From: janet migaki [mailto:migakijanet@gmail.com]
Sent: Thursday, April 22, 2021 5:26 PM
To: Cliff Strong
Subject: Comments for tonight
Please enter these comments for tonight’s Planning Commission meeting,
Thank you,
Janet Migaki
———— Comments ——The SMP, CAO, City and County Comprehensive Plans mention or refer to a quagmire of environmental
agencies + regulations, as well as mention or refer to multiple intersecting jurisdictions, permits,
ordinances, exemptions and waivers —— all used for ‘managing’ waters of the State.
Lake Whatcom, a significant water of the State, is not a healthy or protected source of water, yet it is
used for Bellingham’s drinking water. The Lake’s well documented decline is troublesome since many of
the lake’s contaminants resist the treatment processes used by the City treatment plant and pass into
public drinking water supplies.
Where in the SMP and accompanying documents does it mention or discuss the primary and ultimate
regulatory agency held fully accountable for protecting the water quality of Lake Whatcom water?
The Lake is violating several water quality parameters +contaminants, and the water has not been
tested for a full toxicology analysis since late 1990s.
Does the SMP address protecting the Lake’s total water quality? I know the 50-year TMDL tries to
address low DO levels, with not encouraging reports to date. What about so many more lake water
quality issues- who is accountable and responsible for protecting and keeping the lake healthy enough
to be a drinking water source?
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Summary
This publication replaces Wetlands & CAO Updates: Guidance for Small Cities (Western
Washington Version), Publication No. 10-06-002, January 2010. It also replaces the 1st
revision dated July 2011 and the 2nd revision dated October 2012.
This new publication, for the most part, contains the same guidance as the “small cities
guidance” referenced above. Over the last few years, it became obvious that the
information in that document could apply to all cities and counties, not just small cities.
However, the wetland buffer table may be too restrictive for county use because it
assumes that adjacent land use intensity is high. Counties and larger cities generally have
more staff and resources that allow more sophisticated approaches to assigning wetland
buffers.
In addition, these jurisdictions may be able to provide additional protection for habitat
function by requiring protected wildlife corridors between the wetland and other priority
habitats in exchange for buffer reduction—something that is often impossible in small,
urban jurisdictions.
Check with Ecology wetland staff for more information about using this guidance in your
particular jurisdiction http://www.ecy.wa.gov/programs/sea/wetlands/contacts.htm.
Specific changes to this new publication include:
•
•
•
•
•
•
•
•
•
•

Reference to the updated 2014 wetland rating system
Updated definitions based on the updated 2014 wetland rating system
Buffer tables that include habitat scores from the updated 2014 wetland rating
system
Addition of buffer table to be used if minimizing measures are not used
Emphasis on the requirement to provide wildlife corridors where possible in
exchange for buffer reduction
Guidance on using wetlands for stormwater management facilities
Revisions to exemptions for small wetlands
Recommended language addressing agricultural activities in non-VSP
jurisdictions
Addition of recent mitigation documents and guidance
Corrected links to resource documents and web pages
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Introduction
This document is intended to provide guidance and tools useful in developing a wetland
protection program for jurisdictions that are in the process of updating their critical areas
ordinances (CAOs) to meet the Growth Management Act (GMA) requirements.
Wetlands are one of the five types of critical areas identified in the GMA.
We recognize that many local governments lack the planning staff and resources
necessary to develop and implement wetland standards that are both locally appropriate
and based on best available science (BAS). Nonetheless, they must comply with the
GMA requirement to designate and protect wetlands.
The first part of this document describes the important topics that should be addressed in
the wetlands section of your CAO. It includes recommendations for wetland protection
based on BAS. Appendix A is a sample CAO chapter for wetlands that incorporates
these recommendations into a format similar to that found in many local CAOs. (Please
note that the sample CAO will need to be tailored to your jurisdiction’s naming and
numbering system. There are several generic “XX” references throughout the text.)
Appendix B contains definitions that are commonly used in wetlands regulations.
This document does not include the more general provisions typically found in
regulations related to all critical areas. These can be found in Appendix A of the Critical
Areas Assistance Handbook published by the Washington State Department of
Commerce (formerly the Department of Community, Trade, and Economic
Development) in November 2003 http://www.commerce.wa.gov/Documents/GMSCritical-Areas-Appendix-A-Sample-Code-Provisions.pdf. This document revises the
wetland-specific provisions in the Critical Areas Assistance Handbook.
The recommendations in this document and the sample ordinance may not be appropriate
for use by rural county governments. Factors to consider are the county’s rate of growth,
the nature and intensity of land uses in the county, the wetland resources at risk, and the
ability of the county to implement its CAO. We suggest that you contact us to determine
whether this guidance is applicable to your county. Please use the following link to find
Ecology’s wetland specialist for your area:
http://www.ecy.wa.gov/programs/sea/wetlands/contacts.htm.
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Guidance on the Science of Wetland Protection
Ecology has produced several different tools that can help local governments develop a
comprehensive wetlands protection program for their jurisdictions. The Washington
Departments of Ecology (Ecology) and Fish and Wildlife (WDFW) have published a
two-volume guidance document to help local governments protect and manage wetlands:
● Wetlands in Washington State, Volume 1: A Synthesis of the Science
(Washington State Department of Ecology Publication #05-06-006, Olympia,
WA, March 2005). This volume is the result of an extensive search of over
17,000 scientific articles and synthesizes over 1,000 peer-reviewed works relevant
to the management of Washington’s wetlands.
● Wetlands in Washington State, Volume 2: Managing and Protecting Wetlands
(Washington State Department of Ecology Publication #05-06-008, Olympia,
WA, April 2005). This volume was developed with the assistance of local
government planners and wetland consultants. It can be used to craft regulatory
language that is based on BAS. We recommend that you review Chapter 8 and its
appendices as you begin to work on updating your existing regulations. (Please
note: Appendix 8-C was revised in October 2014.)
In October 2013, Ecology released an update of the science pertaining to wetland buffers.
The new information on buffers provides a refinement of our knowledge and revisits the
conclusions and key points in the 2005 synthesis.
•

Update on Wetland Buffers: The State of the Science (Washington State
Department of Ecology Publication #13-06-011, Olympia, WA, October 2013.

Ecology, in coordination with the U.S. Army Corps of Engineers (Corps) and the U.S.
Environmental Protection Agency (EPA), has also developed a two-part guidance
document aimed at improving the quality and effectiveness of compensatory mitigation
in Washington State:
● Wetland Mitigation in Washington State – Part 1: Agency Policies and
Guidance (Version 1) (Washington State Department of Ecology Publication
#06-06-011a, Olympia, WA, March 2006). Part 1 provides a brief background on
wetlands, an overview of the factors that go into the agencies’ permitting
decisions, and detailed guidance on the agencies’ policies of wetland mitigation,
particularly compensatory mitigation. It outlines the information the agencies use
to determine whether specific mitigation plans are appropriate and adequate.
● Wetland Mitigation in Washington State–Part 2: Developing Mitigation Plans
(Version 1) (Washington State Department of Ecology Publication #06-06-011b,
Olympia, WA, March 2006). Part 2 provides technical information on preparing
plans for compensatory mitigation.
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Ecology has also developed a wetland ratings system for western Washington. The rating
system is a useful tool for dividing wetlands into groups that have similar needs for
protection.
•

Washington State Wetland Rating System for Western Washington: 2014
Update (Washington State Department of Ecology Publication #14-06-29,
Olympia, WA, October 2014).

Links to all of these documents can be found at:
http://www.ecy.wa.gov/programs/sea/wetlands/gma/index.html.

Relationship between the GMA and the SMA
You may be planning to adopt a Shoreline Master Program (SMP) that will rely on the
CAO for protection of wetlands and other critical areas in shoreline jurisdiction. Ecology
does not have an approval role in the CAO adoption process; our role is advisory. The
SMP, however, is a joint document of Ecology and the local government requiring
Ecology approval. Before the SMP can be approved by Ecology, the CAO must meet the
“no net loss of ecological functions” requirement (WAC 173-26-186(8)(b)(i)).
You should be aware that the Shoreline Management Act (SMA) may preclude or alter
the administration of your CAO. For example, certain activities exempted under the
CAO will not qualify for exemption under the SMP. In addition, activities allowed
without permits under the CAO may require permits under the SMP.
For assistance with CAO-SMP integration, please use the following link to find the
shoreline planner for your area:
http://www.ecy.wa.gov/programs/sea/sma/contacts/index.html.

Policy Discussion for Your Wetlands Chapter
Your wetlands chapter will exist as one of several in your critical areas ordinance. Below
we describe some of the important subsections in the wetlands chapter and include our
recommendations for protecting wetlands based on the best available science.

Purpose
The chapter typically begins with a purpose statement, followed by designation criteria,
which include a definition of wetlands and the methods by which they are identified and
rated and other details listed below. The purpose statement may also state that this
chapter is intended to be consistent with the requirements of 36.70A RCW and to
implement the goals and policies of your Comprehensive Plan for protecting wetlands.

Definitions
Your wetlands chapter may include a separate list of definitions, or the definitions may
be included in the general definitions section of the CAO. Appendix B is a list of
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definitions relevant to your wetlands chapter. This list includes terms identified in state
law and agency guidance documents. Clarity and consistency in the use of these terms
will make ordinance implementation easier.

Identifying, Designating, and Rating Wetlands
The first steps in regulating wetlands are to define what is being regulated and specify
how these areas will be identified. The GMA requires the use of the following definition
of wetlands and specifies how to identify and delineate them.
In designating wetlands for regulatory purposes, counties and cities are required to use
the definition of wetlands in RCW 36.70A.030(21):
“Wetland” or “wetlands” means areas that are inundated or saturated by
surface water or ground water at a frequency and duration sufficient to
support, and that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, bogs, and similar areas. Wetlands do
not include those artificial wetlands intentionally created from nonwetland sites, including, but not limited to, irrigation and drainage
ditches, grass-lined swales, canals, detention facilities, wastewater
treatment facilities, farm ponds, and landscape amenities, or those
wetlands created after July 1, 1990, that were unintentionally created as a
result of the construction of a road, street, or highway. Wetlands may
include those artificial wetlands intentionally created from non-wetland
areas created to mitigate conversion of wetlands.
Wetlands are subject to a local government’s regulatory authority if they meet the criteria
in this definition. This includes Prior Converted Croplands (PCCs) and isolated
wetlands. These wetlands can provide critical functions and habitat and should be
regulated. The GMA does not allow flexibility in adopting a modified definition of
wetlands.
Irrigation practices, such as the Irrigation District ditches in Sequim, can result in humancreated wetlands. More frequently, however, irrigation practices may augment natural
sources of water to a wetland. Wetlands that form along irrigation ditches that were
intentionally created in uplands may be exempted from regulation. However, if a wetland is
the unintentional by-product of irrigation activities, the wetland should be regulated. If a
wetland disappears as the result of a change in irrigation practice, it will not be regulated in
the future. However, most wetlands will not disappear completely as a result of local
changes in irrigation practices because of natural sources of water or regional irrigation
influences. Please see http://www.ecy.wa.gov/programs/sea/wetlands/irrigation.html for
more information on how Ecology regulates irrigation-influenced wetlands.
Ecology is most concerned about those changes in land use that would eliminate wetlands
as the result of fill or grading, such as a conversion to commercial or residential use.
These activities should be regulated by the CAO, and appropriate protection standards
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(such as buffers and mitigation) should be required in order to minimize the loss of
wetland area and function.
Many jurisdictions use the National Wetland Inventory (NWI) to determine whether
wetlands exist within their boundaries. Since the NWI is based on photographs that are
over 30 years old and provides only a general approximation of wetland location, it
cannot be used alone to designate wetlands. Wetlands are those areas that meet the above
definition of “wetland.” Wetlands are also dynamic systems that change over time. It is
important to adopt the GMA definition and to have regulations in place to protect wetland
functions and values, should wetlands that do not currently appear on the NWI or other
maps be identified in the future.
State laws require that wetlands protected under the GMA and the SMA be delineated
using a manual that is developed by Ecology and adopted into rules (RCW 36.70A.175;
RCW 90.58.380). The Department of Ecology adopted a wetland delineation manual in
1997 (WAC 173-22-080) that was based on the original 1987 Corps of Engineers manual
and subsequent Regulatory Guidance Letters.
During the last few years the Army Corps of Engineers has updated and expanded their
delineation manual with regional supplements. To maintain consistency between the state
and federal delineations of wetlands, Ecology has repealed WAC 173-22-080 (the state
delineation manual) and replaced it with a revision of WAC 173-22-035 that states that
delineations should be done according to the currently approved federal manual and
regional supplements. The changes became effective March 14, 2011.
The GMA states that “wetlands regulated under development regulations adopted
pursuant to this chapter shall be delineated in accordance with the manual adopted by the
department pursuant to RCW 90.58.380.” RCW 90.58.380 allows the Department of
Ecology to adopt rules that incorporate changes to the manual. Therefore, the currently
approved federal manual and regional supplements should be used for delineating
wetlands in GMA jurisdiction. See:
http://www.ecy.wa.gov/programs/sea/wetlands/delineation.html.
Local governments are not required to rate or classify wetlands when regulating them.
However, methods that classify, categorize, or rate wetlands help target the appropriate
level of protection to particular types of wetlands and avoid the “one-size-fits-all”
approach. If a local government uses a wetland rating system, it must consider the
criteria described in WAC 365-190-090(3).
The Washington State Wetland Rating System for Western Washington: 2014 Update
(Effective January 2015), (Ecology Publication #14-06-029, October 2014) is a useful
tool for dividing wetlands into groups that have similar needs for protection. The revised
rating system represents the best available science, as it is based on a better
understanding of wetland functions, ways to evaluate them, and what is needed to protect
them. It provides a quick “snapshot” characterization of a particular wetland. In many
cases, it will provide enough information about existing wetland functions to allow
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adequate plan review and land use decisions to be made without the additional expense of
a separate wetland functional assessment.
While local governments are not required to use Ecology’s revised rating system, we
strongly encourage you to adopt wetland regulations that require its use. Most
qualified wetland specialists are using the revised rating system. In cases where state and
federal permits are required, the use of this rating system would benefit applicants by
eliminating the need to rate wetlands according to a different local standard. If you
choose not to use the state’s wetland rating system, you must provide a rationale for this
decision according to WAC 365-190-090(3).
We recommend that you include language that describes the four categories of wetlands.
This text is different for eastern and western Washington jurisdictions. Please refer to
Appendix A, Section XX.020.B.1-4 for the specific category descriptions.

Regulated Uses and Activities
Your wetland section should list those uses and activities that are regulated under the
critical areas ordinance. Some of these items include: removal, excavation, grading, or
dredging of material of any kind; draining, flooding, or disturbing of the wetland, water
level, or water table; the construction, reconstruction, demolition, or expansion of any
structure; etc. More extensive examples are provided in the sample ordinance.
Wetlands are often impacted by unauthorized clearing and grading that takes place
before application for development permits. You should make sure your CAO
adequately regulates clearing and grading. If it doesn’t, you should adopt a separate
clearing and grading ordinance. The Department of Commerce (formerly Community,
Trade and Economic Development) published technical guidance on developing a
clearing and grading ordinance: http://www.commerce.wa.gov/Documents/GMSClearing-and-Grading-Technical-Guidance-Final-2005.pdf.
Most forest practices (as defined in RCW 76.09 are exempted from the provisions of a
wetlands chapter in the CAO. However, those forest practices that are Class IV general
should be regulated. These activities constitute a conversion from forestry to some other
use. As such, buffers and wetland protections are appropriate.

Exemptions
Your wetlands section should identify those activities in or near wetlands that are
regulated and those that are exempt from regulation. Exemptions include activities that
will have little or no environmental effect or are an emergency that threatens public
health or safety. In the case of emergency response activities that affect wetlands and
buffers, the responsible party should be required to obtain after-the-fact permits and to
rectify impacts. Some jurisdictions place the exemptions or exceptions in a general
exemptions section near the front of the CAO. However, some exemptions or exceptions
may apply only to wetlands, so it may be more practical to have these specific
exemptions in the wetlands section.
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Exempt activities should be limited to those that will not have a significant impact on a
wetland’s structure and function (including its water, soil, or vegetation) and those that
are expected to be very short term. Local governments should, however, also consider
the cumulative impacts from exempted activities. They can result in a loss of wetland
acreage and function that are not replaced through compensatory mitigation.
The scope, coverage, and applicability of a critical areas ordinance should capture the full
range of activities that are detrimental to wetland functions. Therefore, exemptions
should be supported by the scientific literature and be carefully crafted to minimize the
potential for adverse impacts. However, a local government should not assume that an
exemption is appropriate in the absence of science to refute the exemption. The language
should clearly state whether a given activity is exempt from applicable standards in the
code or whether it is exempt from needing a permit but still must comply with the code.
Exemptions should be limited and construed narrowly.
For more information on this topic, please refer to Chapter 8 of Wetlands in Washington
State, Volume 2: Managing and Protecting Wetlands (Ecology Publication #05-06-008,
Olympia, WA, April 2005:
https://fortress.wa.gov/ecy/publications/summarypages/0506008.html).
The GMA, in RCW 36.70a.030(21), requires local governments to regulate wetlands that
meet the GMA-required definition of “wetland” (see the definition of “wetland” in the
previous section). This includes Prior Converted Croplands (PCCs) and hydrologically
isolated wetlands, two types of wetlands that have been exempt from federal regulation at
times. PCCs are wetlands that have been ditched and drained for active agricultural use
before December 23, 1985. Isolated wetlands are those wetlands that have no surface
hydrologic connection to waters of the United States. These wetlands must be regulated by
your CAO. Please see http://www.ecy.wa.gov/programs/sea/wetlands/isolated.html for
more information on how the state of Washington currently regulates isolated wetlands.
The scientific literature does not support exempting wetlands that are below a certain size.
While we recognize an administrative desire to place size thresholds on wetlands that are
to be regulated, you need to be aware that it is not possible to conclude from size alone
what functions a particular wetland may be providing. Ecology has developed a strategy
for exempting small wetlands when additional criteria are considered. This language is
present in the sample ordinance. However, impacts to small wetlands are NOT
exempt from the requirement to provide compensatory mitigation for those impacts.
If an in-lieu fee (ILF) program or a mitigation bank is available in your area (see page
15), these mitigation alternatives can help prevent a net loss of wetland function from
impacts to small wetlands in your jurisdiction.
Exceptions are typically addressed in a CAO in the context of reasonable use of property.
For more information about this regulatory tool, see Section VII of the Critical Areas
Assistance Handbook published by the Washington State Department of Commerce:
http://www.commerce.wa.gov/Documents/GMS-Critical-Areas-Assist-Handbook.pdf .
You should keep in mind that the Shoreline Management Act does not allow reasonable
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use exceptions, providing instead a variance pathway to afford regulatory relief. If you
decide to incorporate your CAO into your SMP when the latter document is
updated, you will need to address this potential inconsistency.

Forest Practices
Class I, II, and III forest practices should be exempted from the wetlands section of your
CAO. These activities are regulated through RCW 76.09, the Forest Practices Act.

Agricultural Activities
In 2011 the Washington Legislature created the Voluntary Stewardship Program (VSP) as
an alternative for meeting GMA requirements related to protecting critical areas and
agricultural lands. In 2015 the state provided funding for participating counties to begin the
VSP planning process. For more information on this program, see
http://www.scc.wa.gov/voluntary-stewardship/.
For the GMA update cycle beginning 2015, some counties will begin addressing critical
area issues related to agriculture through a VSP work plan.
If your jurisdiction is not in a participating county or not in a participating watershed, then
you must review and revise your development regulations for protecting wetlands as they
apply to agricultural activities (see RCW 36.70A.710).
If your jurisdiction is in a VSP watershed designated by a participating county, your GMA
responsibilities to protect critical areas from agricultural activities in or near wetlands will
be achieved through the VSP work plan.
However, it is important to keep in mind that federal and state regulations, such as the Clean
Water Act and the State Water Pollution Control Act are still applicable in all jurisdictions
regardless of participation or non-participation in the VSP. The VSP does not alter the
responsibility of property owners to meet water quality standards, protect wetlands, and
comply with state and federal environmental regulations.
Ecology recommends the following for non-VSP jurisdictions:
“Existing and ongoing agricultural activities” are often exempted from the provisions of a
CAO. These activities should be clearly defined and should not include removing trees,
diverting or impounding water, excavation, ditching, draining, culverting, filling, grading,
or similar activities that introduce new adverse impacts to wetlands or other aquatic
resources. Maintenance of agricultural ditches should be limited to removing sediment in
existing ditches to a specified depth at date of last maintenance. Conversion of wetlands
that are not currently in agricultural use to a new agricultural use should be subject to the
same regulations that govern new development.
Ecology encourages the use of Best Management Practices (BMPs), farm conservation
plans, and incentive-based programs to improve agricultural practices in and near
wetlands. The goal of the BMPs should be to ensure that ongoing agricultural activities
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minimize their effects on water quality, riparian ecology, salmonid populations, and
wildlife habitat.

Strategies for Protecting Wetlands from Impacts
Wetlands Inventory
You may wish to pursue accurate identification and rating of all wetlands in your
planning area based on the Washington State Wetland Rating System for Western
Washington: 2014 Update (Washington State Department of Ecology Publication #1406-29, Olympia, WA, October 2014) and the approved federal wetland delineation
manual and applicable regional supplements. These documents can be downloaded at:
•
•

http://www.ecy.wa.gov/programs/sea/wetlands/ratingsystems/index.html (rating
systems)
http://www.ecy.wa.gov/programs/sea/wetlands/delineation.html (delineation
manual and supplements)

While this approach may initially be more labor intensive and expensive, such
information will allow rapid review of development proposals and can help your
jurisdiction prioritize areas for preservation or acquisition.
This approach is consistent with BAS. It can help with the development of a landscapeanalysis approach to protecting wetlands in your jurisdiction. Landscape analysis for
critical areas facilitates and informs long-range planning. The City of Aberdeen used this
approach in their CAO update. (See Section XX.050.B in the sample ordinance.)

ABCs
The most basic approach to protecting wetland functions and values can be summarized
as the A-B-C Approach, or Avoid-Buffer-Compensate. This means that a CAO should
contain language to ensure that:
1. Wetlands impacts are avoided to the extent practicable.
2. Wetlands are buffered to protect them from adjacent land-use impacts.
3. Unavoidable impacts are compensated, or replaced.
Your CAO should provide requirements on how to reduce the severity of impacts to
wetlands. When an alteration to a wetland is proposed, impacts should be avoided,
minimized, or compensated for in the following sequential order of preference:
1.

Avoiding the impact altogether by not taking a certain action or parts of an
action;
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2.

Minimizing impacts by limiting the degree or magnitude of the action and
its implementation, by using appropriate technology, or by taking
affirmative steps to avoid or reduce impacts;

3.

Rectifying the impact by repairing, rehabilitating, or restoring the affected
environment;

4.

Reducing or eliminating the impact over time by preservation and
maintenance operations during the life of the action;

5.

Compensating for the impact by replacing, enhancing, or providing
substitute resources or environments; and/or

6.

Monitoring the impact and taking appropriate corrective measures.

Buffers
Establishing standards for wetland buffers is usually the most challenging part of
developing a CAO. However, developing a predictable, reasonable approach for
establishing buffers that includes the best available science is not as difficult as it may
seem.
The scientific literature is unequivocal that buffers are necessary to protect wetland
functions and values. The literature consistently reports that the primary factors to
evaluate in determining appropriate buffer widths are:
1.

The wetland type and functions needing protection (buffers filter sediment,
nutrients, or toxics; screen noise and light; provide forage, nesting, or
resting habitat for wetland-dependent species; etc.).

2.

The types of adjacent land use and their expected impacts.

3.

The characteristics of the buffer area (slope, soils, vegetation).

The widths of buffers needed vary widely, depending on these three factors. For
example, providing filtration of coarse sediment from residential development next to a
low-quality wetland would require only a relatively flat buffer of dense grasses or
forest/shrub vegetation in the range of 20 to 30 feet. However, providing forage and
nesting habitat for common wetland-dependent species such as waterfowl, herons, or
amphibians in a high-quality wetland adjacent to residential development would require a
buffer vegetated with trees and shrubs in the range of 200 to 300 feet. This illustrates the
necessity of using an approach to buffers that incorporates wetland type and functions
(based on an appropriate rating system), types of land use, and the environmental
characteristics of the existing buffer.
Your CAO should require buffers for activities that will impact wetland functions.
Ecology’s complete buffer recommendations are presented in Appendix 8-C of Wetlands
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in Washington State, Volume 2 (revised October 2014). We recommend using the tables
shown in the sample ordinance.
Tables XX.1 and XX.3 are derived from the more-detailed tables in Volume 2. They are
easy to use and are based on BAS. This approach provides the important balance of
predictability and flexibility. Determination of buffer size is simply a matter of applying
the results of the wetland rating system score to the buffer matrix, based on the wetland
category and wildlife habitat score. It generally requires smaller buffers for those
wetlands that do not have much wildlife use.
Table XX.1 requires the use of the minimizing measures in Table XX.2. These measures
are intended to reduce the impacts of the adjacent land use on the wetland. If impacts are
reduced, the size of the buffer required to protect the wetland’s functions can be reduced.
The buffer widths in Table XX.1 represent a 25% reduction in our recommended buffers
in Volume 2.
Table XX.1 also requires the protection of a wildlife corridor between wetlands that score
5 or more habitat points and any other Priority Habitat. This requirement is particularly
applicable in large or rural jurisdictions where species need to have access to other
habitats to meet their life needs. A buffer is the usual means of providing this necessary
habitat. However, if buffer reduction is allowed, we cannot ensure that these species will
have adequate access to habitat without providing a connective corridor. In urban areas,
the best solution is a landscape-based approach that takes into account actual species use
and spatial arrangement and connectivity of habitats. Without such an approach,
jurisdictions should use the guidance provided in the sample wetland chapter.
If your jurisdiction is small and urban, providing a wildlife corridor may not be an option.
You should consult with Ecology wetland staff to determine whether using Tables XX.1
and XX.2 alone will provide adequate protection for your wetland functions.
Table XX.3 shows the buffer widths required if the minimizing measures in Table XX.2
are not implemented and if a wildlife corridor is not protected. These buffers are wider
than those in Table XX.1, because the impacts to the wetland functions are potentially
greater.
The buffer tables XX.1 and XX.3 do not consider land-use intensity in the buffer
calculation, since it is presumed that most urban land uses will be high or moderate
intensity. However, if your jurisdiction has an activity that can be considered low
intensity, such as a passive recreation area or nature park with undeveloped trails, you
may wish to prescribe a smaller buffer for that area only. The buffer for an area should
be no less than 75% of the otherwise required buffer. Such a “low-intensity” buffer is not
appropriate for residential, commercial, or industrial uses. Of course, if your jurisdiction
includes rural land uses, you should consider using the buffer tables in Appendix 8-C of
Wetlands in Washington State, Volume 2 (revised October 2014).
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Some wetland types listed in the buffer tables may not be present in your jurisdiction
(e.g., coastal lagoons, bogs, interdunal wetlands, etc.). If you are certain that these
wetlands do not occur within your jurisdiction and would not be introduced by future
annexations, you may remove those wetland types from the buffer tables.
You may wish to adopt an even simpler approach to wetland buffers, one based only on
wetland category. In this case, buffers must be large enough to protect the most-sensitive
wetlands from the most-damaging land-use impacts. Please refer to Table 8C-1 of
Appendix 8-C of Wetlands in Washington State, Volume 2 (revised October 2014) for this
example.
Ecology’s buffer recommendations are based on a moderate-risk approach to protecting
wetland functions. This means that there is a moderate risk that wetland functions will be
impacted. Adopting smaller buffers represents a high-risk approach, and you need to be
prepared to justify why such an approach is necessary and to offer alternative means of
protecting wetland functions that help reduce the risk.
Ecology’s buffer recommendations are also based on the assumption that the buffer
is well vegetated with native species appropriate to the ecoregion. If the buffer does
not consist of vegetation adequate to provide the necessary protection, then either the
buffer area should be planted or the buffer width should be increased.

Buffer Averaging
Local governments often wish to allow buffer widths to be varied in certain
circumstances. This may be reasonable if your standard buffers are adequate. The width
of buffers may be averaged if this will improve the protection of wetland functions, or if
it is the only way to allow for reasonable use of a parcel.
We recommend that a request for buffer averaging include a wetland report. The report
should be prepared by a qualified professional describing the current functions of the
wetland and its buffer and the measures that will be taken to ensure that there is no loss of
wetland function due to the buffer averaging. The width of the buffer at any given point
after averaging should be no smaller than 75% of the standard buffer.
If you choose to adopt narrower buffer widths than those supported by BAS, then further
reductions to the buffer width should not be allowed under any circumstances.

Mitigation
Applicants are required by state and federal permitting agencies to show that they have
followed mitigation sequencing and have first avoided and minimized impacts to
wetlands wherever practicable. Your CAO should include the definition of mitigation
sequencing and require applicants to demonstrate that they have applied avoidance and
minimization. For more information and sample checklists, see
http://www.ecy.wa.gov/programs/sea/wetlands/avoidance.html.
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Unavoidable impacts to wetlands should be offset by compensatory mitigation. Your
CAO should include standards for the type, location, amount, and timing of the
mitigation. It should also include clear guidance on the design considerations and
reporting requirements for mitigation plans.
Ecology’s recommendations for the amount of mitigation (ratios) are based on wetland
category, function, and special characteristics. Requiring a greater area for mitigation
than the wetland area that will be impacted helps offset both the risk that compensatory
mitigation will fail and the temporal loss of functions that may occur. We recommend
using the ratio table shown in the sample ordinance. It is derived from the more-detailed
tables in Part 1 of the joint agency guidance on mitigation: Wetland Mitigation in
Washington State, Parts 1 and 2 (Ecology Publications #06-06-011a & b, March 2006).
As an alternative to the mitigation ratios found in the joint guidance, Ecology has
developed a credit-debit tool for calculating when a proposed wetland mitigation project
adequately replaces the functions and values lost when wetlands are impacted. The tool
is designed to provide guidance for both regulators and applicants during two stages of
the mitigation process:
1. Estimating the functions and values lost when a wetland is altered (debits), and
2. Estimating the gain in functions and values that result from the mitigation
(credits).
The Department of Ecology, however, does not require the use of this credit-debit
method. It provides one method for determining the adequacy of compensatory wetland
mitigation. It does not set any new regulatory requirements. The document and
worksheets can be downloaded at:
http://www.ecy.wa.gov/programs/sea/wetlands/mitigation/creditdebit/index.html.
In 2008 the Corps and the EPA issued a rule governing compensatory mitigation. The
rule establishes performance standards and criteria to improve the quality and success of
compensatory mitigation, mitigation banks, and in-lieu fee programs. For more
information on the federal rule, see:
http://water.epa.gov/lawsregs/guidance/wetlands/wetlandsmitigation_index.cfm.
By adopting mitigation standards based on the state and federal guidance and rules, you
will be providing consistency for applicants who must also apply for state and federal
permits.

Mitigation Alternatives
Various options are available for mitigation, in addition to the traditional on-site
concurrent option. These options include placing the mitigation away from the project
site (off-site mitigation), building mitigation in advance of project impacts, and using
third-party mitigation providers such as wetland banks and in-lieu-fee programs.
Deciding which option should be used depends on what works best for the applicant and
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for the environment. Some of these options may not be available in your area at this
time. However, we recommend that your CAO allow these options. They can be
effective and valuable tools in preventing a net loss of wetland functions.
Some project applicants may propose mitigation that is consistent with sound ecological
principles but is located outside of your jurisdiction. You may wish to include language
in your CAO that enables your government to allow such out-of-jurisdiction mitigation
opportunities.
In addition to the following options, you might want to consider allowing transfer of
development rights (TDR) as a tool for protecting wetlands. The Department of
Commerce is working with four Puget Sound counties in a pilot TDR program. For more
information, contact the Commerce planner for your jurisdiction or see: Commerce
Regional Assistance Teams.
Mitigation Banking
A mitigation bank is a site where wetlands, streams, and/or other aquatic resource areas
have been restored, established, enhanced, or (in certain circumstances) preserved for the
purpose of providing compensation for unavoidable impacts to aquatic resources. A
mitigation bank may be created by a government agency, corporation, nonprofit
organization, or other entity. The bank sells its credits to permittees who are required to
compensate for wetland impacts. Mitigation banks allow a permittee to simply write a
check for their mitigation obligation. It is the bank owner who is responsible for the
mitigation success. Mitigation banks require a formal agreement with the Corps,
Ecology, and the local jurisdiction to be used for federal or state permits.
Ecology adopted the final Wetland Mitigation Banks Rule (WAC 173-700) in 2009. The
purpose of the rule is to provide a framework for the certification, operation, and
monitoring of wetland mitigation banks. To learn more about wetland banking and the
rule, see Ecology’s website at
http://www.ecy.wa.gov/programs/sea/wetlands/mitigation/banking/index.html.
In-Lieu Fee (ILF)
In this approach to mitigation, a permittee pays a fee to a third party in lieu of conducting
project-specific mitigation or buying credits from a mitigation bank. ILF mitigation is
used mainly to compensate for impacts to wetlands when better approaches to
compensation are not available or practicable, or when the use of an ILF is in the best
interest of the environment.
An ILF represents the expected costs to a third party of replacing the wetland functions
lost or degraded as a result of the permittee’s project. Fees are typically held in trust until
sufficient funds have been collected to finance a mitigation project. Only a nonprofit
organization such as a local land trust, private conservation group, or government agency
with demonstrated competence in natural resource management may operate an ILF
program. All ILF programs must be approved by the Corps to be used for Section 404
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permits. To learn more about ILF programs, see Ecology’s website at
http://www.ecy.wa.gov/mitigation/ilf.html.
Off-Site Mitigation
This refers to compensatory mitigation that is not located at or near the project that
generates impacts to wetlands. Off-site mitigation is generally allowed when on-site
mitigation is not practicable or environmentally preferable.
The 2008 federal rule on compensatory mitigation requires that some type of watershed
approach be used in siting mitigation. Ecology, the Corps of Engineers, and EPA have
developed guidance to help applicants select potential off-site mitigation sites. To
download a copy of this guidance, Selecting Wetland Mitigation Sites Using a Watershed
Approach (Western Washington) (Ecology Publication #09-06-032, December 2009),
please see https://fortress.wa.gov/ecy/publications/summarypages/0906032.html.
Advance Mitigation
When compensatory mitigation is implemented before, and in anticipation of, future
known impacts to wetlands, it is referred to as “advance mitigation.” Advance
mitigation has been used mostly for large mitigation projects that are constructed in
distinct phases where the unavoidable impacts to wetlands are known. Advance
mitigation lets an applicant provide all of the compensation needed for the entire project
affecting wetlands at one time, which may result in more favorable mitigation ratios.
Although similar to mitigation banking, advance mitigation is different in several ways.
Most importantly, advance mitigation is used only to compensate for the permittee’s
specific project (or projects) with pre-identified impacts to wetlands. Wetland banks
provide mitigation for unknown future impacts within a specific “service” area. The
advance mitigation can be used only by the permittee. Advance mitigation may not be
sold unless it is changed to a wetland bank. Ecology, WDFW, and the Corps have
developed guidance to help applicants develop advance mitigation proposals. To
download a copy of this guidance, Interagency Regulatory Guide: Advance PermitteeResponsible Mitigation (Ecology Publication #12-06-015, December 2012), please see
https://fortress.wa.gov/ecy/publications/SummaryPages/1206015.html

Conclusion
We hope you find this information helpful. If you have questions about this document or
need additional assistance with the wetlands section of your critical areas ordinance
update, please call Donna Bunten at (360) 407-7172 or donna.bunten@ecy.wa.gov.
You may also contact one of Ecology’s regional wetland specialists. They are available
to work with you during your update process. For example, they can offer presentations
to elected officials and planning commissions. They can also provide technical
assistance including help with wetland delineation, wetland rating, ordinary high water
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mark determination, and project review. Please use the following link to find the wetland
specialist for your area:
http://www.ecy.wa.gov/programs/sea/wetlands/contacts.htm.
For assistance with other aspects of your critical areas ordinance update, please contact
the Department of Commerce at (360) 725-3000.
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Appendix A - Sample Wetlands Chapter
(Western Washington)
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Subchapter XX.XX
Wetlands
Sections:
XX.010 Purpose
XX.020 Identification and Rating
XX.030 Regulated Activities
XX.040 Exemptions and Allowed Uses in Wetlands
XX.050 Wetland Buffers
XX.060 Critical Area Reports
XX.070 Compensatory Mitigation
XX.080 Unauthorized Alterations and Enforcement
XX.010 Purpose
The purposes of this Chapter are to:
A. Recognize and protect the beneficial functions performed by many wetlands,
which include, but are not limited to, providing food, breeding, nesting and/or rearing
habitat for fish and wildlife; recharging and discharging ground water; contributing to
stream flow during low flow periods; stabilizing stream banks and shorelines; storing
storm and flood waters to reduce flooding and erosion; and improving water quality
through biofiltration, adsorption, and retention and transformation of sediments,
nutrients, and toxicants.
B. Regulate land use to avoid adverse effects on wetlands and maintain the
functions and values of wetlands throughout (name of jurisdiction).
C. Establish review procedures for development proposals in and adjacent to
wetlands.
1.

Compliance with the provisions of the Chapter does not constitute
compliance with other federal, state, and local regulations and permit
requirements that may be required (for example, Shoreline Substantial
Development Permits, HPA permits, Army Corps of Engineers Section
404 permits, NPDES permits). The applicant is responsible for
complying with these requirements, apart from the process established in
this Chapter.

XX.020 Identification and Rating
A. Identification and Delineation. Identification of wetlands and delineation of
their boundaries pursuant to this Chapter shall be done in accordance with the approved
federal wetland delineation manual and applicable regional supplement. All areas within
the City meeting the wetland designation criteria in that procedure are hereby designated
critical areas and are subject to the provisions of this Chapter. Wetland delineations are
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valid for five years; after such date the City shall determine whether a revision or
additional assessment is necessary.
B. Rating. Wetlands shall be rated according to the Washington Department of
Ecology wetland rating system, as set forth in the Washington State Wetland Rating
System for Western Washington: 2014 Update (Ecology Publication #14-06-029, or as
revised and approved by Ecology), which contains the definitions and methods for
determining whether the criteria below are met.
1. Category I. Category I wetlands are: (1) relatively undisturbed estuarine
wetlands larger than 1 acre; (2) wetlands of high conservation value that
are identified by scientists of the Washington Natural Heritage
Program/DNR; (3) bogs; (4) mature and old-growth forested wetlands
larger than 1 acre; (5) wetlands in coastal lagoons; (6) interdunal wetlands
that score 8 or 9 habitat points and are larger than 1 acre; and (7) wetlands
that perform many functions well (scoring 23 points or more). These
wetlands: (1) represent unique or rare wetland types; (2) are more
sensitive to disturbance than most wetlands; (3) are relatively undisturbed
and contain ecological attributes that are impossible to replace within a
human lifetime; or (4) provide a high level of functions.
2. Category II. Category II wetlands are: (1) estuarine wetlands smaller than
1 acre, or disturbed estuarine wetlands larger than 1 acre; (2) interdunal
wetlands larger than 1 acre or those found in a mosaic of wetlands; or (3)
wetlands with a moderately high level of functions (scoring between 20
and 22 points).
3. Category III. Category III wetlands are: (1) wetlands with a moderate
level of functions (scoring between 16 and 19 points); (2) can often be
adequately replaced with a well-planned mitigation project; and (3)
interdunal wetlands between 0.1 and 1 acre. Wetlands scoring between 16
and 19 points generally have been disturbed in some ways and are often
less diverse or more isolated from other natural resources in the landscape
than Category II wetlands.
4. Category IV. Category IV wetlands have the lowest levels of functions
(scoring fewer than 16 points) and are often heavily disturbed. These are
wetlands that we should be able to replace, or in some cases to improve.
However, experience has shown that replacement cannot be guaranteed in
any specific case. These wetlands may provide some important functions,
and should be protected to some degree.
C. Illegal modifications. Wetland rating categories shall not change due to illegal
modifications made by the applicant or with the applicant’s knowledge.
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XX.030 Regulated Activities
A. For any regulated activity, a critical areas report (see Chapter XX.060 of this
Chapter) may be required to support the requested activity.
B. The following activities are regulated if they occur in a regulated wetland or
its buffer:
1. The removal, excavation, grading, or dredging of soil, sand, gravel,
minerals, organic matter, or material of any kind.
2. The dumping of, discharging of, or filling with any material.
3. The draining, flooding, or disturbing of the water level or water table.
4. Pile driving.
5. The placing of obstructions.
6. The construction, reconstruction, demolition, or expansion of any structure.
7. The destruction or alteration of wetland vegetation through clearing,
harvesting, shading, intentional burning, or planting of vegetation that
would alter the character of a regulated wetland.
8. "Class IV - General Forest Practices" under the authority of the "1992
Washington State Forest Practices Act Rules and Regulations," WAC 22212-030, or as thereafter amended.
9. Activities that result in:
a. A significant change of water temperature.
b. A significant change of physical or chemical characteristics of the
sources of water to the wetland.
c. A significant change in the quantity, timing, or duration of the water
entering the wetland.
d. The introduction of pollutants.
C. Subdivisions. The subdivision and/or short subdivision of land in wetlands
and associated buffers are subject to the following:
1. Land that is located wholly within a wetland or its buffer may not be
subdivided.
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2. Land that is located partially within a wetland or its buffer may be
subdivided provided that an accessible and contiguous portion of each new
lot is:
a. Located outside of the wetland and its buffer; and
b. Meets the minimum lot size requirements of Chapter XX.XX.
XX.040 Exemptions and Allowed Uses in Wetlands
A. The following wetlands may be exempt from the requirement to avoid
impacts (Chapter XX.070.A.1), and they may be filled if the impacts are fully mitigated
based on the remaining actions in Chapter XX.070.A.2 through 6. If available, impacts
should be mitigated through the purchase of credits from an in-lieu fee program or
mitigation bank, consistent with the terms and conditions of the program or bank. In
order to verify the following conditions, a critical area report for wetlands meeting the
requirements in Chapter XX.060 must be submitted.

1.

All isolated Category IV wetlands less than 4,000 square feet that:
a.

Are not associated with riparian areas or their buffers

b.

Are not associated with shorelines of the state or their associated
buffers

c.

Are not part of a wetland mosaic

d.

Do not score 5 or more points for habitat function based on the 2014
update to the Washington State Wetland Rating System for Western
Washington: 2014 Update (Ecology Publication #14-06-029, or as
revised and approved by Ecology)

e.

Do not contain a Priority Habitat or a Priority Area 1 for a Priority
Species identified by the Washington Department of Fish and Wildlife,
do not contain federally listed species or their critical habitat, or
species of local importance identified in Chapter XX.XX.

2. Wetlands less than 1,000 square feet that meet the above criteria and do not
contain federally listed species or their critical habitat are exempt from the
buffer provisions contained in this Chapter.

1See page 6 of “Priority Habitat and Species List,” Washington Department of Fish and Wildlife, 2008, Olympia,

Washington. 177 pp.
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B. Activities Allowed in Wetlands. The activities listed below are allowed in
wetlands. These activities do not require submission of a critical area report, except
where such activities result in a loss of the functions and values of a wetland or wetland
buffer. These activities include:
1. Existing and ongoing agricultural activities, provided that they implement
applicable Best Management Practices (BMPs) contained in the latest
editions of the USDA Natural Resources Conservation Service (NRCS)
Field Office Technical Guide (FOTG); or develop a farm conservation
plan in coordination with the local conservation district. BMPs and/or
farm plans should address potential impacts to wetlands from livestock,
nutrient and farm chemicals, soil erosion and sediment control and
agricultural drainage infrastructure. BMPs and/or farm plans should
ensure that ongoing agricultural activities minimize their effects on water
quality, riparian ecology, salmonid populations, and wildlife habitat.
2. Those activities and uses conducted pursuant to the Washington State
Forest Practices Act and its rules and regulations, WAC 222-12-030,
where state law specifically exempts local authority, except those
developments requiring local approval for Class 4 – General Forest
Practice Permits (conversions) as defined in RCW 76.09 and WAC 22212.
3. Conservation or preservation of soil, water, vegetation, fish, shellfish,
and/or other wildlife that does not entail changing the structure or
functions of the existing wetland.
4. The harvesting of wild crops in a manner that is not injurious to natural
reproduction of such crops and provided the harvesting does not require
tilling of soil, planting of crops, chemical applications, or alteration of the
wetland by changing existing topography, water conditions, or water
sources.
5. Drilling for utilities/utility corridors under a wetland, with entrance/exit
portals located completely outside of the wetland buffer, provided that the
drilling does not interrupt the ground water connection to the wetland or
percolation of surface water down through the soil column. Specific
studies by a hydrologist are necessary to determine whether the ground
water connection to the wetland or percolation of surface water down
through the soil column will be disturbed.
6. Enhancement of a wetland through the removal of non-native invasive
plant species. Removal of invasive plant species shall be restricted to
hand removal unless permits from the appropriate regulatory agencies
have been obtained for approved biological or chemical treatments. All
removed plant material shall be taken away from the site and appropriately
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disposed of. Plants that appear on the Washington State Noxious Weed
Control Board list of noxious weeds must be handled and disposed of
according to a noxious weed control plan appropriate to that species. Revegetation with appropriate native species at natural densities is allowed in
conjunction with removal of invasive plant species.
7. Educational and scientific research activities.
8. Normal and routine maintenance and repair of any existing public or
private facilities within an existing right-of-way, provided that the
maintenance or repair does not expand the footprint of the facility or rightof-way.
9. Stormwater management facilities. A wetland or its buffer can be
physically or hydrologically altered to meet the requirements of an LID,
Runoff Treatment or Flow Control BMP if ALL of the following criteria
are met:
a. The wetland is classified as a Category IV or a Category III
wetland with a habitat score of 3-4 points, and
b. There will be “no net loss” of functions and values of the
wetland, and
c. The wetland does not contain a breeding population of any native
amphibian species, and
d. The hydrologic functions of the wetland can be improved as
outlined in questions 3, 4, 5 of Chart 4 and questions 2, 3, 4 of
Chart 5 in the “Guide for Selecting Mitigation Sites Using a
Watershed Approach,” (available here:
http://www.ecy.wa.gov/biblio/0906032.html); or the wetland is
part of a priority restoration plan that achieves restoration goals
identified in a Shoreline Master Program or other local or
regional watershed plan, and
e. The wetland lies in the natural routing of the runoff, and the
discharge follows the natural routing, and
f. All regulations regarding stormwater and wetland management
are followed, including but not limited to local and state wetland
and stormwater codes, manuals, and permits, and
g. Modifications that alter the structure of a wetland or its soils
will require permits. Existing functions and values that are
lost would have to be compensated/replaced.
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Stormwater LID BMPs required as part of New and Redevelopment
projects can be considered within wetlands and their buffers. However,
these areas may contain features that render LID BMPs infeasible. A sitespecific characterization is required to determine if an LID BMP is
feasible at the project site.

XX.050 Wetland Buffers
A. Buffer Requirements. The following buffer widths have been established in
accordance with the best available science. They are based on the category of wetland
and the habitat score as determined by a qualified wetland professional using the
Washington State Wetland Rating System for Western Washington: 2014 Update
(Ecology Publication #14-06-029, or as revised and approved by Ecology). The adjacent
land use intensity is assumed to be high.
1. For wetlands that score 5 points or more for habitat function, the buffers in
Table XX.1 can be used if both of the following criteria are met:
•

A relatively undisturbed, vegetated corridor at least 100 feet wide
is protected between the wetland and any other Priority Habitats as
defined by the Washington State Department of Fish and Wildlife.
The latest definitions of priority habitats and their locations are
available on the WDFW web site at:
http://wdfw.wa.gov/hab/phshabs.htm )
The corridor must be protected for the entire distance between the
wetland and the Priority Habitat by some type of legal protection
such as a conservation easement.
Presence or absence of a nearby habitat must be confirmed by a
qualified biologist. If no option for providing a corridor is
available, Table XX.1 may be used with the required measures in
Table XX.2 alone. 2

•

The measures in Table XX.2 are implemented, where applicable,
to minimize the impacts of the adjacent land uses.

2. For wetlands that score 3-4 habitat points, only the measures in Table
XX.2 are required for the use of Table XX.1
3. If an applicant chooses not to apply the mitigation measures in Table
XX.2, or is unable to provide a protected corridor where available, then
Table XX.3 must be used.
2

See discussion in the Introduction, page 12 as to whether this applies in small urban jurisdictions.
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4. The buffer widths in Table XX.1 and XX.3 assume that the buffer is
vegetated with a native plant community appropriate for the ecoregion. If
the existing buffer is unvegetated, sparsely vegetated, or vegetated with
invasive species that do not perform needed functions, the buffer should
either be planted to create the appropriate plant community or the buffer
should be widened to ensure that adequate functions of the buffer are
provided.
Table XX.1 Wetland Buffer Requirements for Western Washington
if Table XX.2 is Implemented and Corridor Provided
Buffer width (in feet) based on habitat score

Wetland Category
Category I:
Based on total score

3-4

5

6-7

8-9

75

105

165

225

Category I:
Bogs and
Wetlands of High
Conservation Value

190

Category I:
Coastal Lagoons

225

150

165

Category I:
Interdunal
Category I:
Forested

225
75

Category I:
Estuarine
Category II:
Based on score

75

165

105
110

Category II:
Estuarine

Category IV (all)

105

225

150
(buffer width not based on habitat scores)

Category II:
Interdunal Wetlands

Category III (all)

225

165

225

165

225

110
(buffer width not based on habitat scores)
60

105

165
40
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225

Table XX.2 Required measures to minimize impacts to wetlands
(Measures are required if applicable to a specific proposal)
Disturbance

Required Measures to Minimize Impacts

Lights

• Direct lights away from wetland

Noise

• Locate activity that generates noise away from wetland
• If warranted, enhance existing buffer with native vegetation
plantings adjacent to noise source
• For activities that generate relatively continuous, potentially
disruptive noise, such as certain heavy industry or mining,
establish an additional 10’ heavily vegetated buffer strip
immediately adjacent to the outer wetland buffer

Toxic runoff

• Route all new, untreated runoff away from wetland while
ensuring wetland is not dewatered
• Establish covenants limiting use of pesticides within 150 ft of
wetland
• Apply integrated pest management

Stormwater runoff • Retrofit stormwater detention and treatment for roads and existing
adjacent development
• Prevent channelized flow from lawns that directly enters the
buffer
• Use Low Intensity Development techniques (for more
information refer to the drainage ordinance and manual)
Change in water
regime

• Infiltrate or treat, detain, and disperse into buffer new runoff from
impervious surfaces and new lawns

Pets and human
disturbance

• Use privacy fencing OR plant dense vegetation to delineate buffer
edge and to discourage disturbance using vegetation appropriate
for the ecoregion
• Place wetland and its buffer in a separate tract or protect with a
conservation easement

Dust

• Use best management practices to control dust
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Table XX.3 Wetland Buffer Requirements for Western Washington
if Table XX.2 is NOT Implemented or Corridor NOT provided
Buffer width (in feet) based on habitat score

Wetland Category
Category I:
Based on total score

3-4

5

6-7

8-9

100

140

220

300

Category I:
Bogs and
Wetlands of High
Conservation Value

250

Category I:
Coastal Lagoons

300

200

220

Category I:
Interdunal
Category I:
Forested

300
100

Category I:
Estuarine
Category II:
Based on score

100

220

140
150

Category II:
Estuarine

Category IV (all)

140

300

200
(buffer width not based on habitat scores)

Category II:
Interdunal Wetlands

Category III (all)

300

220

300

220

300

150
(buffer width not based on habitat scores)
80

140

220
50
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5. Increased Wetland Buffer Area Width. Buffer widths shall be increased
on a case-by-case basis as determined by the Administrator when a larger
buffer is necessary to protect wetland functions and values. This
determination shall be supported by appropriate documentation showing
that it is reasonably related to protection of the functions and values of the
wetland. The documentation must include but not be limited to the
following criteria:
a. The wetland is used by a state or federally listed plant or animal
species or has essential or outstanding habitat for those species, or has
unusual nesting or resting sites such as heron rookeries or raptor
nesting trees; or
b. The adjacent land is susceptible to severe erosion, and erosion-control
measures will not effectively prevent adverse wetland impacts; or
c. The adjacent land has minimal vegetative cover or slopes greater than
30 percent.
6. Buffer averaging to improve wetland protection may be permitted when
all of the following conditions are met:
a. The wetland has significant differences in characteristics that affect its
habitat functions, such as a wetland with a forested component
adjacent to a degraded emergent component or a “dual-rated” wetland
with a Category I area adjacent to a lower-rated area.
b. The buffer is increased adjacent to the higher-functioning area of
habitat or more-sensitive portion of the wetland and decreased
adjacent to the lower-functioning or less-sensitive portion as
demonstrated by a critical areas report from a qualified wetland
professional.
c. The total area of the buffer after averaging is equal to the area required
without averaging.
d. The buffer at its narrowest point is never less than either ¾ of the
required width or 75 feet for Category I and II, 50 feet for Category
III, and 25 feet for Category IV, whichever is greater.
7. Averaging to allow reasonable use of a parcel may be permitted when all
of the following are met:
a. There are no feasible alternatives to the site design that could be
accomplished without buffer averaging.
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b. The averaged buffer will not result in degradation of the wetland’s
functions and values as demonstrated by a critical areas report from a
qualified wetland professional.
c. The total buffer area after averaging is equal to the area required
without averaging.
d. The buffer at its narrowest point is never less than either ¾ of the
required width or 75 feet for Category I and II, 50 feet for Category
III and 25 feet for Category IV, whichever is greater.
B. To facilitate long-range planning using a landscape approach, the
Administrator may identify and pre-assess wetlands using the rating system and establish
appropriate wetland buffer widths for such wetlands. The Administrator will prepare
maps of wetlands that have been pre-assessed in this manner.
C. Measurement of Wetland Buffers. All buffers shall be measured
perpendicular from the wetland boundary as surveyed in the field. The buffer for a
wetland created, restored, or enhanced as compensation for approved wetland alterations
shall be the same as the buffer required for the category of the created, restored, or
enhanced wetland. Buffers must be fully vegetated in order to be included in buffer area
calculations. Lawns, walkways, driveways, and other mowed or paved areas will not be
considered buffers or included in buffer area calculations.
D. Buffers on Wetland Mitigation Sites. All wetland mitigation sites shall have
buffers consistent with the buffer requirements of this Chapter. Buffers shall be based on
the expected or target category of the proposed wetland mitigation site.
E. Buffer Maintenance. Except as otherwise specified or allowed in accordance
with this Chapter, wetland buffers shall be retained in an undisturbed or enhanced
condition. In the case of compensatory mitigation sites, removal of invasive non-native
weeds is required for the duration of the mitigation bond (Section XX.070.J.2.a.x).
F. Impacts to Buffers. Requirements for the compensation for impacts to buffers
are outlined in Section XX.070 of this Chapter.
G. Overlapping Critical Area Buffers. If buffers for two contiguous critical
areas overlap (such as buffers for a stream and a wetland), the wider buffer applies.
H. Allowed Buffer Uses. The following uses may be allowed within a wetland
buffer in accordance with the review procedures of this Chapter, provided they are not
prohibited by any other applicable law and they are conducted in a manner so as to
minimize impacts to the buffer and adjacent wetland:
1. Conservation or restoration activities aimed at protecting the soil, water,
vegetation, or wildlife.
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2. Passive recreation facilities designed and in accordance with an approved
critical area report, including:
a. Walkways and trails, provided that those pathways are limited to
minor crossings having no adverse impact on water quality. They
should be generally parallel to the perimeter of the wetland, located
only in the outer twenty-five percent (25%) of the wetland buffer area,
and located to avoid removal of significant trees. They should be
limited to pervious surfaces no more than five (5) feet in width for
pedestrian use only. Raised boardwalks utilizing non-treated pilings
may be acceptable.
b. Wildlife-viewing structures.
3. Educational and scientific research activities.
4. Normal and routine maintenance and repair of any existing public or
private facilities within an existing right-of-way, provided that the
maintenance or repair does not increase the footprint or use of the facility
or right-of-way.
5. The harvesting of wild crops in a manner that is not injurious to natural
reproduction of such crops and provided the harvesting does not require
tilling of soil, planting of crops, chemical applications, or alteration of the
wetland by changing existing topography, water conditions, or water
sources.
6. Drilling for utilities/utility corridors under a buffer, with entrance/exit
portals located completely outside of the wetland buffer boundary,
provided that the drilling does not interrupt the ground water connection to
the wetland or percolation of surface water down through the soil column.
Specific studies by a hydrologist are necessary to determine whether the
ground water connection to the wetland or percolation of surface water
down through the soil column would be disturbed.
7. Enhancement of a wetland buffer through the removal of non-native
invasive plant species. Removal of invasive plant species shall be
restricted to hand removal. All removed plant material shall be taken
away from the site and appropriately disposed of. Plants that appear on
the Washington State Noxious Weed Control Board list of noxious weeds
must be handled and disposed of according to a noxious weed control plan
appropriate to that species. Revegetation with appropriate native species
at natural densities is allowed in conjunction with removal of invasive
plant species.
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8. Repair and maintenance of non-conforming uses or structures, where
legally established within the buffer, provided they do not increase the
degree of nonconformity.
I. Signs and Fencing of Wetlands and Buffers:
1. Temporary markers. The outer perimeter of the wetland buffer and the
clearing limits identified by an approved permit or authorization shall be
marked in the field with temporary “clearing limits” fencing in such a way
as to ensure that no unauthorized intrusion will occur. The marking is
subject to inspection by the Administrator prior to the commencement of
permitted activities. This temporary marking shall be maintained
throughout construction and shall not be removed until permanent signs, if
required, are in place.
2. Permanent signs. As a condition of any permit or authorization issued
pursuant to this Chapter, the Administrator may require the applicant to
install permanent signs along the boundary of a wetland or buffer.
a. Permanent signs shall be made of an enamel-coated metal face and
attached to a metal post or another non-treated material of equal
durability. Signs must be posted at an interval of one (1) every fifty
(50) feet, or one (1) per lot if the lot is less than fifty (50) feet wide,
and must be maintained by the property owner in perpetuity. The
signs shall be worded as follows or with alternative language approved
by the Administrator:
Protected Wetland Area
Do Not Disturb
Contact [Local Jurisdiction]
Regarding Uses, Restrictions, and Opportunities for Stewardship
b. The provisions of Subsection (a) may be modified as necessary to
assure protection of sensitive features or wildlife.
3. Fencing
a. The applicant shall be required to install a permanent fence around the
wetland or buffer when domestic grazing animals are present or may
be introduced on site.
b. Fencing installed as part of a proposed activity or as required in this
Subsection shall be designed so as to not interfere with species
migration, including fish runs, and shall be constructed in a manner
that minimizes impacts to the wetland and associated habitat.
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XX.060 Critical Area Report for Wetlands
A. If the Administrator determines that the site of a proposed development
includes, is likely to include, or is adjacent to a wetland, a wetland report, prepared by a
qualified professional, shall be required. The expense of preparing the wetland report
shall be borne by the applicant.
B. Minimum Standards for Wetland Reports. The written report and the
accompanying plan sheets shall contain the following information, at a minimum:
1. The written report shall include at a minimum:
a. The name and contact information of the applicant; the name,
qualifications, and contact information for the primary author(s) of the
wetland critical area report; a description of the proposal;
identification of all the local, state, and/or federal wetland-related
permit(s) required for the project; and a vicinity map for the project.
b. A statement specifying the accuracy of the report and all assumptions
made and relied upon.
c. Documentation of any fieldwork performed on the site, including field
data sheets for delineations, rating system forms, baseline hydrologic
data, etc.
d. A description of the methodologies used to conduct the wetland
delineations, wetland ratings, or impact analyses, including references.
e. Identification and characterization of all critical areas, wetlands, water
bodies, shorelines, floodplains, and buffers on or adjacent to the
proposed project area. For areas off site of the project site, estimate
conditions within 300 feet of the project boundaries using the best
available information.
f. For each wetland identified on site and within 300 feet of the project
boundary, provide: the wetland rating, including a description of and
score for each function, per Wetland Ratings (Section XX.020.B) of
this Chapter; required buffers; hydrogeomorphic classification;
wetland acreage based on a professional survey from the field
delineation (acreages for on-site portion or estimate entire wetland
area including off-site portions); Cowardin classification of vegetation
communities; habitat elements; soil conditions based on site
assessment and/or soil survey information; and to the extent possible,
hydrologic information such as location and condition of inlets/outlets
(if they can be legally accessed), estimated water depths within the
wetland, and estimated hydroperiod patterns based on visual cues (e.g.,
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algal mats, drift lines, flood debris, etc.). Provide acreage estimates,
classifications, and ratings based on entire wetland complexes, not
only the portion present on the proposed project site.
g. A description of the proposed actions, including an estimation of
acreages of impacts to wetlands and buffers based on the field
delineation and survey and an analysis of site development
alternatives, including a no-development alternative.
h. An assessment of the probable cumulative impacts to the wetlands and
buffers resulting from the proposed development.
i. A description of reasonable efforts made to apply mitigation
sequencing pursuant to Mitigation Sequencing (Chapter XX.070.A) to
avoid, minimize, and mitigate impacts to critical areas.
j. A discussion of measures, including avoidance, minimization, and
compensation, proposed to preserve existing wetlands and restore any
wetlands that were degraded prior to the current proposed land-use
activity.
k. A conservation strategy for habitat and native vegetation that
addresses methods to protect and enhance on-site habitat and wetland
functions.
l. An evaluation of the functions of the wetland and its buffer. Include
references for the method used and data sheets.
2. A copy of the site plan sheet(s) for the project must be included with the
written report and must include, at a minimum:
a. Maps (to scale) depicting delineated and surveyed wetland and
required buffers on site, including buffers for off-site critical areas that
extend onto the project site; the development proposal; other critical
areas; grading and clearing limits; and areas of proposed impacts to
wetlands and/or buffers (include square footage estimates).
b. A depiction of the proposed stormwater management facilities and
outlets (to scale) for the development, including estimated areas of
intrusion into the buffers of any critical areas. The written report shall
contain a discussion of the potential impacts to the wetland(s)
associated with anticipated hydroperiod alterations from the project.
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XX.070 Compensatory Mitigation.
A. Mitigation Sequencing. Before impacting any wetland or its buffer, an
applicant shall demonstrate that the following actions have been taken. Actions are listed
in the order of preference:
1. Avoid the impact altogether by not taking a certain action or parts of an
action.
2. Minimize impacts by limiting the degree or magnitude of the action and its
implementation, by using appropriate technology, or by taking affirmative
steps to avoid or reduce impacts.
3. Rectify the impact by repairing, rehabilitating, or restoring the affected
environment.
4. Reduce or eliminate the impact over time by preservation and maintenance
operations.
5. Compensate for the impact by replacing, enhancing, or providing
substitute resources or environments.
6. Monitor the required compensation and take remedial or corrective
measures when necessary.
B. Requirements for Compensatory Mitigation:
1. Compensatory mitigation for alterations to wetlands shall be used only for
impacts that cannot be avoided or minimized and shall achieve equivalent
or greater biologic functions. Compensatory mitigation plans shall be
consistent with Wetland Mitigation in Washington State–Part 2:
Developing Mitigation Plans—Version 1, (Ecology Publication #06-06011b, Olympia, WA, March 2006, or as revised), and Selecting Wetland
Mitigation Sites Using a Watershed Approach (Western Washington)
(Publication #09-06-32, Olympia, WA, December 2009).
2. Mitigation ratios shall be consistent with Subsection H of this Chapter.
3. Mitigation requirements may also be determined using the credit/debit tool
described in Calculating Credits and Debits for Compensatory Mitigation
in Wetlands of Western Washington: Final Report (Ecology Publication
#10-06-011, Olympia, WA, March 2012, or as revised) consistent with
subsection H of this Chapter.
C. Compensating for Lost or Affected Functions. Compensatory mitigation shall
address the functions affected by the proposed project, with an intention to achieve
functional equivalency or improvement of functions. The goal shall be for the
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compensatory mitigation to provide similar wetland functions as those lost, except when
either:
1. The lost wetland provides minimal functions, and the proposed
compensatory mitigation action(s) will provide equal or greater functions
or will provide functions shown to be limiting within a watershed through
a formal Washington state watershed assessment plan or protocol; or
2. Out-of-kind replacement of wetland type or functions will best meet
watershed goals formally identified by the City, such as replacement of
historically diminished wetland types.
D. Approaches to Compensatory Mitigation. Mitigation for lost or diminished
wetland and buffer functions shall rely on the approaches listed below.
1. Wetland mitigation banks. Credits from a certified wetland mitigation
bank may be used to compensate for impacts located within the service
area specified in the mitigation bank instrument. Use of credits from a
wetland mitigation bank certified under Chapter 173-700 WAC is allowed
if:
a. The approval authority determines that it would provide appropriate
compensation for the proposed impacts; and
b. The impact site is located in the service area of the bank.
c. The proposed use of credits is consistent with the terms and conditions
of the certified mitigation bank instrument.
d. Replacement ratios for projects using bank credits is consistent with
replacement ratios specified in the certified mitigation bank instrument.
2.

In-Lieu Fee Mitigation: Credits from an approved in-lieu-fee program
may be used when all of the following apply:
a. The approval authority determines that it would provide
environmentally appropriate compensation for the proposed impacts.
b. The proposed use of credits is consistent with the terms and conditions
of the approved in-lieu-fee program instrument.
c. Projects using in-lieu-fee credits shall have debits associated with the
proposed impacts calculated by the applicant’s qualified wetland
professional using the credit assessment method specified in the
approved instrument for the in-lieu-fee program.
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d. The impacts are located within the service area specified in the
approved in-lieu-fee instrument.
3. Permittee-responsible mitigation. In this situation, the permittee performs
the mitigation after the permit is issued and is ultimately responsible for
implementation and success of the mitigation. Permittee-responsible
mitigation may occur at the site of the permitted impacts or at an off-site
location within the same watershed. Permittee-responsible mitigation
shall be used only if the applicant’s qualified wetland professional
demonstrates to the approval authority’s satisfaction that the proposed
approach is ecologically preferable to use of a bank or ILF program,
consistent with the criteria in this section.
E. Types of Compensatory Mitigation. Mitigation for lost or diminished wetland
and buffer functions shall rely on a type listed below in order of preference. A lowerpreference form of mitigation shall be used only if the applicant’s qualified wetland
professional demonstrates to the approval authority’s satisfaction that all higher-ranked
types of mitigation are not viable, consistent with the criteria in this section.
1. Restoration: The manipulation of the physical, chemical, or biological
characteristics of a site with the goal of returning natural or historic
functions to a former or degraded wetland. For the purpose of tracking net
gains in wetland acres, restoration is divided into:
a. Re-establishment: The manipulation of the physical, chemical, or
biological characteristics of a site with the goal of returning natural or
historic functions to a former wetland. Re-establishment results in a
gain in wetland acres (and functions). Activities could include
removing fill material, plugging ditches, or breaking drain tiles.
b. Rehabilitation: The manipulation of the physical, chemical, or
biological characteristics of a site with the goal of repairing natural or
historic functions of a degraded wetland. Rehabilitation results in a
gain in wetland function but does not result in a gain in wetland acres.
Activities could involve breaching a dike to reconnect wetlands to a
floodplain or return tidal influence to a wetland.
2. Establishment (Creation): The manipulation of the physical, chemical, or
biological characteristics of a site to develop a wetland on an upland or
deepwater site where a wetland did not previously exist. Establishment
results in a gain in wetland acres. Activities typically involve excavation
of upland soils to elevations that will produce a wetland hydroperiod,
create hydric soils, and support the growth of hydrophytic plant species.
a. If a site is not available for wetland restoration to compensate for
expected wetland and/or buffer impacts, the approval authority may
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authorize creation of a wetland and buffer upon demonstration by the
applicant’s qualified wetland professional that:
i.

The hydrology and soil conditions at the proposed mitigation site
are conducive for sustaining the proposed wetland and that
creation of a wetland at the site will not likely cause hydrologic
problems elsewhere;

ii.

Adjacent land uses and site conditions do not jeopardize the
viability of the proposed wetland and buffer (e.g., due to the
presence of invasive plants or noxious weeds, stormwater runoff,
noise, light, or other impacts); and

iii. The proposed wetland and buffer will eventually be selfsustaining with little or no long-term maintenance.
3. Enhancement. The manipulation of the physical, chemical, or biological
characteristics of a wetland site to heighten, intensify, or improve specific
function(s) or to change the growth stage or composition of the vegetation
present. Enhancement is undertaken for specified purposes such as water
quality improvement, flood water retention, or wildlife habitat.
Enhancement results in a change in some wetland functions and can lead
to a decline in other wetland functions, but does not result in a gain in
wetland acres. Activities typically consist of planting vegetation,
controlling non-native or invasive species, modifying site elevations or the
proportion of open water to influence hydroperiods, or some combination
of these activities. Applicants proposing to enhance wetlands or
associated buffers shall demonstrate how the proposed enhancement will
increase the wetland’s/buffer’s functions, how this increase in function
will adequately compensate for the impacts, and how existing wetland
functions at the mitigation site will be protected.
4. Protection/Maintenance (Preservation). Removing a threat to, or
preventing the decline of, wetland conditions by an action in or near a
wetland. This includes the purchase of land or easements, or repairing
water control structures or fences. This term also includes activities
commonly associated with the term preservation. Preservation does not
result in a gain of wetland acres. Permanent protection of a Category I or
II wetland and associated buffer at risk of degradation can be used only if:
a. The approval authority determines that the proposed preservation is the
best mitigation option;
b. The proposed preservation site is under threat of undesirable ecological
change due to permitted, planned, or likely actions that will not be
adequately mitigated under existing regulations;
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c. The area proposed for preservation is of high quality or critical for the
health of the watershed or basin due to its location. Some of the
following features may be indicative of high-quality sites:
i. Category I or II wetland rating (using the wetland rating system for
western Washington)
ii. Rare or irreplaceable wetland type (for example, bogs, mature
forested wetlands, estuarine wetlands) or aquatic habitat that is rare
or a limited resource in the area;
iii. The presence of habitat for priority or locally important wildlife
species; or also list has provides biological and/or hydrological
connectivity;
iv. Provides biololgical and/or hydrological connectivity;
v. Priority sites in an adopted watershed plan.
d. Permanent preservation of the wetland and buffer will be provided
through a conservation easement or tract held by an appropriate natural
land resource manager, such as a land trust.
e. The approval authority may approve other legal and administrative
mechanisms in lieu of a conservation easement if it determines they are
adequate to protect the site.
f. Ratios for preservation in combination with other forms of mitigation
generally range from 10:1 to 20:1, as determined on a case-by-case
basis, depending on the quality of the wetlands being impacted and the
quality of the wetlands being preserved. Ratios for preservation as the
sole means of mitigation generally start at 20:1.
F. Location of Compensatory Mitigation. Compensatory mitigation actions shall
generally be conducted within the same sub-drainage basin and on the site of the
alteration except when the applicant can demonstrate that off-site mitigation is
ecologically preferable. The following criteria will be evaluated when determining
whether the proposal is ecologically preferable. When considering off-site mitigation,
preference should be given to using alternative mitigation, such as a mitigation bank, an
in-lieu-fee program, or advance mitigation.
1. There are no reasonable opportunities on site or within the sub-drainage
basin (e.g., on-site options would require elimination of high-functioning
upland habitat), or opportunities on site or within the sub-drainage basin
do not have a high likelihood of success based on a determination of the
capacity of the site to compensate for the impacts. Considerations should
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include: anticipated replacement ratios for wetland mitigation, buffer
conditions and required widths, available water to maintain anticipated
hydrogeomorphic classes of wetlands when restored, proposed flood
storage capacity, and potential to mitigate riparian fish and wildlife
impacts (such as connectivity);
2. On-site mitigation would require elimination of high-quality upland
habitat.
3. Off-site mitigation has a greater likelihood of providing equal or improved
wetland functions than the altered wetland.
4. Off-site locations shall be in the same sub-drainage basin unless:
a. Established watershed goals for water quality, flood storage or
conveyance, habitat, or other wetland functions have been established
by the City and strongly justify location of mitigation at another site;
or
b. Credits from a state-certified wetland mitigation bank are used as
compensation, and the use of credits is consistent with the terms of the
certified bank instrument;
c. Fees are paid to an approved in-lieu-fee program to compensate for the
impacts.
5. The design for the compensatory mitigation project needs to be
appropriate for its location (i.e., position in the landscape). Therefore,
compensatory mitigation should not result in the creation, restoration, or
enhancement of an atypical wetland.
G. Timing of Compensatory Mitigation. It is preferred that compensatory
mitigation projects be completed prior to activities that will impact wetlands. At the
least, compensatory mitigation shall be completed immediately following disturbance and
prior to use or occupancy of the action or development. Construction of mitigation
projects shall be timed to reduce impacts to existing fisheries, wildlife, and flora.
1. The Administrator may authorize a one-time temporary delay in
completing construction or installation of the compensatory mitigation
when the applicant provides a written explanation from a qualified
wetland professional as to the rationale for the delay. An appropriate
rationale would include identification of the environmental conditions that
could produce a high probability of failure or significant construction
difficulties (e.g., project delay lapses past a fisheries window, or installing
plants should be delayed until the dormant season to ensure greater
survival of installed materials). The delay shall not create or perpetuate
hazardous conditions or environmental damage or degradation, and the
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delay shall not be injurious to the health, safety, or general welfare of the
public. The request for the temporary delay must include a written
justification that documents the environmental constraints that preclude
implementation of the compensatory mitigation plan. The justification
must be verified and approved by the City.
H. Wetland Mitigation Ratios 3:
Category and
Type of Wetland
Category I:
Bog, Natural
Heritage site

Creation or
Re-establishment

Rehabilitation Enhancement

Not considered
possible

Case by case

Case by case

Category I:
Mature
Forested

6:1

12:1

24:1

Category I:
Based on
functions

4:1

8:1

16:1

Category II

3:1

6:1

12:1

Category III

2:1

4:1

8:1

Category IV

1.5:1

3:1

6:1

I. Credit/Debit Method. To more fully protect functions and values, and as an
alternative to the mitigation ratios found in the joint guidance Wetland Mitigation in
Washington State Parts I and II (Ecology Publication #06-06-011a-b, Olympia, WA,
March 2006), the administrator may allow mitigation based on the “credit/debit” method
developed by the Department of Ecology in Calculating Credits and Debits for
Compensatory Mitigation in Wetlands of Western Washington: Final Report, (Ecology
Publication #10-06-011, Olympia, WA, March 2012, or as revised).

3 Ratios

for rehabilitation and enhancement may be reduced when combined with 1:1 replacement through
creation or re-establishment. See Table 1a, Wetland Mitigation in Washington State – Part 1: Agency
Policies and Guidance –Version 1, (Ecology Publication #06-06-011a, Olympia, WA, March 2006 or as
revised). See also Paragraph D.4 for more information on using preservation as compensation.
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J. Compensatory Mitigation Plan. When a project involves wetland and/or
buffer impacts, a compensatory mitigation plan prepared by a qualified professional shall
be required, meeting the following minimum standards:
1. Wetland Critical Area Report. A critical area report for wetlands must
accompany or be included in the compensatory mitigation plan and include
the minimum parameters described in Minimum Standards for Wetland
Reports (Section XX.060.B) of this Chapter.
2. Compensatory Mitigation Report. The report must include a written report
and plan sheets that contain, at a minimum, the following elements. Full
guidance can be found in Wetland Mitigation in Washington State– Part 2:
Developing Mitigation Plans (Version 1) (Ecology Publication #06-06011b, Olympia, WA, March 2006 or as revised).
a.

The written report must contain, at a minimum:
i.

The name and contact information of the applicant; the name,
qualifications, and contact information for the primary author(s)
of the compensatory mitigation report; a description of the
proposal; a summary of the impacts and proposed compensation
concept; identification of all the local, state, and/or federal
wetland-related permit(s) required for the project; and a vicinity
map for the project.

ii.

Description of how the project design has been modified to
avoid, minimize, or reduce adverse impacts to wetlands.

iii.

Description of the existing wetland and buffer areas proposed to
be altered. Include acreage (or square footage), water regime,
vegetation, soils, landscape position, surrounding land uses, and
functions. Also describe impacts in terms of acreage by
Cowardin classification, hydrogeomorphic classification, and
wetland rating, based on Wetland Ratings (Section XX.XX) of
this Chapter.

iv.

Description of the compensatory mitigation site, including
location and rationale for selection. Include an assessment of
existing conditions: acreage (or square footage) of wetlands and
uplands, water regime, sources of water, vegetation, soils,
landscape position, surrounding land uses, and functions.
Estimate future conditions in this location if the compensation
actions are NOT undertaken (i.e., how would this site progress
through natural succession?).

v.

Surface and subsurface hydrologic conditions, including an
analysis of existing and proposed hydrologic regimes for
enhanced, created, or restored compensatory mitigation areas.
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Include illustrations of how data for existing hydrologic
conditions were used to determine the estimates of future
hydrologic conditions
vi.

A description of the proposed actions for compensation of
wetland and upland areas affected by the project. Include overall
goals of the proposed mitigation, including a description of the
targeted functions, hydrogeomorphic classification, and
categories of wetlands.

vii. A description of the proposed mitigation construction activities
and timing of activities.
viii. Performance standards (measurable standards for years postinstallation) for upland and wetland communities, a monitoring
schedule, and a maintenance schedule and actions proposed by
year.
ix.

A discussion of ongoing management practices that will protect
wetlands after the development project has been implemented,
including proposed monitoring and maintenance programs (for
remaining wetlands and compensatory mitigation wetlands).

x.

A bond estimate for the entire compensatory mitigation project,
including the following elements: site preparation, plant
materials, construction materials, installation oversight,
maintenance twice per year for up to five (5) years, annual
monitoring field work and reporting, and contingency actions for
a maximum of the total required number of years for monitoring.

xi.

Proof of establishment of Notice on Title for the wetlands and
buffers on the project site, including the compensatory mitigation
areas.

b. The scaled plan sheets for the compensatory mitigation must contain,
at a minimum:
i.

ii.

Surveyed edges of the existing wetland and buffers, proposed
areas of wetland and/or buffer impacts, location of proposed
wetland and/or buffer compensation actions.
Existing topography, ground-proofed, at two-foot contour
intervals in the zone of the proposed compensation actions if any
grading activity is proposed in the compensation area(s). Also
include existing cross-sections (estimated one-foot intervals) of
wetland areas on the development site that are proposed to be
altered and for the proposed areas of wetland or buffer
compensation.
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iii.

Conditions expected from the proposed actions on site, including
future hydrogeomorphic types, vegetation community types by
dominant species (wetland and upland), and future water
regimes.

iv.

Required wetland buffers for existing wetlands and proposed
compensation areas. Also identify any zones where buffers are
proposed to be reduced or enlarged outside of the standards
identified in this Chapter.

v.

A planting plan for the compensation area, including all species
by proposed community type and water regime, size and type of
plant material to be installed, spacing of plants, typical clustering
patterns, total number of each species by community type, and
timing of installation.

K. Buffer Mitigation Ratios. Impacts to buffers shall be mitigated at a minimum
1:1 ratio. Compensatory buffer mitigation shall replace those buffer functions lost from
development.
L. Protection of the Mitigation Site. The mitigation area and any associated
buffer shall be located in a critical area tract or a conservation easement consistent with
Chapter XX.XX.
M. Monitoring. Mitigation monitoring shall be required for a period necessary to
establish that performance standards have been met, but not for a period less than five
years. If a scrub-shrub or forested vegetation community is proposed, monitoring may be
required for ten years or more. The project mitigation plan shall include monitoring
elements that ensure certainty of success for the project’s natural resource values and
functions. If the mitigation goals are not obtained within the initial five-year period, the
applicant remains responsible for restoration of the natural resource values and functions
until the mitigation goals agreed to in the mitigation plan are achieved.
N. Advance Mitigation. Mitigation for projects with pre-identified impacts to
wetlands may be constructed in advance of the impacts if the mitigation is implemented
according to federal rules, state policy on advance mitigation, and state water quality
regulations consistent with Interagency Regulatory Guide: Advance PermitteeResponsible Mitigation (Ecology Publication #12-06-015, Olympia, WA, December
2012).
O. Alternative Mitigation Plans. The Administrator may approve alternative
wetland mitigation plans that are based on best available science, such as priority
restoration plans that achieve restoration goals identified in the SMP. Alternative
mitigation proposals must provide an equivalent or better level of protection of wetland
functions and values than would be provided by the strict application of this chapter.
The Administrator shall consider the following for approval of an alternative
mitigation proposal:
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1. The proposal uses a watershed approach consistent with Selecting Wetland
Mitigation Sites Using a Watershed Approach (Western Washington)
(Ecology Publication #09-06-32, Olympia, WA, December 2009).
2. Creation or enhancement of a larger system of natural areas and open
space is preferable to the preservation of many individual habitat areas.
3. Mitigation according to Section E is not feasible due to site constraints
such as parcel size, stream type, wetland category, or geologic hazards.
4. There is clear potential for success of the proposed mitigation at the
proposed mitigation site.
5. The plan shall contain clear and measurable standards for achieving
compliance with the specific provisions of the plan. A monitoring plan
shall, at a minimum, meet the provisions in Section J.
6. The plan shall be reviewed and approved as part of overall approval of the
proposed use.
7. A wetland of a different type may be justified based on regional needs or
functions and values; the replacement ratios may not be reduced or
eliminated unless the reduction results in a preferred environmental
alternative.
8. Mitigation guarantees shall meet the minimum requirements as outlined in
Section J.2.a.viii.
9. Qualified professionals in each of the critical areas addressed shall prepare
the plan.
10. The City may consult with agencies with expertise and jurisdiction over
the critical areas during the review to assist with analysis and
identification of appropriate performance measures that adequately
safeguard critical areas.

XX.080 Unauthorized Alterations and Enforcement
A. When a wetland or its buffer has been altered in violation of this Chapter, all
ongoing development work shall stop, and the critical area shall be restored. The City
shall have the authority to issue a “stop-work” order to cease all ongoing development
work and order restoration, rehabilitation, or replacement measures at the owner’s or
other responsible party’s expense to compensate for violation of provisions of this
Chapter.
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B. Requirement for Restoration Plan. All development work shall remain
stopped until a restoration plan is prepared and approved by the City. Such a plan shall
be prepared by a qualified professional using the currently accepted scientific principles
and shall describe how the actions proposed meet the minimum requirements described in
Subsection C below. The Administrator shall, at the applicant or other responsible
party’s expense, seek expert advice in determining the adequacy of the plan. Inadequate
plans shall be returned to the applicant or other responsible party for revision and resubmittal.
C. Minimum Performance Standards for Restoration. The following minimum
performance standards shall be met for the restoration of a wetland, provided that if the
applicant or other responsible party can demonstrate that greater functions and habitat
values can be obtained, these standards may be modified:
1. The historic structure, functions, and values of the affected wetland shall
be restored, including water quality and habitat functions.
2. The historic soil types and configuration shall be restored to the extent
practicable.
3. The wetland and buffers shall be replanted with native vegetation that
replicates the vegetation historically found on the site in species types,
sizes, and densities. The historic functions and values should be replicated
at the location of the alteration.
4. Information demonstrating compliance with other applicable provisions of
this Chapter shall be submitted to the Administrator.
D. Site Investigations. The Administrator is authorized to make site inspections
and take such actions as are necessary to enforce this Chapter. The Administrator shall
present proper credentials and make a reasonable effort to contact any property owner
before entering onto private property.
E. Penalties. Any person, party, firm, corporation, or other legal entity convicted
of violating any of the provisions of this Chapter shall be guilty of a misdemeanor.
1. Each day or portion of a day during which a violation of this Chapter is
committed or continued shall constitute a separate offense. Any
development carried out contrary to the provisions of this Chapter shall
constitute a public nuisance and may be enjoined as provided by the
statutes of the state of Washington. The City may levy civil penalties
against any person, party, firm, corporation, or other legal entity for
violation of any of the provisions of this Chapter. The civil penalty shall
be assessed at a maximum rate of $XX dollars per day per violation.
2. If the wetland affected cannot be restored, monies collected as penalties
shall be deposited in a dedicated account for the preservation or
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restoration of landscape processes and functions in the watershed in which
the affected wetland is located. The City may coordinate its preservation
or restoration activities with other cities in the watershed to optimize the
effectiveness of the restoration action.
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Appendix B - Wetland Definitions
(Western Washington)
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Appendix B – Wetland Definitions
Agricultural Activities, Existing and Ongoing – Those activities conducted on lands
defined in RCW 84.34.020(2), and those activities involved in the production of crops
and livestock, including but not limited to operation, maintenance and conservation
measures of farm and stock ponds or drainage ditches, irrigation systems, changes
between agricultural activities, and normal operation, maintenance or repair of existing
serviceable structures, facilities or improved areas. Activities which bring an area into
agricultural use are not part of an ongoing activity. An operation ceases to be ongoing
when the area in which it was conducted is proposed for conversion to a nonagricultural
use or has lain idle for a period of longer than five years, unless the idle land is registered
in a federal or state soils conversation program.
Alteration – Any human-induced change in an existing condition of a critical area or its
buffer. Alterations include, but are not limited to, grading, filling, channelizing,
dredging, clearing of vegetation, construction, compaction, excavation, or any other
activity that changes the character of the critical area.
Best Available Science – Current scientific information used in the process to designate,
protect, or restore critical areas; that is, derived from a valid scientific process as defined
by WAC 365-195-900 through 925.
Best Management Practices (BMPs) – Conservation practices or systems of practices
and management measures that:
(a)

Control soil loss and reduce water quality degradation caused by high
concentrations of nutrients, animal waste, toxics, or sediment;

(b)

Minimize adverse impacts to surface water and ground water flow and
circulation patterns and to the chemical, physical, and biological
characteristics of wetlands;

(c)

Protect trees, vegetation, and soils designated to be retained during and
following site construction and use native plant species appropriate to the
site for re-vegetation of disturbed areas; and

(d)

Provide standards for proper use of chemical herbicides within critical
areas.

Bog – A low-nutrient, acidic wetland with organic soils and characteristic bog plants, as
described in Washington State Wetland Rating System for Western Washington: 2014
Update (Washington State Department of Ecology Publication #14-06-29, Olympia, WA,
October 2014).
Buffer or Buffer Zone – The area contiguous with a critical area that maintains the
functions and/or structural stability of the critical area.
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Coastal Lagoon – A shallow body of water partly or completely separated from the sea
by a barrier beach that receives periodic influxes of salt water, as described in
Washington State Wetland Rating System for Western Washington: 2014 Update
(Washington State Department of Ecology Publication #14-06-29, Olympia, WA,
October 2014).
Critical Areas – Critical areas include any of the following areas or ecosystems: critical
aquifer recharge areas, fish and wildlife habitat conservation areas, geologically
hazardous areas, frequently flooded areas, and wetlands, as defined in RCW 36.70A and
this Chapter.
Creation – The manipulation of the physical, chemical, or biological characteristics to
develop a wetland on an upland or deepwater site where a wetland did not previously
exist. Creation results in a gain in wetland acreage and function. A typical action is the
excavation of upland soils to elevations that will produce a wetland hydroperiod and
hydric soils, and support the growth of hydrophytic plant species.
Cumulative Impacts or Effects – The combined, incremental effects of human activity
on ecological or critical area functions and values. Cumulative impacts result when the
effects of an action are added to or interact with the effects of other actions in a particular
place and within a particular time. It is the combination of these effects, and any
resulting environmental degradation, that should be the focus of cumulative impact
analysis and changes to policies and permitting decisions.
Development – A land use consisting of the construction or exterior alteration of
structures; grading, dredging, drilling, or dumping; filling; removal of sand, gravel, or
minerals; bulk heading; driving of pilings; or any project of a temporary or permanent
nature which modifies structures, land, wetlands, or shorelines and which does not fall
within the allowable exemptions contained in the City Code.
Enhancement – The manipulation of the physical, chemical, or biological characteristics
of a wetland to heighten, intensify, or improve specific function(s) or to change the
growth stage or composition of the vegetation present. Enhancement is undertaken for
specified purposes such as water quality improvement, flood water retention, or wildlife
habitat. Enhancement results in a change in wetland function(s) and can lead to a decline
in other wetland functions, but does not result in a gain in wetland acres. Examples are
planting vegetation, controlling non-native or invasive species, and modifying site
elevations to alter hydroperiods.
Estuarine Wetland – A vegetated wetland with a water regime that is predominately
tidal, as described in Washington State Wetland Rating System for Western
Washington: 2014 Update (Washington State Department of Ecology Publication #1406-29, Olympia, WA, October 2014).
Functions and Values – The services provided by critical areas to society, including, but
not limited to, improving and maintaining water quality, providing fish and wildlife
habitat, supporting terrestrial and aquatic food chains, reducing flooding and erosive
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flows, wave attenuation, historical or archaeological importance, educational
opportunities, and recreation.
Growth Management Act – RCW 36.70A and 36.70B, as amended.
Hazardous Substances – Any liquid, solid, gas, or sludge, including any material,
substance, product, commodity, or waste, regardless of quantity, that exhibits any of the
physical, chemical, or biological properties described in WAC 173-303-090 or 173-303100.
Impervious Surface – A surface area which either prevents or retards the entry of water
into the soil mantle as under natural conditions prior to development. A non-vegetated
surface area which causes water to run off the surface in greater quantities or at an
increased rate of flow from the flow present under pre-development or pre-developed
conditions. Common impervious surfaces include, but are not limited to, roof tops,
walkways, patios, driveways, parking lots or storage areas, concrete or asphalt paving,
gravel roads, packed earthen materials, and oiled, macadam or other surfaces which
similarly impede the natural infiltration of stormwater.
In-Kind Compensation – To replace critical areas with substitute areas whose
characteristics and functions closely approximate those destroyed or degraded by a
regulated activity.
In-Lieu-Fee Program – An agreement between a regulatory agency (state, federal, or
local) and a single sponsor, generally a public natural resource agency or non-profit
organization. Under an in-lieu-fee agreement, the mitigation sponsor collects funds from
an individual or a number of individuals who are required to conduct compensatory
mitigation required under a wetland regulatory program. The sponsor may use the funds
pooled from multiple permittees to create one or a number of sites under the authority of
the agreement to satisfy the permittees’ required mitigation.
Infiltration – The downward entry of water into the immediate surface of soil.
Interdunal Wetland – A wetland that forms in the deflation plains and swales that are
geomorphic features in areas of coastal dunes, as described in Washington State Wetland
Rating System for Western Washington: 2014 Update (Washington State Department of
Ecology.
Isolated Wetland – A wetland that is hydrologically isolated from other aquatic
resources, as determined by the United States Army Corps of Engineers (USACE).
Isolated wetlands may perform important functions and are protected by state law (RCW
90.48) whether or not they are protected by federal law.
Mature and Old-Growth Forested Wetland – A wetland having at least 1 contiguous
acre of either old-growth forest or mature forest, as described in Washington State
Wetland Rating System for Western Washington: 2014 Update (Washington State
Department of Ecology Publication #14-06-29, Olympia, WA, October 2014).
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Mitigation – Avoiding, minimizing, or compensating for adverse critical areas impacts.
Mitigation, in the following sequential order of preference, is:
(a)

Avoiding the impact altogether by not taking a certain action or parts of an
action;

(b)

Minimizing impacts by limiting the degree or magnitude of the action and
its implementation by using appropriate technology or by taking
affirmative steps to avoid or reduce impacts;

(c)

Rectifying the impact to wetlands, critical aquifer recharge areas, and
habitat conservation areas by repairing, rehabilitating, or restoring the
affected environment to the conditions existing at the time of the initiation
of the project;

(d)

Reducing or eliminating the impact or hazard over time by preservation
and maintenance operations during the life of the action;

(e)

Compensating for the impact to wetlands, critical aquifer recharge areas,
and habitat conservation areas by replacing, enhancing, or providing
substitute resources or environments; and

(f)

Monitoring the hazard or other required mitigation and taking remedial
action when necessary.

Mitigation for individual actions may include a combination of the above measures.
Monitoring – Evaluating the impacts of development proposals on the biological,
hydrological, and geological elements of such systems, and assessing the performance of
required mitigation measures through the collection and analysis of data by various
methods for the purpose of understanding and documenting changes in natural
ecosystems and features. Monitoring includes gathering baseline data.
Native Vegetation – Plant species that occur naturally in a particular region or
environment and were present before European colonization.
Off-Site Compensation – To replace critical areas away from the site on which a critical
area has been impacted.
On-Site Compensation – To replace critical areas at or adjacent to the site on which a
critical areas has been impacted.
Ordinary High Water Mark – That mark which is found by examining the bed and
banks of water bodies and ascertaining where the presence and action of waters are so
common and usual, and so long continued in all ordinary years, that the soil has a
character distinct from that of the abutting upland in respect to vegetation.
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Preservation – The removal of a threat to, or preventing the decline of, wetland
conditions by an action in or near a wetland. This term includes the purchase of land or
conservation easements, repairing water control structures or fences, or structural
protection. Preservation does not result in a gain of wetland acres but may result in a
gain in functions over the long term.
Project Area – All areas, including those within fifty (50) feet of the area, proposed to be
disturbed, altered, or used by the proposed activity or the construction of any proposed
structures. When the action binds the land, such as a subdivision, short subdivision,
binding site plan, planned unit development, or rezone, the project area shall include the
entire parcel, at a minimum.
Prior Converted Croplands – Prior converted croplands (PCCs) are defined in federal
law as wetlands that were drained, dredged, filled, leveled, or otherwise manipulated,
including the removal of woody vegetation, before December 23, 1985, to enable
production of an agricultural commodity, and that: 1) have had an agricultural
commodity planted or produced at least once prior to December 23, 1985; 2) do not have
standing water for more than 14 consecutive days during the growing season, and 3) have
not since been abandoned.
Qualified Professional – A qualified professional for wetlands must be a professional
wetland scientist with at least two years of full-time work experience as a wetlands
professional, including delineating wetlands using the federal manual and supplements,
preparing wetlands reports, conducting function assessments, and developing and
implementing mitigation plans.
Re-establishment – The manipulation of the physical, chemical, or biological
characteristics of a site with the goal of returning natural or historic functions to a former
wetland. Re-establishment results in rebuilding a former wetland and results in a gain in
wetland acres and functions. Activities could include removing fill, plugging ditches, or
breaking drain tiles.
Rehabilitation – The manipulation of the physical, chemical, or biological characteristics
of a site with the goal of repairing natural or historic functions and processes of a
degraded wetland. Rehabilitation results in a gain in wetland function but does not result
in a gain in wetland acres. Activities could involve breaching a dike to reconnect
wetlands to a floodplain or returning tidal influence to a wetland.
Repair or Maintenance – An activity that restores the character, scope, size, and design
of a serviceable area, structure, or land use to its previously authorized and undamaged
condition. Activities that change the character, size, or scope of a project beyond the
original design and drain, dredge, fill, flood, or otherwise alter critical areas are not
included in this definition.
Restoration – Measures taken to restore an altered or damaged natural feature, including:
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(a)

Active steps taken to restore damaged wetlands, streams, protected habitat,
or their buffers to the functioning condition that existed prior to an
unauthorized alteration; and

(b)

Actions performed to re-establish structural and functional characteristics
of a critical area that have been lost by alteration, past management
activities, or catastrophic events.

