, a major feature of the downstream environment is
Lake Sawyer. Coincidentally, Black Diamond and Lake Sawyer are located in King County,
Washington, the location of pioneering studies on the effects of nutrients on lake productivity
(Edmondson, 1991). A year-round audience of lake residents was available to observe and report
perceived changes in lake conditions during operation of the Black Diamond facility. As a result, the
Black Diamond system operated in a somewhat unique environment, a result of location within the
watershed and watershed location.

A treatment wetland in the estuary encounters a different set of environmental conditions. The
estuarine environment, with diurnal variations in water cover and salinity, is hostile to many aquatic species,
and some sensitive species, such as salmonids, are not resident. Aquatic productivity may not be limited by
phosphorus. Daily tidal action may remove evidence of poor performance. Commercial users in the estuary
may be less sensitive to or more forgiving of environmental change than the upstream counterpart, the home
owner. An estuarine location may be better for attracting species of observable wildlife, thereby increasing
the opportunity for perceived improvements of beneficial uses. Perhaps not coincidentally, the Arcata and
Martinez (Mt. View SD) treatment wetlands are located in estuarine environments.

Nonetheless, experiences in Arcata and Martinez, California suggest that treatment wetlands can be
used to enhance regional habitat. Data from these two locations support pilot habitat assessment data
collected at other treatment wetlands (McAllister, 1992; McAllister, 1993a; McAllister, 1993b). Treatment
effluent has been used in one national wildlife refuge to restore wetland habitat functions (Hardy, 1989;
McAllister, 1992) and has enhanced regional habitat at a number of other locations (US EPA, 1993).

In addition to replicating wetland habitat functions, treatment wetlands could replicate the nutrient
processing function of historic wetlands and thereby contribute to overall watershed health, although
research in this area is lacking. The downstream export of detritus from wetlands is an important
wetland function; in estuaries, such detritus supports the juvenile salmonid food chain (Naiman and
Sibert, 1979; Sibert, 1979; Healy, 1979). Upstream wetlands perform a similar processing function and
provide refuge habitat for juvenile salmonids (Peterson and Reid, 1981).

Treatment wetlands could be used to replicate the functions and values of wetlands that have been
“lost” to development in Puget Sound watersheds. The loss of these wetlands has been noted by state and
federal resource agency staff working regionally and within specific watersheds (Puget Sound Water
Quality Authority, 1986; Washington State Department of Ecology, 1993; US Army Corps of Engineers
et al., 1993). Recently, Ecology has published new water reuse standards that may influence the manner
in which treatment wetlands are developed in Washington State (Washington State Department of
Ecology, 1997). Whether or not the habitat qualities of treatment wetlands developed elsewhere will be
re-created here under new Ecology standards remains to be seen.
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 Mangelsdorf credits Peter Bretnall, another graduate student at Humboldt State University in Arcata, for
information she presents on the political history of the Arcata Project. The reference Mangelsdorf gives is:
Bretnall, Peter B. Wastewater Conflict on Humboldt Bay. Humboldt Journal of Social Relations, 11
(Spring/Summer 1984): 128-151.
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Use of Salmonid Valuation in Resource Management:

A Valuation Model for Use in Resource Protection and
Enhancement Decisions

Jeffrey H. Stern
King County Dept. of Development and Environmental Services

Abstract

The public is constantly facing decisions on how to protect our natural resources, particularly
fisheries resources, and how best to apply the limited resources available for these efforts. A generic
valuation method for salmonid resources, presented in this pape, can be used to help make more
informed resource management decisions in the Pacific Northwest. Recent studies on the value of
commercial, recreationa,l and existence or non-use fishery values for salmon in the Pacific Northwest
were reviewed. Using court-tested valuation methods, a range of values for several species of salmon was
estimated and adjusted for inflation to current values. The salmonid valuation method was coupled with
a fishery production, harvest, and escapement model using readily available statistics to estimate the value
of salmonids for a particular run or project. The model was used to evaluate fishery enhancement
projects to identify the most cost-efficient projects. It was also coupled with a basin-wide HSPF analysis
of stormwater alternatives to estimate impacts to fishery valuation, allowing alternatives to be considered
based on both the public and private cost development and the public cost to fishery resources. The
method provides even small governments the ability to make more informed resource management
decisions.