SEPA – Washington State Environmental Policy Act, 43.21C RCW.
Service Area – The geographic area within which impacts can be mitigated at a specific
mitigation bank or an in-lieu-fee program, as designated in its instrument.
Soil Survey – The most recent soil survey for the local area or county by the National
Resources Conservation Service, U.S. Department of Agriculture.
Species – Any group of animals or plants classified as a species or subspecies as
commonly accepted by the scientific community.
Species of Local Importance – Those species of local concern designated by the City in
Chapter XX.XX due to their population status or their sensitivity to habitat manipulation.
Species, Listed -- Any species listed under the federal Endangered Species Act or state
endangered, threatened, and sensitive, or priority lists (see WAC 232-12-297 or page 6 of
“Priority Habitat and Species List,” Washington Department of Fish and Wildlife, 2008,
Olympia, Washington. 177 pp.)
Stream – An area where open surface water produces a defined channel or bed, not
including irrigation ditches, canals, storm or surface water runoff devices, or other
entirely artificial watercourses, unless they are used by salmonids or are used to convey a
watercourse naturally occurring prior to construction. A channel or bed need not contain
water year-round, provided there is evidence of at least intermittent flow during years of
normal rainfall.
Unavoidable Impacts – Adverse impacts that remain after all appropriate and
practicable avoidance and minimization has been achieved.
Washington Administration Code (WAC) – Administrative rules implementing state
laws.
Wetlands – Those areas that are inundated or saturated by surface or ground water at a
frequency and duration sufficient to support, and that under normal circumstances do
support, a prevalence of vegetation adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, bogs, and similar areas. Wetlands do not include
those artificial wetlands intentionally created from non-wetland sites, including, but not
limited to, irrigation and drainage ditches, grass-lined swales, canals, detention facilities,
wastewater treatment facilities, farm ponds, and landscape amenities, or those wetlands
created after July 1, 1990, that were unintentionally created as a result of the construction
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of a road, street, or highway. Wetlands may include those artificial wetlands
intentionally created from non-wetland areas to mitigate the conversion of wetlands.
Wetland of High Conservation Value – A wetland that has been identified by scientists
from the Washington Natural Heritage Program (WHNHP) as an important ecosystem for
maintaining plant diversity in Washington State. See http://www.dnr.wa.gov/datainformation-natural-heritage-features .
Wetland Mitigation Bank – A site where wetlands are restored, created, enhanced, or in
exceptional circumstances, preserved, expressly for the purpose of providing
compensatory mitigation in advance of unavoidable impacts to wetlands or other aquatic
resources that typically are unknown at the time of certification to compensate for future,
permitted impacts to similar resources.
Wetland Mosaic – An area with a concentration of multiple small wetlands, in which
each patch of wetland is less than one acre; on average, patches are less than 100 feet
from each other; and areas delineated as vegetated wetland are more than 50% of the total
area of the entire mosaic, including uplands and open water.
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From:
To:
Cc:
Subject:
Date:

kim clarkin
PDS_Planning_Commission
Council; Satpal Sidhu
Shoreline Management Program Update public comment
Thursday, April 22, 2021 3:28:27 PM

To: Whatcom County Planning Commission
Re: Draft Shoreline Management Program Update, Public Hearing April 2021
Dear Commissioners,
I am concerned about the current document’s lack of land use restrictions on areas that will be
affected by sea level rise. I do not agree that waiting to strengthen regulations till more information
is available is a good idea. In the meantime, many decisions will be made that may harm critical
areas along the changing shoreline. Those decisions may also harm the people who invest in
shoreline developments that storm surges could damage. This is the kind of foresight and protection
citizens expect from their government—not a laissez-faire attitude such as led to the Oso disaster.
Other commenters have given strong references for up-to-date scientific information the Planning
Dept can use to write pertinent and reasonable rules to distance new developments from the
shoreline.
I do not see a reason for expanding the reasonable use exception to 4000 ft2 in critical areas. That is
a trophy home, not a reasonable exception.   Critical areas are critical to wildlife, water and other
things that we are trying to protect. Let’s actually protect them.
I strongly encourage you to use WDFW’s most recent recommendations for riparian buffer widths
for new developments. They are based on a thorough knowledge of rivers, valleys, and in-stream
habitat development over the long term, and they should be incorporated in our long-term
planning. No one is saying that existing developments have to be retired. New development should
be completely different; recognizing our expanding understanding of the damage we wreak on
ecosystems, we should aggressively seek to avoid that damage.
I congratulate you and the Planning Department for making otherwise reasonable updates to a huge
document and working toward making regulations more understandable. It has been a long slog for
you, and I’m grateful for your attention to this extremely important roadmap to our future
relationship with our environment. Please make it as strongly protective as you can.
Thank you,
Kim Clarkin
2608 Mill Av
Bellingham

From:
To:
Subject:
Date:

William Haynes
PDS_Planning_Commission
Comment on SMP Update.
Thursday, April 22, 2021 3:00:03 PM

Hi,
I have a comment on the Section 23.50.140 Table for Dimensional Standards (page 147)
shown and highlighted below. (The minimum length required to reach a moorage depth of
5’ below ordinary high water.)
Ordinary High Water (OHW) elevation 314.5’ has been well established on the Lake
Whatcom - at least for the multiple projects I’ve been involved with.
The proposed change results in a low water depth at the outer end of the dock (float) of 2’.
Design low water has been established at an elevation of 311.5’.
In a Jan. 29, 1999 letter from the WA Dept of Ecology(DOE) to WCPDS and the WC
Hearing Examiner, the DOE determined “…an in-water depth of 2.5 feet at 311.5 feet MSL
is the minimum necessary draft to accommodate a standard powerboat on Lake Whatcom.”
The proposed update lowers the design depth from 2.5’ to 2.0’. That depth is at the
watered end of the dock only. Presumably, depths towards shore are shallower and at low
water level a power boat will have less than 2’ to moor in. In addition, the landward end of
the float may go aground depending on the bottom contours if the outer end is at 2’. If the
site is exposed to waves, the dock/boat may be tossed up and down on the lake bed.
Assuming a 6’x20’ floating dock aligned with its approach ramp, I would propose the overall
minimum length required to reach an inshore depth of 5’ at OHW (2’ depth at 311.5’). That
assumes depths offshore increase.
Thank you,

William (Bill) A. Haynes, PE

Ashton Engineering, Inc.
PO Box 5665
Bellingham, WA 98227
360.510.7946

Maximum Area: surface coverage,
including all attached float decking,
platform lifts, covered moorage,
ramps, ells, and fingers

· 480 sq. ft. for an individual use dock or pier
· 700 sq. ft. for a shared moorage facility used by 2 residential property owners
· 1,000 sq. ft. for a shared moorage facility used by 3 or more residential
property owners
· Public and commercial moorage structures shall be limited to the minimum
area needed to accommodate the intended use.
· These area limitations shall include platform lifts
· Where a pier or dock cannot reasonably be constructed under the area
limitation above to obtain a moorage depth of 5 feet measured below ordinary
high water mark, an additional 4 sq. ft. of area may be added for each
additional foot of pier or dock length needed to reach 5 feet of water depth at
the waterward end of the pier or dock; provided, that all other area dimensions,
such as maximum width and length, have been minimized.

Maximum Width

Height
Maximum Length
Marine Rails
Floats
Overall Dock Length
Decking for piers, docks,
walkways, platform lifts, ells, and
fingers

· For mooage structures accessory to a residential use:
o 4 feet for pier or dock walkway or ramp
o 6 feet for ells
o 2 feet for fingers
o 6 feet for float decking
· Public and marina moorage structures shall be a maximum of 6 feet for all
elements unless a need for a larger size is demonstrated
· Minimum of 1.5 feet above ordinary high water to bottom of pier stringers,
except the floating section of a dock and float decking attached to a pier
· 20 feet
· 20 feet for float decking
· Minimum necessary to obtain a moorage depth of 5 feet measured below
ordinary high watermark at the waterward end of the dock.
· Floats 6 feet wide or less must have at least 30% of the deck surface covered
in functional grating
· Floats greater than 6 feet wide must have at least 50% of the deck surface
covered in funtional grating
· All other dock components must have 100% of the deck surface covered in
functional grating
· The open area of functional grating must be at least 60%
· Replacement of more than 33% or 250 sq. ft., whichever is greater, of decking
or replacement of decking substructure requires installation of functional
grating in the replaced portion only

From:
To:
Cc:
Subject:
Date:

Paula Rotondi
PDS_Planning_Commission
Council; Satpal Sidhu
Shoreline Master Plan
Thursday, April 22, 2021 2:10:16 PM

Dear Planning Commission Members,
As you consider changes to the Shoreline Master Plan (SMP), I urge you to make
decisions based upon what will be best for those living here twenty years from now –
rather than what is best for corporations’ short term profits. Please draft more
stringent SMP standards.
First, regarding Restore Reasonable Use* impact area language draft Exhibit F,
WCC 16.16.270 Reasonable Use Exceptions , please reject the proposed change to
expand the maximum impact area for single family residences from 2500 square feet
to 4000 square feet. “Reasonable Use” means there must be some minimal use such
as a 2500 square foot house. If those living here twenty years from now are to have
natural treasures such as salmon fishing, crabbing, the sight of Orcas, the SMP
cannot afford extravagances such as a 4,000 square foot house that will do more
damage to our already damaged shorelines.
Second, the buffer requirements in the SMP do not adequately protect riparian and
stream functions which are essential for sustaining fish, wildlife and protecting our
water supply. If people living here twenty or more years from now are to have the fish
and wildlife treasures we enjoy today and have adequate supplies of clean water,
then the SMP must incorporate the State of Washington Department of Fish &
Wildlife’s new riparian buffers guidance.
Third, please do not add to the challenges of those living here twenty years or more
from today who will be dealing with increasingly severe ramifications of climate
change. Climate change causes sea level to rise and also causes more extreme
storms with tide surge coastal flooding and also river flooding. The Washington State
Department of Ecology, the Federal Emergency Management Agency, private
investment companies, insurance companies, and real estate companies (Redfin
most recently) warn that many thousands of homes worth billions of dollars will be lost
due to climate change exacerbated flooding. Please include regulations in the SMP
to prepare for accelerating sea level rise.
Thank you for considering my comments,
Sincerely,
Paula Rotondi

From:
To:
Cc:
Subject:
Date:

Alan Chapman
PDS_Planning_Commission
Council; Satpal Sidhu
2020 Shoreline Management Program Periodic Update comment
Thursday, April 22, 2021 12:12:44 PM

Dear Planning Commissioners:
I have been involved in fisheries management, and watershed resource issues in Whatcom
County for over 30 years.
Regardless of the level of belief one might have in projections of climate change and sea level
rise and associated storm surges, it does not make sense to allow development in areas of high
risk. I urge the county, in the interests in avoiding significant damage to life, property and
natural resources to not allow creation of lots where reasonable use would be subject to a high
risk of damage from climate change effects, sea level rise, or reduce public trust ecological
benefits within the foreseeable future. Where existing lots are large enough to still allow
residential, commercial, or industrial uses compatible with the zoning, I urge you to
recommend or require a similar risk avoidance approach. In addition, I support revising the
regulations to ensure that new or substantially changed structures be elevated above the likely
sea level rise elevation for the life of the structure.
In the interest of protecting and achieving a net ecological gain of shoreline functions through
consideration of locational relevant riparian buffer requirements that might be identified in the
Washington State Department of Fish and Wildlife recent guidance on riparian guidance.
I hope this helps in your deliberations.
Alan B Chapman
628 East Hemmi Road Lynden WA 98264
Alanchapman398@gmail.com Phone: (360) 224 3129

Virus-free. www.avg.com

From:
To:
Subject:
Date:

David Kershner
PDS_Planning_Commission
2020 Shoreline Management Program Periodic Update comment
Thursday, April 22, 2021 8:35:13 AM

Dear Planning Commissioners,
I have served on the Whatcom County Climate Impact Advisory Committee since its
inception in 2018. While I am not writing in my capacity as a committee member, I
have familiarized myself with the research on sea level rise related to climate change.
The financial costs to Whatcom County taxpayers and property owners of not
adequately planning for sea level rise are likely to be substantial. As you may know,
the real estate company Zillow estimates that nearly $14 billion worth of housing in
Washington State could be submerged in the next 80 years under some climate
change scenarios. The ecological costs will also be substantial, if we plan to prevent
flooding of structures but not to allow migration of shoreline habitat. That habitat not
only supports wildlife populations, it also provides economic benefits, such as
recreation and fisheries.
To reduce the economic toll of sea level rise and truly protect shorelines consistent
with the intent of the Shoreline Management Act, I urge you to recommend revising
regulations to ensure that newly-created lots only allow construction in areas that are
not likely to be inundated in this century. Where existing lots are large enough to still
allow residential, commercial, or industrial uses compatible with the zoning, I urge you
to recommend a similar revision. In addition, I support revising the regulations to
ensure that new or substantially changed structures be elevated above the likely sea
level rise elevation for the life of the structure.
Waterfront property that I own on Lummi Island would likely be constrained in its use
due to these regulations. Nevertheless, new protections are the only responsible
approach to shoreline planning, given what we know about sea level rise.
As a former commercial salmon fisher, I also support strengthening riparian buffer
restrictions consistent with recommendations of the Washington Department of Fish
and Wildlife Riparian Ecosystems Volumes I and II. Salmon populations have
declined in part due to riparian habitat degradation. We need to protect this habitat to
restore healthy salmon populations.
Respectfully,
David Kershner
Lummi Island

Holli Johnson
NW External Affairs

April 21, 2021

Sent via email

Cliff Strong, Senior Planner
Whatcom County Planning and Development Services
5280 Northwest Drive
Bellingham, WA 98226
RE: Shoreline Master Plan Periodic Update
Dear Mr. Strong:
The Western States Petroleum Association (WSPA) appreciates the opportunity to provide
clarification on implementation of Whatcom County’s Shoreline Mater Plan (SMP) periodic
update and proposed amendments. WSPA is a non-profit trade association that proudly represents
companies that explore for, produce, refine, transport and market petroleum, petroleum products,
natural gas, and other energy supplies in Washington and four other western states.
Without intending to be exhaustive in level of detail, WSPA offers the following key comments
on the proposed package of shoreline master program amendments for your consideration:
1. The most recent staff memorandum contains several important explanations and
clarifications regarding what is meant by the “baseline” condition upon which no net loss
project mitigation requirements are measured and recognizes important distinctions
between what is appropriate to require for project mitigation obligations and what must
be voluntary or incentive-based for restoration. These principles should be built into the
language of the code itself or, at a minimum, into the language of the adopting ordinance,
so as not to disappear into history once the code amendments are adopted.
2. The County Council is currently in the final stages of review of comprehensive plan and
code amendments for fossil and renewable fuel facilities and expansions. This work is
the result of many months of effort and good faith negotiations between the County and
interested stakeholders, including WSPA. As noted by staff in several places in the draft
shoreline master program amendments, it is imperative that these shoreline master
program amendments be fully consistent with the outcome of that other County Council
effort. WSPA asks for an additional opportunity to review and provide input on future
revisions made by staff to achieve that consistency before these amendments to the
shoreline master program are adopted.
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3. SMC 23.40.010, Shoreline Use and Modification Use Table establishes a shoreline
conditional use permit requirement for expansions of existing legal fossil fuel refinery
and transshipment facilities and new or expansion of existing legal renewable fuel
refinery operations or renewable fuel transshipment facilities. Conditional use permit
review requirements for these facilities are being addressed in the zoning code
amendments currently under review by the County Council. A separate, duplicative and
potentially inconsistent shoreline conditional use permit review for the same facilities
that will undergo thorough zoning code conditional use permit review is unnecessary and
should be eliminated. In particular, it is not appropriate to apply shoreline conditional
use permit requirements to upland activities that will be fully evaluated under the zoning
code requirements applicable to those upland activities. At a minimum, this provision
should clarify that such fossil fuel facilities located outside of the shoreline jurisdiction
should be evaluated under the zoning code conditional use permit criteria and not
pursuant to shoreline conditional use permit requirements.
Finally, WSPA would like to request the County provide stakeholders an opportunity to review and
comment on final draft language that incorporates revisions and highlights new language from existing.
We appreciate the opportunity to provide input on this very important issue. If you have any immediate
questions, please contact me via e-mail at hjohnson@wspa.org or via phone at (360) 239-2248.

Sincerely,

cc: Jodie Muller, WSPA
Jessica Spiegel, WSPA

Western States Petroleum Association

P.O. Box 6069, Olympia, WA 98507

360.352.4506

wspa.org

From:
To:
Subject:
Date:

Pam
PDS_Planning_Commission
Shoreline Management Plan
Tuesday, April 20, 2021 8:42:20 PM

Dear commissioners,
At this time it is very important to not relax environmental protections of out critical areas. I
would like to offer the following comments:
Restore Reasonable Use* impact area language in the Dec 4, 2020 draft
Exhibit F, WCC 16.16.270 Reasonable Use Exceptions. I urge Whatcom County
to reject the proposed change from the Planning Commission to expand the maximum
impact area for single-family residences from 2500 square feet to 4000 square feet. The
purpose of the reasonable use provision is to allow only the minimal “reasonable” use of
property to avoid a constitutional taking when fully applying the standards of critical areas
regulations. A 4000 square foot home is excessive.

Incorporate the State of Washington Department of Fish & Wildlife’s new
riparian buffers guidance. The buffer requirements contained in the SMP are
less than adequate to ensure no net loss of riparian and stream functions vital to
fish, wildlife and our water supply.
Incorporate regulations to prepare for accelerating sea level rise impacts.
Whatcom's SMP does not incorporate protections form this peril. Not only our
marine shorelines will be impacted, as Ecology writes“more frequent extreme storms are
likely to cause river and coastal flooding, leading to increased injuries and loss of
life.”  31,235 homes in Washington State may be underwater by 2100, The value of the
submerged homes is an estimated $13.7 billon.

Please consider these points when making any changes.
Thank you for the opportunity to comment
Pam Borso
P O Box 154
Custer, Washington 98240

Attachment 3 – Biawc/Gac Letter, CAO Update

Excerpt re Reasonable Use, Avoiding Takings etc;

* printed 4 12 2021
St Dept Commerce Critical Areas Handbook, 2018

Portion, Part 2, p 9-12 (Chapter 3): Exemptions, Exceptions, and Allowable Uses

As recommended above, a community’s critical areas regulations should apply broadly to any development activity
that might result in a detrimental impact to critical areas. However, there are several reasons why some activities
should be exempt from critical areas regulations, or why they should be allowed with a lower level of review. Those
reasons include:

[D] Reasonable Use Exception
In addition to exemptions and allowed uses, cities and counties must allow a minimal “reasonable use” of property
even if such a use would otherwise be denied by the critical areas regulations. The Fifth Amendment and
Fourteenth Amendment of the U.S. Constitution provide individuals with protection from being deprived of the use
of one’s property without due process or just compensation.
If critical areas regulations denied all use of a parcel, it would typically be considered a “taking” of the property. If
legally challenged and unjustified, a court could throw out the regulations, thereby jeopardizing environmental
protection. To avoid a taking, cities and counties typically include a reasonable use provision that allows only the
minimal “reasonable” use of a property that would otherwise be prohibited.
Reasonable Use Scenarios [Diagram omitted, not clear; see part 2, pp 9-12; file:///C:/Users/Owner/Documents/G%20-Organizations/BIA-WC/GAC%20-%202020/CAO%20update%20-%202012%20-%202021/Resources/Res%20-%20govt/Dept%20Comm.%20%20state/CAO%20Handbook%202018%20-%20Copy.pdf }

A –No reasonable use exception would be granted because there is sufficient space outside the critical area clearing
limits.
B–A reasonable use exception might be granted since there is insufficient space for a reasonable use. The
development area would need to be limited or scaled back in size and located where the impact is minimized. The
jurisdiction might consider a variance to the required setback to minimize intrusion into the protection area.
C–A reasonable use exception would be granted for a minimal development if the property is completely
encumbered and mitigation methods are applied.
D–The jurisdiction might consider modifications to the required setback to prevent intrusion into the protection
area.
The criteria for reasonable use permits need to be consistent with case law to reduce the potential for appeals and
overturned decisions. Key to being consistent with case law is careful use of the term “reasonable.”

Generally, the concept of “reasonable” has been left to the courts to decide, thereby making it difficult for cities to
rule on whether or not a project qualifies.
A reasonable use is often thought to be a modest single-family home, although some other structure might be
“reasonable” depending on zoning, adjacent uses, and the size of the property.

*Copied; State Dept Commerce site without changes; Roger Almskaar, Land Use Consultant, Bellingham WA
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Excerpt re Reasonable Use, Avoiding Takings etc;

* printed 4 12 2021
St Dept Commerce Critical Areas Handbook, 2018

Portion, Part 2, p 9-12 (Chapter 3): Exemptions, Exceptions, and Allowable Uses

The reasonable use permit criteria should allow for “reasonable” uses. If the criteria state that the applicant must
demonstrate that no other use “is possible,” or that there are “no feasible alternatives,” it would conflict with the
concept of a “reasonable” use as other “possible” alternatives may be so costly as to be unreasonable.
“Possible” alternatives may also not meet the objectives of the property owner. For example, continued
preservation of habitat is a “possible” use of property, but probably not a “reasonable” use for the owner.
Unlike variances, the purpose of a reasonable use exception permit is not to allow general development within
critical areas, but to allow only the minimal “reasonable” use of the property so as to avoid a constitutional taking.
Four scenarios are provided to illustrate situations where a reasonable use exception might or might not be
applicable [see “diagram” above]:
Some jurisdictions have allowed a reasonable use exception in only those situations where all economic use of a
property would be denied by the critical areas regulations. Criteria that might be used to allow approval of a
reasonable use exception include:
1) No other reasonable economic use of the property has less impact on the critical area;
2) The proposed impact to the critical area is the minimum necessary to allow for reasonable economic use
of the property;
3) The inability of the applicant to derive reasonable economic use of the property is not the result of actions by the
applicant after the effective date of this regulation, or its predecessor;
4) The proposal does not pose an unreasonable threat to the public health, safety, or welfare on or off the
development proposal site;
5) The proposal will result in no net loss of critical area functions and values consistent with the best available
science; or
6) The proposal is consistent with other applicable regulations and standards.

The Western Washington Growth Management Hearings Board recognized that, although they may actually
permit impacts to a critical area, reasonable use provisions are an indispensable component of critical area
regulations because they address the issue of regulatory takings claims.
Regulatory takings have been an element of American jurisprudence since the 1920s, and are founded on
constitutional principles, seeking to provide a remedy when a regulation takes all reasonable use of a parcel of land.
Given this grounding in constitutional law, the Board had no jurisdiction to determine the petitioners’ claims as to
whether the County’s regulations exceed what is necessary to protect the County from a constitutionally-based
takings claim as this is a question for the courts.

*Copied; State Dept Commerce site without changes; Roger Almskaar, Land Use Consultant, Bellingham WA
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* printed 4 12 2021

Excerpt re Reasonable Use, Avoiding Takings etc;

St Dept Commerce Critical Areas Handbook, 2018

Portion, Part 2, p 9-12 (Chapter 3): Exemptions, Exceptions, and Allowable Uses

However, although reasonable use provisions are necessary to prevent a constitutional taking claim, that does
not mean such provisions should not prevent the protection of all the functions and values of wetlands and do
not need to be supported by best available science.
The Western Board found that a county failed to protect critical areas when it allowed grandfathered nonconforming uses that no longer comply with the more recently enacted, and presumably more protective land
use laws, to be considered a “reasonable use” when determining whether a proposed use met the reasonable
use criteria.
___________________________________
WEAN/CARE v. Island County, 08-2-0026c, FDO, November, 17, 2008, at 23.
Whidbey Environmental Action Network v. Island County, Case No.14-2-0009, Final Decision and Order, June 26, 2015, at 8.
-----------------------------------------------------------------------------------------

Avoiding Unconstitutional Takings of Private Property.

[bolding added…]

The Washington State Office of the Attorney General is directed under RCW 36.70A.370 to advise state agencies
and local governments on an orderly, consistent process that better enables government to evaluate proposed
regulatory or administrative actions to assure these actions do not result in unconstitutional takings of private
property.
The process must be used by state agencies and local governments that are required to plan under the GMA. The
Attorney General publishes an Advisory Memorandum to provide state agencies and local governments with a tool
to help them evaluate whether proposed regulatory or administrative actions may result in an unconstitutional
taking of private property or raise substantive due process concerns.
[end of DoC excerpt]
Link to current, 2018 AG Advisory Memorandum:

https://agportal-

s3bucket.s3.amazonaws.com/uploadedfiles/Home/About_the_Office/Takings/2018%20AGO%20Takings%20Guidance%20Update%2008-31-2018.pdf

Link to RCW 36.70A.370: https://app.leg.wa.gov/RCW/default.aspx?cite=36.70A.370
This section of the GMA requires that GMA cities and counties, and state agencies, use the process in this
Memorandum to assure that their regulatory and administrative actions pursuant to the GMA do not result in an
unconstitutional taking of private property.

[end this attachment]

*Copied; State Dept Commerce site without changes; Roger Almskaar, Land Use Consultant, Bellingham WA
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From: WENDY HARRIS [mailto:w.harris2007@comcast.net]
Sent: Tuesday, April 13, 2021 5:12 PM
To: PDS_Planning_Commission
Cc: Cliff Strong; Mark Personius; Ryan Ericson; chad.yunge@ecy.wa.gov; Satpal Sidhu; Council
Subject: Shorelines of the state explained

This is in response to the question that was asked at the last Planning Commission
meeting regarding "waters of the state." That is not a term used in the Shoreline
Management Act. Rather, it refers to all waters under its jurisdiction as "shorelines of
the state" or "shorelands of the state" and these are the appropriate terms to use for
waters and exposed land under SMA jurisdiction.
Under RCW 90.58.030, "Shorelines" means all of the waters of the state, including
reservoirs, and their associated shorelands, together with the lands underlying them;
except (i) shorelines of statewide significance; (ii) shorelines on segments of streams
upstream of a point where the mean annual flow is twenty cubic feet per second or less
and the wetlands associated with such upstream segments; and (iii) shorelines on lakes
less than twenty acres in size and wetlands associated with such small lakes.
https://apps.leg.wa.gov/RCW/default.aspx?cite=90.58.030.
In other words, only waters with minimum quantifiable measurements (size, type,
velocity, etc.) are a regulated state shoreline. This is often forgotten when we hear
complaints about over-regulation and unreasonableness.
Shorelines of the state are specifically set out in the Washington Administrative Code.
In Whatcom County, all rivers and streams that are shorelines of the state are set out in
WAC 173-18-410. https://apps.leg.wa.gov/WaC/default.aspx?cite=173-18-410.
Lakes are listed in WAC 173-20-760 and 770.
https://apps.leg.wa.gov/WaC/default.aspx?cite=173-20-770;
https://apps.leg.wa.gov/WaC/default.aspx?cite=173-20-760.
There are two kinds of shorelines of the state. The most common shoreline under SMA
jurisdiction imposes a no net loss standard of review to prevent any degradation
beyond baseline conditions, informed by review of best available science.
However, particularly large and significant rivers and lakes, as well as marine waters,
are designated "Shorelines of Statewide Significance" (SSWS). These have increased
protection through a prioritized preference of use, similar to how we apply mitigation
standards. These are set out in statute, with preferred use for natural conditions that
support the long-term interests of all state residents. RCW 90.58.020(f);
https://app.leg.wa.gov/RCW/default.aspx?cite=90.58.020 .
The Whatcom County SSWS are the Nooksack River, Lake Whatcom, Baker Lake, and
marine waters, including Birch Bay. R CW 90.58.030.

The SMA also discusses "shorelands" or "shoreland areas", which includes lands
extending landward for two hundred feet in all directions as measured on a horizontal
plane from the ordinary high water mark; floodways and contiguous floodplain areas
landward two hundred feet from such floodways; and all wetlands and river deltas
associated with the streams, lakes, and tidal waters which are subject to the provisions
of this chapter; the same to be designated as to location by the department of ecology.
RCW 90.58.030(2)(d), https://app.leg.wa.gov/RCW/default.aspx?cite=90.58.030.
I recommend the SMP Handbook, which is linked on DOE's website and explains how
the SMP process works. Specific issues and provisions are separate chapters in the
Handbook. https://ecology.wa.gov/Regulations-Permits/Guidance-technicalassistance/Shoreline-Master-Plan-handbook;
https://apps.ecology.wa.gov/publications/SummaryPages/1106010.html.
P.S. If you are wondering why I have written this, it is because I do not believe that the
Planning Commission and citizen committees generally are being provided with relevant
and timely information on the laws and policies they are asked to review and this fails
to serve public needs and public input requirements. Unless citizen-appointed
committees have a comprehensive and complete understanding of the purpose and
intent of the policies and laws they are asked to review, they will remain tools of the
Planning Department. Please continue to ask questions and ensure that you are
provided with all the information you need upfront, before beginning a large review
project.
Sincerely,
Wendy Harris

April 12, 2021
Cliff Strong – Senior Planner
Whatcom County Planning and Development Services
5280 Northwest Drive
Bellingham, WA 98226
SUBJECT: COMMENTS ON THE DRAFT UPDATE OF THE 2017 WHATCOM COUNTY CRITICAL AREAS
ORDINANCE IN ASSOCIATION WITH THE PERIODIC SHORELINE MANAGEMENT PROGRAM
UPDATE

Dear Mr. Strong:
I would like to provide comments on the draft update of the Whatcom County critical areas ordinance
– associated with the shoreline management plan update. I am a local wetland consultant and have
worked in this area for 17 years – through several iterations of County code, staff, and changes to
the science. I work daily in Whatcom County on projects that are affected by the CAO and the SMP –
including single-family developments, subdivisions, park projects, industrial development, and
feasibility projects.
This is a surprisingly substantial update of the CAO, given it was just updated in 2017 with extensive
public input and County Council review.
In going through the proposed changes, I’ve outlined the changes of greatest concern, and included
suggested code changes to address these concerns.
1. Draft Code: WCC 16.16.270. Reasonable Use Exceptions and 16.16.273 Variances. This
section is a complete rewrite of reasonable use procedures and would require a variance
(minor and major variance) before reasonable use would apply.
Current Code: Reasonable use provisions are currently considered prior to a variance
application. A variance application is time-consuming, more expensive, and requires
review/approval by the hearing examiner with a public hearing. Per 16.16.270.C.1 only
reasonable use exceptions for single-family residential building or for other development
proposals that would affect only buffers, but not critical areas themselves (e.g., wetlands and
streams), shall be processed administratively. Other applications that directly impact critical
areas, with the exception of single-family residential, currently have to apply for a variance
application. If an applicant currently wants to propose a larger footprint than the allowed
4,000 square feet under reasonable use, they could also apply for a variance.
Suggested Change: Strike the proposed changes to reasonable use and variance procedures.
Return to the current language.
Also, add bolded language to section 16.16.270.j. The project includes mitigation for
unavoidable critical area and buffer impacts in accordance with the mitigation requirements
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of this chapter – or if the mitigation requirements cannot be met, to the maximum extent
feasible on the property.
Rational for suggested change: The proposed change is a significant alteration to the code
and process. A significant number of previously designated reasonable use projects,
processed administratively, would need to go to the hearing examiner. This will significantly
increase costs and time to applicants for simple single-family construction or projects with
only buffer impacts – as the current code requires an open public hearing for anything more
complex. This will also create more uncertainty as to what will be allowed when a property is
encumbered with critical areas and buffers. It should also be remembered, that reasonable
use scenarios have increased significantly over the last four years as the result of larger
buffers occurring on properties since 2017 – the result of utilization of updated Ecology
wetland rating forms and guidance. Generally, critical areas, primarily wetlands, have not
changed but buffers have become significantly larger.

The change to section j is included so that applicants aren’t required to purchase another
property for mitigation – which has been required in some cases, precluding any development
at all (even for buffer impacts).
2. Draft Code: 16.16.620.D. Private Access. Access to existing legal lots may be permitted to
cross Category II, III or IV wetlands or their buffers, provided the access meets the following...
And 16.16.720.D. Private Access. Access to existing legal lots may be permitted to cross
habitat conservation areas if there are no feasible alternative alignments.
Current Code: Access to private development sites may be permitted to cross Category II, III
or IV wetlands or their buffers, provided…
Suggested Change: Strike the change and keep the current language, both wetland and HCA
sections.
Rationale for suggested change: This section as modified implies that no new lots could be
created (subdivided) if a road would be needed to cross through a wetland or buffer or habitat
conservation areas. Access to large areas of unencumbered property could be restricted if
one small wetland or its buffer would need to be impacted to access a development area. For
example, creating new lots in unencumbered areas (no critical areas) per the underlying
zoning might not be allowed on a 40 acre property if the crossing of a non-fish stream or the
outer portion of a buffer was required.

3. Draft Code: WCC 16.16.640.A.5 Buffer Width Increasing. The Director may require the
standard buffer width to be increased by the distance necessary to protect wetland functions
and provide connectivity to other wetland and habitat areas for one of the following:
(5) When a Category I or II wetland is located within 300 feet of:
a. Another Category I, II or III wetland; or
b. A fish and wildlife HCA; or
c. A type S or F stream; or
A high impact land use that is likely to have additional impacts.
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Current Code: Not present
Suggested Change: Strike the added section.
Rationale for suggested change: This added provision, not in the current code, allows staff to
extend any Category II wetland buffers out to 300 feet – if another wetland or HCA is within
300 feet. HCA’s include mature forest, priority snags (logs on the ground, 20 feet long, 12
inches wide), streams, etc.

The intent of this appears to be to increase buffers if adjacent critical areas are present.
However, this is already accounted for in the wetland rating form. The habitat score, which
drives the buffer width, is scored higher if habitat conservation areas are within 330 feet. The
proposed draft change seems redundant when these factors are already utilized in
determining the buffers in the current code - based on the wetland rating form.
If the intent is also to protect habitat corridors, then it is also redundant, as these are already
protected in the habitat conservation section of the code – State priority habitat “Biodiversity
areas and corridors”.
4. Draft Code: 16.16.640.B.2. Buffer Width Averaging. In the specified locations where a buffer
has been reduced to achieve averaging, the Director may require enhancement to the
remaining buffer to ensure no net loss of ecologic function, services, or value.
And 16.16.745.B.2 – buffer averaging in the Habitat Conservation Area section.
Current Code: Section 16.16.650 allows for buffers to be averaged on a case-by-case basis
with provisions.
Suggested Change: Strike the proposed change.
Rationale for Suggested Change: This section effectively eliminates the intent of buffer
averaging and converts it to buffer reduction by requiring mitigation in the form of added
plantings. Buffer averaging is an important and simple way to allow more flexibility for
property owners that need to make minor buffer adjustments. This section will also reduce
consistency and predictability (each staff member could apply this differently), and will
increase the cost for simple projects by requiring plantings, monitoring, bonding, etc. by
thousands of dollars. Additionally, the Director already has the ability to require plantings in a
wetland or HCA buffer where it lacks adequate vegetation under 16.16.630.D or 16.740.B.1
– making this code addition redundant.

5. Draft Code: 16.16.640.C.1.c Buffer Width Reduction. The buffer shall not be reduced to less
that 75 percent of the standard buffer.
Current Code: Allows for a Category IV wetland buffer to be reduced by up to 50% or 25 feet,
whichever is greater.
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Suggested Change: Restore prior language to allow for up to 50% reduction (or 25 feet) for
Category IV wetlands.
Rationale for Suggested Change: The existing code section allows for up to a 50 percent (or
minimum of 25 feet) reduction of a Category IV wetland buffer, while higher category wetlands
are restricted to a 25 percent reduction. Under the draft buffer averaging section, Category IV
wetlands are still allowed up to a 50% reduction. This proposed change will remove flexibility
for property owners for the lowest category of wetlands.

6. Draft Code: 16.16.710.C.1.a.v. Type O waters include all segments of aquatic areas that are
not type S, F, or N waters and that are physically connected to type S or F waters by an aboveground channel, system, pipe, culvert, stream or wetland.
And 16.16.740.B. Type O Buffer = 25 feet.
Current Code: Not present in the current code.
Suggested Change: Strike this addition of Type O waters and associated 25-foot buffer.
Return the prior designation of Natural Ponds to the buffer Table requiring a 50 foot buffer.
Rationale for Suggested Change: The definition of Type O waters will include ditches and
artificial ponds that eventually drain to a fish stream. This will include most of the ditching
and artificial ponds in Whatcom County. This will in effect place 25-foot buffers in any front
yard along a road with a County ditch – creating protected critical areas buffers along most
property road frontage. Any time the County public works excavated new ditching, or extended
existing new ditching, they would also be creating new critical areas and encumbering
adjacent properties with a buffer for a resource that the County created. This seems
problematic and overreaching. Ditching provides a function to control and direct stormwater.
The department of Ecology has no recommendations designating artificial ditches as critical
areas or for placing buffers on artificial ditching. This would create a new critical area, most of
which are within County rights-of-way. Additionally, most of the ditches outside of road right of
ways are agricultural in nature and created prior to the growth management act and the clean
water act. Additionally, Type O waters do not correlate with Washington State water typing.

7. Draft Code: 16.16.710.C.b.i Ditches or other artificial water courses are considered streams
for the purposes of this chapter when: i. used to convey waters of the state existing prior to
human alteration; and/or…..
Current Code: Ditches or other artificial water courses are considered streams for the
purposes of this chapter when: i. used to convey natural streams existing prior to human
alteration; and/or
Suggested Change : Strike the change and replace the current language.
Rationale for suggested change: This change seems to make the section more confusing.
State definitions (italics added):
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Waters of the state includes all lakes, rivers, ponds, streams, inland waters, underground
waters, salt waters and all other surface waters and watercourses located within the
jurisdiction of the state of Washington (RCW 90.48.020).
WAC 220-660-030(153) Watercourse, river of stream means any portion of a stream or river
channel, bed, bank, or bottom waterward of the ordinary high water line of waters of the state.
Watercourse also means areas in which fish may spawn, reside, or pass, and tributary waters
with defined bed or banks that influence the quality of habitat downstream. Watercourse also
means waters that flow intermittently or that fluctuate in level during the year, and the term
applies to the entire bed of such waters whether or not the water is at peak level. A
watercourse includes all surface-water-connected wetlands that provide or maintain habitat
that supports fish life. This definition does not include irrigation ditches, canals, stormwater
treatment and conveyance systems, or other entirely artificial watercourses, except where
they exist in a natural watercourse that has been altered by humans.
Per state definition, waters of the state (that might be found in a ditch) have an ordinary high
water mark and are not artificial – essentially a “natural stream”. It seems the current
language is consistent with state definitions and is clearer.
8. Draft Code: 16.16.745.A Buffer Width Increasing. The Director may require the standard
buffer width to be increased or to establish a non-riparian buffer, when such buffers are
necessary for one of the following:
1) To protect priority fish or wildlife using the HCA
2) A to provide connectivity when a Type S or F water body is located within 300 feet of:
a. Another Type S or F water body; or
b. A fish and wildlife HCA; or
A Category I, II or III wetland;
Current Code: section 16.16.745.A.2 - language added, not in the current code.
Suggest Changed: strike the new added section 16.16.745A.2.
Rationale for suggested change: This is a new provision to the code that allows the Director to
extend Type S or F buffers to resources within 300 feet – including Category III wetlands,
other HCA’s or other waters. Again, this is an exceptionally broad provision to add in additional
regulated areas that are not currently designated as critical areas or buffers in the existing or
even the proposed amended code. The extension of every fish stream or lake buffer to
another resource within 300 feet, is essentially extending most of the buffer areas to 300
feet.

If the intent is also to protect habitat corridors, then it is also redundant, as these are already
protected in the habitat conservation section of the code – State priority habitat “Biodiversity
areas and corridors”.
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Cliff Strong, Senior Planner
Whatcom County Planning & Development Services
5280 Northwest Drive
Bellingham, Washington 98226
Submitted via email: cstrong@co.whatcom.wa.us
April 12, 2021
Subject: Whatcom County Shoreline Master Program Periodic Review Amendment
Joint Local-State Public Comment Period

Dear Mr. Strong:
Thank you for the opportunity to comment on the Shoreline Management Program
Periodic Update for Whatcom County. The periodic update is a key opportunity to aid in the
recovery of important fish and wildlife resources such as Chinook salmon and to begin
addressing the adverse effects of climate change including sea level rise.
We have been engaging in the review and update process and are generally pleased with
the changes proposed by staff and the Planning Commission. However, there are three
areas we see room for improvement: 1. incorporate regulations to prepare for accelerating
sea level rise impacts, 2. reduce the maximum impact area for the reasonable use
exception, and 3. incorporate the State of Washington Department of Fish & Wildlife’s new
riparian buffers guidance.
Futurewise works throughout Washington State to support land-use policies that encourage
healthy, equitable and opportunity-rich communities, and that protect our most valuable
farmlands, forests, and water resources. Futurewise has members and supporters throughout
Washington State including Whatcom County.
Washington Environmental Council is a 501(c)(3) organization founded in 1967. Our mission is to
protect, restore, and sustain Washington’s environment for all, and we are committed to clean
water protections for Puget Sound and for all Washington State waters.
RE Sources is a local organization in northwest Washington. Founded in 1982, RE Sources works
to build sustainable communities and protect the health of northwest Washington's people and
ecosystems through the application of science, education, advocacy, and action. RE Sources has
over 20,000 supporters in Whatcom, Skagit, and San Juan counties.
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Incorporate regulations to prepare for accelerating sea level rise impacts.
The Shoreline Management Act and Shoreline Master Program (SMP) Guidelines require
shoreline master programs to address the flooding that will be caused by sea level rise.1
RCW 90.58.100(2)(h) requires that shoreline master programs “shall include” “[a]n element
that gives consideration to the statewide interest in the prevention and minimization of
flood damages …” WAC 173-26-221(3)(b) provides in part that “[o]ver the long term, the
most effective means of flood hazard reduction is to prevent or remove development in
flood-prone areas …” “Counties and cities should consider the following when designating
and classifying frequently flooded areas … [t]he potential effects of tsunami, high tides with
strong winds, sea level rise, and extreme weather events, including those potentially
resulting from global climate change ….”2 The areas subject to sea level rise are flood prone
areas just the same as areas along bays, rivers, or streams that are within the 100-year
flood plain. RCW 90.58.100(1) and WAC 173-26-201(2)(a) also require “that the ‘most
current, accurate, and complete scientific and technical information’ and ‘management
recommendations’ [shall to the extent feasible] form the basis of SMP provisions.”3 This
includes the current science on sea level rise.
Sea level rise is a real problem that is happening now. Sea level is rising and floods and
erosion are increasing. In 2012 the National Research Council concluded that global sea
level had risen by about seven inches in the 20th Century.4 A recent analysis of sea-level
measurements for tide-gage stations, including the Seattle, Washington tide-gauge, shows
that sea level rise is accelerating.5 Virginia Institute of Marine Science (VIMS) “emeritus
professor John Boon, says ‘The year-to-year trends are becoming very informative. The
1

Although the Shoreline Master Program (SMP) Guidelines are called “guidelines,” they are actually
binding state agency rules and shoreline management program updates must comply with them.
RCW 90.58.030(3)(b) & (c); RCW 90.58.080(1) & (7).
2
WAC 365-190-110(2) underlining added. This regulation is part of the State of Washington
Department of Commerce Minimum Guidelines to Classify Agriculture, Forest, Mineral Lands and
Critical Areas.
3
Taylor Shellfish Company, Inc., et al., v. Pierce County and Ecology (Aquaculture II), Final Decision and
Order Central Puget Sound Region Growth Management Hearings Board Case No. 18-3-0013c (June
17, 2019), at 10 of 81 footnote omitted.
4
National Research Council, Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past,
Present, and Future p. 23, p. 156, p. 96, p. 102 (2012) last accessed on Feb. 26, 2021 at:
https://www.nap.edu/download/13389 and at the Dropbox link in the email transmitting this letter
with the filename: “13389.pdf.”
5
William and Mary Virginia Institute of Marine Science, U.S. West Coast Sea-Level Trends & Processes
Trend Values for 2020 last accessed on Feb. 26, 2021 at:
https://www.vims.edu/research/products/slrc/compare/west_coast/index.php
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2020 report cards continue a clear trend toward acceleration in rates of sea-level rise at 27
of our 28 tide-gauge stations along the continental U.S. coastline.’”6 “‘Acceleration can be a
game changer in terms of impacts and planning, so we really need to pay heed to these
patterns,’ says Boon.”7 The Seattle tide gage was one of the 27 that had an accelerating rate
of sea level rise.8
The report Projected Sea Level Rise for Washington State – A 2018 Assessment projects that for
a low greenhouse gas emission scenario there is a 50 percent probability that sea level rise
will reach or exceed 1.2 feet by 2100 around Sandy Point and the west side of the Lummi
Peninsula.9 Projected Sea Level Rise for Washington State – A 2018 Assessment projects that for
a higher emission scenario there is a 50 percent probability that sea level rise will reach or
exceed 4.5 feet by 2100 for the same area.10 Projections are available for all of the marine
shorelines in Whatcom County and Washington State.
The extent of the sea level rise currently projected for Whatcom County can be seen on the
NOAA Office for Coastal Management Digitalcoast Sea Level Rise Viewer available at:
https://coast.noaa.gov/digitalcoast/tools/slr.html. Please see map images at the bottom of
this letter detailing the changes in water elevation from the current mean higher high water
(MHHW) to four feet of sea level rise.
Projected sea level rise will substantially increase flooding. As Ecology writes, “[s]ea level
rise and storm surge[s] will increase the frequency and severity of flooding, erosion, and
David Malmquist, U.S. sea-level report cards: 2020 again trends toward acceleration Virginia Institute
of Marine Science website (Jan. 24, 2021) last accessed on Feb. 26, 2021 at:
https://www.vims.edu/newsandevents/topstories/2021/slrc_2020.php and at the Dropbox link in the
email transmitting this letter with the filename with the filename: “U.S. sea-level report cards_ 2020
again trends toward acceleration _ Virginia Institute of Marine Science.pdf.”
7
Id.
8
William and Mary Virginia Institute of Marine Science, U.S. West Coast Sea-Level Trends & Processes
Trend Values for 2020.
6

Relative Sea Level Projections for RCP 4.5 for the Coastal Area Near: 48.8N, 122.5W accessed
on July 16, 2019 at: http://www.wacoastalnetwork.com/wcrp-documents.html and at the
Dropbox link in the email transmitting this letter with the filename: “Copy of
RSLProjections_Lat48.8N_Long122.5W.xlsx.” The methodology used for these projections is
9

available in Miller, I.M., Morgan, H., Mauger, G., Newton, T., Weldon, R., Schmidt, D., Welch, M.,
Grossman, E,. Projected Sea Level Rise for Washington State – A 2018 Assessment (A collaboration of
Washington Sea Grant, University of Washington Climate Impacts Group, Oregon State University,
University of Washington, and US Geological Survey. Prepared for the Washington Coastal Resilience
Project: updated 07/2019) last accessed on Feb. 26, 2021 at:
https://cig.uw.edu/wp-content/uploads/sites/2/2019/07/SLR-Report-Miller-et-al-2018-updated-07_20
19.pdf.
10
Relative Sea Level Projections for RCP 8.5 for the Coastal Area Near: 48.8N, 122.5W accessed on July 16,
2019 at: http://www.wacoastalnetwork.com/wcrp-documents.html and at the Dropbox link in the
email transmitting this letter with the filename: “Copy of RSLProjections_Lat48.8N_Long122.5W.xlsx.”
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seawater intrusion—thus increasing risks to vulnerable communities, infrastructure, and
coastal ecosystems.”11 Not only our marine shorelines will be impacted, as Ecology writes
“[m]ore frequent extreme storms are likely to cause river and coastal flooding, leading to
increased injuries and loss of life.”12
Zillow recently estimated that 31,235 homes in Washington State may be underwater by
2100, 1.32 percent of the state’s total housing stock. The value of the submerged homes is
an estimated $13.7 billon.13 Zillow wrote:
It’s important to note that 2100 is a long way off, and it’s certainly possible
that communities [may] take steps to mitigate these risks. Then again, given
the enduring popularity of living near the sea despite its many dangers and
drawbacks, it may be that even more homes will be located closer to the
water in a century’s time, and these estimates could turn out to be very
conservative. Either way, left unchecked, it is clear the threats posed by
climate change and rising sea levels have the potential to destroy housing
values on an enormous scale.14
Sea level rise will have an impact beyond rising seas, floods, and storm surges. The
National Research Council wrote that:
Rising sea levels and increasing wave heights will exacerbate coastal erosion
and shoreline retreat in all geomorphic environments along the west coast.
Projections of future cliff and bluff retreat are limited by sparse data in
Oregon and Washington and by a high degree of geomorphic variability
along the coast. Projections using only historic rates of cliff erosion predict
10–30 meters [33 to 98 feet] or more of retreat along the west coast by 2100.
An increase in the rate of sea-level rise combined with larger waves could
significantly increase these rates. Future retreat of beaches will depend on
the rate of sea-level rise and, to a lesser extent, the amount of sediment
input and loss.15

State of Washington Department of Ecology, Preparing for a Changing Climate Washington State’s
Integrated Climate Response Strategy p. 90 (Publication No. 12-01-004: April 2012) last accessed on
Feb. 26, 2021 at: https://fortress.wa.gov/ecy/publications/publications/1201004.pdf. and at the
Dropbox link enclosed with the email transmitting this letter with the filename: “1201004.pdf.”
12
Id. p. 17.
13
Krishna Rao, Climate Change and Housing: Will a Rising Tide Sink all Homes? ZILLOW webpage (Jun. 2,
2017) last accessed on March 1, 2021 at:
http://www.zillow.com/research/climate-change-underwater-homes-12890/.
14
Id.
15
National Research Council, Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past,
Present, and Future p. 135 (2012).
11
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These impacts are why the Washington State Department of Ecology recommends
“[l]imiting new development in highly vulnerable areas.”16
Unless wetlands and shoreline vegetation can migrate landward, their area and ecological
functions will decline.17 If development regulations are not updated to address the need for
vegetation to migrate landward in feasible locations, wetlands and shoreline vegetation will
decline. This loss of shoreline vegetation will harm the environment. It will also deprive
marine shorelines of the vegetation that protects property from erosion and storm damage
by modifying soils and accreting sediment.18 WEC and Futurewise’s Sept. 16, 2020 letter
included maps that show the extent of this amount of sea level rise in Whatcom County
and wetland migration in part of the County if the wetlands are not blocked by
development. Additional maps are also enclosed with this letter.
Flood plain regulations are not enough to address sea level rise for three reasons. Projected
Sea Level Rise for Washington State – A 2018 Assessment explains two of them:
Finally, it is worth emphasizing that sea level rise projections are different
from Federal Emergency Management Agency (FEMA) flood insurance
studies, because (1) FEMA studies only consider past events, and (2) flood
insurance studies only consider the 100-year event, whereas sea level rise
affects coastal water elevations at all times.19

State of Washington Department of Ecology, Preparing for a Changing Climate Washington State’s
Integrated Climate Response Strategy p. 90 (Publication No. 12-01-004: April 2012).
17
Christopher Craft, Jonathan Clough, Jeff Ehman, Samantha Joye, Richard Park, Steve Pennings,
Hongyu Guo, and Megan Machmuller, Forecasting the effects of accelerated sea-level rise on tidal marsh
ecosystem services FRONT ECOL ENVIRON 2009; 7, doi:10.1890/070219 p. *6 last accessed on Feb. 26, 2021
at: http://nsmn1.uh.edu/steve/CV/Publications/Craft%20et%20al%202009.pdf. Frontiers in Ecology
and the Environment is a peer-reviewed scientific journal. Frontiers in Ecology and the Environment
Journal Overview webpage last accessed on Feb. 26, 2021 at:
https://esajournals.onlinelibrary.wiley.com/journal/15409309. Both at the Dropbox link in the email
transmitting this letter with the filename: “Craft et al 2009.pdf” and “Frontiers in Ecology and the
Environment - Journal Overview” respectively.
18
R. A. Feagin, S. M. Lozada-Bernard, T. M. Ravens, I. Möller, K. M. Yeagei, A. H. Baird and David H.
Thomas, Does Vegetation Prevent Wave Erosion of Salt Marsh Edges? 106 PROCEEDINGS OF THE NATIONAL
ACADEMY OF SCIENCES OF THE UNITED STATES OF AMERICA pp. 10110-10111 (Jun. 23, 2009) last accessed on Aug.
11, 2020 at: http://www.pnas.org/content/106/25/10109.full.This journal is peer-reviewed. Id. p.
10113.
19
Miller, I.M., Morgan, H., Mauger, G., Newton, T., Weldon, R., Schmidt, D., Welch, M., Grossman, E,.
Projected Sea Level Rise for Washington State – A 2018 Assessment p. 8 of 24 (A collaboration of
Washington Sea Grant, University of Washington Climate Impacts Group, Oregon State University,
University of Washington, and US Geological Survey. Prepared for the Washington Coastal Resilience
Project: updated 07/2019).
16
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The third reason is that floodplain regulations allow fills and pilings to elevate structures
and also allow commercial buildings to be flood proofed in certain areas.20 While this
affords some protection to the structure, it does not protect the marshes and wetlands
that need to migrate.
Because of these significant impacts on people, property, and the environment, “[n]early
six in ten Americans supported prohibiting development in flood-prone areas (57%).”21 It is
time for Washington state and local governments to follow the lead of the American people
and adopt policies and regulations to protect people, property, and the environment from
sea level rise. We recommend the addition of the following regulations as part of the
shoreline master program periodic update:
X.
New lots shall be designed and located so that the buildable area is
outside the area likely to be inundated by sea level rise in 2100 and outside
of the area in which wetlands and aquatic vegetation will likely migrate
during that time.
X2.
Where lots are large enough, new structures and buildings shall be
located so that they are outside the area likely to be inundated by sea level
rise in 2100 and outside of the area in which wetlands and aquatic vegetation
will likely migrate during that time.
X3.
New and substantially improved structures shall be elevated above
the likely sea level rise elevation in 2100 or for the life of the building,
whichever is less.

Restore Reasonable Use impact area language in the Dec 4, 2020 draft Exhibit
F, WCC 16.16.270 Reasonable Use Exceptions.
We urge Whatcom County to restore the proposed change from the Planning Commission
to expand the maximum impact area for single-family residences from 4,000 square feet to
2,500 square feet in 16.16.270.C.12. The purpose of the reasonable use provision is to
allow only the minimal “reasonable” use of property to avoid a constitutional taking when
fully applying the standards of critical areas regulations.22

20

Whatcom County Code (WCC) 17.16.090, 17.16.110, 17.16.130, 17.16.140.
Bo MacInnis and Jon A. Krosnick, Climate Insights 2020: Surveying American Public Opinion on Climate
Change and the Environment Report: Natural Disasters p. 8 (Washington, DC: Resources for the Future,
2020) accessed on Feb. 26, 2021 at:
https://www.rff.org/publications/reports/climateinsights2020-natural-disasters/.
22
Washington State Department of Commerce, Critical Areas Handbook, June 2018, p.9.
21
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The courts generally decide the concept of reasonable; however, reasonable use is often
interpreted as a modest single-family home.23 A home with a footprint of 4,000 square feet
is excessive. A median size house built in 2019 has 2,301 square feet of floor area.24 We can
assume that to be less than footprint 1,500 square feet.

Incorporate the State of Washington Department of Fish & Wildlife’s new
riparian buffers guidance.
As has been reported in media and scientific reports, the southern resident orcas, or killer
whales, are threatened by (1) an inadequate availability of prey, the Chinook salmon, “(2)
legacy and new toxic contaminants, and (3) disturbance from noise and vessel traffic.”25
“Recent scientific studies indicate that reduced Chinook salmon runs undermine the
potential for the southern resident population to successfully reproduce and recover.”26
The shoreline master program update is an opportunity to take steps to help recover the
southern resident orcas, the Chinook salmon, and the species and habitats on which they
depend.
The Shoreline Master Program (SMP) Guidelines, in WAC 173-26-221(3)(c), provides in part
that “[i]n establishing vegetation conservation regulations, local governments must use
available scientific and technical information, as described in WAC 173-26-201 (2)(a). At a
minimum, local governments should consult shoreline management assistance materials
provided by the department and Management Recommendations for Washington's Priority
Habitats, prepared by the Washington state department of fish and wildlife where
applicable.”
The State of Washington Department of Fish and Wildlife has recently updated the Priority
Habitat and Species recommendations for riparian areas. The updated management
recommendations document that fish and wildlife depend on protecting riparian
vegetation and the functions this vegetation performs such as maintaining a complex food
web that supports salmon and maintaining temperature regimes to name just a few of the
functions.27
23

Id at p.10
“Highlights of Annual 2019 Characteristics of New Housing”, United States Census Bureau:
https://www.census.gov/construction/chars/highlights.html.
25
State of Washington Office of the Governor, ExecutiveOrder 18-02 Southern Resident Killer Whale Recovery and
Task Force p. 1 (March 14, 2018) last accessed on Feb. 26, 2021 at:
https://www.governor.wa.gov/sites/default/files/exe_order/eo_18-02_1.pdf and at the Dropbox link in the email
transmitting this letter with the filename: “eo_18-02_1.pdf.”
26
Id.
27
Timothy Quinn, George F. Wilhere, and Kirk L. Krueger, technical editors, Riparian Ecosystems,
Volume 1: Science Synthesis and Management Implications pp. 265 – 68 & p. 270 (A Priority Habitat and
Species Document of the Washington Department of Fish and Wildlife, Olympia, WA: Updated July
2020) last accessed on Feb. 26, 2021 at: https://wdfw.wa.gov/publications/01987/. This report was
peer-reviewed. Id. pp. 11 – 12.
24
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The updated Riparian Ecosystems, Volume 1: Science synthesis and management implications
scientific report concludes that the “[p]rotection and restoration of riparian ecosystems
continues to be critically important because: a) they are disproportionately important,
relative to area, for aquatic species, e.g., salmon, and terrestrial wildlife, b) they provide
ecosystem services such as water purification and fisheries (Naiman and Bilby 2001; NRC
2002; Richardson et al. 2012), and c) by interacting with watershed-scale processes, they
contribute to the creation and maintenance of aquatic habitats.”28 The report states that
“[t]he width of the riparian ecosystem is estimated by one 200-year site-potential tree
height (SPTH) measured from the edge of the active channel or active floodplain. Protecting
functions within at least one 200-year SPTH is a scientifically supported approach if the goal
is to protect and maintain full function of the riparian ecosystem.”29 These
recommendations are explained further in Riparian Ecosystems, Volume 2: Management
Recommendations A Priority Habitats and Species Document of The Washington Department of
Fish and Wildlife.30
Based on these new scientific documents, we recommend that shoreline jurisdiction
should include the 100-year flood plain31 and that the buffers for rivers and streams in
shoreline jurisdiction be increased to use the newly recommended 200-year SPTH and that
this width should be measured from the edge of the channel, channel migration zone, or
active floodplain whichever is wider. New development, except water dependent uses
should not be allowed within this area.32 This will help maintain shoreline functions and
Chinook habitat.

Thank you for considering our request. If you require additional information, please
contact Karlee Deatherage at 425-268-5245 or karleed@re-sources.org.
Sincerely,
Karlee Deatherage
Land & Water Policy Manager
RE Sources
28

Id. p. 270.
Id. p. 271.
30
Amy Windrope, Terra Rentz, Keith Folkerts, and Jeff Azerrad, Riparian Ecosystems, Volume 2:
Management Recommendations A Priority Habitats and Species Document of The Washington Department
of Fish and Wildlife (Dec. 2020) last accessed on Feb. 26, 2021 at:
https://wdfw.wa.gov/publications/01988.
31
Authorized by RCW 90.58.030(2)(d)(i).
32
Timothy Quinn, George F. Wilhere, and Kirk L. Krueger, technical editors, Riparian Ecosystems,
Volume 1: Science Synthesis and Management Implications pp. 270 – 71 (A Priority Habitat and Species
Document of the Washington Department of Fish and Wildlife, Olympia, WA: Updated July 2020).
29
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Phone: 425-268-5245
Email: karleed@re-sources.org
Rein Attemann
Puget Sound Campaign Manager
Washington Environmental Council
Phone: 206-631-2627
Email: rein@wecprotects.org
Tim Trohimovich
Director of Planning and Law
Futurewise
Phone: 206-853-6077
Email: tim@futurewise.org
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NOAA’s Sea Level Rise Viewer Maps - Coastal Whatcom County
Current MHHW

One foot of sea level rise
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Two feet of sea level rise

Three feet of sea level rise
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Four feet of sea level rise
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April 12, 2021
Via Email: cstrong@co.whatcom.wa.us
Cliff Strong
Senior Planner
5280 Northwest Drive
Bellingham, WA 98226
RE:

Whatcom County Shoreline Master Program Periodic Review Comments

Dear Mr. Strong:
I am general counsel for Taylor Shellfish Farms and am submitting these comments
regarding the periodic review for the Whatcom County Shoreline Master Program (SMP). I
understand that you will share these comments with the Washington State Department of
Ecology (Ecology), and accordingly these comments are intended for consideration by both the
County and Ecology.
Taylor Shellfish is a fifth-generation, family-owned company headquartered in Shelton,
Washington. Taylor Shellfish has grown shellfish on Washington State shorelines for over 100
years, and the company currently cultivates a variety of shellfish species in the state’s marine
waters, including oysters, clams, geoduck, and mussels. Taylor Shellfish farms nearby in Samish
Bay and has considered farming opportunities in Whatcom County in recent years.
Taylor Shellfish respectfully requests that the County and Ecology revise the Whatcom
County SMP’s aquaculture regulations to ensure the SMP is consistent with current law and
science pertaining to aquaculture as required by RCW 90.58.080(4)(a) (purpose of periodic
review is to assure the SMP complies with applicable law and guidelines in effect at the time of
the review). Specific, suggested revisions to existing aquaculture provisions and to the draft
amendments dates March 11, 2021 (Draft Amendment), are provided in Section II below.
Section I provides a legal and policy background that supports the proposed revisions in Section
II.
I.

LEGAL AND POLICY BACKGROUND

A. Aquaculture Is A Preferred, Water-Dependent Use.
The Legislature enacted the Shoreline Management Act (SMA) to advance numerous
objectives, after recognizing the problem posed by uncoordinated planning throughout the state.
The SMA’s solution to this problem is for coordinated and consistent planning with strong state
oversight. The Legislative findings supporting the SMA state: “coordinated planning is necessary
in order to protect the public interest associated with the shorelines of the state while, at the same

Taylor Shellfish Farms
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time, recognizing and protecting private property rights consistent with the public interest.” 1
Similarly, the policy of the SMA is “to provide for the management of the shorelines of the state
by planning for and fostering all reasonable and appropriate uses.” 2 And, while all reasonable
and appropriate uses are to be fostered, the SMA identifies a particular subset of uses that are
preferred—those that “are consistent with control of pollution and prevention of damage to the
natural environment, or are unique to or dependent upon use of the state's shoreline.” 3
The Whatcom County SMP was comprehensively updated in 2007-2008, with minor
subsequent amendments. Since 2007, there have been significant legal updates with respect to
the treatment of aquaculture in SMPs, and the County’s SMP should be revised consistent with
these changes. Among other things, the SMA Guideline that directly addresses planning for and
regulating aquaculture in SMPs, WAC 173-26-241(3)(b), was entirely rewritten in 2011. 4 This
guideline, among other things:
•

Clarifies the definition of “aquaculture,” which does not include the harvest of wild
geoduck associated with the state managed wildstock geoduck fishery.

•

States that aquaculture is of statewide interest, can result in long-term benefits and protect
the resources and ecology of the shoreline when properly managed, and is a preferred,
water-dependent use.

•

Recognizes potential locations for aquaculture are relatively restricted, technology with
some forms of aquaculture is in its infancy, and SMPs should recognize the necessity for
latitude in the development of this use as well as its potential impacts.

•

Provides standards for the siting and location of aquaculture to ensure it does not result in
unacceptable impacts to the environment or other shoreline uses.

•

Contains numerous provisions addressing geoduck aquaculture, including siting,
permitting, and application requirements.

The recognition in WAC 173-26-241(3)(b) that aquaculture is a preferred, waterdependent use is reinforced in other guidelines and the SMA itself. 5 Moreover, all shellfish beds
(including commercial) are recognized in the guidelines as providing important ecological
functions and requiring protection as critical saltwater habitat. 6
Various uses enjoy a preferred status under the SMA, but no other type of use is
specifically recognized in the SMP Guidelines as being in the statewide interest and capable of
producing long-term benefits and protecting the resources and ecology of the shoreline.
1

RCW 90.58.020.
Id.
3
Id.
4
Wash. St. Reg. 11-05-064 (March 14, 2011).
5
RCW 90.58.020 (“uses shall be preferred which are consistent with control of pollution and prevention of damage
to the natural environment, or are unique to or dependent upon use of the state's shoreline”); WAC 173-26-176(3)(a)
(stating as a policy goal “[t]he utilization of shorelines for economically productive uses that are particularly
dependent on shoreline location or use”); WAC 173-26-201(2)(d) (“the act establishes policy that preference be
given to uses that are unique to or dependent upon a shoreline location”).
6
WAC 173-26-221(2)(c)(iii).
2

SE 130 Lynch Rd., Shelton, WA 98584

www.taylorshellfish.com
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Aquaculture is unique in this regard. The fact that aquaculture is also a commercial activity that
provides thousands of jobs throughout the state, helps sustain and diversify the state’s economy,
and produces nutritious food for human consumption further reinforces the need for SMPs to
foster this preferred use through supportable and reasonable regulations.
Taylor Shellfish recognizes that while it is the policy of the SMA to plan for and foster
all reasonable and appropriate uses, and preference must be given to water-dependent uses, the
SMA also requires permitted uses to be designed and conducted in a manner to minimize, insofar
as practical, resultant damage to shoreline environment and interference with the public’s use of
the water. 7 The SMA and guidelines require, however, that use restrictions be based on current
scientific and technical information. 8
The Washington State Growth Management Hearings Board recently addressed the
requirements for SMPs to give preference to shellfish aquaculture and base use restrictions on
current scientific information in Taylor Shellfish Company, Inc., et al. v. Pierce County and
Ecology, Case No. 18-3-0013c, Final Decision and Order (June 17, 2019) (“Pierce County
Decision”), rev’d in part, Order on Motion for Reconsideration and Request to Correct
Scrivener’s Errors (Aug. 7, 2019). In this case, the Board determined that numerous aquaculture
restrictions in the amended Pierce County SMP failed to comply with the SMA and guidelines
because they were not supported by scientific and technical information, lacked sufficient clarity,
and failed to give preference to or foster aquaculture as a water-dependent use. Inappropriate
restrictions included: a prohibition on aquaculture in aquatic areas abutting the natural shoreline
environment designation; a limit that only minimally necessary equipment and structures be
used; buffers between aquaculture activities and submerged aquatic vegetation in excess of 16
feet; a prohibition on aquaculture in tidal channels; 10-foot property line setbacks for aquaculture
activities; and certain application and monitoring requirements. The Board characterized its
overarching conclusions in the decision as follows:
•

To the extent that specific SMP regulations are not based on scientific and technological
information, those regulations fail to comply with the SMA, RCW 90.58.100 and the
applicable Guidelines which require that regulations be based on scientific and
technological information.

•

To the extent that specific SMP regulations are based on an apparent determination that
the County could adopt restrictions on aquaculture to “balance” the preferences of local
citizens against the statewide interest in fostering aquaculture, those regulations fail to
comply with the SMA, RCW 90.58.100 and the applicable Guidelines. 9
B. Additional State and National Laws and Policies Promote the Preservation
and Expansion of Shellfish Aquaculture.

The SMA’s classification of aquaculture as a preferred, water-dependent use aligns with
numerous additional state and national laws and policies that support the preservation and
expansion of shellfish aquaculture.
7

RCW 90.58.020. See also WAC 173-26-241(3)(b)(i)(C) (providing general siting and design standards for
aquaculture).
8
RCW 90.58.100(1); WAC 173-26-201(2)(a).
9
Pierce County Decision, p. 52.
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1. Federal Laws and Policies
Congress passed the National Aquaculture Act of 1980 in response to findings that the
nation has potential for significant aquaculture growth, but that this growth is inhibited by many
scientific, economic, legal, and production factors. 10 Congress also made a concerning finding
that, despite the nation’s significant aquaculture potential, the United States imports more than
50 percent of its fish and shellfish to satisfy the domestic market demand for seafood, and this
dependence on imports adversely affects the national balance of payments and contributes to the
uncertainty of supplies. 11 A driving purpose of the National Aquaculture Act is to encourage
aquaculture activities and programs that will result in increased aquaculture production, and the
policy statement of the Act provides:
Congress declares that aquaculture has the potential for reducing the United States
trade deficit in fisheries products, for augmenting existing commercial and
recreational fisheries and for producing other renewable resources, thereby
assisting the United States in meeting its future food needs and contributing to the
solution of world resource problems. It is, therefore, in the national interest, and it
is the national policy, to encourage the development of aquaculture in the United
States. 12
The National Aquaculture Act identifies several strategies for implementing this policy,
including a national aquaculture development plan, an interagency aquaculture coordinating
group, a capital requirements study and plan, and appropriations for the departments of
Agriculture, Commerce, and Interior to carry out the objectives of the Act. 13
Despite these efforts, our nation’s overreliance on foreign seafood has worsened
significantly over the last 30-plus years. While the National Aquaculture Act reported the
nation’s reliance on imported seafood at over 50 percent in 1980, today it is over 90 percent. 14
As of 2017, our nation’s seafood trade deficit had grown to $16.8 billion. 15 This result is widely
recognized as unacceptable, and it is made even worse considering the United States has far and
away the greatest water resources available for aquaculture of any nation in the world. 16
Our nation’s worsening overreliance on imported seafood prompted the National Oceanic
and Atmospheric Administration (“NOAA”) to adopt two new policies in 2011 to stimulate the
growth of domestic aquaculture production—the Marine Aquaculture Policy and the National
Shellfish Initiative. 17 The Marine Aquaculture Policy purpose statement provides:
This policy reaffirms that aquaculture is an important component of NOAA’s
efforts to maintain healthy and productive marine and coastal ecosystems, protect
10

16 U.S.C. § 2801(a).
Id.
12
26 U.S.C. § 2801(c).
13
26 U.S.C. §§2803-2809.
14
https://www.fisheries.noaa.gov/national/aquaculture/us-aquaculture.
15
Id.
16
Appendix A (Illustration of Water Resources and Aquaculture Production).
17
Appendices B and C, respectively.
11
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special marine areas, rebuild overfished wild stocks, restore populations of
endangered species, restore and conserve marine and coastal habitat, balance
competing uses of the marine environment, create employment and business
opportunities in coastal communities, and enable the production of safe and
sustainable seafood. 18
The National Shellfish Initiative’s goal “is to increase shellfish aquaculture for
commercial and restoration purposes, thereby stimulating coastal economies and improving
ecosystem health.” 19 This initiative recognizes shellfish aquaculture provides a “broad suite of
benefits” by improving water quality, conserving habitat, stabilizing coastlines, restoring
depleted species, and creating jobs. 20 Key strategies of the National Shellfish Initiative include
enhancing shellfish restoration and farming, and streamlining permitting. 21
2. State Laws and Policies
The SMA and SMP Guidelines’ recognition that aquaculture is an activity of statewide
interest is bolstered by numerous state laws and policies. Washington State’s long history of
supporting and recognizing the importance of local aquaculture production dates back to the time
of statehood, and continues through to Governor-led initiatives announced within the past few
years.
The Legislature passed the Bush and Callow Acts in 1895 to stimulate shellfish farming
in Washington State, in recognition of the State’s excellent potential for shellfish farming and its
importance to local economies. The Bush Act authorized the sale of State-owned aquatic lands
into private ownership for “the purpose of oyster planting, to encourage and facilitate said
industry,” and allowing land to lie fallow is in keeping with the statute. 22 The Bush and Callow
Acts were re-codified in 2002 legislation at RCW 79.135.010 to clarify specific uncertainties.
This legislation allows for the use of Bush and Callow lands for the cultivation and propagation
of clams and edible shellfish in addition to oysters in inter-tidal portions of property, along with
cultivation in sub-tidal portions of property as long as cultivation was initiated prior to 2002. 23
The legislative findings for the recodification reinforce that shellfish farming continues to be of
the utmost importance to the State:
The legislature declares that shellfish farming provides a consistent source of
quality food, offers opportunities of new jobs, increases farm income stability, and
improves balance of trade. The legislature also finds that many areas of the state of
Washington are scientifically and biologically suitable for shellfish farming, and
therefore the legislature has encouraged and promoted shellfish farming activities,
programs, and development with the same status as other agricultural activities,
programs, and development within the state. It being the policy of this state to
encourage the development and expansion of shellfish farming within the state and
to promote the development of a diverse shellfish farming industry, the legislature
18

Appendix B, p. 1 (Marine Aquaculture Policy).
Appendix C, p. 1 (National Shellfish Initiative).
20
Id.
21
Id.
22
Appendix D (Washington State Department of Natural Resources, Bush and Callow Act Lands fact sheet).
23
Id.
19
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finds that the uncertainty surrounding reversionary clauses contained in Bush act
and Callow act deeds is interfering with this policy. The legislature finds that
uncertainty of the grant of rights for the claim and other shellfish culture as
contained in chapter 166, Laws of 1919 must be fully and finally resolved. It is not
the intent of this act to impair any vested rights in shellfish cultivation or current
shellfish aquaculture activities to which holders of Bush act and Callow act lands
are entitled. 24
The Legislature has further emphasized the importance of aquaculture to Washington
State through the Aquaculture Marketing Act, chapter 85.85.010 RCW. The Legislative
declaration supporting this act states as follows:
The legislature declares that aquatic farming provides a consistent source of quality
food, offers opportunities of new jobs, increased farm income stability, and
improves balance of trade.
The legislature finds that many areas of the state of Washington are scientifically
and biologically suitable for aquaculture development, and therefore the legislature
encourages promotion of aquacultural activities, programs, and development with
the same status as other agricultural activities, programs, and development within
the state.
The legislature finds that aquaculture should be considered a branch of the
agricultural industry of the state for purposes of any laws that apply to or provide
for the advancement, benefit, or protection of the agriculture industry within the
state.
The legislature further finds that in order to ensure the maximum yield and quality
of cultured aquatic products, the department of fish and wildlife should provide
diagnostic services that are workable and proven remedies to aquaculture disease
problems.
It is therefore the policy of this state to encourage the development and expansion
of aquaculture within the state . . . 25
Consistent with these legislative and policy directives, former Governor Christine
Gregoire launched the Washington Shellfish Initiative in 2011 to specifically encourage shellfish
farming in the state. The Washington Shellfish Initiative recognizes shellfish aquaculture is
critically important to the state’s ecology, economy, and culture. 26 Shellfish help filter and
improve the quality of marine waters and are an important part of the solution to restore and
preserve the health of endangered waters. 27 Accordingly, the Washington Shellfish Initiative lists
several programs to restore and expand shellfish resources throughout the state, including
improved guidance for local SMPs “to protect against habitat impacts and planning to minimize

24

ESHB 2819 (2002 c 123 § 1).
RCW 15.85.010.
26
Appendix E, p. 1 (Washington Shellfish Initiative).
27
Id.
25
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conflicts with adjoining shoreline owners and other marine water users.” 28 The Washington
Shellfish Initiative has already produced impressive results, including helping to reopen 2,429
acres of shellfish beds throughout Washington State by solving water quality pollution
problems. 29
Following up on these initial efforts, Governor Jay Inslee launched Phase II of the
Washington Shellfish Initiative in 2016 “to promote critical clean-water commerce, elevate the
role that shellfish play in keeping our marine waters healthy and create family wage jobs.” 30
Washington State leads the country in the production of farmed clams, oysters, and mussels
(10,500 metric tons in 2013) with an estimated total economic contribution of $184 million in
2010. 31 Washington shellfish growers directly and indirectly employed over 2,700 people in the
State in 2010, and are among the largest private employers in some counties. 32 A key goal of
Phase II is to improve permitting processes to maintain and increase sustainable aquaculture. 33
Streamlining permitting requirements is critical to increasing shellfish production in Washington
State, as shellfish farmers are subject to numerous federal, state, and local permitting
requirements that can be extremely costly and difficult to navigate.
The National and Washington Shellfish Initiatives align with the Puget Sound
Partnership’s effort to restore and protect Puget Sound. The Puget Sound Partnership is the state
agency leading the region’s collective effort to restore and protect Puget Sound, and it works
with several other agencies and stakeholders in this endeavor. The Partnership’s 2014-2015
Action Agenda for Puget Sound identifies three Strategic Initiatives to direct the agency’s action
where it can address the most significant problems, with viable solutions, in a way that will
create meaningful improvements for Puget Sound. One of the three Strategic Initiatives is
focused on shellfish. 34 The Partnership has set a target of adding 10,800 harvestable shellfish
acres in the State by 2020, including 7,000 acres where harvest is currently prohibited due to
pollution. 35 The Shellfish Strategic Initiative recognizes the importance of shellfish beds to the
State’s environment, economy, and culture: “Shellfish harvesting is both a treaty right for tribes
and a vital industry in our region. It is also a treasured tradition for countless northwest families.
Shellfish health begins on land, through reduction of pollution from rural and agricultural lands
and maintenance and repair of failing septic tanks.” 36 Accordingly, the Partnership developed an
Implementation Strategy focused on shellfish beds to advance the Shellfish Strategic Initiative. 37
The Shellfish Beds Implementation Strategy emphasizes “[b]ivalve shellfish are of ecological,
economic, cultural, recreational, and historical significance to Puget Sound. Shellfish have
sustained people in the region for at least 5,000 years (Antczak et al. 2008).” 38 The
Implementation Strategy describes the ecological importance of shellfish beds as follows:

28

Id. at p. 3.
Appendix F, p. 2 (Washington Shellfish Initiative – Phase II Policy Brief).
30
Id. at p. 1.
31
Id.
32
Id.
33
Appendix G, pp. 10-11 (Washington Shellfish Initiative – Phase II Work Plan).
34
Appendix H, p. 2-1 (Puget Sound Partnership 2014-2015 Act Agenda, Section 2: Strategic Initiatives).
35
Appendix I (Puget Sound Partnership Interim Targets, Shellfish Beds).
36
Id., p. 2-1 (Puget Sound Partnership 2014-2015 Act Agenda, Section 2: Strategic Initiatives).
37
Appendix J, p. 4 (Puget Sound Partnership, [Phase One Final] Implementation Strategy for Puget Sound’s
Shellfish Beds Recovery Target).
38
Id. at p. 5 (citing Antczak, A., and R. Cipriani, eds. 2008. Early Human Impact on Megamolluscs. Archaeopress).
29
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Shellfish also provide biophysical services: they feed by filtering and ingesting
minute particles – mostly microscopic algae – from seawater. This helps to maintain
water quality and clarity, allowing sunlight to penetrate to depth at which eelgrass
and macro algae (attached seaweed) use it for photosynthesis (Newell 2004).
Shellfish pass on digested and undigested material that settles to form sediments,
feeding benthic organisms. They also add structure to nearshore habitats, provide
refuge and food for other species, and can help to remove nitrogen from the water
(Newell 2004). 39
These numerous federal and state policies and laws are consistent with the SMA and SMP
Guidelines. They all identify aquaculture as a preferred use that must be encouraged by local,
state, and federal governments; managed; and protected from potentially harmful activities.
C. Shellfish Aquaculture Is Highly Regulated, and the County SMP Should
Streamline Permitting Requirements.
Ecology’s Shoreline Master Programs Handbook (SMP Handbook) for Aquaculture
recognizes “[a] complex framework of state and federal requirements for aquaculture is in
place.” 40 Among other things, aquaculture is regulated by numerous federal agencies, and a
comprehensive analysis of shellfish farming activities was recently completed between the U.S.
Army Corps of Engineers, the National Marine Fisheries Service, and the U.S. Fish and Wildlife
Service. This analysis was conducted in the form of a 2015-2016 programmatic Endangered
Species Act and Essential Fish Habitat consultation on shellfish aquaculture activities in
Washington State inland marine waters (Programmatic Consultation). The Programmatic
Consultation documents include over 600 pages of expert information and analysis addressing
the potential interactions of shellfish aquaculture activities on listed species, critical habitat, and
essential fish habitat. 41 The Programmatic Consultation identifies over 30 conservation measures
that ensure aquaculture activities avoid and minimize potential adverse impacts to these species
and their habitat. The vast majority of shellfish aquaculture activities in Washington State obtain
ESA and EFH consultation coverage under the Programmatic Consultation and must comply
with all terms, conditions, and conservation measures of the consultation.
Appendix 1 of the SMP Handbook for Aquaculture provides a more comprehensive overview
of state and federal aquaculture requirements useful for informing SMP updates. 42 Appendix 1
lists over 20 different state, federal, and tribal programs applicable to aquaculture in Washington

39

Id. (citing New3ll, R. 2004. Ecosystem influences of natural and cultivated populations of suspension-feeding
bivalve molluscs: a review. Journal of Shellfish Research 23.1: 51-62).
40
SMP Handbook Ch. 16, p. 8. Available at: https://apps.ecology.wa.gov/publications/parts/1106010part16.pdf
41
The Programmatic Consultation documents include a programmatic biological assessment prepared by the Corps
Seattle District and programmatic biological opinions prepared by NMFS and USFWS. These documents are
incorporated by referenced in this comment letter. The USFWS biological opinion is available at:
https://www.nws.usace.army.mil/Portals/27/docs/regulatory/NewsUpdates/Shellfish_USFWS_BiOp_2016_08_26.p
df?ver=2016-09-07-185807-820; the NMFS biological opinion is available at:
https://www.nws.usace.army.mil/Portals/27/docs/regulatory/NewsUpdates/Shellfish_NMFS_Biop_2016_09_02.pdf
?ver=2016-09-07-185802-850; and the Corps’ biological assessment is available at:
https://www.nws.usace.army.mil/Portals/27/docs/regulatory/NewsUpdates/Shellfish_PBA_30_Oct_2015.pdf?ver=2
016-09-07-185805-287. Additional information and documents are available at:
https://www.nws.usace.army.mil/Missions/Civil-Works/Regulatory/Shellfish-Aquaculture/
42
Id.
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State. 43 A permitting process flowchart developed by the SIP Team illustrates the complex web
of regulations under which shellfish farmers in Washington State are regulated. 44 In light of
these extensive regulations, and given aquaculture is a strongly encouraged shoreline use with
recognized environmental, economic, and cultural benefits, the SMP Handbook for aquaculture
emphasizes the need to streamline and coordinate permitting requirements. Not only is this a
major focus of the national and state policies for aquaculture described above, but it is also “[i]n
keeping with the SMA direction to consider all plans, studies and information from other
agencies [RCW 90.58.100(1)(c)].” 45 The SMP Handbook states “SMP regulations should not
confound state and federal regulations and preclude an applicant’s ability to comply with state
and federal permits and the local SMP [RCW 90.58.360]” and encourages local governments “to
avoid including SMP provisions that duplicate state or federal requirements.” 46
D. Recent Washington Shorelines Hearings Board Decisions Confirm Shellfish
Aquaculture Is a Preferred Use with Insignificant Environmental Impacts.
The Washington Shorelines Hearings Board (SHB) has issued numerous recent decisions
confirming shellfish aquaculture is a preferred use that has insignificant environmental impacts.
Most of these cases have addressed geoduck aquaculture. For example, the SHB has issued four
decisions in recent years addressing challenges to permits issued by local governments for
geoduck farms under SMPs. Coalition to Protect Puget Sound Habitat v. Pierce County, SHB
No. 11-019 (July 13, 2012); Coalition to Protect Puget Sound Habitat v. Thurston County, SHB
No. 13-006c (October 11, 2013); Coalition to Protect Puget Sound Habitat v. Pierce County,
SHB No. 13-016c (January 22, 2014); and Coalition to Protect Puget Sound Habitat v. Pierce
County, SHB No. 14-024 (May 15, 2015).
Opponents have raised every argument imaginable in contending permits should be
denied or reversed for new geoduck farms, and they have often raised the same arguments
repeatedly. With one limited exception pertaining to the appropriate buffers for eelgrass beds, 47
the SHB has consistently rejected these arguments, holding impacts from geoduck farms would
be insignificant and minimized through reasonable permit conditions. Arguments pertaining to
the following issues have been raised and rejected by the SHB:
•

Forage fish spawning areas [SHB No. 11-019 (Findings of Fact (FF) 7, 12, 14, 18, and
Conclusions of Law (COL) 6); SHB No. 13-006c (FF 17-29, and COL 10-13; SHB No.
14-024 (FF 19-25 and COL 13, 16)]

43

Id.
SIP Team, Existing Permitting Processes, 9/2014. Available at: https://ecology.wa.gov/DOE/files/a4/a46df0828140-4f75-979e-543cacaefa30.pdf
45
SMP Handbook Ch. 16, p. 8.
46
Id.
47
SHB No. 13-016c. The SHB specifically found “a lack of complete and/or reliable scientific evidence in the
record to support a buffer of this size at this Site given the scale and density of the commercial geoduck farming
proposed in both intertidal and subtidal zones, and the conditions found at this Site.” Finding of Fact 51. The SHB’s
finding that the proposed farm did not adequately protect eelgrass formed its sole basis for finding that it also failed
to protect herring. Similarly, the SHB found that the County erred in not performing a cumulative impact analysis
and in balancing statewide interests, but both of these findings were premised on the SHB’s finding that the
proposed farm failed to protect eelgrass.
44
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•

Consumption of forage fish larvae [SHB No. 11-019 (FF 7, 8, and COL 6); SHB No. 13006c (FF 29 and COL 13); SHB No. 13-016c (FF 67)]

•

Juvenile salmon [SHB No. 11-019 (FF 7, 18); SHB No. 13-006c (FF 33-35 and COL 14);
SHB No. 13-016c (FF 68-71 and COL 15); and SHB No. 14-024 (FF 19-25 and COL 13,
16]

•

Waves, currents, and sediment transport [SHB No. 11-019 (FF 6, 14, 16, and COL 6, 14);
SHB No. 13-006c (FF 24-26, 30-32 and COL 13, 15); SHB No. 14-024 (FF 32-38 and
COL 13, 19)]

•

Microplastics [SHB No. 11-019 (FF 9); SHB No. 13-006c (FF 41-42 and COL 16); SHB
No. 14-024 (FF 44-47 and COL 13, 20)]

•

Marine debris [SHB No. 11-019 (FF 10, 11, and COL 6, 14); SHB No. 13-006c (FF 3642 and COL 16); SHB No. 14-024 (FF 39-43, 47 and COL 13, 20)]

•

Impact to the benthic community [SHB No. 11-019 (FF 17); SHB No. 13-016c (FF 64,
74-77 and COL 15); SHB No. 14-024 (FF 15 and COL 13-14)]

•

Cumulative Impacts—State Environmental Policy Act [SHB No. 11-019 (FF 21, and
COL 9); SHB No. 14-024 (FF 52-59 and COL 27-30)]

•

Cumulative Impacts—SMA [SHB No. 11-019 (FF 15); SHB No. 13-006c (FF 46-48 and
COL 21-27); SHB No. 14-024 (FF 52-59 and COL at 23)]

•

Recreation and navigation [SHB No. 13-006c (FF 43-45 and COL 17-20); SHB No. 13016c (FF 59-62 and COL 15); SHB No. 14-024 (FF 50-51 and COL 13, 22)]

•

Marine Mammals [SHB No. 14-024 (COL 17); SHB No. 13-016c (FF 72-73 and COL
15)]

•

Birds [SHB No. 13-016c (FF 78-79 and COL 15); SHB No. 14-024 (FF 26-28 and COL
13, 17)]

•

Farm preparation [SHB No. 14-024 (FF 12-13 and COL 13-14)]

•

Predator protection netting [SHB No. 14-024 (FF 14-15 and COL 13); SHB No. 13-006c
(FF 16-18)]

•

Harvest activities [SHB No. 14-024 [FF 16-18 and COL 13, 15; SHB No. 13-006c (FF at
24-26, 30-32); SHB No. 11-019 (FF 13-18, 22, and COL 14)]

•

Density, Genetics, Diseases, Parasites [SHB No. 14-024 (FF 29-31 and COL 13, 18);
SHB No. 11-019 (FF 8)]

•

Property values [SHB No. 14-024 (FF 48-49, 51 and COL 13, 21)]
The SHB findings and conclusions regarding the environmental impacts of geoduck
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aquaculture in these cases are based largely on research conducted by Washington Sea Grant. In
2007, the Legislature directed Washington Sea Grant to review existing scientific information
and commission research studies related to geoduck aquaculture according to six priorities.
Washington Sea Grant issued its final report in November 2013, and it concludes geoduck
aquaculture has limited disruptions within the range of natural variation experienced by benthic
communities in Puget Sound. 48 Highlights from the final report include:
•

Geoduck harvest practices have minimal impacts on benthic communities of infaunal
invertebrates, with no observed “spillover effect” in habitats adjacent to cultured plots,
suggesting that disturbance is within the range of natural variation experienced by benthic
communities in Puget Sound.

•

Differences in the structure of mobile macrofauna communities between planted areas
with nets and tubes and nearby reference beaches do not persist once nets and tubes are
removed during the grow-out culture phase.

•

Nutrients released from a typical commercial geoduck operation are low and localized
effects are likely to be negligible.

•

Geoduck aquaculture practices do not make culture sites unsuitable for later colonization
by eelgrass.

The SHB has recognized Washington Sea Grant as the authority on the environmental
impacts of geoduck farms. Specifically, in finding that the aquaculture gear and harvesting
activities of a newly permitted geoduck farm will not likely cause adverse environmental
impacts, the SHB relied on Washington Sea Grant, acknowledging “it is the most specific and
relevant scientific information currently available on this subject.” 49
The Sea Grant research, along with the Programmatic Consultation documents discussed
above and the attached technical report from Confluence Environmental Company, 50 represent
current, accurate, and complete scientific or technical information available with respect to
aquaculture that the County and Ecology should consider in the periodic SMP update.
II.

RECOMMENDED REVISIONS TO THE COUNTY SMP

48

Appendix K. Many of the findings reached by the Washington Sea Grant geoduck research program have been
published in peer-reviewed journals, including the following articles: Glenn R. VanBlaricom et. al, Ecological
effects of the harvest phase of geoduck (Panopea generosa Gould, 1850) aquaculture on infaunal communities in
southern Puget Sound, Washington, Journal of Shellfish Research Vol. 34, No. 1, pp. 171-87 (2015); P. Sean
McDonald et. al, Effects of geoduck (Panopea generosa Gould, 1850) aquaculture gear on resident and transient
macrofauna communities of Puget Sound, Washington, Journal of Shellfish Research Vol. 34, No. 1, pp. 189-202
(2015); McPeek et. al, Aquaculture Disturbance Impacts the Diet but not Ecological Linkages of a Iniquitous
Predatory Fish, Estuaries and Coasts (Nov. 8, 2014).
49
SHB No. 14-024 (FF 17).
50
Appendix L. This technical report was prepared in association with the Pierce County SMP update, and it contains
extensive scientific and technical information addressing shellfish aquaculture that is applicable to the marine
environment of Whatcom County and shellfish aquaculture activities that may occur in the County.
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To ensure the County SMP’s aquaculture policies and regulations are consistent with the
law and supported by scientific and technical information, we recommend the following
revisions (deletions are shown in strikethrough and additions are shown in underline):
Recommended Revision 51
Table 1 to WCC 23.40.010
The Draft Amendment proposes to revise the
shoreline use table to prohibit general
aquaculture (aquaculture other than
commercial geoduck and salmon net pen
facilities) in aquatic areas adjacent to the
Natural shoreline environment designation
(SED). This proposed revision should not be
adopted.
WCC 23.40.050.A.1 Aquaculture that involves
little or no substrate modification shall be
given preference over those that involve
substantial modification. The
applicant/proponent shall demonstrate that the
degree of proposed substrate modification is
the minimum necessary for feasible
aquaculture operations at the site.

Rationale
No scientific or technical information is
identified in the Draft Amendment that
would support this revision. As recognized
by the GMHB, prohibiting aquaculture in
the Natural SED absent such support is
impermissible. 52 Allowing aquaculture in
the Natural SED is consistent with the
purpose and policies of the Natural SED. 53

The first sentence of this provision is
unsuitable for a regulation, as it merely
expresses a preference for certain activities
over others. Moreover, it is inadequately
defined and unsupported by scientific and
technical information. To the extent that it
would disfavor common shellfish
aquaculture practices that have been proven
to have insignificant impacts on species and
habitat (e.g., those covered by the
Programmatic Consultation or analyzed by
Washington Sea Grant), it runs directly
counter to such information in violation of
the SMA and Guidelines. It would also fail
to give preference to and foster shellfish
aquaculture contrary to state law. 54
The second sentence appears to impose a
substantive requirement that any substrate
modifications must be the minimum
necessary for feasible operations. This
restriction is similarly unsupported by
scientific and technical information and
fails to give preference to and foster
shellfish aquaculture. 55 In an analogous

51

References to WCC provisions are to the provisions and text in the Draft Amendment (proposed changes to the
current provisions in the Draft Amendment are not shown in this column).
52
Pierce County Decision at 21-30. See also supra, § I.A.
53
Id. See also Appendix L, pp. 19-45.
54
Supra, § I.A.
55
Id.
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context, the GMHB held that an aquaculture
regulation requiring gear use be limited to
the minimum necessary for feasible
operations violated state law and must be
stricken. 56

WCC 23.40.050.A.2
The installation of submerged structures,
intertidal structures, and floating structures
shall be allowed only when the
applicant/proponent demonstrates that no
alternative method of operation is feasible.

Similar to the previous provision, this
provision is not only unsupported by
scientific and technical information, but
such information demonstrates aquaculture
structures do not have unacceptable
impacts. 57 This provision imposes
unjustifiable use restrictions and fails to
give preference to and foster aquaculture,
and hence it should be deleted.

WCC 23.40.050.A.3
Aquaculture proposals that involve substantial
substrate modification or sedimentation
through dredging, trenching, digging,
mechanical clam harvesting, or other similar
mechanisms, shall not be permitted in areas
where the proposal would adversely impact
critical saltwater habitat, or other fish and
wildlife habitat conservation areas.

This provision is insufficient in scope and
detail to ensure proper implementation, as
several key terms are undefined. 58
Moreover, this regulation appears to
articulate a zero-impact standard
inconsistent with the SMA and the
Guidelines, which acknowledge activities
will have some impacts and calls for those
impacts to be minimized. 59 This provision is
particularly inappropriate given commercial
shellfish beds are themselves critical
saltwater habitat. 60

WCC 23.40.050.B.9
Where aquaculture activities are authorized to
use public County facilities, such as boat
launches or docks, the County shall reserve the
right to require the applicant/proponent to pay
a portion of the cost of maintenance and any
required improvements commensurate with the
use of such facilities.

This revision provides important
clarification that the authority to require a
project proponent pay a portion of
maintenance costs and required
improvements applies to county, rather than
any public (e.g., state or federal), facilities.
Use and maintenance of non-County public
facilities are properly addressed by the
entities or agencies that own or control
those facilities.

WCC 23.40.050.F.1

Aquaculture operations are subject to
numerous laws and regulatory programs.

56

Pierce County Decision, pp. 34-36.
See also supra, §§ I.A, I.C, I.D.
58
WAC 173-26-191(2)(a)(ii).
59
RCW 90.58.020; WAC 173-26-176(2).
60
WAC 173-26-221(2)(c)(iii).
57
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In addition to the minimum application
requirements specified in WCC Title 22 (Land
Use and Development), applications for
aquaculture use or development shall include
all information necessary to conduct a
thorough evaluation of the proposed
aquaculture activity, including but not limited
to the following, if not already provided in
other local, state, or federal permit applications
or equivalent reports:

Applicants for new aquaculture project must
obtain several federal and state approvals in
addition to shoreline permits. 61 The County
should allow aquaculture applicants to
utilize information provided in other local,
state, or federal permit applications or
equivalent reports in order to satisfy
shoreline permit application requirements. 62
This allowance will not hinder the County’s
interest in ensuring it has all information
necessary to conduct a thorough evaluation
of aquaculture proposals, and it is critical to
avoid unnecessary burdens on applicants
and streamline permitting consistent with
the laws and policies discussed above. 63
WCC 23.40.050.F.2
Taylor Shellfish, along with other
Applications for aquaculture activities must
responsible farmers, employ numerous
demonstrate that the proposed activity will be
practices to avoid and minimize potential
compatible with surrounding existing and
noise and light impacts on other shoreline
planned uses.
users. However, to help protect the safety of
a. Aquaculture activities shall comply with its crews and provide marketable products,
all applicable noise, air, and water quality shellfish operators frequently need to
standards. All projects shall be designed, conduct activities during nights or on
operated and maintained to minimize
weekends when there are low tides. This is
odor and noise.
recognized in the Guidelines, which state:
b. Aquaculture activities shall be restricted
“Commercial geoduck aquaculture workers
to reasonable hours and/or days of
oftentimes need to accomplish on-site work
operation when necessary to minimize
during low tides, which may occur at night
substantial, adverse impacts from noise,
or on weekends. Local governments must
light, and/or glare on nearby residents,
allow work during low tides but may
require limits and conditions to reduce
other sensitive uses or critical habitat.
c. Aquaculture facilities shall not introduce impacts, such as noise and lighting, to
incompatible visual elements or
adjacent existing uses.” 64 Restricting
substantially degrade significantly impact operations to certain hours or days may
the aesthetic qualities of the shoreline.
compromise the safety of farm crews and/or
Aquaculture structures and equipment,
render operations infeasible. This
except navigation aids, shall be designed, requirement in 2.b is incompatible with the
operated and maintained to blend into
SMA and Guidelines, and it should be
their surroundings through the use of
removed.
appropriate colors and materials.
61

Supra, § I.C.
WAC 173-26-241(3)(b)(iv)(E) (“Local governments should minimize redundancy between federal, state and local
commercial geoduck aquaculture permit application requirements. Measures to consider include accepting
documentation that has been submitted to other permitting agencies, and using permit applications that mirror
federal or state permit applications.”)
63
Supra, § I.B.
64
WAC 173-26-241(3)(b)(iv)(H). While this provision addresses geoduck specifically, the same holds true for
cultivation of other shellfish species.
62

SE 130 Lynch Rd., Shelton, WA 98584

www.taylorshellfish.com

Taylor Shellfish Farms
SMP Periodic Review Comments

15
The requirement in 2.c that aquaculture
facilities not introduce incompatible visual
elements or substantially degrade the
aesthetic qualities of the shoreline is
inconsistent with the Guidelines, which
instead require that that aquaculture not
significantly impact aesthetic qualities. 65
The requirement that aquaculture activities
not introduce incompatible visual elements
is insufficient in scope and detail to ensure
proper implementation. 66 This subsection
should be aligned with state law.

WCC 23.40.050.H.2
In the Natural shoreline environment,
aquaculture activities that do not require
structures, facilities, or mechanized harvest
practices and that will not result in the
alteration of substantially degrade natural
systems or features are permitted.

The prohibition on structures, facilities, or
mechanized harvest in the Natural
environment is unsupported by scientific
and technical information and is
accordingly inconsistent with the SMA and
Guidlelines. 67 As discussed above, there is
extensive scientific and technical
information that demonstrates shellfish
aquaculture activities, some of which
include these proscribed items, have
minimal impacts that are consistent with the
Natural environment. 68 The revised
language shown here remedies these
failures and aligns this regulation with the
management policies in the Guidelines for
the Natural environment. 69

Thank you for your time and consideration of these comments.

Sincerely,

Diani Taylor E.
General Counsel, Taylor Shellfish Farms
65

WAC 273-26-241(3)(b)(i)(C).
WAC 173-26-191(2)(a)(ii).
67
RCW 90.58.100(1); WAC 173-26-201(2)(a); supra, § I.A
68
Supra, §§ I.A, I.C, I.D
69
WAC 173-26-211(5)(a)(ii) (“Any use that would substantially degrade the ecological functions or natural
character of the shoreline area should not be allowed.”).
66
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Vietnam
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Thailand
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Myanmar a
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Egypt I
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Philippines
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Indonesia

China

495,499
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National Oceanic and Atmospheric Administration
MARINE AQUACULTURE POLICY1

Purpose
The purpose of this policy is to enable the development of sustainable marine aquaculture within
the context of the National Oceanic and Atmospheric Administration’s (NOAA) multiple
stewardship missions and broader social and economic goals. Meeting this objective will require
NOAA to integrate environmental, social, and economic considerations in management decisions
concerning aquaculture. This policy reaffirms that aquaculture is an important component of
NOAA’s efforts to maintain healthy and productive marine and coastal ecosystems, protect
special marine areas, rebuild overfished wild stocks, restore populations of endangered species,
restore and conserve marine and coastal habitat, balance competing uses of the marine
environment, create employment and business opportunities in coastal communities, and enable
the production of safe and sustainable seafood.

Statement of Policy
For purposes of this policy, aquaculture is defined as the propagation and rearing of aquatic
organisms for any commercial, recreational, or public purpose. This definition covers all
production of finfish, shellfish, plants, algae, and other marine organisms2 for 1) food and other
commercial products; 2) wild stock replenishment for commercial and recreational fisheries; 3)
rebuilding populations of threatened or endangered species under species recovery and
conservation plans; and 4) restoration and conservation of marine and Great Lakes habitat.
It is the policy of NOAA, within the context of its marine stewardship missions and its strategic
goals with respect to healthy oceans and resilient coastal communities and economies, to:
1. Encourage and foster sustainable aquaculture development that provides domestic jobs,
products, and services and that is in harmony with healthy, productive, and resilient
marine ecosystems, compatible with other uses of the marine environment, and consistent

1

The term “marine aquaculture” is used because the majority of NOAA’s aquaculture authorities and activities
relate to marine species. However, this policy applies to all of NOAA’s aquaculture authorities and activities,
including those related to marine, freshwater, and anadromous species and includes the Great Lakes.
2
This definition does not include marine mammals or birds.
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with the National Policy for the Stewardship of the Ocean, our Coasts, and the Great
Lakes (National Ocean Policy).3
2. Ensure agency aquaculture decisions protect wild species and healthy, productive, and
resilient coastal and ocean ecosystems, including the protecting of sensitive marine areas.
3. Advance scientific knowledge concerning sustainable aquaculture in cooperation with
academic and federal partners.
4. Make timely and unbiased aquaculture management decisions based upon the best
scientific information available.
5. Support aquaculture innovation and investments that benefit the Nation’s coastal
ecosystems, communities, seafood consumers, industry, and economy.
6. Advance public understanding of sustainable aquaculture practices; the associated
environmental, social, and economic challenges and benefits; and the services NOAA has
to offer in support of sustainable aquaculture.
7. Work with our federal partners, through the Joint Subcommittee on Aquaculture4 and
other avenues, to provide the depth of resources and expertise needed to address the
challenges facing expansion of aquaculture in the United States.
8. Work internationally to learn from aquaculture best practices around the world and
encourage the adoption of science-based sustainable practices and systems.
9. Integrate federal, regional, state, local, and tribal priorities along with commercial
priorities into marine aquaculture siting and management and ensure aquaculture
development is considered within other existing and potential marine uses to reduce
potential conflicts.

Basis for the Policy
NOAA has a long history of conducting regulatory, research, outreach, and international
activities on marine aquaculture issues within the context of its missions of service, science, and
environmental stewardship. The National Aquaculture Act of 1980, which applies to all federal
agencies, states that it is “in the national interest, and it is the national policy, to encourage the
development of aquaculture in the United States.” The statutory basis for NOAA’s aquaculture
activities includes the Magnuson-Stevens Fishery Conservation and Management Act, the
Marine Mammal Protection Act, the Endangered Species Act, the Coastal Zone Management
3

EO 13547, which adopts the final recommendations of the Interagency Ocean Policy Task Force (July 19, 2010) is
available online at http://www.whitehouse.gov/oceans.
4
The Joint Subcommittee on Aquaculture of the Federal Coordinating Council on Science, Engineering, and
Technology was created in the National Aquaculture Act of 1980. The purpose of the coordinating group is to
increase the overall effectiveness and productivity of federal aquaculture research, transfer, and assistance programs.
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Act, the National Marine Sanctuaries Act, and the Fish and Wildlife Coordination Act. Under
these laws, in addition to the National Environmental Policy Act, NOAA is responsible for
considering and preventing and/or mitigating the potential adverse environmental impacts of
planned and existing marine aquaculture facilities through the development of fishery
management plans, sanctuary management plans, permit actions, proper siting, and consultations
with other regulatory agencies at the federal, state, and local levels. Other statutes, including the
National Sea Grant College Program Act, the Saltonstall-Kennedy Act, the Anadromous Fish
Conservation Act, the Interjurisdictional Fisheries Act, the Merchant Marine Act, and the
Agricultural Marketing Act, authorize NOAA to enable and provide assistance for both public
and private sector aquaculture. In addition, the Oceans and Human Health Act calls for research
related to aquaculture.
NOAA may engage in regulatory actions in the Exclusive Economic Zone under the authority of
the Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-Stevens Act)
through Fishery Management Plans for species in need of conservation and management.
NOAA may also engage in regulatory action under National Marine Sanctuaries Act (NMSA)
authority with respect to aquaculture activities within or potentially affecting Sanctuaries.
NOAA has a direct regulatory role for aquaculture within the sanctuaries, in both state and
federal waters, except in state waters when limited by formal written agreement with the
Governor of that state. NOAA also engages in consultations with other federal permitting
agencies under the authority of the Endangered Species Act, Marine Mammal Protection Act, the
Essential Fish Habitat provisions of the Magnuson-Stevens Fishery Conservation and
Management Act, the National Environmental Policy Act, and other statutes. Through the
Coastal Zone Management Act, NOAA also reviews and approves state coastal management
programs, which identify permissible uses in the coastal zone, and oversees federal consistency
with these programs.5
In developing this policy, NOAA evaluated the application of past NOAA and Department of
Commerce aquaculture policies and planning documents and considered the specific challenges
and opportunities of today and tomorrow, drawing on the agency’s institutional knowledge of the
state of science on aquaculture and its potential impacts. In addition, NOAA considered public
input provided via an initial public comment period and a series of seven public listening
sessions during April and May 2010, and a 60-day public comment period on a public draft of
this policy released in February 2011.6 The policy also aligns with several objectives in
NOAA’s Next Generation Strategic Plan and is a primary component of NOAA’s strategic
objective for safe and sustainable seafood.7
This policy was also informed by the National Ocean Policy and the framework for effective
coastal and marine spatial planning (CMSP).8 Many of the themes found in the National Ocean
Policy – such as protecting, maintaining, and restoring healthy and diverse ecosystems;
5

Some federal permit actions are subject to state review under the consistency certification provisions of the Coastal
Zone Management Act.
6
Summaries of the listening sessions and all comments submitted as public input to the development of the NOAA
aquaculture policy are posted online at http://aquaculture.noaa.gov
7
Available at http://www.ppi.noaa.gov/strategic_planning.html
8
Final Recommendations of the Interagency Ocean Policy Task Force. Available online at
http://www.whitehouse.gov/administration/eop/ceq/oceans
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supporting sustainable uses of the ocean; and increasing scientific understanding and applying
that knowledge to make better decisions – are echoed in this document. This policy also mirrors
the National Goals for CMSP, setting the stage for aquaculture to be properly considered within
the CMSP process. NOAA, as the primary bureau within the Department of Commerce with
programmatic aquaculture responsibilities, developed this policy as a complement to the broader
Department of Commerce aquaculture policy.

Background
Approximately 84 percent of the seafood consumed in the United States is imported,9 about half
of which is sourced from aquaculture. In 2009, aquaculture crossed the threshold of providing
more than half of all seafood consumed worldwide.10 However, domestic aquaculture provides
only about 5 percent of the seafood consumed in the United States.11 Growing U.S. and
worldwide demand for seafood is likely to continue as a result of increases in population and
consumer awareness of seafood’s health benefits. The most recent federal Dietary Guidelines
for Americans (2010) recommend Americans more than double their current seafood
consumption.12 Because wild stocks are not projected to meet increased demand even with
rebuilding efforts, future increases in supply are likely to come either from foreign aquaculture
or increased domestic aquaculture production, or some combination of both.
The existing domestic marine aquaculture community is mainly comprised of shellfish growing,
but also includes finfish and algae production in coastal waters and hatchery production of fish
and shellfish to replenish stocks of important commercial, recreational, and endangered species
and to restore marine habitat (e.g., oyster reefs). Emerging technologies for marine aquaculture
include land-based closed-recirculating systems, marine algae production technologies for
biofuels and non-food products, systems that integrate different types of aquaculture or combine
aquaculture with other uses, and systems in exposed open-ocean waters.
Federal support, engagement, and authorities related to aquaculture development span a number
of agencies, in particular the Food and Drug Administration, Environmental Protection Agency,
Army Corps of Engineers, Fish and Wildlife Service, and the U.S. Department of Agriculture.
These agencies collaborate with each other, industry, states, and academia to address issues
related to aquaculture facilities13 and to promote the development of new technologies that

9

Source: U.S Department of Commerce, Fisheries of the United States 2009.
United Nations Food and Agriculture Organization. (2009). FISHSTAT Plus: Universal Software for Fishery
Statistical Time Series (Food and Agriculture Organization, Rome). Version 2.32. This figure includes both
freshwater and marine production.
11
This figure includes both freshwater and marine production. Not included in this figure is the amount of salmon
produced in Alaska by regional aquaculture associations and others in Alaska’s salmon stock enhancement program.
In 2009, Alaska’s salmon aquaculture stock enhancement programs produced over 45 million salmon, mostly pink
and chum salmon.
12
See www.mypyramid.gov
13
A recent example is the National Aquatic Animal Health Plan, which was developed in response to the growing
need for a coordinated government effort to ensure aquatic animal health. See
http://aquaculture.noaa.gov/news/naahp.html
10
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improve the sustainability of the industry. This policy sets the stage for NOAA’s continued
involvement in these coordinated efforts.

Benefits and Challenges
As interest in commercial aquaculture production and wild species restoration in the marine
environment has increased, so too has debate about the potential economic, environmental, and
social effects of aquaculture – and the need for better public understanding with respect to these
issues. Benefits of sustainable aquaculture may include species and habitat restoration and
conservation; nutrient removal; provision of safe, local seafood that contributes to food security
and human health and nutrition; increased production of low trophic-level seafood; and synergies
with fishing (e.g., using fish processing trimmings in aquaculture feeds). Sustainable
aquaculture can also contribute economic and social benefits by creating jobs in local
communities and helping to maintain the cultural identity of working waterfronts.
Environmental challenges posed by aquaculture, depending upon the type, scope, and location of
aquaculture activity, may include nutrient and chemical wastes, water use demands, aquatic
animal diseases and invasive species, potential competitive and genetic effects on wild species,
effects on endangered or protected species, effects on protected and sensitive marine areas,
effects on habitat for other species, and the use of forage fish for aquaculture feeds. Economic
and social challenges may include market competition affecting the viability of domestic
aquaculture and/or the prices U.S. fishermen receive for their wild seafood products; competition
with other uses of the marine environment; degraded habitats and ecosystem services; and
impacts to diverse cultural traditions and values.
Growing consumer demand for safe, local, and sustainably produced seafood, increasing energy
costs, increasing seafood demand in countries that currently export seafood to the United States,
and growing interest in maintaining working waterfronts are emerging drivers that support
sustainable domestic aquaculture production. U.S. aquaculture production – both small-scale
and large-scale – has evolved and improved over time through regulations at the federal and state
levels, scientific advancements, consumer demand, technological innovation, industry best
management practices, and protocols for responsible stock replenishment and hatchery practices.
This policy will allow NOAA to further advance these developments through the actions
described below.

NOAA Aquaculture Priorities
To implement the Statement of Policy, NOAA has identified the following priorities:
Science and Research
•

Expand NOAA’s research portfolio to (1) provide the necessary ecological,
technological, economic, and social data and analysis to effectively and sustainably
develop, support, manage, and regulate private and public sector marine aquaculture and
species restoration, including technologies deemed necessary under recovery and
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conservation plans for depleted, threatened, and endangered species and habitat; (2)
monitor, assess, and address the environmental and socioeconomic effects of marine
aquaculture, including cumulative impacts; and (3) complement the scientific work of our
federal, state, and academic partners.
•

Evaluate alternative protein and lipid sources to be used in lieu of wild fish and fish oil in
aquaculture feeds and develop cost-effective alternative feeds that maintain the human
health benefits of seafood and reduce reliance on the use of wild forage fish in the diets
of farmed fish.

•

Develop and evaluate the cost-effectiveness of methodologies to prevent, minimize, and
mitigate potential adverse ecosystem and socioeconomic impacts of aquaculture.

•

Monitor and assess the effects of ocean acidification and climate change on marine
aquaculture and develop adaptation strategies.

Regulation
•

Actively engage federal agencies, Fishery Management Councils, federal advisory
councils or committees, coastal states, tribes, other stakeholders, and Congress to clarify
NOAA’s regulatory authority related to aquaculture in federal waters in the context of
other federal, state, and tribal authorities and to establish a coordinated, comprehensive,
science-based, transparent, and efficient regulatory program, taking into account relevant
international standards, as appropriate, for aquaculture in federal waters consistent with
the President’s Executive Order on Improving Regulation and Regulatory Review.

•

Work with federal, state, local, tribal, and regional agencies and organizations to clarify
regulatory requirements and to establish coordinated, comprehensive, science-based,
transparent, and efficient processes for permit reviews, permit consultations, and other
regulatory and management actions for marine aquaculture in state waters – taking into
account existing authorities, international standards, and regional, state, and local goals,
policies, and objectives.

•

Engage in coastal and marine spatial planning with other agencies and jurisdictions,
including the Regional Planning Bodies being created under the National Ocean Council,
to ensure siting of marine aquaculture that reduces conflicts among competing uses,
minimize adverse impacts on the environment, and identify activities for potential colocation with aquaculture operations.

Innovation, Partnerships, and Outreach
•

Collaborate with federal partners, coastal communities, states, tribes, the aquaculture
industry, non-governmental organizations, and other stakeholders to transition innovative
aquaculture technologies from laboratory studies to commercial and restoration projects
and document and assess their environmental, ecosystem, and socioeconomic impacts.
Focus on projects that will create jobs in coastal communities, produce healthful local
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seafood, revitalize working waterfronts, support traditional fishing communities, avoid
impacts to protected areas, and restore depleted species and habitat.
•

Work with extension and outreach services to interpret technical and scientific data and
provide informational products to transfer that knowledge to other stakeholders and the
public.

•

Support restoration and commercial shellfish aquaculture initiatives to restore shellfish
populations that provide locally produced food and jobs, help improve water quality, and
restore and conserve coastal habitat.

•

Develop synergies among NOAA’s fisheries management, enforcement, financial
assistance, aquaculture, seafood inspection, Coastal Zone Management, National Marine
Sanctuaries, and National Sea Grant programs to rebuild wild fish stocks and support
alternative or supplemental economic options for fishermen.

•

Engage within the Joint Subcommittee on Aquaculture and National Ocean Council to
promote coordination among federal agencies on marine aquaculture regulatory and
science issues and pursue opportunities for collaboration, such as integrating aquaculture
with other ocean uses and using aquaculture facilities as a platform for more
comprehensive environmental monitoring.

International Cooperation
•

Work with other federal agencies to establish a coordinated, consistent, and
comprehensive international strategy on sustainable marine aquaculture that supports and
is consistent with U.S. policies and priorities regarding food security, international trade,
healthy oceans, and economic well-being.

•

Work with other nations, as appropriate, to adopt sustainable aquaculture and seafood
safety approaches using the best practices.

•

Exchange scientific insights with other nations and promote joint participation in
cooperative research that is of potential multinational value, including addressing impacts
of aquaculture that breach international boundaries.

Implementation and Periodic Review
NOAA will begin to implement this policy immediately upon release. This policy will
henceforth guide all NOAA activities with respect to marine aquaculture, until such time as it is
amended or rescinded by the NOAA Administrator.
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Appendices
NOAA will take a tiered approach with respect to this policy and may publish more detailed
policies related to specific authority to regulate aquaculture activities. These tiered documents
will be included as appendices to the overarching policy.
Appendix 1. NOAA Guidance for Aquaculture in Federal Waters
Appendix 1 establishes goals for NOAA’s regulatory actions with respect to aquaculture
production in federal waters of the U.S. Exclusive Economic Zone, and provides a list of
principles and approaches that NOAA will take to achieve each goal. In the future, NOAA will
be identifying specific actions to be taken to implement each goal.
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APPENDIX 1

NOAA GUIDANCE FOR AQUACULTURE IN FEDERAL WATERS

The purpose of this appendix is to establish a set of goals to guide NOAA’s regulatory and
programmatic actions with respect to aquaculture production in federal waters of the U.S.
Exclusive Economic Zone and to provide a list of implementing actions that NOAA will take to
achieve each goal. NOAA will take these actions to the extent of the agency’s discretion and
funding availability under relevant authorities and in coordination with our federal partners.
These goals and implementing actions are an extension of the NOAA Aquaculture Policy, which
applies broadly to all marine aquaculture-related activities at NOAA.
Goal 1. Ecosystem compatibility – Aquaculture development in federal waters is
compatible with the functioning of healthy, productive, and resilient marine ecosystems.
NOAA will achieve this goal by:
- developing, implementing, and enforcing ecosystem-based conservation and
management measures for aquaculture that fulfill the agency’s marine stewardship
responsibilities to protect and restore healthy coastal and ocean ecosystems and to
conserve living marine resources, their habitats, and other protected areas
- developing, implementing, and enforcing conservation and management measures for
aquaculture designed to maintain the health, genetics, habitats, and populations of wild
species; maintain water quality; prevent escapes and accidental discharges into the
environment; and avoid harmful interactions with wild fish stock, marine mammals,
birds, and protected species
- pursuing efforts to restore wild stocks
- supporting the use of only native or naturalized species in federal waters unless best
available science demonstrates use of non-native or other species in federal waters would
not cause undue harm to wild species, habitats, or ecosystems in the event of an escape
- employing science-based adaptive management
- taking into account the cumulative impacts of aquaculture throughout all trophic levels
of the marine environment and in combination with the impacts of other activities
- encouraging the use of aquaculture feeds that either use fish from sustainably managed
fisheries or alternative protein and lipid sources
- considering interactions with marine resources managed by other agencies and
jurisdictions
- conducting programmatic or site-specific reviews of impacts related to proposed
facilities in federal waters in compliance with National Environmental Policy Act
requirements
Goal 2. Compatibility with other uses – Aquaculture facilities in federal waters are sited
and operated in a manner that is compatible with other authorized uses of the marine
environment.
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NOAA will achieve this goal by:
- coordinating with other agencies to develop tools to properly site aquaculture in federal
waters, including tools to reduce conflicts among competing uses and identify activities
for potential co-location with aquaculture operations, in the context of regional and
national coastal and marine spatial planning (CMSP) activities and ecosystem
compatibility goals
- incorporating the preferences of states in decisions about aquaculture development in
federal waters
- facilitating discussions among interested aquaculture developers, concerned state
agencies, Fishery Management Councils, tribes, other federal agencies, federal advisory
committees, and the public as early as possible in project planning and development
- promoting the safety of human life at sea and providing situational awareness for those
working on offshore aquaculture operations, including coastal and marine forecasts and
marine navigation weather
Goal 3. Best available science and information – Management decisions for aquaculture in
Federal waters are based upon the best available science and information.
NOAA will achieve this goal by:
- basing management decisions on best available scientific information – including
biological, technological, ecological, economic, and social data – in management
decisions
- synthesizing and delivering information on the current state of scientific understanding
about the observed and potential impacts and benefits of open ocean aquaculture
- identifying gaps and uncertainties associated with the current body of knowledge and
taking these uncertainties into account in agency decisions
- conducting and supporting scientific studies to inform agency decision-makers on open
ocean aquaculture technologies, practices, benefits, costs, and risks and to develop new
and improve existing sustainable practices and products
- monitoring, evaluating, and maintaining databases on the impacts of aquaculture,
including cumulative impacts, on biodiversity, predator-prey relationships, and other
important characteristics of healthy and productive ecosystems
- working with state and federal agencies, academia, tribes, and other entities to improve
scientific understanding of the effects of open ocean aquaculture and to develop costeffective open ocean aquaculture technologies and practices that prevent, minimize, or
mitigate negative environmental or societal effects
- updating and adapting conservation and management measures to reflect the best
available scientific information
- incorporating the insights gained by other countries that actively participate in open
ocean aquaculture activities
Goal 4. Social and economic benefits – Investments in sustainable aquaculture in federal
waters provide a net benefit to the Nation’s economy, coastal communities, and seafood
consumers while considering regional and state goals and objectives.
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NOAA will achieve this goal by:
- creating opportunities for new aquaculture jobs and economic growth for U.S.
communities that complement commercial and recreational fishing, maintain and
revitalize working waterfronts, provide upstream and downstream economic
opportunities throughout the U.S. economy and provide additional domestic seafood
choices for U.S. consumers
- assessing the food safety and human health effects of consumption of aquaculture
products (foreign and domestic) in coordination with other federal agencies
- making the agency’s fee-for-service seafood inspection services available to aquaculture
producers operating in federal waters
- assessing the likely positive and negative social, economic, and cultural impacts of
management decisions, individually and cumulatively, over both the short and long term,
on permit applicants, individual communities, the group of all affected communities
identified, and the U.S. economy, including impacts on employment and the economic
viability of working waterfronts
- identifying, developing, and supporting mitigation measures to address social, economic,
and cultural impacts
Goal 5. Industry Accountability – To secure long-term access to operate aquaculture
facilities in federal waters, operators are held accountable for protecting the
environment, wild species, and human safety and for conducting and reporting ongoing
monitoring.
NOAA will achieve this goal by working with federal agencies and other partners to develop
an appropriate framework through which operators of aquaculture facilities will:
- conduct a baseline environmental analysis of the proposed site prior to permit review
- prepare and implement a broodstock management plan, an aquatic animal health plan,
and a contingency plan for responding to emergencies
- prepare, obtain federal approval for, and comply with an operating plan that uses
recognized best management practices to ensure good husbandry, biosecurity, predator
control, and maintenance practices that minimize the number and frequency of escapes,
disease outbreaks, noise impacts, and entanglements
- prepare, obtain federal approval for, and comply with a monitoring plan to meet all
monitoring and reporting requirements, including reports of escapes, disease outbreaks,
drug or chemical applications, nutrient discharges, and other environmental monitoring as
required by NOAA or other federal agencies
- incorporate environmentally efficient and responsible management practices that limit
inputs and waste discharges into the environment from drugs, chemicals, feeds, etc.
- allow regular inspection of facilities by authorized officers
- provide, upon request, evidence of compliance with applicable laws, including those
governing use of drugs and feeds and other operational details that are under the
jurisdiction of other agencies
- provide evidence of an assurance bond to address facility removal and site remediation
- safely remove facilities and organisms once operations end and, to the extent necessary
and practicable, restore environmental conditions of the site
- ensure the safety of human life at sea
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Goal 6. Approval process – Management decisions for aquaculture operations in federal
waters are made in an efficient and transparent manner that produces timely, unbiased,
and scientifically based decisions.
NOAA will achieve this goal by:
- implementing efficient, coordinated, transparent, and timely processes for science-based
permit review and issuance and making easily understood information about the
permitting process and requirements available on the agency’s website
- reducing regulatory uncertainty and minimizing unnecessary regulatory burden on
individuals, private or public organizations, or federal, state, tribal, or local governments
- coordinating permit review, approval, and enforcement, both internally and with other
federal agencies, to ensure compliance with existing regulatory requirements and to foster
an efficient and timely regulatory process
- providing public notice and opportunities for Fishery Management Council, state, tribal,
local government and stakeholder input on agency management decisions
- providing leadership in conducting periodic reviews of federal statutory and regulatory
requirements to identify gaps or overlaps in federal authority, clarify federal agency roles
and responsibilities, and develop streamlined processes for authorizing aquaculture and
enforcing regulatory requirements in federal waters, in consultation with Congress, other
federal agencies, Fishery Management Councils, and states
Goal 7. Public information – The public has an accurate understanding of sustainable
aquaculture development in federal waters and the associated environmental, social, and
economic challenges and benefits; monitoring information is readily available to the public.
NOAA will achieve this goal by:
- developing, widely disseminating, and effectively communicating regional and national
informational materials on the merits, trade-offs, technologies, species, and practices used
to conduct aquaculture in federal waters
- making publicly available – in a timely manner and in accordance with applicable
standards for transparency and confidentiality – monitoring data, results, and information
submitted by aquaculture facilities operating in federal waters, analyses of the data
reported by aquaculture operators in federal waters, and the results of research conducted
by NOAA and others
- communicating to the public, through extension or other outreach services, new research
findings, particularly those from local research and demonstration projects

12

Appendix C

NOAA’s National Shellfish Initiative
The goal of the National Shellfish Initiative is to increase shellfish aquaculture for commercial
and restoration purposes, thereby stimulating coastal economies and improving ecosystem
health. The focus is on bivalves or mollusks, not on crustaceans. This initiative will help meet
the growing demand for seafood while creating jobs, restoring depleted species, conserving
habitat for important commercial, recreational, and endangered fish species, improving water
quality, and stabilizing and protecting coastlines.

Overview of the National Shellfish Initiative
Put simply, this initiative recognizes the broad suite of benefits provided by shellfish
aquaculture and aims to increase shellfish production and wild shellfish populations in U.S.
coastal and marine waters. To that end, NOAA – in collaboration with public and private
partners – will focus on a limited number of actions under each of the following five topics:
1. Enhanced shellfish restoration and farming – Support the authorization of shellfish
sanctuaries/restoration sites and additional aquaculture permits/leases that are aligned
with the twofold goal of providing environmental and economic benefits; build hatchery
capacity to supply seed for commercial shellfish production and public/private
restoration projects; and develop innovative culture and post‐harvest processing
methods.
2. Research on environmental effects – Conduct research on the interactions between
shellfish and the environment in terms of climate change, ocean acidification, naturally
occurring pathogens and parasites, and other factors; gather data needed to assess and
refine restoration strategies and priorities; examine synergies with the shellfish industry.
3. Streamlined permitting – Improve coordination among federal agencies to facilitate
timely permitting of shellfish farms and restoration projects; develop model permit
processes; participate in reissuance of Army Corps of Engineers’ Nationwide Permit 48
for commercial shellfish aquaculture.

December 2011
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Overview of NOAA’sNational Shellfish Initiative, cont’d
4. Spatial planning – Engage in local and regional planning efforts to site commercial
shellfish production and shellfish restoration projects. This will include engaging with
the Regional Planning Bodies that carry out coastal and marine spatial planning under
the National Ocean Policy.
5. Innovative financing – Develop indicators that “monetize” ecosystem services provided
by shellfish aquaculture, such as nutrient reduction and carbon sequestration.
(Payments for ecosystem services, were they available, may spur participation in both
commercial and restoration aquaculture.)
NOAA is seeking to leverage its existing staff, science knowledge and capabilities, regulatory
authorities, and grant programs in partnership with others to implement the Initiative. An
internal staff work group led by the NMFS Office of Aquaculture (with participation from
several NMFS headquarters and regional offices, NOAA science centers, and the National Sea
Grant Program office) is coordinating NOAA’s efforts. To identify priorities and specific
opportunities, this staff group is






reaching out to industry participants, restoration groups, states, and others;
reviewing recommendations provided by the National Shellfisheries Association and the
East Coast Shellfish Growers Association based on recent surveys of their membership;
reviewing research priorities and restoration strategies identified by industry
associations, restoration NGOs, and others;
reviewing topics and priorities for upcoming NOAA grant competitions (budget
permitting); and
reaching out to other DOC (e.g., Economic Development Administration) and federal
agencies (e.g., USDA and NSF) to identify and coordinate grant opportunities to support
the Initiative.

For more information:
National
 Dr. Michael Rubino, Director, NOAA’s Office of Aquaculture, (301) 427‐8325
 Chris Botnick, Outreach Coordinator, NOAA’s Office of Aquaculture, (301) 427‐8325
Northwest
 Dr. Laura Hoberecht, NOAA’s Northwest Regional Aquaculture Coordinator, (206) 526‐4453
Southeast
 Dr. Jess Beck, NOAA’s Southeast Regional Aquaculture Coordinator, (727) 551‐5755
Northeast
 David Alves, NOAA’s Northeast Regional Aquaculture Coordinator, (978) 281‐9210
Southwest
 Diane Windham, NOAA’s Southwest Regional Aquaculture Coordinator, (916) 930‐3619
December 2011
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BUSH AND CALLOW ACT LANDS
Basic Statistics
Description
Bush and Callow Act Lands
Bush Act Lands
Pacific County (Willapa Bay)
Grays Harbor County (Grays Harbor)
San Juan, Skagit, Island, Snohomish,
Pierce, Thurston, Kitsap, Mason,
Jefferson, Clallam, and King Counties
Callow Act Lands
Thurston County
Pacific County
Mason County

Acres
Percent of Total
46,784
100%
46,204
98.8%
25,324
54.1%
7,054
15.1%

13,826
580
391
187
2

29.6%
1.2%
0.8%
0.4%
0.004%

Bush and Callow Time Line
1895

Bush Act and the Callow Acts are passed
• Bush Act
1. An act relating to oyster cultivation which was passed to encourage the
oyster industry in Washington State. Allowed for the sale of stateowned aquatic land (SOAL) into private ownership for “the purpose of
oyster planting, to encourage and facilitate said industry.”
2. It provided for the sale of not more than one hundred acres of state owned
tidelands into private ownership, at $1.25 per acre, to any qualified
individual for use only for oyster planting and cultivation. And, if those
tidelands became unfit or valueless for the purpose of oyster growing, the
owner was "entitled" to again purchase a substitute tract.
3. Limited the activity on the land, in whole or in part, to the purpose of
oyster planting. Note: Allowing the land to lie fallow is in keeping
with the statute.
4. Required the restriction to be written into the face of the deed.
5. Gave the Commissioner of Public Lands the discretionary authority to
cancel the sale of the land and revert the property to state ownership if
the lands are used for other than their deeded purpose upon application
by a citizen of the state.
•

Callow Act
1. Allowed for “purchase and sale of oyster lands” into private ownership.
2. Limited the activity on the land to “artificial oyster bed.” Note:
Allowing the land to lie fallow is NOT in keeping with the statute.
3 Required the restriction to be written into the face of the deed.

Summary Time Line of Bush and Callow Act Land Issues
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4. Directed that the land will automatically revert to state ownership if the
land ceases to be used as an artificial oyster bed.
1915

Bill passed
• Allowed Callow Act landowners to purchase back part of the state’s
reversionary rights. In essence it allowed owners to “convert” their Callow
Lands to Bush Lands as it related to allowed uses.

1919

The “Edible Clam Law” is passed
• Allowed for the use of Bush and Callow lands for the cultivation and
propagation clams and edible shellfish in addition to oysters.

1925 & 1927 Bills passed
• Allowed Bush and Callow land owners to purchase their full reversionary
rights from the State. In essence it allowed owners to put the land to use as they
see fit, without concern about it reverting back to state ownership.
1935

The Bush and Callow Acts are repealed by the Legislature

1949

The Edible Clam Law is repealed

1971

The Gissberg Amendment is passed (Codified as RCW 79.125.200(2))
• Forbids the sale of state-owned aquatic lands (SOAL) into private ownership.

1981

Attorney General Opinion issued
• Finds that because of the Gissberg Amendment the reversionary rights to Bush
and Callow lands cannot be sold to private entities.

1991

Attorney General Opinion issued
• Finds that if clams and edible shellfish, other than oysters, were commercially
cultivated on Bush and Callow land between 1919 and 1949, that activity is
“grandfathered” on that property. Otherwise it is contrary to the deed
restriction.

2002

HB 2819 passed (Codified as RCW 79.135.010)
• Allows for the use of Bush and Callow lands for the cultivation and
propagation of clams and edible shellfish in addition to oysters in inter-tidal
portions of the property.
• Allows for the continued cultivation of shellfish in the sub-tidal portions of the
property as long as active cultivation (defined as planting) of the specific
species in question was initiated prior to December 31, 2001.
• Requires a sub-tidal survey be filed with the DNR and the deep water
boundaries of the property be marked prior to the initiation of harvest of
geoduck (as permitted in the previous two bullets) from the property.
• These requirements start as of the date the bill becomes law, June 13, 2002.

Summary Time Line of Bush and Callow Act Land Issues
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Appendix E

WASHINGTON SHELLFISH INITIATIVE
The Washington State Shellfish Initiative is a convergence of the National Oceanic and Atmospheric
Administration’s (NOAA) National Shellfish Initiative and the State’s interest in promoting a critical
clean water industry. While the initiative supports Governor Gregoire’s goal of a “dig-able” Puget
Sound by 2020, it also encompasses the extraordinary value of shellfish resources on the coast. As
envisioned, the initiative will protect and enhance a resource that is important for jobs, industry,
citizens and tribes.

Overview
Washington State is taking additional action to protect and enhance shellfish resources. This effort
supports the long-term goal of abundant shellfish resources for Washington’s residents and Native
American tribes, as well as a thriving and healthy shellfish aquaculture industry. As an outcome of
the 2007 treaty rights settlement, many Puget Sound tribes are undertaking shellfish aquaculture as a
means of enhancing shellfish resources for cultural and economic gain.
We recognize and respect that shellfish aquaculture and commercial and tribal harvest of wild
shellfish resources are water-dependent uses that rely on excellent water quality. Shellfish also can
help filter and improve the quality of our marine waters thereby being part of the solution to restore
and preserve the health of endangered waters. We can have healthy marine waters and productive
shellfish beds for a growing industry, Native American tribes and for all the citizens of Washington.
The Puget Sound Partnership has targeted a net increase from 2007 to 2020 of 10,800 harvestable
shellfish acres, which includes 7,000 acres where harvest is currently prohibited in Puget Sound.
However, the recent shellfish downgrade in Samish Bay is a reminder of the constant vigilance
needed by landowners, businesses and local, state, federal and tribal governments to protect and
restore shellfish beds. Such efforts also are required on the coast where there is considerable
opportunity to enhance shellfish resources.
To restore and expand shellfish resources, Washington must renew its protection, restoration and
enhancement efforts. These efforts will pay off in increased recreation, additional clean water jobs,
and a healthier Puget Sound and coastal marine waters.

Shellfish: Jobs and Economic Opportunity
Shellfish are critical to the health of Washington’s marine waters and the state’s economy.
Washington leads the country in production of farmed clams, oysters and mussels with an annual
value of over $107 million. Washington shellfish growers directly and indirectly employ over 3,200
people and provide an estimated total economic contribution of $270 million. Surveys from the early
2000’s indicate shellfish growers are the largest private employer in Pacific County and the second
largest in Mason County. In just those two counties, they generate over $27 million annually in
payroll. In addition, there is ceremonial and subsistence harvest in Puget Sound and coastal waters
that tribes consider invaluable and unquantifiable.
Bivalves coming from Washington’s cool clean waters are prized as some of the best in the world.
This reputation has ensured that domestic and international demand for them has long exceeded
Washington Shellfish Initiative
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supply. This strong demand has fostered continued growth of shellfish production and hiring even
during the current economic downturn. Implementation of the NOAA’s National Shellfish Initiative
in Washington will enable shellfish aquaculture in the state to expand to meet the demand for quality
shellfish providing critical new jobs in rural Western Washington.
Annually, tourists and residents purchase over 300,000 licenses to harvest clams and oysters from
Washington waters, providing more than $3.3 million in state revenues. WDFW conservatively
estimates that the 125,000 shellfish harvesting trips made each year to Puget Sound beaches provide
a net economic value of $5.4 million to the region. On Washington’s coast, an average of 244,000
digger trips are made each season to harvest razor clams contributing an estimated $22 million value
to the coastal economies.

Shellfish Initiative
1. Create a Public/Private Partnership for Shellfish Aquaculture
Federal, state and local model permitting program. Provide unified state leadership from
state natural resource agencies by identifying a shellfish aquaculture coordinating lead for the
state and a lead in each agency. Use the Governor’s Office of Regulatory Assistance (ORA) to
facilitate the state team. Formalize clear and efficient coordination among state and federal
agencies, tribes and local governments for permitting and licensing. Develop and implement a
Model Permitting Program that ensures early and continued coordination from all parties, with
an operational agreement that commits all parties to see each project through from beginning to
end. The goal of the program is to develop a consistent process for improved timeliness of
permit decisions while ensuring regulatory compliance. The process will address tribal
notification and consultation protocols. The process also will address opportunities for early and
ongoing dialogue with permittees and others. The Model Permitting Program will be based on
existing, successful programs like the MAP Team (Multi-Agency Permitting) which has a proven
record of promoting coordinated decision making. The permitting team has initiated work on a
draft operational agreement.
Continue vital shellfish aquaculture research. Sustain research on key issues related to
aquaculture management and planning. Seek opportunities to partner with NOAA, Washington
Sea Grant, USGS and others to build on existing programs and to build our understanding of
shellfish and aquaculture in the Pacific Northwest. Priority should be given to research on
geoduck aquaculture, the role of shellfish in nutrient cycling and other aspects of ecosystem
services provided by shellfish. New research projects include:
 The Jamestown S’Klallam Tribe recently received their state 401 Water Quality Certification
for a new geoduck farm which includes a significant monitoring component for evaluating
potential impacts to adjacent eelgrass beds. The data from this monitoring will help improve
understanding of the relationship between farms and eelgrass.
 Washington Sea Grant will provide $79,198 over two years to support development of a
model that will serve as an innovative tool to assess the risk of toxic blooms in Puget Sound.
WSG-funded research will study the cyst stage of the toxic algae Alexandrium catenella,
responsible for paralytic shellfish poisoning, and evaluate the effectiveness of using cyst
mapping as a tool for early warning of bloom events in Puget Sound.
 Washington Sea Grant will host a public symposium to share latest scientific research findings
on shellfish production effects on the environment. The meeting will explore the scientific
Washington Shellfish Initiative
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basis for management decisions to balance competing land use interests, environmental
protection and coastal development needs
Implement pilots. Implement pilot projects and use the Model Permitting Program to
determine permitting efficiency, practicality and regulatory compliance (e.g., habitat protection).
Potential pilots include a Washington Department of Natural Resources (DNR) lease site and
North Sound restoration projects in bays like Sequim, Similk and Fidalgo.
Improve guidance for local shoreline master programs. Increase local government and
public understanding and application of the new shellfish provisions in State Shoreline
Guidelines (Chapter 173-26 WAC). The Department of Ecology (Ecology) will publish an
aquaculture Shoreline Master Program Handbook section with special emphasis on geoduck
aquaculture and net pen operations, update its aquaculture web resources to make them more
comprehensive, and provide direct technical assistance and training to local governments. The
guidance will address regulatory and technical assistance to protect against habitat impacts and
planning to minimize conflicts with adjoining shoreline owners and other marine water users.
Review of shellfish ecosystem services. U.S. Geological Survey will conduct a review of
available filter feeding models to quantitatively evaluate the capacity of cultivated shellfish to
mitigate nitrogen pollution in Puget Sound. This work will be informed by NOAA research. If
appropriate and feasible, Ecology will explore the possibility of implementing a nitrogen credit
system using shellfish for pollution reduction. The credit system could stimulate new shellfish
culture and jobs as well as identifying the role of shellfish in reducing nitrogen discharges.

2. Promote Native Shellfish Restoration and Recreational Shellfish Harvest
Restore native shellfish. Native shellfish restoration efforts will focus on two species: native
Olympia oysters and pinto abalone.
Olympia oysters:
 Restore 19 historic, large, Puget Sound natural oyster beds and associated local ecosystems
by 2022.
 Direct a $200,000 NOAA grant to the Northwest Straits Commission for Olympia oyster
restoration in the North Sound.
 Revise and update Washington Department of Fish and Wildlife’s (WDFW) 1998 Native
Oyster Rebuilding Plan by December 31, 2011. Share the revised plan with NOAA for
inclusion in the national Oyster Restoration Plan. WDFW’s standardized metrics will be
used to determine success.
 Increase collaboration with NOAA for assistance in funding and facilitating Olympia oyster
research and restoration efforts conducted by WDFW, Puget Sound Restoration Fund
(PSRF), tribal co-managers, shellfish growers and other partners.
 NOAA is planning to host a hatchery breeding program for native oysters to increase seed
production that meets established genetic conservation guidelines.
Pinto abalone:
 Use a $560,000 federal grant awarded by NOAA to WDFW in September to bolster the
number of pinto abalone. The program aims to re-establish a self-sustaining population of
pinto abalone without ESA protections. The NOAA-funded research, coupled with
Washington Shellfish Initiative

Page 3

December 9, 2011

continued state funding, will advance abalone restoration efforts by developing hatchery and
nursery programs for captive propagation and rearing. Priority abalone actions will be
conducted by WDFW, Puget Sound Restoration Fund, University of Washington and nonprofit organizations.
Enhance recreational shellfish harvest. Improve and increase public access to shellfish on
public tidelands for tribal and recreational harvest through signage, maps, acquisition and other
efforts.
Create public support for shellfish initiative. Leverage Washington State Parks to engage the
public in the initiative.
 Washington Sea Grant will lead the state agencies and partners through a simple planning
process to develop shellfish-related messages, publicize events, and otherwise develop
materials to make connections between clean water, our region’s shellfish resources and jobs.
 State Parks will conduct shellfish interpretive programs and events to help forge personal
connections between clean, productive Puget Sound waters, the shellfish we eat, and the
iconic role shellfish occupy in Washington’s cultural and culinary identity. State Parks will
collaborate with other public/tribal/private interests and help promote support of public
lands and the Discover Pass program.

3. Ensure Clean Water to Protect and Enhance Shellfish Beds
Direct $4.5 million in Environmental Protection Agency funding to protect and improve
water quality to meet state standards in commercial, recreational and tribal shellfish
growing areas. Funds will be used to help reach the Puget Sound Partnership’s shellfish
indicator target of upgrading 10,800 acres of harvestable shellfish beds by 2020. The
Department of Health (DOH) and Ecology are managing this new funding, which includes the
following:
 More than $2 million to help local governments create sustainable pollution identification and
correction (PIC) programs. These programs will be designed to identify and address pathogen
and nutrient pollution from a variety of nonpoint sources, including on-site sewage systems,
farm animals, pets, sewage from boats and stormwater runoff. Counties being offered funding
pending negotiations are San Juan, Thurston, Pierce, Skagit and Kitsap, as well as the Hood
Canal Coordinating Council, the consortium of counties and tribes that encompass the Hood
Canal.
 More than $1 million to help local health jurisdictions carry out onsite sewage system
management plans that inventory, inspect, and fix failing on-site sewage systems in Marine
Recovery Areas and other areas sensitive to pathogen pollution.
 $1.5 million to reduce pathogen and nutrient loading by improving manure management in
those areas with PIC programs. The fund will pay for eligible agricultural best management
practices, including livestock exclusion fencing, off-stream watering, and livestock feeding.
Interested land owners must work through a conservation district local government, tribe or
other governmental entity. Some of this work can be implemented by putting the newly
created Sound Corps to work.
 Increase local government understanding and application of practices for controlling
pathogens, consistent with Chapter 173-201 WAC. Ecology will provide guidance on nonpoint
source BMPs consistent with state water quality standards as well as training to local
governments to ensure that PIC programs and federal funding implement these standards.
Washington Shellfish Initiative
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 Develop economically viable strategies to address impacts from stormwater and wastewater
treatment outfalls, which are a significant factor for shellfish bed prohibitions.
Improve shellfish growing area protection and restoration efforts. Additional efforts are
needed at all levels of government to improve water quality protections for shellfish growing
areas. Two immediate steps are to:
 Form an EPA and state (i.e., Ecology, DOH, Washington State Department of Agriculture)
“pollution action team” to respond quickly when water quality problems are identified that
threaten to shellfish areas. The team will focus in priority areas and support PIC programs
where established. The team will work with technical staff from affected tribes with treaty
reserved rights. Services provided by the team include pollution identification, inspections,
enforcement, flyovers and technical assistance, consistent with guidance provided for use of
federal funds. The team will focus initially in Drayton Harbor and Portage Bay. There has been
a long struggle to protect the community shellfish beds in Drayton Harbor, and there are
growing concerns over tribal resources in Portage Bay. The Whatcom Conservation District
will be a key local partner in working with the state and federal pollution action team.
Take steps to address ocean acidification. Conduct research and develop recommendations to
understand, monitor, mitigate and adapt to acidification in Puget Sound and Washington waters.
 Convene a Blue Ribbon Panel on Ocean Acidification including scientific experts, the relevant

agencies and stakeholders to develop clear, actionable recommendations on understanding,
monitoring, adapting and mitigating ocean acidification in Puget Sound and Washington
waters.
 A new Washington Sea Grant research project will investigate the effects on Pacific oysters of
exposure to natural water seawater that contains a high level of carbon dioxide. It will also
explore new breeding programs for enhancing the tolerance of farmed Pacific oysters to higher
CO2 seawater. Washington Sea Grant will provide $112,693 over two years (2012−14) for the
project, building on 2010−13 funding of $478,082 and a total four-year investment of $590,785
to address ocean acidification impacts on shellfish resources.
Work with boaters to address potential pollution impacts.
 Strategically administer the Clean Vessel Program. The State Parks and Recreation
Commission will target Clean Vessel Act grants toward marinas where significant recreational,
commercial and tribal shellfish resources are harvested. These grants will fund the
construction, renovation, operations and maintenance of boat pump-out stations and waste
reception facilities for recreational boaters. State Parks will partner with the Washington Sea
Grant, DNR and other entities on educational outreach to marinas and boaters that will
publicize these pump-out locations and the need for their use.
 Complete No Discharge Zone Assessment. Ecology will complete an assessment needed to
establish a No Discharge Zone, which would ban sewage disposal from commercial and
recreational vessels for all or parts of Puget Sound.

Washington Shellfish Initiative
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Appendix F

WASHINGTON SHELLFISH INITIATIVE
January 2016

Washingtonians make hundreds of thousands of trips each year to the coast to harvest razor clams. Tribes have
harvested shellfish for generations upon generations, feeding their communities with healthy protein from
Puget Sound and coastal shores. The shellfish industry is a foundation of Western Washington’s rural economy
and an integral part of our state’s heritage.
Indeed, Washington leads the nation in farmed shellfish production, with approximately 10,500 metric tons of
oysters, clams and mussels harvested in 2013. In recent years, this yield contributed $184 million in economic
benefits. Washington shellfish growers employed more than 1,900 employees and created 810 indirect and
induced jobs across the state.
Our shellfish — a well-deserved source of pride for local growers — are sought by consumers around the world.
Shellfish are also a key part of our marine ecosystems, providing habitat and helping filter and cleanse water. For
all these reasons, shellfish are an extraordinary state resource.

The Washington Shellfish Initiative
Thousands of acres of shellfish beds that are closed due to
pollution need to be cleaned up, and at least two native
shellfish species that are either significantly diminished
(Olympia oysters) or imperiled (pinto abalone) need to be
restored.
To accomplish these actions, Washington must renew its
protection, restoration and enhancement work as well as
expand public education on the importance of our shellfish
resources. These efforts will pay off in more recreation
opportunities, additional clean water jobs, and healthier
coastal marine waters and Puget Sound.
The Washington Shellfish Initiative is an innovative
partnership among state government, federal government,
tribes, the shellfish industry and nonprofit organizations
to promote clean water commerce, create family-wage
jobs and elevate the role that shellfish play in keeping our
marine waters healthy.
Launched originally in 2011 following the National Oceanic
and Atmospheric Administration’s National Shellfish
Initiative, Governor Jay Inslee is launching the second phase
of the initiative in January 2016.

Jay Inslee
Governor

A history of accomplishments
Through solving water pollution problems, 2,429 acres
of commercial shellfish beds have been opened in
Oakland Bay (Mason County), Quartermaster Harbor
(King County), Belfair (Mason County), Kingston (Kitsap
County) and Dungeness Bay (Clallam County) in just the
past four years.
In May 2014, NOAA and the Puget Sound Restoration
Fund opened a native shellfish restoration hatchery
to grow baby Olympia oysters and pinto abalone. This
hatchery sets the stage for larger-scale restoration of
native species.
The Washington State Blue Ribbon Panel on Ocean
Acidification created a comprehensive strategy for
addressing ocean acidification in Washington’s marine
waters.
Governor Inslee and the Legislature created the Marine
Resource Advisory Council and the Washington Ocean
Acidification Center to advance this strategy. Washington
is leading the nation — and garnering international
attention — in addressing ocean acidification.
The Shellfish Interagency Permitting team developed

instructions for permit applications and mapped out
the permitting steps to assist applicants and permit
reviewers in navigating the permitting process.
The Clean Vessel Program paid for the replacement
and installation of sewage pumpouts for boaters at 31
locations around Puget Sound and on the coast, which
prevents sewage from polluting our waters.
Washington State Parks, along with a number of
community partners, hosted six ShellFest events, which
connected communities with the unique shellfish
resources on their shorelines.

Phase II goals
The Washington Shellfish Initiative advances our goals of healthy, abundant shellfish resources for a thriving shellfish
aquaculture industry, tribal ceremonial and subsistence harvest, and recreational harvest. By cleaning our waters,
improving permitting processes and restoring native shellfish, we strengthen local economies and create more
resilient, healthier coastal communities. Among the initiative’s goals are:
»» Ensuring clean water.
»» Embracing strategies to address ocean acidification’s effects on shellfish.
»» Advancing shellfish research topics.
»» Improving the permitting process to maintain and grow sustainable aquaculture.
»» Restoring native shellfish.
»» Enhancing recreational shellfish harvest.
»» Educating the next generation about shellfish.
Working together through this initiative, we can grow nutritious food, clean up Puget Sound and promote this
irreplaceable resource to local communities and world markets.

For more information visit, http://bit.ly/WAshellfishinitiative.
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Washington Shellfish Initiative – Phase II Work Plan
Washingtonians make hundreds of thousands of trips each year to harvest razor clams on the coast. Tribal
governments and their people have harvested shellfish for generations upon generations, feeding their communities
with healthy protein from Puget Sound and coastal shores. The shellfish industry is a foundation of Western
Washington’s rural economy and an important part of our state’s heritage. Washington leads the nation in farmed
shellfish production with approximately 10,500 metric tons of oysters, clams and mussels in 2013, which generated
approximately $184 million in total economic contribution, of which almost $92 million was direct revenue from the
industry. Washington shellfish growers also directly employed more than 1,900 employees and created more than
810 indirect and induced jobs across the state. Our shellfish are sought by consumers around the world and are a
well-deserved source of pride for local growers. Shellfish are also a key part of our marine ecosystems, providing
habitat and helping filter and cleanse water. For all of these reasons, shellfish are an extraordinary resource to
Washington state.
The Washington Shellfish Initiative began in late 2011. The first state initiative in the nation, it was launched on the
heels of the National Oceanic and Atmospheric Administration’s National Shellfish Initiative. This effort supports the
long-term goal of enhancing shellfish resources in coastal waters. Much has been accomplished through the
Washington Shellfish Initiative, including water quality improvements to support recreational, tribal ceremonial,
subsistence, commercial and nontribal commercial harvest, a new native shellfish restoration hatchery, cutting-edge
science to monitor ocean acidification and an assessment of the state aquaculture permitting process.
The goals laid out in the Washington Shellfish Initiative from 2011 are ambitious and vital to the long-term and
sustained health of shellfish resources and the marine ecosystem. While important steps have been taken in the past
four years, we need to continue advancing these goals to ensure clean water; address ocean acidification; establish
predictable, timely and protective permitting processes; restore native shellfish to the nearshore habitat; and educate
and engage communities about shellfish resources and protecting water quality.
The following work plan describes the next steps in advancing toward these Washington Shellfish Initiative goals. It
outlines plans, partners and timelines to map our future.

GOAL 1: ENSURE CLEAN WATER TO PROTECT AND RESTORE SHELLFISH GROWING AREAS IN
PUGET SOUND AND ON THE COAST 1.
1.1 Support sustainable local nonpoint source pollution control programs and strategies. (DOH,
ECY, WSCC, WSDA)

Protect shellfish beds in counties with significant shellfish resources. Recognize the extensive
economic and tribal cultural importance of the state’s shellfish harvest and that it is more cost
effective to protect healthy resources than to restore them once they are polluted.
Restore shellfish beds where there is a significant number of shellfish acres that have been
downgraded due to pollution originating in contributing watersheds and that need to be
recovered for commercial, ceremonial, subsistence and recreational purposes. (DOH National
Estuary Program Pathogen Grant Implementation Strategy provides a framework for protecting
and restoring shellfish growing areas. See Page 38 for a table of restoration efforts by growing
area. Note that growing areas downgraded after 2012, such as Portage Bay, are not listed.)
Advance the goals of protecting and restoring shellfish growing areas through the Results
Washington 2 goals and processes, in addition to a broad range of local, state, federal, tribal,
nonprofit and citizen-based efforts.
Throughout this document, the term “coast,” in the context of locations, refers to Willapa Bay, Grays Harbor and the
outer coast –Washington’s Pacific shoreline.

1

1

a) Support comprehensive, sustainable pollution identification and correction (PIC) programs in
the 14 counties 3 that have shellfish growing areas. Evaluate PIC programs by identifying what
it takes for effective coordination, identifying best practices for source identification,
correcting the pollution problems identified as necessary to meet water quality standards,
including National Shellfish Sanitation Program (NSSP) 4 standards over shellfish growing
areas, identifying sources of sustainable and supplemental grant funding, and addressing
barriers that reduce the effectiveness of local and multi-agency efforts. (DOH)
b) Develop and implement effective total maximum daily load water cleanup plans (TMDLs) or
a straight to implementation (STI) plans for fecal coliform bacteria in watersheds with
shellfish growing areas. (ECY)
 Identify and implement strategies to address outer coast beach bacterial sources along
North Beach in Grays Harbor County, including: 1) outreach and education to improve
understanding of water quality problems; 2) increase capacity of local jurisdiction to
address wastewater infrastructure improvements; and 3) implement appropriate best
management practices.
 Revisit TMDLs in the watersheds such as the Lower Nooksack River and Samish and
update implementation plans based on new information and data.
c) Support the development of strong sustainable, on-site sewage management programs in
Puget Sound and on the coast by implementing the Puget Sound Septic Financing Advisory
Committee’s recommendations to:
 Pursue agency request legislation to provide a sustainable funding source for local on-site
sewage management programs, which may include PIC work for the Puget Sound.
(DOH)
 DOH, Ecology and local health jurisdictions will work together to create a regional, lowinterest loan program to help system owners repair and replace failing systems for the
Puget Sound and the coast through Ecology’s water quality combined funding program.
(DOH, ECY)
 Pursue other recommendations of the advisory committee when alternative approaches
are needed.
d) Implement agricultural land use pollution reduction strategies to maximize implementation
and maintenance of best management practices (BMPs) to meet water quality standards,
including National Shellfish Sanitation Program (NSSP) standards at shellfish growing areas.
(WSCC, WSDA, ECY, DOH) Use the Results Washington process to open shellfish acreage
by conducting analyses of current efforts and addressing barriers to develop strategic,
effective approaches that result in meeting water quality standards, including the achievement
of NSSP standards in shellfish growing areas.
Results Washington is Governor Inslee’s data-driven continuous improvement system for state government. Using
Lean tools, Results Washington works to make government more efficient, effective and transparent. The Shellfish
Coordination Group was formed as part of the Sustainable Energy & Clean Environment goal. This group focuses on
the Governor’s goal of restoring and protecting approved shellfish growing areas by 1) assessing what’s truly going on;
2) identifying barriers towards progress; and 3) bringing state agencies together to address those barriers.
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Counties with shellfish growing areas are Clallam, Grays Harbor, Island, Jefferson, King, Kitsap, Mason, Pacific,
Pierce, San Juan Skagit, Snohomish, Thurston and Whatcom.
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The National Shellfish Sanitation Program (NSSP) is the federal/state cooperative program recognized by the U. S.
Food and Drug Administration and the Interstate Shellfish Sanitation Conference for the sanitary control of shellfish
produced and sold for human consumption. The NSSP water quality standard for approved shellfish growing waters is a
fecal coliform geometric mean not greater than 14 organisms/100 mL with an estimated 90th percentile not greater than
43 organisms/100 mL.
4

2

 Each agency providing funding to implement agriculture BMPs to protect water quality
affecting shellfish beds will, consistent with Results Washington process outcomes, a)
report on the BMPs implemented and funds spent in Puget Sound and coastal
communities, and b) collaborate to maximize landowner participation in programs to
gain broad compliance with water quality standards including NSSP standards in
shellfish growing areas.
 Seek funding for additional technical assistance and implementation costs.
 Evaluate current and past pollution reduction strategies and funding programs to
determine what is effective, what is not effective and why. Coordinate across federal,
tribal, state and local partners. Use results to inform future strategies.
› Efforts will focus initially on the Samish and Nooksack watersheds as long-term water
quality efforts have not resulted in sufficient and sustained water quality
improvements.
 Identify an agreed-upon approach to develop PIC guidance on nonpoint source BMPs
that prevent pollution, achieve water quality standards and maximize landowner
participation. Washington needs agreed-upon agricultural BMPs that are designed and
implemented to achieve compliance with the state water quality standards. Since 2009,
state agencies and stakeholders have worked to reach agreement on a set of BMPS that
will meet state water quality standards and ensure that NSSP standards are achieved in
shellfish growing areas. It is important for those dependent on shellfish resources in this
state that the state’s natural resource agencies, in coordination with stakeholders, resolve
this issue.
 Ecology is starting a process to develop guidance that identifies BMPs and combinations
of BMPs that, if implemented by an agricultural producer and operated and maintained
correctly, can provide certainty that it is protecting water quality and meeting the state’s
water quality standards. (ECY)
 Conduct a detailed survey on the coast to identify where agricultural activities are
occurring, evaluate resource impacts, assess where nonpoint source pollution programs
are working effectively and where not, and then develop and implement outreach.
(WSCC)
 Implement the Voluntary Stewardship Program (VSP) in the opt-in counties of Grays
Harbor, Mason, Pacific, San Juan, Skagit and Thurston and encourage counties to
address nonpoint sources of pollution while addressing critical areas under VSP to assist
with shellfish/water quality protection. (WSCC)
 Seek input from Ecology’s Agriculture Water Quality Committee on strategies developed
under this section.
1.2 Advance efforts to ensure manure land-application practices do not negatively impact water
quality. (WSDA, WSCC, ECY, EPA)

a) Develop and advance options to eliminate unplanned and improper application of manure to
agricultural lands. (WSDA, WSCC, ECY)
b) Develop more economic opportunities for dairies and other livestock owners to manage
manure as a commodity. (WSDA)
c) Issue an updated concentrated animal feeding operation permit in 2016 to meet water quality
standards and expedite the permit process. (ECY)
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d) Coordinate state agency efforts to enhance the ability of operators and applicators to get realtime weather information. (WSCC, CDs)
e) Develop a targeted, coordinated education and outreach program for small-acreage livestock
property owners. (WSCC, ECY, WSDA)
f) Develop an education and certification program for all land applicators of manure (operators
and third-party applicators) and provide incentives for operators to become certified and/or
to only use certified applicators. (WSDA)
g) Deploy advance technologies that can continuously detect and measure bacteria in flowing
surface waters in watersheds where shellfish beds are impacted by water quality. (EPA)
h) Collaborate with local watershed partnerships to monitor water quality and identify manure
land application practices that threaten surface water. Follow up with land applicators to
provide education and technical assistance and, when necessary, take appropriate
enforcement actions. (WSDA)
1.3 Develop a proactive approach to limit preventable pollution sources from vessels and
recreational activities. (ECY, Parks)

a) Evaluate the appropriateness and feasibility of establishing a no discharge zone in all parts of
Puget Sound to protect water quality and public health. (ECY)
b) Develop a strategy for commercial vessels and install more commercial pump-out facilities.
(ECY)
c) Develop an implementation/outreach strategy for the no discharge zone designation. (ECY)
d) Continue clean vessel program focused in shellfish growing areas. (Parks)
e) Assess, prioritize, install and maintain toilet facilities in key areas to protect shellfish
resources. (WDFW, Parks, other partners depending on location)
1.4 Support strategies to reduce sewer and stormwater outfalls to waters of the state. (DNR)

DNR, in collaboration with ECY, DOH and PSP, will implement an outfall and effluent
reduction strategy to reduce impacts to state-owned aquatic lands and associated resources from
sewer and stormwater discharges. The strategy will focus on greater participation in the National
Pollutant Discharge Elimination System process by DNR; identification and prioritization of
impacts to sediments and natural resources such as aquatic vegetation and shellfish; and
alternatives to discharging wastewater and stormwater to improve water quality.
1.5 Coordinate and convene workshop(s) focused on contaminants in shellfish with agencies,
researchers, tribal governments and stakeholders. (WDFW)

a) Identify available data and information relating to contaminants in shellfish.
b) Identify data gaps and prioritize needed information, including geographic areas where
information is lacking.
c) Identify potential resources, collaborative opportunities and funding sources to support
further information and data gathering.
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1.6 Ensure that oil spill planning and preparedness protect Puget Sound and coast shellfish
resources through better coordination and collaboration among agencies, tribal governments
and industry. (ECY, NOAA, PSI, WSG, DOH, WDFW)

a) Improve the identification of shellfish areas in the resources at risk sections of geographic
response plans (GRPs) and in other relevant mapping tools such as ERMA®−
(Environmental Response Management Application) and the state’s coastal atlas by
developing standardized language for shellfish for inclusion in GRPs and links to appropriate
GIS layers for shellfish growing and harvest areas and for culturally significant areas to the
tribal governments. (ECY)
b) Generate and distribute a “how to” guide to increase registration of shellfish growers and
tribal fishers/enforcement personnel in the vessels of opportunity program. (ECY)
c) Encourage participation by shellfish growers and tribal governments in northwest area
contingency planning processes so area plans address shellfish-specific responses. (ECY)
d) Increase the availability of HAZWOPER (Hazardous Waste Operations and Emergency
Response) and incident command system training for shellfish growers and tribal
governments to improve knowledge of spill response fundamentals (funding dependent).
(PSI, WSG, ECY)
e) Include tribal governments and shellfish growers in oil spill response drills as appropriate.
Conduct at least one oil spill response drill within a geographic area including one or more
shellfish beds by 2017. (ECY)
f) Establish a plan for baseline monitoring of shellfish in vicinity of a spill, including early
notification to area shellfish harvesters by agency staff to collect samples before contaminated
by oil. (DOH, WDFW, ECY)
g) Determine training options for local sensory panel experts for post-spill testing hosted by
NOAA’s Office of International Affairs and Seafood Inspection. (NOAA)
h) Clarify the protocol to request support from sensory experts and share sensory panel results
from federal to state agencies in a timely manner. (NOAA)
GOAL 2: EMBRACE STRATEGIES TO ADDRESS OCEAN ACIDIFICATION’S IMPACT ON SHELLFISH.
Strategies to address ocean acidification – Implement key early action recommendations from the
Blue Ribbon Panel (ECY)
In 2012, the Washington State Blue Ribbon Panel on Ocean Acidification recommended 42 actions
that established a comprehensive strategy for addressing ocean acidification in Washington. The
Marine Resources Advisory Council (MRAC) was created to advance these recommended actions,
and works in collaboration with the Washington Ocean Acidification Center at the University of
Washington and others to support ocean acidification research. MRAC will ensure on-the-ground
implementation of the panel’s comprehensive strategy by evaluating, coordinating, advocating and
communicating about actions being done in Washington. MRAC will work with stakeholders,
policymakers and tribal governments, many of whom are already working to address ocean
acidification impacts to their communities and way of life. Over the next few years, MRAC will:
2.1 Monitor and investigate ocean acidification impacts in Washington:

a) Continue monitoring of ocean acidification conditions, helping to inform hatchery conditions
and management of growing areas (related to Blue Ribbon Panel actions 6.2.1; 7.1.1; 7.2.1;
7.3.2; 7.4.1).
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b) Conduct biological experiments to understand the effects of ocean acidification on marine
species (related to Blue Ribbon Panel actions 7.1.1; 7.2.1; 7.3.2; 7.4.1).
c) Develop and refine forecast models of ocean acidification (related to Blue Ribbon Panel
actions 7.1.1; 7.2.1; 7.3.2; 7.4.1).
d) Continue support for the Washington Ocean Acidification Center at the University of
Washington to provide leadership on ocean acidification research (related to Blue Ribbon
Panel actions 9.1.1; 9.1.2).
e) Develop a local source attribution model to understand how local sources of nutrients and
carbon impact ocean acidification (related to Blue Ribbon Panel action 7.2.1).
2.2 Understand how local, land-based contributions affect ocean acidification by:

a) Providing support to water quality programs that reduce nutrient and organic carbon loading
(related to Blue Ribbon Panel actions 5.1.1; 5.1.2).
b) When modeling tools are complete, evaluate programs and activities that can minimize
impacts of local contributions to ocean acidification (related to Blue Ribbon Panel actions
5.2.1; 5.2.2).
2.3 Coordinate implementation and evaluation of adaptation and remediation strategies by
supporting efforts to:

a) Implement a test seaweed cultivation and collection program (related to Blue Ribbon Panel
action 6.1.1).
b) Restore native oyster populations that may improve resilience to ocean acidification (related
to Blue Ribbon Panel actions 6.3.3; 6.3.4).
c) Apply multiple remediation strategies in specific locations or test areas to evaluate
effectiveness of strategies in addressing ocean acidification impacts (related to Blue Ribbon
Panel action 6.3.2).
d) Research the capacity for genetic adaptation to ocean acidification in important marine
species (related to Blue Ribbon Panel action 6.3.5).
2.4 Increase the visibility and understanding of ocean acidification across Washington through
outreach and education by supporting efforts to:

a) Incorporate ocean acidification science curriculum into the Next Generation Science
Standards (related to Blue Ribbon Panel actions 8.2.1; 8.2.2).
b) Organize and support events and conferences focused on ocean acidification and its impacts
(related to Blue Ribbon Panel action 8.1.2).
c) Target use of outreach and social marketing to increase understanding of ocean acidification
impacts and strengthen Washington’s capacity for adapting, reducing harm locally and
engaging partners to develop solutions (related to Blue Ribbon Panel actions 8.1.2; 8.1.3;
8.1.4; 8.2.2).
Recommendations from the Olympic Coast National Marine Sanctuary, which formed a joint
Intergovernmental Policy Council and Sanctuary Advisory Council Ocean Acidification Working
Group in 2013, identified the following key early actions (KEAs) from the Blue Ribbon Panel as
coastal tier 1 priorities: Actions 7.1.1; 7.3.2; 7.3.3; 8.1.2 and 9.1.2. This KEA prioritization is
accompanied in its report by the following recommendations:
 Advance ocean acidification monitoring for the outer coast.
 Adequate representation of the outer coast on the Washington Ocean Acidification Center
scientific advisory team.
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 Conduct laboratory and field studies related to ocean acidification impacts on the outer
coast.
For the full report, visit: http://olympiccoast.noaa.gov/involved/sac/sac_actions.html.
GOAL 3: ADVANCE VITAL SHELLFISH RESEARCH.
3.1 Washington Sea Grant shellfish research projects (WSG)

Over the next four years, the National and Washington Sea Grant (WSG) programs have
committed funding for 10 research grants totaling more than $2.4 million to examine critical
issues for shellfish aquaculture such as ocean acidification, warning systems for hypoxia and
harmful algal blooms, and geoduck management. Projects will look at precautionary guidelines
for culture of native rock scallops, an innovative technology to support the recovery of the
Olympia oyster and studies to reduce early mortality.
Target dates:
 New projects initiated: January 2015 and 2016
 Interim reports: April 2016 and 2017
 Final reports: April 2018
3.2 Federal Shellfish Research Program (NOAA)

In collaboration with other federal agencies, NOAA Fisheries will create a federal shellfish
biologist position to develop and oversee a future shellfish research program at the Kenneth K.
Chew Center for Shellfish Research and Restoration in Manchester, Washington.
Target date: October 2017
3.3 Study the effects of Washington shellfish aquaculture operations. (WSG)

WSG was funded by the Legislature to commission research examining possible negative and
positive effects, including cumulative and economic impacts of evolving Washington shellfish
aquaculture practices. The research team is using modeling approaches and available data to
complete pilot studies for Willapa Bay and central Puget Sound composed of several
components: spatial analysis, Puget Sound circulation and ecosystem models, qualitative food
web analyses and an economic synthesis.
Target dates
 Interim report to Legislature: December 2014
 Final report: December 2015
3.4 Create a prioritized list of shellfish research needs. (Pacific Shellfish Institute [PSI])

Target dates:
 Engage the shellfish cultivation and restoration community, including tribal governments, to update the
report West Coast Research and Information Needs and Priorities
› September 2015 and March 2016
 Finalize the document: June 2016
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3.5 Assess the potential effects of sea level rise on native and farmed shellfish beds in Willapa Bay
and Grays Harbor estuaries. (TNC)

SLR will deepen these estuaries and could impair shellfish farming as well as juvenile fish habitat.
The Nature Conservancy (TNC) will conduct a risk assessment based on SLR inundation
scenarios using the Sea Level Affecting Marshes Model and analyze shoreline characteristics and
uses that would impede or support migration to new spaces. Apply the results to the current
round of shoreline master program (SMP) updates in Pacific and Grays Harbor counties so
adaptation strategies can be considered.
Target dates:
 Work with Ecology staff and county planners and consultants to develop the concept and its role in SMPs
for Southwest Washington: December 2014
 Draft risk assessments with presentation slides and maps go to technical peers for initial review: March
2015
 Review initial results with local shellfish farmers and other industry representatives: April 2015
 Final assessments available for local applications: June 2015
3.6 Early warning system for harmful algal blooms (WSG, NOAA)

The Olympic Region Harmful Algal Blooms (ORHAB) Partnership on the coast and
SoundToxins in Puget Sound are important programs that help the Department of Health target
its toxin monitoring and testing to protect public health for those who harvest shellfish in our
marine waters.
SoundToxins is a diverse partnership of businesses, tribal governments and Puget Sound
residents that monitor for harmful algae in Puget Sound, managed by NOAA’s Northwest
Fisheries Science Center and WSG. It provides early warning of harmful algal bloom (HAB)
events, thereby minimizing risks to human health and reducing the economic losses to Puget
Sound fisheries. The program works with partners and scientists to determine the environmental
conditions that promote the onset and flourishing of HABs and unusual bloom events and to
document unusual bloom events and species entering the Salish Sea. SoundToxins continues to
be supported via short-term research grants from NOAA and state agencies; however, a
dedicated source of funding is needed to continue its vital role in Puget Sound.
The ORHAB partnership was founded in 1998 as a scientific collaborative among state, tribal
and federal agencies and the University of Washington, with initial support from the NOAA
Center for Sponsored Coastal Ocean Research. Its mission is to monitor plankton blooms and
the presence of toxins to advance the understanding of these important coastal processes. By
bringing together leading research scientists with state and tribal shellfish managers, ORHAB
provides a constantly improving scientific basis for making decisions about the risks of shellfish
openings. The long-term, coastwide database compiled by the ORHAB partners from sites from
Neah Bay to the Long Beach Peninsula has proved extremely useful for studying broader coastal
dynamics. The work of ORHAB’s state partners has been supported with a surcharge on sales of
state recreational shellfish licenses. Support for ORHAB’s tribal partners has become more
difficult to sustain, and additional funding is needed to continue the very beneficial role they play
in the partnership.
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Target Dates:
 Identify potential funding sources for SoundToxins and ORHAB: March 2016
 Secure funding: December 2016
3.7 Review and research shellfish ecosystem services (PSI)

a) Assess the influence of cultivated shellfish on localized water quality and sediment
parameters. Build on review of shellfish ecosystem services conducted by the U.S. Geological
Services during the first phase of the Washington Shellfish Initiative.
b) Provide recommendations for including shellfish cultivation in water quality trading scenarios
when a water body is listed for excess nutrients or low dissolved oxygen under section 303(d)
of the Clean Water Act.
Target dates:
 Begin study: spring/summer 2015
 Study completed: early 2017
 Deliver NEP Reducing Nutrients in a Watershed final project report to Ecology: December 2017
3.8 Assess the economic contribution of shellfish farming and wild harvest in Washington.

a) Convene state agencies and industry to design a system to improve data collection and
sharing of information on the economics of shellfish with respect to harvest and production.
(state agencies, industry, tribal governments)
b) Convene a task group to enhance our understanding of the upstream and downstream
economic value of shellfish to build appreciation of the value-added economic components
(jobs, revenue) (WDFW) including, but not limited to:
 retail sales
 tourism
 trade
 tribal commercial
 state commercial and recreational harvest
In addition, tribal governments and their citizens rely on ceremonial and subsistence shellfish
harvest. Like tribal commercial harvest, this harvest is protected through treaty rights. The
monetary value of ceremonial and subsistence harvest and associated treaty rights cannot be
quantified, but should be acknowledged by the task group.
3.9 Promote collaborative, ecosystem-based management in Willapa Bay and Grays Harbor.

Willapa Bay and Grays Harbor are complex estuarine ecosystems that support wild stocks of
finfish and Dungeness crab and a historic shellfish aquaculture industry, as well as a rich array of
other species. Management challenges at the system scale, such as SLR, ocean acidification,
nutrient and sediment transport, burrowing shrimp and Japanese eelgrass, are affecting both
natural and anthropogenic processes. Resolving these challenges requires adaptive management
and collaborative actions built on a commonly shared understanding of how the ecosystems
function, how they have changed over time and what future conditions may be like. The steps
below will promote cooperative, system-scale management by compiling and synthesizing
information and addressing important information gaps:
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a) Compile, synthesize and maintain historical data, management plans and research findings
relevant to system-scale management challenges in Willapa Bay and Grays Harbor, focusing
on how these ecosystems function, how they have changed over time and projections of
changes that can affect management options. Make the information available via a purposebuilt website. (TNC)
b) Convene resource managers, scientists and stakeholders to verify a common understanding of
the ecosystems and the top-priority management challenges in each of them, and to identify
research needs and information gaps that represent barriers to tackling the management
challenges at a system scale. (WSU Extension Pacific County with assistance from TNC)
c) Help address the needs identified in (b) by matching them with appropriate potential funding
sources, sharing the information with other participants and promoting collaborative project
proposals. (TNC with assistance from WSU Extension Pacific County and other
stakeholders)
GOAL 4: IMPROVE THE PERMITTING PROCESS TO MAINTAIN AND GROW SUSTAINABLE
AQUACULTURE.
4.1 Programmatic biological assessment for federal permitting of shellfish activities (NOAA)

The U.S. Army Corps of Engineers (Corps), in consultation with the National Marine Fisheries
Service (NMFS) and U.S. Fish and Wildlife Service (USFWS), will develop a programmatic
biological assessment (PBA) for Section 7 ESA consultation for common activities permitted by
the Corps associated with shellfish, planting, harvest and restoration. Use of the PBA will
increase the Section 7 consultation efficiency for applicants who meet the PBA terms and
conditions.
Target dates:
 Corps initiation of consultation: fall 2015
 NMFS and USFWS completion of consultation: spring 2016
 Corps implementation: Immediately upon completion of Section 7 consultation
 Report of permits issued with PBA: annually 2016–18
4.2 Shellfish Interagency Permit Team Phase II (NOAA, ECY)

a) Upon completion of federal PBA evaluate federal/state permitting
Target dates:
 Investigate potential of programmatic permitting: April 2016
 Evaluation of 2017 Nationwide Permit 48: April 2016
b) Report to Governor on Shellfish Interagency Permit Team Phase I activities, including results
and recommendations to increase efficiency of the permit process.
Target dates:
 Draft report: February 2016
 Final report: March 2016
 Develop steps to implement recommendations: August 2016
c) Continue quarterly meetings of full Shellfish Interagency Permit Team to maintain broad
engagement with tribal, local, state and federal agencies.
 Develop a communication and outreach plan: July 2016
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 Evaluation of effectiveness: ongoing
 Permit timelines to evaluate current and potential requirements for permit timelines:
December 2016
d) Convene Shellfish Interagency Permit Team working groups to achieve multi-agency review
of new farm permit applications.
Target dates:
 Ad-hoc response to requests for new farm permit assistance: ongoing
 Develop a work plan for improved implementation: August 2016
4.3 Improve guidance for local shoreline master programs for shellfish aquaculture. (ECY)

Develop Permit Writers Handbook. Guidance for local government and Ecology permit writers
on applicable laws and rules, limits and conditions, BMPs, cumulative impacts, no net loss, and
the latest information and science useful for administering shellfish shoreline permits. SIP would
serve as a technical review panel. Ecology (funding dependent)
Target Dates: by fall 2016
 Complete draft outline and timeline
 Complete draft RFP and scope of work for handbook development
 Secure funding
4.4 Increased involvement of Department of Agriculture in shellfish farming and interagency
coordination. (WSDA)

a) Continue engagement with industry through policy team shellfish lead.
b) Schedule reoccurring meetings with WSDA, industry, tribal governments and partner
agencies to share information, keep lines of communication open and identify opportunities
for coordination.
c) Continue agency and industry discussions on aquaculture coordinator role and ombudsman
role at WSDA.
GOAL 5: RESTORE NATIVE SHELLFISH – OLYMPIA OYSTERS AND PINTO ABALONE.
5.1 Olympia oysters:

a) Continue collaborative work to reestablish sustainable breeding populations in the state’s 19
priority areas located in Puget Sound. Note: Breeding populations have already been restored in two
(Liberty Bay, Fidalgo Bay) of the 19 priority areas. On-the-ground work is underway in many of the
remaining 17 areas. (WDFW, tribal governments, Puget Sound Restoration Fund [PSRF])
b) Collaboratively maintain and operate the Kenneth K. Chew Center for Shellfish Research and
Restoration at the Northwest Fisheries Science Center’s Manchester Lab and assist with
optimization techniques for native Olympia oyster and pinto abalone production in support
of state shellfish restoration goals. (NOAA, PSRF)
Target date: ongoing through September 2016
c) Produce 2,500 bags of Olympia oyster seed (seeded cultch) to accelerate Olympia oyster
recovery at priority sites. Genetically diverse seed will be produced at the Kenneth K. Chew
Shellfish Center using conservation protocols co-developed by PSRF, University of
Washington and Washington Department of Fish & Wildlife. (PSRF)
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d) Conduct water quality monitoring associated with shellfish production at the Kenneth K.
Chew Center. Measurements of dissolved oxygen, salinity, temperature, pH and pCO2 in
hatchery water supply will be available daily to researchers at the center and annual seasonal
data summaries available online. (NOAA)
Target dates: annual data summaries: September 2016
e) Complete the Ecology-funded, 10-acre native oyster enhancement project in Port Gamble
Bay. (PSRF)
f) Seek funding to initiate an additional 10 acres of enhancement in two or three of the 19
priority locations to help reestablish breeding populations. (PSRF)
g) Advance partnerships to accelerate and expand native shellfish restoration through funds
from NRCS’ Environmental Quality Incentives Program, which provides payments to
farmers for habitat restoration. Identify opportunities and establish processes to provide
payments to tribal governments and shellfish growers for restoration of Olympia oyster
habitat. (NRCS)
h) Evaluate native oyster restoration opportunities in Willapa Bay and Grays Harbor. (WSU
Extension Pacific County)
 Conduct a planning phase to evaluate feasibility of restoration work in coastal estuaries,
based on current available science, to determine whether more research and evaluation are
needed.
 Complete survey of subtidal environments to conduct a more accurate assessment of
current population size.
5.2 Pinto abalone (WDFW, PSRF)

a) Optimize hatchery efforts to more efficiently produce juvenile and larval abalone (with
funding from WDFW, DNR and NOAA).
b) Outplant 5,000 juvenile abalone (2,500 in 2015; 2,500 in 2016).
c) Outplant 2 million larval abalone.
d) Complete the DNR-funded project to assess previous larval out plants and refine larval out
plant methodologies.
5.3 Other native shellfish

a) Take conservation actions if other native shellfish stocks are determined to be in decline or
threatened. Actions may include restoration, stock status research and fishery closures.
GOAL 6: ENHANCE RECREATIONAL SHELLFISH HARVEST.
6.1 Enhance recreational shellfish harvest. (WDFW, DOH) Note: This section also interconnects with Goal
1 on improving water quality as a key mechanism for increasing access to recreational shellfish harvest.

a) Maintain levels of seeding on recreational beaches by WDFW. Incremental funding increases
will be needed to maintain a base level of seed planting.
 Document increases in harvest trips and state funding resources.
 Identify and pursue other avenues for funding.
b) Identify opportunities for enhancement at key coastal recreational beaches. (WDFW)
c) Increase recreational shellfish harvest at two large and strategically placed public tidelands.
(WDFW, DOH)
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GOAL 7: EDUCATE THE NEXT GENERATION ABOUT SHELLFISH RESOURCES, ECOSYSTEMS
SERVICES AND WATER QUALITY. ENGAGE THE PUBLIC IN SHELLFISH RESOURCES
THROUGH EDUCATION AND OUTREACH.
Preserving and understanding local shellfish resources, the role they play in the ecosystem, what they
contribute to local economies, the history and culture of shellfish in Washington, the human actions that
affect their health, the actions that are needed to protect shellfish resources and, finally, the consequences
for both humans and the ecosystem if shellfish populations decline.
7.1 Formal education goals:

a) Develop high-quality tools, curricula and materials that 1) teach K-12 students about shellfish
resources in both classroom and field settings; 2) help schools meet Common Core and Next
Generation Science Standards (NGSS); and 3) provide district support and train teachers to
enable them to independently use the materials. (Pacific Education Institute [PEI])
b) Integrate shellfish education topics (which include ocean acidification) in multiple subject
areas as they provide a real-world case study. (PEI)
c) Develop professional learning opportunities that help teachers connect shellfish resources to
NGSS. (PEI)
d) Recommend sample shellfish curriculum resources for educators on the OSPI Environmental
and Sustainability Education standards website. (OSPI)
e) Partner with tribal governments, state agencies and nonprofit organizations to provide
internship opportunities for college students. (WSG)
f) Translate shellfish and ocean acidification scientific research findings into fact sheets and
other accessible information to share on a credible website (WSG) for access by K-12
students and educators. (WSG)
7.2 Informal education and outreach goals:

a) Foster broad public understanding of local shellfish resources and the role they play in local
ecosystems and economies. Topics include the history and culture of shellfish throughout
Washington, human activities that impact shellfish resources and the consequences, for both
humans and the ecosystem, if shellfish populations decline. Conduct activities and host events
such as Whatcom Water Days, Kitsap Water Festival, Celebrate Oakland Bay, RainFest on
the outer coast, State Park Shellfests, Oysterfest, Vashon-Maury Island Low Tide Festival and
the Wooden Boat Festival (Olympia). (WSG)
b) Foster citizen engagement and understanding of the role of shellfish in the coastal ecosystem.
 Provide opportunities for citizen science monitoring, technical assistance programs,
workshops and activities, including the State of the Oyster Study, technical assistance to
tideland owners, marine biotoxin monitoring, and septic system education classes and
socials.
 Provide education and outreach tailored to coastal communities and visitors, including
Willapa Bay Oysters documentary series curricula and outreach activities. (WSG)
 Continue Shellfest and other educational/interpretive opportunities about shellfish and
water quality, in Puget Sound, Georgia Straits, Grays Harbor, Willapa Bay and the outer
coast. (WDFW, Parks, WSG)
 Develop interpretive signage at public access sites with shellfish resources on the coast and
at Puget Sound locations. (Parks)
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 Promote shellfish safety through Web communication and posting public beaches that are
closed to shellfish harvest due to marine biotoxins, pathogens and pollution. (DOH)
 Host the Washington Shellfish Trail. (WSG)
 Develop education materials and outreach to grocery stores, farmers markets and seafood
restaurants about safe shellfish handling. (WSG)
c) Host a gathering of informal shellfish educators to share resources and information. (WSG)
Key of state agency abbreviations:
 DNR – Department of Natural Resources
 DOH – Department of Health
 ECY – Department of Ecology
 Parks – State Parks
 WSCC – State Conservation Commission
 WSDA – Department of Agriculture
 WDFW – Department of Fish and Wildlife

Governor’s Legislative and Policy Office
January 2016
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Appendix H

SECTION 2

THE STRATEGIC
INITIATIVES

« Cover Photos: Seattle Waterfront, Dungeness Watershed, and Blue Mussels, courtesy of Brian Walsh

The role of the Action Agenda is not only to lay out all of the work that must be done. It also has to
prioritize those critical areas where we know we have the opportunity, and the need, to act now to
make meaningful progress. The Strategic Initiatives, listed below, direct our action where it can address
the most significant problems, with viable solutions, in a way that will create meaningful improvements
for Puget Sound.






Prevent pollution from urban stormwater runoff. This is an immense challenge, and, although we
have many of the tools and technologies for stormwater, we need to make much fuller use of them
if we are to stop contamination from flowing into Puget Sound.
Protect and restore habitat. We must stop destroying habitat, protect what we have left, and
substantially restore the critical habitats that we have lost.
Recover shellfish beds. Shellfish harvesting is both a treaty right for tribes and a vital industry in our
region. It is also a treasured tradition for countless northwest families. Shellfish health begins on
land, through reduction of pollution from rural and agricultural lands and maintenance and repair of
failing septic tanks.

The Strategic Initiatives will be the focus of Partnership spending and resources, and of our efforts to
increase funding, seek changes in policy, report success and challenges, and educate and engage citizens
in the recovery effort.
Setting priorities involves balancing ecological, economic, and human well-being factors to make the
greatest progress toward recovery for the time and resources spent. In 2012, the Partnership, working
with the Ecosystem Coordination Board (ECB) and the Science Panel, undertook an unprecedented
effort to create a science-based assessment of the expected ecological impact of each sub-strategy in
the Action Agenda, and to gather associated information on implementation issues including potential
contribution to human well-being and economic vitality. The result of this initial effort is a preliminary
ranked list of sub-strategies based on expected ecological impacts (Appendix E, Action Agenda
Sub-Strategy Rankings). This sub-strategy ranking informed the development of the Strategic Initiatives.
The framework and content of the Strategic Initiatives were developed collaboratively by
subcommittees of the ECB that consisted of representatives of local, state, and federal governments, the
Puget Sound Science Panel, tribes, salmon recovery watershed leads, environmental groups, and the
business community. The Leadership Council adopted the Strategic Initiatives as part of the 2012/2013
Action Agenda.
The near-term actions most critical to achieving the Strategic Initiatives over the next 2 years will be
identified through a collaborative process involving members of the ECB once the 2014/2015 Action
Agenda has been adopted by the Leadership Council. The Partnership will convene and facilitate a series
of meetings during the summer of 2014 to achieve this objective. The final list will be presented to the
ECB and the Leadership Council for review and approval and will be published as an addendum to the
2014/2015 Action Agenda in late 2014.
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Success of the Strategic Initiatives individually and collectively depends on the following overarching
strategies.






Funding. We need to increase the financial capacity of our partners across Puget Sound to
implement the Strategic Initiatives. We need a comprehensive strategy that addresses federal, state,
local, and private funds—through both more efficient, directed use of current funding sources and
the generation of new funds.
Outreach. We must have a clear, effective strategy for reaching the relevant stakeholders and the
general public to ensure that people are willing to take the necessary actions.
Watershed-based implementation. Every watershed in Puget Sound has different needs and a
different context. Actions must be designed to be effective at the local watershed scale.

The Strategic Initiatives—including the challenges they are designed to address, the sub-strategies they
are aligned with, and the vital sign indicators and recovery targets that will be used to track progress
toward their achievement—are described below.

The 2014/2015 Action Agenda for Puget Sound

Section 2, The Strategic Initiatives—Page 2-2

STRATEGIC INITIATIVE

Prevent Pollution from Urban
Stormwater Runoff
The Challenge
Polluted stormwater runoff carries toxic chemicals,
nutrients, sediment, and bacteria and is the primary
pollution threat to Puget Sound surface water. The problems
from polluted stormwater runoff began generations ago and
continue today; however, we now understand the problems
better and we have a suite of tools that can be used at a
variety of scales (individual and regional) to address
problems. We cannot recover Puget Sound by 2020 or
sustain areas that we restore and clean up without
addressing polluted stormwater runoff.

Given that runoff is a major
contributor of pollution to
Puget Sound, without a
significant increase in
stormwater funding in 2012
and beyond, the statutory
goal of recovery of Puget
Sound by 2020 is not
achievable.

Extensive research shows that the location of development,
the amount of development, and practices are used greatly
—ECB Stormwater Committee
affect our streams, rivers, and marine waters. Developing
Policy Statements (April 2011)
land can increase impervious cover, roads, and stream
crossings and can involve land-clearing practices that carry
pollutants harmful to aquatic life and public health into Puget Sound waters. When stormwater is not
properly managed, the result is excessive stormwater that the land cannot absorb, resulting in the
scouring of rivers and streams. Without a reserve of water in the ground and wetlands to feed streams,
fish are left with little or no water during dry summer months. Declining snow pack and loss of natural
water storage, changes in precipitation timing and seasonal stream flow, and severe winter flooding
combined with more frequent and extreme storm events will strain our stormwater systems and
increase the amount of polluted runoff flowing to Puget Sound.
The Clean Water Act was adopted in 1972. At that time, point sources of pollution, such as wastewater
and industrial discharges, were the largest component of the water pollution problem. Significant
progress has been made since the 1970s in controlling those sources of pollution. That success was
achieved through unprecedented coordination and collaboration among all stakeholders and major
investments at the federal, state, and local levels.
With solutions to point sources well under way, non-point sources of pollution, such as stormwater
runoff, now represent the biggest remaining threat to water quality in the Puget Sound region. These
sources are more difficult and more costly to control than point sources and will require even greater
coordination and commitments to funding, as well as action by individuals, businesses, and
governments.
The 2014/2015 Action Agenda for Puget Sound
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WHAT REALLY WORKS FOR STORMWATER
A substantial load of sediment has accumulated over the years in our stormwater management system. Much of
this sediment was deposited before current controls on stormwater and, therefore, often contains high levels of
pollution—a “legacy load.” The best and most recent local data on legacy loads is from the City of Tacoma for the
Thea Foss and Wheeler-Osgood Waterways (City of Tacoma 2011). Contaminated bottom sediments in these
waterways were cleaned up under the U.S. Environmental Protection Agency’s Superfund Program at a cost of
$105 million. After the cleanup, the city engaged in a source control and stormwater monitoring strategy to
provide long-term protection of sediment quality in the waterways; however, these source controls did not do the
job. The city then undertook an intensive basin-wide cleaning program of the storm sewer lines discharging to the
waterways to remove legacy loads. In 2007, over a 2-month period, the city cleaned 80,000 feet of 8- to 56-inchdiameter lines and removed 220 cubic yards of stormwater sediments from the conveyance lines, laterals, and
catch basins, at a cost of $300,000. This achieved a 30% reduction in lead in some areas and a 40 to 60% reduction
in polycyclic aromatic hydrocarbons. In the parts of the system that were cleaned, levels continue to decline for 20
chemicals of concern.
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Link to Relevant Vital Signs and Recovery Targets
This strategic initiative contributes to
achieving the recovery targets for the
vital signs listed below and shown in
color in the Puget Sound Vital Signs
graphic at right.