The Contribution of Reed-Canary Grass Dominated Low

Gradient Streams to Juvenile Salmon Overwintering Habitat

Roderick W.R. Malcom
Mouckleshoot Indian Tribe Fisheries Department

Abstract

This study assessed overwintering juvenile salmon use in reed canary grass-dominated low-gradient
streams lacking the habitat features normally associated with salmon streams. Mill Creek in King
County, Washington is a low-gradient tributary to the Green River. During the late summer, few
juvenile salmonids use the low-gradient reaches due to elevated temperatures and low DO. During the
late fall and early winter, juvenile salmon migrate from the Green River into Mill Creek to overwinter.
Overwintering juvenile salmon use in Mill Creck was determined by electroshocking reaches of Mill
Creck. Juvenile salmon sizes and densities were compared to those in streams of presumed higher value
based on habitat measurements. The densities and sizes of overwintering juvenile coho in Mill Creck
were comparable to, and at times exceeded, those found in streams rated as having superior habitat based
upon standard methodologies. Given the right combination of factors, streams that appear to have poor
salmonid habitat value, often provide a range of critical habitat functions for overwintering juvenile
salmonids and contribute significantly to the available habitat. The removal of reed canary grass without
consideration of its contribution to overwintering salmon may have adverse impacts upon pre-smolt
production in a stream.
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The Schel-chelb Estuary—A Successful Habitat

Mitigation/Enhancement Partnership

Clay Patmont '
Anchor Environmental , Inc.

Rick Singer
Environmental Affairs Office, Washington State Department of Transportation

Abstract

" Constructed in 1997, the Schel-chelb Estuary is a new two-acre intertidal mudflat/saltmarsh located
on Bainbridge Island. The project provides compensatory habitat mitigation for a related cleanup project,
and other environmental objectives. The overall project represents a highly successful public-private
partnership of more than 12 entities, all of whom benefited.

The Schel-chelb Estuary was initially conceived by USFWS and local sponsors as a habitat
enhancement project, restoring a historic estuary on the site. Concurrently, WSDOT and other parties
identified the Schel-chelb project as partial compensation for 0.9 acres of nearshore confined disposal
facility (CDF) fill in nearby Eagle Harbor. Use of the CDF facilitated cost-effective sediment cleanup of
the West Eagle Harbor Site, and also resolved a conflict between the need to expand the ferry
maintenance facility and to maintain other community uses. Approval of the estuary as partial mitigation
for the Eagle Harbor CDF fill site provided the necessary funding for project design and construction,
which otherwise would not have been possible.

The combined Schel-chelb Estuary and Eagle Harbor cleanup projects increased the amount of
high-quality aquatic habitat on Bainbridge Island, relative to existing conditions and other multi-project
alternatives. The project may provide a good model for other public-private partnerships.

Coho Salmon Restoration in the Chimacum Watershed

Peter Bahls
Port Gamble S'Kllallam Tribe

Abstract

The objective of this 1996 study was to assess the potential for restoration of coho salmon
(Oncorhyncus kitsutch) in a watershed dominated by agricultural land uses. Limitations on coho recovery
were evaluated by comparing the existing conditions of the coho population and habitat to pre-European
settlement conditions and identifying areas of habitat loss for each stage in the coho’s freshwater life
cycle. Existing conditions were assessed by field sampling of juvenile coho distribution and habitat
parameters. Historical conditions were reconstructed based on oral histories, General Land Office
surveys that were conducted between 1858-1874, and assorted maps, aerial photographs, and reports.
We found that coho salmon habitat in the Chimacum watershed has decreased dramatically both in
quantity and quality over the past 145 years. Removal of swamps, beaver ponds, and channel meanders
by extensive ditching has eliminated over 90% of the historic summer and winter rearing habitat for
juvenile coho in the watershed. Of this remaining fraction of habitat, most has been degraded by a
combination of land-use impacts that have caused high temperatures, keyed to specific sites, include
protecting existing refugia, correcting man-made fish passage barriers, and restoring rearing habitats and
riparian zones. Several major restoration projects that have been completed based on the assessment are
discussed.
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The Salmon and Steelhead Habitat Inventory and