Summer stream flows



Marine water quality



Freshwater quality



Marine sediment quality



Toxics in fish



Swimming beaches



Shellfish beds



Chinook salmon



Orcas



Birds

Strategies and Actions
The strategies and actions for this strategic initiative are organized into five themes: take a watershed
approach to management, prevent new problems, fix existing problems, control sources of pollution,
and educate. These themes are described below. The figure below presents the relevant sub-strategies
by theme. Section 3, Strategies and Actions, provides descriptions of all strategies and sub-strategies,
and the ongoing programs and near-term actions that support them.
Take a watershed approach to management. Urban runoff cannot be fully managed at the site and
parcel levels alone—it is necessary to manage runoff at the broader basin and watershed scales. Local
land use decisions directly affect urban runoff quantity and quality within watersheds.
Prevent new problems. The implementation of National Pollutant Discharge Elimination System
(NPDES) permits, which control water pollution by regulating point sources (e.g., industrial, wastewater,
stormwater), is considered one of several cost-effective ways to prevent pollution from reaching Puget
Sound. With an increase in annual investment local governments could do an even better job. But they
need financial help from the state and federal government to reflect the shared responsibility to recover
Puget Sound.
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Fix existing problems. To readily seek capital retrofit funds, we need more detailed and comprehensive
information about the highest priority existing problems, conceptual designs, and project-specific cost
estimates.
Control sources of pollution. One of the most cost-effective ways to prevent toxins and other pollutants
from getting into Puget Sound is to prevent them from being introduced into the environment in the
first place. Taking proactive steps now to address stormwater runoff will help reduce the risk of damage
to infrastructure, as well as safeguard fish, wildlife, and habitats.
Educate. We need to continue to educate individuals and communities about ways that they can
become part of the solution. In addition, we must help stormwater managers at the local level learn to
implement low impact stormwater management measures, and ensure that we have an educated
workforce that has the tools to eliminate the threat to Puget Sound from polluted stormwater runoff.
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STRATEGIC INITIATIVE

Protect and Restore Habitat
The Challenge
Puget Sound is home to more than 200 species of fish, 100 species of seabirds, 26 species of marine
mammals, hundreds of plants, and thousands of invertebrates. Puget Sound is also home to more than
4 million people, and the population is expected to grow to more than 5 million by 2020 (Washington
State Department of Ecology 2014a). As more people continue to arrive in Puget Sound, our challenge is
to help our communities live on the land and enjoy the waters in a way that will not only accommodate
people but will allow the continued survival of Puget Sound native species and habitats that enhance
our quality of life and provide economic benefits.

Key indicators tell us that important habitat for Chinook salmon is still declining.
—National Marine Fisheries Service, Puget Sound Chinook Salmon Recovery Plan, 2011
Implementation Status Assessment Final Report

Our considerable investment in habitat restoration has not been able to turn the
powerful tide of loss and degradation…If salmon are to survive, we must begin to
achieve real gains in habitat protection and restoration. The path we are on leads
to the extinction of the salmon resource and our treaty-reserved rights.
—Treaty Rights At Risk—A Report from the Treaty Indian Tribes
in Western Washington, July 2011
As people live on the land we make changes to it—remove trees, construct buildings, add pavement,
build dikes and levees to control where rivers and streams flow, and use concrete or rocks to harden the
shorelines. Each of these changes degrades native habitat and makes it more difficult for native species
to find places to feed, rest, hide from predators, reproduce, and survive. These changes also diminish
the values that people derive from native habitats, such as protection from flooding and coastal storm
surges, food that sustains us and is exported around the world, and outdoor recreation that directly
supports more than 227,000 jobs and provides $22.5 billion to Washington’s economy. When we lose
native species and habitats we also lose our natural heritage and a quality of life that makes Puget
Sound an attractive place to live, work, and play.
The signs are everywhere that these changes to Puget Sound are having negative effects. Four Puget
Sound salmonid populations are listed as threatened with extinction under the Endangered Species Act.
Every major river in Puget Sound has at least one listed stock; many have multiple stocks and species
listed as threatened. More than half of the 19 stocks of Puget Sound herring are currently classified as
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depressed, critical, disappeared, or unknown. Fourteen out of 17 species of rockfish in the North Sound
and 11 out of 15 species in the South Sound are at risk. Three of these Puget Sound rockfish species are
listed as either threatened or endangered. Many marine bird species in Puget Sound have declined in
population by 50 to 95% during the past 20 years. Marine bird populations that feed on fish that live
near the surface or in open water have declined by 80 to 95% in numbers. And in 2005, Puget Sound
orcas were listed as an endangered species.
It is clear from these trends that Puget Sound and its species
are at serious risk.

HOW CAN I HELP?
Shorelines have been hardened and altered. Loss of habitat
Shoreline property landowners can
is a primary contributor to species declines. More than 700
remove aging bulkheads—evaluate
miles of Puget Sound’s 2,500 miles of shorelines have been
whether replacement is really necessary—
hardened by the construction of concrete or rock bulkheads,
and, when appropriate, replace armoring
and that mileage is increasing by 1 to 2 miles each year. This
with more natural, soft shore alternatives.
shoreline hardening interrupts the natural process of
For more information go to:
erosion that creates and maintains beaches. One example of
www.pugetsoundstartshere.org
how this can affect Puget Sound species is the impact on
forage fish—small species of fish that are an important source of food for marine mammals, birds, and
larger species of fish. Some types of forage fish, including surf smelt and sand lance, need sandy beaches
to lay their eggs. The loss of forage fish numbers affects the whole food web of Puget Sound because
forage fish are such an important food source for so many other species.
Estuaries have been filled and lost. There are 16 major rivers and many other smaller streams that flow
into Puget Sound. Where each river or stream enters the Sound—and the salt water and fresh water
mix—is a unique place called an estuary. Estuaries provide critical habitat for many species. Salmon
need estuaries to feed, rest, and grow strong as they make the physiological change from a freshwater
fish to a saltwater fish. Scientists have found that Puget Sound salmon that leave the estuary before
they reach a certain size have a much higher risk of dying before returning to their natal streams. As the
amount of estuary habitat is reduced, more salmon leave at a smaller size because there is not enough
room or food for them to stay. Across Puget Sound we have lost almost 60% of our historical estuarine
wetland habitat.
Rivers have been channelized and floodplains altered. Upstream of Puget Sound, many of the
floodplains of our rivers and streams have been significantly altered. In many places levees have been
constructed to narrow channels, prevent movement of the rivers in their floodplains, and control
flooding. Homes and businesses were built in the historical floodplain or the land was drained and
converted for agriculture. Native trees were removed from the riverbanks and large fallen trees
removed from the rivers. All of these changes significantly alter the natural processes that create
instream habitat for fish and other aquatic life. Rivers that move back and forth naturally in their
floodplain have a diversity of habitats. Slow-water side channels that provide refuge and rest stops for
fish, sorted gravel beds for salmon to spawn, large trees that fall naturally into the river and cause the
formation of deep pools, and overhanging vegetation that keeps the water cool and provides insects for
fish to eat when they fall in the stream are all important elements of a healthy habitat for instream
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aquatic life. When vegetation is removed and rivers are narrowed and straightened, the rivers become
fast-moving highways of water with no place for fish to rest or feed.
There is increasing competition for water and sometimes not enough water to go around. Natural
processes of stream flow and water retention have been disrupted. One of the most fundamental and
obvious things that aquatic life needs to survive is water—cool, clean water in the right amounts and at
the right times. Sometimes, there is not enough water to go around. Other times, stream habitat is
negatively affected by too much water flowing too quickly. In many rivers and streams across Puget
Sound—where people divert surface flows or extract groundwater, and where land uses have damaged
natural water storage capacity—fish and aquatic life are threatened.
We are threatened by oil spills. Significant threats to habitat include the possibility of a major oil spill in
Puget Sound. Impacts of the Exxon Valdez spill in Alaska or the more recent Deepwater Horizon spill in
the Gulf illustrate how one event can cause major, long-lasting impacts on habitat and the economic
productivity of a region. More than 20 billion gallons of oil and other hazardous chemicals are
transported through Washington State every year. With this much volume the threat of a major spill is
very real if prevention measures are not implemented.
Habitat loss is a major threat to salmon and other species. The cumulative effect of the changes we
have made to our floodplains, estuaries, marine shorelines, and stream flows has been a significant loss
of habitat and declines in populations of the species that depend on those habitats and on one another
for their survival. If we are to stop these declines and begin to recover these populations, we must
immediately stop further habitat loss and significantly restore habitat that has already been lost.
Two papers released in 2011 pointed out that we are still losing critical habitat in Puget Sound. The first
was a report released by the National Marine Fisheries Service (NMFS) that assesses the progress of
Puget Sound Chinook Salmon Recovery Plan implementation since it was federally approved in 2007.
Among other things, the paper concluded that important habitat for salmon was still being lost during
the first 5 years of recovery plan
implementation and that habitat protection
efforts needed substantial improvement.
Closely following the NMFS report, the
Treaty Tribes of Puget Sound and the Coast
released a paper titled Treaty Rights at
Risk—Ongoing Habitat Loss, the Decline of
the Salmon Resource, and Recommendations
for Change, in which the tribes point out that
the right to fish that was reserved to them in
the treaties is meaningless if there are no
fish left to catch. They cite numerous
examples from across Puget Sound of
continued loss of habitat due to shoreline
armoring, loss of forest, increase in paved
lands, and filling and diking of estuarine
wetlands. Their paper is a call to action,
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Jerry Pearson and his grandson Dylan Pearson, 5, release salmon
fry into Issaquah Creek under the Northwest Sammamish Road
crossover with other Issaquah School District classroom students,
teachers, and parents.
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intended to galvanize and energize response by federal,
state, local, and tribal governments and policy makers to
reverse the downward slide of our salmon and their habitat.

Now we have this jewel in the
Sound for the people of this
region to enjoy forever.

For a number of reasons, much of the discussion around loss
of habitat in Puget Sound has focused on the impacts on
salmon. The loss of salmon in Puget Sound has significant
–Ryan Mello, Pierce County
social, cultural, and economic impacts. The value of the
conservation director
Puget Sound salmon fishery is estimated at more than $60
million a year. However, salmon recovery is not important only to those who benefit economically from
salmon harvest. Salmon are central to Pacific Northwest tribal cultural and spiritual practices. In
addition, many non-tribal residents of Puget Sound also view salmon as an important part of our area’s
heritage and way of life—observing salmon spawning in the streams, fishing for salmon, or buying local
salmon at their favorite restaurant or store. Salmon also play a unique role in the nutrient cycle of the
ecosystem. As adult salmon return from their ocean journey, they bring marine nutrients back to Puget
Sound rivers and streams. Research has shown that these marine nutrients are a critical part of the cycle
that results in healthier wildlife and fish populations and even contribute to the growth of streamside
forests. Salmon are also a key indicator of the health of Puget Sound as they travel from fresh water to
salt water and back again, using all the different types of aquatic habitats that are important to other
aquatic species as well. Salmon are our canary in the coal mine—and their declines signal a loss of the
Sound’s ability to support all life, not only salmon.

WHAT REALLY WORKS TO PROTECT SALMON HABITAT
At the tip of Key Peninsula in South Puget Sound are 94 acres of forests and wetlands and 1 mile of undeveloped
shoreline. Eroding bluffs feed the beaches with sand and gravel, creating habitat for shellfish, forage fish, and
migrating juvenile salmon. This beautiful property known as Devil’s Head, with views of the Olympic Mountains,
Mount Rainier, the Nisqually delta, and nearby Puget Sound islands, was slated to be Puget Sound’s next resort.
However, a broad coalition of agencies, organizations, and individuals, including Pierce County Council members,
county employees, Forterra, the Nisqually Tribe, the Greater Peninsula Conservancy, the Key Peninsula Parks
District, and the Washington Water Trails Association, came together to help purchase the property for permanent
protection.
Elected officials from Pierce County worked with Forterra to contribute local funds towards the project through
the Pierce County Conservation Futures program. Funding from the state’s Puget Sound Acquisition and
Restoration fund also played a major role. The five different watershed citizen committees that received the Puget
Sound Acquisition/Restoration funds all agreed to pool some of their funds and give up other projects in their local
area to ensure this property could be protected. One more grant from the state’s Wildlife and Recreation Program,
managed by the Washington State Recreation and Conservation Office, put the final piece in place.
The Devil’s Head project is a great example of how people and organizations can come together to find a way to
protect valuable Puget Sound habitat now and for future generations.
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Link to Relevant Vital Signs and Recovery Targets
This strategic initiative contributes to achieving the recovery targets for the vital signs listed below and
shown in color in the Puget Sound Vital Signs graphic at right.


Swimming beaches



Shellfish beds



Chinook salmon



Orcas



Pacific herring



Birds



Shoreline armoring



Eelgrass



Land development and cover



Floodplains



Estuaries



Summer stream flows



Marine sediment quality



Toxics in fish

Strategies and Actions
The strategies and actions for this strategic initiative are organized into three themes, described below:
protect habitat through regulations, protect habitat through incentives (including acquisition), and
remove barriers to restoration of habitat. The figure below presents the relevant sub-strategies by
theme. Section 3, Strategies and Actions, provides descriptions of all strategies and sub-strategies, and
the ongoing programs and near-term actions that support them.
Protect habitat through regulations and protect habitat through incentives. We must first stop the
further loss of habitat. It is not effective or efficient to allow the continued loss of habitat while we try to
repair the damage in other places. This strategic initiative brings forward strategies and actions that
address both increasing regulatory protections for habitat and providing greater incentives for
landowners to protect valuable habitat. Our biggest challenges in habitat protection are the lack of
widespread public understanding of the significance of habitat loss, the lack of strong public support for
the regulatory changes necessary to protect habitat, and the need for greater incentives for landowners
to voluntarily protect valuable habitat. These challenges hindered previous attempts to strengthen
protective regulations and to work with landowners on a voluntary basis. We must address regulatory
exemptions that allow the continued degradation of habitat.
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Two other critical elements of habitat protection are the prevention of oil spills and control invasive
species.
Remove barriers to restoration of habitat. Without restoring critical habitat we will not be able to
reverse the declines in salmon and other Puget Sound species. We must work to remove the following
barriers to habitat restoration.


Lack of funding for the large-scale, more expensive projects that are necessary to restore the whole
Puget Sound ecosystem.



Lack of local community support and landowner willingness.



Inadequate stream flows.

The 2014/2015 Action Agenda for Puget Sound

Section 2, The Strategic Initiatives—Page 2-12

TRIBAL HABITAT PRIORITIES
Puget Sound tribes engaged in an intensive coordination process to identify priority actions needed to address the
continued loss of salmon habitat. Although there is close agreement between the Tribal Habitat Priorities and the
Strategic Initiatives, more work is needed to ensure progress. The Partnership will work with tribes through the
Partnership Tribal Comanagement Council to address additional items in the Tribal Habitat Priorities throughout
the Puget Sound.
1)

2)

The Puget Sound Management Conference under the leadership of the PSP Leadership Council, the Ecosystem
Coordination Board, and Salmon Recovery Council, supported by the PSP staff, will do the following to protect the
ecosystem processes required to support the habitat necessary to meet salmon recovery goals of viable, harvestable
populations.
a)

Establish quantitative metrics for habitat at each life history phase for each population to ensure harvestable surplus
and a viable salmon population.

b)

Identify necessary changes to Federal, State, tribal and local statutes, regulations and policies that allow the
continued loss of habitat including, but not limited to, eliminating the single family and agricultural activity
exemptions from the Shoreline Management Act and the Growth Management Act.

c)

Implement and fund the recovery plans for Puget Sound salmon and steelhead (all H’s) including, but not limited to,
Puget Sound Chinook salmon and Strait of Juan de Fuca/Hood Canal summer chum salmon to support viable,
harvestable populations.

d)

Modify Flood Control and Coastal Emergency Act (PL84-99) to provide funding for levee set-backs to enhance flood
plain functions.

e)

Require all affected agencies to clearly identify, define, implement and enforce quantitative metrics for essential
habitat required under existing authorities.

f)

Develop a comprehensive funding strategy for Puget Sound recovery with focus on new dedicated sources of funding.

g)

Develop a comprehensive public outreach, awareness, and behavior change program to promote public stewardship
of Puget Sound resources.

h)

Prevent large oil spills and reduce the incidence of chronic oil spills through enforcement of existing rules and modify
legislation where required to ensure protection.

i)

Adequately fund and strengthen spill readiness and response capacity.

j)

Update state water quality standards by ensuring promulgation of new human health criteria with an accurate fish
consumption rate before undertaking implementation rule development and by developing numeric criteria of fine
sediment.

k)

Implement water resource management rules (establish instream flows) in critical watersheds.

Implement and improve consistency, coordination of enforcement and alignment of federal, state and local regulations for
the protection of priority nearshore, estuary and floodplain habitat.
a)

The appropriate entities shall ensure effective coordination and enforcement of existing regulations.
(1) EPA will enforce CWA and ensure that delegated responsibilities to WDOE are effectively discharged.
(2) WDOE will enforce Water Quality Standards and the State Water Pollution Control Act.
(3) NOAA will ensure that the conditions of the DNR HCPs are met.
(4) NOAA will monitor the implementation of the FEMA BIOP to ensure compliance.
(5) WDOE will enforce water right permits, beneficial use requirements and illegal withdrawal regulations.
(6) WDFW will enforce Hydraulic Code provisions.
(7) WDNR will enforce Forest Fish Rules and commitments under HCPs.
(8) Federal and State agencies will act to ensure that habitat held in trust to guarantee reserved treaty rights
supporting the tribal way of life is not degraded to the point that additional restrictions are required.
(9) Ensure that best management practices result in meeting water quality standards.

b)

Where inconsistencies exist between current regulations and the desired ecosystem protection and restoration, the
affected agencies will consult and align their authorities to achieve this objective.

c)

Develop strategy to achieve zero discharge of waste water into Puget Sound, including short-term targets by Action
Area identifying specific facilities for conversion.
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d)

3)

5)

6)

Align Federal, State, and local agencies’ resources and regulatory jurisdictions to implement large scale process
restoring projects.

e)

NOAA will develop a Biological Opinion on the impact of dikes/levees on Chinook production.

f)

NOAA OCZM will ensure that the SMA protects shoreline processes essential to the productivity and capacity for
harvestable viable salmon populations.

Increase opportunity, focus and effectiveness of incentive based approaches, including non-financial incentives, for the
protection and restoration of priority floodplain, wetland, estuary and nearshore habitat.
a)

Identify and prioritize key habitat.

b)

Protect key habitat through land purchase, conservation easements, purchase of development rights or tax incentives
such as tax credits or reductions.

c)

Develop measurable standards that must be met by those applying for or receiving incentives.

d)

Develop regulations that allow continued land use consistent with protection and recovery targets, but make
conversion to other uses prohibitive.

e)

Develop programs that recognize good stewards of key habitat and help them identify efficiencies, new markets, etc.

4)

Address key institutional, financial and community barriers to priority habitat restoration projects.

a)

Establish a sound wide taxing district to support actions, monitoring and adaptive management of Puget Sound
protection and restoration projects.

b)

Implement a program to illustrate the value of a healthy Puget Sound Ecosystem to Public Health and the economic
well-being of the residents.

c)

Streamline permitting requirements for ecosystem restoration projects with agreed long term beneficial results.

d)

Overcome institutional barriers to align funding sources to implement large scale projects including implementation
of projects identified by PSNERP.

e)

ESA Listing Services will ensure that federal agencies consult on actions that impact listed species.

Hatchery production will augment harvest and supplement natural stock restoration in a manner that is compatible with
habitat protection and restoration, as well as preserving and enhancing the genetic and life history diversity of natural
production.
a)

WDFW and tribal fishery resource managers will develop hatchery management plans that recognize the
requirements in each watershed, take into account habitat and harvest plans, and provide for sustainable production
from both hatchery and natural sources.

b)

WDFW and Tribal fishery resource managers will complete Hatchery Genetic Management Plans (HGMPs) for NOAA
review and approval.

Develop and implement monitoring programs critical to the evaluation of viable salmonid population parameters, key
indicators of freshwater and marine habitat and ecosystem response to salmon recovery efforts which will be comparable
in detail to monitoring harvest and hatchery practices.
a)

Apply the RITT Adaptive Management Framework throughout Puget Sound.

b)

Spawning ground abundance, smolt migration abundance and total abundance for natural and hatchery origin
populations will be estimated.

c)

Monitor key habitat status and trends indicators for floodplain, channel migration zone, wetland, estuary, nearshore
and Salish Sea habitat including stream flow, temperature, habitat extent and condition, prey and predator
abundance and associated species complexes.

d)

Monitor effectiveness of restoration projects, best management practices and buffers.

e)

Establish geographically appropriate measures to evaluate actions (reach, drift cell, etc.).

f)

Monitor the implementation and effectiveness of regulations intended to protect salmon habitat and make changes
as necessary.

g)

Implement a comprehensive Puget Sound marine salmonid survival study focused on management needs for
associating key habitat indicators with returning abundances.
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STRATEGIC INITIATIVE

Recover Shellfish Beds
The Challenge
Shellfish play a significant role in the biology, culture, history,
and economy of Puget Sound. But they are being threatened
by pollution from various sources.
Pacific Northwest tribes have lived and harvested shellfish in
Puget Sound for about 12,000 years, and archeologists have
uncovered shell middens dating back as far as 5,000 years.
Shellfish provide sustenance and figure prominently in tribal
spiritual beliefs. Ceremonial and subsistence harvest of
shellfish in Puget Sound and coastal waters is invaluable to
tribes.
Shellfish are also critical to the health of Washington’s
economy. Washington leads the country in production of
farmed clams, oysters, and mussels, which have an annual
value of more than $107 million. Washington shellfish
growers directly and indirectly employ more than 3,200
people and provide an estimated total economic contribution
of $270 million.
Annually, tourists and residents purchase 160,000 licenses to harvest shellfish from Washington waters,
providing more than $1 million in state revenues. The Washington Department of Fish and Wildlife
estimates that the 125,000 shellfish harvesting trips made each year to Puget Sound beaches provide a
net economic value of $5.4 million to the region.
In addition to the cultural, recreational, and economic
contributions that shellfish make in Puget Sound, their
filtering and recycling processes play a role in improving the
water quality. Shellfish also contribute to Puget Sound’s
ecosystem diversity and complexity by adding structure to
the nearshore and refuge and forage opportunities.
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HOW CAN I HELP?

Regularly inspect and maintain your
onsite septic system to ensure its proper
operation.
Pick up after your dog: scoop the poop,
bag it and throw it in the trash.
For more information go to:
www.pugetsoundstartshere.org
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WHAT REALLY WORKS TO RECOVER SHELLFISH BEDS
In February 2010, the Department of Health reopened 240 acres of shellfish-growing tidelands for harvest without
weather restrictions in Henderson Inlet in Thurston County. This was the first reopening of closed shellfish beds
since the 1980s. In the face of increased development, and contrary to predicted trends, water quality in the inlet
has improved, and these improvements have been maintained. This success was the result of concerted effort by
Henderson Inlet area residents and strong coordination among stakeholders to identify and implement the
following actions.
•

Reach out to local opinion leaders and neighborhood groups and work locally, on the ground, to understand
problems and develop solutions.

•

Focus on actions that directly address local sources of water pollution, such as septic systems, stormwater,
agriculture, and land use.


•

Engage and educate the homeowners in the watershed with a dedicated outreach strategy and multiple
venues for involvement, including public meetings, newsletters, and hands-on opportunities that invest
people in taking action to maintain success.


•

In Henderson Inlet, Thurston County developed a septic system operation and maintenance program,
which reduced fecal coliform pollution from onsite sewage systems, and worked to reduce runoff locally
and to Woodard Creek.

In Henderson Inlet, among other things, they formed a community shellfish farm.

Set goals and monitor progress.


Thurston County developed an action plan specifically targeted at reducing water pollution which includes
performance measures to evaluate implementation success and provides clear annual reporting
requirements for transparency.

•

Involve a multi-stakeholder advisory group/committee in action plan development and implementation.
Representatives should include local businesses and associations of varied interests, local citizens, and city,
county, state, and tribal government.

•

Secure multiple viable funding sources including conservation district grants, county and city resources, and
public taxes.

•

Establish and implement enforcement mechanisms.

These actions could be replicated elsewhere in Puget Sound. In fact, a similar cooperative model is currently being
followed in Oakland Bay in Mason County and is already bearing results.

Shellfish beds require excellent water quality to ensure shellfish are safe to eat. However, water quality
is threatened by numerous sources including onsite sewage systems, wastewater treatment plants,
marinas, animal-keeping activities, and wildlife through direct discharges to Puget Sound and by
stormwater runoff that flows to Puget Sound. The extent of approved shellfish harvesting areas in Puget
Sound reflects the health of Puget Sound. Currently, shellfish harvest is prohibited in 7,000 acres of
Puget Sound.
Polluted runoff from rural and agricultural lands must stop if we are to meet shellfish recovery targets.
These targets include a net increase from 2007 to 2020 of 10,800 harvestable shellfish acres. However,
the recent downgrade of the Samish Bay shellfish area is a reminder of the constant vigilance needed by
landowners, businesses, and local, state, federal, and tribal governments to protect and restore shellfish
beds.

The 2014/2015 Action Agenda for Puget Sound
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Moreover, intensive shellfish aquaculture can put pressure on Puget Sound, and there are concerns that
these activities may increase pollution, change the physical beach structure and substrate to the
detriment of native species abundance and diversity, disrupt the food web, and affect other resourcebased jobs such as fishing or crabbing.

Link to Relevant Vital Signs and Recovery Targets
This strategic initiative contributes to achieving the recovery targets for the vital signs listed below and
shown in color in the Puget Sound
Vital Signs graphic at right.


Shellfish beds



Quality of life



Land development and cover



Marine water quality



Freshwater quality



Marine sediment quality



Toxics in fish



Onsite sewage



Swimming beaches



Chinook salmon



Orcas



Pacific herring



Birds

Strategies and Actions
The strategies and actions for this strategic initiative are organized by three themes, described below:
prevent pollution through existing regulations and programs, prevent pollution through incentives, and
encourage beneficial use of shellfish. The figure below presents the relevant sub-strategies by theme.
Section 3, Strategies and Actions, provides descriptions of all strategies and sub-strategies, and the
ongoing programs and near-term actions that support them.
Prevent pollution through existing regulations and programs. Numerous existing programs and
regulations are in place to prevent pollution. These sub-strategies focus on increasing enforcement and
compliance with and furthering the implementation of these programs and regulations
Prevent pollution through incentives. Incentives are intended to encourage and assist homeowners and
agricultural users to prevent pollution on and from their properties.

The 2014/2015 Action Agenda for Puget Sound
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Encourage beneficial use of shellfish. Continuing work is needed to clarify the potential impacts of
shellfish aquaculture and to help communities build consensus on the role of shellfish aquaculture in
Puget Sound.

The 2014/2015 Action Agenda for Puget Sound
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Appendix I

Interim	
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  6,693	
  acres	
  
of	
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1	
  Current	
  net	
  increase	
  =	
  1,384	
  acres	
  (pers.	
  comm.	
  Scott	
  Berbells,	
  DOH,	
  9/21/12)	
  

	
  

1.	
  

2018	
  
Net	
  increase	
  from	
  2016	
  target	
  of	
  at	
  least	
  
124	
  acres	
  of	
  harvestable	
  shellfish	
  beds,	
  
of	
  which	
  100	
  should	
  be	
  from	
  beds	
  
presently	
  classified	
  as	
  Prohibited	
  (or	
  
Unclassified).	
  

	
  
2020	
  
A	
  net	
  increase	
  from	
  
2007	
  to	
  2020	
  of	
  10,800	
  
harvestable	
  shellfish	
  
acres,	
  which	
  includes	
  
7,000	
  acres	
  where	
  
harvest	
  is	
  currently	
  
prohibited.	
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1.0 Introduction
Puget Sound recovery is governed by the
Action Agenda for Puget Sound, the
approved Comprehensive Conservation
and Management Plan (CCMP) under the
Federal Clean Water Act that outlines
the regional strategies and specific
actions needed to recover the largest
estuary in the USA. One way to organize
recovery efforts has been through
tracking more than twenty Vital Signs,
indicators with specific recovery targets
that help the region measure progress.

Box 1.1: Purpose of an Implementation Strategy









Summarize the recovery strategy for a given Vital Sign / target:
What is the rationale for selected approaches to recovery, and the
intent of actions intended to achieve the target?
Provide a shared roadmap for those involved in Puget Sound
recovery: Implementation partners include; practitioners, sponsors,
policy makers, legislators, scientists, managers, tribal and
community members, and participating citizens.
Orient action toward the shared measurements of recovery:
Define the path to achieve our 2020 Puget Sound Vital Sign targets.
Support Aligned Actions: Highlight the most important work and
how policy should enable recovery, how actions should address
pressures, how research should reduce key uncertainties, and how
monitoring should assess both effectiveness and trends.
Help to mobilize funding: Clear demonstration of the most
important work to achieve the 2020 targets will aid in making the
case for necessary resources.
Advance needed policy: Definition of the path to the targets will
highlight policy opportunities and barriers to recovery work that
partners can then develop actions to address.
Facilitate recovery by educating key partners, improving
communication, and strengthening coordination efforts among all
participants
Inform development of related work plans and documents: Local
Near-Term Actions, Action Agenda updates, Biennial Science Work
Plans, State of the Sound reports, etc.
Function as the template for deliberate adaptive management

Cleaning up the Puget Sound is a

collaborative effort between state and
federal agencies, tribal governments,

local governments, business and
environmental groups, and many others.
Such a complex and huge undertaking

demands thoughtful and evolving
strategic approaches that align diverse

efforts across the region and leverage
limited resources to maximize gains.
Developing this implementation strategy is a test-case to determine if a more effective approach to
reaching Vital Sign targets can be realized, in this case for shellfish beds.
1.1

What are Implementation Strategies in the context of Puget Sound recovery?

Implementation Strategies are intended to unite, guide, and integrate efforts to recover ecosystem
components that have been selected as Puget Sound Vital Signs (among other roles: see Box 1.1). They
are also intended to provide more focused content for the Action Agenda than has been included to
date.
Implementation Strategies articulate long-term recovery pathways, prioritizing near-term actions most
likely to achieve recovery target(s). They should provide perspective and direction for local recovery
efforts to be better aligned with regional priorities (e.g., propose Near Term Actions for the Action
Agenda that support recommended strategies).
Three Implementation Strategies are currently in development: this one for Shellfish Beds, another for
Estuaries, and a third for Chinook salmon. In 2014, PSP and Department of Natural Resources (DNR)
convened a diverse stakeholder group to prepare the “Puget Sound Eelgrass (Zostera marina) Recovery
Strategy.” Taking lessons from that initial effort, Implementation Strategies for Shellfish Beds and
estuaries were prepared in spring 2015 as test-cases to determine feasibility. Implementation Strategies
are expected to be revised and to improve with each cycle of the adaptive management process.
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Implementation Strategies are intended to serve the entire community of those with an interest and a
part in recovery, in general, and in relation to the focal Vital Sign. This includes legislators and policy
makers, local implementers, and funding agencies, as well as recovery practitioners and professionals.
Implementation Strategies should ultimately increase the confidence and consensus of this entire
community in the collective approaches for success.
1.2

How to use this document?

This Implementation Strategy is a guide with which practitioners, implementers, sponsors, and those
making decisions about shellfish beds recovery can align ongoing and future actions within the context
of regional priorities. It states the rationale for recovery, assumptions about how recovery might be
achieved, and what the priorities should be. All are open to question and improvement. Please share
your questions, comments, and feedback to help improve this strategy.

2.0 Why are shellfish important to the Puget Sound region?
Bivalve shellfish are of ecological, economic, cultural, recreational, and historical significance to Puget
Sound. Shellfish have sustained people in the region for at least 5,000 years (Antczak et al. 2008). In the
1850s, tribes signed treaties with the U.S. government, reserving rights to fish and harvest shellfish in
usual and accustomed areas (excepting staked or cultivated shellfish beds). Commercial shellfish
harvesting began during the California Gold Rush era and continues to support livelihoods today.
Shellfish also provide biophysical services: they feed by filtering and ingesting minute particles – mostly
microscopic algae – from seawater. This helps to maintain water quality and clarity, allowing sunlight to
penetrate to depths at which eelgrass and macro algae (attached seaweed) use it for photosynthesis
(Newell 2004). Shellfish pass on digested and undigested material that settles to form sediments,
feeding benthic organisms. They also add structure to nearshore habitats, provide refuge and food for
other species, and can help to remove nitrogen from the water (Newell 2004).
Washington State leads the country in production of farmed clams, oysters, and mussels with an annual
value of over $107 million. Across the state, shellfish growers directly and indirectly employ over 3,200
people and provide an estimated total economic contribution of $270 million (Washington Shellfish
Initiative 2011). In Mason County the commercial shellfish industry is the second largest private-sector
employer. The Washington Shellfish Initiative (2011) estimates that 125,000 shellfish harvesting trips are
made each year to Puget Sound beaches, providing a net economic value of $5.4 million to the region.
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3.0 What are the Shellfish Beds
targets for recovery in Puget
Sound? How are we doing?
3.1

2020 Shellfish Beds recovery goal

The shellfish beds recovery goal for Puget Sound is a net
increase of 10,800 harvestable acres of shellfish beds
between 2007 and 2020, including 7,000 acres where
harvest had been prohibited. Success is largely
dependent on water quality, as a shellfish bed’s
classification is determined based on whether national
standards are being met (see call-out box). Additional
detail about how that target was developed is provided
in the next section.
3.2

How was the 2020 recovery goal derived?

In 2006, a multi-agency workgroup evaluated potential
classification upgrades to commercial shellfish
harvesting areas. A list of Restoration Projections is kept
and updated annually by the Washington State
Department of Health (WDOH) that details the current
classification of each growing area, the current
pollution identification and correction activities, the
reasons for the classification restrictions (nonpoint
source pollution, wastewater treatment plant outfall,
marina, etc.), the estimated acreage upgraded, and a
projected timeframe for the upgrade.
Based on findings in the initial Restoration Projections
list, WDOH developed an ambitious “stretch-goal”1 of
upgrading the classification of 10,000 acres by 2020.
This is a net gain, the sum of (positive) upgraded
classification acreage and (negative) downgraded
classification acreage, accounting only classification
changes associated with pollution.

Shellfish Classification
Before shellfish from commercial and
recreational harvest areas are considered safe
to eat, pollution sources must be assessed,
and marine water quality must meet national
standards. The Washington State Department
of Health has monitored water quality
(bacterial levels) in Puget Sound for over 30
years under the National Shellfish Sanitation
Program, with standards and regulations
written in a Model Ordinance and adopted
through Chapter 246-282 of the Washington
Administrative Code. Today, this entails
collecting and analyzing over 10,000 marine
water samples each year, and inspecting
numerous potential pollution sources that
could impact marine water.
Based on monitoring results, commercial
harvest areas are classified as Approved,
Conditionally Approved, or Prohibited:






Approved areas meet national standards
for harvest, except during emergency
pollution events, when they are closed.
Conditionally Approved areas also meet
standards, except during predictable
polluted events such as measured rainfall,
seasonal rainfall, or high river flows, when
they are closed.
Prohibited areas do not meet national
standards and are closed to harvest at all
times.
(NOTE: recreational areas are classified
as open conditionally opened and closed)

Nearly 190,000 acres are currently classified in
In 2011, the Puget Sound Partnership (PSP) adopted a
Puget Sound (Figure 1).
similar goal as one measure, or Vital Sign, of the health of Puget Sound, targeting a net increase of
10,800 harvestable shellfish acres between 2007 and 2020, including 7,000 acres where harvest is
currently prohibited. At that time, there were approximately 10,700 acres of Puget Sound shellfish
growing areas where harvest was prohibited due to non-point source pollution. PSP resolved that

1

A stretch-goal is an operational goal with an objective probability of attainment that may not be quantified, but
considered to be ambitious, given current trends.
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“restoring water quality at designated shellfish growing areas is an important contribution to sustaining
the provisioning services of the Puget Sound ecosystem…” (Puget Sound Partnership 2011).

Figure 1. Commercial and Recreational Shellfish Growing Areas, January 1, 2015
(from: http://www.doh.wa.gov/Portals/1/Documents/4400/ai-map.pdf).
Puget Sound Shellfish Beds Implementation Strategy Narrative
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3.3

Current status of shellfish beds in Puget Sound

Over 800 miles of Puget Sound shoreline harvest areas are currently classified as either Approved,
Conditionally Approved, or Prohibited. As of January 2015, this area represented 91 commercial shellfish
growing areas covering approximately 190,000 acres (Table 1).
Of the 10,821 acres classified as Conditionally Approved, about 72% are affected by nonpoint pollution
sources, such as farming (agricultural) activities, individual on-site sewage systems, and wildlife
(Figure 1). Most of the remaining acres (25%) are
Table 1
affected by conditions at wastewater treatment
Puget Sound Classified Shellfish Acreage
plants. Marinas and areas where numerous boats are
(January 1, 2015)
moored on a seasonal basis account for only about
Classification
Acres
3% of the Conditionally Approved acreage.

Approved

142,243

Of the 35,980 acres in Puget Sound classified as
Conditionally Approved
10,821
Prohibited, about 22,000 acres (63%) are affected by
Prohibited
35,980
wastewater treatment plant outfalls, and 10,000
TOTAL
189,044
acres (26%) by nonpoint pollution sources such as
farms, wildlife, and individual on-site sewage systems (Figure 2). The remaining 4,000 acres are closed
due to marinas and chemical contamination.
3.4

Progress to date towards the shellfish beds recovery goal

WDOH has tracked classification changes in shellfish growing areas since 1981 (Figure 3). A rash of
classification downgrades in the late 1980s was offset by classification upgrades since the late 1990s.
From 2007 through March 2015 the Puget Sound area has seen a net improvement of 2,851 acres.
Projections based on the WDOH Restoration
Projections list as of April 2015 yielded an
expectation that 8,966 acres could be added
by 2020. Achieving this acreage improvement
would meet the target, however, potential loss
of acreage has not been estimated. In April
2011, a large section (4,000 acres) of the
Samish Bay Shellfish Growing Area was
downgraded due to extremely high bacteria
levels in the Samish River. This classification
change significantly reversed progress.

Figure 2. Sources of pollution for Conditionally
Approved (left) and Prohibited (right) shellfish areas:
nonpoint (red), wastewater treatment plant outfalls
(blue), marinas (green), and other (yellow). Source:
WDOH)

3%
8%

3%

72%
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Figure 3. Area of shellfish beds changing classification by year in Puget Sound
(blue = upgraded, red = downgraded)

The 2020 target will not be met if the Samish Bay area is not upgraded by 2020. Stakeholders have been
working on nonpoint pollution issues in the Samish Bay watershed, including the following efforts:





Over 360 site visits to area farms by Skagit County and the departments of Ecology and
Agriculture.
178 Best Management Practices (BMPs) implemented.
Skagit County has defined the area as a Marine Recovery Area, and 57% of the on-site sewage
systems have up-to-date inspections.
Approximately 144 on-site sewage system repairs have been completed.

Although not yet meeting the standard for a classification upgrade, water quality in the Samish River
shows an improving trend since 2008 (Figure 4). Annual rainfall totals are shown by year at the top of
each bar.

Figure 4. Recent trends in water quality in the Samish River with
annual rainfall.
Puget Sound Shellfish Beds Implementation Strategy Narrative
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Steps in the Right Direction: Other progress and initiatives that have contributed to shellfish
recovery include the following examples.
 OSS Funding: WDOH carried out a priority Near Term Action (NTA) to assess the viability of
establishing (1) a regional, self-sustaining septic loan program to help property owners repair
or replace septic systems, and (2) a dedicated fee to help local health jurisdictions (LHJs) work
with property owners to ensure proper use and care of their septic systems. The agency is now
working with the Department of Ecology and LHJs to establish the regional septic loan program.
WDOH introduced legislation in 2015 to require a local septic fee in all Puget Sound counties.
The bill failed and will be reintroduced in the 2016 session.
 Shellfish Protection District Best Practices: In 2013, WDOH organized a Shellfish Protection
District (SPD) Workshop that resulted in an online “SPD Best Practices Library” to develop and
supplement strategies in new and existing SPDs.
 Pollution Identification and Correction (PIC) Forums: WDOH brings experienced practitioners
together with those new to PIC to share guidance and explore topics such as outreach
methods, accessing private property, and using technical assistance, incentives, and
enforcement. Addressing challenges that counties face when they respond to state water
quality violations is an important aspect of this work.

4.0 Key pressures, challenges, and barriers to recovery progress
4.1

Pressures on Puget Sound harvestable shellfish beds

Pollutants affecting shellfish harvesting are mostly from humans, livestock, and pets or other warmblooded animals. The principal contributors of pathogens are poorly functioning wastewater treatment
plants, combined sewer overflows (following high rainfall events), failing on-site septic systems, and
poor manure management practices on farmlands, which allow pathogens to enter streams and
waterways. Effluent from vessels also contributes harmful bacteria, but in lesser quantities (Figure 2).
Potential pathogens from these sources are measured using fecal coliform as the indicator bacteria.
While they may not affect shellfish viability, they can accumulate in shellfish to the point where they
become unsafe for humans to eat and often indicate the presence of additional viruses. When this
occurs too frequently, shellfish beds are downgraded. The Vital Sign tracks changes in this classification
status.
Oil spills can also affect water quality, but this is typically non-pathogenic, and generally only
temporarily affect the harvest of shellfish beds. In addition, some microscopic algae produce bio-toxins
that can cause sickness or even death if contaminated shellfish are consumed by humans. When
pollutants and toxins in harvestable shellfish beds exceed pre-defined thresholds, shellfish beds are
temporarily closed for harvest. Bio-toxins and or oil spills do not lead to classification changes.
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4.2

Challenges and barriers to recovery success

Despite significant efforts to recover shellfish bed acreage, potential improvements are limited by the
following five challenges and barriers – as outlined in the Results Washington Action Plan.
1. Lack of effective and sustainable local nonpoint pollution programs. Protection of shellfish
growing areas requires that local programs monitor water quality, so that sources can be
identified and corrected quickly. Puget Sound counties vary in their capacity to identify and
correct pollution problems and most are supported substantially by grants.
2. Insufficient farm waste management in some counties. Shellfish growing areas impacted by
improper farm and manure management have been difficult to protect and
restore. Management of polluted runoff is regulated on dairies under the Dairy Nutrient
Management Act. The Department of Ecology regulates non-dairy livestock operations. A
challenge for doing this regulatory work is that it is limited to where access is voluntarily granted
or discharges are documentable from public access. Department of Ecology recently developed
a guidance document to provide information on livestock-related water quality impacts to help
landowners and producers make informed management decisions to protect water quality.
While there are many tools and technical assistance programs available, the challenge is often
encouraging their use. For example, local conservation districts have developed web-based risk
management tools that can help producers evaluate field conditions and weather forecasts prior
to making land applications of manure.
3. Limited control of boaters’ waste. Sewage discharges, even by a small number of vessels in
small quantities can cause pollution that can be a problem of particular concern over or near
shellfish beds. Just over 3,300 acres are impacted by marinas or other boating activities based
on the potential for wastewater discharge. Control of boaters’ waste could result in
classification upgrades within portions of these areas.
4. Difficulty implementing on-site sewage system management and repair programs. Local
programs to manage and repair OSS have been underfunded. Many local health jurisdictions
rely on grants to support this work. Routine maintenance can cost landowners hundreds and
repairs can cost thousands or tens of thousands. Affordable funding is needed to help
landowners repair or replace failing systems.
5. Wastewater treatment plant outfalls to Puget Sound close shellfish beds. Wastewater
treatment plants are the largest impact to shellfish growing areas in Puget Sound, yet very little
guidance is provided by the Puget Sound Action Agenda on how to reduce impacts. Alternatives
can be very expensive and there are few incentives or disincentives for owners of smaller plants
to seek alternatives. Commitment and a multi-agency coordinated strategy are needed to
address this source.
An additional challenge identified while developing this Implementation Strategy was the ongoing need
for outreach and education to support water quality improvements. Working with landowners to
manage pollution requires consistent, ongoing effort. Counties are in various stages of developing the
infrastructure needed for monitoring pollution, utilizing data management systems to inventory sources
on private property, requiring and tracking regular inspections, and managing a coordinated, multiPuget Sound Shellfish Beds Implementation Strategy Narrative
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agency response needed for corrective action. Effective and consistent outreach and education
programs backed by technical and financial assistance and enforcement are essential to support
landowner compliance.
4.3

Other Puget Sound Vital Signs related to Shellfish Beds recovery

In 2010, the Puget Sound Partnership engaged regional experts and the public in identifying the key
ecosystem indicators and pressures that would help identify whether progress is being made in
restoring the Sound. This suite of indicators is referred to as the Puget Sound Vital Signs. In 2011, the
Leadership Council adopted 2020 targets for most of the 21 Vital Signs, including Shellfish Beds. (See
www.psp.wa.gov/vitalsigns/ for more information.)
As indicated in the recovery schematic (see Section 6 and Appendix B), two Vital Signs are identified as
directly contributing to shellfish beds recovery: On-Site Sewage Systems and Freshwater Quality.


Failing on-site sewage (septic) systems comprise one of three principal sources of fecal
pathogens in Puget Sound. As of March 2013, in Skagit County, of 4,253 septic systems assessed,
95% were found to be operating soundly while 3% needed repairs and 2% were found to be
failing (www.psp.wa.gov/effectiveaction.php). Another Vital Sign, related to human wellbeing,
would similarly benefit from reductions in non-point pollution: Swimming Beaches. Beach
closures, like shellfish beds, are based on monitored levels of bacterial contamination in marine
waters.



Freshwater quality is also an important consideration, as much of the fecal coliform that is
transported into shellfish growing areas arrives via ditches, streams, and rivers that flow into
Puget Sound.

In addition, during strategy development partners noted that ocean acidification is a key factor affecting
water quality and shellfish beds, and the topic is addressed as Goal 2 in the Washington State Shellfish
Initiative (see Section 6.1). The Marine Resource Advisory Council is implementing priority actions from
the Blue Ribbon Panel on Ocean Acidification (Washington State Blue Ribbon Panel on Ocean
Acidification 2012) that may accelerate progress towards the Shellfish Beds Vital Sign targets. However,
as in the case of oil spills, the pH of marine water does not directly affect the classification status of
shellfish beds, and is thus outside the scope of this Implementation Strategy.
As noted earlier, as additional Vital Sign Implementation Strategies are developed, the hope is that they
can be integrated: common pressures can be addressed, synergies identified, solutions crafted, and
conflicts reconciled.
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5.0 What efforts are underway to improve water quality and
recover shellfish beds?
WDOH monitors shellfish harvesting areas and informs stakeholders of water quality issues.
Partnerships with local, state and federal agencies, tribes, shellfish harvesters, and concerned citizens
help protect and improve water quality in impacted areas. As described below, protection and
restoration programs have evolved over time, in response to changing needs and conditions.

5.1

Water Quality Restoration Program

Following large-scale downgrades in classification of shellfish growing areas in the late 1980s, a water
quality restoration program for Puget Sound was created at WDOH. This program is focused on working
with stakeholders to resolve pollution issues, particularly in downgraded growing areas. The program
also emphasizes protection, or maintaining the classification of Approved growing areas by continuing
to assess water quality in Approved areas, and implementing coordinated responses when pollution
recurs. Continued vigilance is vital, even in Approved areas.
5.2

Early Warning System

"Threatened" Shellfish Growing Areas

In 1997, WDOH developed an early warning system to identify shellfish areas susceptible to a
downgrade. The purpose of the program is to avert a downgrade by addressing pollution problems in
areas at risk. Each year, harvest areas where water quality is found to approach acceptable limits for
harvest, or if pollution sources have the potential to adversely impact, are listed as “Threatened with a
classification downgrade”. Since the implementation of the program, 42 of the 91 Puget Sound shellfish
harvest areas have been listed as “Threatened” at least once. When “Threatened” areas are identified,
WDOH works with stakeholders to coordinate pollution identification and correction projects. The
number of “Threatened” areas in Puget Sound declined after 2005, but has been increasing in the last
few years (Figure 5).
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Figure 5. Number of “Threatened” shellfish areas in Puget Sound, by year.
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5.3

Shellfish Protection Districts

Shellfish Protection Districts (RCW 90.72) were
created to prevent further closures of
recreational and commercial shellfish harvesting
areas and to restore water quality to allow
reopening of impacted harvest areas. In 1992, it
was amended to require counties to form
shellfish protection districts (SPD) and prepare a
protection plan after a classification downgrade
due to nonpoint pollution sources. The plan must
be implemented within 60 days of the formation
of the SPD. SPDs allow a local governing body to
collect fees to fund the program.
Currently, there are 16 SPDs in the Puget Sound
region (Figure 6). Fourteen districts have been
created based on classification downgrades, and
two created voluntarily.
5.4

Management of on-site sewage systems

The 2005 state on-site sewage regulation
(chapter 246-272A WAC) required the 12 Puget
Sound counties to adopt management plans to
ensure better use and care of the region’s
Figure 6. Shellfish Protection
estimated 600,000 on-site sewage systems.
Districts
Legislation the following year required these same counties to designate Marine Recovery Areas (MRAs)
and carry out enhanced work in areas where septic systems impact shellfish beds and other marine
waters (chapter 70.118A RCW).
While the local septic management programs share common program elements, they are all uniquely
designed and implemented. As seed money, the state has put about $7 million into the local programs
since 2005, and over $5 million of federal funding since 2010 via the National Estuary Program. Local
dedicated funding for the management programs is limited and uneven, with needs estimated at over
$20 million annually. Remedying this with a sustainable revenue stream is a priority need. A companion
priority need is to avail more funding to system owners to incentivize better maintenance and to help
finance the high cost of repairing and replacing systems.
The Puget Sound Vital Sign for septic systems tracks inspection status of systems located inside the
region’s MRAs (Figure 7). By 2015, the indicator was trending up at 42% of systems with up-to-date
inspections. Efforts to actively engage homeowners in such work are challenging and costly, yet are key
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to safeguarding water quality and
system performance. The MRAs
currently encompass just over 10% of
the region’s estimated number of septic
systems.
5.5

Pollution Identification and
Correction programs

Pollution Identification and Correction
programs (PIC) can be an effective way
to clean up pollution from on-site
sewage systems and livestock. PIC
programs monitor watersheds for fecal
coliform bacteria and can trigger
intensive community outreach and
property surveys to identify and correct
sources. Effective programs work with
property owners to correct problems
using multiple approaches such as
outreach, technical assistance,
incentives and, if necessary,
enforcement. WDOH has provided
National Estuary Program funds and
other support for the following
activities:











Figure 7. Designated Marine Recovery / High Risk Areas

$7.5 million to Puget Sound counties for PIC programs to protect and restore shellfish growing
areas in Puget Sound.
Four PIC and SPD forums to share topics and resources.
A SPD/PIC best practices library on the WDOH website.
Trials of PIC tools such as sewage sniffing dogs and chemical tracers to help identify bacteria
sources.
Increased technical assistance and inspections of dairies in Whatcom, Skagit, and Snohomish
counties by the Washington State Department of Agriculture’s Dairy Nutrient Management
Program. In addition, they are conducting surveillance and providing technical assistance for
manure exchanges.
Ecology inspectors are working with Whatcom and Skagit counties and landowners to correct
pollution from farms. Ecology also provides a regulatory backstop for counties with active PIC
programs.
Coordination of the multi-agency Whatcom Clean Water Program in the Nooksack River and
Drayton Harbor watersheds.
Over $400,000 to implement agricultural BMPs in counties with active PIC programs.
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In the draft work plan of the Washington Shellfish Initiative (Phase 2, April 2015), the State seeks to
develop and implement effective water clean-up plans (Total Maximum Daily Loads, TMDLs) or
Straight to Implementation (STI) plans for fecal coliform bacteria in watersheds with shellfish
growing areas. In Puget Sound, Ecology plans to revisit existing TMDLs in the watersheds like the
Lower Nooksack River and Samish and update existing implementation plans based on new
information and data.

6.0 Shellfish Beds Recovery Strategy
This section describes how shellfish beds recovery strategies were identified, combined, prioritized, and
depicted through two key tools: a results chain and more condensed recovery schematic.
6.1

Overview of existing strategies, ongoing programs, and areas of focus

Descriptions of ongoing programs intended to recover shellfish beds were gathered from three sources:


The Washington State Shellfish Initiative (42 actions). Announced on December 9, 2011 (and
updated on February 19, 2015, available at http://pcsga.org/wprs/wpcontent/uploads/2013/04/Washington-Shellfish-Initiative.pdf), the WSI recognizes the
economic significance of the shellfish industry, and is intended to protect and enhance a
resource that supports jobs, communities and cultural values. The WSI reflects a convergence of
the National Oceanic and Atmospheric Administration’s (NOAA’s) National Shellfish Initiative
and the state’s interest in promoting a critical clean water industry. The NOAA policy establishes
a framework to allow sustainable domestic aquaculture to contribute to the U.S. seafood
supply, support coastal communities and important commercial and recreational fisheries, and
help to restore species and habitat. NOAA sees aquaculture as a critical component to meeting
increasing global demand for seafood and maintaining healthy ecosystems. As envisioned, the
initiative will protect and enhance a resource that is important for jobs, industry, citizens, and
tribes.



The 2014 Action Agenda Update for Puget Sound in which 18 sub-strategies and 22 NTAs (Near
Term Actions) are associated with recovering shellfish beds (Puget Sound Partnership 2014).



The Governor’s Results Washington initiative (10 shellfish actions).



Other ongoing programs and efforts have been included in the “key actions” lists in Section
6.4.

A cross-tabulation of recovery actions from these three sources was prepared to inform development of
the results chain and schematic.
6.2

Depicting the shellfish beds recovery strategy in results chain format

The results chain diagram (see Appendix A) depicts the content described above into chains of cause and
desired effect converging on shellfish beds recovery. In this results chain diagram, all actions are
represented by a yellow oval attached to the relevant Action Agenda sub-strategy (yellow hexagon), or
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intermediate result (blue rectangle; within Miradi software, text describing a given object in the results
chain diagram can be viewed in a window that pops up when the cursor is hovered over the relevant
polygon). This version of the results chain therefore represents a full depiction of the shellfish beds
recovery strategy, inclusive of all relevant sub-strategies and all ongoing programs, that had been
proposed to recover shellfish beds as of May 2015.
*Please contact kari.stiles@psp.wa.gov for a copy of the Miradi project file containing the results chains
6.3

Key elements of the shellfish beds recovery strategy

A condensed version of the results chain, referred to as the schematic (see Appendix B), was developed
to communicate the key elements of the strategy to recovery practitioners when soliciting their input
about completeness, relevance, and priorities. The schematic featured only the salient components of
the full strategy, with truncated causal pathways represented by descriptors of approaches, intended
pressure reductions, and desired outcomes. The version that emerged after several rounds of input from
participants featured four principal themes (appearing as white text in grey rectangles in the schematic).
The substance of the schematic is described as follows.
The goal of increasing and maintaining harvestable shellfish acres (goal at bottom right of figure) is
approached via two converging pathways, both intending to improve water quality. The first aims to
reduce bacterial and viral pathogens that enter marine waters from three main sources – farmed lands,
developed lands, and vessels – using measures that (as described above) are known to work. Measures
for agricultural areas include promoting awareness about and propagating practices for better manure
management—that are designed to meet water quality standards—on fields and in livestock facilities. In
developed lands, the primary interventions are detecting and repairing failing on-site sewage systems
(OSS; itself a ‘Vital Sign’ indicator for which an Implementation Strategy will be prepared), and modifying
wastewater treatment systems and outflows. Measures that apply to both farmed and developed lands
include reducing stormwater inputs, and expanding Pollution Identification and Correction (PIC)
programs. An essential element of the pathogen reduction approach is to protect upgraded areas, that
is, to prevent them from being downgraded by continued monitoring of pathogen levels and, where
necessary, applying PIC programs in ‘at risk’ areas (as described above in 5.2). Pathogen inputs from
vessels can be reduced by establishing a ‘no-discharge zone’ in all or parts of Puget Sound, and by
constructing and repairing pump-out stations at strategic locations.
Two indirect pathways to improve marine water quality for shellfish beds tackle other (non-bacterial)
types of pollution, for instance by reducing risk of oil spills, and mitigating effects of ocean acidification.
Additional less-direct measures that feature in the shellfish beds recovery strategy include methods for
improving shellfish culture, increasing shellfish use for recreation, and restoring native shellfish,
specifically pinto abalone and Olympia oysters.
Approaches to recover shellfish beds described above rely on addressing and intervening in biophysical
systems that affect shellfish beds. However, practitioners highlighted in their feedback an additional and
under-represented element in the recovery strategy for shellfish beds, relating to the role of
communities. Successful management of OSS systems and of manure will require active support for
restoration, and participation in stewardship among rural and farming communities. Accordingly,
approaches were added (lower left of the schematic) intended to raise awareness; describe and
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propagate the use of BMPs; increase enforcement and compliance with regulations, laws, and permits;
and provide loans for OSS repair.
6.4

Priority strategies to guide work plan development

In both Implementation Strategy meetings with regional shellfish experts and partners, the schematic
was used to solicit suggestions as to what the shellfish beds strategy should focus on, and which
approaches and actions should be prioritized in the near term, in order to maximize progress towards
the target. The following summary of responses reflects general (but not necessarily unanimous)
consensus.
Based on evaluation of the water quality restoration potential of classified shellfish harvesting areas, the
greatest gains within the next five years lie within areas impacted by nonpoint pollution sources.
Addressing nonpoint pollution deriving from failing OSS in developed lands, and especially from livestock
manure in farmed lands (an approach/result referred to as sustainable farming on the recovery
schematic, and meant to encompass manure management strategies), offers more achievable solutions
in the short term. Maintaining the status of upgraded areas (in actuality, all growing areas) is also a
priority. The remedial approaches and pressure reduction outcomes recommended as priorities are
marked in the schematic by larger text, and linked by thicker arrows. In addition, successful strategies
will need to minimize adverse effects on human wellbeing and the agricultural economy, while meeting
the obligation to meet and protect Tribal Treaty rights.
The draft Phase 2 work plan of the Washington Shellfish Initiative focuses on five ways to advance
efforts to ensure manure land-application practices do not negatively impact water quality:






Develop and advance options to minimize or eliminate unplanned and improper application of
manure to agricultural lands (Washington State Department of Agriculture, Washington State
Conservation Commission, Ecology).
Develop increased economic opportunities for dairies and other livestock owners to manage
manure as a commodity (WSDA).
Issue an updated Concentrated Animal Feeding Operation permit by December 2015 to provide
better water quality protection and expedite the permit process (ECY).
Coordinate state agency efforts to enhance the ability of operators and applicators to get realtime weather information (WSCC and Conservation Districts).
Develop a targeted, coordinated, education and outreach program for small-acreage livestock
property owners with ongoing follow-up (WSCC).

While outfalls from wastewater treatment plants and combined sewer overflows prohibit the largest
amount of shellfish bed acreage the ability to upgrade portions of these areas is not practical during this
short time frame. Longer term planning should take outfall removal and extension into consideration.
Note that although implementation of such approaches is not feasible by 2020, they could have a
considerable influence on the target in the longer term – the schematic portrays this relationship as a
medium thick line.
Looking forward, the key actions (or approaches) to address each major barrier identified in Section 4.2
have been identified in the Results Washington, Shellfish Initiative and Shellfish Coordination Group
work plans, and include:
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6.4.1

Barrier: Lack of effective and sustainable local nonpoint pollution programs
Key actions
 Continue to distribute state and federal funds to support PIC programs.
 Convene PIC workshops to communicate successful strategies to local programs.
 Identify effective coordination, best practices, sources of sustainable and supplemental
funding, and barriers that reduce the effectiveness of local and multi-agency efforts.
Key outcomes and objectives
 Improved capacity and locally-driven, sustainable programs.
 Effective and efficient locally-driven programs.
 Meeting water quality standards.

6.4.2

Barrier: Insufficient farm waste management in some counties
Key actions
 Use data (shellfish growing area classification information and other partner-provided
data) to define/identify impacted marine areas.
 Continue to use the Results Washington Shellfish Coordination Group process to
advance local efforts to improve water quality in Samish and Portage bays.
 Advocate for legislation requiring sufficient farm waste management protective of
water quality.
Key outcomes and objectives
 Identification of agriculturally impacted shellfish harvesting areas.
 Identification of root causes and potential solutions to correct water quality issues in
key areas.
 Development of, advancement of, and consensus-building regarding agricultural BMPs
to minimize or eliminate unplanned and improper applications of manure to agricultural
lands.

6.4.3

Barrier: Limited control of boaters’ waste.
Key action
 Continue to evaluate and make recommendations for the establishment of a No
Discharge Zone in all or parts of Puget Sound.
Key outcomes and objectives
 Reduction of direct inputs of sewage from small boats and commercial vessels that
could impact shellfish harvesting areas, marine protected areas, and public beaches.
 Improvement in water quality and reduction in pollution inputs.

Puget Sound Shellfish Beds Implementation Strategy Narrative
Phase One Final, Last Updated September 8, 2015

19 | P a g e

6.4.4

Barrier: Difficulty implementing on-site sewage system management and repair programs.
Key actions
 Pursue legislation to provide a sustainable funding source for local on-site sewage
system management programs.
 Pursue legislation to create a regional, low-interest loan program to help system owners
repair and replace failing systems.
 Continue to distribute state and federal funds to support local on-site sewage system
management programs.
 Strengthen and standardize local on-site sewage system management programs.
Key outcome and objective
 Sustainable locally-driven on-site sewage system management programs.

6.4.5

Barrier: Wastewater treatment plant outfalls.
Key actions
 DNR, in collaboration with Ecology, WDOH and PSP, will develop and implement an
outfall and effluent reduction strategy designed to reduce impacts to state-owned
aquatic lands and associated resources from sewer and stormwater discharges. The
strategy will focus on greater participation in the National Pollution Discharge
Elimination System (NPDES) process by DNR, identification and prioritization of impacts
to sediments and natural resources such as aquatic vegetation and shellfish, and
alternatives to discharging wastewater and stormwater to improve water quality. DNR
has developed an internal policy that allows for further collaboration with Ecology,
WDOH, and Washington Department of Fish and Wildlife (WDFW) in reviewing the
impact that outfalls may be having on state-owned aquatic land and natural resources
of concern.
 Coordinate with tribes in the development and implementation of efforts to address
wastewater treatment plant outfalls.
Key outcomes and objectives
 As outlined in the Governor’s Results Washington Action Plan, developing this strategy
by June 2016 will seek to mitigate loading and impacts from existing and future sewer
and stormwater outfalls in Puget Sound.

It is important to affirm that recovery measures judged not to be immediate priorities are nonetheless
important for shellfish bed recovery. Awareness about shellfish use, culture, and restoration should be
promoted. It is intended that by specifying priorities decision-making at regional and local levels will be
facilitated, and the chance of attaining narrowly construed recovery goals in the near term increased.
6.5

Social pressures, approaches, and human wellbeing

Many human behaviors lie at the root of reducing pressures, bacterial and viral pathogens, which limit
the total acreage of harvestable shellfish beds. We have represented a variety of approaches on the
schematic to convey the need for effective strategies to reduce cumulative negative impacts on shellfish
beds from the following sources:
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On-site septic systems.
Agricultural livestock and pet sources.
Wastewater treatment plant and combined sewer overflow impacts.
Boating waste.

Our approaches represent a range of possible solutions including:




Traditional community outreach and education programs.
Social marketing that focuses on specific behavior changes for certain segments of the
population.
Expanding and implementing Pollution Identification and Correction programs (PIC).

Social approaches within the context of gaining a net increase of harvestable shellfish acres also have
corresponding desired outcomes and results. These are represented within the schematic in part by the
light green Human Wellbeing Outcome (HWB) “rectangles.” Outcomes include risks reduced to public
health (which also links directly to the Swimming Beaches Vital Sign), increased opportunities for
recreational shellfish harvest, increased ability to continue traditional and cultural practices linked to
shellfish, and minimize unintended consequences and potential negative impacts to the shellfish and
agricultural economic productivity and livelihoods. There is an effort currently underway, simultaneous
to the development of this Implementation Strategy, to update the Puget Sound Human Health and
Quality of Life Vital Signs with an expanded portfolio of human wellbeing indicators.
This section is expected to be more fully developed in the next stage of IS development through a process
directed by the Strategic Initiative Transition Team for Shellfish.
6.6

Process used to determine priority strategies

Developing and validating priority recovery strategies for shellfish beds was broken into two phases,
involving many partners and perspectives during each.
6.6.1 Phase 1
During the first phase of this process, WDOH and PSP worked with key experts to compile existing
shellfish beds recovery strategies, information, and recommendations relevant to Puget Sound. After
cross-referencing these resources to ensure that the necessary information was captured and gaps
identified, PSP and WDOH worked together to develop:



A results chain (see Section 6.2) that depicts causal linkages between a recovery approach,
associated actions and desired results, and a desired ecosystem recovery outcome.
A recovery schematic (see Section 6.3) that simplifies the results chain to emphasize primary
recovery approaches and depicts the anticipated “bang for the buck” that implementing an
approach could yield in terms of recovery.

In April 2015, PSP and WDOH convened a core group of diverse partners, selected for their expertise in
shellfish, to review the initial results chain and recovery schematic at a workshop (see Appendix C for
the workshop summary and participants). During the workshop, participants refined and validated
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working drafts of both documents. Their input was used to refine the documents for the second phase,
and workshop participants were asked to recommend additional partners to help further refine the
documents.
6.6.2 Phase 2
In May 2015, after updating the results chain and recovery schematic based on Phase 1 input, PSP and
WDOH convened a Phase 2 workshop to expand the conversation (see Appendix C for the workshop
summary and participants). An invitation to participate was more broadly circulated than during Phase
1, including distribution lists provided by the Northwest Indian Fisheries Commission, the Salmon
Recovery Council, and other key groups.
The purpose of the workshop was to further refine and validate the results chain and recovery
schematic with a broader audience. Participants were asked to provide feedback during and after the
meeting to inform the revision process (see Appendix C for a summary of feedback). PSP then translated
the results of the process into the Implementation Strategy package, including this narrative and the
current versions of the schematic and results chain.

7.0 Conclusions
Note: Content addressing the elements below has not yet been fully developed, but Puget Sound
Partnership is developing an approach to do so throughout the fall of 2015, which is in review.
7.1

Priority areas of focus, and key changes in strategy

Placeholder
7.2

Key uncertainties and research needs

Placeholder
We anticipate that further IS development, as directed by Strategic Initiative Transition Teams, will
identify specific areas where additional research and monitoring (related to Section 7.2) may be needed,
and address Sections 7.3 and 7.4 below.
7.3

Cost Estimates and potential sources of support

Placeholder
7.4

Adaptively managing the plan

Placeholder
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7.5

Lessons learned

Some of the lessons learned (so far) in developing Implementation Strategies are listed below.
1. Foundational information exists. For these test cases, the essential information needed to begin
building an IS was found to exist, in documented form or in the judgment of experts and
experienced practitioners. In each case, developing the IS involved compiling and drawing out the
relevant information as efficiently as possible. All participants contributed constructively,
patiently, and effectively.
2. The schematic is a useful tool for collaboration and consensus building. Summarizing the results
chain in schematic format proved successful in communicating, selecting and refining key
elements and pathways of the recovery strategy. It was important to present the initial product as
a ‘straw’ version for improvement and approval by a wider group of practitioners. Input from
participants improved the schematic, and the final versions were products of general, if not
unanimous, consensus.
3. The perspectives and participation of affected communities are essential. Awareness about the
issues (and tradeoffs) among affected communities, and their active participation in stewardship,
emerged as vital to success. The same is likely true for other Vital Signs.
4. Simple, focused strategies relied on complex, comprehensive context. The relative simplicity of
the final strategies, which emphasize a few pathways to recovery, probably could not have been
achieved without the existing recovery strategy being diverse and complex. In other words, it
seems unlikely that a simple strategy could be defined, at least not with confidence, without first
building a complex strategy.
5. Strategic, ‘high-level’ elements are straightforward. It was relatively straightforward to capture
‘high-level’ elements of a given IS. The products of this process (results chain, schematic and
narrative text) should allow a wide readership to understand the rationale and principal
components of the recovery strategy for a given Vital Sign.
6. More detailed actions and approaches to achieve strategies are harder to identify. However, it
became progressively harder to acquire on-the-ground details, which tend to be site-specific. This
raises the questions: How detailed should an IS document be for it to be effective? Is it necessary
to repeat the process at local levels?
7.6

Next steps

Placeholder
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Appendix K

FINAL REPORT
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Research Program
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Washington Sea Grant has prepared this final progress report of the Geoduck Aquaculture Research
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Publication and Contact Information
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Overview

Ba
Background

The geoduck
(Panopea generosa) is North
America’s largest burrowing clam. It is found in soft
intertidal and subtidal marine
habitats in the northeast Pacific
Ocean to depths of more than 200 feet.
In Washington state this large clam has been cultured since
1991 and on a commercial scale since 1996. Today geoduck
harvesting in Washington and British Columbia is an $80
million industry, with Washington supplying nearly half of
the world’s demand through wild and farmed operations.
Aquaculture contributions to the annual state harvest have
grown steadily and now total around 1.3 million pounds
per year or 90% of global geoduck aquaculture production.
While the clams are a valuable resource that can fetch $100
or more per pound overseas, until recently, little scientific
information was available on the ecological impacts of common culture practices.

		
The 2007 law directed Washington
Sea Grant to review existing scientific information and
examine key uncertainties related to geoduck aquaculture
that could have implications for the health of the ecosystem
and wild geoduck populations. The legislation established six
priorities for measuring and assessing such implications:

In 2007, the Washington Legislature enacted Second Substitute House Bill 2220 (Chapter 216, Laws of 2007) to commission studies assessing possible effects of geoduck aquaculture on the Puget Sound and Strait of Juan de Fuca environments. The bill called on Washington Sea Grant, based at
the University of Washington (UW), to establish a six-year
research program, reporting the results back to the Legislature by December 1, 2013. The following final report summarizes the results of the commissioned research studies,
provides an overview of program activities and recommends
future research and monitoring to support sustainable management of geoduck aquaculture in Washington state.

Overview | Background

1. the effects of structures commonly used in the aquaculture
industry to protect juvenile geoducks from predation;
2. the effects of commercial harvesting of geoducks from
intertidal geoduck beds, focusing on current prevalent
harvesting techniques, including a review of the recovery rates for benthic communities after harvest;
3. the extent to which geoducks in standard aquaculture
tracts alter the ecological characteristics of overlying
waters while the tracts are submerged, including impacts on species diversity and the abundance of other
organisms;
4. baseline information regarding naturally existing
parasites and diseases in wild and cultured geoducks,
including whether and to what extent commercial intertidal geoduck aquaculture practices impact the baseline;
5. genetic interactions between cultured and wild geoducks, including measurement of differences between
cultured and wild geoducks in term of genetics and reproductive status; and
6. the impact of the use of sterile triploid geoducks and
whether triploid animals diminish the genetic interactions between wild and cultured geoducks.

The Legislature assigned top priority to the assessment of the
environmental effects of commercial harvesting and required
that all research findings be peer-reviewed before reporting.
The Shellfish Aquaculture Regulatory Committee (SARC),
established by the 2007 law, and the
Washington Department of Ecology
(Ecology) were tasked with overseeing the research program.

1

Northwest Workshop on Bivalve
Aquaculture and the Environment

T

o articulate a scientific baseline and encourage interest
in the research program, Washington Sea Grant convened the Northwest Workshop on Bivalve Aquaculture and
the Environment in Seattle in September 2007. Experts from
the United States, Canada and Europe were invited to discuss
recent findings and provide recommendations for research
needed to support sustainable management of geoducks
and other shellfish resources. The diverse range of attendees
included state, federal and tribal resource managers, university researchers, shellfish farmers, conservation organizations
and interested members of the public. All workshop materials are available on the Washington Sea Grant website at wsg.
washington.edu/research/geoduck/shellfish_workshop.html.

Review of Current Scientific Knowledge

S

SHB 2220 required a review of all available scientific
research that examines the effect of prevalent geoduck
aquaculture practices on the natural environment. Washington Sea Grant contracted with experts at the UW School
of Aquatic and Fishery Sciences to conduct an extensive
literature review of current research findings pertaining to
shellfish aquaculture. The researchers evaluated 358 primarily peer-reviewed sources and prepared a draft document
for public comment in September 2007. WSG received four
formal comment submissions, which were considered by
the authors while editing the final document and responded
to in writing. The final literature review, “Effects of Geoduck
Aquaculture on the Environment: A Synthesis of Current
Knowledge,” was completed in January 2008. It was revised
and updated to include recent findings in October 2009;
it was then significantly revised in April 20131 to include
the evaluation of 62 additional publications. The literature
review is available for download on the Washington Sea
Grant website at wsg.washington.edu/research/geoduck/literature_review.html.

Commissioning of Research Studies

I

n October 2007, WSG issued a request for proposals and
received responses from seven research teams. After rigorous scientific review, four projects were selected for funding, two of which were combined to develop a more integrated and comprehensive study. Selected projects addressed
three of the six legislatively established priorities (1, 2, 4).
Research on genetic interactions, priority (5), was already
underway using funding from other sources. Funding for
priority (6) and selection of a project to address the remaining priority (3) were deferred until later in the program, subject to the availability of additional resources.
Straus K. M., P. S. McDonald, L. M. Crosson, and B. Vadopalas. 2013.
Effects of Pacific geoduck aquaculture on the environment: A synthesis of current knowledge. Washington Sea Grant, Seattle (Second
Edition Edition). 83 p.
1

2
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The three selected projects together comprise the Geoduck
Aquaculture Research Program (GARP). Project titles, principal investigators, research institutions and a brief description of selected studies are as follows:
A. Geochemical and Ecological Consequences of Disturbances Associated with Geoduck Aquaculture Operations in Washington (Glenn VanBlaricom, UW; Jeffrey
Cornwell, University of Maryland). The project examined all phases of the aquaculture process — geoduck
harvest and planting, presence and removal of predator
exclusion structures, and ecosystem recovery. It assessed effects on plant and animal communities, including important fish and shellfish, in and on Puget Sound
beaches, as well as the physical and chemical properties
of those beaches.
B. Cultured–Wild Interactions: Disease Prevalence in
Wild Geoduck Populations (Carolyn Friedman, UW).
The study developed baseline information on pathogens
to improve understanding of geoduck health and management of both wild and cultured stocks.
C. Resilience of Soft-Sediment Communities after Geoduck Harvest in Samish Bay, Washington (Jennifer
Ruesink, UW). Capitalizing on eelgrass colonization of
an existing commercial geoduck bed, this project examined the effect of geoduck aquaculture on soft-sediment
tideflat and eelgrass meadow habitats.

Research Program Implementation

F

unding for research and related program activities initially was provided through state appropriation to the
geoduck aquaculture research account established under
the 2007 law. This state funding of $750,000 supported the
program through June 30, 2010 (Table 1). Although no additional monies were deposited in the account in fiscal year
2010–2011, the Department of Natural Resources (DNR)
provided $300,827 through an interagency agreement with
the UW. The largest project, the VanBlaricom-led disturbance study, also secured $39,972 from the UW’s Royalty
Research Fund and $22,207 from Ecology to supplement
student and technical support that was not included in the
DNR agreement.
Scientists adjusted their efforts to minimize research costs,
and DNR, UW and Ecology funding ensured completion of
the three research studies and program support. In October
2010, the National Sea Grant College Program awarded the
VanBlaricom research team a competitive aquaculture grant
to investigate the effects of aquaculture structures on related
predator–prey interactions and food-web dynamics in geoduck aquaculture. While the goals of the new project differ
somewhat from the priorities established in the 2007 law, the
studies are complementary and permit resources to be leveraged as part of a shared program infrastructure.
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Ecology provided $39,742 through an interagency agreement with the UW to complete the final reporting tasks. No
additional monies were secured to address deferred research
priorities (3, 6) pertaining to the effects of geoduck aquaculture on overlying waters and the use of sterile triploid geoduck. Peer-reviewed and published research related to these
priorities and priority (5), conducted outside the program,
are addressed in the updated literature review.

Program Coordination and
Communication

W

ashington Sea Grant staff and program researchers
worked closely with staff from Ecology and DNR and
provided regular presentations to members of the Shellfish
Aquaculture Regulator Committee (http://www.ecy.wa.gov/
programs/sea/shellfishcommittee/) until it was disbanded
in March 2012. Program updates were provided in three
interim progress reports to the Legislature (Dec 2009, Mar
2011 and Feb 2012), which are available on the Washington
Sea Grant website (http://wsg.washington.edu/geoduck). In
addition, research findings were communicated via media
placements, publications and at more than 60 public presentations.

Table 1. Funding Source, Timing and Level				

		
WA State
Ecology
DNR
UW Royalty
National Sea
		
Geoduck in
Agreement
Agreement
Research Fund Grant Strategic
		in Research 				Investment in
		Account				Aquaculture
						Research
						(competitive
						grant)
Project Title

Study
Duration

7/1/2007 –
6/30/10

4/1/2010 –
6/30/10

7/1/2010 –
6/30/11

7/1/2010 –
6/30/11

10/1/2010 –
9/30/13

Geochemical
and Ecological
Consequences
of Disturbances
Associated
with Geoduck
Aquaculture

Apr 2008 –
June 2013

$459,935

$22,207

$210,390

$39,972

$397,672

Ecology
Agreement

1/1/2013 –
6/30/2013

Cultured-Wild
Apr 2008 –
$104,000 		
Interactions:
July 2011
Disease
Prevalence in
Wild Geoduck
Populations
			
Resilience of
Apr 2008 –
$86,612 		
Soft-Sediment
July 2011
Communities
after Geoduck
Harvestin Samish
Bay, Washington
			
Program
Jul 2007 –
$99,453 		
Administration
Dec 2013

$65,688

$13,749 			

$39,724

TOTAL 		

$300,827

$39,724

Background

$750,000

$22,207

$11,000

$39,972

$397,672
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Summary of Research Projects

		
Each of the three GARP projects has
produced research findings that generated at least one article
for submission to a peer-reviewed scientific journal. While
some of the articles are still in the process of being accepted
for publication, all have been peer-reviewed and
revised in response to the reviewer comments. Each article is summarized below,
including authors and publication
status. The full text of each manuscript
is provided as an appendix to the final
report.

Geochemical and Ecological
Consequences of Disturbances
Associated with Geoduck
Aquaculture Operations in Washington
Glenn VanBlaricom, David Armstrong and Tim Essington, School of Aquatic and Fishery Sciences, University of
Washington, and Jeffrey Cornwell and Roger Newell, Horn
Point Marine Laboratory, University of Maryland

Ecological effects — harvest
Manuscript titled “Ecological effects of the harvest
phase of geoduck clam (Panopea generosa Gould, 1850)
aquaculture on infaunal communities in southern Puget
Sound, Washington USA.” Authored by Glenn R VanBlaricom, Jennifer L Price, Julian D Olden, and P Sean
McDonald (Appendix I). Status: accepted, Journal of
Shellfish Research.

T

he purpose of this study was to assess how harvesting cultured geoducks affects the structure of benthic
macroinfaunal assemblages (“infauna”) in intertidal sandy
habitats of southern Puget Sound. Harvesting geoducks
involves liquefaction of sediments surrounding individual
clams to facilitate extraction from the sediment. The process
produces many small-scale disturbances within a cultured
plot, characterized by displaced sediments, changes in sediment water content and possible chemical modification of
the sediments. Such disturbances were viewed at the outset
as possibly significant to infaunal densities, population
dynamics, productivity and biodiversity.

4
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The investigators collected time-series data from large
paired plots at three sites in southern Puget Sound. Each
site involved a plot in active culture (cultured plot) and a
nearby uncultured reference plot (separation distance ≥75
m). A primary goal of the study was to match the spatial
and temporal scales of operation by commercial aquaculture companies to maximize the inferential value
of the results in a management context. However,
working within the timeline necessary to establish
experimental farms was not feasible (outplanting
to harvest requires a period of 5 to 7 years) and
potential associated costs were prohibitive. Instead
the investigators established collaborations with
commercial geoduck growers to utilize cultured plots
already established, and within 1 to 2 years of scheduled
harvests dates, as the basis for the project. Collaborating
growers made no effort to influence study design, sampling
procedures, or data generation, analyses or interpretation.
The investigators sampled cultured plots approximately
monthly, beginning no less than four months before scheduled initiation of harvest, continuing through the harvest
period, and extending for a minimum of four months following conclusion of harvests. At each sampling event at the
three study sites, randomly located samples were collected
in the cultured plots and reference areas. Infauna densities
were sampled with two methods: smaller infauna (e.g., small
crustaceans, polychaete worms and juvenile bivalves) were
assessed with sediment “cores”; larger infauna (e.g., adult
bivalves, sand dollars and sea cucumbers) were assessed
with larger “excavations.” In addition, the investigators collected groups of core samples at varying pre-determined
positions along transect lines extending away from cultured
plot edges in a direction parallel to shore.
The study followed protocols of a “before-after-controlimpact” (BACI) design. The investigators used multivariate
data visualization and statistical methods, applied separately
to data from cores and excavations. Analyses tested hypotheses that infaunal assemblages would be different — defined
either by abundance data or the Shannon biodiversity index
— during and after harvest of cultured clams compared
with before harvest; that seasonal and within-site spatial
variations would contribute significantly to patterns in the
data; and that transect core data would reveal a “spillover”
effect of harvest-associated disturbances on adjacent uncultured habitat.
Geoduck Aquaculture Research Program
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Effects of harvest on resident macrofauna

Ecological effects — outplanting

atterns in data from the three study sites were so different that consideration of the three sites as replicates
was statistically inappropriate. As a consequence, analyses
for the three sites were done separately, effectively increasing
the sample size in a statistical context, but also reducing the
statistical power of the analyses. Nevertheless, the approach
provided sufficient power to produce several important
insights:

Manuscript titled “Effects of geoduck (Panopea generosa)
outplanting and aquaculture gear on resident and transient
macrofauna communities of Puget Sound, Washington,
USA.” Authored by P Sean McDonald, Aaron WE Galloway,
Kate McPeek, and Glenn R VanBlaricom (Appendix II).
Status: accepted, Journal of Shellfish Research.

P

• Effects of season and within-site location were significant. Thus, most of the variation in the data were linked
to changes in infaunal abundance by season and in
space, in the latter case often over relatively small distances.
• There was no support for a statistically significant effect
of harvest disturbance on infaunal abundance data from
the study sites, either for cores or excavation samples.
• Similarly, there was no support for a statistically significant effect of harvest disturbance on infaunal biodiversity data from the study sites, either for cores or excavation samples.
• With a single exception, there was no statistically significant variation of infaunal abundance data from
cores with distance from the edges of cultured plots,
which led the investigators to reject the hypothesis of
a “spillover effect” of harvest on infaunal assemblages
adjacent to but outside of cultured plots.

Conclusions

T

hese data suggest that infauna at study sites in southern Puget Sound are characterized by a high level of
variation by season and by location, even on small spatial
scales. Natural spatial and temporal variation in the infaunal
assemblages is far more significant than variations imposed
by harvesting of cultured geoduck clams. Moreover, infauna
at the study sites in southern Puget Sound may have generally become accommodated to natural disturbances such as
storm events, and thereby have adapted to coping — either
by physiological or physical resistance, or by appropriate
post-disturbance population resilience — with disturbances
associated with harvesting of cultured geoduck clams.

Summary of Research Projects

T

he goal of this study was to examine the response of
resident and transient macrofauna to geoduck aquaculture by comparing community attributes at cultured plots
and nearby reference areas. Habitat complexity is known
to enhance abundance and diversity by reducing interactions among competitors, by sustaining predator and prey
populations, and by enhancing settlement processes and
food deposition. Gear used in geoduck aquaculture enhances
structural complexity on otherwise unstructured beaches.
The investigators collected data at geoduck aquaculture sites
at three locations in southern Puget Sound prior to initiation of aquaculture operations (pre-gear); with protective
PVC tubes and nets and outplanted juvenile geoducks (gearpresent); and following removal of the structures during the
grow-out period (post-gear). Regular surveys of resident
benthic invertebrates were conducted using coring and
excavation methods during low tide, while surveys of transient fish and macroinvertebrates were done at high tide via
SCUBA. Shore surveys to quantify use of these habitats by
juvenile salmonids were conducted during peak migration
periods (March through July).
Species abundance, composition and diversity were examined because these characteristics are useful for understanding
the ecological effects of aquaculture as a press (i.e., chronic)
disturbance on intertidal beaches. Variability has been linked
to the environmental stress of disturbance; thus, special consideration was given to variability of community composition in
different phases of the culture cycle. By evaluating effects across
phases of culture, the investigators were able to examine recovery following attenuation of the disturbance.

Effects of aquaculture gear and geoducks on
resident macrofauna

R

esident invertebrate communities were characterized by
strong seasonal patterns of abundance and site-specific
differences in composition. Highest densities typically occurred
July to September, but patterns of higher density were inconsistent in either cultured plots or reference areas across months or
sites. Dispersion in sample variation, which is commonly used
to detect effects of disturbance, did not differ between cultured
plots and reference areas when aquaculture gear was in place.
Sampling methods were used to opportunistically examine forage fish spawning at study sites. Despite the presence of Pacific
sand lance (Ammodytes hexapterus) in excavation samples
(Rogers site, October 2010), no evidence of spawning (i.e.,
eggs) was observed in those or subsequent samples.
5

Effects of aquaculture gear and geoducks on
transient macrofauna

O

bservations suggest a pronounced seasonal response
of transient macrofauna at study sites, with most taxa
conspicuously more abundant during spring and summer
(April through September). Total abundance of fish and
macroinvertebrates was more than two times higher at
cultured plots than at reference areas during the structured
phase of geoduck aquaculture (gear-present), indicating that
geoduck aquaculture gear created favorable habitat for some
types of Puget Sound macrofauna. In particular, habitat
complexity associated with geoduck aquaculture attracted
species observed infrequently in unstructured reference
areas (e.g., bay pipefish, Syngnathus leptorhynchus), but displaced species that typically occur in these areas (e.g, starry
flounder, Platichthys stellatus).
Analyses of community composition across phases of culture operations largely support descriptive observations.
Composition was similar among cultured plots and reference areas prior to initiation of aquaculture operations;
however, these communities diverged with placement of
PVC tubes and nets and outplanting of juvenile geoducks.
In general, functional groups such as crabs and seaperches
showed higher affinity with cultured plots, while flatfishes
were more often associated with reference areas. These differences did not persist once aquaculture gear was removed
from cultured plots during the geoduck grow-out phase.
Despite shifts in abundance and species composition, diversity, as calculated with the Shannon Diversity Index (H’),
did not vary significantly between cultured plots and reference areas across phases of geoduck aquaculture operations.
Juvenile chum (Oncorhynchus keta) and pink salmon (O.
gorbuscha) were observed in approximately 8% of shore
surveys and in similar frequencies at cultured plots and
reference areas. No discernable differences in behavior were
observed. The investigators suggest that additional sampling
using alternative methods (e.g., beach seine) is necessary
to thoroughly evaluate habitat use by salmonids, given low
encounter frequency in the present study.

Conclusions

R

esident and transient macrofauna communities respond
differently to changes in habitat complexity associated
with geoduck aquaculture operations. Structures associated
with geoduck aquaculture (i.e., PVC tubes and cover nets)
appear to have little influence on resident benthic macroinvertebrates in this study. Differences among sites suggest
location-specific habitat characteristics, including local
patterns of natural disturbance, are more important than
geoduck aquaculture practices in affecting community composition. These results are consistent with other ecological
studies addressing effects of shellfish aquaculture on benthic
invertebrate communities. The investigators postulate that
effects may be more pronounced for geoduck aquaculture
operations sited in low-energy embayments with weak
flushing because accumulation of shellfish biodeposits has
been linked to changes in invertebrate communities.
Geoduck aquaculture gear significantly alters abundance
and composition, but not diversity, of transient macrofauna.
In this study, the presence of PVC tubes and nets produced
community shifts that favored species associated with complex habitats and excluded species that occur in unstructured areas, and behavioral observations suggested that
aquaculture gear provides foraging habitat and refuge for a
variety of taxa. Moreover, seasonal biofouling by macroalgae
further enhanced habitat complexity within cultured plots.
Despite these significant changes, effects of aquaculture
operations only occurred when PVC tubes and nets were
present; none of the changes carried over to the grow-out
phase. Taken together, these results indicate that changes
in habitat complexity associated with geoduck aquaculture produce short-term effects (1 to 2 years) on intertidal
beaches, but the investigators caution that this study did not
address spatial or temporal cumulative effects.

Geochemical effects
Manuscript titled “The influence of culture and harvest of
geoduck clams (Panopea generosa) on sediment nutrient
regeneration.” Authored by Jeffrey C Cornwell, Michael S
Owens, and Roger IE Newell (Appendix III). Status: submitted, Aquaculture.

T

he goals of this study were to examine the extent to
which the culture and harvest of geoducks in Puget
Sound affect the accumulation of inorganic nitrogen (N)
and phosphorus (P) in sediments. The investigators measured nutrient concentrations within the pore water at
various depths in the sediment where geoducks had been
reared for 5 to 8 years (cultured plots) and compared these
with nearby controls (reference areas) at five aquaculture
farms in South Puget Sound and one in north Hood Canal.
The investigators also measured the release of nutrients in
the effluent water during commercial geoduck harvest and
measured pore nutrient concentrations after harvest had
occurred.
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The investigators note that farming geoduck clams, like
other bivalves, results in no net addition of nutrients to
Puget Sound. Geoducks consume naturally occurring phytoplankton, sustained by a pool of nutrients comprising
“new” nutrient inputs from anthropogenic sources, inputs
from adjoining coastal waters and “old” nutrients regenerated via decomposition of organic material within the water
body. Unlike fish aquaculture, no feed is added that would
increase farm inputs.

Before harvest

T

hree different methods were used to determine porewater inorganic nutrient concentrations. Pore-water
equilibrators were placed in sediment, equilibrating water
in the devices with the surrounding pore water. Standpipe
piezometers were used to sample pore water at discrete
depths and to measure the position of the water table relative to the sediment surface. Stainless steel microbore “sipper” tubes were inserted to depth within the sediments and
small volumes of pore water withdrawn into a syringe. In
addition to pore-water nutrient concentrations, rates of sediment-water exchange were measured by incubating stirred
sediment cores.
A number of differences between cultured plots and
reference areas were observed. Average soluble reactive
phosphorus released from sediment to the water column
during incubations in the absence of light was greater from
cultured plots than from reference areas, though not statistically significant. This suggests the regeneration of sediment inorganic phosphorus, possibly via iron oxide-bound
inorganic phosphorus attached to particles filtered by the
geoducks and released in their particulate waste (biodeposits). Such bound phosphorus then becomes incorporated
into sediments where oxygen is depleted and iron reduced,
resulting in the release of soluble reactive phosphorus.
Rates of silica release from the sediment to the water column
during dark incubations were also greater at cultured plots
than at reference areas, although this was again not statistically significant. This suggests higher levels of remineralization of amorphous silica, likely from increased accumulation
of diatom tests associated with geoduck biodeposits.
Average ammonium effluxes did not differ significantly
between the cultured plots and reference areas in sediments
incubated in darkness; with ambient light levels, fluxes
(both efflux and influx) were lower than in darkness. This
response of nutrient fluxes to light and dark is due to benthic microalgae actively taking up regenerated nutrients in
the presence of light. High core-to-core variability, reflective
of spatial variability in the amount of fecal material deposited to and ultimately incorporated into sediments, made
statistical comparisons between cultured plots and reference
areas difficult. At the Foss-Joemma and Chelsea-Wang sites,
sipper-derived ammonium pore-water concentrations were
significantly higher at cultured plots than reference areas.

Summary of Research Projects

During harvest

T

o establish background levels, the investigators collected
and analyzed before and after samples of the water used
to liquefy the sediments during geoduck harvest.
Mean ammonium concentrations in this effluent were
slightly higher than the concentrations observed in the estuarine source water. At the Cooper site, effluent ammonium
was significantly higher than both the cultured plot and
reference area pore water levels, while at Thorndyke and
Chelsea-Wang, the effluent ammonium concentrations were
less than 10% of the mean porpore watere-water ammonium concentrations. The soluble reactive phosphorous
concentrations in effluent water were quite low. The effluent
silica concentrations were elevated relative to pore-water
concentrations at Cooper, similar to pore-water concentrations at Thorndyke, and much lower than pore-water silica
concentrations at Chelsea-Wang.

Conclusions

C

ompared to sediments in many other estuarine environments nationwide, the concentrations of pore-water
solutes at all sites surveyed were generally low, leading to
low sediment-water exchange rates and lower efflux rates
during harvest.
The evidence for an effect of geoduck culture on pore-water
nutrient concentrations was mixed. The study found that
the cultivation of geoducks leads to generally low to moderate levels of accumulation of inorganic nutrients in the pore
waters of the sediment.
The comparisons of pore water chemistry to harvest effluent suggest that harvest-related flushing of deep sediment
releases a variable fraction of the pore water inorganic
nitrogen and phosphorus. In general, the release of porewater nutrients in the harvest effluent was low. To scale
the size of effluent inputs to the waters of Puget Sound, the
study estimated that nutrients flushed into adjacent waters
during the harvest process comprise approximately 0.001%
of the daily nutrient load from streams or wastewater plants.
Geoduck harvesting is tied to market demand and tidal
level, so nutrient inputs may be proportionately higher for
short periods of time. Overall, however, the magnitude of
nutrient release during harvest by current levels of geoduck
aquaculture is an inconsequential fraction of anthropogenic
nutrient inputs into Puget Sound. Moreover, it is prudent
to note that effluxes from geoduck aquaculture are derived
from a transformation of existing nutrients in the water column, not anthropogenic inputs associated with aquaculture
practices.

7

Cultured-Wild Interactions: Disease
Prevalence in Wild Geoduck Populations
Carolyn Friedman and Brent Vadopalas, School of Aquatic
and Fishery Sciences, University of Washington
Manuscript titled “Characterizing trends of native
geoduck (Panopea generosa) endosymbionts in the
Pacific Northwest.” Authored by Elene M Dorfmeier,
Brent Vadopalas, Paul Frelier, and Caroline S Friedman
(Appendix IV). Status: accepted, Journal of Shellfish
Research.

T

he goals of the geoduck disease study were to (1)
explore trends of parasite presence within wild geoduck
populations and (2) characterize the influence of spatial
distribution (site), collection depth and temporal distribution (season) on the diversity of parasite assemblages. This
study provides an initial characterization of endoparasites
in wild geoduck populations in Puget Sound and suggests
that seasonal and geographic differences in distribution and
intensity of infection of these organisms should be taken
into account when moving geoducks among locales.
The parasite data set consisted of five tissue sections
(ctenidia [gill], siphon [neck] muscle, siphon surface epithelium, intestine and ova) from each of 634 geoducks,
containing information on three broad categories of taxa:
rickettsia-like organisms (RLO), microsporidia-like organisms (MLO) and metazoans. Parasite prevalence describes
the portion of a population observed to have a particular
parasite. Parasite intensity describes the relative number
of parasites in each tissue section. Each tissue section was
assigned a semi-quantitative score of 0 to 4 where 0 = no
parasites, 1 = few parasites (<10), 2 = small numbers of
parasites (11 – 20), 3 = moderate numbers of parasites (21 –
30), 4 = large numbers of parasites (>30).
This study revealed five morphologically unique endosymbionts of wild Pacific geoducks in the Pacific Northwest:
RLOs were observed in gill (ctenidia), an unidentified metazoan in the siphon, and two MLOs in siphon muscle and
intestinal submucosa (connective tissue beneath a mucus
membrane). A third MLO was observed in oocytes and is
likely a Steinhausia-like organism (SLO).

Parasite prevalence

S

patial differences in parasite communities were evident.
Freshwater Bay and Totten Inlet exhibited the greatest differences in parasite prevalence and intensity while
Thorndyke Bay generally exhibited intermediate parasite
prevalence and intensity. RLO prevalence was highest in

8

|

Washington Sea Grant

Freshwater Bay (62%) relative to both Thorndyke Bay (35%)
and Totten Inlet (19%). In contrast, prevalence of siphon
metazoa was highest in Totten Inlet (57%) and Thorndyke
Bay (46%) relative to only 9% in Freshwater Bay. Intestinal
MLO and metazoan parasites were observed in highest
prevalence at Totten Inlet and showed the lowest abundance
at Freshwater Bay. Prevalence of the SLO, limited to reproductively active female geoducks, was similar among sites.
Similarly, siphon MLOs were generally of low prevalence or
absent at all sites.
Seasonal trends in metazoan prevalence were observed
in geoducks from Freshwater and Thorndyke bays, where
summer prevalence exceeded those of all other seasons.
Both sites exhibited similar prevalence patterns of metazoan
parasites. No trend was observed in Totten Inlet animals.
Collection depth influenced parasite prevalence. Higher
RLO prevalences were observed in geoducks collected in
shallow depths. Siphon MLOs were only observed in shallow collection depths. Both the intestinal MLO and metazoan parasites were more prevalent at the deeper collection
depths.

Parasite intensity

I

nfection intensities differed by season and site among
the endoparasites. RLO intensities did not vary among
sites, but varied among seasons with the highest intensities
observed in summer and winter. Metazoan intensities were
temporally lowest in spring and spatially highest in Totten
Inlet. The intensity of the intestinal MLO was significantly
greater in fall than in winter, but similar among sites. In
contrast, the intensity of the siphon MLO was similarly high
among seasons and between Totten Inlet and Thorndyke
Bay; it was not observed in Freshwater Bay. In contrast, the
infection intensity of the SLO was similar among both seasons and sites.

Conclusions

T

he investigators revealed the presence of several previously unreported parasites in Puget Sound geoduck
clams. Parasite presence in marine geoduck populations was
significantly influenced by spatio-temporal differences in
Puget Sound. The observed differences in parasite assemblages may be attributed to host physiology and density,
seasonality of infective stages of parasites, temperature shifts
or localized environmental factors. Parasite presence is ultimately dependent on both the environment of the host and
the microenvironment of the parasite. Management of any
future disease outbreaks in geoducks, whether in farmed or
wild stocks, will benefit from the baseline knowledge gathered in this study.
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Resilience of Soft-Sediment Communities
after Geoduck Harvest in Samish Bay,
Washington
Jennifer Ruesink and Micah Horwith, Department of
Biology, University of Washington
Manuscript titled “Changes in seagrass (Zostera marina)
and infauna through a five-year crop cycle of geoduck
clams (Panopea generosa) in Samish Bay, WA.” Authored
by Micah J. Horwith and Jennifer Ruesink (Appendix
V). Status: peer-reviewed and revised for submission to
Pacific Science.

T

he goal of this study was to examine the response of
native eelgrass, Zostera marina, to geoduck aquaculture in a single-site case study. This protected seagrass can
recruit into geoduck farms during the culture cycle, and
geoduck aquaculture may affect nearby eelgrass. The investigators studied the response of eelgrass and soft sediment
communities at a site in Samish Bay, Washington, where
Z. marina colonized the cultured plot after geoducks had
been planted. The investigators measured eelgrass density,
above- and below-ground biomass, sediment organic content, and infaunal abundance and diversity. These response
variables were compared in and outside the cultured plot
over the course of the aquaculture cycle, including during
harvest of adult geoducks and subsequent replanting of new
seed clams within PVC tubes under a protective blanket net.
The response of eelgrass outside the plot may be relevant to
discussions of buffer zones, given the implications of shoot
density and biomass for habitat complexity and primary
production. Infaunal abundance, taxa richness and diversity
were measured annually in spring. The response of infauna
may also be relevant to buffer zones considerations.

Effects of adult geoduck

P

rior to harvest, adult geoducks were present at commercial densities within the cultured plot, and the density
and above-ground biomass of Z. marina were not different
between the cultured plot and reference area. Similarly, no
differences were observed between the cultured plot and
reference area in sediment organic content, infaunal abundance or taxa richness. However, Z. marina in the cultured
plot had 102% higher below-ground biomass than in the
reference area, and infaunal diversity was lower in the cultured plot than in the reference area.

Summary of Research Projects

Effects of geoduck harvest and replanting

I

mmediately after harvest, Z. marina was 44% less dense
in the cultured plot than in the reference area. Aboveand below-ground biomass were also lower in the cultured
plot than in the reference area, and the cultured plot had
lower sediment organic content.
Zostera marina was no longer present on the farm one year
after harvest, following a period of heavy algal biofouling of
the blanket nets after replanting. One year after the removal
of nets and tubes, the farm was recolonized by Z. marina.
Two years after the removal of nets and tubes, sediment
organic content was higher in the cultured plot than in the
reference area, suggesting that nets and tubes that were
present earlier may reduce local sediment organic content.
Sediment organic content was poorly predicted by quadratspecific Z. marina biomass, suggesting that the effects of
geoduck aquaculture on sediment organic content may be
mediated by mechanisms other than eelgrass.
In the years following harvest and subsequent replanting,
infaunal abundance and taxa richness in the cultured plot
were lower than in the reference area. Diversity was lower
in the cultured plot before harvest, and remained lower
afterward. Infaunal abundance, richness and diversity were
poorly predicted by quadrat-specific Z. marina biomass,
suggesting that the effects of geoduck aquaculture on
infauna are not mediated solely through eelgrass.

Conclusions

O

n the basis of the pre-harvest survey, the presence of
adult geoducks at aquaculture densities appeared to
have little influence on traits of Z. marina at the Samish Bay
site. This result is consistent with findings from a previous
study in South Puget Sound. Following harvest in this study,
Z. marina density was 44% lower in the cultured plot than
in the reference area. This difference is less than the 75%
density reduction observed after harvest in South Puget
Sound. The most dramatic effects of farming geoducks at
this site were associated with biofouling of the blanket nets,
which reduced light availability and resulted in the loss of
Z. marina within the farm. The recovery of Z. marina began
one year after the removal of tubes and nets during a subsequent culture cycle. It will likely take a number of years
for eelgrass to recover to its pre-harvest density within this
farm.
Following harvest, the cultured plot had lower infaunal
abundance and richness, and temporarily reduced sediment organic content. Differences in eelgrass density did
not explain these variations. More research is necessary to
generalize the findings of this single-site study to geoduck
aquaculture elsewhere.
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Research Priorities & Monitoring Recommendations

		
The following research priorities
and monitoring approaches are recommended to further
assess possible ecological effects of geoduck aquaculture on
the Puget Sound and Strait of Juan de Fuca environments.
Needs were identified based on GARP project findings and
the synthesis of current scientific knowledge provided in the
updated literature review.

Research Priorities
Cumulative effects of geoduck culture

B

ivalves in culture may alter nutrient cycling and affect
ecological carrying capacity, but the scale of these changes
is unknown. Models of nutrients, phytoplankton and zooplankton can be parameterized and targeted scenarios can
be developed to predict these changes. Empirical data on the
community structure and ecology in geoduck farms and reference plots should be integrated into predictive models (1)
to evaluate direct and indirect ecosystem effects in scenarios
involving future increases in the extent of geoduck aquaculture
and (2) to identify appropriate indicator species that reflect
the broader status of ecosystem health in response to geoduck
aquaculture expansion. Such models can be used to broaden
the context to basin-scale ecosystem function and multi-sector
tradeoffs, and consider effects on species at higher trophic levels. Existing data sets could be leveraged to complete modeling
tasks, and no new field programs would be necessary.

Water column effects
Performance indicators such as clearance efficiency or
phytoplankton depletion footprints provide alternatives to
ecological models for examining effects of geoduck culture
on water quality. However, such approaches rely on accurate
geoduck filtration rate data. Geoducks may locally reduce
phytoplankton abundance and availability to other organisms. This localized feeding on phytoplankton (clearance)
may reduce turbidity and, as a consequence, increase benthic
macroalgae growth, resulting in shifts in primary productivity from pelagic to benthic sources. Additional information
(e.g., accurate data on size- and age-specific clearance rates)
is required to assess the impact of geoduck farms on water
quality measurements, as well as the geoduck’s ability to
potentially compete with other suspension feeders and facilitate macrophyte growth. Although some data exist, new field
and laboratory studies are likely necessary to develop accurate size- and age-specific clearance rate estimates.
10
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Disease identification tools
and prevalence in farmed
populations
To fully assess the potential risks
of geoduck diseases, continued exploration of the distribution, virulence and
physiological tolerances of individual parasite species is
needed. The recently found endosymbionts associated with
wild geoduck populations may also affect cultured stocks.
Conversely, the higher densities of farmed geoducks may
exacerbate the possibility of amplifying parasite populations
within farms or rapidly transmitting them to wild stocks.
Gathering further information about geoduck endosymbiont life cycles, host–parasite interactions and prevalence in
farmed stocks will assist in future fishery management decisions regarding geoduck aquaculture and stock movement.
Extensive sample collection in the field and characterization
of pathogens in the laboratory will be required to understand disease prevalence in farmed populations and potential transmission to wild geoducks.

Reproductive contribution from farms
The pelagic larval stages of geoducks provide genetic connectivity via migration among locales, yet little is known
about the spatial and temporal distributions of geoduck
larvae from farmed and wild populations. Almost nothing is known about settlement of juveniles. Understanding
these pre-recruitment processes is important for sustainable
shellfish aquaculture. The study of larval movement and
settlement would enhance managers’ ability to quantify the
effects of farmed geoducks on wild populations, predict
the synergistic effects of ocean acidification and declining
water quality, and ensure self-sustaining wild populations.
Field deployment of larval traps coupled with microchemical analyses of trapped larval shells and genetic analyses, or
both, will be required to understand the dynamics of larval
contributions from farms.

Sterile triploid reversion
Triploid geoducks may reduce risk of genetically perturbing wild stocks. Investigating triploid geoducks is critical for
understanding the extent to which triploidy could help prevent
genetic change to wild stocks. An analysis of the potential for
triploid reversion at different sites is necessary, requiring a time
series of flow cytometric analyses of certified triploid geoducks.
Geoduck Aquaculture Research Program
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Local adaptation
Aquaculture of native shellfish can impact nearby ecological systems and wild conspecifics by creating opportunities
for genetic impacts on native populations. Wild populations
may be genetically adapted to local environmental conditions. Interbreeding with cultured geoducks from other
locales may disrupt patterns of local adaptation, potentially
jeopardizing wild populations by decreasing their adaptive
potential. A significant impediment to sustainable aquaculture is the lack of information on adaptive differences
between farmed and wild stocks. This information could be
incorporated into a model to predict the genetic impacts of
culturing native shellfish (see “Genetic risk model”). Transplant field experiments and new genomic information would
be necessary to gain information on local adaptation.

Genetic risk model
The level of reproductive contribution from farmed stocks to
wild systems that would result in low risk of genetic change
depends on the effective population size in wild populations
and the effective number of breeders used in hatcheries. This
allowable genetic contribution from farmed stocks can be estimated using predictive models. A genetic risk model is needed
that includes effects of environmental processes occurring
on different scales as potential drivers of viability, allowable
hatchery contributions and optimal yield for each region. Data
are sufficient to complete initial modeling tasks and no new
field programs are necessary; additional data (e.g., see preceding “Local adaptation”) would refine model utility.

Site specificity of geoduck aquaculture’s
ecological effects
One important next step to understand the ecological effects
of geoduck aquaculture and how farm siting may influence
these effects is a carefully designed study of site characteristics
focused on correlations among geoduck biodeposit accumulation, changes in community structure, and physical characteristics. Biodeposition by filter-feeding bivalves can alter benthic
community structure, and the accumulation of biodeposits
likely depends on specific physical site characteristics that
affect flushing such as fetch, currents, exchange and freshwater
inputs. Such a study would likely require extensive fieldwork
across multiple sites to characterize physical and biological
patterns over an extended period of time.

Innovations in aquaculture production
Research must be responsive to ongoing changes in practices and techniques used for geoduck aquaculture, including timing of outplants, predator protection, and density
and tidal height. For example, novel methods for subtidal
geoduck aquaculture may produce different effects than
intertidal operations. The GARP results, as well as previous studies, suggest that patterns of natural disturbance are
important criteria for predicting effects of shellfish aquaculture. Intertidal zones are typically more dynamic than subResearch Priorities & Monitoring Recommendations

tidal zones and experience annual, extensive natural disturbance from storms, waves, boat wakes, flooding and so forth.
Because of relatively frequent disturbance, community structure in intertidal zones is generally more resilient to disturbance than subtidal communities. Geoduck aquaculture disturbances in less variable subtidal zones may exert relatively
stronger effects on the associated soft-bottom communities.
Understanding effects in the subtidal environment would
require extensive field data collection, which is complicated
by water depth and would require a trained dive team.

Monitoring recommendations

Two new approaches for monitoring environmental effects
of geoduck aquaculture are recommended. Ongoing monitoring should (1) be cost effective (2) use standard techniques
and methods (3) be based on previous research findings and
(4) accurately characterize the environment. The monitoring
system should provide timely information as relevant environmental changes occur. The new approaches areas follows.

Benthic community structure monitoring
Results of GARP studies on resident macrofauna communities did not clearly identify indicator species (i.e., species that
may act as an early warning of substantial effects) because no
taxa showed strong, generalizable responses to aquaculture
practices. Moreover, the traditional approach to monitor
benthic communities, and thus indicator species, is sample
collection for taxonomic identification and enumeration,
which is labor intensive and costly. One potential proxy for
identifying shifts in community structure is quantification of
accumulated biodeposits (feces and pseudofeces). The literature review identified studies suggesting the balance of biodeposition and flushing may be the strongest determinants of
community structure. Monitoring biodeposits (i.e., measuring sediment organic content) is relatively inexpensive and
does not require highly technical methods, but it does hold
promise as an indicator of changes associated with possible
aquaculture effects. This approach would be informed by
research on site specificity of geoduck aquaculture ecological
effects, described previously as a priority.

Genetic monitoring of hatchery seed
It is important to monitor the genetic diversity and the number of seed produced by hatcheries to accurately estimate the
allowable reproductive contribution from hatchery to wild
populations. Hatcheries need to adopt breeding protocols
to maximize genetic diversity and reduce the potential for
genetic perturbation of wild stocks via interbreeding.
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Program-Related
Communications

		Copies of representative presentations and
publications are available on the WSG Geoduck Aquaculture
Research Program website at http://www.wsg.washington.
edu/research/geoduck.

Publications (Peer-Reviewed)
Vadopalas, B., T. W. Pietsch, and C. S. Friedman. 2010. The
proper name for the geoduck: resurrection of Panopea generosa Gould, 1850, from the synonymy of Panopea abrupta
(Conrad, 1849) (Bivalvia: Myoida: Hiatellidae). Malacologia,
52(1):169-173.

Publications (Not Peer-Reviewed)
Smith, R., and McDonald, P. S. 2010. Examining the effects
of predator exclusion structures associated with geoduck
aquaculture on mobile benthic macrofauna in South Puget
Sound, Washington. Northwestern Undergraduate Research
Journal, 5(2009-2010):11-16.

Theses and Dissertations
Price, J. 2011. Quantifying the ecological impacts of geoduck
(Panopea generosa) aquaculture harvest practices on benthic
infauna. M.S. thesis, University of Washington, Seattle.
Horwith, M. 2011. Plant behavior and patch-level resilience
in the habitat-forming seagrass Zostera marina. Ph.D. dissertation, University of Washington, Seattle.

Media Placements
Wang, Deborah. 2008. Clam wars. KUOW Puget Sound
Public Radio News, Seattle. Sept. 25.
Ma, Michelle. 2009. Skirmish continues over shellfish farming in Puget Sound. The Seattle Times, Seattle, Mar. 7.
Wang, Deborarh. 2009. University of Washington researchers say geoduck funding in jeopardy. KUOW Puget Sound
Public Radio News, Seattle. Apr. 15.
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Welch, Craig. 2009. Geoducks: Happy as clams. Smithsonian, Mar. Online: http://www.smithsonianmag.com/sciencenature/Happy-As-Clams.html.
Stang, John. 2011. Economic benefits, ecological questions
stall geoduck industry’s growth. The
Kitsap Sun, Kitsap County,
Washington. Jul. 23.

Presentations
VanBlaricom et al.
McDonald, P. S. 2008. Effects
of geoduck aquaculture on
ecosystem structure and function:
a progress report. Presentation to the National Shellfisheries — Pacific Coast Section/Pacific Coast Shellfish Growers
Association Annual Meeting, Chelan, Washington, Oct. 3.
VanBlaricom, G. 2008. Guest class lecture for class, Ocean
506: Writing about science and technology for general audiences. University of Washington, Seattle, Oct. 8.
VanBlaricom, G. 2008. Geoduck clam aquaculture on the
intertidal habitats of southern Puget Sound: Assessment of
ecological impacts and mitigation of regional-scale cultural
conflict. Presentation to the Water Center Seminar Series,
University of Washington, Seattle, Oct. 28.
VanBlaricom, G. 2008. Ecological effects of geoduck aquaculture: The battle of southern Puget Sound. Presentation
to a Workshop titled “Communicating Ocean and Marine
Science.” Centers for Ocean Sciences Education Excellence,
University of Washington, Seattle, Nov. 22.
VanBlaricom, G. 2009. Geoduck aquaculture investigations
in Puget Sound: Digging deep for answers. Presentation to
the Sound Science Seminar Series, Washington Sea Grant,
Union, Washington, Feb. 26.
VanBlaricom, G. 2009. Planting and harvest as disturbances
in geoduck aquaculture: An overview and preliminary
observations. Presentation to the 17th Conference for Shellfish Growers, Washington Sea Grant, Union, Washington,
Mar. 3.
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VanBlaricom, G. 2009. Another resource collision? Projecting interactions of sea otters with geoduck clam populations
and fisheries in Washington and British Columbia. Presentation to Sea Otter Conservation Workshop VI, Seattle
Aquarium, Seattle, Mar. 21.
Smith, R. 2009. Examining the effects of predator exclusion
structures associated with geoduck aquaculture on mobile
benthic macrofauna in South Puget Sound, Washington.
Presentation to the 101st Annual meeting of the National
Shellfisheries Association, Savannah, Georgia, Mar. 24.
VanBlaricom, G. 2009. Planting and harvest as disturbances
in geoduck aquaculture: An overview and preliminary
observations. Presentation in the State Capitol Fish & Wildlife Seminar Series, Washington Department of Fish and
Wildlife, Olympia, Washington, Jun. 9.
Larson, K. 2009. Trophic implications of structure additions
associated with intertidal geoduck aquaculture. Presentation to the National Shellfisheries — Pacific Coast Section/
Pacific Coast Shellfish Growers Association Annual Meeting, Portland, Oregon. Sept. 30.
Price, P. 2009. Disturbance and recovery of a benthic community in response to geoduck aquaculture harvest. Presentation to the National Shellfisheries — Pacific Coast Section/
Pacific Coast Shellfish Growers Association Annual Meeting, Portland, Oregon, Sept. 30.
VanBlaricom, G. 2009. Relative abundances of native
(Americorophium salmonis) and invasive (Monocorophium
spp.) gammaridean amphipods in geoduck aquaculture
plots on intertidal habitats in southern Puget Sound. Presentation to the National Shellfisheries — Pacific Coast
Section/Pacific Coast Shellfish Growers Association Annual
Meeting, Portland, Oregon, Sept. 30.
Galloway, A. 2009. Effects of geoduck aquaculture planting practices on fish and macroinvertebrate communities
in southern Puget Sound, Washington. Presentation to
the National Shellfisheries — Pacific Coast Section/Pacific
Coast Shellfish Growers Association Annual Meeting, Portland, Oregon, Sept. 30.
Larson, K. 2009. Trophic implications of structure additions
associated with intertidal geoduck aquaculture. Presentation
to the 63rd Joint Annual Meeting of the National Shellfisheries Association — Pacific Coast Section and the Pacific
Coast Shellfish Growers Association. Portland, Oregon,
Sept. 28-Oct. 1.
Price, J. 2009. Disturbance and recovery of a benthic community in response to geoduck aquaculture harvest. Presentation to the 63rd Joint Annual Meeting of the National
Shellfisheries Association — Pacific Coast Section and
the Pacific Coast Shellfish Growers Association. Portland,
Oregon, Sept. 28-Oct. 1.
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VanBlaricom, G. 2009. Relative abundances of native
(Americorophium salmonis) and invasive (Monocorophium
spp.) gammaridean amphipods in geoduck aquaculture
plots on intertidal habitats in southern Puget Sound. Presentation to the 63rd Joint Annual Meeting of the National
Shellfisheries Association — Pacific Coast Section and
the Pacific Coast Shellfish Growers Association. Portland,
Oregon, Sept. 28-Oct. 1.
Galloway, A. 2009. Effects of geoduck aquaculture planting
practices on fish and macroinvertebrate communities in
southern Puget Sound, Washington. Presentation to the 63rd
Joint Annual Meeting of the National Shellfisheries Association — Pacific Coast Section and the Pacific Coast Shellfish
Growers Association. Portland, Oregon, Sept. 28-Oct. 1.
Cornwell, J. C., R. I. E Newell, and M. Owens. 2009. The
influence of geoduck clam culture and harvest in Puget
Sound on sediment nutrient biogeochemistry. Presentation
to the Coastal and Estuarine Research Federation 20th Biennial Conference, Portland, Oregon, Nov. 1-5.
Galloway, A. Culture practices and structure effects of intertidal geoduck aquaculture operations in Puget Sound: An
evaluation of influence on mobile macrofauna. Presentation
to the Coastal and Estuarine Research Federation 20th Biennial Conference, Portland, Oregon, Nov. 1-5.
McDonald, P. S. 2009. Trophic implications of complex littoral habitats: comparison of aquaculture structure, natural
structure, and unstructured habitat, Washington. Presentation to the Coastal and Estuarine Research Federation 20th
Biennial Conference, Portland, Oregon, Nov. 1-5.
Price, J. 2009. Assessing the impacts of geoduck aquaculture
harvest practices on benthic infaunal communities. Presentation to the Coastal & Estuarine Research Federation 20th
Biennial Meeting. Portland, Oregon, Nov. 5.
Cornwell, J. C., R. I. E Newell, and M. Owens. 2010. The
influence of geoduck clam culture and harvest in Puget
Sound on sediment nutrient biogeochemistry. Presentation
to the 102nd Annual Meeting of the National Shellfisheries
Association and World Aquaculture Society, Aquaculture
2010, San Diego, California, Mar. 1-5.
McDonald, P. S. 2010. Challenges to the evaluation of ecological effects of bivalve aquaculture: social and economic
constraints, and contradictory incentives from ecological
and statistical theory. Presentation to the 102nd Annual
Meeting of the National Shellfisheries Association and
World Aquaculture Society, Aquaculture 2010, San Diego,
California, Mar. 1-5.
McDonald, P. S. 2010. A fisheye perspective on habitat complexity: Do structures associated with intertidal geoduck
aquaculture affect trophic dynamics of nekton in unique
ways? Presentation to the 102nd Annual Meeting of the
National Shellfisheries Association and World Aquaculture
Society, Aquaculture 2010, San Diego, California, Mar. 1-5.
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Price, J. 2010. Difference in benthic community structure
between geoduck (Panopea generosa) aquaculture sites and
response to harvest events. Presentation to the 102nd Annual
Meeting of the National Shellfisheries Association and
World Aquaculture Society, Aquaculture 2010, San Diego,
California, Mar. 1-5.
Price, J. 2010. Geoduck aquaculture harvest practices in
southern Puget Sound, Washington: Assessing patterns
of impact and recovery in benthic infaunal communities.
Presentation to the 64th Joint Annual National Shellfisheries
Association — Pacific Coast Section and the Pacific Coast
Shellfish Growers Association, Tacoma, Washington. Sept.
20-23, 2010.
McDonald P. S. 2010. Biotic communities associated with
aquaculture structures: some aspects of recruitment,
growth, and predation. Presentation to the 64th Joint Annual
National Shellfisheries Association — Pacific Coast Section and the Pacific Coast Shellfish Growers Association,
Tacoma, Washington. Sept. 20-23, 2010.
VanBlaricom, G. R. 2011. Evaluation of ecological effects of
geoduck aquaculture operations in intertidal communities
of southern Puget Sound. Invited presentation at the Environmental Science Seminar Series, Environmental Program,
Interdisciplinary Arts and Sciences Program, University of
Washington, Tacoma, Washington, Feb. 7.
VanBlaricom, G. R. 2011. Ecological effects of geoduck
aquaculture operations in southern Puget Sound. Invited
presentation to the Panel on Aquaculture Research and
Technical Support, Washington Sea Grant Program Site
Review, Seattle, Mar. 3.
Price, J. L., P. S. McDonald, T. E. Essington, A. W. E. Galloway, M. N. Dethier, D. A. Armstrong, and G. R. VanBlaricom. 2011. Benthic community structure and response to
harvest events at geoduck aquaculture sites in southern
Puget Sound, Washington. Invited presentation to the Joint
Annual Meeting, Society for Northwestern Vertebrate Biology and Washington Chapter of The Wildlife Society, Gig
Harbor, Washington, Mar. 24.
Price, J. L., P. S. McDonald, G. R. VanBlaricom, J. R. Cordell,
T. E. Essington, A. W. E. Galloway, M. N. Dethier, and D.
A. Armstrong. 2011. Benthic community structure and
response to harvest events at geoduck (Panopea generosa)
aquaculture sites in southern Puget Sound, Washington.
Oral presentation to the National Shellfisheries Association
Annual Meeting. Baltimore, Maryland, Mar. 30.
Price, J. L. 2011. Geoduck harvest in Puget Sound: Is it an
ecological problem? Invited presentation to the State Capital
Seminar Series, Washington Department of Fish and Wildlife, Olympia, Washington, Jul. 13.
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Price, J. L. 2011. Quantifying the ecological impact of geoduck (Panopea generosa) aquaculture harvest practices on
benthic infauna. M.S. Thesis Defense, School of Aquatic and
Fishery Sciences, University of Washington, Seattle. Aug. 8.
VanBlaricom, G. R. 2011. Ecological disturbances associated
with harvests of cultured geoduck clams in southern Puget
Sound, with implications for sustainability. Invited presentation to the Workshop on Washington State Environmental
and Sustainability Learning Standards, Washington State
Office of Public Instruction, Olympia, Washington, Aug. 24.
Hurn, H., J. Eggers, P. S. McDonald, and G. R. VanBlaricom.
2011. Effects of geoduck aquaculture on predation and
growth of non-target clams. Oral presentation to the American Fisheries Society Annual Meeting, Seattle, Washington,
Sept. 6.
McDonald, P. S., A. W. E. Galloway, J. L. Price, K. McPeek, D.
A. Armstrong, G. R. VanBlaricom, and K. Armintrout. 2011.
Effects of geoduck aquaculture practices on habitat and trophic dynamics of nekton and macroinvertebrates in Puget
Sound. Oral presentation to the American Fisheries Society
Annual Meeting, Seattle, Washington, Sept. 6.
McDonald, P. S., A. W. E. Galloway, J. L. Price, K. McPeek,
D. A. Armstrong, and G. R. VanBlaricom. 2011. Patterns in
abundance of fish and macroinvertebrates associated with
geoduck aquaculture. Oral presentation to the 65nd Annual
Meeting of the Pacific Coast Shellfish Growers Association
and the National Shellfish Association – Pacific Coast Section, Salem, Oregon, Sept. 20.
Armintrout, K., P. S. McDonald, K. McPeek, D. Beauchamp,
G. R. VanBlaricom. 2011. Trophic ecology within geoduck
aquaculture habitat. Oral presentation to the 65th Annual
Meeting of the Pacific Coast Shellfish Growers Association
and the National Shellfish Association – Pacific Coast Section, Salem, Oregon, Sept. 20.
VanBlaricom, G. R., J. L. Price, P. S. McDonald, J. R. Cordell,
T. E. Essington, A. W. E. Galloway, M. N. Dethier, and D.
A. Armstrong. 2011. Geoduck aquaculture harvest impacts:
The results. Oral presentation to the 65th Annual Meeting of the Pacific Coast Shellfish Growers Association and
the National Shellfish Association – Pacific Coast Section,
Salem, Oregon, Sept. 20.
McDonald, P. S. 2012. The ecological effects of geoduck
aquaculture: effects on fish and mobile macroinvertebrates.
Invited presentation at the Geoduck Research Symposium,
Union, Washington, Mar. 6.
Newell, R. I. E., J. C. Cornwell, M. S. Owens, 2012. The
influence of geoduck clam culture and harvest in Puget
Sound on sediment nutrient biogeochemistry. Invited
presentation at the Geoduck Research Symposium, Union,
Washington. Mar. 6.
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VanBlaricom, G. R., J. L. Price, P. S. McDonald, J. R. Cordell,
M. N. Dethier, K. K. Holsman, K. C. McPeek, A. W. E. Galloway, T. E. Essington, and D. A. Armstrong. 2012. Ecological consequences of geoduck (Panopea generosa) aquaculture for infaunal assemblages in southern Puget Sound.
Invited presentation at the Geoduck Research Symposium,
Union, Washington, Mar. 6.
McDonald, P. S., P. F. Stevick, A. W. E. Galloway, K. McPeek,
D. A. Armstrong, and G. R. VanBlaricom. 2012. Nekton,
nets, and tubes: macrofauna response to intertidal geoduck
aquaculture operations in Puget Sound, Washington USA.
Oral presentation at the National Shellfisheries Association
Annual Meeting, Seattle, Washington, Mar. 25-29.
VanBlaricom, G. R., A. W. E. Galloway, K. C. McPeek, J. L.
Price, J. R. Cordell, M. N. Dethier, D. A. Armstrong, K. K.
Holsman, and P. S. McDonald. 2012. Effects of predator
exclusion structures as agents of ecological disturbance to
infaunal communities in geoduck clam aquaculture plots in
southern Puget Sound, Washington, USA. Oral presentation
at the National Shellfisheries Association Annual Meeting,
Seattle, , Mar. 25-29.
Price, J. L., G. R. VanBlaricom, and P. S. McDonald. 2012.
Effects of harvest activity on infaunal communities in
geoduck clam aquaculture plots in southern Puget Sound,
Washington, USA. Oral presentation at the National Shellfisheries Association Annual Meeting, Seattle, Mar. 25-29.
McPeek, K. C., G. R. VanBlaricom, P. S. McDonald, and
D. S. Beauchamp. 2012. Effects of geoduck aquaculture on
the growth and stable isotope signatures of Pacific staghorn
sculpin. Oral presentation at the National Shellfisheries
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Abstract

Introduction

I

A

ntertidal aquaculture for geoduck clams (Panope generosa
Gould, 1850) is expanding in southern Puget Sound,
Washington USA, where gently sloping sandy beaches are
used for field culture. Geoduck aquaculture contributes significantly to the regional economy, but has become controversial because of a range of unresolved questions involving
potential biological impacts on marine ecosystems. From
2008 through 2012 we used a “before-after-control-impact”
experimental design, emphasizing spatial scales comparable
to those used by geoduck culturists, to evaluate the effects
of harvesting of market-ready geoduck clams on associated benthic infaunal communities. We sampled infauna
at three different study locations in southern Puget Sound
at monthly intervals before, during, and after harvests of
clams, and along extralimital transects extending away from
edges of cultured plots to assess effects of harvest activities
in adjacent uncultured habitat. Using multivariate statistical
approaches we found strong seasonal and spatial signals in
patterns of abundance, but we found little evidence of effects
on community structure associated with geoduck harvest
disturbances within cultured plots. Likewise we found no
indication of significant “spillover” effects of harvest on
uncultured habitat adjacent to cultured plots. Complementary univariate approaches revealed little evidence of
harvest effects on infaunal biodiversity and indications of
modest effects on populations of individual infaunal taxa.
Of ten common taxa analyzed only three showed evidence
of reduced densities, although minor, following harvests,
whereas the remaining seven taxa indicated either neutral
responses to harvest disturbances or increased abundances,
either during or in the months following harvest events.
We suggest that a relatively active natural disturbance
regime, including both small-scale and large-scale events
that occur with comparable intensity but more frequently
than geoduck harvest events in cultured plots, has facilitated
assemblage-level infaunal resistance and resilience to harvest disturbances.

quaculture operations are proliferating and diversifying in nearshore marine habitats across the globe (e.g.,
Naylor et al. 2000, Chopin et al. 2001, Goldburg & Naylor
2005, Buschman et al. 2009, Lorenzen et al. 2012, SamuelFitwi et al. 2012). Although frequently of positive societal
benefit, aquaculture enterprises have raised concerns
regarding possible negative ecological consequences among
resource managers, scientists, conservation advocacy organizations, political leaders and legislators, and the interested
lay public (e.g., Simenstad and Fresh 1995, Newell 2004,
Sara 2007, Dumbauld et al. 2009, Forrest et al. 2009, Coen
et al. 2011, Hedgecock 2011). Since the early 2000s localized
but intensive political controversy has emerged in communities near southern Puget Sound, Washington USA, regarding development of geoduck clam (Panopea generosa Gould,
1850) aquaculture operations on gently-sloping intertidal
sand habitats. Geoduck aquaculture activity is increasingly
contributing to Puget Sound’s total commercial geoduck
production that also includes substantial wild harvests. In
2011 cultured geoducks comprised about 25% of the total
commercial harvest in Washington and generated revenues
of about US$20M. As a consequence of expanding geoduck
aquaculture operations, many questions and concerns have
emerged regarding ecological effects of harvesting activities.
Our focus is on evaluation of possible ecological changes to
marine ecosystems as a result of habitat disturbances associated with geoduck aquaculture activity in southern Puget
Sound. We regard ecological disturbance as “any relatively
discrete event in time that disrupts ecosystem, community,
or population structure and changes resources, substratum
availability, or the physical environment” (Pickett & White
1985). Disturbances generally may be natural or anthropogenic and may occur on a wide range of magnitudes and
spatiotemporal scales. Natural disturbances are known to be
important determinants of community dynamics in many
marine benthic habitats (e.g., Connell 1978, VanBlaricom
1982, Sousa 1984, Dumbauld et al. 2009). However, frequent
and intensive anthropogenic disruptions may overwhelm
evolved natural resistance or resilience to habitat disturbance in benthic communities (Sousa 1984, Paine et al.
1998).
The geoduck aquaculture cycle includes the following
phases, each constituting potential ecological disturbances
to resident organisms. Young hatchery clams are outplanted
at the initiation of the cycle. At the same time predator
exclusion structures are placed to limit losses of young
clams to mobile consumers such as crabs and shorebirds.
Structures include arrays of vertically emplaced polyvinyl
chloride (PVC) tubing extending above the sediment surface. Young clams are placed in sediments within the tubes
(typically 3-4 individuals per tube), after which tubes are
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covered either with large nets that extend over the entire
tube field, or individual “cap nets” that cover each tube but
leave intervening spaces uncovered. Typical initial stocking density at outplanting is 20-30 clams/m2, and the tubes
and netting are removed 1-2 years after outplanting when
clams are sufficiently large and deeply buried that risks of
predation are minimal. Tube diameter, tube density, withintube clam density at outplanting, netting type, and timing
of removal of tubes and netting vary by grower preference.
Clams are left in place for the grow-out phase until they
reach optimal market size.
The culture cycle is terminated by harvest 5-7 years after
outplanting. During low tides, individual clam siphons
are located visually and marked with small wooden stakes
pressed into the sediment. Individual clams so located are
subsequently extracted by hand after liquefaction of sediments within a radius of 15-30 cm of the siphon, extending
into the sediment the length of the clam siphon. Liquefaction is achieved with a handheld nozzle (“stinger”) supplied
with sea water pumped into an attached hose from a small
barge offshore. The process is highly efficient in the hands of
experienced harvesters, with extraction of each clam requiring 5 s or less under optimal conditions. Time required for
complete harvest of a given cultured plot may range from a
few days to many months. Duration of harvest varies with
plot size, density of market-sized clams, weather and sea
conditions, availability of skilled and experienced laborers,
and grower preference. Harvests may be done during high
tides by divers also using stingers if schedules for extreme
low tides are unfavorable in the context of labor availability,
market price, or shipping cost conditions.
Disturbance of sediments as a result of cultured geoduck
harvests may have ecological consequences that extend
beyond cultured plots to adjacent areas of un-harvested
substrata, causing extralimital changes in benthic communities. There is significant management interest in potential
“spillover” effects of geoduck harvest, particularly relating
to regulation of spatial scope of cultured geoduck plots and
potential requirements for uncultured buffer zones between
cultured plot boundaries. Geoduck harvest activities produce disturbances confined to explicit spatial boundaries, and create a distinctive interface in physical processes
between harvested and unharvested substrata. When harvest occurs, suspended sediments, biogenic detritus, and
possibly benthic organisms could be carried onto adjacent
sediments either by water pumped across intertidal habitats
during harvest, or by along-shore currents during flood
tides immediately following harvest. The export of benthic
organisms, sediment, detritus and nutrient materials could
affect resident infaunal populations at intensities varying
with distances from edges of harvested plots.

Appendix I

Here we report results of a field study to determine if geoduck aquaculture harvest operations alter benthic infaunal
invertebrate assemblages of intertidal sand flats in southern
Puget Sound. We chose infaunal assemblages as response
variables for three reasons: First, our opinion a priori was
that selected organisms would likely be more sensitive to
cultured geoduck harvest effects than other ecosystem
components, given that the physical habitats of infauna are
directly disturbed in harvest operations by design. Second,
benthic infauna and epifauna in the Puget Sound region are
known to be important as prey for mammals, birds, mobile
invertebrates, and fish, including juvenile salmonid populations migrating from natal freshwater habitats seaward via
Puget Sound. Minimization of detrimental disturbances to
significant prey populations is viewed as crucial to restoration of imperiled salmonid populations in the region. Third,
the known high densities of infauna in habitats used for
geoduck aquaculture ensured that samples collected in our
study would produce high counts of organisms, with zero
values rare or absent, facilitating an effective and rigorous
community-based investigation in a quantitative context.
We tested three related hypotheses (identified by number in
subsequent text), using coupled multivariate and univariate
statistical methods to evaluate the significance of relevant
contrasts:
1. Within plots subject to harvests (“harvest plots”), infaunal assemblages will be similar to those in adjacent plots
not designated for harvest (“reference plots”) before
harvest occurs;
2. Prior to harvest, infaunal assemblages over a range of
distances away from the edge of harvest plots (“transect samples”) will be similar to assemblages in harvest
plots, and to adjacent reference plots. After harvest, data
from transect samples will show a trend of increasing
similarity to data from reference plots and decreasing
similarity to data from within harvest plots, with increasing distances away from the edges of harvest plots;
3. Within harvest plots, benthic infaunal assemblages will
be altered significantly following completion of harvests, as a consequence of harvest-related disturbances.

Ecological effects of the harvest phase of geoduck aquaculture

21

Methods
Study Areas

O

ur study was conducted at intertidal locations in the
southern basin of Puget Sound, Washington, USA.
Puget Sound is an estuarine fjord, with the southern basin
defined as the interconnected marine waters south and west
of Tacoma Narrows (47.27° N, 122.55° W). Surface area
of the basin is 449 km2 at mean high water, including 67.4
km2 of intertidal habitat (Burns 1985). The area contains
extensive gently sloping sandy and muddy intertidal habitats, many of which are biologically appropriate for bivalve
aquaculture operations. Mean daily tidal fluctuation in the
southern basin ranges from 2.7 to 3.2 m in a mixed semidiurnal pattern (Mofjeld et al. 2002), with a maximum range
of 6.4 m for single tidal exchanges at the extreme southern
limit of the basin (National Ocean Service, National Oceanic and Atmospheric Administration). Surface water temperatures range annually from ~8 to ~16° C, and salinities
from 27 to 30‰ excepting periods of dilution from riverine
flooding (Collias et al. 1974, Dethier & Schoch 2005).
Three study sites were chosen (Figure 1) based on three criteria. First, selected sites were involved in production-scale
commercial aquaculture at the time of our anticipated field
sampling. Our site selections had the purpose of fostering
relevance of our study to the spatial and temporal scales
typical of the geoduck aquaculture industry. Second, the
culture cycle at selected sites was approaching the terminal
harvest phase, allowing us to sample before, during, and
after harvest at treatment and adjacent reference plots in
time periods ≤30 months. Third, sediments, slope, and
exposure to weather and sea were generally similar among
the selected sites, and were in all cases similar to the typical physical attributes of sites customarily utilized by the
geoduck aquaculture industry (gently sloping intertidal
sediments that are primarily fine sands with silt/clay fractions <20% by mass, and at least moderately protected from
exposure to wind and sea by local topography).
The three study sites were as follows. “Foss” (47.22˚ N,
122.82˚ W) was located on the eastern shore of Case Inlet
near Joemma Beach State Park. “Manke” (47.20˚ N, 122.84˚
W) was near Pt. Wilson on the eastern shore of Harstene
Island, which forms the western shore of Case Inlet. Cultured plots at Foss and Manke were operated by Taylor
Shellfish, Inc. (Shelton, Washington USA) specifically for
geoduck aquaculture at the time of our study. “Chelsea”
(47.13˚ N, 122.96˚ W) was on the northwestern shore of Eld
Inlet. At the time of our study the cultured plot at Chelsea
was owned by Chelsea Farms LLC (Olympia, Washington
USA), with nearby areas used for Manila clam (Venerupis
philippinarum [Adams and Reeve, 1850]) and Pacific oyster
(Crassostrea gigas [Thunberg, 1793]) aquaculture as well
as for geoduck clams. Neither Taylor Shellfish, Inc., nor
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Chelsea Farms LLC made any effort whatsoever to influence
study design, sampling procedures, generation and analyses
of resulting data, or interpretations of results as provided
herein or elsewhere.

Sampling Design and Methods

W

e utilized a “Before-After-Control-Impact” design
(Green 1979), establishing a cultured (i.e. “impact”)
plot containing mature geoduck clams, and an unplanted
reference (i.e. “control”) plot, each measuring at least 2500
m2, at each of our three sites. Cultured plots at each site were
subject to geoduck harvest during the course of the study
while reference plots experienced no harvest activity. None
of our study plots had been used for geoduck aquaculture
prior to our project. Within each site the cultured and reference plots were of equal size and shape, with similar sedimentary composition (based on qualitative assessments a
priori), slope and elevation within the tidal zone. Cultured
and reference plots were separated by a buffer zone of at
least 75 m to minimize effects of intrinsic differences due to
location, while simultaneously providing adequate separation distance to reduce potential extralimital effects of the
harvest process on the reference plot (Figure 2a). Plots were
marked with PVC stakes at the two shoreward corners.
Cultured and reference plots were divided into 100 x 100
unit Cartesian grids and 10 sampling points were randomly
selected within each plot for each sampling date, without
replacement across sampling dates. One core sample was
collected at each sampling point on each sampling date.
At each site at least one extralimital transect was established,
extending away from each cultured plot and running parallel to shoreline for distances of 50-60 m. Each transect
extended from an origin at the midpoint of one of the two
edges of the cultured plot that ran perpendicular to the
shoreline. The entire length of each transect was in an area
free of planted geoduck clams or other types of aquaculture,
except at Chelsea where the first ten meters of the transect
crossed over a young cohort of planted geoducks. Areas
spanned by transects experienced no harvest activity during
the course of the study.
At each site three benthic core samples were taken on each
sampling date at distances of 2, 5, 10, 20, and 50 m from the
edge of the cultured plot along the transect (2, 5, 10, 12, 15,
20, 30, & 60 m at Chelsea). At each distance, one core sample
was taken on the transect line, and one each approximately
30 cm to either side (in shoreward and seaward directions)
of the transect line. Core sampling points along the transect
lines were shifted slightly (≤ 1 m) to avoid re-sampling the
same point during subsequent sampling events.
Benthic core samples were 5 cm in diameter with surface
area 19.6 cm2, depth 10 cm, and volume 196 cm3. All conGeoduck Aquaculture Research Program
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tents of each core sample were placed unscreened in 500
ml jars and preserved in 10% buffered formalin solution
immediately after collection. Following the laboratory processing methods of Simenstad et al. (1991) and Sobocinski
et al. (2010), freshwater was added to each sample followed
by mixing until sediments settled to the bottom and elutriated organisms floated to the surface. Fluid was decanted
through a 500-micron screen and all organisms retained on
the collection screen were removed and preserved in 70%
isopropanol for eventual identification and enumeration.
The process was repeated several times for each sample to
ensure that all organisms had been separated from the sediments. Organisms were identified to the level of species or
genus when feasible, but in all cases at least to family level.
Family level identification of infaunal organisms has been
found sufficient for many types of marine environmental
studies (e.g., Ferraro & Cole 1990, Somerfield & Clarke
1995, Hernández Arana et al. 2005) including some in Puget
Sound (e.g., Dethier 2010). Identified samples were subjected to quality assurance and control checks by specialists
to ensure accurate identification. We did not estimate infaunal biomass densities in our study.
Each site was sampled as often as possible, but no more frequently than monthly, as allowed by low tide patterns and by
competing sampling activities at other study sites. Our minimum goal for each site was four monthly sampling events
prior to harvest, monthly sampling events during harvest
activities for as long as they continued, and four monthly
sampling events following completion of the harvest. Our
study design did not include sampling targeted specifically
to times immediately following harvest activity (i.e., within
hours to a few days), possibly resulting in underestimation
of short term ecological consequences of harvesting. The
actual number of dates sampled was different from site to
site due to variations in harvest timing and site accessibility.
Harvest duration and sampling duration varied by site, and
modest differences in sediment composition were detected
among sites. As a result, data from each site were analyzed
independently and the sites were not considered replicates.
For descriptive summaries, numbers of organisms in each
core sample (hereinafter “sample”) were converted to estimated densities (individual organisms of all species per m2).
For each sampling date, all samples were averaged to single
point estimates for each taxon in each plot by date, with
certain exceptions as noted below. Standard errors were calculated for each point estimate.
For direct assessment of within-plot harvest effects, analyses
were done for the following categories: “treatment” (samples
collected on cultured versus reference plots), “date” (samples
collected on each sampling date), and “harvest state” (samples collected during different periods of geoduck harvest).
Harvest state subcategories were: before the geoduck harvest
(“pre-harvest”), during harvest (“mid-harvest” or “harvest
period”), and after harvest (“post-harvest”).
Appendix I

For assessment of extralimital effects of harvesting based
on transect sampling, categories were “treatment” (samples
collected in cultured and reference plots versus samples collected at various distances along transects from the cultured
plot edges), “date” (samples collected on each sampling
date), and “harvest state” (samples collected during different periods of geoduck harvest, subcategories as indicated
above).
Patterns of abundance in a species of particular interest in a
management context, the benthic gammaridean amphipod
Americorophium salmonis (Stimpson, 1857), were evaluated
along with organisms occurring frequently in samples. A.
salmonis is known to be an important prey species for juvenile outmigrating salmonid fish populations in Puget Sound,
particularly Chinook salmon (Oncorhynchus tshawytscha
[Walbaum, 1792]).

Multivariate Analyses

P

ermutation based analyses of variance (perMANOVA;
Anderson 2001) were used to test for differences by site,
treatment, date, and harvest state according to square-root
transformed abundance data and Bray-Curtis indices of
community similarity (Bray & Curtis 1957). For extralimital
transect data, perMANOVAs were used to evaluate differences by plot type and distance on transects (treatment),
date, and harvest state. In addition, the interaction of data
subsets representing treatment and harvest state was tested
for data collected from treatment and reference plots. A significant result from a test of the [harvest state]*[treatment]
interaction term indicated an effect of the harvest state on
one of the treatments, specifically the effect of the mid-harvest state on the cultured plot or on locations along extralimital transect lines.

Distance based tests for homogeneity of multivariate dispersion (HMD; Anderson 2006) were conducted to contrast
levels of variability in community structure between treatment and reference plots, and for contrasts among plots
data and locations on extralimital transects. HMD uses a
Bray-Curtis distance matrix of species data to calculate the
average distance in multivariate space between individual
samples and the calculated centroid of the sample group.
The average distance and the associated variability are
compared between groups and tested for significance with
permutation tests. An increase in the multivariate dispersion of samples with increased disturbance was predicted by
Caswell & Cohen (1991). In addition, a number of environmental impact studies have reported that the variability of
species abundance in samples collected from disturbed areas
was greater than the variability of samples collected from
non-disturbed areas when evaluated with HMD (Warwick
and Clarke 1993). For contrasts of data from treatment and
reference plots using HMD analyses, data on infaunal abundance by individual sample were used since averaging samples could mask important inter-sample variability, given
the large number of replicate samples collected. At each
Ecological effects of the harvest phase of geoduck aquaculture
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site, HMD analyses were used to test differences between
the cultured and reference plots within each harvest state,
within plots among harvest states, and among samples from
plots and varying distances on extralimital transects.

Univariate Analyses

I

ndividual sample diversity was calculated using the Shannon index (Shannon 1948; also known as Shannon’s
diversity index, Shannon-Wiener index, and ShannonWeaver index) on log-transformed data (e.g., Warwick et
al. 1990). Two-sample t-tests were used to assess differences
in diversity indices between plots within sites for each
sampling date. In addition, one-way univariate analyses of
variance (ANOVA) were used to evaluate the significance of
differences in diversity indices between plot types on each
date, between plot types for each harvest state, and within
plot types between harvest states.
Some components of our data failed to meet underlying
assumptions on which ANOVA methods are based, including normality and homoscedasticity. The subject assumptions are often violated by ecological data, but ANOVA
procedures are frequently robust to the discrepancies (e.g.,
Underwood 1981). ANOVA methods have been applied in a
number of other studies with data characteristics similar to
ours (e.g., Smith and Brumsickle 1989, Warwick et al. 1990,
Thrush et al. 1996, Kaiser et al. 1996, 2006, Anderson and
Underwood 1997).
We used generalized linear mixed models (GLMMs;
McCullagh and Nelder 1989) assuming Poisson-distributed
data to examine the factors contributing to abundance of
selected individual infaunal taxa from our core samples.
We applied these analyses to Americorophium salmonis
and nine other individual taxa (species, genera, or families) identified from high frequencies of occurrence in core
samples. In our univariate analyses data from all sites were
considered together. The fixed effects of month, plot type,
harvest phase, and their interaction were included, as well
as random effects of site. Models were fitted by maximum
likelihood assuming a Laplace approximation in the ‘‘lme4’’
package (Bates & Maechler 2010) of R software (R Development Core Team 2011). Likelihood ratio tests were utilized to formally compare models including the [harvest
state]*[treatment] interaction term. Regression coefficients
and their 95% confidence intervals were calculated for each
model.
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Results
Descriptive Patterns

P

ercentages of sand in benthic habitats were 99.1 at the
Foss study site, 98.8 at Manke, and 86.0 at Chelsea (Price
2011). Overall we identified fifty discernible animal taxa in
our samples. The numerically dominant taxa were generally
small (<1 cm maximum length of individuals) and resided
on, or within a few centimeters below the sediment surface.
The sampled benthic communities at all three sites consisted
primarily of small polychaete worms (annelida), crustaceans
(arthropoda), and bivalves (mollusca; Tables 1 and 2). Polychaetes were numerical dominants at all sites followed by
crustaceans (Figures 3a, b, and c). Taxonomic compositions
of our samples generally resembled those reported previously for southern Puget Sound (Dethier et al. 2003, 2010,
2012, Dethier & Schoch 2005, Dethier 2005, 2010).

Multivariate Contrasts by Site and Plot Type

I

nfaunal abundances were significantly different among
study sites (perMANOVA, Table 3). At Foss and Manke,
the infaunal sample data from the cultured plots were
significantly different from those of reference plots (perMANOVA, Table 3, Figures 4a & 4b). At Chelsea the core
sample data from the two plots did not differ significantly
(perMANOVA, Table 3, Figure 4c).
Our perMANOVA analyses identified a number of significant differences based on site, date, or treatment in
contrasts within and between plots (Table 3). However,
none of the three assessments of the interaction term [harvest state]*[treatment] were found to be significant (perMANOVA, Table 3). For within plot contrasts, there were
several cases of significant effects of both date and harvest
state on reference plot data, illustrating that harvest state is a
proxy for date and emphasizing the premise that the [harvest
state]*[treatment] interaction term is the uniquely informative metric for assessment of harvest effects within our study
design. Analytical results were inconsistent with hypotheses
1 and 3 as defined above. Because the interaction term was
not significant in any case, significant differences between
plots at Foss and Manke were likely the result of factors other
than harvest-related disturbances.
Results for homogeneity of multivariate dispersion (HMD)
analyses for cultured and reference plots at the three study
sites likewise did not fit expectations consistent with geoduck harvesting as a primary source of disturbance. Eight
significant contrasts were identified for comparisons within
plot type among harvest states, of which four were in reference plots and four in cultured plots (Table 4). These results
are inconsistent with the hypothesis of greater compositional
variation in cases of frequent disturbance as posited in the
literature (e.g., Caswell & Cohen 1991, Warwick & Clarke
Geoduck Aquaculture Research Program

|

Final Report

2013

1993) if harvesting of cultured geoducks is the primary
source of disturbance in cultured habitats. The results are
also inconsistent with our hypotheses 1 and 3. Occurrence
of significant contrasts for HMD values in reference plots is
consistent with active sources of variability or disturbance
other than geoduck harvesting in the study areas.

Multivariate Contrasts by Distance on
Extralimital Transects

W

e found little indication of trends in summed infaunal
densities with increased distance from the cultured
plot in three of the four extralimital transects (Figure 5).
On the Foss south transect, a significant trend was observed
during the mid-harvest period. All other variations within
transects were consistent with random distributions in space
and time.

Significant effects of [harvest state]*[treatment] interaction
terms were not detected for any combination of data from
plots and transect distances at any of the study sites (perMANOVA, Tables 5, 6, & 7). By contrast, there were many
cases of significant terms for contrasts of data from specific
transect locations with treatment, date, and harvest state
(Tables 6 and 7). Patterns in the results are inconsistent with
an ecologically significant effect of harvest extending beyond
the limits of the cultured plots. Conversely, the results are
consistent with significant variation in transect and plot data
based on processes independent of harvest activities. The
results are also inconsistent with our hypotheses 2.
Within each site, the HMD values for community data from
the pre-harvest state were similar across the cultured and
reference plots and the various distances along transects
(Tables 8 and 9). At Foss and Manke, the HMD values for
cultured plots increased during the mid-harvest state while
values in reference plots either remained relatively constant
or decreased. For both sites HMD calculations for cultured
plots during the mid-harvest state were significantly different from values at most transect distances and the reference
plot (Table 9). During the post-harvest state at Foss, HMD
values in the cultured plot remained high while values for
most transect locations and the reference plot returned
to near pre-harvest levels. At Manke post-harvest HMD
values were similar to pre-harvest values at most transect
distances and in cultured and reference plots. HMD values
increased for most distances on the Chelsea transect during
the mid-harvest state. However, permutation tests revealed
that infaunal data from Chelsea were most similar among
locations during mid-harvest (Table 9). In summary, HMD
analyses for transect data generally were inconsistent with
hypothesis 2.

Appendix I

Univariate Analyses

V

alues for the Shannon index for core samples at Foss
and Chelsea were similar between the cultured and reference plots over time (Figures 6a and 6c). At Manke index
values fluctuated more among dates on both plots but the
cultured plot had consistently lower diversity indices (Figure
6b). When diversity values were averaged by harvest state,
there was a mixture of significant and non-significant values
in contrasts between plots for each harvest state and within
plots among harvest states (Table 10).
Species-specific contrasts, using GLMMs, provided results
in six categories for the ten taxa analyzed (Table 11). As
noted the analyses were based on the protocol that a significant interaction result for [harvest state]*[treatment]
was an indication of a significant effect of harvest activities
on subject populations, manifested by density data either
during or after the harvest events in the study areas. Three
taxa, the gammaridean amphipod Americorophium salmonis, the cumacean Cumella vulgaris, and the polychaete
family Capitellidae experienced increased abundances in
harvest plots as compared to reference plots both during
and following harvest activities. Conversely, two other taxa,
the bivalve genus Rochefortia and the polychaete family
Phyllodocidae experienced reductions in harvest plots as
compared to reference plots during and after harvests. Two
taxa in a third group, the nemertean genus Micrura and the
polychaete family Spionidae were not affected positively or
negatively by harvests either during or following harvest
events. Data for the remaining three taxa indicated more
complex population-level response patterns to harvests. The
polychaete family Goniadidae showed increased abundance
in harvested plots during harvest, as compared to reference
plots, but the effect did not persist following completion of
harvest. The polychaete family Polynoidae was not influenced numerically during harvests, but declined in harvest
plots as compared to reference plots once harvests were
completed. Finally, the polychaete family Hesionidae was
negatively affected by harvest activities during the harvests
as compared to reference plots, but the negative effect did
not persist once the harvests were completed.
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Discussion

O

ur study revealed only modest effects on infaunal communities from the harvest phase of geoduck aquaculture operations. Multivariate analyses indicated an absence
of significant shifts in community composition (both means
and variability) at any of the three study sites as a result of
harvesting activities. Similarly, we found little evidence of
a significant “spillover” effect of cultured geoduck harvest
operations on resident infaunal communities. Univariate
analyses of variance provided no evidence of significant
impacts of cultured clam harvest on the biodiversity of resident infauna. Of the ten most frequently sampled infaunal
taxa only three indicated evidence of reduction in abundance persisting as long as four months after conclusion of
harvest activities. None of the proportionate changes in the
three affected species approached local extinction.
Our results led us to reject our three hypotheses listed above.
Some of our data suggested consistency with hypothesis 1,
with significant differences between treatment category at
the Foss and Manke sites. However, analyses of the [harvest
state]*[treatment]* interaction term revealed that the subject differences were due to plot properties independent of
harvest-related disturbance effects. Despite scattered temporary exceptions it is apparent that none of our hypotheses
are generally applicable in our study sites.
Our results are similar to a recent experimental study of
ecosystem-level effects of geoduck clam aquaculture done
in British Columbia (BC), Canada (Department of Fisheries
and Oceans 2012). Abundances of resident infauna showed
temporary effects of clam harvest disturbance and a strong
pattern of seasonal effects. There were observed effects of
harvest on sediment chemistry and physical structure within
but not beyond the planted area. All observed effects were
temporary. Interpretation of results may have been compromised to some degree by the small plot size used in the BC
study as compared to commercially operated geoduck farms.

2003, Dethier & Schoch 2005). Intertidal sand flats in Case
Inlet, location of our Foss and Manke study sites, are particularly noteworthy for high beach-to-beach and year-to-year
variation in resident benthos (Dethier 2005).
Because of habitat variations described above we determined that our three study sites could not be considered
replicates. As a result we analyzed our data separately for
each site. Such an approach had the unavoidable effect of
reducing statistical power for detection of significant differences. Nevertheless, we found a number of significant
differences in our data relating to date, a proxy for both
season and harvest state, and between study plots within
our study sites. Our resulting contention is that our study
had the ability to detect major patterns of variation in the
system, and that natural spatial and temporal variability in
the subject assemblages were substantially more important
than effects of harvest disturbances. When we found differences in abundance patterns between plots within study
sites associated with harvest state, we invariably also found
that harvest state was effectively a proxy for seasonal variation in harvested plots. Thus, harvest state unavoidably
co-varied with date and associated seasonal effects and was
not an informative stand-alone treatment factor for understanding harvest effects. Consistently, our most informative
metric for an unambiguous harvest impact, the [harvest
state]*[treatment] interaction term, was not significant in
our analyses. Interaction term R2 values were consistently
low, typically explaining less than five percent of variation
in the data. When date was used as the explanatory variable,
significant values resulted in nearly all cases. Date as a factor
had high R2 values, usually accounting for more than 50%
of the variation in the community dataset.

The benthic community data we collected revealed variation
in community compositions among sites. Sediment grain
size distribution at our Chelsea study site was substantially
different from the other two sites, which were similar to one
another, and likely contributed to community differences
(e.g., Gray 1981, Dethier & Schoch 2005). It has been shown
that salinity decreases from north to south in Puget Sound
(Collias et al. 1974, Dethier & Schoch 2005), and that variation in salinity can impact benthic community structure in
a number of locations including Puget Sound (Tenore 1972,
Bulger et al. 1993, Constable 1999, Smith & Witman 1999,
Dethier & Schoch 2005). Differences among sites in resident
benthic communities were consistent with previous studies that found substantial variation in benthic assemblages
among intertidal sand flats in Puget Sound (Dethier et al.

With regard to multivariate assemblage contrasts and univariate biodiversity analyses used in our study, our decision
to analyze data from different study sites independently
raises questions regarding the propriety of applying analyses
of variance to our data (e.g., Hurlbert 1984). The dilemma
in design of our study was the large size and relative scarcity of potential study plots that fit our selection criteria.
Hurlbert’s design rubrics to the contrary notwithstanding,
Oksanen (2001) has argued that large-scale field studies with attributes such as ours are fully appropriate for
application of analyses of variance. We note that Hurlbert’s
dogmatic perspective on design and analysis in field ecology
has become increasingly questioned (e.g., Oksanen 2001,
Schank and Koehnle 2009). Oksanen asserts that reflexive
application of Hurlbert’s dogma, to cases of design dilemmas such as in our study, amounts to “entirely unwarranted
stigmatization of a reasonable way to test predictions referring to large scale systems.”
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In contrast to our results, other investigations of effects of
shellfish harvesting have reported detectable impacts and
variable durations of community recovery ranging from
a few months to a year (Kaiser et al. 1996, Hall & Harding
1997, Spencer et al. 1998, Mistri et al. 2004, Morello et al.
2006). Results of our study are also different from many
other experimental studies that found significant effects of
various types of disturbance on benthic infauna, with recovery times ranging from several weeks up to 9 months in
duration (e.g. VanBlaricom 1982, Smith & Brumsickle 1989,
Thrush et al. 1996, Dernie et al. 2003, Zajac & Whitlatch
2003, Kaiser et al. 2006). There are several possible reasons
for the strikingly different results in our study. First, physical habitat modifications associated with geoduck harvest
may be unlike other types of harvest-associated disturbances of benthic infauna. Bottom trawling, suction dredge
harvesting and clam raking, as examples, are substantially
different methods with associated disturbances qualitatively
distinctive from one another as well as from geoduck harvest. Second, experimental studies on benthic community
disturbance have used methods such as sediment removal,
sterilization, and defaunation, setting the point of initiation of observed recovery sequences at zero abundance
by definition. The method by which geoduck clams are
harvested has the potential to displace benthic organisms
without injury or death, allowing recolonization of disturbed patches immediately after harvest. Third, the scales
of disturbances evaluated in other published studies are
different from the scale of disturbances occurring at harvest
of cultured geoducks. Most experimental studies reported
in the peer-reviewed literature utilized small patches (< 5
m2 surface area) to quantify disturbance effects and implemented a spatially uniform disturbance regime. Geoduck
harvest occurs on large spatial scales (plots that are typically
2500 m2 or more in surface area) and creates a non-uniform
disturbance regime within harvested plots. Survival of outplanted geoducks, typically placed in uniform distributional
arrays, is generally less than 100% over time. Spatial variability of clam mortality is normal within a cultured plot
during the multi-year production cycle, often resulting in
non-uniform spatial distributions of clams within cultured
plots at the time of harvest. It follows that disturbances
associated with harvest of a cultured plot will be patchy in
space. Another level of patchiness is associated with likely
variation among individual cultured clams in detection
probability of siphons on the sediment surface at harvest. If
the visibility of individual geoducks to a harvester is patchy
in space, then clam-by-clam harvest disturbances will also
be patchy in space. The scale and patchiness involved in
geoduck harvest as compared to the uniform disturbance
and small scale of other experimental disturbance studies
could diffuse any impacts over such a large area that the
effect of harvest is undetectable and possibly trivial from the
ecosystem perspective.

Appendix I

Our univariate analyses of selected individual taxa involved
inclusion of site as a random effect and are not subject to the
criticisms of design as emphasized by Hurlbert (1984). We
identified three taxa with abundances that increased during
the harvest phase in cultured plots and remained elevated in
the months following completion of harvest. Such patterns
suggest the possibility that the presence of adult geoduck
clams at high densities near the termination of the culture
cycle had a negative effect on the subject populations, and
that the effect was removed at the time of harvest. The putative mechanisms for such an impact are unclear, but potentially could include modification of chemical or physical
attributes of the sediments. Another plausible mechanism is
subtle modification of micro-scale patterns of water movement as a consequence of the high living biomass density
of geoduck clams in cultured plots. Cummings et al. (2001)
identified variations in abundances of some species of an
infaunal assemblage that were linked inversely to variations
in densities in adult populations of a large filter-feeding
bivalve. Elucidation of causal linkages between reduced densities of geoduck clams at harvest, and subsequent infaunal
abundance patterns, was beyond the scope of our study. The
matter would be an informative topic for future study.
We suggest that a principal reason for the apparent insensitivity of resident infauna to cultured geoduck harvest
disturbances in southern Puget Sound is accommodation of
the infaunal assemblage to a significant natural disturbance
regime. It has been hypothesized that rates of ecosystem
recovery from disturbances correlate with the extent to
which species in the subject ecosystem have adapted to past
disturbances (e.g., Connell 1978, Connell & Keough 1985),
and that benthic ecosystems in sandy sediments show rapid
resilience to disturbances (Collie et al. 2000). The intertidal
zone of Puget Sound is affected by an array of disturbance
processes that vary by frequency, intensity, physical and
chemical attributes, and spatial scale. Disturbances with
a high potential for ecological significance in the region
include: a) small waves resulting from normal wind shear
(e.g., Maunder 1968, Anderson 1972, Clarke et al. 1982,
Gabrielson and Lukatelich 1985); b) wakes from vessel passage (e.g., Crawford 1984, Garrad & Hay 1987, Osborne &
Boak 1999, Bishop 2007); c) thermal stress associated with
daytime low tides in summer months (e.g., Dethier 2010,
Dethier et al. 2010 & 2012); d) large waves caused by wind
storms (e.g., Lynott and Cramer 1966, Reed 1980, Steenburgh and Mass 1996, Mass and Dotson 2010); e) flooding
events caused by maxima in rainfall or snowmelt in watersheds draining to Puget Sound (e.g., Ferber et al. 1993, Zhu
and Newell 1998, Colle and Mass 2000, Frascari et al. 2006,
Lohrer et al. 2006, Forrest et al. 2007, Warner et al. 2012);
and f) sediment liquefaction and small tsunami generation
by seismic activity and associated subaerial and possibly
submarine landslides (e.g., Atwater 1987, Hampton et al.
1996, Atwater 1999, Sherrod 2001, Williams and Hutchinson
2000, Gonzáles 2002, Ichinose et al. 2004, Wiest et al. 2007,
Ecological effects of the harvest phase of geoduck aquaculture
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Kao et al. 2008, Arcos 2012). Tidally-driven along-shore
currents may intensify disturbance effects by transporting
suspended or epibenthic materials away from disrupted
locations (e.g., Adams et al. 2007, Bourrin et al. 2008,
Denny et al. 2013). Benthic communities of Puget Sound
have likely adapted to the array of natural disturbances and
could therefore be resilient to other similar types of physical
disturbances, including those of anthropogenic origin. The
small-scale and large-scale natural disturbances typical of
the area provide a rate of physical intervention to intertidal
sedimentary environments substantially higher than rates
of significant disturbances caused by geoduck aquaculture
operations in a given plot. In addition, we note that Puget
Sound is quite young in geological and oceanographic contexts, being only 5,000 years of age in current configuration
following glacial recession, resultant isostatic rebound, and
eustatic sea level rise (Armstrong et al. 1965, Easterbrook
1969, Burns 1985, Thorson 1989, Bucknam et al. 1992,
Finlayson 2006). As a consequence, resident marine assemblages may be dominated by relatively opportunistic species
arguably accommodated to, and relatively unaffected by,
physical disturbance of various types. Thus, we argue that
the prevailing natural disturbance climate in the region
effectively has selected the infaunal assemblage toward
tolerance of, and resilience to, the types of disturbances
associated with geoduck aquaculture operations. Naturallyevolved characteristics pre-adaptive to effects of anthropogenic disturbances are known for a number of marine and
fresh-water benthic species across many habitat types (e.g.,
Pearson & Rosenberg 1978, Tomassetti and Porrello 2005,
Melzner et al. 2009, Gabel et al. 2011).
As also noted in McDonald et al. (in press), we caution that
projection of our results to larger temporal or spatial scales
may be inappropriate in the absence of additional studies.
Our study sites were relatively isolated from other geoduck
aquaculture plots, and were being utilized for aquaculture of
geoducks for the first time. Our data may not provide a sufficient basis for unequivocal extrapolation to cases wherein
a given plot is exposed to a long series of successive geoduck
aquaculture cycles. Likewise, it may not be appropriate to
extend our findings to cases where a number of separate
plots are adjacent to one another and encompass significantly larger surface areas than any single plot. Resolution
of the questions of larger spatial and temporal scales will
be a major challenge for geoduck farmers as they continue
production on existing plots and expand into new areas,
and an important research goal in the interests of informed
management policies by natural resource agencies.
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Tables and Figures
Table 1. Dominant infaunal taxa in core sample data, selected on the basis of frequencies of occurrence or (for A. salmonis) ecological significance. Frequency calculations are based on all core samples taken on all sampling events within cultured and reference plots at all three
study sites during the study. Codes for “ecological notes” are: BD: Burrow-dweller; CTD: Commensal dweller in tubes of other invertebrates;
DF: Deposit feeder; EFDF: Epistrate feeder (scrapes attached detrital or living plant or bacterial cells from individual sand grains) when living in
sandy habitats, deposit feeder when living in muddy or silty habitats (Weiser 1956); M: Mobile; MCOS: Mobile carnivore, omnivore, or scavenger
(varies by species within the family); SDSS: Selective detritivore on sediment surface; SF: Suspension feeder; TD: Tube-dweller. In the Spionidae,
mode of habit (tube-dweller or mobile) varies by species.

Taxon

Category

Frequency

Ecological
notes

Amphipod crustacean

0.71

TD, SDSS

Cumella vulgaris (Hart, 1930)

Cumacean
crustacean

0.92

EFDF

Rochefortia spp. Vélain, 1877

Bivalve mollusk

0.98

CTD, SF

Micrura spp. Ehrenberg, 1871

Nemertean

0.94

M, DF

Capitellidae Grube, 1862

Polychaete annelid

0.94

BD, DF

Goniadidae Kinberg, 1866

Polychaete annelid

0.94

MCOS

Spionidae Grube, 1850

Polychaete annelid

0.98

TD or M, SDSS

Hesionidae Grube, 1850

Polychaete annelid

0.94

MCOS

Phyllodocidae Örsted, 1843

Polychaete annelid

0.81

MCOS

Polynoidae Malmgren, 1867

Polychaete annelid

0.81

MCOS

Americorophium salmonis
(Stimpson, 1857)

Table 1. Dominant infaunal taxa in core sample data, selected on the basis of frequencies of
occurrence or (for A. salmonis) ecological significance. Frequency calculations are based on all
core samples taken on all sampling events within cultured and reference plots at all three study
sites during the study. Codes for “ecological notes” are: BD: Burrow-dweller; CTD:
Commensal dweller in tubes of other invertebrates; DF: Deposit feeder; EFDF: Epistrate feeder
(scrapes attached detrital or living plant or bacterial cells from individual sand grains) when
living in sandy habitats, deposit feeder when living in muddy or silty habitats (Weiser 1956); M:
Mobile; MCOS: Mobile carnivore, omnivore, or scavenger (varies by species within the family);
SDSS: Selective detritivore on sediment surface; SF: Suspension feeder; TD: Tube-dweller.
In the Spionidae, mode of habit (tube-dweller or mobile) varies by species.
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Table 2. Mean densities (individuals/m2 (se)) rounded to nearest integer, by site and plot type for all sampling dates during the study as determined from core samples. Listed taxa are those identified and described in Table 1.
Taxon

Foss
Culture

Reference

Culture

Manke
Reference

Culture

Chelsea
Reference

Culture
Mean

Reference
Mean

Overall
Mean

Americorophium
salmonis

3,529
(882)

11,936
(710)

1,579
(796)

2.498
(952)

15
(8)

7
(5)

1,568
(441)

4,140
(1,080)

2,854
(597)

Cumella vulgaris

567
(194)

490
(127)

435
(80)

1,531
(307)

1,611
(540)

1,630
(637)

862
(203)

1,291
(254)

1,077
(163)

Rochefortia spp.

287
(92)

367
(113)

1,462
(419)

3,395
(743)

1,181
(190)

2,584
(497)

1,061
(194)

2,332
(388)

1,696
(227)

Micrura spp.

188
(52)

520
(94)

268
(38)

347
(46)

192
(35)

211
(60)

222
(24)

347
(40)

284
(24)

Capitellidae

718
(596)

310
(185)

979
(434)

772
(404)

4,368
(2501)

1,241
(258)

2,040
(883)

807
(195)

1,424
(454)

Goniadidae

1,217
(450)

1,700
(636)

900
(234)

1,436
(452)

1,369
(366)

1,125
(268)

1,139
(182)

1,401
(261)

1,270
(162)

Spionidae

766
(154)

602
(159)

406
(101)

833
(150)

1,567
(446)

1,499
(367)

887
(174)

995
(151)

941
(115)

Hesionidae

2,728
(449)

9,495
(3,304)

4,288
(2,110)

5,547
(598)

552
(286)

848
(280)

2,634
(920)

5,014
(1,175)

3,824
(755)

Phyllodocidae

252
(80)

126
(47)

505
(113)

538
(80)

124
(47)

269
(105)

312
(58)

341
(55)

326
(40)

Polynoidae

97
(33)

146
(58)

123
(26)

332
(56)

187
(51)

207
(88)

137
(22)

242
(41)

190
(24)

Table 2. Mean densities (individuals/m2 (se)) rounded to nearest integer, by site and plot type for
all sampling dates during the study as determined from core samples. Listed taxa are those
identified and described in Table 2.
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Table 3. Summary of perMANOVA results for contrasts at scales of study sites and plots.
*•••: p<0.001; ••: 0.001≤p<0.01; •: 0.01≤p<0.05; NS: p≥0.05.

Scale

Contrast

R2

df

p*

Among sites

All sites
Foss vs. Manke
Foss vs. Chelsea
Manke vs. Chelsea

0.37
0.19
0.44
0.27

2
1
1
1

•••
•••
•••
•••

Among sites within plot type,
cultured plots

Foss vs. Manke
Foss vs. Chelsea
Manke vs. Chelsea

0.19
0.41
0.24

1
1
1

•••
•••
•••

Among sites within plot type,
reference plots

Foss vs. Manke
Foss vs. Chelsea
Manke vs. Chelsea

0.39
0.56
0.38

1
1
1

•••
•••
•••

Within site between plot type,
by treatment

Foss
Manke
Chelsea

0.41
0.45
0.09

1
1
1

•••
•••
NS

Within site between plot type,
by date

Foss
Manke
Chelsea

0.60
0.62
0.75

10
16
13

•
•••
•••

Within site between plot type,
by harvest state

Foss
Manke
Chelsea

0.18
0.17
0.08

2
2
2

•
•••
NS

Within site between plot type,
[harvest state]*[treatment]
interaction

Foss
Manke
Chelsea

0.02
0.03
0.03

2
2
2

NS
NS
NS

Within site within plot type,
by date, cultured plots

Foss
Manke
Chelsea

1.00
1.00
1.00

10
16
13

•••
•••
•••

Within site within plot type,
by harvest state, cultured plots

Foss
Manke
Chelsea

0.25
0.25
0.13

2
2
2

NS
•••
NS

Within site within plot type,
by date, reference plots

Foss
Manke
Chelsea

1.00
1.00
1.00

10
16
13

•••
•••
•••

Within site within plot type,
by harvest state, reference plots

Foss
Manke
Chelsea

0.32
0.25
0.11

2
2
2

•
••
NS

Table 3. Summary of perMANOVA results for contrasts at scales of study sites and plots.
*•••: p<0.001; ••: 0.001≤p<0.01; •: 0.01≤p<0.05; NS: p≥0.05.
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Table 4. Summary of Homogeneity of Multivariate Dispersion (HMD) analytical results for contrasts at scales of study sites and plots. Probability
codes are defined in Table 3.
Scale
Contrast
df
p

Among harvest states
within plot type,
Foss cultured plots

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

1
1
1

••
NS
••

Among harvest states
within plot type,
Manke cultured plots

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

1
1
1

NS
NS
NS

Among harvest states
within plot type,
Chelsea cultured plots

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

1
1
1

•
•
NS

Among harvest states
within plot type,
Foss reference plots

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

1
1
1

NS
••
NS

Among harvest states
within plot type,
Manke reference plots

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

1
1
1

••
NS
•

Among harvest states
within plot type,
Chelsea reference plots

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

1
1
1

NS
•
NS

Within sites within plot type,
among harvest states

All states, Foss culture plot
All states, Foss reference plot
All states, Manke culture plot
All states, Manke reference plot
All states, Chelsea culture plot
All states, Chelsea reference plot

2
2
2
2
2
2

••
••
NS
•
NS
•

Within sites between plot type,
within harvest states

Foss, pre-harvest
Foss, mid-harvest
Foss, post-harvest
Manke, pre-harvest
Manke mid-harvest
Manke post-harvest
Chelsea pre-harvest
Chelsea mid-harvest
Chelsea post-harvest

1
1
1
1
1
1
1
1
1

NS
••
•
••
•••
NS
NS
NS
NS

Table 4. Summary of Homogeneity of Multivariate Dispersion (HMD) analytical results for contrasts at scales
of study sites and plots. Probability codes are defined in Table 3.
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Table 5. Summary of perMANOVA results for contrasts within plots and transect locations within study sites, by date and harvest state.
Locations include cultured plot, reference plot, and each sampled distance on transect lines. Probability codes are defined in Table 3.

Transect and contrast

Location on transect (m)

R

Foss North, date

2
5
10
20
50

Foss North, harvest state

2

df

p

1.00
1.00
1.00
1.00
1.00

10
10
10
10
10

•••
•••
•••
•••
•••

2
5
10
20
50

0.38
0.33
0.26
0.27
0.25

2
2
2
2
2

•••
•
NS
NS
NS

Foss South, date

2
5
10
20
50

1.00
1.00
1.00
1.00
1.00

10
10
10
10
10

•••
•••
•••
•••
•••

Foss South, harvest state

2
5
10
20
50

0.27
0.29
0.27
0.27
0.37

2
2
2
2
2

NS
NS
NS
NS
•

Manke North, date

2
5
10
20
50

1.00
1.00
1.00
1.00
1.00

16
16
16
16
16

•••
•••
•••
•••
•••

Manke North, harvest state

2
5
10
20
50

0.23
0.16
0.27
0.24
0.12

2
2
2
2
2

••
••
•••
•••
••

Chelsea North, date

2
5
10
12
15
20
30
60

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

13
13
13
13
13
13
13
13

•••
•••
•••
•••
•••
•••
•••
•••

Chelsea North, harvest state

2
5
10
12
15
20
30
60

0.12
0.18
0.15
0.12
0.16
0.16
0.16
0.26

2
2
2
2
2
2
2
2

NS
NS
NS
NS
NS
NS
NS
NS

Table 5. Summary of perMANOVA results for contrasts within plots and transect locations within study
sites, by date and harvest state. Locations include cultured plot, reference plot, and each sampled
distance on transect lines. Probability codes are defined in Table 3.
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Table 6. Summary of perMANOVA results for contrasts within plots within study sites and within transect locations, by treatment, date, and
harvest state (part 1). Analyses were done for all transect locations (cultured plot and reference plot as well as each transect location), but only
statistically significant results are shown. Probability codes are defined in Table 3.
Transect and contrast

Location on transect (m)

R

Foss North, cultured plot, treatment

2
5

Foss North, cultured plot, date

2

df

p

0.10
0.17

1
1

•
•••

2
5
10
20
50

0.62
0.59
0.67
0.68
0.68

10
10
10
10
10

••
•
•••
•••
•••

Foss North, cultured plot, harvest state

2
5
10
20
50

0.21
0.18
0.19
0.18
0.17

2
2
2
2
2

•••
••
••
•
•

Foss North, reference plot, treatment

2
5
10
20
50

0.23
0.28
0.17
0.17
0.11

1
1
1
1
1

•••
•••
••
•••
•

Foss North, reference plot, date

10
20
50

0.64
0.59
0.66

10
10
10

••
•
•••

Foss North, reference plot, harvest state

2
10
20
50

0.18
0.16
0.16
0.18

2
2
2
2

•
•
•
•

Foss South, cultured plot, treatment

2
5
10
20
50

0.15
0.14
0.11
0.13
0.19

1
1
1
1
1

•••
•••
•
•••
•••

Foss South, cultured plot, date

2
5
10
20

0.58
0.62
0.64
0.60

10
10
10
10

•
••
•••
••

Foss South, cultured plot, harvest state

2
5
10
20

0.16
0.17
0.18
0.16

2
2
2
2

•
•
•
•

Foss South, reference plot, treatment

2
5
10
50

0.19
0.21
0.16
0.18

1
1
1
1

•••
•••
•••
••

Foss South, cultured plot, date

10
20
50

0.58
0.70
0.64

10
10
10

•
•••
•

Foss South, cultured plot, harvest state

2
5
10
20
50

0.16
0.17
0.17
0.18
0.19

2
2
2
2
2

•
•
•
••
•

Table 6. Summary of perMANOVA results for contrasts within plots within study sites and
within transect locations, by treatment, date, and harvest state (part 1). Analyses were done for
all38transect
locations
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statistically significant results are shown. Probability codes are defined in Table 3.

Table 7. Summary of perMANOVA results for contrasts within plots within study sites and within transect locations, by treatment, date, and
harvest state (part 2). Analyses were done and are presented as described in Table 6. Probability codes are defined in Table 3.
Transect and contrast

Location on transect (m)

R2

df

p

Manke North, cultured plot, treatment

5
20

0.05
0.10

1
1

•
•••

Manke North, cultured plot, date

2
5
10
20
50

0.66
0.62
0.65
0.57
0.63

16
16
16
16
16

•••
•••
•••
••
•••

Manke North, cultured plot, harvest state

2
5
10
20
50

0.16
0.16
0.18
0.14
0.17

2
2
2
2
2

•••
•••
•••
•••
•••

Manke North, reference plot, treatment

2
5

0.09
0.05

1
1

•••
•

10
20

0.06
0.06

1
1

••
•

Manke North, reference plot, date

2
5
10
20
50

0.57
0.67
0.64
0.66
0.64

16
16
16
16
16

••
•••
•••
•••
•••

Manke North, reference plot, harvest state

2
5
10
20
50

0.16
0.19
0.17
0.16
0.14

2
2
2
2
2

•••
•••
•••
•••
•••

Chelsea North, cultured plot, treatment

60

0.07

1

•

Chelsea North, cultured plot, date

2
5
10
12
15
20
30
60

0.72
0.69
0.75
0.68
0.66
0.67
0.69
0.66

13
13
13
13
13
13
13
13

•••
•••
•••
•••
•••
•••
•••
•••

Chelsea North, cultured plot, harvest state

5
20
60

0.11
0.11
0.12

2
2
2

•
•
•

Chelsea North, reference plot, treatment

30
60

0.07
0.12

1
1

•
•••

Chelsea North, reference plot, date

2
5
10
12
15
20
30
60
60

0.69
0.68
0.70
0.66
0.64
0.67
0.67
0.58
0.11

13
13
13
13
13
13
13
13
2

•••
•••
•••
•••
•••
•••
•••
••
•

Chelsea North, reference plot, harvest state
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Table 8. Summary of Homogeneity of Multivariate Dispersion (HMD) analytical results within study sites and plots, among transect locations.
Transect locations include cultured plot and reference plot as well as each sampled location on transects. All indicated contrasts had six degrees
of freedom. Probability codes are defined in Table 3.

Site

Harvest State

p

Within site within harvest state,
among transect locations,
Foss North

Pre-harvest

NS

Mid-harvest

••

Post-harvest

••

Pre-harvest

•

Within site within harvest state,
among transect locations,
Foss South
Within site within harvest state,
among transect locations,
Manke North
Within site within harvest state,
among transect locations,
Chelsea North
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Mid-harvest

••

Post-harvest

••

Pre-harvest

•

Mid-harvest

•••

Post-harvest

•

Pre-harvest

••

Mid-harvest

•

Post-harvest

NS
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Table 9. Summary of Homogeneity of Multivariate Dispersion (HMD) analytical results within study sites between cultured plots and transect
locations (the latter include reference plot as well as each sampled location on transects), for each study site. Probability codes are defined in
Table 3.
Contrast and location (m)
Cultured plot vs. Reference plot

Cultured plot
vs. 2 m

Cultured plot
vs. 5 m

Cultured plot
vs. 10 m

Cultured plot
vs. 12 m

Cultured plot
vs. 15 m

Cultured plot
vs. 20 m

Cultured plot
vs. 30 m

Cultured plot
vs. 50 m

Cultured plot
vs. 60 m

Appendix I

Harvest State

p, Foss
North

p, Foss
South

p, Manke
North

p, Chelsea
North

Pre-harvest

NS

NS

•••

NS

Mid-Harvest

•••

•••

•••

NS

Post-Harvest

•

•

NS

NS

Pre-harvest

NS

NS

NS

NS

Mid-Harvest

NS

•••

•••

NS

Post-Harvest

•••

•

NS

•••

Pre-harvest

NS

NS

NS

NS

Mid-Harvest

•••

••

•••

NS

Post-Harvest

•••

•

••

NS

Pre-harvest

NS

•

••

••

Mid-Harvest

•

NS

•••

NS

Post-Harvest

NS

•

NS

NS

Pre-harvest

-

-

-

NS

Mid-Harvest

-

-

-

NS

Post-Harvest

-

-

-

NS

Pre-harvest

-

-

-

NS

Mid-Harvest

-

-

-

NS

Post-Harvest

-

-

-

NS

Pre-harvest

NS

NS

••

NS

Mid-Harvest

••

•

•••

NS

Post-Harvest

NS

••

•

NS

Pre-harvest

-

-

-

•••

Mid-Harvest

-

-

-

NS

Post-Harvest

-

-

-

•

Pre-harvest

NS

NS

NS

-

Mid-Harvest

•••

•••

••

-

Post-Harvest

•

•••

NS

-

Pre-harvest

-

-

-

••

Mid-Harvest

-

-

-

••

Post-Harvest

-

-

-

NS
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Table 10. One-way ANOVA results for Shannon indices of diversity for samples at all sites. Analyzed contrasts include differences between
reference and cultured plots for each state as well as differences between states within each plot. All indicated contrasts had one degree of
freedom. Probability codes are defined in Table 3.

Study site
& scale

Contrast

F

p

Foss, between treatments

Pre-harvest
Mid-Harvest
Post-Harvest

0.68
0.24
3.49

NS
NS
NS

Manke, between treatments

Pre-harvest
Mid-Harvest
Post-Harvest

19.24
30.12
12.92

•••
•••
•••

Chelsea, between treatments

Pre-harvest
Mid-Harvest
Post-Harvest

5.35
0.001
1.60

•
NS
NS

Foss, within cultured plot, between
harvest states

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

0.17
17.74
13.59

NS
•••
•••

Manke, within cultured plot,
between harvest states

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

15.36
4.97
2.41

•••
•
NS

Chelsea, within cultured plot,
between harvest states

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

0.04
4.79
3.04

NS
•
NS

Foss, within reference plot,
between harvest states

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

0.56
3.70
0.67

NS
NS
NS

Manke, within reference plot,
between harvest states

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

0.37
4.08
4.84

NS
•
•

Chelsea, within reference plot,
between harvest states

Pre-harvest vs. mid-harvest
Pre-harvest vs. post-harvest
Mid-harvest vs. post-harvest

10.38
3.58
0.14

•••
NS
NS

Table 10. One-way ANOVA results for Shannon indices of diversity for samples at all sites.
Analyzed contrasts include differences between reference and cultured plots for each state as
well as differences between states within each plot. All indicated contrasts had one degree of
freedom. Probability codes are defined in Table 3.
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Table 11. Results of univariate assessments of harvest impacts with Generalized Linear Mixed Models for abundant or ecologically significant
individual infaunal taxa as sampled by coring. The test statistic is the likelihood ratio test for the interaction term [harvest state]*treatment]. The
metric represented is the sign of the coefficient of the interaction term, where harvest phase is before-harvest, mid-harvest, or post-harvest, and
treatment is either cultured plot or reference plot. All indicated contrasts had two degrees of freedom. Taxa are those described in Tables 1 and
2. Probability codes are defined in Table 3

Taxon

Results of likelihood ratio
tests

Apparent effect of harvest on populations

Χ2

p

During harvest

Following harvest

Americorophium salmonis

108.54

•••

Positive

Positive

Cumella vulgaris

82.13

•••

Positive

Positive

Rochefortia spp.

38.19

•••

Negative

Negative

Micrura spp.

0.82

NS

Neutral

Neutral

Capitellidae

271.51

•••

Positive

Positive

Goniadidae

15.89

•••

Positive

Neutral

Spionidae

1.41

NS

Neutral

Neutral

Hesionidae

362.82

•••

Negative

Neutral

Phyllodocidae

24.32

•••

Negative

Negative

Polynoidae

8.07

•

Neutral

Negative
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VanBlaricom et al. geoduck harvest effects manuscript:

Figure 1.