Assessment Project: Stock Restoration from the Ground Up

Ted Labbe
Point No Point Treaty Council

Tom Ostrom
Pacific Watershed Institute

Abstract

The Salmon and Steclhead Habitat Inventory and Assessment Project (SSHIAP) goals are: to
quantify current freshwater salmon habitat, to assess the effect of habitat degradation and loss on SASSI
salmon stocks, and to develop stock- or watershed-based restoration projects. The project area includes
all coastal and Puget Sound watersheds from the Canadian border south to the Chehalis River. An
important product of SSHIAP will be a database linked to a geographic information system (GIS). This
system delineates each stream network into 0.1-3.0-mile segments at the 1:24000 scale and contains
information on fish distribution, migration barriers, channel modifications, and other habitat features.
Preliminary analyses suggest that a broad-scale approach to quantifying human impacts on salmon
habitat provides a necessary foundation for individual stock recovery and a framework for future research
and restoration of salmon and steelhead in western Washington.
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1A: The Watersheds Upstream

Questions & Answers

Q: Ted Labbe, is the progress of this project from north to south or some other organizational

scheme?

Labbe: There are six biologists presently working on this project, and we each have our own region. We
are each at various stages of completion with some of the basic building of the database, and I'd have to
say, if you are interested in a particular area, finding out about whether it’s been completed, I would have
to refer you to that particular person. Generally we do work from north to south in each of our areas and
from east to west. That’s very general. We each have our own strategies.

Q: Is the web site up for the project?

Labbe: There is a web site up. It has yet to contain any data, access to any data. It’s more for
informational purposes for people about our web site. It’s available through the Northwest Indian
Fisheries commission web site, which, I believe, is www.mako.nwifc.org. You can search for the
Northwest Indian Fisheries Commission and there will be a link to our project.

Q: Chris May, you were saying there was no threshold effect of impacts on water quality and
hydrology as the impervious area even got up the 5 percent of the area. I wonder if you could
comment on any responses from municipal planners when it comes to occupying land in drainage
basins. They must get pretty depressed about this. Basically, what you’re saying is that there is no
level of development that they can argue does not have an impact on water quality.

May: To qualify that: there is no level of development at the current way we develop our watersheds. 1
alluded to the fact that I think one of the big answers to this problem may be to take a look at how we
develop our watersheds, and incorporate some of the known common sense and otherwise new facts, if
you will, to develop differently. And possibly, if that happens, maybe there is some threshold. I would
just say that there is probably some panic about this.

Q: Is someone looking at possible ideas such as that we may have to stop development in certain
sub basins to ensure the conservation of some of these habitats as we occupy the lowland?

May: In the late 1980°s and early 1990’s when some of these results were first being intimated, King
County was in the process of developing zoning plans for the Bear Creek and Soos Creek basins, and one
of the responses was, in fact, to down-zone certain areas that were judged to be of high habitat quality. It
certainly didn’t end development. But it substantially reduced the development expectations of a
number of the property owners in that area.

Jacques White: I work for People for Puget Sound, and I am in a position to try to advocate to policy
makers about particular decisions and moving in particular directions about restoring salmon and other
resources in the Puget Sound basin. The talk that was given earlier today by Jeffrey Stern was very
interesting because he had a cost-benefit analysis of protecting existing salmon resources depleted and
otherwise. But when I hear talk about restoration, I feel like it’s very difficult to make decisions on a
cost-benefit basis. I haven’t seen good analysis of doing a particular action in a particular type of area
and, given the talk that was given by Dr. May eatlier, it seems like there is very little reason to try to
restore already degraded utban areas. So I was wondering, do any of the speakers know of a cost-benefit
analysis for restoration as opposed to just protection actions.
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A: Tim Beachy has done some work on restoration, I think it was in the Skagit, on restoration of
agriculturally dominared watershed and the benefits of doing, let’s say, side channel restoration vs. culvert
replacement vs. riparian protection.