Figure 1. Locations of study sites in southern Puget Sound, Washington USA.
Coordinates (latitude and longitude) for each site are provided in text. Shaded
areas are land, white areas are water.
1036
50

Figure 2. Diagram of physical layout (plan view) used for each of the three study areas. A: Relative positions of cultured and reference plots at
each site, and placement of extralimital transects at Foss (only one transect was established at Manke and Chelsea, respectively). B: Example
random placement of core sample sites for cultured plot at each site on each sampling date, and layout of transect core sample placement at
Foss. Similar core sample placement protocols were used on the single transects at Manke and Chelsea. Diagrams are not to scale. Additional
details are provided in text.
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Figure 3. Taxonomic composition of all infauna summed, as proportions of numbers of individuals in samples, in cultured and reference plots
during pre-harvest, mid-harvest, and post-harvest states at each study site. In each plot taxonomic categories are, from bottom to top, polychaetes, crustaceans, bivalves, echinoderms, and all other taxa combined. The echinoderm category does not appear in the Chelsea plot because
numbers in samples were zero or near zero.
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Figure 4. Mean densities of all infauna summed, as thousands of individuals per m2 (± one standard error) from samples on each plot for each
sampling date at each study site. Data from cultured plots are shown with white boxes and solid lines, and from reference plots with black diamonds and dashed lines. Vertically-oriented rectangles represent mid-harvest periods on cultured plots. Note that scales on both horizontal and
vertical axes differ among study sites.
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Figure 5. Mean densities of all infaunal organisms summed, as individuals per m2, from samples in cultured and reference plots and on extralimital transects at each distance, within harvest states. Diagonally-hatched bars represent densities within cultured plots, coarsely-stippled
white bars reference plots. Finely-stippled gray bars indicate densities at specific distances (in m) from cultured plot edges on transects. Note
that scales on both horizontal and vertical axes differ among study sites.
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Figure 6. Shannon diversity index values from samples on each plot for each sampling date at each study site. Data from cultured plots are
shown with white boxes and solid lines, and from reference plots with black diamonds and dashed lines. Arrows indicate sample dates with significant differences between reference and cultured plots (p < 0.05). Vertically-oriented rectangles represent mid-harvest periods on the cultured
plots. Note that scales on both horizontal and vertical axes differ among study sites.
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Effects of geoduck (Panopea generosa
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Abstract

Introduction

I

H

n Washington State, commercial culture of geoduck clams
(Panopea generosa) involves large-scale out-planting of
juveniles to intertidal habitats and installation of PVC tubes
and netting to exclude predators and increase early survival. Here we examine whether structures associated with
this nascent aquaculture method affect patterns of use by
resident and transient macrofauna. We summarize results
of regular surveys of aquaculture operations and reference
beaches in 2009-2011 at three sites during three phases of
culture: 1) pre-gear [- geoducks, -structure]; 2) gear-present
[+geoducks, +structures]; and 3) post-gear [+geoducks,
-structures]. Resident macroinvertebrates (infauna and epifauna) were sampled monthly (in most cases) using coring
methods at low tide during all three phases. Differences in
community composition between culture plots and reference areas were examined with Permutational Analysis of
Variance (PerMANOVA) and homogeneity of Multivariate
Dispersion (HMD) tests. SCUBA and shoreline transect
surveys were used to examine habitat use by transient fish
and macroinvertebrates. Analysis of Similarity (ANOSIM)
and complementary non-metric Multidimensional Scaling
(NMDS) were used to compare differences between species
functional groups and habitat type at different aquaculture
phases. Results suggest that resident and transient macrofauna respond differently to structures associated with geoduck aquaculture. No consistent differences in the community of resident macrofauna were observed at culture plots
or reference areas at the three sites during any year. Conversely, total abundance of transient fish and macroinvertebrates were more than two times higher at culture plots than
reference areas when aquaculture structures were in place.
Community composition differed (ANOSIM) between culture and reference plots during the gear-present phase, but
did not persist to the next farming stage (post-gear). Habitat
complexity associated with shellfish aquaculture may attract
some structure-associated transient species observed infrequently on reference beaches, while displacing other species
that typically occur in areas lacking epibenthic structure.
This study provides the first look at the effects of multiple
phases of geoduck farming on macrofauna and has important implications for management of a rapidly expanding
sector of the aquaculture industry.
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abitat complexity influences diversity and abundance of species through strong effects on predation
(Crowder & Cooper 1982) and competition (Grabowski &
Powers 2004), as well as processes such as recruitment, food
delivery, and biodeposition driven by flow and turbulence
(e.g., Spencer et al. 1997, Lapointe & Bourget 1999, Lenihan
1999). Placement of structures on soft-sediment substrata
is known to initiate a number of physical, geochemical,
and ecological processes within the disturbed area (e.g.,
Wolfson et al. 1979, Davis et al. 1982). Within the conceptual framework of ecological disturbance (sensu Pickett &
White 1985), placement of structures constitutes a longerlasting or chronic event (i.e., “press” disturbance; Glasby &
Underwood 1996) that may affect a number of ecological
functions and processes over long time periods. Organisms
that are absent from adjacent unstructured areas may colonize newly available surfaces and interstices, dramatically
altering species diversity. Moreover, macroalgae growing on
aquaculture structures can further enhance emergent structure and provide additional biogenic habitat (Powers et al.
2007). These changes may attract mobile consumers, such
as transient fish and macroinvertebrates (e.g., Davis et al.
1982), a pattern attributed to enhanced resource supplies for
detritivores (e.g., sea cucumbers), herbivores (e.g., urchins
and some crab species) and predators (e.g., sea stars and
other crab species; Inglis & Gust 2003, Dubois et al. 2007).
Moreover, these structures may serve as refugia that reduce
individuals’ predation risk (e.g., Dealteris et al. 2004). Conversely, species that require soft-sediment habitat or prey
therein may be excluded when structure additions occur
(e.g., Woodin et al. 1981). These disturbances may modify
predation pressure and alter patterns of primary production (indirect mediation of top-down control; Genkai-Kato
2007), and trophic dynamics (Grabowski 2004, Grabowski
& Powers 2004).
Projections of future aquaculture production to meet
human food demands (Costa-Pierce 2002; Dumbauld et
al. 2009) imply an expanding ecological footprint for these
activities in nearshore environments. Addition of cultured
shellfish (e.g., live animals, shell) and aquaculture gear
including bags, racks, and ropes, may substantially increase
structural complexity in soft-sediment habitats where these
activities frequently occur, and this can affect resident and
transient fish and macroinvertebrates. For example, netting
used to reduce predation of Manila clams (Venerupis philippinarum) in aquaculture operations in the United Kingdom
alters patterns of biodeposition leading to changes in community composition of resident macroinvertebrates, including deposit-feeding polychaetes, consistent with organic
enrichment (Spencer et al. 1997). Similarly, Inglis & Gust
(2003) observed significantly higher densities of predatory
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sea stars (Coscinasterias muricata) associated with long-line
mussel farms in New Zealand compared to adjacent reference sites, and scup (Stenotomus chrysops) in Narragansett
Bay experienced lower disappearance rates (emigration +
mortality) at an oyster grow-out site than adjacent areas
(Tallman & Forrester 2007). Regardless of the processes
involved (e.g., biodeposition or the provision of prey and/or
habitat), published literature suggests differences in abundance and diversity at shellfish aquaculture sites relative to
unstructured areas (Erbland & Ozbay 2008, see review by
Dumbauld et al. 2009).
Pacific geoduck clams (Panopea generosa Gould 1850; hereinafter geoducks) are the largest burrowing bivalve known
(Goodwin & Pease 1987) and range from Baja, California
north to Alaska (Bernard 1983). Aquaculture of geoducks
has occurred on a commercial scale since 1996 (Jonathan
P. Davis, Taylor Resources Inc., personal communication)
and has rapidly developed into an important industry in
Washington State and British Columbia, with estimated
annual production valued at $21.4 million USD (FAO
2012). Culture practices involve large-scale out-planting of
hatchery-reared juvenile clams to intertidal habitats and
installation of polyvinyl chloride (PVC) tubes and netting to
exclude predators and increase early survival. Juvenile clams
(10-20 mm shell length; SL) are placed within tubes (10-15
cm diameter) set vertically in the sediment. Nets typically
consist of either small plastic mesh caps stretched over the
opening of individual tubes or large continuous covers over
entire plots. Predator-exclusion structures are removed once
clams reach a size refuge from predators, generally 1-2 years
after planting. Clams are harvested after an additional 3-5
year grow-out period (see VanBlaricom et al. in press for
details).
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While commercial geoduck aquaculture operations boost
local economies and increase employment and international
trade opportunities, there is a dearth of information regarding potential impacts to nearshore ecosystems. Thus, rapid
expansion of geoduck aquaculture operations in intertidal
habitats of Puget Sound in Washington State, USA, has
raised concern among managers, conservation organizations, and the public regarding industry practices that may
alter resident ecological communities. In response, the 2007
Washington State Legislature passed Second Substitute
House Bill 2220, which commissioned a series of scientific
studies to “measure and assess” the possible ecological
impacts of current practices, including use of predatorexclusion structures.
The objectives of the present study were to assess differences
in the abundance and diversity of resident and transient
macrofauna at sites with (culture) and without (reference)
geoduck aquaculture at distinct phases of the aquaculture
sequence (prior to gear addition, gear-present and after gear
removal). Here “resident” describes macrofauna species that
occupy intertidal beaches throughout their entire benthic
life history and demonstrate limited post-larval dispersal, whereas “transient” macrofauna make frequent (often
daily, linked to tidal fluctuations in water level) migrations
between intertidal and subtidal habitats. The following questions were posed: do the abundance and diversity of resident
and transient macrofauna differ between culture plots and
reference areas? What is the response of the macrofauna
community to the addition and subsequent removal of
aquaculture gear? The culture plots and reference areas at
each site were located close enough together (75-150 m) to
be considered functionally similar habitats. Evidence of an
effect would consist of little or no difference prior to aquaculture, but a distinction between culture plots and reference
areas once structure was added. If any differences in resident
or transient macrofauna communities were detected when
habitat complexity was increased (i.e., while aquaculture
gear was present), we hypothesized that these changes would
not persist once gear was removed and the disturbance associated with structure addition was ameliorated.
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Methods
Study Sites

Core samples were processed in the laboratory using a
standard method of winnowing to extract infaunal organork described here was done in south Puget Sound,
isms (Simenstad et al. 1991, Sobocinski et al. 2010). FreshWashington, USA, a sub basin of Puget Sound comwater was added to a sample, the sample was mixed so that
posed of those marine waters south and west of Tacoma
sediments settled to the bottom and the elutriated organNarrows (47°16’7.97”N, 122°33’2.76”W; Fig. 1 inset). The
isms floated to the surface. Water was decanted through a
sub basin is shallow (mean depth 37 m) and characterized by
500-micron sieve and organisms were retained on the collec2
extensive littoral mud and sandflats (674 km ) that constitute
more than 15% of the total area. Because of abundant suitable tion screen. This process was repeated several times for each
sample to ensure that all organisms had been separated from
habitat, South Puget Sound supports substantial commercial
sediments. Organisms were identified to species or genus
culture of bivalves, predominately Pacific oyster (Crassostrea
when practical, but in all cases at least to family. Family
gigas), mussel (Mytilus spp.), Manila clams (Venerupis philiplevel identification has been sufficient to support meaningpinarum) and most recently geoduck. Three study sites with
ful quantitative analyses in previous studies (Ferraro & Cole
similar habitat characteristics (Table 1) were selected for this
study; Stratford (47°19’10.86”N, 122°47’38.56”W) and Rogers 1990, Dethier 2005). In addition, we used the processing
(47°14’53.13”N, 122°49’37.38”W) are located on the east shore method above to opportunistically examine beach spawning by Pacific sand lance (Ammodytes hexapterus) at study
of Case inlet, and Fisher (47°10’32.28”N, 122°56’33.79”W)
sites during the peak spawning period (November-April).
is located on south shore of the northeastern portion of Totten Inlet (Fig 2). None of these sites had previously been used While our methods did not specifically target spawning (e.g.,
Moulton & Penttila 2000), winnowing or elutriation has
for geoduck aquaculture, which afforded the opportunity to
previously been used to assess sand lance spawning because
examine the resident and transient macrofauna community
prior to the initiation of aquaculture operations (pre-gear) and the process of agitating the sample loosens the adhesive eggs
the early phases of culture, including the addition of aquacul- from sand grains (Thuringer 2003).
ture structure (gear-present) and subsequent removal approxi- Permutation based multivariate analysis of variance (Permately two years later (post-gear).
MANOVA; Anderson 2001) was used to test for differences
in the community data within core samples among plot
Surveys of resident macroinvertebrates
type (culture plots and reference areas within each site) and
phases of culture (pre-gear, gear-present, and post-gear) sep(infauna and epifauna)
arately for each site (Fisher, Rogers, Stratford). In addition
o investigate the resident benthic macroinvertebrate
to the main effects, we tested the interaction of plot type and
assemblage at the three study sites, surveys were conculture phase; a significant interaction term was interpreted
ducted during low tides (0.5 to -1 m MLLW) from 2009-2011 as evidence that gear addition or removal influenced the
at culture plots and adjacent reference areas. Ten randomly
community of macroinvertebrate infauna. Thus, evaluadistributed core samples (5 cm in diameter, depth 10 cm, 196 tion of the interaction term was our principal metric for
cm3) were collected in culture plots and adjacent reference
determining the effect of culture practices. Analyses were
areas. In addition, ten larger excavation samples (29 cm in
conducted in R software (R Development Core Team 2011);
diameter, depth 20 cm, surface area 660.5 cm2, volume 13.2
significance was set at alpha (α)=0.05.
liters) were taken on each sampling date occurring prior to
deployment of protective PVC tubes and nets (pre-gear) and Distance based tests for the Homogeneity of Multivariate
Dispersion (HMD; Anderson 2006) were also conducted for
following removal of the structures (post-gear). The small
core size was chosen as a cost-effective method for sampling further characterization of contrasts of core data between
culture plots and reference areas. HMD uses a Bray-Curtis
the study plots, and analysis of preliminary samples demondistance matrix of species data to calculate the average
strated that most benthic infauna were adequately sampled
distance in multivariate space between individual samples
(see VanBlaricom et al, in press). Moreover, small cores are
and the calculated centroid of the sample’s group. The averfrequently used to assess benthic infauna (Simenstad et al.
1991). The excavation samples were used to assess the abun- age distance and the associated variability are compared
between groups and tested for significance with permutadance of larger invertebrates (e.g., sand dollars) that appear
tion tests. Caswell & Cohen (1991) hypothesized a positive
infrequently in the smaller cores. Core samples were prerelationship between multivariate dispersion of samples
served in 10% buffered formalin solution immediately after
and disturbance, and previous assessments of disturbance
collection. Excavation samples were sieved (0.5 mm mesh)
effects have pointed to higher variability of species abunand enumerated in the field, with retained organisms simidance in samples collected from disturbed areas relative to
larly preserved for laboratory identification when necessary.
non-disturbed areas when evaluated with HMD (Warwick
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& Clarke 1993). Because variability is the response of interest in HMD analyses, tests were performed on individual
core and excavation samples as the replicated unit; sample
averaging would have masked important inter-sample variability. At each site, HMD analyses were used to test differences between the culture plots and reference areas within
each culture phase and within plots across culture phases.
Analyses were conducted in R software (R Development
Core Team 2011); significance was set at alpha (α)=0.05.
In addition to the community analyses above, we used
generalized linear mixed models (GLMMs; McCullagh &
Nelder 1989) assuming Poisson distributed data to examine
the factors contributing to abundance of selected individual
macroinfaunal taxa. In univariate analyses, data from all
sites were considered together. The effects of plot type,
phase, and their interaction were included, as well as random effects of site and month of sampling. Models were
fitted by maximum likelihood assuming a Laplace approximation in the ‘‘lme4’’ package (Bates & Maechler 2010) of
R software (R Development Core Team 2011). Likelihood
ratio tests were utilized to formally compare models including the interaction term as part of a ‘frequentist’ hypothesis
testing approach. Regression coefficients and their 95% confidence intervals were calculated for each model.

Surveys of transient fish and
macroinvertebrates

I

n order to investigate transient fish and macroinvertebrate assemblages at the three study sites, SCUBA surveys were conducted during daytime high tides (3 to 4.25
m above MLLW) from 2009-2011. A pair of divers used a
metric underwater transect tool adapted from Bradbury et
al. (2000) to conduct line transects at each site; each diver
surveyed a 1 m swath. Sites were comprised of two 2500
m2 habitat spaces: a culture plot with active geoduck farming and a nearby reference area (the same reference area as
utilized in the core sampling) with no aquaculture activity.
Two 45 m transects were done on each habitat, although
there was some variation in transect length depending on
weather conditions and dimensions of the culture plots.
Successful surveys were dependent on sufficient water
clarity for underwater visibility, coinciding to horizontal
Secchi-disk measurements of at least 2.5 m. SCUBA surveys
were conducted monthly from March through August and
bimonthly from September through February.
We identified and enumerated all observed fish and macroinvertebrates >60 mm to species or genus and recorded
observations of size (estimated total length [TL] for fish,
and diameter, carapace width [CW], or length for sea stars,
crabs, other benthic invertebrates, respectively), water
column position, behavior, and associated substrate type
(sand, gravel, tubes + netting, tubes – netting). Observed
species were assembled into ten functional groups: sea stars,
moon snails, hermit crabs, crabs (Brachyura), other benthic
invertebrates, flatfishes, sculpins, other demersal fishes,
Appendix II

other nearshore fishes, and seaperches (Table 1). Numbers
of organisms were converted to raw density values to offset
the different transect lengths. Species that occurred in less
than five percent of surveys were not included in the data
analysis.
Based on observations during SCUBA surveys, it was apparent that many of the transient fish and macroinvertebrates
do not occupy intertidal habitats during the winter months
(Fig. 2). To reduce the effect of seasonal variability on the
abundance of many functional groups, data analysis focused
only on the April-September period. Three phases of the
aquaculture cycle were represented in the dataset: pre-gear
(in 2009, prior to any aquaculture operations [-geoducks,
-structure]), gear-present (in 2010, during active geoduck
aquaculture operation, aquaculture gear in place at culture
plots [+geoducks, +structure]), and post-gear (in 2011, protective tubes and nets were removed but geoducks remained
during grow-out [+geoducks, -gear]). While the 2010-2011
data represent periods in which aquaculture was active,
farming only occurred at culture plots; thus there was no
change in epibenthic structure at reference areas.
Data from the three survey sites were not analyzed individually as all sites were considered to have functionally similar
habitat for mobile macrofauna. Additionally, in some cases
the sample sizes would have been smaller than practical for
the methods applied if the data were separated by site. Data
were (log x+1)-transformed in R software with the vegan
package (R Development Core Team 2011); with α=0.05 for
statistical tests of significance.
We conducted Analysis of Similarity (ANOSIM; Clark
1993) to assess differences in functional groups between
culture plots and reference areas across aquaculture phases.
A Bray-Curtis dissimilarity matrix (Bray & Curtis 1957)
was used in ranking pairwise combinations of the absolute
densities for all functional groups and survey events. Test
statistics (R) and p-values were generated using Monte
Carlo permutation tests with 999 iterations. Values of the R
statistic ranged from -1 to 1, with negative values suggesting
larger differences within groups (Clarke & Gorley 2001) and
positive values indicating larger differences among groups
(McCune et al. 2002). A R-value of zero indicates no differences (McCune et al. 2002).
We explored visual representations of species abundance
in different habitat types and aquaculture phases using
non-metric Multidimensional Scaling (NMDS: Kruskal &
Wish 1978). Because NMDS has no assumptions of linearity, it is suitable for any dissimilarity matrix (McGarigal et
al. 2000), which makes the procedure useful for visualizing
relationships in non-normal datasets of species abundance
(McCune et al. 2002). We conducted NMDS on a BrayCurtis dissimilarity matrix of the untransformed, raw
density data and 1000 iterations were performed to ensure
convergence with minimal stress. Stress significance was
tested using a Monte Carlo randomization approach. We
Effects of Geoduck Aquaculture Gear
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used linear correlation of the functional groups and NMDS
axis scores to calculate variable weights. Significant functional groups were determined with permutation tests and
overlaid as vectors on the NMDS plots, which facilitated
interpretation of the position of each survey event in ordination space.

Results

Addition of aquaculture gear is a press disturbance (see
review by Dumbauld et al. 2009), and disturbance is generally considered one of the main factors influencing variations in species diversity (e.g., Connell 1978; but see Mackey
& Currie 2001). The Shannon index was utilized to compare
differences in diversity between plots for each aquaculture
phase. This measure is commonly used in ecological studies
and combines aspects of species richness and relative abundance to produce a value typically from 0 to 3.5 (Shannon
1948, Shannon & Weaver 1949). A higher index value indicates higher diversity. Two-sample Welch’s t-tests (Zar 2010)
were used to assess differences in diversity between plots at
each stage of geoduck farming.

A

Supplementary observations of salmon
smolts

I

n addition to the fish sampling described above, observations were made of salmon smolts in the vicinity of aquaculture operations. Pilot observations by divers and snorkelers indicated that smolts at our sites were not effectively
sampled by those methods, possibly because observers
altered fish behavior. Moreover, salmon smolts, particularly
chum (Oncorhynchus keta), typically move along shorelines
in shallow water (<2 m; Healey 1979, Simenstad et al. 1982).
Shore-based surveys have been developed as a method of
monitoring fine scale use of shallow nearshore areas by
juvenile salmonids (e.g., Young 2009). Concurrent with
SCUBA surveys, shore-based visual surveys were conducted
monthly during the spring and summer (March-July) to
coincide with outmigration of chum, Pink (O. gorbuscha),
and coho (O. kisutch) salmon smolts (Simenstad et al. 1982).
An observer at the water’s edge slowly walked along a 50
m transect line parallel to shore spending 1 min within
each 10 m section. Observations were made of all fish
encountered up to 5 m offshore. Polarized sunglasses were
used when necessary to improve observations. Salmonids
were identified to species when possible and enumerated.
Additional observations of fish length (TL) and behavior
were recorded. On each sampling date, one survey each was
completed adjacent to the culture plot and reference area.
Successful surveys were dependent on surface conditions,
coinciding to Beaufort scale 0-1 (calm or light air).

Surveys of resident macroinvertebrates
(infauna and epifauna)
t all three sites, the community of resident macrofauna
consisted primarily of polychaete worms (Annelida),
small crustaceans (Arthropoda), and small bivalves (Mollusca). In some locations echinoids (Echinodermata),
larger bivalves, burrowing sea anemones (Cnidaria) and sea
cucumbers (Echinodermata) were important community
components. All sites were characterized by substantial
seasonal variation, and highest densities typically occurred
July-September (Fig. 3). Total taxa density in core samples
showed substantial site-specific variation, with no consistent
pattern of higher density in either culture plots or reference areas across months or sites (Fig. 3). Similar taxa were
recorded in cores and excavation samples in most cases. In
October 2010, adult sand lance were captured in excavation
samples collected at the culture plot and reference area at
the Rogers site; densities were 24.2 ± 11.9 m-2 and 278.6 ±
115.7 m-2, respectively. However, subsequent evaluation of
core samples revealed no evidence of spawning. No adult
sand lance, other forage fish, or fish eggs of any type, were
observed at the other sites.
We collected and identified 68 taxa in 63 sampling events.
Results of the PerMANOVA analyses illustrate differences in
community structure across months of sampling, plot types,
and phases at each site (Table 3); however, there were no
community-level effects of aquaculture operations as indicated by non-significant plot type × phase interaction terms
(Fisher site Pseudo-F=0.049, p=0.116; Rogers site PseudoF=0.023, p=0.643; Stratford site Pseudo-F=0.029, p=0.529).
Within each site, Homogeneity of Multivariate Dispersion
(HMD) values for the community data from the pre-gear
phase were similar at culture and reference plots (Table 4).
Similarly, there were no significant differences in HMD
values for culture and reference plots at any site when aquaculture structures were in place (gear-present), although
the values were somewhat higher at Rogers and Fisher sites
(Table 4). During the post-gear phase, values for culture
plots and reference areas were lower (relative to the previous
phase) and not significantly different at Rogers and Fisher
(p=0.335 and p=0.436, respectively). At Stratford, the postgear HMD values for the benthic community were similar
to values when aquaculture gear was in place (gear-present);
however, there was a significant difference in values between
the culture plot and reference area (p=0.003; Table 4).
Twelve taxa were selected for univariate analyses using
GLMMs based on their frequency in samples (>90%) and
presumed ecological importance. Abundance of individual
taxa showed marked differences across months, plot type,
phases, and the interaction of plot type and phase. Taxa
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showed no consistent response to geoduck aquaculture.
Regression parameter estimates and 95% confidence intervals for GLMMs are included in Figure 4. The abundances
of six taxa were negatively affected by geoducks and aquaculture gear, as indicated by a significant plot type × phase
interaction (GLMM χ2, p<0.05) and negative parameter estimates for the gear-present phase (Fig. 4). However, only two
taxa experienced persistent negative effects: the polychaete
Families Spionidae (χ2=22.89, df=2, p<0.001) and Orbiniidae
(χ2=109.17, df=2, p<0.001). Abundance of the amphipod
Americorphium salmonis (χ2=174.23, df=2, p<0.001) and
polychaete Family Hesionidae (χ2= 341.18, df=2, p<0.001)
were reduced by the presence of aquaculture gear but recovered once gear was removed, and the cumacean Cumella
vulgaris (χ2=199.16, df=2, p<0.001) and polychaete Families Glyceridae (χ2=94.75, df=2, p<0.001) and Ophellidae
(χ2=105.31, df=2, p<0.001) increased in the post-gear phase
in culture plots relative to reference areas. Additionally, the
abundance of the polychaete Family Goniadidae (χ2=10.94,
df=2, p=0.004) and anemone Family Edwardsiidae
(χ2=20.505, df=2, p<0.001) increased when gear was present
and recovered to pre-gear levels once gear was removed. The
bivalve genus Rochefortia (χ2=6.99, df=2, p=0.030), nermertean genus Micrura (χ2=0.52, df=2, p=0.772), and polychaete
Family Capitellidae (χ2=4.83, df=2, p=0.089) showed no
response to geoduck aquaculture activities.

Surveys of transient fish and
macroinvertebrates

T

he presence of aquaculture gear affects composition of
transient fish and macroinvertebrate communities (Fig.
5). No significant differences between culture plots and reference areas were detected by ANOSIM when PVC tubes
and nets were absent, either pre-gear or post-gear (Table 5).
However, a significant difference was detected between culture
plots and reference areas when aquaculture gear was present (R=0.081, p=0.035). ANOSIM tests between aquaculture
phases (Table 5) resulted in a statistically significant difference
when comparing the pre-gear vs. gear-present phases and
gear-present vs. post-gear phases for culture plots (R=0.156,
p=0.040 and R=0.164, p=0.003, respectively). There was also
a significant difference between gear-present and post-gear
reference plots (R=0.090, p=0.029). Low R-values of these tests
indicate minimal separation in contrasts between the habitats.
Several two dimensional NMDS plots were employed to
aid in visualization of differences between habitats within
sites and across phases of aquaculture operations. NMDS
plots also confirmed our assumption that the three sites
were functionally similar for purposes of analyzing transient
macrofauna communities during April-September. NMDS
ordination of the reference plot data shows some inter-mixing of sites and clustering of the three sites in multivariate
space (Fig. 6). Information on stress, Monte Carlo randomization and goodness of fit testing is included in the caption
for each plot (Figs. 6-9).
Appendix II

During 2010, when nets and tubes were used in aquaculture
operations (gear-present phase), surveys of culture plots
and reference areas were generally separated in ordination
space (Fig. 7). Neither habitat type was consistently associated with unique functional groups. However, differences in
assemblages between culture plots and reference areas were
illustrated by significant vector loadings associated with
flatfish, hermit crab, sculpin, sea star, snail and true crab
(Brachyura). True crab showed weak associations with reference areas overall, while sculpin and flatfish were highly
correlated and more often associated with reference areas.
Two additional NMDS ordination plots represent comparisons of the pre-gear and gear-present phases (Fig. 8) and the
gear-present and post-gear phases (Fig. 9).
Survey data for the culture plots when PVC tubes and nets
were present were more widely dispersed in ordination
space compared to the pre-gear phase (Fig. 8). Differences
in assemblages between pre-gear and gear-present phases
were illustrated by significant vector loadings associated
with flatfish, hermit crab, sculpin, sea star, and true crab
(Brachyura). Prior to gear deployment, culture plots and
reference areas were characterized by flatfish and sea star.
Conversely, while communities associated with culture plots
were represented by a variety of functional groups when
nets and tubes were in place (gear-present), flatfish were
conspicuously underrepresented. At the same time, reference areas were characterized by flatfish and hermit crab,
and less so by true crab and sea star.
In comparisons of gear-present and post-gear phases, data
from culture plots appear mostly separated in multivariate space but reference area data overlap and appear more
homogenous (Fig. 9). Differences in assemblages between
gear-present and post-gear phases were illustrated by significant vector loadings associated with clam, flatfish, hermit
crab, other nearshore fish, sculpin, and true crab (Brachyura). Of the significant functional groups in Figure 9, true
crab and other nearshore fish show strongest associations
with culture plots during the gear-present phase when PVC
tubes and nets were in place.
Species diversity, as calculated by the Shannon diversity
Index (H’), was unaffected by geoduck aquaculture operations (Table 5). There was no significant difference in diversity between culture plots and reference areas in the phases
of culture examined in this study: prior to gear deployment
(t=0.703, df=11, p=0.496); gear-present (t=0.727, df=18,
p=0.476), or after gear had been removed (t=0.309, df=25,
p=0.760). Total numbers of organisms observed at culture
and reference plots were similar prior to gear deployment
(pre-gear, 2009) and after gear removal (post-gear, 2011).
However, there was an overall increase in total abundance
while aquaculture gear was present, and macrofauna counts
were more than two times higher at culture plots compared
to the reference areas (Table 5).
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Supplementary observations of
salmon smolts

S

almon smolts, chum (O. keta) and pink (O. gorbuscha),
were rarely observed during shore-based visual surveys
(8% total). When present, schools of salmon traveled parallel to the shoreline in < 2 m of water. We observed no difference in the occurrence of salmon smolts adjacent to culture
plots and reference areas, although evidence is anecdotal
given the low encounter rate. No discernable differences in
behavior were observed.

Discussion

R

esident and transient macrofauna communities
respond differently to changes in habitat complexity
associated with geoduck aquaculture operations. Although
results of the present study suggest that structures associated with geoduck aquaculture have little influence on
community composition of resident benthic macroinvertebrates (i.e., non-significant plot type × phase interaction
in PerMANOVA), overall densities of resident epifauna
and infauna tended to be lower on culture plots relative
to reference areas at two of the three study sites. Resident
invertebrate communities were characterized by strong seasonal patterns of abundance and site-specific differences in
composition. Dispersion in sample variation, which is commonly used to detect effects of disturbance, did not differ
between culture plots and reference areas when aquaculture
gear was in place. Some individual taxa responded negatively to the presence of geoducks and aquaculture gear (e.g.,
polychaete Families Spionidae and Orbiniidae), while others
responded positively (e.g., polychaete Family Goniadidae
and anemone Family Edwardsiidae) and still others were
unaffected (e.g., bivalve genus Rochefortia and polychaete
Family Capitellidae).
The paucity of strong effects on the resident macrofauna
community (epifauna and infauna) may not be unexpected.
Previous studies have suggested that aquaculture effects
on benthic infauna are most pronounced in soft sediment
habitats directly below, or immediately adjacent to, shellfish
aquaculture operations as a function of organic enrichment
via biodeposition (see review by Dumbauld et al., 2009).
Interestingly, the two taxa experiencing persistent negative
effects of geoduck aquaculture activities, Families Spionidae and Orbiniidae, are selective detritivores and depositfeeders, respectively (see Table 1 of VanBlaricom et al. in
press). In off-bottom aquaculture (e.g., suspended culture),
the balance of biodeposition and water flow, which removes
deposits, tend to be the strongest determinants of community structure (Mattsson & Linden. 1983). In on-bottom
aquaculture operations, effects of structural complexity and
space competition are difficult to separate from changes
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in biodeposition (Dumbauld et al. 2009). Quintino et al.
(2012) specifically investigated the relative contribution
of biodeposition and aquaculture gear (i.e., oyster trestles)
and found that structures alone had no effect, whereas
biodeposition from sedimentation and organic waste did
alter the benthic community. However, Spencer et al. (1997)
found that the netting used to reduce Manila clam predation reduced flow and led to changes in benthic community
composition consistent with organic enrichment. In the
present study, several infaunal taxa recovered to pre-gear
abundance, or increased in abundance, once aquaculture
gear was removed. Effects on resident macrofauna, particularly infauna and epifauna, may be site-specific and likely
driven by inherent levels of natural disturbance (Simenstad
& Fresh 1995) or flushing (Dumbauld et al. 2009), which
may be mediated by aquaculture gear. Physical and chemical variables (e.g., sediment grain size, pore water nutrients)
that may contribute to site-specific differences were not
examined in the present study. Thus, elucidating potential
mechanisms responsible for differences in the response of
infauna will require additional study. Additional data and
analytical inference would also permit more direct comparison to previous studies done by Spencer et al. (1997), Quintino et al. (2012), and others.
Unlike resident macrofauna, the transient fish and macroinvertebrate community was clearly affected by aquaculture
activities. Presence of PVC tubes and nets significantly
altered abundance and composition, but not diversity, of
transient macrofauna. Over two times more organisms
were observed during surveys at the culture plots than at
reference areas during the structured phase of geoduck
aquaculture, indicating that geoduck aquaculture gear
created favorable habitat for some types of Puget Sound
macrofauna. ANOSIM results demonstrated a statistically
significant difference between the transient macrofaunal
communities in culture plots and reference areas when
aquaculture gear was present (Table 5; R=0.081, p=0.035).
Yet the low R-value of the test suggests minimal ecological
difference between the habitats. NMDS plots provide insight
into functional groups that may show preference for culture
plots (structured habitat) or reference areas (unstructured
habitat) when aquaculture gear is present. In general, true
crabs, sea stars, and seaperches were more associated with
culture plots and flatfishes and snails were often associated
with reference areas.
The large increase in total abundance of transient macrofauna when aquaculture gear was present suggests that
increased complexity afforded by PVC tubes and nets
attracted some fish and macroinvertebrates to the habitat. Aggregation of macrofauna to structured habitat, and
aquaculture gear in particular, has been well documented
(Dealteris et al. 2004, Dubois et al. 2007, Dumbauld et al.
2009). Our data suggest that provision of foraging and refuge habitat is the primary mechanism for the attraction;
crabs and sea stars were frequently observed feeding within
Geoduck Aquaculture Research Program
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culture plots, and we observed smaller fish and crabs retreating under netting when larger animals or divers approached.
Similarly, Inglis & Gust (2003) observed increased predation
by sea stars within New Zealand long-line mussel farms,
while Tallman & Forrester (2007) identified refuge value as
a major factor leading to higher site fidelity of juvenile scup
(Stenotomus chrysops) to aquaculture structures in Rhode
Island. Increased foraging pressure by transient macrofauna may also provide an additional mechanism to explain
slightly depressed densities of resident macrofauna in culture
plots relative to reference areas.
In the present study, some taxa, particularly flatfish and the
snail, Lunatia lewisii, were rare in culture plots when gear
was present. These organisms may actively avoid habitat
complexity created by aquaculture gear. Holsman et al.
(2006) found that subadult Dungeness crab (Metacarcinus
magister, formerly Cancer magister) similarly avoid complex
habitats, including on-bottom oyster culture, and preferentially use unstructured habitats during intertidal forays. For
taxa adapted to unstructured habitat, complexity may hinder
movement and reduce foraging efficiency (e.g., Holsman et
al. 2010). The habitat value of unstructured areas to these taxa
is substantial and should be considered along with any perceived positive habitat value of aquaculture gear to structureoriented or crevice-dwelling fish and macroinvertebrates.
Effects of aquaculture on transient macrofauna did not
persist once PVC tubes and nets were removed during growout. There was a significant difference between the culture
plots for the last two aquaculture phases: gear-present vs.
post-gear (R=0.160, p=0.003), and the ANOSIM R-value for
this test was the highest of all tests conducted, suggesting
moderate ecological significance that is corroborated by the
NMDS plot in Figure 8. Moreover, when PVC tubes and nets
were removed, the transient macrofauna community was no
different from the pre-gear condition (ANOSIM R=-0.085,
p=0.842). These data suggest transient macrofauna communities associated with these intertidal beaches begin to
recover to pre-aquaculture conditions within a few months
of removal of the PVC tubes and nets.
Transient macrofaunal communities in reference areas were
also significantly different between gear-present and postgear phases. The similar pattern observed in both culture
plots and reference areas may be attributed at least in part
to annual variation in species abundance and composition. Spatial and temporal variability can strongly influence
transient macrofauna communities on a variety of scales
(Jackson & Jones 1999, Hurst et al. 2004), and these changes
can produce effects across trophic levels (Reum & Essington
2008). Reference areas in our study may also be somewhat
affected by removal of aquaculture structures between gearpresent and post-gear phases through spillover effects (e.g.,
Ries & Sisk 2004). Culture plots and reference areas were
75-150 m apart. Previous work has demonstrated spillover
effects on transient macrofauna from both natural (Almany
2004) and artificial structures (Helvey 2002).
Appendix II

Geoduck aquaculture practices did not affect diversity
of macrofauna. No consistent differences in diversity of
resident macrofauna were observed in the present study.
Average diversity of transient macrofauna at culture plots
when gear was present was slightly higher than at reference
areas (but not significant), and diversity measures for the
pre-gear and post-gear data were almost identical between
habitat types. It is important to note that the Shannon index
is based on relative instead of absolute abundance. This
distinction is a potential limitation for a study such as ours,
which focuses on distinguishing between the raw abundances of species groups in different areas. Nevertheless,
our results clearly contrast with previous work linking aquaculture disturbance with changes in diversity (Erbland &
Ozbay 2008, see review by Dumbauld et al. 2009). Brown &
Thuesen (2011) observed higher diversity of transient macrofauna associated with geoduck aquaculture gear in trapping surveys. However, taxa richness was low in that study
and results were driven by a large number of graceful crab,
Metacarcinus gracilis (formerly Cancer gracilis) captured in
the reference area. Overall, more organisms were captured
in traps set in the reference area than within geoduck aquaculture plots (Brown & Thuesen 2011).
Managers and stakeholders have raised concerns about
potential effects of geoduck aquaculture practices on forage fish spawning habitat, particularly Pacific sand lance
(Ammodytes hexapterus), which spawn on littoral beaches at
high tidal levels (November-April; Penttila, 2007). Despite
the presence of adult fish in excavation samples (Rogers
site, October 2010), no evidence of spawning (i.e., eggs)
was observed. It is possible that adult sand lance do not
form winter aggregations in the same littoral habitats where
spawning occurs (Quinn 1999). Moulton & Penttila (2000)
suggest that spawning typically occurs at 2-2.75 m above
MLLW, which is well above geoduck aquaculture operations
and sampling in this study (Table 1). No other adult forage
fish (e.g., surf smelt (Hypomesus pretiosus), herring (Clupea
pallasi)) or evidence of spawning activities were observed
in our study. While these results suggest negligible effects,
our opportunistic sampling may be inadequate given spatiotemporal variability in spawning behavior, and further
targeted investigation is warranted to elucidate potential
broader impacts on forage fish populations.
The present study provides insight into the response of
resident and transient macrofauna to geoduck aquaculture
practices. Taken together, these results indicate that changes
in habitat complexity associated with geoduck aquaculture
produce short-term effects (1-2 years) on intertidal beaches.
However, we caution that the present study focused exclusively on diversity and abundance of fish and macroinvertebrate communities. Additional impacts might be demonstrated by considering different metrics, including growth.
For example, Tallman and Forrester (2007) found that scup
were 40% smaller in oyster cages relative to natural rocky
areas, despite higher abundance of the species at aquaculEffects of Geoduck Aquaculture Gear
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ture sites. Our work also focused on three isolated aquaculture operations over a single culture cycle. Thus it is not
possible to extrapolate results to consider the cumulative
effects of multiple culture cycles in a single location through
repeated disturbance or the landscape effects of a mosaic of
adjacent aquaculture areas interspersed with other habitat
types (see Dumbauld et al. 2009). Additional monitoring
effort and spatially-explicit modeling work will be required
to develop an understanding of these phenomena, which
will be critical if this method of aquaculture continues to
expand in the region. Moreover, our sampling was not
adequate to assess rare or patchy species, particularly salmonids. SCUBA surveys and shoreline transects provide only
a cursory appraisal of salmonid habitat use in this context,
and given the contentious nature of salmon management in
the region, rigorous assessment is critical. We recommend
using alternative sampling methods such as beach seining
to evaluate use of geoduck aquaculture by outmigrating
smolts.
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Future research should focus on the issues described
above, as well as ecosystem effects on higher trophic levels.
Nevertheless, our results provide valuable insight into the
ecological effects of geoduck aquaculture practices and add
to a growing body of work describing the effects of anthropogenic disturbance on nearshore marine ecosystems. Most
importantly, these data will aid regulatory authorities and
resource managers in placing aquaculture-related disturbance in appropriate context for decision-making so as to
balance the needs of stakeholders and environmental protection.
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Tables and Figures
Table 1. Description of local conditions and biota at geoduck aquaculture sites in Puget Sound (see also Figure 1).

Site/Status

Description

Biota

Stratford site – gear placement June 2009 (gear removed April 2011)
5,100 m2 farm;
2,500 m2 plots

The site is on the east shore of Case Inlet (47°19’10.86”N, 122°47’38.56”W).
Sandy substrate. (~ 500 µm grain size); slope moderate from +0.61 m to
-0.61 m MLLW; Reference area is 150 m to the south on private property.

Horse clams and
cockles present; Sand dollars
patchy.

Rogers site – gear placement November 2008 (gear removed April 2011)
5,100 m2 farm;
2,500 m2 plots

The site is on the east shore of Case Inlet (47°14’53.13”N, 122°49’37.38”W).
Substrate is sandy to muddy sand. (~ 250-500 µm grain size). Beach is steeper and narrower than other sites. Green algae is abundant and freshwater
seepage occurs. Reference area is 150 m to the south on private property.

Horse clams and
cockles present;
graceful crab abundant. Sand dollars
patchy.

Fisher site – gear placement June 2009 – July 2009 (90% gear removed April 2011)
2,500 m2 farm;
2,500 m2 plots
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The site is in the northeast portion of Totten Inlet on the south shore, in the
Carlyon Beach area (47°10’32.28”N, 122°56’33.79”W). Substrate is muddy
sand (~ 250 µm grain size). Reference area is 75 m to the east on private
property.
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Table 2. Functional groups for commonly observed taxa in SCUBA surveys of three geoduck aquaculture sites in Puget Sound, Washington, 20092011.

Functional group

Common name

Scientific name

cockle

heart cockle

Clinocardium nuttallii

29.6

crab (true crab)

graceful crab
kelp crab
red rock crab
graceful decorator crab

Metacarcinus gracilis
Pugettia product
Cancer productus
Oregonia gracilis

89.4
47.0
29.6
7.6

hermit crab

black-eyed hermit crab
Bering hermit crab

Pagurus armatus
Pagurus beringanus

65.2
15.9

moon snail

Pacific moon snail

Lunatia lewisii

55.3

other benthic invertebrate dendronotid nudibranch
black-tailed crangon
gian sea cucumber

Dendronotus spp.
Crangon nigricauda
Parastichopus californicus

10.6
4.6
0.8

sea star

sunflower star
pink sea star
mottled sea star
ochre sea star

Pycnopodia helianthoides
Pisaster brevispinus
Evasterias troschelli
Pisaster ochraceus

53.0
38.6
22.7
15.9

flatfish

speckled sanddab
starry flounder
sand sole

Citharichthys stigmaeus
Platichthys stellatus
Psettichthys melanostictus

42.4
18.9
6.8

gunnel

saddleback gunnel
pinpoint gunnel crescent
gunnel

Pholis ornata
Apodichthys flavidus
Pholis laeta

6.1
1.5
0.8

other demersal fish

plainfin midshipman
sturgeon poacher

Porichthys notatus
Podothecus accipenserinus

4.6
5.3

other nearshore fish

bay pipefish
snake prickelback
tubesnout

Syngnathus leptorhynchus
Lumpenus sagitta
Aulorhynchus flavidus

18.9
8.3
0.8

sculpin

staghorn sculpin
roughback sculpin

Leptocottus armatus
Chitonotus pugetensis

37.1
3.0

seaperch

shiner surf perch
striped surf perch

Cymatogaster aggregate
Embiotoca lateralis
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Frequency in
surveys (%)

6.1
0.8
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Table 3. PerMANOVA results for multivariate abundance data for all resident macroinfaunal taxa in core samples. Models included month of
sampling (MONTH), plot type (culture plot or reference area; PLOT), phase of culture (pre-gear, gear-present, post-gear; PHASE), and the interaction of plot type and phase. Significance alpha (α)=0.05; significant results are bold italics.

Site

Factor

FISHER

ROGERS

STRATFORD

df

SS

MS

R2

F

P

MONTH

9

1.269

0.141

0.266

2.252 0.001

PLOT

1

0.496

0.496

0.253

7.927 0.001

PHASE

2

0.301

0.151

0.047

2.406 0.008

PLOT:PHASE

2

0.195

0.098

0.023

1.558 0.116

Error

27

1.691

0.063

0.411

Total

41

3.952

MONTH

9

1.335

0.148

0.266

2.229 0.001

PLOT

1

1.269

1.269

0.253

19.077 0.001

PHASE

2

0.236

0.118

0.047

1.770 0.039

PLOT:PHASE

2

0.113

0.057

0.023

0.848 0.643

Error

31

2.063

0.067

0.411

Total

45

5.016

MONTH

9

2.278

0.253

0.398

2.757 0.001

PLOT

1

0.792

0.792

0.138

8.623 0.001

PHASE

2

0.380

0.190

0.066

2.072 0.020

PLOT:PHASE

2

0.168

0.084

0.029

0.916 0.529

Error

23

2.111

0.092

0.369

Total

37

5.729

Table 4. Results of the test of multivariate homogeneity comparing multivariate dispersion (HMD test) of resident macroinvertebrate communities of culture plots and reference areas. Multivariate dispersion, a measure of beta-diversity, is associated with environmental stress and
disturbance; the measure is calculated as the mean distance of all culture phase/habitat community samples to their group centroid in principal
coordinate space defined by Bray–Curtis compositional dissimilarity. Significance alpha (α)=0.05; significant results are bold italics.

Multivariate dispersion
site

phase

Stratford

pre-gear

Rogers

Fisher
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culture

reference

F

P

0.34

0.33

0.007

0.93

gear-present

0.32

0.35

0.178

0.68

post-gear

0.35

0.25

14.608

<0.01

pre-gear

0.18

0.19

0.162

0.70

gear-present

0.28

0.31

0.480

0.69

post-gear

0.21

0.23

1.026

0.34

pre-gear

0.20

0.22

0.355

0.57

gear-present

0.27

0.28

0.261

0.64

post-gear

0.25

0.22

0.790

0.44
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Table 5. Results of two-way crossed ANOSIM tests comparing the transient fish and macroinvertebrate community assemblage in geoduck
culture plots and reference areas across three phases of aquaculture operations: pre-gear, gear-present, and post-gear. A Monte Carlo permutation test with 999 iterations generated the test statistics (R). Significance alpha (α)=0.05; significant results are bold italics.

Test Groups

ANOSIM R

P

(Pre-gear) reference area vs. culture plot

-0.0501

0.761

(Gear-present) reference area vs. culture plot

0.0808

0.035

(Post-gear) reference area vs. culture plot

-0.0254

0.789

(Pre-gear) vs. (Gear-present) reference area

0.1176

0.093

(Pre-gear) vs. (Gear-present) culture plot

0.1557

0.040

(Pre-gear) vs. (Post-gear) reference area

-0.0268

0.600

(Pre-gear) vs. (Post-gear) culture plot

-0.0851

0.842

(Gear-present) vs. (Post-gear) reference area

0.0900

0.029

(Gear-present) vs. (Post-gear) culture plot

0.1604

0.003

Table 6. Results of Shannon diversity index (H’) calculations for transient fish and macroinvertebrates at geoduck culture plots and reference
areas across three phases of aquaculture operations: pre-gear, gear-present, and post-gear. Differences among culture plots and reference
areas were examined with Welch’s t-test with alpha (α)=0.05; significant results are bold italics. Total abundance of all observed organisms is
included.

Phase
pre-gear

gear-present

post-gear

Appendix II

Plot type

Shannon diversity
index (H’)

t-test results for diversity values

Total # of organisms observed

reference

1.111

530

culture

1.188

t=0.703, df=11,
p=0.496

reference

0.923

795

culture

1.021

t=0.727, df=18,
p=0.476

reference

1.163

culture

1.207

t=0.309, df=25,
p=0.760
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WASHINGTON

Stratford

Rogers

Fisher

Figure 1. Locations of study sites in south Puget Sound, Washington, USA. Inset map shows the region of interest; most geoduck aquaculture in
Washington State occurs within the area demarcated by the box.

Figure 2. Density of prevalent taxa in SCUBA surveys of transient macrofauna (fish and invertebrates) defined as species present in at least
10% of surveys. Data were collected on culture plots (culture) and adjacent reference areas (reference) at three sites in southern Puget Sound
during SCUBA surveys 2009-2011. Note: northern kelp crab (Pugettia producta) are excluded. Error bars are ±SE.
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Figure 3. Density (in 1000s per m2) of total taxa in surveys of resident macrofauna (infauna and epifauna). Data were collected on culture plots
(culture) and adjacent reference areas (reference) at three sites in southern Puget Sound: Fisher (A), Rogers (B), and Stratford (C). Shaded areas
illustrate the aquaculture phase when PVC tubes and nets were in place to protect juvenile geoducks (gear-present). Error bars are ±SE.

Appendix II

Effects of Geoduck Aquaculture Gear

67

Figure 4. Parameter estimates and 95% confidence intervals for generalized linear mixed models of selected macroinfauna. The models
included main effects of month of sampling, plot type (geoduck culture or reference area), phase (pre-gear, gear-present, post-gear), and their
interaction, as well as random effects of site (Fisher, Rogers, and Stratford). As noted in the text, a significant interaction term provides evidence
of an effect of aquaculture operations on abundance.
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Figure 5. Relative abundance of 10 functional groups of transient fish and macroinvertebrates on geoduck culture plots (culture) and adjacent
reference beaches (reference) during SCUBA surveys at three sites in southern Puget Sound (2009-2011). Data are presented in three AprilOctober periods comprising three phases: 1) “Pre-gear”, prior to placement of geoducks or aquaculture gear; 2) “Gear-present”, when tubes
and nets are in place; and 3) post-gear, after nets and tubes have been removed and geoducks are in place.
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Figure 6. Two-dimensional NMDS ordination of SCUBA surveys at reference areas during 2010, which corresponds to when aquaculture
gear was in place (gear-present) on the culture sites. Stress=17.24. Stress tested statistically significant under the Monte Carlo randomization
approach (p<0.01). A goodness of fit Shepard plot showed good correlation between the ordination distances and the Bray-Curtis dissimilarities (linear fit R2=0.882).
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Figure 7. Two-dimensional NMDS plot of SCUBA surveys at culture plots (green circles) and reference areas (orange triangles) when aquaculture gear was in place (gear-present). Functional group vectors shown are those with p<0.05. Stress=13.87. Stress value tested statistically
significant under the Monte Carlo randomization approach (p=0.02). A Shepard plot showed good correlation between the ordination distances
and the Bray-Curtis dissimilarities (linear fit R2=0.925). Vector loadings are shown for significant functional groups (p<0.05).
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Figure 8. Two-dimensional NMDS plot of SCUBA surveys at culture plots and reference areas prior to deployment of aquaculture gear (pregear) and when aquaculture gear was in place (gear-present). Functional group vectors shown are those with p<0.05. Stress=14.498. Stress
value tested statistically significant under the Monte Carlo randomization approach (p<0.01). A goodness of fit Shepard plot showed good
correlation between the ordination distances and the Bray-Curtis dissimilarities (linear fit R2=0.918). Vector loadings are shown for significant
functional groups (p<0.05).
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Figure 9. Two-dimensional NMDS plot of SCUBA surveys at culture plots and reference areas when aquaculture gear was in place (gearpresent) and after gear was removed (post gear). Functional group vectors shown are those with p<0.05. Stress=18.08. Stress value tested statistically significant under the Monte Carlo randomization approach (p=0.03). A goodness of fit Shepard plot showed good correlation between
the ordination distances and the Bray-Curtis dissimilarities (linear fit R2=0.877). Vector loadings are shown for significant functional groups
(p<0.05).
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Appendix III
The influence of culture and harvest of
geoduck clams (Panopea generosa)
on sediment nutrient regeneration
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Abstract

1. Introduction

T

V

he effects of geoduck (Panopea generosa) cultivation
and harvest on local and whole ecosystem nutrient balances has been evaluated using biogeochemical measurements. Geoducks are cultivated at high densities (15 m-2)
in the low intertidal zone of Puget Sound and some of the
public opposition to such cultivation has centered around
concerns about nutrient releases during harvest. Geoducks
are located at depths to 0.6 m in the sediment and commercial harvest utilizes a water jet to liquefy the sediment
to aid manual removal of the clam. We examined nutrient
pore water chemistry of geoduck and reference sediments,
sediment-water exchange rates of nutrients using incubation
techniques, and the release of nutrients during harvest. Pore
water nutrient concentrations (N, P species) were higher in
geoduck cultivation areas than in reference areas in several
of the cultivation areas we examined, with elevated soluble
reactive P concentrations suggesting P biogeochemical
processes included desorption from the particulate phase.
Similarly, higher effluxes of soluble reactive P were observed
at the one site we examined. The release of N and P species during geoduck harvest resulted in a modest elevation
of nutrient concentrations of the water used for harvest,
suggesting that during harvest the liquefaction does not
quantitatively remove the pore water and that effluxes are
generally low. When extrapolated to all Puget Sound cultivated geoduck harvest on a daily basis, the harvest release
of N primarily as NH4+ represents ~0.001% of South Puget
Sound wastewater or riverine inputs. This means that the
major concern that this harvest may release sufficient DIN
and DIP to stimulate an algal bloom is not supported. Overall, the magnitude of nutrients released by current levels of
geoduck aquaculture is small compared to new anthropogenic nutrient inputs into Puget Sound.
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erwey (1952) first identified the pivotal role that
suspension-feeding bivalves serve in benthic-pelagic
coupling by filtering seston from the water column and
transferring undigested particulate material in their feces
and pseudofeces (= biodeposits) to the sediment surface.
Subsequent research (Dame, 2012; Newell, 2004) has shown
that inorganic nitrogen and phosphorus are released back to
the water column both by direct excretion from the bivalves
and through regeneration of organic biodeposits by infaunal microbes and bioturbating metazoans. It is the balance
between the removal of nutrients in particulate material
from the water column and the subsequent burial or regeneration of inorganic nutrients from their biodeposits that
make bivalve suspension feeders an important component
of nutrient cycling in shallow coastal systems (Cerco and
Noel, 2007; Newell et al., 2005).

Although the ecosystem benefits of natural stocks of suspension feeding bivalves in the mediation of benthic-pelagic
coupling and other ecosystem services are recognized (Coen
et al. 2007; Shumway, 2011) there is generally less information available for the higher densities of bivalves typically
maintained on commercial aquaculture farms (Newell,
2004). However, in recent years several examples of detailed
sediment nutrient balances with clam aquaculture have been
developed (Nizzoli et al. 2006; 2007). For example, geoducks,
Panope generosa Gould 1850 (Vadopalas et al., 2010) are
commercially valuable and have been harvested for many
years from natural sub-tidal natural stocks in Puget Sound
Washington, USA. Geoducks are long-lived and extremely
large infaunal clams, with average adult shell lengths of 13.5
cm (Straus et al., 2008). Most notably, this species is very
deep burrowing, with large adult clams being generally
found at depths of 0.5 to 0. 6 m, but also to depths of 1 m
(Straus et al., 2008). Geoduck cultivation began alongside
shellfish hatchery technology in the mid-1990’s with densities of ~15 m2 in muddy-sand sediment in the low intertidal
zone of Puget Sound, and in 2008 through 2010 production
of farmed geoducks averaged 637,302 kg live whole weight
(Pers. Comm. Bobbi Hudson, Pacific Shellfish Institute),
equivalent to ~ 936,675 individual clams (Table 1). Although
the amount of low intertidal zone devoted to geoduck
cultivation is not precisely known, growers are currently
harvesting ~51 acres (21 ha) per year, so given a seven year
grow-out cycle, it is estimated that in 2010 there were ~ 355
acres (144 ha) populated with various age classes of geoducks
(adapted from Anchor QEA 2011; other data suggest a lower
harvest area, see Table 1). Our best estimate for the average
harvest time per day suggested for Puget Sound is ~21.4 h
d-1; with most harvest at very low tidal stages, the effective
amount of harvest effort within this ecosystem could be 10
fold higher (i.e. ~200 h d-1) during harvest periods.
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It takes about five to seven years for cultivated geoducks to
reach market size and during this period the animals may
provide some of the same valuable ecosystem services as
natural clam populations. It is possible, however, that some
of the benefits from geoduck aquaculture may be reduced or
even negated due to the harvest process. Unlike other commercially cultivated epibenthic bivalves, such as oysters and
mussels, geoducks live buried deeply in the sediment. Consequently they have to be harvested with a water jet that liquefies the sediments, thereby allowing the harvester to reach
into the sediment and retrieve the buried clam (Strauss et al.
2008). This harvest process is potentially disruptive of the
benthic plant, animal and microbial communities that are
essential to maintain normal sedimentary processes; plant
and community effects of culture and harvest suggest such
communities are resilient (Price 2011, Ruesink and Rowell
2012). Sediment bioturbation by benthic animals can be
a major control of biogeochemical processes through the
movement of oxygen and water into the sediment, enhancing organic matter decomposition, and stimulating nitrification (Aller, 1982). The microbial communities that are
major agents of organic mineralization, including coupled
nitrification-denitrification, only flourish under particular
oxygen concentrations and these gradients will altered by
the harvesting process. These communities can take a prolonged period to recolonize sediments and reestablish biogeochemical gradients (Porter et al. 2006). Finally, N and P
that is either in deep pore water or bound to sediments may
be flushed out in a large pulse to become part of the water
column nutrient pool, that supports phytoplankton growth,
and potentially stimulate harmful algal blooms.
We examined if, and to what extent, culturing and harvesting geoducks in Puget Sound, Washington USA, increased
inorganic N and P nutrient accumulation in sediments.
Most sites were chosen to correspond to locations in which
geoduck culture and harvest effects on benthic infauna were
assessed (VanBlaicom et al., In Press). We worked at several aquaculture farms to measure nutrient concentrations
within the interstitial water at various depths in the sediment where geoducks had been reared for 5 to 8 y and compared these to nearby reference sites. We also measured the
release of these nutrients in the effluent water during commercial geoduck harvest and measured interstitial nutrient
concentrations after harvest had occurred.

Appendix III

2. Materials and 			
Methods
2.1.

W

Site Selection

e worked at six commercial aquaculture farms within
Puget Sound, Washington, USA, selected to be representative of the range of conditions where geoducks are
reared (Table 2 and Figure 1). At each farm the area sampled
contained geoducks (“Geoduck”) of a commercial size that
were due to be harvested within our study period in 2008
and 2009; at some sites additional sampling took place after
harvest (“Harvest”). At each farm a nearby reference site
(“Reference”) was selected that was similar in sediment
characteristics and topography but was located at a distance
(50 to 300 m) and position such that it was not influenced
by the cultivated geoducks.

2.2.

R

Sediment-Water Exchange Rates

ates of sediment-water nutrient, oxygen, and N2-N
exchange were measured using sediment incubation
techniques (Cornwell and Owens, 2011; Newell et al., 2002)
at geoduck and reference locations only at the Thorndyke
site. The use of large (19 cm inner diameter) in situ chambers to measure fluxes with both sediment and geoducks
was attempted but efforts were hindered by high tidal velocities and obvious behavioral differences as the geoducks
retracted their siphons with chamber emplacement and
operation. In June 2009, we randomly collected 4 sediment
cores from within the geoduck bed and 4 additional cores
from a reference site located 50 m outside the culture area.
Cores did not include geoducks. A 30 cm long transparent acrylic tube (6.35 cm id) was manually pressed into the
sediment to a depth of ~ 15 cm and then carefully removed,
thereby extracting the sediment core. Each core tube was
sealed on the bottom with an o-ring cap, and a rubber stopper was used to cover the top for transport. Within 1 h of
collection the stoppers were removed and each tube submerged in an incubation tank (~ 40 L) filled with seawater
from the core collection site and regulated at ambient water
temperature (16oC). Incubation tanks were placed outdoors
in order to maintain sufficient photosynthetically active
radiation (PAR) from sunlight to sustain photosynthesis by
any benthic microalgae; the flux apparatus attenuates about
20-40% of PAR and the light conditions would best simulate low tide water depths. “Air-lift” aeration pipes (PVC,
2.5 cm id) were inserted into each core tube such that they
reached to ~ 3 cm of the sediment surface (Newell et al.,
2002). Open tubes were continuously aerated for 2 h before
initiation of flux incubations to allow sediments to equilibrate thermally, ensure oxygen saturation, and condition the
acrylic so that gas exchange with the plastic was minimal.
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Following the 2 h equilibration period an acrylic o-ring lid
with a suspended magnetic stir bar was used to seal each
core tube. An external magnetic turntable was used to
induce rotation of each stir bar in the core tube and thereby
maintain well mixed overlying water. Identical tubes without sediment were filled with ambient water and incubated
in triplicate to measure water column activity (i.e., blanks).
Water samples for initial solute and gas concentrations were
collected immediately after sealing the tubes and additional
samples were taken at ~ 1 h intervals for 5 time points in
the light. When light incubations were completed, the cores
lids were removed and each again aerated for 1 hour with
the air-lift pipes and an opaque cover to exclude all light was
installed. The cores tubes were resealed and an additional 4
time points were sampled under dark conditions. The small
volume of water (<30 ml) pumped from the head space at
each sampling time was replaced by gravity feeding ambient
seawater into the head space such that no air bubbles were
introduced.
Water for solute analyses of NH4+, NOx (NO2- + NO3-), soluble reactive phosphorus (SRP), and dissolved silicate (DSi)
was pumped into a 20 ml syringe and immediately filtered
(0.45 mm) into plastic vials and stored at -250C until analysis. Water samples for gas analysis (O2, N2) were collected
in glass tubes (7 ml), preserved with 10 ml 50% saturated
HgCl2 and held submerged in sub-ambient temperature
water until analysis via membrane inlet mass spectrometry
(Kana et al., 1994). The head space water volume for each
core was calculated from water depth and core area and this
was used to convert nutrient concentrations into fluxes:

∆C V
F=
*
∆t A
Where F is the flux (mmol m-2 h-1), ∆C/Dt is the slope of the
concentration change in overlying water (mmol L-1 h-1), V
is the volume of the overlying water (L) and A is the area of
the incubated core (m-2). Only those regressions that were
significant (r2 > ~ 0.8; F ≤ 0.10) were used to determine flux
rates. Calculations were performed separately for dark and
light periods, and positive and negative fluxes were indicative of sediment nutrient release and uptake, respectively.
The slopes from the water-only core fluxes were used to
adjust the core slopes for water column changes. Fluxes of
N2-N represented the net exchange of N2-N at the sedimentwater interface since the reactions mediating these fluxes
(e.g., N2 fixation, denitrification, anammox) were not parsed
out. Samples for chlorophyll a analysis were subcored to a
depth of 1 cm with a cut-off and stored at -25 C until analyzed.

76

|

Washington Sea Grant

2.3.

W

Pore Water Nutrient Collection

e used a combination of three different methods to
determine pore water inorganic nutrient concentrations. Each method allowed us to obtain data at different
depths in the sediment and integrated over various time
scales.

2.3.1 Pore Water Equilibrators

P

ore water equilibrators were constructed from a 50 cm
long solid PVC block with a series of chambers (~7 mL)
bored along its entire length (Hesslein, 1976). Before field
deployment, each of these chambers was filled with 0.22
µm filtered ambient seawater and then covered with 0.22
µm pore size filter membrane spread over the front of the
entire block. This membrane was tightly clamped in place
trapping the water in each chamber. These devices were
then fully inserted into the sediment at two locations (three
equilibrators in reference areas and three among geoduck
culture areas at the Manke farm and three at the unplanted
Rogers site). The equilibrators were left in the sediment for 6
d allowing ions to diffuse and equilibrate between the pore
water and the chamber. Upon retrieval, the water in each
chamber was syringe filtered (0.45 mm) and stored frozen
(-25oC) until analyzed. This approach was restricted in spatial extent and we only used it in initial validation studies to
compare with data obtained using the two other techniques
for sampling interstitial water at depth over shorter time
periods and broader spatial scales.

2.3.2 Interstitial Water Sipper

W

e constructed a 1.1 m long “sipper” from stainless
steel tube (2.4 mm od, 1.8 mm id) with four 0.38
mm holes bored into the lower 5 mm of the shaft (Berg
and McGlathery, 2001). This sipper was inserted to known
depths (up to 1 m) into the sediment and interstitial water
was slowly drawn into a syringe attached by silicon tubing
to the steel tube. Water samples (generally 2-5 mL) were
immediately syringe filtered (0.45 mm) and stored frozen
(-25oC). These sippers proved to be a relatively easy way to
sample interstitial water at discrete depths over very short
time scales and along beach transects away from the water.

2.3.3 Piezometers

S

tandpipe piezometers were used for sampling interstitial
water at single discrete depth water and for measuring
the position of the water table relative to the sediment surface. We constructed piezometers by cutting standard 1.25
cm id PVC plumbing pipe to length, one end of the pipe
was capped, and then six 3 mm holes were drilled within 2
cm of the capped end. Pairs of wells were then inserted to
two different depths (~50 to 80 cm depending on site) in the
sediment at 4 locations along a transect up the beach at the
geoduck aquaculture and reference site. At the aquaculture
sites, piezometers were always set in the beach immediately
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above and below the location where the geoducks were
being grown. This was arranged so that we could sample
interstitial water before it entered the geoduck area and as
it drained down the beach slope from the aquaculture area.
Each piezometer was pumped dry and allowed to refill
with interstitial water over a period of ~10 min. The water
height in each piezometer was then measured using a multimeter to measure changes in resistance between a copper
wire placed into the sediment adjacent to the standpipe
and another wire that was gradually inserted into the pipe.
The point at which a sharp decline in resistance occurred
indicated the water level in the pipe and this depth was then
measured. Samples of the water were pumped from each
pipe, syringe filtered (0.45 mm) into duplicate 7 ml acid
washed plastic vials, and stored frozen (-25oC) until analyzed for nutrients. A laser level and measuring tape were
used to determine a beach profile of the sediment surface
and the level of water in the sediment bed.

2.4.

T

Harvest Nutrient and Particulate
Efflux Rates

he efflux of dissolved nutrients and suspended particulates during the commercial harvest of geoducks was
assessed twice at Thorndyke Bay and once at the WangChelsea site. First, we measured the flow of water from the
harvester’s water jets by timing the filling of a 20 L carboy.
We then collected samples of the water from the adjacent
estuary that was used as the source of water being pumped
into the sediments (background). During active harvest
operations we collected multiple water samples in 20 mL
syringes along a transect of surface water (effluent) that was
running in rivulets down the beach front back to the estuary. Samples were immediately syringe filtered (0.45 mm)
into duplicate 7 ml acid washed plastic vials and stored at
-250C until analysis. For total suspended sediment (TSS)
loads in this effluent water, known volumes of water (~
750 ml) were filtered through 47 mm diameter Whatman
GF/F filters which had been heat treated at 4500C and preweighed. Filters were rinsed under vacuum with 2 ml of DI
water to remove salts and stored frozen (-250C). Filters were
subsequently dried (24 h at 700C), weighed, and then heated
to 450 0C to volatilize any organic matter before being
reweighed. The Particulate Organic (POM) and Particulate
Inorganic Matter (PIM) concentrations were then expressed
as mg L-1. Particulates remaining on the filter were extracted
with HCL and analyzed for particulate phosphorus (Aspila
et al., 1976).

Appendix III

2.5.

A

Chemical analyses

Smartchem 200 discrete analyzer was used for automated inorganic nutrient analysis (NH4+, NOx (=
NO2- + NO3-), Si, SRP). All methods followed Parsons et al.
(1984) and some samples were diluted to allow analysis of
all analytes. Dissolved Fe in pore water was analyzed using
Ferrozine colorimetry (Gibbs, 1979). Chlorophyll a concentrations were measured using an acetone extraction followed by fluorometric analysis (Parsons et al., 1984).

2.6.

W

Sediment Grain Size

e collected sediments to a depth of 10 cm from each
of the sites to characterize general grain size. Sediment grain size was determined using wet sieving (62 μm)
and pipette analysis of the < 62 um fraction, thus determining the proportions of sand, silt and clay (Sweet et al., 1993).

2.7.

Statistical Analysis

The data from each site was evaluated by one–way ANOVA
(SigmaPlot™). Most data was not normally distributed and
significance was determined at P < 0.05 using either a Kruskal-Wallis one–way ANOVA on ranks or a Mann-Whitney
rank sum test. Low numbers of incubation cores limited the
ability to discern flux rate differences at the Thorndyke site.
For the pore water data, we compared the within site data
for each analyte for the Geoduck and Reference environments, and compared those environments with the Harvest
data where available.
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3. Results
3.1

Sediment Grain Size

T

he intertidal sediments in the various study sites were
generally fine-grained sediment (silt + clay), with
average percentages at Rogers, Foss-Joemma, Manke and
Thorndyke ranging from 0.6-1.9% silt + clay; the WangChelsea site had more fine grained sediment, with silt +
clay averaging 14% (Table 2). The low percentages of finegrained materials indicate relatively large interstitial spaces.
In such conditions ion movement is predominantly through
direct advective transport processes, rather than diffusive
processes (Huettel et al., 1998).

3.2

Sediment-Water Exchange

T

he sediment-water exchange data presented here do
not include the direct activities of geoducks since they
were not included in the incubations. Differences between
geoduck and control locations were not significant for any
of the fluxes (Table 3). The net heterotrophic uptake of O2
in sediment cores was diminished under illumination for
both Geoduck and Reference sites. Nitrogen fluxes (NH4+,
NOx- and N2) did not differ significantly between sediments
collected from Geoduck and Reference locations when
measured under either light or dark conditions (Table 3). In
general, ammonium was the largest flux of nitrogen in this
system, with higher average effluxes under dark conditions.
Average fluxes of NOx- were directed into the sediment at
both sites and under both light and dark incubations. Average soluble reactive phosphorus flux rates were higher in
Geoduck sites during dark incubations than in Reference
sites though not significantly. Average rates of DSi release
from the sediment to the water column were higher during
dark incubations than during light incubations. Sediment
chlorophyll a concentrations were 78.3±9.6 mg m-2 at the
Geoduck site and were not significantly different relative to
the Reference site (76.4±11.5 mg Chl a m-2).

3.3

Pore Water Chemistry

T

he pore water equilibrators provided a fine-scale vertical profile of pore water chemistry relative to the other
techniques of pore water collection we used, although
the equilibrators were only deployed in sediments in the
very lowest level of the intertidal zone. The SRP and NH4+
concentrations (Figure 2) indicate very different patterns
of N and P enrichment with depth in the three different
locations where we deployed them. The Rogers Site did not
contain geoducks but showed near-surface enrichment of
both SRP and NH4+. In contrast the Manke Reference and
Geoduck profiles for SRP and NH4+ exhibited sub-surface
concentration peaks in the top 10-20 cm of the sediment
profile. At the Manke geoduck locations, the peak SRP
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concentrations were generally > 200 mmol L-1, considerably higher than the < 50 mmol L-1 SRP concentrations at
the Manke Reference site and the < 15 mmol L-1 observed
at the Rogers Site. While the Rogers and Manke Reference
sites had similar NH4+concentrations (most samples < 100
mmol L-1), the average Manke Geoduck NH4+ concentration
was 235 mmol L-1, excluding 3 values > 1,000 mmol L-1. The
pore waters were devoid of H2S, but had concentrations of
dissolved Fe that averaged 46±32 mmol L-1 in Manke Reference, 34±19mmol L-1 in Manke Geoduck, and 6±4 mmol L-1
in Rogers sediments using sediment equilibrators (data not
shown). The concentrations of DSi in the equilibrators averaged 141, 106 and 375 mmol L-1 , respectively, for Rogers,
Manke Reference, and Manke Geoduck sites (Figure 2).
A large range of pore water NH4+, SRP, NOx , and DSi
concentrations from all sites measured using sippers and
well piezometers at Geoduck, Reference, and Harvest sites
was observed (Figure 3). . The highest average NH4+ concentrations were observed at the Wang-Chelsea site where
Geoduck and Harvest sites averaged 485 and 345 mmol L-1,
respectively. The next highest average NH4+ concentrations
were at Thorndyke Geoduck and Cooper Harvest sites (245
and 183 mmol L-1 respectively), with the remainder of the
data between 1 and 62 mmol L-1. For NH4+, the Cooper Harvest data was significantly higher than both the Geoduck
and Reference data (Table 4). At Foss-Joemma, the sipper
Geoduck and the piezometer Geoduck NH4+ data were both
significantly higher than found at the Reference site. At
Wang-Chelsea, we found significantly lower NH4+ concentrations at the Reference site compared with the Geoduck
and Harvest pore water concentrations. Using sipper data
from all times and all sites, the pore water ammonium concentrations at Geoduck sites were significantly (P = 0.017)
higher than Reference sites (Figure 4).
The average SRP concentration was 10 mmol L-1, ranging
from 2-55 mmol L-1. The average and median Wang-Chelsea
Geoduck, Reference and Harvest SRP data were higher than
all of the other sites with all but 4 of the sites/treatments
having mean concentrations < 10 mmol L-1. The only statistical differences within a site were between Geoduck and
Reference sites for both sipper and piezometer data at FossJoema (Table 4).
Elevated NOx concentrations were observed at the Rogers
site, the Cooper Reference, and Foss-Joema Reference site
(for both sipper and piezometer data). Most concentrations
were < 2 mmol L-1, consistent with a reducing environment
in which NOx would likely be denitrified. We observed significant differences between Cooper Reference and Harvest
and the Geoduck/Reference pairs at Foss-Joemma (Table 4).
Dissolved silicate was highest at the Chelsea-Wang site for
Geoduck, Reference, and Harvest, with average concentrations > 450 mmol L-1. The other sites had average DSi concentrations < 138 mmol L-1. The only significant treatment
difference was at Cooper, with the Geoduck data significantly lower than the Reference and Harvest data.
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3.4

T

Harvest Nutrient and Particulate
Effluxes

he flow rate of water used for a single harvest jet was
~ 2 L s-1. The mass flux of nutrient per harvest jet was
determined by multiplying the flow rate by the nutrient
concentration. For example, for a concentration of 10 mmol
L-1 of N or P species, the gross nutrient release would be 72
mmol h-1hose-1.
Mean ammonium concentrations (Figure 5) in the rivulets
flowing from the active harvest sites were slightly higher
than the concentrations observed in the estuarine source
water that was pumped from offshore to liquefy the sediments during the geoduck harvest. At Thorndyke, the estuarine source water NH4+, SRP, NOx and Si concentrations
were 1.7, 2.3, 0.8, and 77 mmol L-1 respectively, while the
equivalent data from Wang-Chelsea were 3.3, 1.7, 3.1, and
29.5 mmol L-1. At Cooper, the effluent NH4+ concentrations
were roughly similar to the pore water concentration, while
at Thorndyke and Wang-Chelsea the NH4+ concentrations
were < 10% of the mean pore water ammonium concentrations. At all sites, the NOx- concentrations in the effluent
were higher than observed in the porewater. The SRP concentrations in effluent were highest at Cooper, and very low
at the other harvest sites. The effluent DSi concentrations
were elevated relative to pore water concentrations at Cooper, similar to pore water concentrations at Thorndyke, and
much lower than pore water DSi concentrations at WangChelsea.
At Thorndyke andWang-Chelsea during harvest the
median and mean (±S.D.) TSS concentrations were 700
and 1104±1053 mg L-1 at Thorndyke and 934 and 895±535
mg L-1 at Chelsea-Wang (data not shown). The total P concentration on a mass basis averaged 15±4 and 12±3 mmol
g-1 at Thorndyke and Wang-Chelsea respectively, while the
organic fraction of the suspended matter (AFDW) averaged 11±4 and 8±3% for Thorndyke and Wang-Chelsea
respectively. On a volumetric basis, the total particulate P
concentration in effluent water was variable, with median
concentrations of 11 and 10 mmol L-1 for Thorndyke and
Wang-Chelsea- respectively, concentrations higher than
observed for dissolved SRP.
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4. Discussion
W

ith declining natural stocks of commercially valuable
bivalves worldwide there is increasing recognition for
the need for aquaculture to supply a burgeoning demand for
seafood (Shumway 2011). While it is clear that there are economic and food security benefits associated with managed
cultivation of bivalves there are also ecological consequences
associated with increasing the stocking density of bivalves
by culturing them in intensive aquaculture farms (Shumway
2011). These consequences can be beneficial if managed
correctly or potentially adverse if aquaculture farms are not
sited and managed correctly (reviewed by Newell 2004).
In all discussions of bivalve aquaculture it must be remembered, however, that to grow these herbivorous animals from
seed to harvest size in open waters results in no additional
nutrients being added to the water. The bivalves are feeding on natural phytoplankton that are growing on existing
inorganic nutrients sustained by the pool of nutrients in the
water column. Aquaculture farms often hold bivalve stocks at
higher densities than typical natural populations which can
lead to high concentration of fecal material and urine release.
This can possibly lead to local nutrient over-enrichment of
the surrounding waters, and residual organic matter in the
particulate waste can cause adverse effects on the surrounding sediments. In particular, concern has been voiced by
citizens of Washington State, USA, about the potential for
some of these adverse effects to arise from the cultivation of
geoducks in the lower intertidal zone of Puget Sound. The
data from this study are used here to provide insight into the
processes controlling nutrient balances in geoduck cultivation and to provide a quantitative perspective on nutrient
releases relative to nutrient balance of Puget Sound.

Placing the pore water and sediment-water exchange data in
a biogeochemical perspective requires consideration of the
physical and biological characteristics at each site. These geoduck aquaculture sites are continually submerged for all but a
brief time on low water spring tides. Our sampling necessarily occurred during these low tide periods, though our intact
core fluxes had overlying water for the incubation. The key
finding from the pore water equilibrator data, obtained over
a continuous 6-d period with 12 full tidal cycles of immersion and emersion, is that the presence of dissolved iron indicates that the pore waters are devoid of oxygen. The presence
of elevated dissolved iron suggests the presence of reducible
solid phase Fe-oxides which commonly produce Fe(II) under
anaerobic conditions (Murray and Gill, 1978). The absence
of fine sediments at all sites except Wang-Chelsea will tend
to lead to lower concentrations of metal oxides that are commonly associated with smaller grain size particles, although
in other coarse grained marine environments it has been
shown that there is active Fe and Mn cycling (Burdige, 1993;
Huettel et al., 1998). In no instance in any pore water sample
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taken from Reference and Geoduck cultivation areas was the
distinctive odor of hydrogen sulfide present. The high water
table that persisted throughout the low tide period indicates
that rates of pore water drainage down the beach slope are
slow enough to retain most of the water within the coarsegrained sediments.
Compared to sediments in most estuarine environments,
the concentrations of pore water solutes at all sites we surveyed were generally low (Martens et al., 1978). We found
mixed evidence for geoduck-related pore water nutrient
increases, with the finer-grained Wang-Chelsea site showing higher SRP in all sediments and geoduck enrichment
of ammonium. Low to moderate pore water nutrient
concentrations lead to low sediment-water exchange rates
and lower efflux rates during harvest. Such low pore water
nutrient concentrations can result from 1) fast turnover of
the pore water by biological or physical processes that are
faster than diffusive transport or 2) low rates of organic
matter input, either from surficial deposition or infiltration.
We believe that the latter explanation is the most plausible
given the feeding mode of infaunal geoducks that are only
using the sediment as a supportive substrate to provide a
refuge from predation. With phytoplankton filtration and
ejection of both fecal waste and urine at the sediment-water
interface, the feeding mode of geoducks means that there
is not a major mechanism whereby particulate or dissolved
waste is incorporated directly within the sediments. We frequently observed differing amounts of geoduck fecal strands
accumulating in slight depressions on the sediment surface.
Once a fecal pellet is deposited to the sediment surface, then
the biological processes associated with the abundance of
bioturbating infauna, such as various species of amphipods,
polychaetes, and the formation of microbial films, all affect
rates of incorporation of the fecal pellets into the surficial
sediments. Holyoke (2008) reported that biodeposits produced by eastern oysters were rapidly incorporated into
fine-grained sediments, such that within 2 d the critical
erosional velocity required to resuspend biodeposits placed
on ambient sediment had increased to the same level as
required to resuspend the ambient sediment particles.
Our estimates of nutrient fluxes from undisturbed sediment cores from Thorndyke Bay are the most realistic way
to assess rates of nutrient exchange between interstitial pore
water and the nutrient pool in the water column, though
direct nutrient inputs from geoduck urine are not included.
The sediment NH4+ fluxes in this environment were > 20
times lower than found in other clam aquaculture environments (Nizzoli et al. 2007). We would expect a much higher
NH4+ efflux if geoducks were included.
Assuming a CO2 efflux to O2 uptake ratio of 1, the dark
efflux of SRP in geoduck environments is similar that
expected for algal decomposition (Nixon 1981). Much lower
SRP yields were observed for control sites suggesting the
retention of remineralized P onto particles. At Thorndyke,
the fine-grained particles released by the harvest jetting of
80
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the sediment averaged 15±4 umol g-1 total P or about 0.05%
P. A possible source for this sedimentary phosphorus is iron
oxide-bound inorganic P attached to particles filtered from
suspension by geoducks and then voided in their biodeposits. These particles can then become incorporated in the
coarse sediments by normal bioturbation processes, and in
deeper sediments, where oxygen is depleted, iron reduction
could result in enhanced SRP release.
For all fluxes, high core heterogeneity is reflective of the spatial variability in the amount of fecal material deposited to
and ultimately incorporated into the sediments. As in other
shallow water coastal environments, the actively growing
benthic microalgae attenuated the fluxes of dissolved inorganic nutrients (Newell et al. 2002, Risgaard-Petersen, 2003;
McGlathery et al., 2007; Nizzoli et al. 2007). Our results
add to the growing body of evidence that nutrient cycling
in shallow water environments cannot be fully understood
without considering nutrient uptake by the benthic microalgal community.
With the exception of DSi concentrations in harvest nutrient effluent, the nutrient concentrations in effluent water
returning to the adjacent estuarine waters were generally
low to moderate. This is not surprising because pore water
nutrient concentrations were not especially high. The Cooper site had the highest pore water nutrient concentrations
of NH4+, with median values > 200 mmol L-1 in geoduck
intact and harvested sites; the NH4+ in the efflux was < 10%
of the pore water concentration. The SRP concentrations in
effluxes were quite low, even at the Wang-Chelsea site where
pore water SRP fluxes were highest. Similarly, effluent DSi
concentrations were generally somewhat smaller than pore
water concentrations.
In general, the release of pore water nutrients in the harvest
effluent was low. In the case of NH4+, NOx-, and DSi, this
suggests that water from the jet, while efficient at liquefying
the sediment for geoduck removal, does not mix very completely with the bulk pore water. Low SRP yield during harvest may result from rapid oxidation of Fe(II) in pore water
as aerobic water is introduced to the sediment, resulting in
a co-precipitation of inorganic P with Fe(III) oxyhydroxides
within the sediment. Thus large scale sediment disruption
results in precipitation of SRP, despite relatively high pore
water SRP concentrations and undisturbed effluxes. Direct
comparisons to other processes that disrupt sediments are
difficult, though observations of nutrient releases during
dredging activities suggest that efficient releases of pore
water and adsorbed NH4+ can occur (Cornwell and Owens
2011).
Any elevated sediment-water exchange of SRP from geoduck aquaculture beds will lead to minimal increases in
the production of algae in Puget Sound because there is
already an abundant amount of P imported in the saline
water entering from the continental shelf. Instead, as in
other estuarine systems, nitrogen is the main nutrient limitGeoduck Aquaculture Research Program
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ing algal production in Puget Sound (Bernhard and Peele
1997). Although nitrogen releases are more likely to have
an impact on algal production, such releases need to be
considered in a whole ecosystem perspective (i.e. Newell
et al., 2004; 2005). The N filtered by geoducks is derived
from within the estuary and any releases of N directly by
geoducks or in adjacent sediment via microbial processes
is “recycled” N. In order for geoducks to enhance algal
growth, the efficiency of the aquaculture release of NH4+ or
NOx- must be increased beyond that expected from other
fates of algal-derived N, perhaps through diminishment of
denitrification.
Although the N cycling processes such as nutrient remineralization, denitrification, and N burial have not been
comprehensively examined in lower Puget Sound, recent
work has identified the major sources of terrestrial N inputs.
For lower Puget Sound, Mohamedi et al. (2011) estimated
riverine input of 2720 kg N d-1 and a waste water treatment
plant input of 2950 kg N d-1 (Table 5). They also estimated
per capita septic N inputs of 7.3 g person-1 day based on 261
L d-1 of waste water, effluent concentrations of 2.2 mmol L-1
and a 10% denitrification loss for homes within 150 m of
the tidal water. Our estimate of total man-hours harvesting
geoducks in the Puget Sound are ~7810 h y-1 or 21.4 h d-1,
equivalent to ~ 28 g N d-1 for the entire system. This is ~
0.001% of the daily annual load from streams or wastewater
plants. These comparisons are not meant to suggest that
terrestrial inputs and harvest effluent inputs are directly
comparable, but rather to scale the size of effluent recycling
inputs to some N input estimates. Also, the timing of harvesting is tied into market demand and tidal level, so nutrient inputs may be proportionately higher for short periods
of time.
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In summary, we found that the cultivation of geoducks at
even high densities of ~15 m-2 leads to generally low to
moderate levels of accumulation of inorganic N, P, and Si
in the pore waters of the sediment. Our findings of low
amounts of inorganic nutrients release into adjacent water
suggest that the harvest process has a negligible impact.
Thus the concern that geoduck harvest may release such
large amounts of DIN and DIP to stimulate an algal bloom
is not supported. Overall, the magnitude of nutrients
released by current levels of geoduck aquaculture is an
inconsequential fraction of the Puget Sound nutrient balance.
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Tables and Figures
Table 1. Geoduck culture area and harvest parameters. These data are adapted from Anchor QEA 2011, with an alternate estimate of geoduck
harvest acreage based on density and individual geoduck numbers. Information on output per harvester, average geoduck weight and area of
geoducks per unit area provided by Paul Taylor, personal communication.

Parameter

Value

Note

Production of farmed geoduck

637,302 kg y-1 live weight

Anchor Qea (2011)

Individual clam harvest

936,675 individuals

Based on 1.5 lb per clam

Total acreage – all ages

144 ha

Based on 7 year grow out

Yearly harvest area

21 ha
5 ha

Anchor QEA (2011)
Based on 18.8 geoducks m-2

Output per harvester

81.6 kg h-1

Concentrated on low tide events

Total harvester hours

7810 h

Calculated here

Average harvest time per day

21.4 h

Calculated here

Table 2. Locations, times and activities for Geoduck nutrient work. The average and standard deviation of the fine grain size data (silt + clay)
for each site is indicated, parentheses indicate number of grain size analyses.

Name

Latitude and
Longitude

Sample Period

Pore Water
Technique

Rogers

N 47°14.94
W 122°49.70

July/Aug 2008

Equilibrators,
Sippers, Wells

1.9±1.0
(3)

N 47°12.12
W 122°50.50

July/Aug 2008

Equilibrators,
Sippers, Wells

1.2±0.5
(15)

Foss-Joemma (“FJ”)
Manke

Cooper Point (“Cooper”)
Thorndyke Bay
(“Thorndyke”)
Wang-Chelsea
(“WC”)
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N 47°13.70
W 122°49.21

N 47°08.33
W 122°56.01
N 48°48.61
W 122°44.18
N 47°07.73
W 122°57.60

Washington Sea Grant

July/Aug 2008
Oct 2008

November 2009
Aug 2008

June 2009
June 2009

Harvest % Fine Grained
Efflux

Sippers, Wells

0.6±0.8
(13)

Sippers

Sippers

Sippers

1 time

No data

Sippers

1 time

14.0±3.7
(16)

Sippers

2 times

Geoduck Aquaculture Research Program

1.2±0.3
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Table 3. Fluxes (mean + S.D.; μmol m-2 h-1) of gases (oxygen, di-nitrogen) and inorganic nutrients (ammonium, nitrate plus nitrite, soluble reactive phosphorus, dissolved silicate) measured in incubations of sediment collected from 4 sites at the Reference location (no Geoducks) and 4
sites within a Geoduck bed at Thorndyke. Positive values indicate a flux out of the sediment to the overlying water; negative values indicate flux
into the sediment.

Flux (μmol m-2 h-1)

Sediment Collection Site
Light Incubation

Dark Incubation

Geoduck Bed

Reference

Geoduck Bed

Reference

-426.1 + 524.9 (4)

36.8 + 521.4 (4)

-1271.4 + 453.9 (4)

-706.2 + 366.7 (4)

N2-N

-36.3 + 49.2 (2)

3.7 + 75.1 (4)

32.2 + 6.8 (3)

38.0 + 29.4 (3)

NH4

42.6 + 45.0 (4)

-20.9 + 3.5 (2)

112.4 + 174.3 (2)

53.4 + 77.5 (3)

NO2- + NO3-

-12.3 + 3.8 (4)

-10.2 + 1.1 (4)

-13.1 + 5.2 (4)

-7.6 + 4.3 (3)

SRP

8.4 + 4.4 (3)

5.9 + 7.6 (3)

82.0 + 65.9 (3)

16.2 + 69.3 (3)

Silica

255.8 + 229.2 (3)

12.1 + 104.2 (4)

429.4 + 353.2 (3)

51.7 + 157.5 (3)

Oxygen

+

Table 4. ANOVA results for Geoduck, Control and Harvest Pore water chemistry. Only results that are significant are included (P < 0.05). Three
types are data are included, Reference (R), Geoduck (D) and Harvest (H) and the direction of the differences in means are indicated. Harvest
data is only available for Cooper and WC. Total numbers of samples are in the Figure 3 legend.

Site

Sample Type

NH4+

SRP

NOx-

DSi

Manke

Sipper

-

-

-

-

Manke

Well

-

-

-

-

Cooper

Sipper

H>R, H>G

H>R, H>G

R>G

R>G, H>G

FJ

Sipper

G>R

-

R>G

-

FJ

Well

G>R

-

R>G

-

WC

Sipper

G>R, H>R

-

-

-

Thorndyke

Sipper

-

-

-

-
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Table 5. Basis for N input/output estimates.

Input/Output

Data Type

Value

Units

Source

Septic

Per CapitaWater N Inputs

0.0073

kg person-1 d-1

Mohamedali et al. (2011)

Wastewater

Lower Puget Sound

2950

-1

kg d

Mohamedali et al. (2011)

Riverine

Lower Puget Sound

2720

kg d-1

Mohamedali et al. (2011)

Geoduck Harvest

Harvest Water Flux

7200

L h-1 hose-1

Harvest Water N

0.182

mg N L

Harvest N Flux

1.31

g N h hose

This study

Harvest Time – Puget
Sound

21.4

hd

Table 1

Harvest N Flux

0.028

kg N d-1 system-1

This study

Harvest/Wastewater

0.0009

%

This study

Harvest/River Input

0.0010

%

This study

Proportions
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Figure 1. Location of sampling sites in Puget Sound.
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Figure 2. Pore water SRP and ammonium profiles at Rogers, the control site at Manke and the Manke site with geoducks present.
The data for 3 co-located pore water equilibrators (A-C) are shown in each panel. Note the scale differences for nutrient concentrations.

88

|

Washington Sea Grant

Geoduck Aquaculture Research Program

|

Final Report

2013

Figure 3. Nutrient concentration box plots for 18 different locations
within 6 intertidal sites used in this study. The cross bar within the
shaded box is the median, the shaded area represents the 25-50 percentile distribution of the data. The data for each single bar in the box
plot is taken from all data collected at that site, with a predominance
of sample depths at 45 cm. The total number of analyses represented
in each bar is shown in parentheses.
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Harvest Effluent Nutrient Concentration
µmol L-1

Figure 4. Box plot of all pore water ammonium data for Reference (N = 47) and Geoduck (N = 56) locations. The Geoduck NH4+ concentrations
were significantly greater than Reference locations (P = 0.013, Kruskal-Wallis one way analysis on ranks).

120
80
40
30

NH4

+

NO3

-

SRP
DSi

25
20
15
10
5
0
Cooper

Thorndyke 1 Thorndyke 2

Wang

Figure 5. Nutrient concentrations in surface water after geoduck harvest. At Cooper Point, residual water in small harvest-created depressions
was sampled, while at the other sites and times, samples were collected along the length of the rivulets as water from the jets used for harvest
flowed downslope to open water.
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Abstract

Introduction

L

B

ucrative commercial cultivation of Pacific geoduck (Panopea generosa) has developed in the United States within
the last 20 years making it one of the most economically
important commercial shellfish species harvested for export.
Aquaculture of the species exists in close proximity to native
populations, but very little is known about the health of
native populations. Baseline information on endosymbiont
identification, prevalence, intensity and geographic distribution are necessary to facilitate management and/or mitigation of potential disease interactions between cultured
and natural shellfish stocks. A survey of Pacific geoduck
(Panopea generosa) parasites from three natural populations
in Washington state, USA (Totten Inlet, Thorndyke Bay,
Freshwater Bay) was conducted in 2008 – 2010. Histopathology of 634 animals was used to explore trends of parasite presence and identify potential environmental factors
(site distribution, collection depth, and season) that influence parasite assemblages. Endosymbionts observed upon
histological examination included: Rickettsia-like organisms
(RLO) in the ctenidia (n = 246), an unidentified metazoan
parasite in the siphon epithelium (n = 220), microsporidialike species in the intestine (n = 103), siphon muscle (n =
28) and ova (a Steinhausia-like parasite; n = 99). This study
reveals the presence of three microsporidia-like organisms (including Steinhausia-like parasites), not previously
described in geoduck clams. Assemblages of most parasites
showed strong seasonal variations and site-specific distributions throughout the year. RLO presence may be driven by
seasonal elevated temperatures and was extremely common
at Freshwater Bay. Metazoans and microsporidia were common in South Puget Sound and exhibited high infection
intensity year-round. Spawning season drove Steinhausialike parasite presence with no spatial driver. Baseline information on natural parasite levels, distribution, and infection
loads complements ongoing monitoring of natural geoduck
population dynamics and provides crucial information to
evaluate future disease events should they occur.
Key words: geoduck, disease, parasite, shellfish, Washington
state, USA

aseline information on the health status and prevalence
of parasites and diseases in wild populations is necessary to understand potential interactions between wild and
farmed shellfish, such as spill-over (e.g. farmed to wild) and
spill-back effects (e.g. wild to farmed) (Daszak et al. 2000).
Parasites and diseases present at low densities in wild populations may elevate to epidemic status due to the increases
in population density or shifts in environmental conditions
within culture settings (May et al. 1981). Shellfish transport
has been long thought to potentially spread disease within
wild and cultured populations. Strict shellfish transportation regulations exist as important management tools to
help control disease interactions and prevent further transmission. Movements of shellfish stock or seed, may pose a
significant threat to native populations, especially if animals
are not properly monitored for disease or parasite presence.
Unmonitored stock transport by growers or scientists and
ballast discharge are suspected modes of transmission for
some of the major shellfish diseases including bonamiasis
of the Asian oyster (Crassostrea ariakensis) (Carnegie et al.
2008), Denman Island disease of the European oyster (Ostrea
edulis) (Gagné 2009) and two diseases, Haplosproidium
nelsoni (or multinucleated sphere unknown (MSX)) and
Perkinsus marinus, in the eastern oyster (Crassostrea virginica) (Burreson et al. 2000; Burreson & Ford 2004; Ford &
Smolowitz 2007).

The Pacific geoduck (Panopea generosa Gould, 1850) is a
large, burrowing hiatellid clam found in low intertidal and
subtidal sediments throughout the Northeast Pacific coast
including the USA (Alaska, Washington state, California),
Canada (British Columbia), and Mexico (North Baja Pacific
Coast). Geoduck clams are one of the most economically
important commercial shellfish species harvested for export
(Hofmann et al. 2000; Bower & Blackbourn 2003). A commercial Washington state geoduck fishery initiated in 1970
became highly lucrative in the 1990s through live exports to
Asia; subsequent commercial cultivation of the species was
developed in response to additional market demands. Washington state is at the forefront of geoduck aquaculture, which
currently occurs in close proximity to wild geoduck aggregations targeted in the commercial fishery.
Few studies have been conducted regarding parasite load,
natural distribution patterns, and epizootics specific to geoducks. However, this clam is known to experience several
morphological abnormalities including warts, pustules, discoloration of the periostracum and infectious agents such as
protozoas and Rickettsia-like prokaryotes (Kent et al. 1987;
Bower & Blackbourn 2003). The ongoing evolution of the
geoduck aquaculture industry presents a unique opportunity to evaluate and potentially mitigate negative effects of
cultured-wild interactions in geoduck clams. To enhance our
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understanding of disease ecology within native geoduck
populations, a comprehensive histopathological survey of
three sites in Washington state was initiated in southern
Puget Sound, Hood Canal and the Strait of Juan de Fuca.
These areas represent locations of natural geoduck aggregations where native populations reside within close proximity to cultured geoduck stocks. The goal of this study was to
(1) explore trends of parasite presence within wild geoduck
populations, and (2) identify geographic patterns (site and
collection depth) and seasonal trends in the diversity of
parasite assemblages. Information on parasite distribution
(spatial and temporal) and abundance, coupled with the
host response to infection, will provide needed baseline
data for future species management and assist in future
research regarding the impact of these diseases on Northwest populations of Pacific geoducks.

Methods
Sample Collection and Histology

A

target of 60 Pacific geoducks that ranged in size from
80 - 225 mm (mean = 141 + 31.13 mm, mean + SD)
were randomly collected by Washington Department of Fish
and Wildlife divers at two depth strata from three natural
populations in Washington state, USA over multiple seasons
during a two year period. Sites included Totten Inlet (Latitude: 47.1697 Longitude: -122.9617) (n = 224), Thorndyke
Bay (Latitude: 47.8042 Longitude: -122.7344) (n = 173), and
Freshwater Bay (Latitude: 48.1439 Longitude: -123.5848) (n
= 237) (Fig. 1). To capture the presence of parasites more
prevalent in warmer or colder seasons, animals were collected during the following months: October 2007 and
July 2008 to represent warmer periods and May 2007,
February 2009, and April 2009 to represent cooler periods.
Water depth was determined using mean lower low water
(MLLW), or the average value of lower low water height
each tidal day observed over the National Tidal Datum
Epoch by the National Oceanic and Atmospheric Administration (NOAA). Collection depths were either shallow (10
– 30 ft MLLW) or deep (30 – 70 ft MLLW). Freshwater Bay
geoducks were only aggregated in shallow depths at time of
sampling and therefore were not collected in deep water.
Animals were dissected within 24 hours of harvesting.
Length, width and depth of shells were taken. Three 2-3
mm cross-sections were excised from each animal to obtain
tissues from the following organs: siphon, ctenidia, labial
palps, mantle, heart, digestive organs, and gonad. Any gross
lesions were recorded and sections were removed for histological processing and future molecular characterization. All
tissue samples were preserved in Davidson’s solution for 24
hours and stored in 70% ethanol until processed for routine
paraffin histology (Shaw & Battle 1957; Luna 1968). Deparaffinized tissue sections were stained with hematoxylin and
eosin and examined for parasite presence by light microscopy. If warranted, specific stains for bacteria or fungi detection such as Gram stain or Periodic Acid Schiff stain (PAS)
were prepared (Luna 1968).
Observed pathogens were grouped into broad taxonomic
categories: Rickettsia-like organisms (RLO), microsporidialike organisms (MLO), and metazoan parasites. For each
category, tissue sections were assigned a semi-quantitative
score of 0 – 4 per field of view (0 = no parasites, 1= few
parasites (< 10), 2 = small numbers of parasites (11 – 20), 3
= moderate numbers of parasites (21 – 30), 4 = large numbers of parasites (> 30)). The parasite data set consisted of
634 geoducks and 5 tissue sections (ctenidia, siphon muscle,
siphon surface epithelium, intestine, and ova) containing
five parasite categories: [1] RLO (ctenidia), [2] metazoa
(siphon external epithelium), and MLO in the [3] siphon
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muscle, [4] intestine, and [5] ova. A parasite abundance
matrix was organized into unique animal identification
numbers described by parasite taxa and environmental
variables: harvest depth (shallow, deep), season collected
(Winter = December – February; Spring = March – May;
Summer = June – August; Fall = September - November),
and site (Thorndyke Bay, Totten Inlet, Freshwater Bay).

Statistical Analysis

G

eneralized linear models (GLM) were created with the
binomial family distribution and the logit link function
and employed to test significance of terms (site, collection
depth, season) associated with geoduck parasite presence or
absence. Residual scaled deviance values were used to measure goodness of fit of the final GLM models. Tukey’s Honest Significant Difference tests were employed for pairwise
comparisons of parasite frequency according to the model
of best fit. Kruskal-Wallis one-way analysis of variance tests
(ANOVA) were used to compare ranked parasite intensities among sites and seasons. The Chi square test was used
to test for differences in parasite prevalence between depth
strata. Post hoc pairwise comparisons of Kruskal-Wallis
ANOVAs were performed using Dunn’s method. GLMs,
ANOVAs, Chi square, and Tukey’s Honest Significant Difference tests were performed using R software 2.11.1 (R
Development Core Team 2012). Post hoc analyses were
performed with SigmaPlot software version 11.0 (Systat
Software, Inc.).