Comment: I’d like to suggest that cost-benefit isn’t the only way to approach this. You probably realize
that. Some more practical ways are just, for example, identifying funds of money that are there and how
to increase them. Most counties, for example, have a conservation futures assessment on property right
now that’s not a significant assessment, but it does create a fair amount of money. I know the city of
Tacoma raises about $400 dollars a year in its conservation assessment, which is about a quarter of what’s
raised in Pierce County. Maybe a starting point is to say, well, what if we multiplied that by four—
what would that effect be? And just start thinking in absolute terms rather than cost-benefit.

Comment: I should mention that Jeff Stern wasn’t able to stay because he is at the county council right
now arguing for improved drainage standards on new development to protect fish habitat.

Q: Should buffers be increased from standard forest practice requirements if the land is to be

converted to urban uses.

A: Yes. I think the buffer issue has to be revisited a bit. I don’t think we know what is an adequate
riparian buffer for an urban area. Just to define buffers for “urban” areas is kind of simplifying it because
I think it would depend on your land use within that area. Most buffers standards now are based on
either agricultural or forest practices, and we need to look at specifically what we need to do with those
buffers in conjunction with stormwater best management practices and the whole suite of other
watershed methods to prevent degradation or rehabilitate a stream. Currently we map out our buffers
and developers are typically pretty good about keeping to those buffers. But after the development
becomes a neighborhood, there’s no delineation there. There’s no active education given to the
homeowners. And typically we find that encroachment from homeowners is fairly prevalent. Buffers
that start as 100 feet can go down to almost nothing in five years. To some extent it’s like comparing
apples and oranges: forest practices and urbanization. Because a clear cut grows back eventually, or it’s
planted. Northgate Mall does not grow back. And there are always people in urban areas, working, doing
things in the buffer area. In contrast, that’s not true in most forest areas. I mean, they come in and then
they’re out. It’s a totally different issue, and I think to base one on the other is to ignore a problem.
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Net Water Movement in Budd Inlet:

Measurements and Conceptual Model

Curtis C. Ebbesmeyer and Carol A, Coomes
Evans-Hamilton, Inc.

Venkat S. Kolluru and John Eric Edinger
J.E. Edinger Associates, Inc.

Introduction

Previous oceanographic studies of Budd Inlet assumed a two-layered flow pattern typical of
estuaries, i.e., the upper water layer flowing out of the inlet above a deeper, inflowing stratum (URS
Corporation, 1986). We examined this assumption during a year-long field program to assess the
effects of permitting additional effluent into the inlet from the Lacey-Olympia-Tumwater-Thurston
County (LOTT) wastewater treatment plant. The field measurements and a three-dimensional (3-
D) hydrodynamical model led to a new dynamical framework for the inlet’s flow.

Budd Inlet’s circulation was monitored along a number of east-west oriented transects (Figure 1). South

of the BA transect, the inner inlet’s northern boundary, the flow is largely controlled by gated discharges from
Capitol Lake and large tidal ranges that daily expose extensive tide flats. North of the BA transect, the
estuarine flows are primarily separated laterally rather than vertically, as shown later in this paper.

Physical Setting

Budd Inlet, Puget Sound’s southernmost marine water body, composes 0.15% of the Sound’s
total volume at mean high water (MHW) (McLellan, 1954). Because the tide range generally
increases with distance inland, the inlet’s range is penultimate in Puget Sound (14.4 feet; 4.4 m).
Table 1 lists selected physical characteristics of the inlet.

Table 1. Budd inlet: selected physical characteristics.