Results
Parasite morphology and characterization

T

he most common geoduck parasites observed upon histological examination included: a RLO in the ctenidia
(Fig. 2a) (39%), an unidentified metazoan in siphon external
epithelium (Fig. 2b) (35%), a Steinhausia-like parasite (SLO)
in the ovum (Fig. 2c) (16%), and MLOs in the intestine (Fig.
2d) (16%) and siphon muscle (Fig. 2e, f) (4%) (Table 1).
RLOs were characterized by the presence of basophilic inclusions that stained violet with hematoxylin and eosin within
the ctenidia epithelium (Fig. 2a) and were Gram negative.
Inclusions were spherical and measured 13.22 + 0.85 µm
(mean + s.d.) in maximum dimension (n = 5); individual
RLOs were too small to measure. No host response was
observed in association with RLO infections. Metazoa within
the siphon epithelium were characterized as multicellular
organisms surrounded by an eosinophilic keratin-like cuticle,
some of which contained ova, and measured 128.81 + 49.48
µm in length and 74.04 + 36.57 µm in width (n = 15; Fig.
2b). Steinhausia-like microsporidians were observed within
oocytes and were characterized by the presence of spherical
eosinophilic inclusion bodies and sporocysts that contained
numerous 1-2 µm basophilic spores (Fig. 2c). No host
response was observed in association with the Steinhausialike infections. Two spherical stages of MLOs were observed
in inflammatory lesions within the intestinal submucosa.
The larger merogonic stage measured 4.89 + 1.16 µm (n =
15) and the smaller spore-like stages measured 0.85 + 0.28
µm (n = 15) and were found in intracytoplasmic sporocysts
of hemocytes (Fig. 2d). Multifocal inflammatory lesions that
contained several sporocysts of a MLO were observed in the
siphon musculature of some geoduck. Sporocysts measured
a mean of 13.43 + 3.5 µm (n = 20) and contained 4-15 spores
(mean = 6.8 + 2.8 spores per sporocyst; n = 20), which measured a mean of 2.91 + 0.47 µm (n = 15; Fig. 2e). The spores
stained PAS positive and were not acid-fast.

Overall parasite prevalence and intensity

P

arasite intensity was measured using a semi-quantitative
score of 1 – 4 (see above) (Fig. 3). Parasite prevalence
varied among seasons for all parasites except for the SLO
(Χ2 = 0.44, df = 1, p > 0.05). RLO prevalences were higher
in geoduck collected in the shallow depths (Χ 2 = 4.8, df = 1,
p < 0.05). Siphon MLOs were only observed in shallow collection depths. Both the intestinal MLO and metazoan parasites were more prevalent at the deeper collection depths
(Χ 2 = 26.99, df = 1, p < 0.001; Χ2 = 58.28, df = 1, p < 0.001,
respectively). Overall infection intensities differed by season
(Kruskal-Wallis H statistic = 60.385, df = 3, p < 0.001).
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Rickettsia-like Organism

Steinhausia-like Organism

he most commonly encountered parasite was a RLO
within ctenidial epithelia, which was observed in 39%
of the sampled geoducks (Fig. 2a; Table 1). RLO prevalence
was highest in Freshwater Bay (62%) relative to both Thorndyke Bay (35%) and Totten Inlet (19%) (Fig. 4d; Table 2).
Although overall seasonal trends in RLO prevalence were
not determined due to significant interactions between
season and site (Table 1), seasonal trends in RLO infection
intensity varied within Freshwater and Thorndyke Bays
(Freshwater Bay: H = 41.23, df = 2, p < 0.001; Thorndyke
Bay: H = 15.08, df= 2, p < 0.001; Totten Inlet: H = 2.70, df =
2, p > 0.05; Fig. 3d; Table 2). Over all sites, RLO intensities
varied among seasons with the highest intensities observed
in summer (2.13 + 0.14 parasite intensity score) and winter
(1.75 + 0.75) (Table 1). No significant difference in RLO
infection intensity was detected among sites (H = 3.09, df =
2, p > 0.05; Fig. 3d; Table 2).

LO parasites were observed in oocytes of 16% of total
geoducks sampled in this study (Fig. 2c; Table 1). Mean
prevalence (28 - 33%) and intensity (1.08 + 0.06 – 1.26 +
0.08) of SLO infection were similar among sites (intensity:
H = 2.12, df = 2, p > 0.05; Table 2). Site was not a significant
term in the final GLM for SLO presence (F = 1.12, df = 2,
p > 0.05). Across all sites, SLO prevalence was highest in
the winter (70.7%) and spring (58.0%) relative to summer
(14.3%) and fall (1.9%) (p < 0.05; Fig. 4e; Table 1). Differences in SLO parasite infection intensity by season were not
detected (H = 2.06, df = 2, p > 0.05; Fig. 3e).

T

Metazoan parasites

M

etazoan parasites were observed in the siphon epithelium of 35% of the geoducks sampled in this study
(Fig. 2b; Table 1). Overall seasonal trends in metazoan prevalence were not determined due to significant interactions
between season and site (Table 1). Prevalence of siphon
metazoa varied among sites with the highest levels observed
in geoducks from Totten Inlet (57%) and Thorndyke Bay
(46%) relative to only 9% of Freshwater Bay (overall: H =
53.65, df = 2, p = < 0.001; Fig. 4). Similar seasonal trends
in metazoan prevalence were observed in geoducks from
Freshwater and Thorndyke Bays where summer prevalence
exceeded those of all other seasons (Table 2). Animals from
both sites exhibited similar prevalence patterns of metazoan
parasites; no seasonal trend was observed in Totten Inlet
animals (Fig. 4a; Table 2). Across all sites, metazoan infection intensity was significantly lower in the spring compared to winter and summer seasons (winter: Dunn’s Multiple Comparison Q statistic = 2.83, p < 0.05; summer: Q =
2.72, p < 0.05; Fig. 3a; Table 1). Totten Inlet geoducks had
higher intensity metazoan infections (3.26 + 0.11) relative
to those in animals from both Freshwater (1.60 + 0.26) and
Thorndyke Bays (2.03 + 0.14; p < 0.05), which were similar
to one another (Q = 1.16, p > 0.05).
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Intestinal Microsporidia-like Organism
Intestinal MLOs were observed in 16% of all geoducks
sampled in this study (Fig. 2d; Table 1); no overall seasonal
trends in prevalence were observed (F = 0.94, df = 3, p >
0.05; Fig. 4b; Table 1). Prevalence varied among locale with
the most infections observed in Totten Inlet animals (34%)
(p < 0.05) relative to those from Thorndyke Bay (17%) and
Freshwater Bay (4%; Fig. 4b), which were similar to one
another (p = 0.16; Fig. 4b; Table 2). Mean infection intensity was similar among sites (H = 4.94, df = 2, p > 0.05; Fig.
3b; Table 2). Infection intensities varied with season across
all sites (H = 14.34, df = 2, p < 0.05; Fig. 3b; Table 1): Fall
intensity (2.46 + 0.20) was higher than spring (1.75 + 0.16)
and summer (1.73 + 0.15), but significantly exceeded that
observed in winter when the lowest mean infection intensity
(1.47 + 0.19) was observed (Q = 3.33, p < 0.05).

Siphon Microsporidia-like Organism

S

iphon MLOs were observed the least frequently (4%)
of all characterized parasites encountered in geoducks
sampled in this study (Fig. 2e, f; Table 1); no overall seasonal trends in prevalence or intensity were observed (p >
0.05; Fig. 3c, 4c; Table 1). Overall prevalence was similar
among seasons and ranged from 0% in winter to 9.9% in
summer (Table 1). Prevalence of the siphonal MLOs varied
among sites: 9% of Totten Inlet animals and 6% of those
from Thorndyke Bay were infected, while no MLOs were
observed in the siphon of Freshwater Bay geoduck (Fig. 4c;
Table 2). Mean overall infection intensity was high (2.79 +
0.19) and was similar among seasons (H = 4.7, df = 2, p >
0.05; Fig. 3c; Table 1). Siphon muscle MLOs were observed
in the highest infection intensities at Totten Inlet (2.67 +
0.26) and Thorndyke Bay (3.00 + 0.30) and intensity differences were nonsignificant between the two sites (MannWhitney U Statistic = 75, p > 0.05; Table 2).
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Discussion

T

his study revealed five morphologically distinct endosymbionts of natural Pacific geoduck populations in
the Pacific Northwest: a RLO in the ctenidia, an unidentified metazoan in the siphon epithelium, Steinhausia-like
sp. in oocytes, and two other microsporidia-like organisms
within siphon muscle and intestinal submucosa. This is the
first report of microsporidia-like parasites, including Steinhausia-like parasites, in geoduck clams. This study provides
an initial characterization of endoparasites in wild Puget
Sound geoduck populations and suggests that seasonal and
geographic differences in distribution and infection intensity should be taken into account when moving animals
among locales.

Putative identification and seasonal
distribution of geoduck parasites

I

ntracytoplasmic rickettsia-like colonies (inclusion bodies)
are commonly observed in a variety of molluscan species worldwide, such as oysters, abalone, and clams including the geoduck clam (Elston 1986; Fries & Grant 1991;
Friedman et al. 2000; Bower & Blackbourn 2003). RLOs
were the most common geoduck parasite (39%) observed
in this study. Microscopic examination revealed that RLO
prevalence peaked in warmer months (fall sampling) with
the highest infection intensity observed during summer
months. This finding suggests that elevated temperature
may be an important driver of RLO presence in geoduck
clams and complements experimental trials of other Rickettsia investigations in invertebrate species (e.g. Moore et
al. 2000; Friedman et al. 2002; Braid et al. 2005; Vilchis et
al. 2005). Transmission experiments of one Rickettsia-like
organism, “Candidatus Xenohaliotis californiensis”, in abalone (Haliotis spp.) indicate that elevated seawater temperature significantly enhanced parasite transmission and accelerated progression of the disease (Moore et al. 2000; Friedman et al. 2002; Braid et al. 2005; Vilchis et al. 2005). In
geoduck populations, RLO reproduction may also increase
with elevated temperature and lead to the trends observed.
In the present study, metazoan infections in geoduck
clams were present year-round in high intensity at all sites
and seasons other than those from Freshwater Bay, where
both prevalence and intensity were low. The relatively high
occurrence and elevated infection intensities observed may
be the result of an accumulation of these parasites over time
(Rohde 1984); age data from future studies are necessary to
confirm this prediction. Geoducks are known to be one of
the longest living bivalve molluscs, and in fact, Bureau et al.
(2002) used growth rings, verified as annual by the bomb
radiocarbon signal (Vadopalas et al. 2011), to estimate the
age of one geoduck clam at 168 years. Animals collected
in this study were recruits and assumed to be collected at
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random with respect to age. Although shell length was collected for all specimens, shell length is poorly correlated
with age after asymptotic length is attained at age 5 - 15
years (Goodwin & Pease 1991; Hagen & Jaenicke 1997;
Hoffmann et al. 2000; Campbell et al. 2004).
Microsporidian infections have not been previously identified in geoduck clams. Presently, microsporidia have only
been reported in oysters, mussels, and cockles from Europe,
Australia, California and the eastern United States (Figueras
et al. 1991; Comtet et al. 2003; Graczyk et al. 2006). Of the
three MLOs observed in geoduck clams in our study, only
those observed within oocytes (SLO) were morphologically
consistent with a known microsporidian genus previously
observed in oocytes of some bivalve species. This parasite
was morphologically similar to members of the genus
Steinhausia, such as S. mytiloyum that parasitizes oocytes
of mussels (Mytilus galloprovincialis) (Figueras et al. 1991;
Graczyk et al. 2006).
The other microsporidia-like parasites identified in geoduck intestine and siphon muscle do not possess all of
the classic characteristics of microsporidia (Garcia 2002).
Microsporidia are obligate intracellular protists that form
spores (Garcia 2002). Like several other taxa, the life cycle
of microsporidia includes an asexual reproduction (merogony) and sexual reproduction via the production of spores,
the infectious stage responsible for host-to-host transmission (Garcia 2002). Both of these stages were observed
in geoduck. However, the two life stages were not always
observed within the same individual. Of all geoduck examined with either intestinal or siphon muscle MLO parasites,
nine were observed with both MLO life stages (7%). The
intestinal MLO parasites in geoduck had a plasmodiumlike morphology, which may represent meronts, while the
siphon muscle MLO contained spore-like stages. Although
the spores stained PAS positive, typical of microsporidia,
they were not acid-fast, one of the characteristics of the
microsporidia taxon (Garcia 2002), suggesting that these
parasites may belong to another taxon or are distantly
related to known microsporidia. Both MLO parasites elicited a host inflammatory response in infected tissues; the
potential of these parasites to influence host health in not
known.
Seasonal fluctuations have been long known to influence
endoparasite presence in marine hosts (Noble 1957; Rohde
1984; Couch 1985). Relatively high intensity microsporidian
infections were observed in geoduck siphons and intestinal
epithelia year-round; no clear temporal or spatial environmental driver was detected. The highest prevalence of SLO
infections was observed in geoduck during colder months
(February through May), while SLO parasites in warmer
months were rarely observed. This observation is consistent
Geoduck Aquaculture Research Program
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with the annual oocyte maturation cycle in geoduck clams
(Goodwin et al. 1979). Gametogenesis begins in spring
months and peaks in June and July (Goodwin 1976; Sloan &
Robinson 1984; Campbell & Ming 2003). The female spawning season is reported to be shorter compared to males,
occurring August through October (Goodwin 1976); however, recent observations suggest that reproduction starts in
late winter with evidence of spawning in March followed by
simultaneous spawning of both male and female geoduck
in Puget Sound in June and July (Friedman & Vadopalas,
unpubl. data). Of geoduck cases with SLO parasites, infection intensity was generally low, possibly due to elimination
by the host when oocytes are released during spawning.
Vertical transmission of Steinhausia is suspected to occur
in M. galloprovincialis, which may explain the perpetuation
of infection within the geoduck population year after year
(Bower et al. 1994).

Spatial distribution of geoduck parasites

T

he Puget Sound is a series of interconnected, fjord-type
channels connected to the Northeast Pacific Ocean by
the Strait of Juan de Fuca. This large estuarine environment
has a massive land-water interface with fluctuations in freshwater, organic matter, nutrients, and sediments from land
and urbanized areas (Emmet et al. 2000). The sites selected
for this study represent geoduck populations from two of
the five major basins of the Sound - Thorndyke Bay (Hood
Canal) and Totten Inlet (South Sound) - and one site from
the Strait de Juan de Fuca, Freshwater Bay. Seawater conditions vary among these sites (Herlinveaux & Tully 1961;
Thompson 1994; Newton et al. 2002; Moore et al. 2008).

S

patial differences in parasite communities were evident,
especially between Freshwater Bay and Totten Inlet.
Freshwater Bay and Totten Inlet exhibited the greatest differences in parasite abundance and infection intensity of the
parasite taxa described in this study while, generally, Thorndyke Bay exhibited intermediate parasite abundance and
infection intensity. Intestinal MLO and metazoan parasites
were observed in highest prevalence at Totten Inlet (mean
63%) and showed the lowest abundance at Freshwater Bay
(mean 9%). In contrast, trends in RLO prevalence were
the inverse of those observed for metaozoan and intestinal
microsporidia: Totten Inlet exhibited the lowest RLO prevalence (mean 19%), while RLOs were commonly observed in
Freshwater Bay (mean 62%). Sample site did not influence
presence of the SLO, which was limited to reproductively
active female geoduck regardless of site. Similarly, siphon
muscle microsporidian parasites were generally of low
prevalence or absent at all sites. Drivers of the distinct spatial patterns observed among the locations sampled in this
study are unclear but may be linked to environmental and
hydrographic conditions unique to these locales.

Appendix IV

In addition to physiological tolerances of these parasites to
environmental variation, host density and spatial population aggregation can influence parasite dispersal in marine
species (Blower & Roughgarden 1989). Geoducks are commonly found in discontinuous aggregate populations that
vary in population density (Goodwin & Pease 1991), which
could affect parasite ranges and distribution within Puget
Sound. Further, host factors, such as feeding rate and diet,
may also contribute to the variation in parasite distribution
and accumulation in filter-feeding bivalves (Ford & Tripp
1996; Ford et al. 1999).

Conclusions

W

e revealed the presence of several previously unreported parasites in Puget Sound geoduck clams.
Parasite presence in geoduck populations was significantly
influenced by spatiotemporal differences in Puget Sound.
Reasons for the differences in parasite assemblages may be
attributed to host physiology and density, seasonality of
infective stages of parasites, temperature shifts, or localized
environmental factors (e.g., currents, freshwater input, mixing, nutrient availability) at each sampling location.
Parasite presence is ultimately dependent on both the environment of the host and the microenvironment of the parasite. Management of future disease outbreaks in geoducks
will benefit from the baseline knowledge gathered in this
study. To fully assess the potential risks of geoduck diseases
continued exploration of individual parasite distributions,
virulence and physiological tolerances is needed. Gathering
further information about geoduck endosymbiont life cycles
and host-parasite interactions can assist in future fishery
management decisions regarding geoduck aquaculture and
stock movement.
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Tables and Figures
Table 1. Overall mean parasite prevalence and intensity in natural populations of Washington state P. generosa. Parasite intensity is based on a
semi-quantitative score of 0 - 4 parasite intensity: 0 = no parasites, 1= few parasites (< 10), 2 = small numbers of parasites (11 – 20), 3 = moderate numbers of parasites (21 – 30), 4 = large numbers of parasites (> 30). 1Not determined. Significant interactions between season and site
detected. 2Different letters indicate significant differences in prevalence (lower case) or intensity (upper case); alphabetical order reflects values
ordered higher to lower. 3Standard error.

Table 2. Parasite prevelance and intensity among sites and seasons. 1Standard error. 2Wi = winter, Sp = spring, Su = summer, F = Fall. 3Statistical difference among sites (p < 0.05). 4Not Applicable.
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Figure 1. Geoduck sampling sites in Washington state.
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Figure 2. Commonly observed parasites in wild geoduck clams in Washington state. An asterisk denotes
parasite presence in each photo. A. Rickettsia-like inclusion bodies in geoduck ctenidia tissue; bar = 13 µm.
B. Metazoan parasites; bar = 25 µm. C. Steinhausia-like microsporidian with oocytes ; bar = 25 µm. D. MLO
parasites within intestinal submucosa illustrating meronts (black asterisk) and spores (white asterisk and
inset image); bar = 20 µm and inset bar = 2 µm. E. Low magnification illustrating the multifocal nature of
the MLO within siphon musculature; bar = 50 µm. F. High magnification of siphonal MLOs; bar = 8 µm; inset
bar = 2 µm . Stained with H&E.
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Figure 3. Infection intensity in P. generosa by site and season. Parasite groups: metazoa (A), intestinal microsporidia
(MLO intestine; B), siphon muscle microsporidia (MLO muscle; C), Rickettsia-like organism (RLO; D), and Steinhausia-like
organism (SLO; E) observed from histology in geoduck clams collected from Freshwater Bay, Thorndyke Bay, and Totten
Inlet. Error bars represent 95% CI. § = Freshwater Bay pairwise comparisons indicating significant difference between
seasons; * = Thorndyke Bay pairwise comparisons indicating significant difference between seasons; + = Totten Inlet
pairwise comparisons indicating significant difference between seasons.
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Figure 4. Proportions of parasite groups: metazoa (A), intestinal microsporidia (MLO intestine; B), siphon muscle microsporidia (MLO muscle; C), Rickettsia-like organism (RLO; D), and Steinhausia-like organism (SLO; E) observed from histology in geoduck clams collected from Freshwater Bay, Thorndyke Bay, and Totten Inlet. Error bars represent 95% CI.
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Changes in seagrass (Zostera marina)
and infauna through a five-year crop cycle
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Abstract

Introduction

A

A

0.5 ha farm of geoduck clams (Panopea generosa) in
Samish Bay, WA, was surveyed 13 times from April
2008 to April 2013 for traits of eelgrass (Zostera marina),
sediment organic content, and infauna. Simultaneously,
samples were collected in a stratified random design in
an eelgrass meadow adjacent to the farm. The sampling
period spanned the harvest of adult clams (July 2008), the
installation (July 2008) and removal (July 2010) of nets and
tubes for predator protection, and additional growout. At
the beginning of the study (coinciding with the end of one
crop cycle), the presence of cultured adult geoducks had
little effect on eelgrass density or biomass. Harvest slightly
reduced these traits, but the main difference between the
farmed and unfarmed areas arose a year later, when Z.
marina disappeared from the farm following the biofouling of overlying nets. One year after the nets were removed,
Z. marina seedlings recolonized the farm. In the adjacent
meadow, eelgrass near the farm differed from eelgrass far
from the farm primarily in summer, when shoots closer
to the farm were more dense. Infaunal diversity and abundance, measured in spring only, were lower in the farm than
in the unfarmed area following harvest, even when differences in Z. marina were accounted for. This single-site case
study may inform the consideration of interaction between
food production and rooted aquatic vegetation, as well as
scientifically based buffer zones.

Key words: Bivalve aquaculture, artificial structure, disturbance–recovery, habitat complexity, spillover effects

s the shellfish aquaculture sector continues to develop,
it is crucial to understand how this industry interacts
with the systems that support it. Many studies have documented the effects of bivalve aquaculture on cultivated
grounds and adjacent habitats (Forrest and Creese 2006,
Munroe and McKinley 2007, Whitley and Bendell-Young
2007, Bouchet and Sauriau 2008), and these effects can
include altered habitat structure, sediment character, and
infaunal assemblages. The effects of bivalve aquaculture
are of particular interest when aquaculture sites occur near
habitats subject to protection and conservation, such as seagrass meadows.

Interaction between shellfish aquaculture and seagrasses
yields a range of effects that depend upon culture practices
and environmental context. In eastern Tasmania, Crawford
et al. (2003) found no obvious effects of subtidal longline
oyster (Crassostrea gigas) aquaculture on a mixed meadow
of Heterozostera tasmanica and Halophila australis. In
northern New Zealand, Bulmer et al. (2012) found reduced
Zostera muelleri density directly underneath hanging baskets of C. gigas, but no large-scale effects of aquaculture on
the seagrass. Experimental work in southwestern Washington State, USA, determined that on-bottom culture of C.
gigas can have negative effects on eelgrass (Zostera marina)
through space competition, and that the intensity of these
effects depends upon oyster density (Wagner et al. 2012).
Aside from the initial impact of bivalve aquaculture on
seagrasses, recovery time also depends upon culture practices, environmental factors, and the traits of the affected
seagrass. Neckles et al. (2005) found variable rates of recovery in Z. marina after commercial harvest of Mytilus edulis
by dragging, but sites that suffered more intense dragging
activity had not fully recovered 7 years after harvest. Other
species have demonstrated the ability to recover more
rapidly: Park et al. (2011) found that the harvest of Manila
clams removed or buried all Zostera japonica shoots within
the farmed area, but noted recovery of Z. japonica density
and biomass 3 months after harvest. The wide range of
initial impacts and recovery times following interaction
between bivalve aquaculture and seagrasses suggests that
further research is necessary to evaluate emerging practices
in shellfish aquaculture.
Commercial geoduck clam (Panopea generosa) aquaculture
is a growing industry on the west coasts of the United States
and Canada. In 2010 and 2011, geoduck (from wild harvest
and aquaculture) represented 2.9 to 3.1% of United States
clam landings by weight, but 31 to 37% of the total value of
clam landings (Lowther 2011). The lucrative nature of this
fishery has inspired interest in expanding the use of tidelands for geoduck aquaculture. The commercial geoduck
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aquaculture cycle comprises distinct periods of activity,
including harvest, reseeding, the installation of predator
protection structures, the subsequent removal of those
structures, and several years of additional grow-out before
the clams reach marketable size. To date, the separate and
cumulative effects of these activities on different components of intertidal systems are largely unknown (Straus et al.
2007).
In this single-site case study, I examined the ecological consequences of the P. generosa aquaculture cycle at one commercial geoduck farm in northern Washington State, USA.
Although clams are not typically planted into Z. marina
in Washington State, the response of eelgrass to geoduck
aquaculture is relevant because this protected seagrass can
recruit into cultivated beds, and because cultivation could
influence nearby eelgrass. I compared eelgrass traits, sediment organic content, and infaunal abundance and diversity
in and outside of a geoduck farm. Sampling in the unfarmed
area followed a design that enabled the evaluation of any
changes related to distance from the farm. Although this
investigation encompassed one site only, these data may
allow management to better understand the effects of geoduck aquaculture activity on intertidal systems within and
nearby geoduck farms, improving the decision-making process in the leasing of public tidelands.

Materials and Methods

F

isk Bar is an intertidal site in Samish Bay, WA (48°36’N,
122°26’W), hosting a geoduck farm approximately 140m
by 36m and extensive surrounding eelgrass meadows (Fig.
1). A crop of geoducks was planted on Fisk Bar in the summer of 2002, with an intended harvest date of summer 2008.
Although the farm was not a Z. marina meadow when geoducks were planted in 2002, eelgrass colonized the farmed
area between 2002 and 2008. This circumstance afforded
a unique opportunity to explore the effects of commercial
geoduck aquaculture on an important type of intertidal
habitat. I conducted an initial survey on 04/08/08, prior to
harvest, and an additional 12 surveys over the following 5
years as the farm entered the next crop cycle.

Aquaculture activity

I

n May and June of 2008, geoducks were harvested from
the Fisk Bar farm via high-volume seawater “stingers”
used to liquefy sediment and remove geoducks at low tide.
By early July, the farm was reseeded with juvenile geoducks and predator protection structures. These structures
included PVC pipe tubes 10cm in diameter, installed at a
density of approximately 10 per square meter. Three juvenile geoducks were planted into each tube. The tubes were
then covered with anchored nets spanning the entire farm
(‘blanket’ nets). In July of 2009, the nets were replaced due
to heavy biofouling. In July of 2010, all nets and tubes were
removed from the Fisk Bar farm.

Field surveys

F

or each survey, I sampled from 25 quadrats within the
farm and 25 quadrats within the unfarmed area. I positioned quadrats (0.5m x 0.5m) with coordinates assigned
in advance: within the farm, quadrat placement was wholly
random, whereas within the unfarmed area, quadrat placement followed a stratified random design, in order to sample
more heavily towards the farm boundary (5 quadrats each
within 0 to 3m, 3 to 9m, 9 to 21m, 21 to 45m, and 45 to
93m of the farm; Fig. 1). Within each quadrat, I counted the
number of Z. marina vegetative shoots. I then collected sediment, infauna, and Z. marina samples for laboratory analysis. Between April of 2008 and April of 2013, I conducted
13 surveys (on 04/08/08, 07/29/08, 11/12/08, 04/26/09,
07/18/09, 11/04/09, 04/30/10, 08/09/10, 11/05/10, 04/20/11,
07/28/11, 04/09/12, and 04/28/13).
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Zostera marina samples

Statistical analysis

or quadrats with Zostera marina present, I collected all
Z. marina from one quadrant of the quadrat, rinsing
samples in the field. In the laboratory, I counted the number of vegetative shoots collected in each sample. I then
haphazardly selected 20 vegetative shoots, and measured
sheath length for each (when less than 20 vegetative shoots
were sampled, I measured sheath length for all collected
shoots). I washed all collected shoots to remove epiphytes,
and then divided each shoot into above- and below-ground
components. I dried the divided shoots at 60°C for 48 hours,
and weighed them to determine above- and below-ground
biomass per area. For each survey, I measured between 288
and 701 shoots, for a total of 6,010 analyzed shoots across 12
surveys.

ecause of seasonal and crop-cycle variation, I analyzed
data from each survey separately, to compare eelgrass
traits, sediment organic content, and infauna abundance
and diversity between the unfarmed and farmed areas at
each date. Because eelgrass was initially patchy within the
farm, only those quadrats having eelgrass were included
in the analysis of eelgrass density and above- and belowground biomass. Each unfarmed–farmed comparison was
tested by t-test for the following response variables: eelgrass
density, above-ground biomass per area, below-ground
biomass per area, sediment organic content, and infaunal
abundance, taxa richness, and H’.

F

Sediment samples

F

or all quadrats, I used a trowel to sample from the top
2cm of sediment in a second quadrant of the quadrat.
In the laboratory, I dried sediment samples at 60°C for at
least 48 hours. For each sample, I then combusted a 30g
subsample in a muffle combustion furnace, collecting preand post-combustion weights in order to calculate sediment
organic content. For each survey, I collected between 45 and
50 sediment samples, for a total of 716 analyzed sediment
samples across 12 surveys.

Infauna samples

B

Using data from the unfarmed area, I further analyzed two
eelgrass traits — density and above-ground biomass — by
comparing the most distant sampling zone (within 45 to
93m of the farm) pairwise to each zone closer to the farm.
These eelgrass traits were selected as most relevant to discussions of buffer zones, given implications of shoot density
and biomass for habitat complexity and primary production.
I used a linear mixed-effects model to evaluate infaunal
responses to changes in eelgrass, as opposed to other aspects
of farming. I included quadrat-specific eelgrass biomass (the
sum of above- and below-ground biomass) and farmed/
unfarmed origin as fixed effects in this analysis, as well as
their interaction. I included survey date as a random effect.

or all quadrats, I collected a ~1,000cm3 core of sediment For all comparisons, alpha-levels for significance were set at
0.05, which is conservative for multiple comparisons associfrom a third quadrant of the quadrat. In the field or
ated with zone-by-zone contrasts.
the laboratory, I wet-sieved each core over a 500µm mesh,
and transferred the remaining material into 10% buffered
formalin solution in order to fix specimens. After 24 hours,
I rinsed each sample with ethanol over a 500µm mesh, followed by transfer to a 70% ethanol solution for long-term
storage. I stained each sample with Rose Bengal, waited at
least 24 hours, and commenced debris sorting under a dissection microscope, isolating preserved organisms from
detritus. Finally, I examined sorted specimens under a
dissection microscope at high power, and identified each
organism to the lowest possible taxonomic level. I summarized infaunal invertebrate data using univariate metrics
of total abundance, taxa richness, and Shannon-Weiner
diversity (H’) for each core. I performed these analyses on 10
cores from the farmed area and 10 from the unfarmed area
for each spring survey (04/08/08, 04/26/09, 04/30/10, and
04/20/11) for a total of 80 analyzed infauna samples.

F
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Results
Zostera marina

Sediment

Prior to harvest (04/08/08), Z. marina was patchily distributed within the farm (being present in 52% of quadrats).
Where eelgrass was present, Z. marina was not distinguishable between the farmed and unfarmed areas in density (Fig.
2) or above-ground biomass (Fig. 3). However, Z. marina in
the unfarmed area had 49% lower below-ground biomass
than eelgrass in the farm (Fig. 3).

rior to harvest, there was no difference in sediment
organic content between the farmed and unfarmed areas
(Fig. 6). Immediately following harvest, the unfarmed area
had 13% higher sediment organic content than the farm (Fig.
6). This pattern persisted until 04/09/12, when sediment
organic content was higher in the farm than the unfarmed
area (Fig. 6). Sediment organic content remained higher in
the farm than the unfarmed area on 04/28/13 (Fig. 6).

Immediately following harvest (07/29/08), eelgrass
remained patchily distributed within the farm (being present in 64% of quadrats), but where it was present, Z. marina
was now 78% more dense in the unfarmed area than in the
farm (Fig. 2). Above- and below-ground biomass comparisons similarly showed higher values in the unfarmed area
than in the farm (Fig. 3). Eelgrass was no longer present on
the farm 1 year after harvest (07/18/09; Fig. 2), following a
period of heavy biofouling on the blanket nets.
Between April and July of 2011, the Fisk Bar farm was
recolonized by Z. marina. Although eelgrass density was
very low in the farm (07/28/11; Fig. 2), I found small numbers of shoots throughout. The recolonizing plants persisted
through the winter, as Z. marina adult shoots were present
in the farm on 04/09/12. 2012 and 2013 each saw a small
year-over-year increase in shoot density within the farm,
although the proportion of occupied quadrats did not show
the same trend.
On a zone-by-zone basis within the unfarmed area, eelgrass
in the zone closest the farm was sometimes but not always
different from eelgrass in the zone furthest from the farm
(45 < x < 93m). Particularly in summer, Z. marina reached
higher densities closer to the farm (Fig. 4). Across all but
one survey date, eelgrass above-ground biomass was similar
throughout the unfarmed area (Fig. 5).
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Interestingly, linear regressions show that sediment organic
content in the unfarmed area was significantly higher (at α =
0.05) near the farm on two summer surveys (07/18/09 and
08/09/10; R2 = 0.32 and 0.23, respectively). Springtime sediment organic content showed a significant response to plot
(unfarmed/farmed), but no response to quadrat-specific
eelgrass biomass or to the interaction of these factors
(Table 1).

Infauna

B

efore harvest, the unfarmed and farmed areas showed
no difference in infaunal abundance or taxa richness,
but the unfarmed area did exhibit higher H’ (Fig. 7). In the
years following harvest, the unfarmed area showed higher
infaunal abundance and taxa richness than the farm, and
maintained higher H’ (except in 2009; Fig. 7).
Infaunal abundance and taxa richness showed a significant
response to plot (unfarmed/farmed), but no response to
quadrat-specific eelgrass biomass or to the interaction of
these factors (Table 1). Infaunal H’ showed no response to
plot, quadrat-specific eelgrass biomass, or their interaction
(Table 1).
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Discussion

B

ased on the pre-harvest survey (04/08/08) in which
P. generosa were present throughout the farm, adult
geoducks at aquaculture densities appeared to have little
influence on traits of Z. marina on Fisk Bar. These results
are consistent with findings from South Puget Sound, where
eelgrass density was 30% lower in summer when geoducks
were added, but was not consistently different (Ruesink and
Rowell 2012). Following harvest, Z. marina density was
44% lower in the farm than in the unfarmed area (Fig. 2), a
magnitude of disturbance less than the 75% density reduction following harvest in South Puget Sound (Ruesink and
Rowell 2012).

The most profound consequences of the crop cycle on Fisk
Bar were associated with biofouling of the blanket nets used
to protect geoducks from predators. A thick mat of ulvoid
algae recruited to the nets in the winter and early spring
of 2009, and almost certainly reduced light availability for
plants below. Prior to the loss of Z. marina in the farm, I
witnessed significant declines in shoot size. In retrospect,
these changes may have indicated stress by light limitation.
A similar pattern emerged when Hauxwell et al. (2001) subjected Z. marina to experimental shading under a macroalgal canopy, and noted reduced shoot size and density prior
to eelgrass loss. Seagrasses generally are sensitive to shading, whether from phytoplankton, macrophytes, or artificial
structures (Duarte 2002).
The first signs of recovery for eelgrass began 1 year after
the removal of tubes and nets, and continued evidence for
recovery appeared in the following year. Z. marina was lost
from the farm between 04/26/09 and 07/18/09, but a small
number of new shoots appeared within the farm between
04/20/11 and 07/28/11. Z. marina remained within the
farm, at low densities, in 2012 and 2013. Thus, current
geoduck aquaculture practices do not appear to have made
this site unsuitable for later recolonization by eelgrass. The
recruitment of new plants in the farm was likely through
seeds and seedlings, as new shoots were often too far from
the unfarmed area to be the product of vegetative propagation. Hauxwell et al. (2001) similarly noted the recovery of
eelgrass from seed following the removal of shading macroalgae.
The temporal pattern of differences in infaunal assemblages
mirrored the pattern of differences in eelgrass traits: infaunal abundance, richness, and diversity were lower in the
farm across the post-harvest surveys (Fig. 7). Structured
habitats on estuarine tideflats typically have higher abundance and diversity of benthic fauna (Ferraro and Cole
2011), and seagrasses in particular are known to enhance
infaunal abundance and diversity (Lee et al. 2001), so one
might expect that any differences in infaunal assemblages
between the unfarmed area and the farm would arise from
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differences in eelgrass. On Fisk Bar, however, infaunal
abundance, richness, and diversity were poorly predicted
by quadrat-specific Z. marina biomass (Table 1), suggesting
that the effects of geoduck aquaculture on infauna were not
mediated solely through eelgrass.
It is possible that geoducks themselves affect neighboring
infauna; Ruesink and Rowell (2012) found that the presence of geoducks led to increased porewater ammonium,
and experimental enrichment of porewater ammonium
has been shown to reduce recruitment in some infaunal
species (Engstrom and Marinelli 2005). It is also possible
that installed nets and tubes affect the recruitment or postrecruitment survival of infaunal species; Danovaro et al.
(2002) found that artificial reefs in the Mediterranean had
negative effects on local infaunal abundance. Although this
study cannot pinpoint the mechanism(s) behind the differences in infaunal assemblages on Fisk Bar, it can offer
site-scale information regarding the effects of geoduck
aquaculture on infauna, whose responses can be idiosyncratic. To provide but one example of the capricious nature
of infaunal response, aquaculture of a single bivalve species
(Mytilus edulis) has been found to have a negative effect
(Chamberlain et al. 2001), no effect (Danovaro et al. 2004),
or a positive effect (Callier et al. 2008) on infaunal diversity.
In other studies of aquaculture harvest, changes in sediment characteristics are generally shorter-lived and of lesser
magnitude than changes in biota (Kaiser et al. 1998, Cesar
and Frid 2009). On Fisk Bar, sediment organic content was
lower inside the farm across all but one of the post-harvest
surveys, until this pattern was reversed on 04/09/12 (Fig.
6). Sediment organic content and seagrasses commonly
exhibit a positive relationship (de Boer 2007), so one might
expect that any differences in sediment organic content
between the farmed and unfarmed areas would arise from
differences in eelgrass. However, on Fisk Bar, sediment
organic content was poorly predicted by quadrat-specific Z.
marina biomass (Table 1). Furthermore, sediment organic
content on 04/09/12 and 04/28/13 was higher in the farmed
area, despite very low Z. marina density in the farm at that
date (Figs. 2 and 6). Together, these results suggest that the
effects of geoduck aquaculture on sediment organic content
were not solely mediated through eelgrass.
The difference in sediment organic content between the
farmed and unfarmed areas on 07/29/08 (Fig. 6) suggests
that harvest reduced sediment organic content on Fisk Bar,
perhaps through the movement of sediment by seawater
stingers. This difference in sediment organic content generally increased in magnitude until 08/09/10, when nets and
tubes were removed, and decreased thereafter (Fig. 6). This
pattern could indicate that nets and tubes reduced sediment
organic content within the farm. Bottom-seated cylinders
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can cause sediment scour due to interaction of the wave
boundary layer with the cylinder (Sumer et al. 2001), and
this dynamic could have been at work around each of the
thousands of tubes installed in a geoduck farm. All evidence
for such scour had disappeared by 04/09/12, less than 2
years after the removal of nets and tubes, when sediment
organic content was actually higher inside the farm (Fig. 6).
Natural resource management often considers buffer zones
for human activities that could have ‘spillover’ effects on
aquatic habitats (Washington Administrative Code 173-26221). The stratified random sampling of the unfarmed area
in this study allowed the evaluation of the magnitude and
duration of spillover effects from the geoduck farm. The
results show that eelgrass traits differed with distance from
the farm at particular times, both before and after harvest.
Prior to harvest, Z. marina density did not vary as a function of distance to the farm, but eelgrass near the farm had
lower above-ground biomass (Figs. 4 and 5). During each
summer following harvest, Z. marina showed higher shoot
densities nearer the farm (Fig. 4). Eelgrass bordering the
farm also had lower above-ground biomass in summer,
though this trend was not consistently significant (Fig. 5).
Because geoduck aquaculture on Fisk Bar effectively
formed a distinct meadow edge where none had existed
before, one might expect that any observed differences with
distance from the farm would reflect patterns often witnessed from the edge to the center of a meadow. However,
Bowden et al. (2001) found lower Z. marina density near
the meadow edge (see Bologna and Heck 2002 for similar
results in Thalassia testudinum), while Olesen and SandJensen (1994) and Peterson et al. (2004) found no effect
of distance-to-edge on shoot density or size. Since denser
shoots near the Fisk Bar farm do not reflect previous findings on typical ‘edge effects’, these spatial patterns could be a
product of interaction with the geoduck farm. Alternatively,
or concomitantly, these spatial patterns could result from
environmental variation: shoots in the farthest zone were
slightly deeper than shoots near the farm, and Z. marina
size and density can change with tidal elevation (Keller and
Harris 1966, Ruesink et al. 2012).

Appendix V

Just as eelgrass differed with distance-to-farm predominantly in summer, sediment organic content was higher near
the farm on two summer surveys (see Results), even as the
farm itself had lower sediment organic content. This pattern
could reflect increased particle capture and/or increased
production by Z. marina near the farm.
I approached the interaction of geoduck aquaculture and
its intertidal environment through a longitudinal study of
multiple response variables in and outside of a single farm
over one crop cycle. The colonization of the Fisk Bar farm by
Z. marina during the previous crop cycle afforded a unique
opportunity to examine the effects of geoduck aquaculture
on eelgrass at realistic scales. The most dramatic effect was
the loss of eelgrass within the farm (Fig. 2), likely due to
shading by blanket nets. Z. marina recolonized the farm 1
year after the removal of nets and tubes. In keeping with previous work on aquaculture disturbance (Kaiser et al. 2006),
it appears that Z. marina may take several more years to
recover its pre-harvest density in the farm. Seedling germination was essential to recovery, given the size of the blanket nets. Z. marina shoots near the farm were more dense
in summer (Fig. 5), which could indicate spillover effects.
Farming practices reduced infaunal abundance and diversity on Fisk Bar, and temporarily reduced sediment organic
content. Differences in eelgrass could not account for these
effects (Table 1).
This case-study was limited to a single site, and the patterns
of change witnessed across the geoduck crop cycle on Fisk
Bar may not be generalizable to other contexts. With this
limitation in mind, these data may prove useful for management decisions regarding the siting of geoduck farms relative
to eelgrass meadows, and for bounding expectations regarding the duration and intensity of geoduck aquaculture effects
on eelgrass, sediment, and the infaunal community.
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Table 1. Mixed-effects linear models on springtime sediment organic content and univariate metrics of infauna in the farmed
and unfarmed areas.

Response

Fixed effects

F statistic

P value

Sediment organic content

Quadrat-specific Z. marina biomass
Plot (Unfarmed/farmed)
Z. marina biomass x Plot

0.47
4.89
0.74

0.64
<0.01*
0.46

Infaunal abundance

Quadrat-specific Z. marina biomass
Plot (Unfarmed/farmed)
Z. marina biomass x Plot

0.50
1.43
0.67

0.62
0.16
0.51

Infaunal taxa richness

Quadrat-specific Z. marina biomass
Plot (Unfarmed/farmed)
Z. marina biomass x Plot

0.63
3.99
0.21

0.53
<0.01*
0.84

Infaunal H’

Quadrat-specific Z. marina biomass
Plot (Unfarmed/farmed)
Z. marina biomass x Plot

0.36
4.18
1.01

0.72
<0.01*
0.32

Figure 1: Schematic of Fisk Bar site, showing the farm, surrounding unfarmed areas, and the adjacent channel used for access. Light gray areas
are above -2 MLLW; dark gray areas are below -2 MLLW. Dots indicate the placement of quadrats for a hypothetical survey.
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Figure 2: Within-patch eelgrass density over time in the unfarmed and farmed areas of Fisk Bar. Bars indicate standard error (n = 9 to 25).
P-values are given for each date in which the unfarmed and farmed areas showed a significant difference (at α= 0.05) in within-patch eelgrass density.
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Figure 3: Eelgrass above- and below-ground biomass over time in the unfarmed and farmed areas of Fisk Bar. Bars indicate standard error (n
= 9 to 25). P-values are given for each date in which the unfarmed and farmed areas showed a significant difference (at α = 0.05) in eelgrass
above- or below-ground biomass.
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Figure 4: Eelgrass density over time across the five zones of the unfarmed area of Fisk Bar. Bars indicate standard error (n = 3 to 5). Within
each survey date, p-values are given for each zone showing a significant difference (at α = 0.05) in eelgrass density from the zone furthest from
the farm (45m < x).
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Figure 5: Eelgrass above-ground biomass over time across the five zones of the unfarmed area of Fisk Bar. Bars indicate standard error (n = 3
to 5). Within each survey date, p-values are given for each zone showing a significant difference (at α = 0.05) in eelgrass above-ground biomass
from the zone furthest from the farm (45m < x).
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Figure 6: Sediment organic content over time in the unfarmed and farmed areas of Fisk Bar. Bars indicate standard error (n = 24 to 25). P-values are given for each date in which the unfarmed and farmed areas showed a significant difference (at α = 0.05) in sediment organic content.
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Figure 7: Infauna abundance, richness, and diversity over time in the unfarmed and farmed areas of Fisk Bar. Bars indicate standard error (n =
10). P-values are given for each date in which the unfarmed and farmed areas showed a significant difference (at α = 0.05) in the given infaunal character.
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1.0

INTRODUCTION

This technical report provides information related to the updated Pierce County Shoreline
Master Program (SMP) submitted to the Washington State Department of Ecology (Ecology) for
review and approval. The updated SMP contains language and definitions that are not
supported by the existing scientific literature or the Ecology (2016a) Handbook. The goal of this
technical report is to provide scientific and technical information pertaining to shellfish
aquaculture to facilitate revisions to the SMP by Ecology during its review process.

1.1

Existing Shellfish Aquaculture in Pierce County

Aquaculture, as defined in the Washington Administrative Code (WAC), is “the culture or
farming of fish, shellfish, or other aquatic plants and animals. Aquaculture does not include the
harvest of wild geoduck associated with the state managed wildstock geoduck fishery” [WAC
173‐26‐020(6)]. This document addresses aquaculture of shellfish (bivalves) only and does not
include finfish (e.g., salmon), focusing on information specific to Pierce County where possible.
The species of bivalves currently cultured in Pierce County include Pacific oysters (Crassostrea
gigas), Kumamoto oysters, (Crassostrea sikamea), Manila clams (Venerupis philippinarum), and
geoducks (Panopea generosa). There are 25 existing farms within Pierce County (Figure 1), many
of which have been operating for 50+ years. These historical farms pre‐date the original SMP
that was established in 1974 and designation of shorelines in 1975 (Pierce County 2013). These
farms are still operating in a manner consistent with aquaculture policies and regulations (as
discussed below). Existing shellfish aquaculture represents about 11.2 miles (4.9%) out of a total
of 229.4 miles of the Pierce County shoreline.
All of the historical farms in Pierce County are also in areas that were identified in the Bush Act,
1895, as valuable for shellfish aquaculture (DNR 2016). This includes the historical farms of
Rocky Bay, Minter Bay, Burley Lagoon, and Filucy Bay (Figure 1). Estuaries are desirable
locations for shellfish aquaculture because of wide stretches of tideflats, protection from wave
and wind fluctuations, relative ease of access, and availability of food and nutrients. Section 3.4
discusses the compatibility of shellfish aquaculture with sensitive species use of these areas.

1.2

Report Organization

This report directly addresses code changes to the Pierce County Code (PCC) identified within
the updated SMP. Each PCC is called out in bold type (e.g., PCC 18E.40.040(D)) and followed
by a discussion of relevant scientific information applicable to the updated SMP. The
information provided in this technical report is divided into five main sections:
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Submerged Aquatic Vegetation (SAV) Buffers (Section 2.0)
Prohibitions of Shellfish Aquaculture (Section 3.0)
Forage Fish Spawning Areas (Section 4.0)
Predator Protection Gear (Section 5.0)
Additional Literature Provided to Pierce County (Section 6.0)
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2.0

SUBMERGED AQUATIC VEGETATION (SAV) BUFFERS

This section is responding to PCC 18E.40.040(D):
Eelgrass, kelp, and intertidal vascular plants shall be protected by maintaining an
undisturbed area between regulated activities described in Table 18E.40.040‐1
[Table 1 below] and the boundary of the bed. Limited activity may occur within
the undisturbed area (i.e., foot traffic and temporary storage of materials
associated with permitted activities). Table 18E.40.040‐1 indicates the baseline
undisturbed area width for each type of regulated activity. These widths may be
adjusted by the Department during the review process to reflect site specific
conditions, current research, and advances in technology.

Table 1

Suggested Submerged Aquatic Vegetation Buffers (SAV) Associated with
Regulated Activities, per PCC Table 18E.40.040‐1.

Regulated Activity

Required Undisturbed Area Widths*

Mussel Rafts
Fish Pens

Intertidal Manual Harvest: 25 feet (ft)
Intertidal Mechanical Harvest: 50 ft
Subtidal: 180 ft
50 ft within low‐energy shoreline areas including, but not limited to, bays, coves, and estuaries.
300 ft

Docks and Floats

4 ft vertical separation or 25 ft horizontal separation, whichever is greater.

Other

A minimum separation of 25 ft shall be required for all other activities.

Shellfish Harvest

*Required undisturbed area widths do not apply to eelgrass that establishes naturally following commencement of approved
aquaculture activities.

Additionally, this section is responding to the following sections:


PCC 18S.40.040(B)(5): “Individual aquaculture uses and developments shall be
separated by a sufficient distance to ensure that significant adverse cumulative effects
do not occur.”



PCC 18S.40.040(C)(4): “Aquaculture activities shall be set back a minimum of 10 feet
from adjacent parcels not associated with the aquaculture activity. The 10‐foot setback
requirement shall be increased when the shoreline contains multiple individual
aquaculture activity areas and when it is demonstrated that a greater distance setback is
needed between areas or adjacent parcels to ensure maintenance of other shoreline uses,
such as recreation or public access, or to ensure protection of shoreline functions and
processes. The expanded setback required shall be based upon water body and shoreline
characteristics and an analysis of legally established shoreline development.”

This section includes a discussion of buffer widths and the science that supports what buffer
widths are appropriate to avoid or reduce impacts to SAV associated with specific types of
aquaculture activities. In addition, this section provides an overview of the role of buffers in
protecting saltwater habitats of special concern.
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2.1

Buffer Rationale and Definition of an Eelgrass Bed

Eelgrass is the primary SAV identified in the literature related to potential interactions with
shellfish aquaculture due to the potential spatial overlap in intertidal and shallow subtidal
areas. Eelgrass is widely recognized as an important nearshore resource that provides direct
and indirect food sources for marine ecosystems, and provides habitat structure for marine
species (Phillips 1984). Kelps are also important components of nearshore aquatic communities;
however, they require rocky habitat (or some kind of hard substrate) for attachment.
Aquaculture does not occur in rocky habitat, but smaller hard substrate materials (e.g., cobbles,
boulders, bivalve shells, etc.) may be present in aquaculture locations. It is also important to
note that aquaculture gear and cultured bivalves provide hard substrate, which can serve as
attachment points for kelps and typically enhance intertidal areas by increasing other
macroalgae species (discussed in Section 3.2 below). Floating kelp (Macrocystis integrifolia and
Nereocystis leutkana) represent 7% of aquatic vegetation within Pierce County compared to 26%
for eelgrass and 44% for non‐floating kelp (e.g., Laminaria spp., Egregia menziesii) (DNR n.d.).
Several researchers have evaluated the relationship between shellfish aquaculture, eelgrass, and
macroalgae. However, we are not aware of studies documenting potential interactions between
shellfish aquaculture and kelp. As stated above, kelps and macroalgae are generally more
abundant in areas with aquaculture due to increased opportunities for attachment. Because
kelps are found in similar environments as eelgrass (e.g., intertidal and shallow subtidal
habitats with enough light to sustain growth), but are more restricted by sediment type, it is
assumed that measures intended to protect eelgrass will be similarly protective of kelp and
other SAV communities of interest.
Buffers between regulated activities and SAV are created primarily to avoid and minimize
damage to documented SAV from activities associated with the regulated activity. Before
understanding how these criteria relate to shellfish aquaculture, it is important to note that
there are critical differences between the function of terrestrial and marine buffers. Terrestrial
buffers often serve additional functions, such as providing wildlife habitat, detrital input (i.e.,
food resources), and/or additional habitat structure to the buffered habitat. Although regulation
of marine habitats follows a similar approach to regulation of terrestrial habitats, the functions
of marine buffers are different because of differences in how the marine environment is
structured.
Unlike in the terrestrial setting, buffer habitat adjacent to SAV may not provide tangible
benefits to the species present in SAV. For example, SAV provides refugia (i.e., places to hide
from predators) as well as food resources for juvenile fish of many species. Adjacent buffer
habitat does not provide such benefits. In the marine setting, the function of buffers is primarily
to limit potential negative impacts to SAV from direct disturbance (trampling or boats),
shading, or changes to sediment composition. Therefore, an important metric to consider when
establishing buffer widths is the range of natural disturbance that SAV communities encounter
and the resilience of the habitat to those disturbances. The question for buffers in the marine
setting is whether the regulated activity generates disturbance beyond the natural disturbance
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regime, and, if it does, at what distance the disturbance falls back to natural levels. This is
explored more thoroughly below in the existing scientific literature (Section 2.2).
The Nationwide Permit 48 (NWP 48) provides authorization for commercial aquaculture
activities, first for existing (regardless of eelgrass) and then for new or expanded, which
includes eelgrass buffers. Therefore, many current aquaculture beds were established in areas
occupied by SAV, which has provided a number of opportunities to study how shellfish
aquaculture and SAV interact.
Furthermore, while shellfish aquaculture and other approved uses may be in place for an
indefinite period, eelgrass beds are dynamic and may migrate up to 2 m to 5 m (6.6 ft to 16.4 ft)
per year (DNR 2014). Note that eelgrass migration is typically in a lateral direction because beds
are typically constrained landward due to desiccation and seaward due to light limitations
(DNR 2014). Kelp beds may be even more dynamic, with annual populations expanding or
contracting in response to environmental conditions.

2.2

Existing Scientific Literature

Dumbauld and McCoy (2015) suggested that shellfish aquaculture influences eelgrass, both
positively and negatively, through the following mechanisms:


Physical structure of shells/reefs;



Nutrient additions to sediments and water column through feces or pseudofeces1 (also
known as biodeposits); and



Increased water clarity through biological filtration.

In addition, the authors suggested that physical effects to, and competition with, SAV may
include:


Shading of the plants, which reduces light levels below what is required for eelgrass to
survive or grow;



Desiccation from hanging up on aquaculture gear;



Changes to substrate to support the activity (e.g., introduction of shell hash);



Changes to turbidity and/or sediment deposition.

These effects can be short‐term and transitory (e.g., increased turbidity during harvest of
geoduck clams) or semi‐permanent (e.g., modifications to the substrate size and type).
Logically, many of these effect mechanisms are limited to the culture plot, including: physical
structure, shading, desiccation, and changes to substrate. Potential impacts of shellfish

1 Pseudofeces are biodeposits resulting from a specialized method of expelling materials by filter‐feeding
bivalves that enables them to excrete suspended particles that cannot be used as food (e.g., particles of
silt). The rejected particles are wrapped in mucus and expelled without having passed through the
digestive tract.
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aquaculture to SAV are described below, broken down into the three main culture types, similar
to those described in Table 1: (1) intertidal culture, (2) subtidal culture, and (3) floating culture.
Studies of interactions of shellfish aquaculture with SAV have tended to focus on effects within
the footprint of the culture plot, often using areas immediately adjacent (e.g., within 1,000 ft) to
the plot as control or reference sites for measuring impacts. The observations of studies
considered below attempt to characterize either direct effects of shellfish aquaculture on SAV or
identify effects outside of the culture plot footprint. From these studies, the level of scientific
support for buffers between shellfish aquaculture and SAV is identified. The locations of
various studies discussed below, in relation to Pierce County, is provided in Figure 2.

2.2.1 Intertidal Culture
The proposed 25‐ft buffer for manual shellfish harvest and 50‐ft buffer for mechanical harvest
(Table 1) appear to be unrelated to field observations. Establishing a 50‐ft buffer for mechanical
harvest creates an implicit assumption that this activity is more intensive and disturbing
beyond the culture plot than manual harvest, and that the effects will be transmitted twice as
far. However, this assumption ignores the range of potential harvest methods and frequency of
activity. Because the literature related to intertidal culture is extensive, the following discussion
is broken down by two primary cultured species: Pacific oysters and geoduck clams.
Pacific Oysters
Tallis et al. (2009) evaluated the effects of oyster bottom culture (hand and drag dredge harvest)
and cultch‐on‐longline culture in Willapa Bay, Washington, over a period of 3 years (2002 to
2004). The authors documented the complex relationship between oyster culture and eelgrass
where oyster culture led to decreases in eelgrass density but also resulted in comparative
increases in individual plant productivity through reductions in competition between plants
(also discussed in Wisehart et al. 2007). In general, bottom culture, whether hand or dredge
harvested, had greater effects on eelgrass than longline culture. The effects of oyster culture on
eelgrass were attributed to three primary mechanisms: (1) harvesting techniques that damaged
plants and rhizomes, (2) direct competition for space in bottom culture (plants can’t grow
through oysters), and (3) mechanical damage from the oysters on eelgrass, specifically
desiccation leading to breakage and hence decreased plant viability leading to shoot death and
lower density.
Direct effects to eelgrass described by Tallis et al. (2009) were somewhat offset by increases in
plant productivity in eelgrass beds with lower density, likely related to decreased intraspecific
competition and shading impacts. Lower density beds were thought to provide increased light
levels, which led to higher relative growth rates in these areas in comparison to beds with
greater density. This increase in productivity, however, did not necessarily offset decreased
density from culture activities, especially in dredge harvested plots where their data indicate
70% fewer eelgrass plants within the culture plots in comparison to uncultivated plots.
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A study of suspended bag oyster aquaculture in shallow subtidal habitat (<5 m or 16.4 ft) of
New Brunswick, Canada, Skinner et al (2013) “demonstrated that impacts were limited to the
lease footprint by sampling eelgrass along a gradient at multiple leases.” In addition, there was
a lack of significant differences across a range of measures of eelgrass growth at all reference
stations outside of the culture plot. Subsequent studies by Skinner et al (2014) supported the
hypothesis that shading from suspended bag aquaculture stock and equipment is the main
factor responsible for the reduction in eelgrass structure, morphometrics, and photosynthesis in
commercial culture areas. Similarly, Forrest et al. (2009) reviewed the effects of off‐bottom
oyster and Manila clam culture in estuaries and found that direct benthic effects associated with
cultivation were highly localized to farmed areas. Therefore, imposition of buffers beyond the
areas where either shading or direct displacement due to aquaculture might occur do not
appear to be supported by scientific studies or field observations.
Finally, Dumbauld and McCoy (2015) examined how eelgrass and oyster culture interact at a
broad landscape scale in Willapa Bay. In addition, the authors provided a greater than 100‐year
perspective on the interaction of oysters and eelgrass in the bay. In general, oysters (historically
native and now cultured) cover less of the bay now than in historic times (estimated 6,220
hectares [ha] in late 1800s compared to about 1,764 ha under cultivation today). Comparatively,
eelgrass shows an opposite trend with dramatic increases over time (estimated 3,139 ha in the
1850s to 4,845 ha in the 1950s to about 6,951 ha today). Oyster culture in Willapa Bay occupies
about 5,000 ha (22%) of the total intertidal zone in the bay.
Dumbauld and McCoy (2015) used a logistical model to evaluate the effects of oyster culture on
eelgrass at the landscape scale in Willapa Bay. The model used aerial imagery over a period of
3 years (2005, 2006, and 2009), where a pixel size represented a 5‐m (16.4‐ft) radius on the
ground. Total cover was then ground‐truthed into general bins of 25%, 50%, 75%, and 100%
eelgrass cover. Through this model, the authors were able to attribute from a minimum of 0.4 ha
to a maximum of 83.5 ha of “missing” eelgrass in any given year, representing less than 1.5% of
the total eelgrass in the bay. This minor effect of aquaculture at the landscape scale was also
mirrored in other similar situations cited by the authors from off‐bottom culture in Mexico,
New Zealand, and France (Ward et al. 2003, Barille et al. 2010, Martin et al. 2010, Bulmer et al.
2012).
The other important conclusion of the Dumbauld and McCoy (2015) study relates to the
resilience of eelgrass over a period of more than 100 years to not only coexist with ongoing
aquaculture activities but to thrive and expand dramatically over time. The authors conclude
that “current oyster aquaculture practices do not substantially reduce and may enhance the
presence of Z. marina at the estuarine landscape scale.” In other words, oyster culture in the bay
has not changed materially over a period of decades, yet eelgrass has expanded greatly over the
same time period (see values presented above). There are certainly factors that lead to annual
variability in eelgrass density and biomass (Thom et al. 2003), but the evidence presented in
Dumbauld and McCoy (2015) demonstrates an expanding distribution in the bay. Thus, eelgrass
habitat was seen as resilient over both short and long timeframes at the landscape scale and
resilient to potential disturbance from oyster aquaculture in Willapa Bay. The authors
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concluded that their research in Willapa Bay “suggests that oyster aquaculture as disturbance is
generally within the scope of existing ‘natural’ disturbances to the system (e.g., winter storms)
and eelgrass is inherently adapted to this scale of disturbance.” This information suggests that a
buffer beyond the footprint of the shellfish farm is not necessary to protect eelgrass.
Geoduck Clams
Ruesink and Rowell (2012) studied effects from geoduck aquaculture to eelgrass habitat in
North Bay, at the north end of Case Inlet. The study included 36 1‐m2 plots with 2‐m (6.6‐ft)
spacing established on June 30, 2004, at ‐1.9 ft mean lower low water (MLLW). Geoducks were
transplanted into study plots at typical culture densities (12.4‐year‐old geoducks per m2).
Geoduck‐addition plots were indistinguishable from control plots by November 2004. Ruesink
and Rowell (2012) reported eelgrass growth and recovery in geoduck‐addition plots and control
plots over a 2‐year period. The study planted directly in eelgrass, and did not explore the
concept of a buffer between eelgrass and geoduck aquaculture.
Ruesink and Rowell (2012) reported seasonal changes in eelgrass within the culture plots.
During summer, eelgrass density was reduced in the cultured area by 30%, although this result
had marginal statistical significance based on an analysis of variance of eelgrass density. The
geoduck‐addition plots also resulted in increased shoot length by 13% (F1,18 = 4.36, P = 0.05)
and clonal branching by 9% (F1,18 = 14.9, P = 0.001), which was statistically significant. The
authors indicated that the increased shoot length and clonal branching were likely related to
reduced interspecific competition between eelgrass shoots at the lower density. During winter,
geoducks did not reduce the density of eelgrass, and appeared to stabilize eelgrass density
compared to control plots.
The main conclusion of the Ruesink and Rowell (2012) study for planting effects was that,
“eelgrass of the small morphotype found in south Puget Sound coexists with geoduck clams,
given reduced summer density but enhanced size and branching.” Comparatively, a geoduck
harvest resulted in a 70% reduction of eelgrass, but was similar to unharvested plots within
15 months post‐harvest. However, a winter storm came through after the harvest event and
reduced both the treatment and control plot, making recovery calculations inadequate. Based
on the Ruesink and Rowell (2012) data, it appears that geoduck planting operations do not
cause a significant change in eelgrass metrics, and can even coexist with eelgrass habitat. In
terms of the effects from a harvest event, in which recovery was shown to occur well within the
5‐ to 7‐year harvest cycle, the authors concluded that, “Harvest practices that generate small
gaps or leave higher densities of remnant shoots should improve resilience in exclusively clonal
populations,” such as those in south Puget Sound.
Horwith (2013) did study “spillover effects” from geoduck harvest related to an adjacent
eelgrass bed. This study was based on a 5,000‐m2 (1.2‐acre) geoduck farm in Fisk Bar, Samish
Bay, Washington. Prior to harvest, eelgrass density did not vary as a function of distance to the
farm, but eelgrass near the farm (up to a distance of 9 m or 29.5 ft) had lower above‐ground
biomass. During the summer following a harvest event, eelgrass showed higher shoot densities
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closer to the farm. Eelgrass bordering the farm again had lower above‐ground biomass in the
summer, although the trend was not consistently significant. Differences in these parameters
were not evident in the spring or fall, only during the peak portion of the eelgrass growing
season. In a conversation with Dr. Ruesink (pers. comm. 2015) related to the need to buffer from
geoduck aquaculture activities, and associated with the results from Horwith (2013), she
indicated that, “the effects of geoduck farming are likely restricted to the farm footprint, and
buffers would be important to consider primarily [for] access issues” and indicated that a 10‐ft
buffer would likely account for access issues.

2.2.2 Subtidal Culture
The proposed 180‐ft buffer for subtidal harvest (Table 1) appears to be derived from a buffer
distance that was used for wild‐stock geoduck harvests co‐managed by Washington State
Department of Natural Resources (DNR) and Washington Department of Fish and Wildlife
(WDFW). These harvests used a “2‐foot vertical or 180‐foot horizontal (on very gradual slopes)
buffer between geoduck tracts and the deepest occurrence of eelgrass” (DNR 2008). This buffer
was implemented through State–Tribal management agreements and harvest plans. It is
important to note that the 2‐ft vertical or 180‐ft horizontal buffer was not determined to be
necessary to protect eelgrass and was not incorporated as a conservation measure as part of the
Supplemental Environmental Impact Statement that addressed wild stock geoduck harvest in
Puget Sound (DNR 2001). DNR does not support this buffer distance for shellfish aquaculture
operations, and believes that a 25‐ft buffer or 10‐ft buffer with monitoring is more appropriate
(Palazzi, pers. comm., 2013, ENVIRON 2013). While DNR does not lease subtidal land for
geoduck aquaculture, there is an attempt to distinguish between wild‐stock geoduck harvest
and shellfish aquaculture operations.
The Short and Walton (1992) study of commercial geoduck wild‐stock harvest conducted in the
Nisqually Reach tract is often cited as a rationale for a 180‐ft buffer for subtidal harvest.
However, according to Bob Sizemore, the WDFW wild‐stock geoduck lead (pers. comm., 2013),
the 180‐ft distance was the extent to which a minimal amount of sediment deposition occurred
from a harvest event. The turbidity plume was shown to drop back to background conditions
within 20 m (65.6 ft) down‐current from the harvest site. Even under cumulative conditions, the
amount of sediment that was deposited at 180 ft was calculated as having an average thickness
of about 0.4 cm (0.2 inches); a deposition that was considered “inconsequentially small.”
Short and Walton (1992) estimated that if all sediment put in suspension by a commercial
geoduck harvest were to settle on the harvested tract, then the deposition would range from
7.9 to 8.83 kg/m2/year. This is within the natural background range of 2.6 to 12.0 kg/m2/year for
Puget Sound as a whole (Lavelle et al. 1986). This suggests that subtidal geoduck harvest may
not increase sediment deposition above the natural range and, therefore, effects to eelgrass are
expected to be minimal from this mechanism.
A more recent study published by Liu et al. (2015) on the direct effects of geoduck harvest on
adjacent eelgrass beds is the most applicable and significant study to date, and it is specifically
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related to shellfish aquaculture effects in the Strait of Georgia, B.C. Liu et al. (2015) studied the
sedimentation effects of commercial subtidal geoduck harvest and simulated the effects (by
digging harvest holes) of commercial intertidal geoduck harvest on adjacent areas, including
eelgrass beds. Sediment traps were put in place to monitor sedimentation during the harvest
events and up to 1 year before and after. Sedimentation during the harvest day were lower than
the average daily sedimentation leading up to the harvest event for all sampling locations
outside of the subtidal harvest bed. Effects of sedimentation for the intertidal harvest simulation
were noted up to 5 m (16.4 ft) for the intertidal bed, though this increase was not significant
compared to the daily range of background sedimentation. Suspended sediments collected
during harvesting were similar to those during a calm sea, but much lower than those during a
rough sea just before harvest. All other parameters (e.g., sediment grain size, infaunal
community, and various metrics for the eelgrass beds) resulted in no significant changes
detected at either study site in response to harvesting. The study concluded that the low levels
of sediments caused by harvesting near the eelgrass beds would be inconsequential at both the
intertidal and subtidal study sites when compared with natural variation. This information
suggests that, similar to intertidal shellfish aquaculture, a buffer beyond the footprint of the
shellfish farm is not necessary to protect eelgrass in subtidal areas.

2.2.3 Floating Culture
The proposed 50‐ft buffer for floating culture, which is larger than the 25‐ft buffer for docks and
floats (Table 1), does not appear to be supported by the existing literature. Chapter 12 of
Ecology’s SMP Handbook provides guidelines for recreational and commercial piers, docks,
and overwater structures (Ecology 2011b). The Ecology SMP Handbook, as well as other studies
of the effects of floating structures on eelgrass (e.g., Burdick and Short 1999, Nightingale and
Simenstad 2001, Shafer 2002), list light as the primary factor affecting eelgrass growth and
survival. Shading from overwater structures should, therefore, be the principal consideration
when attempting to quantify buffers for SAV in relation to floating culture. The guidelines
suggest that surfaces of floating structures be designed to allow maximum light penetration.
Unlike many floating docks used for recreational or commercial purposes, shellfish culture rafts
are typically designed with open decking, allowing light penetration to the water column and
sea floor. Floating raft and longline clusters are typically oriented in the direction of longshore
transport, which tends to be predominantly north to south in Puget Sound. In general,
researchers have pointed towards the north to south orientation as preferential because the
shaded area moves, which results in large areas shaded but no single area being shaded for a
significant portion of the day (Burdick and Short 1999). Additionally, floating culture is built
with large spaces between the culture structures. Both of these mitigation measures ensure
minimization of the effects of shading on SAV.
The unique aspect of floating culture (compared to piers, docks, and floats) is that shellfish filter
feeding creates biodeposits that contribute to biogenic sources of sediment (Peterson and Heck
2001, Dumbauld et al. 2009). Suspended culture results in only the transfer of organic matter to
sediment, which can reduce oxygen in areas with low flushing rates, although this has been
primarily observed for culture methods that are much closer to the sediment surface such as
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rack‐and‐bag culture (Nizzoli et al. 2005). Kaspar et al. (1985) found that sediments under
suspended mussel cultures in New Zealand contained 8.0 to 8.7% total volatile solids (TVS) in
comparison with 7.0 to 7.1% TVS found at reference sites. The authors concluded that the
differences in sediment nitrate and nitrite were not significantly different. Similar results were
reported for sampling under the floating mussel farm at Deepwater Point and Gallagher Cove
(Totten Inlet), where the signal associated with the mussel rafts was considered minor and
disappeared within 20 inches of the sediment surface (Brooks 2005). Since 2013, quarterly
monitoring of a floating geoduck nursery in Spencer Cove (Mason County) has identified no
changes to sediment quality due to the installation and operation of that similar facility (Selleck
and Barrett 2013, 2014; Stutes and Barrett 2015).
The National Marine Fisheries Service (NMFS 2009) evaluated the production of biodeposits by
shellfish in rafts and the accumulation of this material under the rafts in its Biological Opinion
on NWP 48 for existing aquaculture activities in Washington State. The Biological Opinion
reviewed several studies that evaluated the potential effects on sediment from aquaculture
when examining dense three‐dimensional suspended raft systems of scallops and kelp (Grant
and Bacher 2001) and mussels (Saxby 2002). The studies suggested that sediment effects depend
on the density of the culture system, ambient currents, tidal flows, wave energy, bottom
topography and elevations, and sediment type and deposition characteristics. In West Coast
estuaries, some limited sediment accumulation has been observed, but no adverse effects have
been documented. Mallet et al. (2006) determined sedimentation rates of off‐bottom oyster
culture in New Brunswick, Canada, to be approximately 50 g/m2/day. Using an estimated
sediment density of 1.84 g/m2 (Short and Walton 1992), the accumulation of suspended
sediments would be approximately 0.004 cm/day. Relating these sedimentation levels to
background sedimentation rates studied in Liu et al. (2015), sedimentation from floating culture
would fall on the low end of the natural sedimentation spectrum (0.002 cm ‐ 0.2 cm/day). Mallet
et al. (2006) also noted that the organic content of sediment collected in traps beneath off‐bottom
oyster culture was not significantly higher than at reference sites.
Given that typical floating shellfish structures are designed with open decking that allows for
light penetration, and that sedimentation and nutrient accumulation is likely to be minimal and
confined to areas directly beneath the floating culture, floating aquaculture would likely have a
smaller area of effect on SAV compared to traditional recreational and commercial overwater
structures. Therefore, buffers between SAV and floating shellfish culture should be at least the
same as those around other overwater structures and not larger.

2.3

Information to Consider Associated with Shellfish Aquaculture

The effects of intertidal shellfish culture are short‐term and primarily confined to the culture
plot; the highest level of potential effect occurs during harvest. Manila clams and oysters are
typically grown on 6‐month to 3‐year cycles, which would limit localized effects to a maximum
of two events per year. Geoduck harvest events are even more infrequent, and occur on a 5‐ to
7‐year cycle. Harvest activities have not been shown to have a significant effect on SAV outside

April 2016

Page 12

Pierce County SMP Technical Report
of the footprint of the area being cultured. The frequency of activity would further limit the
opportunities for intertidal culture to affect adjacent eelgrass beds.
Geoduck is currently the only commercially cultured shellfish species that is grown in subtidal
habitat (aside from floating aquaculture). As noted above, geoducks are typically harvested in
5‐ to 7‐year cycles. Sedimentation during harvest is the most likely mechanism for effect to
adjacent SAV, and these harvests have not been shown to have a significant effect outside of the
culture plot. Given that geoduck harvest sedimentation studies show highly localized effects,
which are themselves insignificant compared to natural background (control) processes, and
that geoduck harvest is a twice‐per‐decade (maximum) event, it is highly unlikely that geoduck
culture would have a significant effect on SAV.

2.4

Summary

The proposed 25‐ft buffer for manual shellfish harvest and 50‐ft buffer for mechanical harvest
appear to be unsupported by scientific literature and unnecessary to achieve no‐net‐loss of
ecological functions. Observations that have been made comparing hand cultivation to other
cultivation methods characterized the relative impacts within beds, and observed that impacts
between culture methods were similar on eelgrass plant size and production. Therefore, there
does not appear to be a basis for requiring larger buffers for mechanically harvested beds.
Current scientific and technical information suggest no buffer is needed outside of the farm
footprint to protect SAV, with the possible exception of access.
Where aquaculture and SAV co‐occur, the relationship between culture and vegetation appears
to be primarily a competition for space and relative growth rate, but plant size and production
are unaffected by oyster density. In scientific literature, authors have consistently commented
that observed oyster and geoduck clam aquaculture impacts were limited to the culture plot.
The existing literature indicates a lack of significant differences across a range of metrics of
eelgrass growth outside of the culture plot. Therefore, imposition of buffers beyond the areas
where either shading or direct displacement due to aquaculture might occur does not appear to
be supported by scientific studies or field observations.
The 180‐ft buffer for subtidal aquaculture appears to be derived from historical DNR, WDFW,
and Tribal protocols for wild‐stock harvest, and as such, are inappropriate to apply to
commercial subtidal shellfish aquaculture. The scientific literature indicates that most effects
would be confined to the culture plot. Increased sedimentation during geoduck harvest would
likely have the largest area of adverse effect. However, the magnitude of effect has been shown
to be insignificant outside of culture plots compared to natural coastal processes. Increases in
sedimentation are also limited to harvests that occur on a 5‐ to 7‐year cycle, and are within the
range of natural events that increase sediment on a short‐term basis.
No effects of floating culture to SAV have been measured outside of the farm footprint in Puget
Sound, which is primarily due to the location of these structures in the shallow and deep
subtidal habitat. Additionally, structures associated with floating culture are designed with
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open decks to maximize light penetration, and are therefore less likely to cause adverse effects
to SAV compared to more traditional recreational and commercial structures. Other effects of
floating culture (e.g., sedimentation and nutrient loading) have been shown to be minimal and
confined to directly underneath the culture structures.
Suggested buffers should be founded on current scientific literature, as outlined above, and
should reflect the negligible effects of shellfish farm operations outside of the culture plots. No
buffers appear necessary to protect SAV based on current scientific and technical information,
and a buffer of 5 m (16.4 ft) between shellfish farms and SAV would be very conservative for all
types of culture methods and habitats. This buffer could be used as a precautionary measure to
minimize effects of shellfish farms on SAV (e.g., shading, desiccation, displacement, and
sedimentation), and to facilitate site access.
For many of these same reasons, sections PCC 18S.40.040(B)(5) and 18S.40.040(C)(4), which
would respectively call for buffers between individual aquaculture activities and between
aquaculture activities and adjacent parcels even when there is no SAV present, are unsupported
by current scientific and technical information, unnecessary to achieve no net loss of ecological
functions, and unwarranted.

3.0

PROHIBITIONS OF SHELLFISH AQUACULTURE

A number of prohibitions on shellfish aquaculture are proposed in the updated Pierce County
SMP. Some are associated with upland designations of the shoreline (e.g., aquatic areas abutting
Natural Shoreline Environmental Designation [SED]). In general, shellfish aquaculture does not
affect upland designations, but rather upland designations can significantly impact the
sustainability of shellfish aquaculture. Therefore, there appears to be no basis for prohibiting
aquaculture in aquatic areas due to potential concern to the upland environment. The effects
associated with shellfish aquaculture, when conducted appropriately, are sustainable within the
environments identified for prohibition. Therefore, the prohibitions are unwarranted and
inappropriate. The specific chapters of the SMP that will be addressed are identified within each
individual sub‐section below.

3.1

Avoidance, Conservation, and Minimization Measures

Shellfish aquaculture is regulated by numerous agencies, and through these regulatory
processes, numerous avoidance, conservation, and minimization measures have been identified.
Considering the impacts associated with shellfish aquaculture in light of these measures is
necessary in order to understand the actual or likely impacts associated with shellfish farming,
rather than hypothetical impacts that would not, in practice, be realized. The following
avoidance, conservation, and minimization measures are from the typical permitting process
with federal, state, and local jurisdictions.
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3.1.1 Federal Permitting Process
Most shellfish aquaculture in Washington State falls under the NWP 48, which is a federal
program administered by the U.S. Army Corps of Engineers (Corps). Activities authorized by a
Nationwide permit must be similar in nature, and cause only minimal adverse environmental
effects on the aquatic environment when performed separately or cumulatively (33 CFR §
322.2[f]). The Corps, from its consultation with the National Marine Fisheries Service (NMFS)
and U.S. Fish and Wildlife Service (USFWS) – also known collectively as the “Services” – on
NWP 48 for the State of Washington, created 16 terms and conditions for projects to be
approved under NWP 48. Shellfish aquaculture farms that do not have NWP 48 authorization
have an individual permit, and the same conditions typically apply. Typical conditions under a
NWP 48 authorization or individual permit through the Corps include, taken nearly verbatim
from the Corps’ consultation with the Services:
1. Washed gravel shall be used for shellfish bed preparation.
2. Unsuitable material (e.g., trash, debris, car bodies, asphalt, tires) shall not be discharged
or used as fill (e.g., used to secure nets, create berms, provide nurseries).
3. A Pacific herring (Clupea pallasii) spawn survey shall be conducted prior to undertaking
the activities listed below if any of these activities will occur outside the approved work
window for the project area’s Tidal Reference Area. The activities requiring a spawn
survey are: (1) mechanical dredge harvesting, (2) raking, (3) harrowing, (4) tilling or
other bed preparation activities, (5) frosting or applying oyster shell on beds, and (6)
geoduck harvesting, net removal, or tube removal. Vegetation, substrate, and
aquaculture materials (e.g., nets, tubes) shall be inspected for Pacific herring spawn. If
Pacific herring spawn is present, these activities are prohibited in the areas where
spawning has occurred until such time as the eggs have hatched and Pacific herring
spawn is no longer present. The Corps encourages the permittee to complete a training
class on identifying Pacific herring spawn with WDFW2. A map showing the Tidal
Reference Areas and a table with the approved work windows for Pacific herring can be
found at the Corps, Seattle District, Regulatory Branch website. You shall maintain a
record of Pacific herring spawn surveys, including the date and time of surveys; the
area, materials, and equipment surveyed; results from the survey; etc. The record of
Pacific herring spawn surveys shall be made available upon request to the Corps,
NMFS, and USFWS.
4. Newly positioned shellfish culturing (e.g., culturing by rack and bag, raft, long‐line,
ground methods) shall not be placed within 10 horizontal feet of eelgrass (Zostera
marina) or kelp.

2 There is currently no WDFW training for Pacific herring egg identification although there is a Pacific
Shellfish Growers Association‐sponsored class, as discussed in Section 4.0 below.
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5. Newly positioned3 shellfish culturing (e.g., culturing by rack and bag, raft, long‐line,
ground methods) shall not be placed above the tidal elevation of +7 ft MLLW4 if the area
is documented as surf smelt (Hypomesus pretiosus) spawning habitat by the WDFW. A
map showing the location of documented surf smelt spawning habitat is available at the
SalmonScape interactive program on the WDFW website.
6. Newly positioned shellfish culturing (e.g., culturing by rack and bag, raft, long‐line,
ground methods) shall not be placed above the tidal elevation of +5 ft MLLW4 if the area
is documented as Pacific sand lance (Ammodytes personatus) spawning habitat by the
WDFW. A map showing the location of documented Pacific sand lance spawning
habitat is available at the SalmonScape interactive program on the WDFW website.
7. You shall not use tidelands waterward from the line of mean higher high water
(MHHW) for the storage of aquaculture gear (e.g., bags, racks, marker stakes, rebar,
nets, tubes) for a consecutive period of time exceeding 7 days.
8. All pump intakes (e.g., for geoduck harvest, washing down gear) that use seawater shall
be screened in accordance with NMFS and WDFW criteria. Note: This does not apply to
work boat motor intakes (jet pumps) or through‐hull intakes.
9. Land vehicles (e.g., all‐terrain, trucks) and equipment shall not be washed within 150 ft
of any stream, waterbody, or wetland. All wash water shall be treated before being
discharged to any stream, waterbody, or wetland.
10. Land vehicles shall be stored, fueled, and maintained in a vehicle staging area placed
150 ft or more from any stream, waterbody, or wetland. Where this is not possible,
documentation must be provided to the Corps as to why compliance is not possible,
written approval from the Corps must be obtained, and the operators shall have a spill
prevention plan and maintain a readily available spill prevention and clean‐up kit.
11. Inspect all vehicles operated within 150 ft of any stream, waterbody, or wetland daily for
fluid leaks before leaving the vehicle staging area. Repair any leaks detected in the
vehicle staging area before the vehicle resumes operation.
12. All tubes, mesh bags, and area nets used on the tidelands below the line of MHHW shall
be clearly, indelibly, and permanently marked to identify the permittee name and
contact information (e.g., telephone number, email address, mailing address). On the
nets, identification markers will be placed with a minimum of one identification marker
for each 50 ft of net. Note: You will have 180 days from verification to implement this
3 “Newly positioned” is defined as being placed within a portion of the project area where aquaculture is
not currently located and has not previously occurred.
4 Note that the predominant surf smelt spawning habitat of +7 ft MLLW and sand lance spawning habitat
of +5 ft MLLW is relative to the Seattle datum (Dionne, pers. comm., 2016). Correcting this for Pierce
County results in a higher elevation in south Puget Sound. Therefore, restricting culture to +7 ft MLLW
and +5 ft MLLW in Pierce County is a conservative approach for protecting spawning habitat for these
forage fish species.
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condition. If this special condition cannot be met, you shall submit a plan to the Corps
for written approval describing specific measures and/or best management practices that
will be undertaken to prevent the inadvertent release of aquaculture equipment into
waters of the U. S.
13. At least once every 3 months, beaches in the project vicinity shall be patrolled by crews
who will retrieve aquaculture debris (e.g., anti‐predator nets, tubes, tube caps, stakes)
that escapes from the project area. Within the project vicinity, locations shall be
identified where debris tends to accumulate due to wave, current, or wind action, and
after weather events these locations shall be patrolled by crews who will remove and
dispose of aquaculture debris appropriately. You shall maintain a record with the
following information and the record shall be made available upon request to the Corps,
NMFS, and USFWS: date of patrol, location of areas patrolled, description of the type
and amount of retrieved debris, other pertinent information.
14. You shall ensure area nets (e.g., anti‐predator nets) are tightly secured to prevent them
from escaping from the project area.
15. You must submit a request for permit modification to the Corps if there is an increase in
the reported amount of gravel that is being applied to “frost” (i.e., to harden) the
substrate at a mudflat or vegetated shallow, which are special aquatic sites. Mudflat is
defined at 40 CFR 230.42(a) and vegetated shallow is defined at 40 CFR 203.43(a).
16. Vessels used for shellfish culturing at the project area shall not ground in eelgrass
(Zostera marina) beds. If this special condition cannot be met, within 90 days of
verification, you shall submit a plan to the Corps describing specific measures and/or
best management practices that will be undertaken to minimize negative effects to
eelgrass from vessel operation and receive Corps written approval.

3.1.2 Pierce County Regulations
Pierce County has a robust review process through the shoreline substantial development(SSD)
permit and an environmental review pursuant to Chapter 197‐11 (SEPA Rules) of the WAC and
Title 18D (Development Regulations – Environmental) of the PCC. A number of measures
typically are adopted by Pierce County land planners for shellfish aquaculture operations that
emphasize avoidance of potential effects as the first priority. Typical conditions (or mitigation
measures) associated with an SSD permit through Pierce County include5:
1. The farm shall be subject to the most current version of the Pacific Coast Shellfish
Growers Association Environmental Codes of Practice as well as the Washington State
Geoduck Growers Environmental Codes of Practice.

5 These terms and conditions are based on geoduck aquaculture applications, as those are the most recent
shellfish farms that have been required to obtain permits, and for which permits were issued in Pierce
County.
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2. Tubes and large nets shall be marked so as to identify ownership. Markings shall
withstand the elements.
3. Small nets shall be securely fastened to the tubes. Fasteners shall withstand the
elements.
4. The Proponent shall post with the County a financial guarantee in the amount of $1.00
per planted tube. The amount shall be based upon the maximum number of tubes that
are planted at any one time. In the event that it becomes necessary for the County to
remove the tubes, the financial guarantee shall be forfeited.
5. Tubes and nets shall be removed as soon as geoducks are not vulnerable to predators.
6. Non‐secured gear and equipment shall be removed from the farm when crews are not
present. This provision shall not apply to planted gear.
7. If vessels are approved to be moored on or near the site when crews are not working,
any gear and equipment approved to be stored on the vessels shall be secured such that
it does not fall off.
8. Tidelands within 1/2 mile of the farm shall be patrolled (subject to beach ownerʹs
permission to enter) by the Proponents on a weekly basis and within a day following a
severe storm event. When work onsite requires use of divers, underwater areas
immediately abutting the farm shall also be patrolled. Any observed geoduck farm
debris shall be retrieved regardless of its source. Patrolling does not need to occur if no
gear is installed on‐site.
9. The Proponents shall provide their phone number and/or e‐mail address to anybody
who requests such for the purpose of filing complaints.
10. The Proponents shall promptly respond to any complaints.
11. The Proponent shall inform all crew of these mitigation measures.

3.1.3

Summary of Avoidance, Conservation, and Minimization Measures

The regulatory process for shellfish aquaculture is robust, and every project in Washington
State is required to have all federal, state, and local permits in place prior to conducting
activities. Avoidance of impacts is the primary goal of these regulations, as well as maintaining
ecological functions within the surrounding environment. As stated under the requirements of
the NWP 48, these projects must cause only minimal adverse environmental effects on the
aquatic environment when performed separately or cumulatively. The numerous avoidance,
conservation, and minimization measures stated above, as well as the robust regulatory process,
ensure that individual projects adhere to this main criterion. In light of these measures, which
have been feasible for growers to implement and ensured that commercial shellfish farms meet
federal, state, and local regulatory requirements, the question arises whether there is sufficient
scientific, technical, or other justification for outright prohibitions on aquaculture in the Pierce
County SMP update. As discussed in more depth below, there does not appear to be such
justification, and hence these prohibitions are unwarranted and inappropriate.
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3.2

Natural Shoreline Environmental Designation (SED) Prohibition

This sub‐section is responding to PCC 18S.60.030‐1: “Aquaculture is prohibited in Aquatic SEDs
abutting Natural SEDs.” See also PCC 18S.20.030(B) (aquaculture is not listed as an allowed use
in the Natural SED).

3.2.1 Definition of a Natural SED
According to PCC 18S.20.30, “the intent of the Natural SED is to ensure long‐term preservation
of shorelines that are ecologically intact or minimally degraded, sensitive to human influence,
or retain value because of their natural, unaltered condition.” The designation criteria include
shorelines that are “performing irreplaceable function or ecosystem‐wide process that would be
damaged by human activity.” Many historical shellfish aquaculture farms (e.g., Burley Lagoon,
Rocky Bay, Minter Bay, Filucy Bay) that have been operating in Pierce County for 50 to 70 years
were designated as Natural SEDs in 1975, and areas adjacent to new shellfish farms that began
operating after 1975 continue to be designated as Natural (e.g., Foss farm) (Figure 3). This
confirms that commercial shellfish farming is mutually sustainable with the Natural shoreline
environment and that this use does not adversely affect or compromise the criteria used to
designate an area as Natural.
Aside from farms that fit within the criteria of a Natural SED, two major management policies
are relevant to shellfish aquaculture. The first is that, “low intensity agricultural and forestry
uses may be consistent when they are limited to ensure that the intensity remains low.”
Shellfish aquaculture (even for larger farms in Washington) is typically a low intensity use of
the shoreline environment. As is typical with many farms, advances in technology and culture
methods improve interactions between farm operations and the surrounding environment. For
example, along the southwestern corner of Burley Lagoon is a floating upwelling system
(FLUPSY), which is a type of nursery for growing shellfish seed. The FLUPSY was historically
made up of 120 to 150 creosote‐treated wood and Styrofoam which were typical float materials
at the time. Between 2011 and 2014, many floats were removed from the lagoon and the
remaining floats were replaced with aluminum floats. This updated technology resulted in a
70% reduction of overwater structure in that location (Figure 4).
The second major management policy relevant to shellfish aquaculture within or adjacent to a
Natural SED is that, “any use that would degrade ecological functions, natural features, and
overall character of the shoreline area shall not be allowed.” The following section on no‐net‐
loss of ecological function discusses the potential negative and positive interactions of shellfish
aquaculture, and how the net impact of aquaculture, if managed appropriately, conforms to this
policy. A later section (Section 3.2.4) provides examples of how upland activities unrelated to
shellfish aquaculture can both affect the Natural SED and existing shellfish aquaculture
operations.
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Figure 4

Comparison of Aerial Imagery and Site Photographs Before and After Aquaculture Debris Removal Efforts

Source: Google Earth (2015)
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3.2.2 No‐Net‐Loss of Ecological Functions
A net impact assessment assumes that development will result in a change, which may be
ecologically positive (e.g., improvement in water quality) or negative (e.g., reduction in aquatic
habitat for fish), but adequate measures are used to mitigate negative effects such that the post‐
development conditions are at least no worse overall than the pre‐development conditions. The
avoidance, conservation, and minimization measures discussed above (Section 3.1) are in place
for this purpose. These measures have been practical for shellfish farmers to implement on new
farms, and they have proven successful in achieving the no‐net‐loss standard. The following
sections provide an understanding of the best available science related to negative and positive
interactions of shellfish aquaculture with the surrounding environment, and how this relates to
a no‐net‐loss of ecological functions.
Negative Interactions of Shellfish Aquaculture
While the placement of gear or activities associated with shellfish aquaculture can result in a
disturbance, this change does not necessarily equate to a negative impact. The interactions that
can potentially result in a disturbance to the surrounding environment include: (1) shellfish
aquaculture gear, (2) working practices, and (3) cumulative effects with other stressors. This
information primarily focuses on kelp and native eelgrass (or SAV), which is identified as a
“potential fish and wildlife conservation area” (PCC 18E.40.020(E)(1)), similar to commercial
and recreational shellfish aquaculture areas, in the Pierce County Code. Dumbauld et al. (2009)
indicated that it is important to not only consider disturbance in terms of a degradation from
baseline functions, but also how disturbance can influence the resilience of the system to
withstand or recover from additional disturbances. This concept of resiliency is also explored in
this section in relation to eelgrass habitat and shellfish aquaculture.
Shellfish Aquaculture Gear
Equipment associated with the culture of shellfish (e.g., nets, racks, bags) can lead to shading,
which may affect the spatial extent and density of SAV in the immediate vicinity of shellfish
gear. The type and concentration of equipment influence the level of this effect. For example,
Everett et al. (1995) found that oyster racks could lead to a total loss of eelgrass directly under
the racks. Comparatively, Rumrill and Poulton (2004) determined that the spatial extent of an
eelgrass bed and shoot density were negatively influenced when oyster longline culture was
closely spaced (1.5 ft to 2.5 ft) but showed no significant effects compared to control sites when
spacing occurred at 5‐ft and 10‐ft spaces between longlines.
Predator exclusion netting used in Manila clam and geoduck clam aquaculture can be
detrimental to SAV. Predator exclusion netting is generally not placed over shellfish in areas
with eelgrass. However, in at least one example in Washington State (Fisk Bar, Samish Bay),
eelgrass recruited into a geoduck clam culture area after the placement of aquaculture gear
stabilized the sediment and protected the new eelgrass shoots from erosive wave energy (see
the discussion below in positive interactions of shellfish aquaculture). During the grow‐out
portion of the culture cycle, predator exclusion nets were placed on the bed and Horwith (2013)
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reported a total loss of eelgrass under predator exclusion netting due to shading effects from
Ulva sp. growth on the net surface. It should be noted that the eelgrass was shown to recover
within 2 years of net removal (Horwith, pers. comm., 2014). Under such a scenario, the
functions of eelgrass may have been temporarily offset by the development of a macroalgal
community, as described by Powers et al. (2007). Predator exclusion nets or culture gear often
gets colonized with macroalgae (Figure 5), which was quantified by Powers et al. (2007) as
providing comparable ecosystem functions (e.g., nursery habitat, epibiota biomass) as seagrass
beds. However, for the time that they are in place, the netting can negatively impact SAV
directly underneath the predator exclusion nets.