Non-Metric Units Metric Units
Inlet length from mouth to head' 6.8 statute miles 10.9 km
Width at mouth® 0.99 statute miles 1,600 m
Fresh water input during November 1996 from:
LOTT sewage treatment plant 11 mgd? 0.48 m’/sec
Direct rainfall on inlet’ 34 mgd 1.5 m*/sec
Inlet net inflow along western shore® 6,875 mgd 300 m*/sec
Capitol Lake (average) 350 mgd 15 m’/sec
Capitol Lake (gates closed ~ 48% of time) 0O 0
Capitol Lake (gates open ~ 52% of time) 672 mgd 30 m'/sec
Tide range (diurnal®) 14.4 feet 4.39m
Inlet volume below mean higher high water (MHHW) 301,000,000 yd® 230,000,000 m®
Inlet water surface area at:
mean high water (MHW) 8.8 square miles 22,680,000 m*
mean lower low water (MLLW) 7.2 square miles 18,560,000 m’
Mean inlet depth (volume/surface area) 30 feet 10m
Flushing time 7-11 days 600,000-950,000 sec

(Inlet volume @ MHHW/inflow net transport)

' From the Capitol Lake gates to the inlet Mouth (center of the line connecting Dofflemeyer and
Cooper points);

? million gallons/day

* Line connecting Dofflemeyer and Cooper points;

* Rain falling on the inlet's surface area at MHW;

® Through the cross section near inlet mouth;

° Diurnal tidal range equals MHHW minus MLLW.
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The Deschutes River empties into Capitol Lake which in turn discharges to the southern
terminus of the inner inlet via control gates so as to maintain a nearly constant lake level (Davis et al.,
1998). The long-term monthly average Deschutes discharge varies from a maximum during January
of approximately 600 cfs (17.0 m’/sec), to a minimum during August of 50 cfs (1.4 m*/sec).
Superposed on the seasonal swing are discharge pulses caused by periodically opening the gates. For
several hours a day, the lake discharges as if it were a substantial river; for most of the day, however,
it discharges no fresh water. During the extremely wet winter of 1996-1997, for example, discharge
during gate openings often exceeded 100 m3/sec and reached 300 m”/sec.

Methods

The inlet’s flow was ascertained from field observations (water properties, currents) and a

hydrodynamical model.

Water Properties

Temperature, salinity, density, and dissolved oxygen were measured versus depth using Seabird
conductivity-temperature-pressure (depth) CTDs lowered from two vessels (models SBE 19 and 25
equipped with AFM modules and rosette water bottles). From September 1996 through September
1997 during 23 cruises each lasting a day, 27 locations along and across the inlet were sampled.

Current Meter Observations

Water flow was monitored with current meters moored for a year at three sites (Figure 1): sites
1 and 2, on the west and east sides of the BE transect, respectively, were taken as representative of the
inlet’s mouth; and site 3, on the west side of the BC transect in the central inlet. Currents also were
measured for a month at several other sites (see Figure 1).

Two types of current meters were deployed: 1) Acoustic Doppler Profilers (ADPs; RDI
broadband 300 kHz and Sontek 1500 kHz) placed on the bottom measured currents between a few
meters of the sea surface and sea floor. Current speed and direction were averaged for two minutes
every 15 minutes in 0.5 and 1 m depth intervals (bins) at sites 1-4. To filter out tidal variability, the
observations within each depth bin were vector-averaged over one tidal day (24.84 hours) and 28
calendar days. 2) Aanderaa current meters were moored at fixed depths. Current speed was averaged
during 15-minute intervals, at the end of which current direction was recorded.

Additional, more detailed, current measurements were made to examine the velocity structure
across the inlet’s mouth: 1) during 14-15 March 1997, an ADP was mounted over-the-side while
the vessel (R/V Reflux) made 24 crossings of the BE transect; 2) during September 1997, two ADPs
were deployed at sites 1 and 2 toward the west and east sides of the inlet, respectively, while three
Aanderaas were moored at mid-channel.

Hydrodynamic Model

For comparison with the current measurements and water properties, the 3-D hydrodynamic
and transport model known as GLLVHT (Edinger and Buchak, 1995) was programmed to compute
water transport west and east of a north-south line approximately dividing the inlet in half (see
Figure 1). Calculated water transport was averaged during 28-day intervals; these were then averaged
during November 1996-January 1997.
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Figure 1. Locations of current meters and transects in Budd Inlet. Squares denote ADP
current meters on the sea floor; triangles, Aanderaa current meter moorings; circles,
water level recorders; transect lines, outer (BE), central (BC), inner (BA); dashed line, the
18-foot depth contour from bathymetric surveys. Net transports were computed west and
east of the line down the center of the inlet.
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Results: Water Properties

Water properties were contoured throughout the inlet in horizontal planes at constant depths,
and across the inlet in vertical planes along the transects. The thousands of planes contoured showed
similar water mass patterns throughout the year. For illustrative purposes, the depth plane nearest
the sea surface (0.5 m) was chosen to trace the plume of fresh water from Capitol Lake (Figure 2).
The BC transect was chosen to illustrate the cross-inlet structure, because four as opposed to three or
fewer stations on the other transects were sampled along it (Figures 3 and 4).

In each season at 0.5-m depth, the contours of temperature, salinity, density, and oxygen were
generally oriented north-south, indicating that Capitol Lake effluent traveled northward as a plume
along the inlet’s eastern shore. More saline Puget Sound water flowed southward along the western
shore. Illustrative contours for spring (16 April 1997), show the freshwater plume as approximately
0.6 _C warmer, 2 ppt less saline, 1 sigma-t units less dense, and 1-2 mg/L more oxygenated than the
water flowing southward along the western shore.

The separation line between the inflowing and outflowing currents was observed during July
1997, when operators drained Capitol Lake to perform annual maintenance (removal of undesirable
plants). A few days afterward a rip line containing large amounts of plant material floating on the
water surface was photographed. The line extended seven miles from Capitol Lake northward
through the outer inlet. Comparison with the water property contours indicated that the plant
debris traced the separation between the inflowing and outflowing currents.

Taken together, the 23 cruises spread over a year showed plumes of relatively low salinity water
along the eastern shoreline in 70% of the density and 83% of the salinity contours in the 0.5-m
depth plane. Furthermore, closed temperature and oxygen contours at 0.5 m revealed elevated levels
in the central inlet indicative of a gyre. Closed contours were found in 22% of the temperature and
57% of the oxygen contours.

Contours across each transect almost always showed the plume as a lens along the eastern shore
(Figures 3, 4). The salinity difference between the lowest values in the plume and the highest values
in the Puget Sound water along the western shore is a fundamental estuarine parameter. Along the
BC transect the difference varies from 6 ppt during fall and winter to 2-3 ppt during spring and
summer. As the plume is both warmer and less saline than the source waters feeding the inlet, and
since both temperature and salinity act to decrease density within the plume, the density contours
mimic those of temperature and salinity.

In the cross-sectional contours, the oxygen concentrations are higher than in the source waters
by 1- 2 mg/L during fall and winter, a difference increasing to 3—-6 mg/L during spring and summer.
Note that the minimum oxygen concentrations occur approximately beneath the surface plume

flowing northward along the eastern shore (Figure 4).

Regardless of water property, the inlet’s water mass was separated laterally across the inlet, a
structure reflected by the current measurements.
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Figure 2. Spring (16 April 1997) near-surface (0.5 m) contours (from left to right): temperature, salinity, density, and dissolved oxygen. Dots
indicate locations of CTD profiles. Note that the contour interval changes with season.
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Figure 3. Seasonal salinity contours along the BC transect (left to right, top to bottom): Late Fall, 5 December 1996; Winter, 26 February 1997;
Spring, 16 April 1997, Summer, 21 July 1997; Late Summer, 10 September 1997. Dots indicate CTD data. Note that the contour interval
changes with season.
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Figure 4. Seasonal dissolved oxygen contours along the BC transect (left to right, top to bottom). Late Fall, 5 December 1996; Winter, 26
February 1997; Spring, 16 April 1997, Summer, 21 July 1997; Late Summer, 10 September 1997. Dots indicate data. Note that the contour
interval changes with season.

































































































































































































































































































