Figure 5

Macroalgae Colonizing Oyster Lines in Blue Heron Bay

Source: Dewey, pers. comm., 2015

Other effects of shellfish aquaculture gear to SAV include the potential to abrade, scour, or
desiccate the plants, although the overall effects can be both positive and negative. For example,
Wisehart et al. (2007) explored the concept that, while shellfish can break eelgrass blades
through abrasion or harvesting techniques, the reduction in density can release individuals
from intraspecific light competition and result in increased growth rates near the aquaculture
plots. Similarly, Wisehart et al. (2007) reported that scouring or dredging can result in higher
eelgrass seedling density and seed production in the disturbed areas from a mechanical dredge
harvest. Alternatively, eelgrass blades can desiccate on shellfish or aquaculture gear, which can
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eventually lead to a reduction in shoot size (Wisehart et al. 2007, Tallis et al. 2009). These
tradeoffs are explored in more detail below.
Working Practices
Shellfish harvest can cause localized and temporary increases in suspended sediments, physical
damage and/or removal of SAV, as well as changes to other metrics (e.g., biomass, seed
germination, growth). The two practices that likely generate the most suspended sediment are
mechanical harvest of oysters and geoduck clam harvest. Shellfish aquaculture typically occurs
in areas with sand or gravel substrate, which are substrate sizes that have high settling
velocities. For example, Mercaldo‐Allen and Goldberg (2011) reported that suspended
sediments may take 30 minutes to 24 hours to resettle in areas typical of oyster and clam
aquaculture operations. Suspended sediment effects of shellfish harvest are generally short‐
lived and recovery is rapid (Short and Walton 1992, Liu and Pearce 2011). Additionally,
shellfish culture often occurs in shallow estuarine embayments where freshwater runoff,
currents, and wind waves can lead to naturally high background levels of suspended
sediments. Therefore, pulse disturbances of suspended sediment by shellfish harvesting often
fall within baseline measurements and the natural variability of the system.
Tallis et al (2009) compared eelgrass densities in areas that were harvested: (1) by hand in
ground culture, (2) using a mechanical dredge harvester, or (3) by hand on longlines. Although
there was a 70% reduction in eelgrass productivity at all aquaculture sites when averaged
together, Tallis et al. (2009) pointed out that effects to eelgrass from aquaculture occurred in
both directions (positive and negative), and the magnitude of effects observed were dependent
on the site and type of harvest method. For example, mechanical dredge harvesting had the
greatest level of impact and longline and ground culture had the lowest. While the authors
suggested that it is impossible to incur no effect when oyster aquaculture takes place in an
eelgrass bed, they also indicated that there are ample opportunities for decreased impact with
tailored culture methods and timing.
Wisehart et al. (2007) also examined the effects of different aquaculture techniques on eelgrass
biomass, density, and growth rates in Willapa Bay. As discussed above, the authors reported
that shellfish aquaculture may facilitate increased growth rates due to a reduction in
intraspecific competition by surrounding plants (e.g., increased light availability), increased
seed supply and germination, and a more open seed dispersal setting. In addition, while oysters
grown on longlines caused some minor reduction in eelgrass density and cover, the highest
eelgrass growth rates occurred at the longline culture and reference sites. These areas also had
the greatest eelgrass biomass, density, and percent cover. The study reported statistically
significant site and culture type interactions for most variables, suggesting that site‐specific
conditions may be just as influential as aquaculture techniques in determining eelgrass
parameters.
Boat access can also result in potential negative impacts to eelgrass shoots. Ruesink et al. (2012)
conducted experimental treatments in Willapa Bay where they imposed two disturbance types:
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shoot damage and shoot removal. For the most part, the extent of damage from boat propellers
would result in taking off the ends of the shoots (i.e., shoot damage), but not removing the
entire shoot. Regrowth for eelgrass that is only damaged on the surface requires branching of
the plant to replace the lost biomass. Growth rates of eelgrass affected by shoot damage for less
than 4 weeks recovered within 2 months following a single cutting event when the rhizome was
still rooted. There would be no long‐term damage in terms of eelgrass density for this type of
action.
Potential longer term impacts were calculated based on an accumulation of shoot removal over
a year or more (e.g., consistent access routes). If the shoot is removed, the removal area can be
repopulated by rhizome extension from shoots at the edge (asexual reproduction) or
germination of seeds (sexual reproduction). Ruesink et al. (2012) reported that recovery of
eelgrass after complete shoot removal (6.6 x 6.6 ft gaps) could occur after 2 years. Based on this
rate of recovery, a conservative estimate of a propeller scar width of 3 ft could replace the lost
biomass in approximately 0.9 year. If regrowth occurs at a rate faster than removal, it can be
assumed that there would be no significant loss in biomass from this type of activity unless an
area is not allowed to regrow through continuous disturbance.
Cumulative Effects with Other Stressors
Boström et al. (2006) conducted a meta‐analysis of the scientific literature associated with plant‐
animal interactions in seagrass landscapes. According to this analysis, the authors indicated
that, “The growth and recruitment dynamics of seagrasses as well as man‐made and/or natural
disturbances create complex spatial configurations of seagrass over broad (metres to kilometres)
spatial scales. Hence, it is important to identify mechanisms maintaining and/or threatening the
diversity‐promoting function of seagrass meadows and to understand their effects on benthic
populations and communities.” It is well recognized that there are a variety of natural and
anthropogenic stressors on aquatic environments (Dennison 1987, Fonseca and Bell 1998,
Shaughnessy et al. 2004, Boese et al. 2005, Mumford 2007, Thom et al. 2011, Stevens and Lacy
2012).
A few studies address landscape‐scale changes to eelgrass relative to shellfish aquaculture. The
most comprehensive analysis of factors that drive the changes at a landscape‐scale was
conducted by Dumbauld and McCoy (2015). This study modeled eelgrass (Z. marina) density in
Willapa Bay and compared a number of predictors, including: (1) distance to estuary mouth, (2)
distance to channel, (3) salinity, (4) elevation, (5) cumulative wave stress, and (6) shellfish
aquaculture. The model results indicated that eelgrass cover was lower in oyster aquaculture
beds, but the impact directly associated with aquaculture represented less than 1.5% of the total
predicted eelgrass density in any year.
Aside from the overall low amount of impact to eelgrass at the landscape‐scale, the Dumbauld
and McCoy (2015) work also indicated that the harvest method was a significant predictor in
explaining eelgrass reduction. For example, mechanically harvested beds had a significantly
lower amount of eelgrass compared to beds harvested by hand or with a mixed harvest
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technique (similar to the results reported by Tallis et al. 2009). Comparatively, the type of
aquaculture (e.g., longline, seed bed, fattening ground) was not a significant contributor to the
variation of eelgrass predicted versus actually observed. The authors suggested that, overall,
aquaculture resulted in a minor change to eelgrass at the landscape‐scale because the effect of
culture was variable enough at smaller spatial scales as to eliminate a significant effect at the
landscape‐scale.
As stated throughout this report, the landscape‐scale is very important to consider when trying
to protect for mobile species, such as fish and crabs. This sentiment was stated within Semmens
(2008), where the author indicated that, “From a management perspective, it may therefore be
tempting to downplay the importance of fine‐scale benthic habitats in favor of larger‐scale
estuarine features such as deep tidal channels and salinity gradients for smolt‐sized fish.”
Although it is important to understand small‐scale effects in order to effectively manage
potential effects to eelgrass, it is the landscape‐scale that drives how species will use the habitat.
Eelgrass Resilience
Holling (1973) defined resilience as “a measure of the ability of these systems to absorb change
of state variables, driving variables, and parameters, and still persist.” Native eelgrass exhibits a
stable and possibly increasing trend in distribution and abundance in areas like Willapa and
Humboldt bays where oysters have been actively farmed for over 100 years and are currently
operated by commercial growers (Barrett 1963, Tallis et al. 2009, Dumbauld et al. 2011).
Therefore, it appears that there is resilience of eelgrass to the level of shellfish aquaculture
activities in these estuaries. It is notable that shellfish aquaculture in both Willapa Bay and
Humboldt Bay represent approximately 20% or more of the surface area within the bay.
Positive Interactions of Shellfish Aquaculture
Many effects of shellfish aquaculture can be considered a positive interaction with SAV and the
surrounding habitat. According to Forrest et al. (2009), “the acceptability of aquaculture
operations or new developments should recognize the full range of effects, since adverse
impacts may be compensated to some extent by the nominally ‘positive’ effects of cultivation.”
There are a number of effects described below that can potentially result in beneficial changes to
the surrounding environment.
Sediment Stabilization and Eelgrass Colonization
Shellfish have been labeled “ecosystem engineers” because of the ecological roles that they play
in coastal habitat processes (Jones et al. 1994, Lenihan 1999). For example, the presence of
shellfish can protect shorelines from erosion by stabilizing sediments and dampening waves
(Meyer et al. 1997, Scyphers et al. 2011, Spalding et al. 2014). This same function provided by
shellfish can benefit eelgrass. Eelgrass has been known to expand into areas after sediments are
stabilized. There are numerous examples along the West Coast where eelgrass expanded into
shellfish aquaculture plots. The information for most of these examples is primarily anecdotal,
with notable exceptions (e.g., Ward et al. 2003), and the cause has not been directly linked to the
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aquaculture operation. Overall, current shellfish aquaculture practices have not been associated
with significant loss in the spatial extent of eelgrass and in some cases can be linked to
expansion of eelgrass at a landscape‐scale.
Potential recruitment of eelgrass into shellfish aquaculture plots is driven by three main
mechanisms. First, by providing a larger boundary layer and slowing water current speed,
shellfish may increase recruitment of floating seeds as they travel singly or within detached
reproductive shoots. Retention of seedlings could also be facilitated by the structure shellfish
gear provide, although the density and type of gear can impede seed dispersal (see Tallis et al.
2009). Seed dispersal is typically limited outside of an eelgrass bed; approximately 80% of seeds
travel within 33 ft (10 m) of parent plants (Orth et al. 1994, Ruckelshaus 1996). Therefore, this
effect is only important when eelgrass beds are nearby. Second, by filtering seawater and
increasing sediment organic content, bivalves provide superior conditions for seed germination.
Eelgrass seed germination is dependent on burial depth, with the highest germination occurring
at the anaerobic/aerobic interface (Bigley 1981). Seeds buried below this depth have very low
germination and are essentially lost from the population. Shellfish may act to bury and fertilize
seeds at a depth that is appropriate for germination. Third, shellfish may increase the survival
of seedlings, which have very high mortality rates, by increasing light levels, nutrients, and
protecting against erosion and herbivory (Orth et al. 1994, Ruckelshaus 1996). Note that filter‐
feeding effects to light levels are discussed in more detail below.
A case study that highlights the potential for eelgrass to colonize into an area previously devoid
of eelgrass is a sand bar (Fisk Bar) in the center of Samish Bay, Washington. Prior to geoduck
aquaculture on Fisk Bar, seeds from the surrounding eelgrass beds would occasionally result in
ephemeral shoots on the sand bar that would get eroded during winter storms. In 2002,
geoduck nursery tubes (6‐inch‐diameter polyvinyl chloride [PVC] tubes) for planting geoduck
seed were placed to establish the first geoduck crop on Fisk Bar (Figure 6). Shortly after nursery
tubes were placed, eelgrass began to fill in and establish a dense bed around the tubes (Dewey,
pers. comm., 2015). For this first crop of geoduck, individual net caps were placed on each tube.
When the tubes were removed 2 years after seeding, eelgrass was established well enough that
it remained and thrived on the sand bar.
In 2008, when the geoducks were harvested, eelgrass was significantly reduced but not
eliminated. After this first harvest event, nursery tubes were reinstalled, seeded with geoducks,
and the entire tube field was covered by predator exclusion nets. As described above, Horwith
(2013) reported a total loss of eelgrass in areas where the predator exclusion netting was placed.
The eelgrass loss was attributed to shading effects from Ulva sp. growth on the net surface.
Recovery of eelgrass began 1 year after removal of tubes and nets. In July 2014, Dr. Horwith
(pers. comm., 2014) indicated that, “there is no longer any significant difference in eelgrass
coverage or density between the farmed and unfarmed areas” (see Figure 6). Overall, the Fisk
Bar eelgrass appears to be resilient and thriving in an area where it could not previously
establish.
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Fisk Bar, Samish Bay, 2002: Planting
Geoduck Seed with Culture Tubes and
Individual Net Caps. No eelgrass bed
present prior to planting activities.

Fisk Bar, Samish Bay, 2014: Eelgrass
Bed prior to Harvest Activities

Figure 6

Eelgrass at Fisk Bar, Samish Bay, between 2002 and 2014

Source: Dewey (pers. comm., 2015)
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Increased Water Clarity and Light Penetration
Shellfish aquaculture can result in a reduction in turbidity due to removal of phytoplankton and
particulate organic matter through filtration (Peterson and Heck 2001, Newell and Koch 2004,
Cranford et al. 2011). By consuming phytoplankton and particulate organic matter, shellfish
increase the amount of light reaching the sediment surface that is available for photosynthesis
(Dame et al. 1984, Koch and Beer 1996, Newell 2004, Newell and Koch 2004). Improvements to
water clarity and light penetration can improve habitat conditions that promote the growth of
SAV and other aquatic vegetation. There is an optimum range for feeding efficiency, identified
as suspended solid concentrations between 5 mg/L and 25 mg/L based on oysters in
Chesapeake Bay, Maryland (Cerco and Noel 2007). Therefore, this benefit can be limited when
suspended sediment concentrations are outside of this range.
The removal of nutrients (especially nitrogen) through filtration can also benefit SAV growth by
reducing epiphytes and macroalgae (Figure 7). Epiphytes (primarily diatoms) can form thick
layers on eelgrass blades. This is a natural process, and important in the food chain because this
layer of epiphytes is grazed by aquatic invertebrates (van Montfrans et al. 1984, Nelson and
Waaland 1997). However, overproduction of epiphytes is a result of nutrient water column
pollution (Williams and Ruckelshaus 1993, Hauxwell et al. 2001, Nielsen et al. 2004). Shellfish
aquaculture can provide mitigation of these conditions through water filtration and control of
nutrients that promote the growth of epiphytes.

Figure 7

Illustration of Nitrogen Concentration Effects to Eelgrass

Source: Hauxwell et al. (2001)
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Another service potentially provided by shellfish related to epiphytes was explored by Peterson
and Heck (2001). The authors observed a significantly reduced epiphytic load on seagrass
leaves when mussels were present. Spaces between shells of adjacent mussels were thought to
provide a predation refuge for epiphytic grazers (e.g., small gastropods and amphipods).
Increased densities of epiphytic grazers could then lead to an increased amount of grazing,
which consequently might lead to an increase in leaf light absorption. This study also noted that
the mussels themselves may potentially reduce epiphytic loads by consuming the epiphyte
propagules before recruitment to the leaves. Although likely a benefit to eelgrass, the shellfish
would need to be in the eelgrass bed to provide this service for epiphytic grazers.
Macroalgae does not colonize eelgrass shoots in the way that epiphytes do, but changes in the
amounts of nutrients in the aquatic environment can shift the competitive balance between
aquatic vegetation species, allowing plants that can respond quickly to nutrients to dominate
(Taylor et al. 1995, Schramm and Nienhuis 1996, Taylor et al. 2001, Cardoso et al. 2004, Nielsen
et al. 2004, Mumford 2007, Smetacek and Zingone 2013). The mechanism for loss of eelgrass and
other SAV is likely related to a combination of light competition (Nienhuis 1996), smothering by
macroalgal blooms (den Hartog and Phillips 2000), and competition for nutrients (Nienhuis
1996).
Improvements to Dissolved Oxygen and Nutrient Sequestration
Phytoplankton, as primary producers, create oxygen through photosynthesis. The mechanism
by which dissolved oxygen (DO) is reduced is a result of a phytoplankton bloom produced by
an increase in nitrogen in the system. As Albertson et al. (2002) indicated, south Puget Sound is
sensitive to nitrogen addition generating phytoplankton blooms. When excess plankton die
from not being consumed, bacteria consume the plankton and have a secondary bloom as a
result, which consumes oxygen and results in low DO concentrations. This process is also
known as the biochemical oxygen demand (BOD) of the system.
Ecology created a model of south and central Puget Sound (Ahmed et al. 2014) to identify how
much nutrient sources are contributing to low DO concentrations. The model predicted
minimum DO concentrations under natural conditions (left map of Figure 8), which was then
used to evaluate whether water quality standards (right map of Figure 8) were being violated.
Figure 8 shows that DO falls below the applicable criterion throughout most of south and
central Puget Sound. Ahmed et al. (2014) also predicted that reducing the internal human
nutrient load would decrease the magnitude and extent of DO depletion in south and central
Puget Sound. According to recent modeling by Banas and Cheng (2015), the authors
hypothesized that “these inlets [Henderson, Eld, Totten, Hammersley, and upper Case inlets]
are at noticeably lower risk of eutrophication than they would be in the absence of shellfish
aquaculture.”
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Figure 8

Minimum Dissolved Oxygen below the Numeric Standard under Natural Conditions

Source: Ahmed et al. 2014
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An emerging body of literature is indicating that shellfish aquaculture, or the presence of a
dense bivalve community, may provide some control of human nutrient loading to water
bodies (Newell 2004, Shumway et al. 2003, Newell et al. 2005, Burkholder and Shumway 2011,
Kellogg et al. 2013, Banas and Cheng 2015, Bricker et al. 2015). Bivalves remove more nutrients
from the water column than they input as biodeposits, which can have a net benefit to water
quality. As bivalves filter organic matter from the water column, they assimilate nitrogen and
phosphorus into their shells and tissue (Figure 9).

Figure 9

Nitrogen Pathways Associated with Oysters and Reef‐Associated Organisms

Notes: Phytoplankton use dissolved inorganic nitrogen for their growth (A), oysters and reef‐associated
organisms filter phytoplankton and other particulate organic matter from the water column (B), some of the
associated nitrogen is incorporated into organisms and some is deposited on the surface of the sediments (C),
and, given the right conditions, a portion of the nitrogen in these biodeposits is transformed into nitrogen gas
(D) which diffuses out of the sediments back to the atmosphere where it is no longer available to phytoplankton
for growth (diagram adapted from Newell et al. 2005).
Source: Kellogg et al. (2013)

When shellfish are harvested, the sequestered nutrients are permanently removed from the
system, also known as bioextraction. According to Newell (2004), bioextraction is one of the
only methods available that removes nutrients after they have entered a system, which can then
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make that system more resilient to nutrient loading and ultimately decreases in DO. Similarly,
bivalve filter‐feeding also serves an important role in improving water quality conditions
through benthic‐pelagic coupling, which is when biodeposits become incorporated into aerobic
surficial sediments, and microbially mediated processes facilitate nitrification‐denitrification
coupling to permanently remove sediment‐associated nitrogen as nitrogen gas (also shown on
Figure 9).
The amount of benefit to water quality is dependent on species‐specific filtration rates. A recent
effort to calculate filtering capacity within south Puget Sound (Ferriss 2015) compiled clearance
rates for Pacific oyster, Manila clam, and geoduck (Table 2). According to Banas and Cheng
(2015), the potential for local control by shellfish was shown to be possible in Henderson, Eld,
Totten, Hammersley, and upper Case inlets, and Oakland Bay. Therefore, shellfish filtration in
estuaries could have an influence on local water quality parameters, even if small compared to
the inputs into the system.

Table 2

Clearance Rate Calculations for Pacific Oyster, Manila Clam, and Geoduck.
Indiv. Wwet (g)

L hr‐1 indiv‐1

L hr‐1 Wwet‐1

Pacific oyster

11.52

3

0.260

Kobayashi et al. 1997, Ruesink et al. 2006

Manila clam

18.19

1

0.060

Ruesink et al. 2006, Solidoro et al. 2003

Geoduck
980
Source: Banas and Cheng 2015

3

0.003

Davis 2010

Species

Source

An example of the potential benefits offered by shellfish filtration and nutrient sequestration is
provided by Kellogg et al. (2013), who partially quantified the removal of nutrients from the
water column at a subtidal oyster reef restoration site compared to an adjacent control site in
the Choptank River within Chesapeake Bay, Maryland. The authors indicated that
denitrification rates at the oyster reef in August were “among the highest ever recorded for an
aquatic system.” In addition, a significant portion (47% and 48% of total standing stock) of the
available nitrogen and phosphorus were sequestered in the shells of live oysters and mussels.
An ancillary benefit of the shellfish reef structure, which is also true for shellfish aquaculture
gear and shellfish, was that the structure and faunal composition provided ample microhabitats
for communities of nitrifying microbes. One of the conclusions by Kellogg et al. (2013) was that
oyster reef restoration could be considered a “safety net” to reduce additional downstream
impacts to water quality. Because shellfish aquaculture provides many of the same benefits,
with the added benefit of the total removal of nutrients at harvest, commercial shellfish
aquaculture can be considered a net benefit to water quality ecosystem functions.
Sediment Enrichment
The biodeposits created through bivalve filter feeding contribute to organic materials in the
sediment surface, as described above. When organic materials accumulate, the amount of DO
needed to break down the material can be exceeded and lead to anoxic conditions in the
sediment (Nizzoli et al. 2005). Effects are variable, depending on the type of culture. For
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example, suspended culture results in only the transfer of organic material to sediment
compared to more mixing for ground culture. Effects are expected to be localized, and the
extent is influenced by the density of shellfish relative to water circulation (Callier et al. 2006,
Dumbauld et al. 2009, Konrad 2013).
Eelgrass can derive nutrients from both the sediments and the water column. The interstitial
water (or sediment porewater) contains relatively higher concentrations of dissolved inorganic
and organic nutrients than the water column, and eelgrass obtains most macronutrients from
sediments. Sediment reservoirs of nutrients can become depleted when biogeochemical
regeneration rates cannot meet plant demands (Short 1987). However, in the course of removing
water column particulates, shellfish also alter sediment characteristics positively by moving
carbon and nutrients from the water column to the benthos. Although studies related to
sediment “fertilization” from bivalve deposition have shown enhanced eelgrass growth along
the East Coast (e.g., Peterson and Heck 1999), similar studies in the Pacific Northwest appear to
show no effect on eelgrass growth (Wagner et al. 2012, Ruesink and Rowell 2012, Wheat and
Ruesink 2013). Studies in the Pacific Northwest indicate that eelgrass is not generally nutrient
limited or that sediment porewater nutrients are naturally high.
Reduced Desiccation
As the tide recedes, shellfish retain seawater as they shut down filter feeding to wait for the
returning tide. The water that is retained in the mantle cavity is expelled prior to the tide
returning, creating a spray of water that is released into the surrounding environment. One of
the species that can expel a significant amount of water is the geoduck (Figure 10). Water
retention and release from other shellfish species may act in a similar fashion. Although this is
likely a minor ecosystem function, it potentially reduces desiccation pressure when eelgrass is
exposed during a low tide.
Shellfish gear can also result in the creation of micro‐habitat around the structures, which can
also retain water and provide opportunities for eelgrass growth. For example, at an existing
longline aquaculture operation in Humboldt Bay, California, there is scouring around the PVC
posts and eelgrass is growing within the depressions. Based on the surrounding habitat, the
presence of culture is providing a slight change in elevation that allows eelgrass to persist.
While sediment changes shift seasonally, especially at higher elevations, existing data suggests
that sediment changes are minor, especially in relation to the natural sediment dynamics that
drive the system (Forrest and Creese 2006, Forrest et al. 2009, Osborne 2015).
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Figure 10

Potential Ecosystem Service (Reduced Desiccation) Provided by Geoduck Aquaculture to Native Eelgrass

Notes: Arrows indicate geoduck expelling water onto the adjacent eelgrass bed.
Source: Dewey (pers. comm., 2015)
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Support of the Food Web
Eelgrass and kelp (i.e., SAV) are common perennial aquatic plants that create three‐dimensional
habitat structure and form extensive intertidal and subtidal beds in estuaries and coastal areas.
These beds are an important component of coastal ecosystems because they stabilize coastal
sediments, provide direct and indirect food sources for marine species, and provide nursery
habitat for many marine species (Phillips 1984, Short et al. 2000, DNR n.d.). Because eelgrass
and kelp are autotrophs, which means that they produce complex organic compounds (e.g.,
carbon‐based solid) from simple substances present in the surrounding environment (e.g., light
and nutrients), many ecosystem functions of plants cannot be replaced by higher trophic
organisms, such as shellfish. That said, many of the cultured shellfish crops, with the exception
of triploid oysters, spawn several times before reaching harvest size. These events produce
billions of planktonic larvae, the vast majority of which are consumed by predators.
In addition, structured habitat (both eelgrass and shellfish aquaculture plots) can result in a
higher abundance of prey organisms. Hosack (2003a) reported that important fish prey, such as
harpacticoid copepods, exhibited an inverse trend with higher densities in both dense eelgrass
and oyster habitats. These observations parallel those of Ferraro and Cole (2007, 2011, 2012),
from oyster bottom culture in Yaquina Bay, Oregon, Willapa Bay, Washington, and Grays
Harbor, Washington. The authors reported similar species abundance and richness in benthic
macrofaunal communities between native eelgrass and oyster habitat in the three areas studied.
Both eelgrass and oyster habitats had significantly more prey resources than mudflat or sandy
habitats. This serves to illustrate the relative importance of eelgrass and shellfish‐rich habitat in
coastal estuaries as refugia and a source of prey for foraging nekton and other marine life.
A recent study by Dumbauld et al. (2015) studied whether intertidal oyster aquaculture in
Willapa Bay effects the distribution and feeding ecology of juvenile salmonids. The study
identified no significant differences in the density of juvenile salmonids caught in the four
habitat types analyzed (undisturbed open mudflat, seagrass, channel habitats, and oyster
aquaculture), and few significant associations with the prey items that the fish consumed. The
majority of salmon found over low intertidal habitats were not dependent on structured habitat
(e.g., eelgrass or oyster aquaculture) for prey items. Chum salmon was the possible exception,
which is typically a smaller fish during estuarine residency. The final conclusion by Dumbauld
et al. (2015) was that: “Permanent or ‘press’ disturbances like diking marshes, dredging and
filling shallower estuarine habitats and even hardening shorelines would be expected to have
significant impacts for other stocks and life history variants with smaller juveniles that utilize
upper intertidal areas (Fresh 2006; Bottom et al. 2009), but our research suggests that short term
‘pulse’ disturbances like aquaculture which alter the benthic substrate in lower intertidal areas
used primarily by larger juvenile salmon outmigrants may pose a less significant threat to
maintaining resilience of these fish populations.”
Finally, McDonald et al. (2015), included observations of fish species and groups associated
with PVC tubes and nets, including flatfish, demersal fish, and surfperch (discussed in more
detail below). The results of the McDonald et al. (2015) study were incorporated into a recent
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model for central Puget Sound that looked at the effects of geoduck aquaculture on food web
ecology (or predator‐prey interactions). This effort reported that a 120% increase in the current
level of geoduck culture would result in substantial increases in biomass densities of surfperch,
nearshore demersal fish, and small crabs, and decreases in great blue herons, bald eagles,
seabirds, flatfish, and certain invertebrates (e.g., predatory gastropods and small crustaceans)
(Ferriss et al. 2015). The results were based on the mediating function in the Ecopath with
Ecosim (EwE) model, which to a certain extent forced the entire food web to use the resources
associated with the geoduck farms rather than more broadly. When this was not the case (e.g.,
without the mediating function), there was no change in the food web ecology associated with
central Puget Sound. Based on a recent conversation with the authors, it was understood that
the Ferris et al. (2015) paper was intended as a way to identify new research priorities and
potential pathways of effect, and was not intended to be used as a way to represent realistic
impacts from an increase in gear associated with geoduck aquaculture operations.
Preikshot et al. (2015) developed a similar EwE model, but for south Puget Sound with
parameters extracted from observations during the period 1970 to 2012, and not using the
mediation functions in the same manner as Ferriss et al. (2015). This parameterized model by
Preikshot et al. (2015) was used to evaluate the potential effects of growth in shellfish
aquaculture on other aspects of the food web. The model forecasted various scenarios through
2054, and the scenarios that included a 10‐fold expansion of shellfish aquaculture (oysters,
mussels and geoduck clams) was unlikely to significantly influence the biomass of other
species. While such ecosystem models can identify biomasses of ecosystem components, they
are not an effective mechanism for identifying the mechanism for biomass change and the cause
of that change may be due to processes outside of the modelled area (e.g., salmon life stages
that occur beyond the modelled area). That said, the model identified few negative feedbacks
associated with bivalve aquaculture. Overall, the study suggested that shellfish aquaculture, as
presently configured and even with a significant expansion of culture activities, is benign or
beneficial to most species.
Habitat Structure (Density‐Dependent)
A significant benefit offered by shellfish aquaculture is the ability to provide nursery habitats
that create transitional zones between mudflats and SAV habitat. One of the most
comprehensive analyses of the attributes relevant to identifying the role of nursery habitat was
performed by Heck et al. (2003). The authors conducted a meta‐analysis of more than 200
papers that compared seagrass beds to other habitats, and examined the data using the
attributes suggested by Beck et al. (2001) for defining the ecological processes operating in
nursery habitats, including: density, growth, survival, and migration to adult habitat. The
results indicated that few significant differences existed between the relevant attributes when
seagrass meadows were compared to other structured habitats, such as oyster reefs, cobble
reefs, or macroalgal beds. The most important determinant of nursery value was the presence of
structure rather than the type of structure.
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What does appear to be an important determinant in terms of the quality of habitat provided is
density and diversity. Optimal foraging/movement and fitness strategies depend on a mosaic of
different habitats, and edges or transitional zones between two habitat types often represent
areas with increased biological diversity (Holt et al. 1983, Orth et al. 1984, Boström et al. 2006).
For example, several species of fish are found in higher densities in patchy eelgrass beds versus
continuous dense beds (Orth et al. 1984). Holt et al. (1983) suggested that some species of fish
require open feeding areas and refuge areas in the same location, and that patchy vegetation
with a high percentage of edges may support higher densities of mobile foraging species.
The observations of edge effect are partially supported by a recent study in Humboldt Bay,
California, by Pinnix et al. (2013). The study used acoustic transmitters that were surgically
implanted into out‐migrating coho salmon (Oncorhynchus kisutch) smolts. During their
residency in Humboldt Bay, coho smolts primarily used deep channels and channel margins.
They were detected near floating eelgrass mats adjacent to the channels, but not over eelgrass
beds. The results from this study potentially emphasize the importance of edge habitat and the
need for structural heterogeneity during salmonid residency and migration through the
estuary.
In terms of prey resources, similar to that reported above, Tanner (2005) found epifauna, such as
tanaids and gammaridean amphipods (i.e., typical salmonid prey items), exhibited significantly
higher abundances at sand/seagrass edges versus seagrass bed interiors. Similarly, Hirst and
Attrill (2008) determined that eelgrass patches, regardless of size or number of plants, were
found to support a higher level of biodiversity than surrounding sand habitats. Thus, it could
be argued that modest displacement of eelgrass resulting in some patchiness may be neutral or
beneficial for certain species, such as salmonids, provided that an abundance of eelgrass was
present in the surrounding environment to ensure that none of the other ecological functions
provided by eelgrass were significantly reduced.
Ancillary Benefits
In addition to direct beneficial interactions between shellfish aquaculture and eelgrass, the
presence of aquaculture within an embayment or watershed may provide indirect benefits to
SAV through a variety of mechanisms. The aquaculture industry is inherently reliant on the
maintenance of good water quality conditions to ensure the safety and survival of their product.
Because of this incentive, there are numerous examples of actions taken by aquaculture
companies and their supporters that result in improvements to water quality and/or the
prevention of anthropogenic activities threatening water quality and habitat function in areas
were aquaculture occurs (Dewey et al. 2011).
Examples of some ancillary benefits of the shellfish aquaculture industry include:


Working with local jurisdictions and regulators to identify and eliminate point and non‐
point source pollution, including agricultural, industrial, and municipal discharges.



Participating and providing input on regulatory updates to ensure that high water
quality standards are included in local, state, and federal policies.
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Lobbying state and federal legislatures for improvements to water quality and
developing water quality standards (e.g., shellfish industry contribution to the
enactment of the Clean Water Act in 1972).



Maintaining ownership or leases of large aquatic areas and upland, thereby eliminating
the risk of environmentally deleterious uses.



Participating in and collecting water quality samples as part of monitoring programs
with federal and state agencies (e.g., National Shellfish Sanitation Program) to track
water quality trends and identify areas targeted for improvement. These efforts have
directly resulted in numerous areas now being determined suitable for shellfish
harvesting and have provided data for other target areas with opportunities for
improvement.



Donating to local and state organizations to improve water quality conditions within the
estuaries that shellfish aquaculture occurs.



Organizing and participating in beach cleanup events that collect marine debris from
both shoreline development and shellfish aquaculture operations.



Actively engaging in efforts to quickly remediate and clean up oil spills and other
hazardous waste sites to protect water quality and the health of shellfish.



Encouraging shellfish gardening through sponsored seed and gear sales (e.g., Taylor
Shellfish annual events in Washington State). Shellfish gardening encourages land
owners to learn about the importance of maintaining properly functioning septic
systems, controlling pet and domestic animal wastes, and the fate of herbicides and
pesticides from lawns and gardens.
Summary of Natural SED and Concurrence with Programmatic Consultations

Shellfish aquaculture can have both positive and negative interactions with the surrounding
environment. However, in combination with avoidance, conservation, and minimization
measures, a well‐managed farm can result in a net positive (or at least neutral) effect to
ecological functions. Some of the positive effects to ecological functions include improvements
to water quality. Current research hypothesizes that the presence of shellfish aquaculture may
be a factor in lowering the risk of eutrophication (i.e., excess nutrients) within south Puget
Sound inlets, including locations such as Case Inlet in Pierce County. While there are changes
associated with culture activities, those changes do not occur at an intensity and frequency that
would adversely impact a Natural SED. In fact, most of the locations where historical shellfish
aquaculture operations occur were designated as a Natural SED 10 to 30 years after activities
began in that estuary. Even more relevant, lands designated under the Bush Act were chosen in
1895 because of the value related to commercially growing bivalves. Most of these areas have
now also been designated as Natural or Conservancy SEDs. Prohibiting shellfish aquaculture in
these areas would directly conflict with this previous legislation.
The finding of benign to beneficial ecological effects are consistent with, and supported by,
state‐wide analyses of shellfish aquaculture by the Corps and the Services (USFWS and NMFS)
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conducted under the NWP 48 consultation for Endangered Species Act (ESA) listed species,
critical habitat, and essential fish habitat (EFH) for the State of Washington (NMFS 2009,
USFWS 2009, NMFS 2011, Corps 2012). According to the Corps (2012), the basis for reissuing
NWP 48 for both existing and new shellfish farms was because, “properly sited, operated, and
maintained commercial shellfish aquaculture activities support populations of shellfish that
provide important ecological functions and services for coastal waters, and should be
authorized by a single NWP.” In order for the Corps to authorize activities under a Nationwide
permit, the activities need to individually and cumulatively have minimal adverse impacts to
the aquatic environment (33 CFR § 322.2[f]). As part of the NWP issuance and renewal process,
the Corps is required to analyze activities likely to be approved under NWPs and support the
regulatory standard for NWPs to result in individually and cumulatively minimal adverse
impacts. The Corps issued the original NWP 48 in 2007, and then subsequently reauthorized
NWP 48 in 2012 based on meeting this standard.
Similarly, the ESA consultation evaluating potential effects of aquaculture to ESA‐listed species
and designated critical habitat determined that shellfish aquaculture activities in Washington
State (including those in Pierce County) represent effects that are limited in space (typically the
aquaculture plot with some minor spillover) and duration (activities occur over a 1‐ to 2‐year
culture cycle or longer), and they are “not likely to adversely affect” fish or critical habitat
(NMFS 2009, USFWS 2009, NMFS 2011). A determination of “not likely to adversely affect” is
synonymous with effects that are discountable and insignificant. There were minor exceptions
to this determination, such as use of carbaryl in Grays Harbor and Willapa Bay, but those
exceptions are not relevant to south Puget Sound where carbaryl is not used. Both the analyses
and conclusions of the Corps and the Federal Services are consistent with the recognition that
shellfish aquaculture has a minimal adverse effect on the aquatic environment.
These recommendations are consistent with the recognition that effects to aquatic habitat upon
which managed species rely is minimal. In typical situations, the grower can provide ways in
which to further minimize potential effects, such as limiting the amount of gear present in any
one year, diversifying gear type, and minimizing the use of predator exclusion netting.
Finally, ancillary benefits to having aquaculture within an estuary is the presence of an industry
that is dependent on good water quality conditions. In numerous examples, this has resulted in
improvements to ecosystems to attain the goal of supporting commercial shellfish aquaculture
operations. In summary, the criteria used to designate a Natural SED is mutually sustainable
with existing shellfish aquaculture operations, which is in agreement with conclusions made by
regulatory agencies for Washington state shellfish aquaculture operations.

3.2.3 Research within Historical Farms of Pierce County
Multiple farms in Pierce County have been the subject of intense research as well as other
surveys for permitting documents. This information further emphasizes the point that current
shellfish aquaculture operations are consistent with the management policies of a Natural SED.
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Case Inlet Research
Multiple Case Inlet farms were part of the Washington Sea Grant‐funded work that looked at
the effects of two phases of geoduck aquaculture (planting and harvest) on benthic
invertebrates, Pacific staghorn sculpin (Leptocottus armatus), and water quality. The following
includes a description of the major results from each of the four studies of the Sea Grant‐funded
research, broken down into planting effects and harvest effects.
Planting Effects:




McDonald et al. 2015 (published in Journal of Shellfish Research in April 2015)
o Typical patterns for transient macrofauna (transient macrofauna = crabs, sea
stars, fish) significantly favor structure‐associated species when gear is present;
patterns of abundance were similar to reference plots after gear was removed.
o The provision of foraging and refuge habitat is the primary reason for the
attraction to the aquaculture gear, especially for smaller fish and crabs.
o The increased foraging pressure by transient macrofauna may explain the
slightly depressed densities of resident macrofauna (resident macrofauna =
amphipods, polychaetes, shrimp).
o There were no consistent differences in the benthic infaunal or epifaunal
communities between reference plots and culture plots.
o Difference in the community composition between the culture and reference
plots when gear was present did not persist after gear was removed.
o Effects from gear were considered short‐term with a short recovery period.
McPeek et al. 2014 (published in Estuaries and Coasts on‐line in November 2014)
o Study tagged and measured >1000 sculpin/plot, although the recapture rate was
only about 5% due to ability of fish to hide within the tube field during beach
seining. Because Pacific staghorn sculpins are so ubiquitous in south Puget
Sound, diet may reflect composition of the local benthic invertebrate community.
o While geoduck aquaculture gear results in some changes in staghorn sculpin
prey, it does not appear to alter the types of food webs that sculpin exploit.
o The lack of differences between cultured and reference plots in the stable isotope
data was corroborated by the results of sculpin fitness metrics, which showed no
differences between the plots for sculpin gut fullness or body condition.
Harvesting Effects:
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VanBlaricom et al. 2015 (published in Journal of Shellfish Research in April 2015)
o The most significant effect on the benthic infaunal community was natural
seasonal and spatial abundance patterns.
o This natural variation was consistent with previous studies that found
substantial variation in benthic assemblages within intertidal sandflats in Puget
Sound, which is especially true of Case Inlet (e.g., Dethier et al. 2003, Dethier and
Schoch 2005) where the Haley Beach site is located.
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There was little evidence of effects on community structure associated with
geoduck harvest activities within cultured plots, and no indication that harvest
effects extended beyond the cultured plot.
o While there were modest effects for individual species, these effects persisted for
a maximum of four months, and the community overall remained unchanged
between harvest and reference plots.
o The authors suggested that the relatively active natural disturbance regime of
Puget Sound that occur at comparable intensity but more frequently than harvest
events contributes to the benthic infauna experiencing insignificant impacts and
quick recovery.
o For example, the frequency of small‐scale disturbances (e.g., winter storm) is
1,000x more significant than the disturbance from a geoduck harvest event and
occurs more frequently in one area (3‐4 per decade).
Cornwell et al. in review (may be published in Aquaculture)
o Examined nutrient pore water chemistry of geoduck and reference sediments,
sediment‐water exchange rates of nutrients, and the release of nutrients during
harvest.
o The study found that the cultivation of geoducks at even high densities (~15 m‐2)
leads to generally low to moderate levels of accumulation of inorganic nitrogen,
phosphorus, and silica in the pore waters of the sediment.
o The authors indicated that the feeding mode of geoducks means that there is not
a major way to get particulate or dissolved water incorporated directly within
the sediments. However, bioturbating infauna (e.g., amphipods and polychaetes)
likely rapidly incorporate this material into the sediment.
o The harvest release of nitrogen (primarily as ammonium) represents about
0.001% of the daily annual load of nitrogen from wastewater or riverine inputs
when considering all cultivated geoduck harvest in south Puget Sound on a daily
basis, which was considered to be an “inconsequential fraction of the Puget
Sound nutrient balance.”
o This release of ammonium would not stimulate an algal bloom, and the
magnitude of nutrients overall is small compared to new anthropogenic nutrient
inputs into Puget Sound.
o



Burley Lagoon Research
Multiple studies and surveys have been conducted in Burley Lagoon or adjacent to Burley
Lagoon. These studies are particularly informative, as the tidelands in Burley Lagoon were
deeded under the Bush Act for the purpose of shellfish cultivation, and Burley Lagoon
tidelands have been actively farmed for over 80 years. These studies and surveys include water
quality studies, eelgrass surveys, sediment surveys, flow studies, benthic invertebrate surveys,
and Pacific herring spawner surveys. The studies have been conducted by both private
consulting and government agencies. Overall, research in Burley Lagoon has documented the
diversity of habitat conditions and many improvements in the health of the system, especially
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related to water quality (e.g., Newton et al. 1998, Morley 2000, KCHD 2001, Alberti and Bidwell
2005, DOH 2012, Pierce County 2013, KPHD 2015, Snyder 2015). There are also many existing
challenges to water quality in Burley Lagoon, including an increase in shoreline development
that results in nutrient input from on‐site septic systems (OSS) and stormwater input from
impervious surface area (SPSCG 2008).
One of the indicators of ecosystem health are the presence of a healthy forage fish population.
Henderson Bay and Burley Lagoon support a herring stock (Purdy Herring Stock) that was first
identified in 2008 (Stick et al. 2014). There are no confirmed trends in the stock associated with
this area, but spawning has been relatively consistent since 2008. More importantly, the shellfish
aquaculture operation in Burley Lagoon does not appear to be affecting the presence of herring
or spawn deposition.
In a recent modeling study (Preikshot et al. 2015), the potential for a 10‐fold increase in shellfish
aquaculture production in south Puget Sound from 2012 to 2054 was evaluated in terms of
effects within the food web (as discussed in Section 3.2.2 above). Herring was one of the focal
species modeled, and results of the model appear to be consistent with showing a neutral effect
on the herring population from shellfish aquaculture. Herring biomass increased by at least 50%
in most of the ecosystem scenarios simulated except for a doubling of jellyfish biomass. In
general, herring maintained a robust population in modeled simulations.

3.2.4 Factors that Affect Natural SEDs
An example of how shoreline development
in Pierce County may have affected a
Natural SED, but existing shellfish
aquaculture has not, is in the Foss farm area
of Key Peninsula. Figure 11 is a
reproduction of the inset from Figure 3
focusing on the SED changes between 1975
and 2015. In comparing the 1975 SEDs to
2015 SEDs, it is apparent that locations
outside of the farmed areas have changed
from Natural or Conservancy SEDs to
Residential SED. Conversely, areas
associated with shellfish farms (i.e., Rogers
Farm, Hibben Farm, Foss farm, Whiteman
Cove) have all either maintained their
designation or gone from a Natural to
Conservancy SED.

Figure 11 Shoreline Designations
Associated with the West Side of Key
Peninsula between 1975 and 2015
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There is a direct correlation between shoreline development and down‐grading shoreline
designations, as discussed in PCC 18S.20.30. Increased shoreline development typically includes
removal of riparian vegetation and replacement with buildings, landscaping, and increased
impervious surfaces. Impervious surface is a main influence in increased drainage and sediment
load because of the loss of floodplain and slope vegetation (Haring 2000, PSAT 2007).
Impervious surfaces increase the flashiness6 of the system, which causes more erosion and
sediment inputs because there is less vegetation to hold sediment in place. Impacts to streams
occur even at low levels of development (<2% impervious area), and degraded channel
conditions are typically evident when impervious surfaces exceed 10% (Haring 2000, PSAT
2007, Squaxin Island Tribe 2012).
Other factors that affect Natural SEDs include bulkheads and hardened shorelines. The erosion
of feeder bluffs is a principal source of sediment to the shoreline and adjacent beaches.
Sediment input from feeder bluffs is disrupted by shoreline modifications, which will tend to
impound sediment behind the structure and limit the amount of sediment supply within the
transport cell associated with that feeder bluff (Shipman and Canning 1993, Johannessen and
MacLennan 2007). Additionally, fine sediments around bulkheads are preferentially
transported away, further limiting the sediment supply and changing the sediment size
distribution within that localized area. According to the Pierce County Shoreline Inventory and
Characterization Report (ESA Adolfson 2009), the example above that includes the Whiteman
Cove shoreline (2.5 miles) is 28% modified with 64% of the reach mapped as vegetated. The
portions of the shoreline that remain unmodified (by hardened shorelines) are associated with
the shellfish farms. Therefore, while shoreline development associated with residential
structures can degrade the shoreline and affect the Natural SED designation, shellfish farms
appear to maintain conditions associated with this designation.
In contrast, the Foss farm is the largest geoduck farm in Pierce County and has been in place for
over 15 years. It was installed under the current Natural designation, and given how long it has
been in place, if shellfish farming actually degraded or compromised the Natural SED
characteristics, then it would have done so by now. The fact that Pierce County designates the
upland areas as Natural confirms that aquaculture, under criteria established for the SMP, is an
appropriate use in the abutting aquatic area that does not harm the Natural SED.

3.2.5 Summary of Interactions between Shellfish Aquaculture and Natural SED
Based on the information presented above, there is both a lack of justification for a prohibition
of aquaculture within and abutting the Natural SED and extensive information that
demonstrates that shellfish aquaculture is consistent with, and does not compromise, the
Natural SED setting.

6 The “flashiness” of a stream reflects how quickly flow increases and decreases during a storm.
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3.3

Nisqually Reserve Prohibition

This sub‐section is responding to PCC 18S.40.040(C)(17): “With the exception of Olympia
Oyster propagation which is a conditional use, new commercial shellfish aquaculture
operations are prohibited within the Nisqually Reach Aquatic Reserve.”
The Nisqually Reach Aquatic Reserve (Nisqually Reserve) encompasses nearly 15,000 acres of
DNR‐managed tidelands and bedlands. It was designated as a reserve in 2011, and has a 90‐
year reserve term (DNR 2011). It extends from the Nisqually National Wildlife Refuge to the
south up to McNeil Island to the north (Figure 12). It is primarily in Pierce County, although a
portion is in Thurston County.

3.3.1

Management Goals of the Nisqually Reserve

DNR Aquatic Reserves can be environmental, scientific, educational, or a combination of these.
The Nisqually Reserve was designated as all three types, and is guided by a management plan
to support the preservation of the habitats and species identified for protection (DNR 2011). The
management plan also promotes public stewardship of the area. There are five goals of the
management plan:


Goal One: Preserve, restore and enhance the aquatic nearshore and subtidal ecosystems
with a special emphasis on native habitats for forage fish, salmonids, and waterbirds.



Goal Two: Protect and restore the functions and natural processes of nearshore,
deepwater, and open water ecosystems within and adjacent to the reserve.



Goal Three: Promote stewardship of riparian and aquatic habitats and species by
supporting and providing opportunities for outdoor education, scientific research
including Citizen Science and interpretive studies.



Goal Four: Promote sustainable management of traditional recreational (e.g., boating,
water skiing, fishing), commercial and cultural water‐dependent uses in and adjacent to
the site in a manner consistent with the goals for the reserve.



Goal Five: Support the recovery and protection efforts for federal and state threatened
and endangered species, species of special concern and their habitats.

The Nisqually Reserve management plan both allows for continued use of existing activities, as
well as new uses that are consistent with the reserve’s goals, objectives, and management
actions. According to the management plan (DNR 2011), this includes low intensity shellfish
aquaculture and Olympia oyster restoration activities.
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Nisqually Reach Aquatic Reserve Relative to Shellfish Aquaculture in Pierce County
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3.3.2 Sustainability of Shellfish Aquaculture in the Nisqually Reserve
The Nisqually Reserve management plan both allows for continued use of existing activities, as
well as new uses that are consistent with the reserve’s goals, objectives, and management
actions. There is existing aquaculture occurring within the Nisqually Reserve. It is located on
the west and south sides of Anderson Island and includes geoduck, oyster, and FLUPSY
operations (DNR 2011, Figure 13). The criteria for new shellfish aquaculture or Olympia oyster
restoration activities is similar to a Natural SED:
Protection of aquatic resources within the Nisqually Reach Aquatic Reserve is
primarily achieved by restricting DNR authorizations that may harm, alter the
naturally occurring condition, or further degrade sensitive and unique aquatic
resources within the reserve and ensuring re‐authorization and new use
authorizations are consistent with the goals, objectives and management actions
of the Nisqually Reach Aquatic Reserve Management Plan.
The review associated with shellfish aquaculture within a Natural SED (Section 3.2) are relevant
to the Nisqually Reserve. DNR (2011) has already determined that shellfish aquaculture is a
sustainable use of the Nisqually Reserve, and has indicated in a Marcy 11, 2016 letter that this
prohibition on aquaculture goes against the management goals and best available science, and
should therefore be removed.

3.4

Estuary and Tidal Channel Prohibition

This sub‐section is responding to the following PCC sections:



18S.40.040(C)(18): “Aquaculture is prohibited in Estuaries within 300 feet of the mouth
of freshwater streams (as measured at extreme low tide).”
18S.40.040(G)(1): “Aquaculture activities shall not be located within tidal channel
portions of streams and rivers with direct utilization by anadromous species.”

Based on the definition of an estuary shoreline from PCC 18S.40.040(C)(18), Figure 13 presents
the freshwater streams in Pierce County and the associated estuary shorelines (within 300 ft of
extreme low tide). However, the definitions in the PCC and associated prohibitions of shellfish
aquaculture is both flawed and unsupported by the literature.

3.4.1

Definition of an Estuary and Tidal Channel

Most streams in Pierce County are small, perennial streams with direct discharges to Puget
Sound (ESA Adolfson 2009). Most of these streams do not have an estuary, are non‐fish bearing,
and have limited reaches that are essentially considered marine waters as soon as they outfall
into south Puget Sound. Larger streams have small estuaries with a limited mixing zone
between the freshwater input and tidal influence from Puget Sound (Figure 14). Sediment
transport in small estuaries is driven primarily through a mixture of fluvial processes and tidal
flows (Shipman 2008, Schlenger et al. 2011), which is different than the wave‐driven processes
typical of barrier estuaries and bluff‐backed beaches.
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Estuarine Shorelines within 300 feet of a Freshwater Stream in Relation to Shellfish Farm Sites and Bush Act
Aquatic Lands in Pierce County, Washington
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Figure 14
Definitions of an Estuary According to Pritchard 1967 (A) and Distribution of
the Physical Processes Operating within an Estuary (B)
Source: Dalrymple et al. 1992

In the transition region between marine‐dominated processes and river‐dominated processes
(Figure 14B), there is a preference for fine‐grained material to settle out along the margins of the
channel while coarser sediments (e.g., gravel and sand) are present within a single dominant
(main) channel or tidal channel (Dalrymple et al. 1992). The perimeter/margins of the tidal
channel are submerged during high tides. These submerged channel margins exhibit a
reduction in current velocity relative to the current in the channel, which allows finer materials
(e.g., silt and fine sand) to settle out of the water column, promoting deposition of fine‐grained
sediment. Higher velocities (both tidal and fluvial) promote scour and serve to develop and
maintain a dominant channel in the areas landward (upstream) from the location of typical
shellfish farms.

3.4.2 Species Use of Estuary/Tidal Channel
Anadromous salmonids are the primarily species that use both estuaries and tidal channels.
There are seven species (and a few runs) of anadromous salmonids in Pierce County: Chinook
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salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), chum salmon (O. keta), steelhead
(O. mykiss), sockeye salmon (O. nerka), pink salmon (O. gorbuscha), and bull trout (Salvelinus
confluentus). However, current returns of Chinook salmon are attributed to releases from
hatcheries (PSIT and WDFW 2010), and three species (sockeye salmon, pink salmon, and bull
trout) use the Puyallup and Nisqually rivers but not the smaller drainage that are more
prevalent in Pierce County (Table 3). The timing and use by salmonids is highly variable, and
depends on the species and run of salmon. Chum and coho salmon are the anadromous species
most commonly found in the type of stream typical of Pierce County.
If large enough, the tidal channels in Pierce County freshwater systems serve as migration
and/or nursery zones for anadromous fish. The portion of a stream that is used for migration
and/or nursery habitat by salmonids is morphologically and functionally different than the
intertidal areas where shellfish aquaculture occurs. A fluvial‐ or river‐dominated system has a
well‐defined main channel with water flowing upstream or downstream within the channel
throughout a typical tidal cycle (Dalrymple et al. 1992). These areas can provide migration
corridors for juvenile salmonids when they are present in the system. The length of time
juvenile salmon migrants remain in a specific location along the shoreline is generally short.
Outmigration studies in Hood Canal indicated travel distances for juvenile chum salmon
ranged from about 4 to 14 km/day (2.5 to 8.75 mi/day) (Bax et al. 1980, Whitmus and Bax 1981).

3.4.3 Potential Impacts to Estuaries and Tidal Channels and Species Use
Migration along the shoreline is a major component of salmonid management concerns (NMFS
2009, USFWS 2009, NMFS 2011, Schlenger et al. 2011). Access to mid‐sized and smaller streams
have often been compromised by various human activities such as roads, railroad crossings,
dikes, and shoreline armoring. Culverts under roads and railroads, among other human caused
changes, are often a passage barrier to anadromous fish (Schlenger et al 2011).
Shellfish aquaculture activities do not constitute a barrier to anadromous fish during their
migration to spawning or rearing habitat. Adult salmon typically remain in deeper water and
the deepest portion of tidal channels where they are unlikely to encounter activities or
structures related to shellfish aquaculture. Comparatively, juvenile salmon may encounter areas
of aquaculture during their use of marine shorelines. These areas usually provide additional
structure in the environment, and this structure can be beneficial to juvenile salmonids. For
example, several studies have demonstrated that oyster culture areas provide similar
productivity and aquatic food resources when compared to adjacent eelgrass meadows (Ferraro
and Cole 2007, Ferraro and Cole 2011, Ferraro and Cole 2012). Further, marine invertebrates
associated with shellfish gear from various studies in the Salish Sea (Puget Sound and the Strait
of Juan de Fuca but not extending up to the Strait of Georgia) were both similar to the
invertebrates found associated with eelgrass and included the same groups of invertebrates
used by juvenile salmonids as food resources (Cross et al. 1978, Fresh et al. 1978, Fresh et al.
1979, Simenstad et al. 1980).
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Table 3

Anadromous Salmonids Use of Streams and Rivers in Pierce County.

Water Body
Puyallup River
Nisqually River
Artondale Creek
Burley Creek*
Chambers Creek
Crescent Valley Creek
Lockey Creek
McCormick Creek
Minter Creek
North Creek
Purdy Creek
Red Salmon Creek
Rocky Creek
Vaughn Creek
Unnamed Stream 1
Unnamed Stream 10
Unnamed Stream 11
Unnamed Stream 12
Unnamed Stream 13
Unnamed Stream 14
Unnamed Stream 15
Unnamed Stream 16
Unnamed Stream 17
Unnamed Stream 18
Unnamed Stream 2
Unnamed Stream 3
Unnamed Stream 4
Unnamed Stream 5
Unnamed Stream 6
Unnamed Stream 7
Unnamed Stream 8
Unnamed Stream 9

Fall
Chinook

Coho
Salmon

M, S, R
M, S

M, S, R
M, S
M, S
M, S
M, S
M, S
M

M, S, R
P(B)
M

M

P(M)
M

M, S
M, S
M, S
M
M, S
M, S
M
M
M
M
M
P(B)
M
P(P)
M
M
M, S
M
M
M
M
M
M

Summer
Chum

Fall
Chum

Winter
Chum

Winter
Steelhead

Sockeye
Salmon

Pink Salmon
(odd year)

Bull
Trout

M, S

M
M, S

M
M

M
M, S, R

M
M

P(M)

P(M)

M, S, R

M, S
M

M
M, S
M
M, S
M

M

M, S
M, S
M, S
M, S

M, S
M
M

M
M
M

M
M
M
M
M

M
M
M
M

M
M
P(B)
M
M
M
M

Source: WDFW 2016a; M = Migration, S = Spawning, R = Rearing, P(B) = Potential: Blocked, P(M) = Presence Modeled, P(P) = Presence Presumed
*Burley is in Kitsap County, but discharges into Burley Lagoon, which is in Pierce County
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Based on radiotelemetry studies conducted by the USFWS (Brenkman et al. 2007), juvenile
salmonids will orient to their perception of the bottom depth—whether that be relatively
featureless sand, the top of culture tubes colonized with invertebrates, or the top of a predator
exclusion net that is colonized with macroalgae. In other words, minor changes created by a
shellfish gear will not be recognized in the same manner compared to an overwater structure or
a structure that extends through the water column (Ward et al. 1994). Depending on the tidal
cycle, fish can easily swim over, around, or through these structures, if necessary.
While nets can pose a risk to entanglement, the majority of cases for which this has occurred
involves derelict commercial fishing gear (e.g., gill nets) that occur vertically in the water rather
than horizontally on the sediment surface (e.g., Rueggeberg and Booth 1989, Laist 1997, Moore
et al. 2007, Gregory 2009). Nets need to be properly maintained and secured on a regular basis
in order to avoid negative interactions with fish or other macroinvertebrates, and this is a
management practice that shellfish growers in Washington State capably perform.
In summary, as long as gear is properly maintained, aquaculture gear in the intertidal area is
not expected to affect migration, access, or refugia pathways for juvenile fish that utilize
shallow water. The presence of aquaculture gear may even serve as additional foraging habitat
or cover from predators for smaller fish and invertebrates. In addition, the speed with which
these fish are moving in their migration (miles/day) indicates that they would only encounter
scattered aquaculture operations for a brief period since the extent of these areas are measured
in feet or yards in length and not miles.

3.4.4 Sustainability of Shellfish Aquaculture in Estuaries/Tidal Channels
Section 3.2 provided an understanding of how shellfish aquaculture is a sustainable use of the
environment in relation to Natural SEDs, and when managed appropriately, can result in a no‐
net‐loss of ecological functions. The same discussion pertaining to the Natural SED is relevant
to estuaries and tidal channels, many of which are also Natural SEDs. Some of the more salient
points directly related to estuaries and tidal channels include:
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Shellfish aquaculture is a highly regulated activity (Section 3.1). Conservation measures
related to estuaries/tidal channels include:
o Unsuitable material (e.g., trash, debris, car bodies, asphalt, tires) shall not be
discharged or used as fill (e.g., used to secure nets, create berms, provide
nurseries).
o Water quality and maintenance requirements within 150 ft of any stream,
waterbody, or wetland.
o No modification of the course of streams is allowed for new shellfish aquaculture
developments.
Shellfish aquaculture is dependent on excellent water and sediment quality conditions
to be suitable for human consumption. Therefore, the presence of shellfish aquaculture
has been a driving force in the clean‐up of sources of contamination to both the
freshwater and nearshore marine environment (e.g., failing septic systems).
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Shellfish aquaculture promotes clean water through the filtration of plankton and
organic particles from the water column. This can help reduce phytoplankton blooms
caused by excess nutrients in the runoff from the developed land in the watershed.
These nutrients originate from a number of human sources, including the use of
fertilizers in urban landscapes, septic systems, and rural agriculture.
Shellfish aquaculture structure provides similar functions to other structure in the
nearshore marine environment (e.g., eelgrass) through the support of invertebrate
communities that are important prey resources for juvenile salmonids and other fishes
that use these habitats as nursery and rearing habitat.
Shellfish aquaculture operations do not inhibit the normal migration patterns of juvenile
or adult anadromous salmonids.

In summary, we encountered no information that could justify the prohibitions on aquaculture
in proposed PCC sections 18S.40.040(C)(18) and 18S.40.040(G)(1), and in fact current scientific
and technical information demonstrates these prohibitions are inappropriate.

3.5

Residential Prohibition

This sub‐section is responding to PCC 18S.40.040(C)(19): “Aquaculture is prohibited adjacent to
residential neighborhoods in Horsehead Bay, Wollochet Bay, Lay Inlet and adjacent to Raft
Island due to water quality and visual impacts.”
Shellfish aquaculture has a long history of being present in areas with residential development.
Figure 15 shows the overlap of shellfish operations within residential SEDs. Although there is
no current aquaculture in the residential areas of Horsehead Bay, Wollochet Bay, Lay Inlet or
adjacent to Raft Island, there is Bush Act Aquatic Land in Lay Inlet, which was specifically
designated for oyster culture (Figure 16, also see Section 1.1). More importantly, water quality
and visual impact concerns do not provide a basis for prohibiting aquaculture.
The Ecology (2011a) SMP Handbook states that “The presence of water pollution, navigation
channels, and residential neighborhoods are not automatic reasons to prohibit aquaculture.”
The best available science supports a conclusion that aquaculture can improve water quality
(Section 3.2 above), and that aesthetic impacts are minimal from both intertidal and subtidal
aquaculture gear (Section 3.5.2 below). Finally, growers conduct a number of conservation
measures to maintain the aesthetic quality of the work areas (Section 3.5.3).

3.5.1 Water Quality
The sections below detail (1) how water quality is classified in Washington State, (2) Burley
Lagoon as a case study for water quality, and (3) the benefits shellfish can have on water
quality.
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Figure 15
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Residential SED Relative to Shellfish Aquaculture and Bush Act Lands in Pierce County
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Figure 16
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Washington Department of Health, Shellfish Growing Area Classifications for Horsehead Bay, Lay Inlet,
Wollochet Bay, and Areas near Raft Island
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Classifying Water Quality
There are two authorities that classify water quality in Washington state –Ecology under the
federal Clean Water Act and through its 303 (d) list, and the Washington Department of Health
(DOH) Shellfish Growing Area Program.
Ecology 303(d) Assessment
The Ecology 303(d) assessment measures a number of factors such as temperature, dissolved
oxygen, bacteria, and heavy metals. The residential areas of Horsehead Bay, Wollochet Bay, Lay
Inlet, and adjacent to Raft Island are not on Ecology’s 303(d) list for water quality concerns
(Ecology 2016).
DOH Shellfish Growing Area Program
The DOH water quality assessment focuses on fecal coliform. A portion of Wollochet Bay is
classified as “Prohibited” by the DOH Shellfish Growing Area Program), while the other areas
(Horsehead Bay, Lay Inlet, and areas near Raft Island) are “Unclassified” (DOH 2016a)
(Figure 16). DOH has five classifications for Commercial Growing Areas: Approved,
Conditionally Approved, Restricted, Prohibited, and Unclassified. Prohibited is defined as
“when the sanitary survey indicates that fecal material, pathogenic microorganisms, or
poisonous or harmful substances may be present in concentrations that pose a health risk to
shellfish consumers. Growing areas adjacent to sewage treatment plant outfalls, marinas, and
other persistent or unpredictable pollution sources are classified as Prohibited. Commercial
shellfish harvests are not allowed from Prohibited areas” (DOH 2016b). Commercial shellfish
harvest is also not allowed in Unclassified areas, but it is a simple request from DOH to add an
area for classification (Berbells, pers. comm., 2016). According to DOH, Wollochet Bay was
listed as Prohibited in 2003 because of the high number of marinas and boats (Berbells, pers.
comm., 2016).
Classifications by DOH are not static; they can shift when data changes from year to year, or
with collection of new data. DOH has monitoring stations in each classified area that measure
fecal coliform. Annually, DOH releases reports with this data as well as classification changes
that may have occurred (i.e., upgrades or downgrades) based on the data. Also, shellfish
growers can request that DOH classify previously unclassified areas. DOH can deploy
monitoring equipment to assess a new area and classify it (Berbells, pers. comm., 2016). Thus,
the Unclassified areas of Horsehead Bay, Lay Inlet, areas near Raft Island, and Wollochet Bay
could be monitored and classified by DOH, if requested.
The DOH classification of Prohibited does not exclude all types of shellfish aquaculture. Since
the DOH prohibition is only in relation to harvest, shellfish “seed” can be raised in nursery
systems (e.g., FLUPSYs) in areas that are classified as Prohibited by DOH because juvenile
shellfish can be transferred and later harvested in Approved areas. Therefore, even in northern
Wollochet Bay, which is Prohibited for harvest, shellfish seed could be grown in a FLUPSY.
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The DOH classification system is based on potential effects to human health through
consumption of contaminated shellfish, not on the potential for shellfish aquaculture to
adversely affect water quality. In addition, the classification of areas by DOH as Restricted or
Prohibited can be the signal to a community, or shellfish aquaculture operations, that levels of
fecal coliform are affecting all water‐dependent activities, which can then lead to actions for the
pollution problems. There are many examples throughout the Salish Sea where poor water
quality for shellfish harvest has created opportunities and funding mechanisms to improve
water quality issues (e.g., Dungeness Bay). The following is a case study related to water quality
issues created by the surrounding community and the changes that led to improvements in the
DOH classification for Burley Lagoon.
Case Study: Burley Lagoon
Shellfish aquaculture has occurred in Burley Lagoon since the 1930s. Due to poor permeability
of surrounding soils along the shoreline, elevated average rainfall, and high seasonal water
table, Burley Lagoon has frequently experienced high fecal coliform levels. Since the 1970s,
areas of Burley Lagoon have been closed or restricted for shellfish harvest due to fecal coliform
from upland sources (KCHD 2001). Efforts to reduce fecal coliform contamination have focused
on both the correction of failing septic systems and improving livestock waste management
(KCHD 2001). Based on trend data associated with fecal coliform specific to Burley Lagoon
(Figure 17), improvements made to on‐site septic systems in the watershed resulted in lower
levels of fecal coliform between 1996 and 2013. Between 2012 and 2015, 36 acres of the area
classified as Restricted was upgraded to Conditionally Approved (Figure 18), primarily because
of a reduction in fecal coliform (DOH 2012, Snyder 2015, KPHD 2015). This result is beneficial
for commercial shellfish aquaculture, as well as all other uses of the water area. Kitsap Public
Health continues to work in the Burley watershed to raise awareness about faulty septic
systems, and to investigate high priority farm properties (KPHD 2015).
Shellfish Aquaculture Benefits to Water Quality
As discussed in Section 3.2.4, there are factors associated with shoreline development that can
lead to the degradation of SED designations and also affect the surrounding shellfish
aquaculture operation. Similarly, shoreline development has more potential impacts on water
quality than shellfish aquaculture, which can have benefits to water quality. The positive
interactions of shellfish aquaculture to water quality include (1) an increase in water clarity and
light penetration through consumption of phytoplankton and particulate organic matter, (2)
increased dissolved oxygen by reduction of excess phytoplankton, and (3) nutrient
sequestration by incorporation of nitrogen and phosphorus into their shells and tissues, (i.e.,
bioextraction). Section 3.2.2. provides detail on each of these positive interactions.

3.5.2 Visual Quality and Aesthetics
There are three main concerns related to visual quality and aesthetics relevant to different
shellfish aquaculture: (1) lighting and glare, (2) intertidal aquaculture gear visibility, and
(3) floating aquaculture visibility. These concerns are discussed below.
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Figure 17

Fecal Coliform Sampling in Burley Lagoon

Source: Schultz, pers. comm., 2014

April 2016

Page 59

Pierce County SMP Technical Report

Figure 18

April 2016

DOH 2012 Classification of Burley Lagoon (left) vs. 2015 Classification of Burley Lagoon (right). The southern
portion of the Restricted area was upgraded to Conditionally
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Lighting and Glare
Permanent lighting is not permitted for shellfish aquaculture, except as required for navigation
(Pierce County 2012). U.S. Coast Guard (USCG) regulations (33 CFR 66.01‐5) require all
structures in navigable waters to be lit for safety. Structures like aquaculture rafts must have
lights that are visible for at least one mile and are yellow in color. USCG also reviews project
applications and may require more specific lighting and markings for the particular project and
waterway. To the extent practicable, operations minimize adverse impacts from light and glare
on nearby properties. This includes the use of headlamps when working during a night tide.
The light associated with headlamps extends a maximum of 630 ft for a C4® LED light
(Streamlight 2016). Headlamps are pointed toward the ground and used in a manner that is
respectful of surrounding neighbors.
Intertidal Aquaculture Gear Visibility
Much of the recent attention regarding intertidal gear visibility has concerned geoduck
aquaculture. Culture tubes are used to protect the geoduck “seed” during the first 1 to 3 years
after planting. These tubes may be made of PVC pipe or a flexible mesh similar to an oyster bag
(see the description in Section 5.0). PVC tubes are typically white, although minimization
measure have proposed a more neutral color (e.g., gray). Culture tubes are typically covered by
a predator exclusion net. Netting and tubes quickly become covered with marine organisms, so
that they are the same color as their surroundings. The tubes are also placed at lower tidal
elevations so are only seen during daytime low tides. Finally, the tubes are temporary, and are
removed once geoduck are bigger, thus they do not remain a permanent part of the landscape.
An alternative to PVC tubes that may be used at the site is black, flexible extruded plastic mesh
(Marine‐grade Polyethylene) tubes for geoduck ‘seeding’ (planting). Because the mesh tubes are
flexible and dark in coloration, they may not be as visible to surrounding residential occupants
as PVC tubes.
Tubes are visible for a short period of daylight hours during the year. Figure 19 depicts an
analysis of tube visibility based on low and high tide predictions from Wauna, Washington
(Station ID: 9446291) in 2011. The entire tidal cycle was calculated from observations at Tacoma,
Washington (Station ID: 9446484), and the daylight hours that the tubes would be visible were
calculated using the tidal data. This evaluation is based on daylight tides that range from +2.5 ft
mean lower low water (MLLW), which is the upper extent of proposed typical farm, down to
extreme low (‐4.5 ft MLLW).
Over the course of a geoduck culture cycle (estimated as an average of 6 years), at typical
planting elevations, geoduck tubes are visible for less than 5% of daylight hours. The remainder
of daylight hours, shown in orange on Figure 19, occurs when tides are above a 2.5‐ft tidal
elevation (i.e., the tops of the culture tubes). During the months when tubes are not visible or
rarely visible (e.g., October to February), the low tide occurs at night. It should also be noted
that the exposure hours depicted in Figure 19 include tides that expose any portion of the
intertidal habitat below 2.5 ft, no matter how small. For example, in March, tides rarely go
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below 0 ft MLLW, so even though the graph indicates that tubes would be visible, this would
only be the very top of the farm. A depiction of this concept is provided in Figure 20 below.
Oyster aquaculture typically does not occur much higher than the upper elevations of geoduck
aquaculture. Manila clam aquaculture occurs at higher elevations than geoduck and oyster
aquaculture but does not involve any gear other than a net that lies directly on the bed.
Tubes Visible

Tubes Inundated

700

Daylight Hours

600
500
400
300
200
100
0

Figure 19

Tube Exposure Analysis Based on Daylight Hours in Olympia and Potential
Exposure up to a +2.5 ft MLLW Tidal Elevation

Note: Tubes would be visible during tides that occurred below +2.5 ft MLLW based on culturing up to +2 and 0.5 ft
of the tube extending from the sediment surface.
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Tubes with Predator
Exclusion Netting

Figure 20

Tubes with
No Netting

Geoduck Farm Planted up to 0 ft MLLW in Henderson Inlet during a 0.3‐ft Tide

Note: only the very top of the farm is visible; typically, the farm would be visible for approximately 5% of the
culture cycle with tides that expose the planted area.

Floating Aquaculture Visibility
Due to the subjective nature of aesthetics, frameworks have been developed to allow for more
objective evaluation of project aesthetics for developments that have more structure associated
with them (e.g., floating aquaculture). One such methodology is the Aquaculture Siting Study
(Ecology 1986). In Washington, aquaculture, which encompasses shellfish, finfish, and algae
culture, has long been met with opposition by shoreline residents, with visual impacts as a top
concern. The Siting Study states its purpose as to “…assist industry members, citizens’ groups,
planners, upland owners and elected officials in their effort to assess and mitigate such
impacts.”
Methodology
The Siting Study uses typical visual impact analysis methodology, which “provides visual and
analytic tools evaluating and mitigating the visual impact of proposed aquaculture facilities”
(Ecology 1986). The Siting Study includes an analysis protocol that considers three factors:
(1) the scenic quality of the setting, (2) the sensitivity of the potential viewers of the proposed
project, and (3) the visibility of the proposed project. Each of these factors is scored as low,
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medium, or high and then a final impact score (I to IV) is assigned based on a matrix that
compiles the scores of individual factors (Figure 21).

Figure 21

Rating Matrix for Visual Impact Analysis

Scenic Quality considers the environmental condition, spatial definition, and adjacent scenery of
the proposed aquaculture site. It considers the overall setting in which the potential aquaculture
project is proposed to be sited.
Sensitivity considers the number of potential viewers from adjacent travel routes7, public use
areas, or existing residential development, that is, from “key observation points.” The concept
of key observation points is important in understanding the sensitivity factor. The Siting Study
asks assessors to identify “key observation points” around the area where aquaculture may be
sited. This differs for each project, and may include residential areas, designated recreation
areas, and travel routes. The view from these key observation points then informs the aesthetic
analysis. The potential for visual impact increases as the height of the adjacent shoreline
increases (Ecology 1986). That is, an aquaculture facility in the water takes up smaller portion of
the view of an observer located close to sea level, while it takes up a larger portion of the view
of the observer located at a higher elevation.
While scenic quality and sensitivity consider an area as a whole, visibility is largely based on
project design. Visibility considers view obstruction, distance of the proposed project offshore
in relation to the observer position, and viewshed coverage. In this context, viewshed is defined
as the percentage of normal “cone of vision” occupied by proposed aquaculture facility. Cone of
vision refers to the 60‐degree area which is visible from the normal human eye. For an observer
viewing an aquaculture facility, the facility would take up horizontal space across the view of
the landscape.

7 The Siting Study methodology only considers potential viewers from land, thus travel routes in Case
Inlet were not considered. Additionally, Case Inlet does not contain vessel lanes (See Section 4.1), and
does not host tour boats.
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According to the Siting Study methodology, using the scores from the three factors, scenic
quality, sensitivity, and visibility, visual impacts may be classified in one of four categories. The
categories are: Class I: Severe Visual Impact, Class II: High Visual Impact, Class III: Moderate
Visual Impact, or Class IV: Low Visual Impact.
Summary
Determining aesthetic impacts of floating culture requires a detailed look at the landscape
setting, the number and location of the viewers, and the design of the project. The potential
impact would need to be a consideration for any floating aquaculture project, and cannot be
determined outright simply by proximity to a residential shoreline designation.

3.5.3 Conservation Measures regarding Aesthetics
The following conservation measures regarding aesthetics of shellfish aquaculture sites are
typically included in permitting documents:


Unnatural materials (e.g., tubes, nets) shall be removed as soon as practical when
shellfish are no longer vulnerable to predators. Marker stakes and buoys also will be
removed when they are no longer necessary.



Intertidal areas must not be used to store materials such as tools, bags, marker stakes,
stakes, or nets. Materials that are not in use or immediately needed must be removed to
an off‐site storage area and the site kept clean of litter.



Predator exclusion nets are designed so they do not break free and cause beach littering
on site or off site. The grower shall ensure that predator exclusion nets are tightly
secured to prevent them from escaping from the project area.



All excess or unsecured materials and trash shall be removed from the beach prior to the
next incoming tide so that all unnatural debris are maintained and prevented from
littering the waters or beaches.



Unsuitable material (e.g., trash, debris, asphalt, or tires) shall not be discharged or used
as fill (e.g., used to secure nets, create berms, or provide nurseries).



At least once a month and directly following storm events, beaches in the project vicinity
shall be patrolled by crews who will retrieve aquaculture debris (e.g., predator exclusion
nets, tubes) or unnatural debris (e.g., bottles, cans) that escapes from the project area.
Within the project vicinity, locations shall be identified where debris tends to
accumulate due to wave, current, or wind action, and after weather events these
locations shall be patrolled by crews who will remove and dispose of debris
appropriately. The grower shall maintain a record with the following information and
the record shall be made available upon request to the Corps, NMFS, and USFWS: date
of patrol, location of areas patrolled, description of the type and amount of retrieved
debris, and other pertinent information.
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The grower shall not use tidelands waterward from the line of mean higher high water
for the storage of aquaculture gear. All aquaculture gear shall be stored and sorted at an
upland facility and transported to the project area by boat at the time of deployment.

3.5.4 Summary
It is important to consider the water quality and aesthetic impacts of any marine project.
However, simply the existence of nearby residences or degraded water conditions (which are
typically caused by upland development) does not warrant a prohibition on aquaculture
projects. Baseline water quality of an area is typically classified by Ecology or DOH, and may
adversely affect aquaculture, while aquaculture has many positive effects on water quality.
Aesthetic considerations for aquaculture include lighting, geoduck aquaculture gear visibility,
and floating aquaculture visibility. Shellfish growers employ a number of conservation and
minimization measures to maintain the aesthetic quality of the shoreline in areas that they
work.

3.6

Summary of Shellfish Prohibitions

The updated SMP has a number of suggested prohibitions for shellfish aquaculture. There is no
basis for the proposed prohibitions, and they are contrary to current scientific and technical
information pertaining to shellfish aquaculture.

4.0 FORAGE FISH SPAWNING AREAS
This section is responding to PCC 18E.40.040(E):
1. Regulated activities waterward of the ordinary high water mark
(OHWM), in areas of confirmed spawning habitat, shall be suspended
during spawning periods unless a survey by a qualified professional
confirms that spawning is not occurring or approval is obtained from
WDFW.
2. Regulated activities in areas where a survey demonstrates that no
spawning is occurring are still subject to avoidance and minimization
requirements of PCC 18E.40.050.
There are three species of forage fish that spawn in intertidal areas in Washington: surf smelt,
Pacific sand lance, and Pacific herring. WDFW is the state agency charged with protecting
forage fish species, which includes documenting their spawning areas. Each species has specific
spawning behavior and preferences. Surf smelt and Pacific sand lance are considered beach
spawners because they spawn within intertidal habitat primarily within the upper portion of
the beach. Pacific herring spawn over vegetation or other structure lower in the intertidal and
shallow subtidal, in areas that overlap with shellfish aquaculture. Non‐professionals can be
taught to recognize Pacific herring spawn—an approach that is accepted by regulating agencies.
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4.1

Grower Training Program

In order to manage forage fish species, WDFW offers courses to train professionals how to
recognize spawn from surf smelt and sand lance. The most recent set of training, which
significantly updates the original methodology described in Moulton and Penttila (2001), was
offer in April 2016 by the current lead scientist at WDFW Phillip Dionne. This set of classes was
recently attended by biologists from Confluence and regulatory compliance managers from
Taylor Shellfish Farms, among other professionals. The list of trained professionals maintained
by WDFW (http://wdfw.wa.gov/licensing/hpa/ApprovedBiologistList.pdf) will be updated in
the coming months. There is no current training course for herring through WDFW, nor (to our
knowledge) has there ever been a WDFW training for herring egg identification. The forage fish
class offered by WDFW covers general identification on herring eggs, but nothing in detail.
Because training is not offered through WDFW for herring spawn recognition, shellfish growers
have received training from professional fish biologists. This training on forage fish egg
identification for shellfish growers has been conducted in Puget Sound and Willapa Bay,
Washington. The training, titled “Pacific Herring Egg Identification Training Session” was
sponsored by the Pacific Coast Shellfish Growers Association (PCSGA). More than 100 shellfish
growers were trained in these sessions. The training included an overview of the biology of the
fish, and a photo‐intensive presentation to show what the eggs look like and the natural and
manmade materials to which the eggs are known to adhere.
This training fulfills the Corps NWP 48 recommendation to complete a training class to identify
Pacific herring spawn. The survey and reporting methods explained during the training also
fulfill the Pierce County requirements.

4.2

Regulatory Authority

Conditions regarding forage fish are issued at a federal level by the Corps, and locally as part of
SSD Permits issued by Pierce County. The state authority on forage fish, WDFW, do not have
jurisdiction on shellfish aquaculture, but projects depend on information this agency provides.
WDFW has conducted extensive surveys for forage fish species and has documented “areas of
confirmed spawning habitat.” They maintain a public database with this information, including
the years in which spawn deposition has been documented at specific beaches throughout the
Salish Sea and along the Coast in Grays Harbor and Willapa Bay (WDFW 2016b).

4.3

Conservation Measures

Aquaculture activities do not typically overlap with the dominant surf smelt or Pacific sand
lance spawning locations. Clam culture occurs the highest in the intertidal, but new culture is
not positioned higher than +5 ft MLLW in areas with documented spawning. Thus, the
dominant spawning areas are avoided. These avoidance measures are detailed in the permitting
documents associated with aquaculture farms (see Section 3.1 above).
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Shellfish aquaculture activities may overlap with Pacific herring spawning areas. Unlike with
beach spawners, there is not a vertical elevation separation. Because of this potential for spawn
in areas of active shellfish aquaculture, a number of conservation methods are followed by
growers, including only working within prescribed work windows, and documenting any
observed spawn deposition. See Sections 3.1.1 and 3.1.2 above. Shellfish companies are also
creating ways to track spawn occurrences on their farms more easily, as well as do quality
checks at farm sites. For example, Taylor Shellfish has developed an application for cell phones
that go through a series of questions to document whether spawn is observed at farm sites that
employees fill out. Documentation of spawn surveys are part of the requirements for NWP 48
and SSD permits.

4.4

Summary

Three forage fish species spawn in intertidal areas of Puget Sound. Only one of these species,
Pacific herring, spawn at a tidal elevation where the predominant spawning locations overlap
with shellfish aquaculture. Existing federal and local regulations protect forage fish spawning
habitat and spawn deposition. State regulations through WDFW provide maps with “areas of
confirmed spawning habitat.” Shellfish growers have, and will continue to, receive training
from professional biologists to recognize and report Pacific herring spawn. This training
satisfies permitting requirements and fully equips the shellfish growers, thus a “qualified
professional” is unnecessary to perform these surveys (assuming “qualified professional”
means a professional fish biologist).

5.0

PREDATOR PROTECTION GEAR

This section is responding to the following PCC chapters:


18S.40.040(B)(2): “Give preference to aquaculture projects that do not involve the
placement of tubes, structures, or alterations to the shoreline.”



18S.40.040(C)(11): “Predator control shall not involve deliberate killing or harassment of
birds, invertebrates, or mammals. Approved controls include, but are not limited to
plastic tubes or netting. Predator control equipment shall be removed as defined within
the approved schedule, but no longer than two years after installation.”



18S.40.040(D)(5): “All equipment and structures and/or tubes, nets, and bands, shall be
marked to identify ownership, and shall be removed as defined by a County approved
schedule.



18S.40.040(F)(1): “The installation of structures and/or equipment shall demonstrate the
following: a. The structures and/or equipment proposed are the minimum necessary for
feasible aquaculture operations . . .

Culturing shellfish in the marine environment exposes the species to predation. Typical
predators include shorebirds (such as scoters), sea stars, crustaceans, drills, and moon snails.
Various types of predator protection are used by shellfish growers, and may include PVC tubes,
flexible mesh tubes, predator exclusion netting, mesh bags, and suspended racks (Figure 22).
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While geoduck culture often entails netting in place for two years (though it could be longer),
other types of culture may have netting in place for more than two years to be effective. Studies
have shown that predator protection is necessary to ensure success of shellfish aquaculture (see
Section 5.2). Additionally, there is a wide body of literature that has examined the effects of
predator protection gear to the surrounding environment (See Section 5.2), but the effects are
typically insignificant and can be alleviated by implementing avoidance, conservation, and
minimization measures.

5.1

Types of Predator Protection Gear

The species of shellfish currently cultured in south Puget Sound include Pacific oysters,
Kumamoto oysters, Olympia oysters, Eastern oysters, Manila clams, geoducks, and mussels
(Mytilus galloprovincialis). Note that mussels are not currently grown in Pierce County. All
oysters, and Manila and littleneck clams are grown in the intertidal (Table 4). Geoduck may be
grown via ground culture in the intertidal or subtidal habitat. Mussels are grown in the subtidal
in either rafts or longlines. The early life stage, or “seed,” of oysters, clams, and geoduck may be
grown in FLUPSYs or nursery rafts before being planted in the ground.

Table 4

Culture Methods for Typical Shellfish Aquaculture in South Puget Sound.
Culture Method
Species Cultured

Oyster
Crassostrea gigas
Clam
Venerupis philippinarum and
Mercenaria
Geoduck
Panopea generosa
Mussels
Mytilus galloprovincialis

Intertidal
Staked – Flipbag
Ground
X

Ground

X

X
X

X

Subtidal
FLUPSY*
Raft**
X

X

X

X

X

X
X

Longlines

X

*FLUPSYs are Floating Upweller Systems used to grow shellfish “seed,” or the early life stage of each species. The seed are then
outplanted onto the substrate for growth until appropriate size for harvest.
**Species may be cultured in trays or from “droppers,” i.e., various types of grow‐out support structure (e.g., ropes, strips of
mesh, socks or socking, tapes of flat material, or plastic tubes)
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INTERTIDAL

Intertidal Oyster Ground Culture in Rocky Bay,
Pierce County

Intertidal Geoduck Mesh Tubes within a Dense
Bed of Sand Dollars at Foss farm, Pierce County

Intertidal Geoduck Aquaculture in PVC Pipe and
Covered with Predator Protection Netting

Intertidal Geoduck (Post Gear) within a Dense Bed
of Sand Dollars at North Bay farm, Mason County

SUBTIDAL

FLUPSY (center) in Burley Lagoon, Pierce County, with Support Barges

Mussel Rafts at Deepwater Point, Thurston
County

Mussel Rafts at Deepwater Point, Thurston County

Figure 22
April 2016

Photos of Typical Shellfish Culture Methods in South Puget Sound
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Intertidal Shellfish Culture Methods
Intertidal shellfish aquaculture typically includes oyster, clam, and geoduck (Figure 23). Oysters
are cultured either on the ground, or in bags and do not include predator netting. Clams are
cultured on the ground and do use predator netting. Geoduck are cultured on the ground and
use various “tubes” (see definition, below) for protection, as well as predator netting.

Figure 23

Representation of Predator Protection Gear Duration for Aquaculture
Methods

Oyster
Oysters are typically planted at tidal elevations ranging from approximately extreme low tide
(ELT) to +5.0 ft MLLW. Pacific oysters can be planted in any substrate type using a variety of
different methods. Larger gravels will typically have on‐ground culture while smaller substrate
types (e.g., sand or small gravel) will have bags. Oyster seed would be placed in two‐ to eight‐
millimeter (mm) mesh bags or on‐bottom without bags and without predator protection
netting. When bags are used, they are strung together and staked to the ground.
Routine maintenance would involve checking bags for rips and making sure the bags are
securely staked. Ripped bags would be repaired or replaced and unsecure sections of bag
would be re‐staked.
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The oysters would remain in the bags during the nursery phase (usually 1 year) until they reach
about three inches in size. depending on growth rate, oysters may be removed from the bags
and spread directly onto the tidelands and allowed to mature and harden. Oysters may also
remain in grow‐out bags until ready to harvest. Removing the oysters from the bags and
placing them on the ground would occur weekly until all of the oysters are placed on the
ground or in grow‐out bags.
Once the oysters are mature (typically a 2‐year grow out cycle), they would be handpicked
during low tide either by forking oysters into tubs or pulling bags and removing from the site
by boat. Harvesting provides a regular supply of shellfish throughout the year. Therefore,
harvesting would occur over a small area, approximately 3 events every 2 years.
Clam
Manila clams are typically planted at tidal elevations ranging from approximately extreme low
tide (ELT) to +5.0 ft MLLW. Clams are generally planted in areas with small or pea‐sized gravel.
Clam seed would be spread directly onto the tidelands. Clam beds would be covered by
securely staked predator exclusion nets. Predator exclusion nets used are placed directly on the
sediment surface (i.e., no vertical relief) and secured every 8 to 10 ft along the perimeter with U‐
shaped stakes. Routine maintenance would involve checking nets for rips, ensuring nets are
secure, and/or cleaning nets as needed. Rips would be repaired using cable ties and unsecure
sections of nets would be re‐staked.
Geoduck
Geoduck seed are highly vulnerable to predation because they are not of a size or at a depth in
the sediment that would provide adequate protection. No active predator removal is
performed. Predator control would be achieved through exclusion by planting geoduck seed
into culture tubes. The ability to have a variety of predator exclusion options (e.g., different
culture tube designs) available allows the grower to adapt to site‐specific conditions.
There are two types of culture tubes available depending on site conditions: PVC tubes and
flexible mesh tubes (made of high density polyethylene or HDPE). Culture tubes range from 4
to 6 inches in diameter, and from 8 to 10 inches in length. Culture tubes are pushed into the
substrate by hand or foot. PVC tubes are gray tubes that extend approximately 3 to 4 inches
above the substrate, and are maintained for approximately 2 years. If PVC tubes are used, either
an individual predator net is affixed to the top of the tube with a rubber band designed for
marine application or a predator exclusion net is affixed over the entire plot (Figure 24). Flexible
mesh tubes are shaped like a diamond (Figure 25), which allows the grower to install the tubes
into the prevailing direction of sediment transport. Predator exclusion nets are not used when
flexible mesh tubes are present. Flexible mesh tubes extend approximately 4 to 5 inches above
the substrate surface. Flexible mesh tubes are maintained for 3 years. Both types of tubes would
be positioned approximately 12.2 inches apart on center.
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Figure 24

PVC Tubes Used for Geoduck Seed Grow‐Out

Figure 25

Flexible Mesh Tubes Used for Geoduck Seed Grow‐Out

Notes: Top: at installation; Bottom: after installation.
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After the culture tubes are removed, predator exclusion netting may be placed over the bed for
up to 6 months so that the geoduck clams can adjust to the lack of predator protection provided
by the culture tubes without experiencing excessive predation. Predator exclusion nets used are
placed directly on the sediment surface (i.e., no vertical relief) and secured every 8 to 10 ft along
the perimeter with J‐shaped stakes.
Planting of geoduck seed typically occurs within the intertidal zone between ELT to +3.0 ft
MLLW, in any season with suitable growing conditions and within suitable substrate. The
project area would have protective gear present for 2 to 3 years of a 5‐ to 7‐year cycle for
geoduck aquaculture, depending on the type of culture tubes used. Tube placement and
seeding would occur during a low tide by beach crews or during a high tide by divers.

5.1.1 Subtidal Shellfish Culture Methods
Shellfish cultured in subtidal habitat include geoduck grown in the ground, mussels grown on
rafts or longlines, and shellfish seed grown in trays suspended from rafts or FLUPSYs (as
shown in Figure 22).
Geoduck
Subtidal geoduck aquaculture uses similar methods to intertidal geoduck aquaculture (see
above), but typically uses individual predator net affixed to the top of the tube with a rubber
band designed for marine application, rather than a predator protection net that covers a large
area of tubes. Harvest and planting are performed by divers.
Mussels
Mussels are typically grown on two different overwater structures: rafts and longlines. Raft
platforms are typically constructed of lumber, galvanized steel, and plywood. Flotation is
generally made from reclaimed polyurethane food‐grade barrels, or coated or vinyl‐wrapped
polystyrene foam. Raft structures and longlines are anchored in place, frequently with concrete
anchors attached with nylon or polypropylene line. Rafts are not a solid surface, but rather
mostly open on top with cross beams that create “wells” from which lines suspend. Rafts may
be periodically wrapped with nets to exclude predators.
Surface longlines are typically made of heavy polypropylene or nylon rope suspended by floats
or buoys attached at intervals along the lines and anchored in place at each end. Anchors are
frequently made of concrete, and floats are either foam filled or recycled food‐grade containers.
Shellfish Seed
Clam, oyster, and geoduck seed may be grown in trays suspended in FLUPSYs, prior to
outplanting in the ground. The FLUPSY is an integral part of many companies’ seed production
systems, is a highly efficient method for growing seed out to a larger size. They take advantage
of the natural algae in marine water to feed and grown the seed.
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A FLUPSY is an in‐water raft‐like structure designed to upwell nutrient‐rich water through
shellfish seed bins to provide a consistent source of nutrients to growing shellfish. Seed is
typically placed in a FLUPSY when it is approximately 0.4 mm to 2.0 mm in size, and removed
when it reaches 4.0 mm to 18.0 mm. This process takes approximately 2 to 6 months, depending
on the season, local growing conditions, and species of shellfish cultured.
A FLUPSY is a rectangular structure generally constructed of aluminum with poly‐
encapsulated floats for buoyancy. It has a submerged trough at both ends containing a paddle
wheel or small electric pump. Along the length of the FLUPSY, there are open wells containing
upwelling bins where the shellfish seed is placed. The paddle wheel or pump turns and moves
water out of the trough. In order for the trough to refill, water must pass through the upwelling
bins. The bottom of the upwelling bins has 1.2 mm to 1.8 mm mesh screens, which allows water
to come up through the upwelling bin and exit the bin through the troughs. FLUPSYs typically
hold 8 to 28 upwelling bins.

5.1.2 Best Management Practices
Shellfish growers adhere to a number of best management practices (BMPs) to minimize
impacts on the natural environment. The typical BMPs are discussed in the Environmental
Code of Practices for PCSGA (2011). Individual farms also create farm management plans for
the needs and issues particular to the individual farms. A few of the typical BMPs related to
gear maintenance are listed below.


Unnatural materials (e.g., tubes, nets) shall be removed as soon as practical when
shellfish are no longer vulnerable to predators. Marker stakes and buoys also will be
removed when they are no longer necessary.



Damage to aquatic vegetation and substrates from boats or barges must be minimized/
avoided through the following practices: Predator exclusion nets are designed so they
do not break free and cause beach littering on site or off site. The grower shall ensure
that predator exclusion nets are tightly secured to prevent them from escaping from the
project area.



At least once a month and directly following storm events, beaches in the project vicinity
shall be patrolled by crews who will retrieve aquaculture debris (e.g., predator exclusion
nets, tubes) or unnatural debris (e.g., bottles, cans) that escapes from the project area.

5.2

Existing Scientific Literature

The following is a review of the main scientific literature related to shellfish aquaculture gear
and effects to the surrounding environment.

5.2.1 Predator Gear Efficacy
Munroe et al (2015) reviewed over 35 peer‐reviewed articles on the efficacy of protective netting
for clam aquaculture. The literature review included research from the Pacific Northwest, the
US Atlantic, Europe, Japan, Australia, and the Pacific, and found that “Properly installed and
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maintained predator protection is essential for successful clam culture.” The Munroe et al.
(2015) work found consensus in 40 studies that protective netting is more effective than controls
that do not use screen protection. They also acknowledge that predator netting may be a small
contributor to plastic pollution in the ocean, but that industry‐driven best management
practices is a solution to this risk.

5.2.2 Sediment Changes from Predator Exclusion Netting
Predator exclusion netting used in Manila clam culture can reduce the local circulation where
nets occur and result in an accumulation of sediment under the nets, as reported in a 5‐year
study of Manila clam culture in the River Exe estuary, Devon, UK (Spencer et al. 1996, 1997,
1998). This research indicated an accumulation rate up to four times higher in netted plots
compared to control plots (Spencer et al. 1996). Throughout the 2‐year grow‐out period, there
was an elevated profile of approximately 3.9 inches in a 32.8 ft x 4.9 ft plot (or 1.8 cubic yards
[cy]). However, the effect was localized, and did not change sediment accumulation volumes in
adjacent areas.
Another study, Simenstad and Fresh (1995), reported that predator exclusion netting used in
Manila clam culture in Willapa Bay had consistently finer mean grain size in netted plots
compared to the natural beach, but only significantly so during one of three months. The
authors indicated that netted plots decreased near‐bed resuspension and trapped more
materials transported alongshore. Simenstad and Fresh (1995) reported an increase of less than
0.04 to 0.08 inch in treatment plots, which persisted as long as nets were in place. Finally, a
study in British Columbia compared paired netted and non‐netted Manila clam plots and found
no significant differences in sedimentation (Munroe and McKinley 2007). Overall, when
predator exclusion netting is present there is a potential to result in minor increases in sediment
deposition and nutrients. Changes associated with the use of netting in Manila clam culture, as
used in Pierce County, do not result in significant environmental impacts and are restricted to
the netted plots.
There is also the potential to accumulate sediment within the culture tubes for geoduck
aquaculture. Golder (2011) estimated the potential accumulation of sediment within tubes with
predator exclusion nets present from an existing geoduck aquaculture operation in south Puget
Sound (the Foss farm). Based on a visual inspection, an average height of 2.5±0.5 inches of
sediment accumulation was reported within the 4 inches of tube that was exposed above the
sediment bed. This equates to a volume of approximately 31.4±6.3 cubic inches per tube. Golder
(2011) then calculated net accumulation over a 1.0‐acre area to be approximately 29.3 cy of
sediment. This amount of net accumulation would be expected to rapidly re‐distribute through
wave and current action after one or two tidal cycles (or a few days with typical wave
conditions) following the removal of nets and tubes.
To put this into perspective, there was about 9,407 cy of sediment transported during the
December 15, 2006 storm event along the shoreline of the existing Stratford‐Meyer farm in
Pierce County (ENVIRON 2013), which is more than 300 times greater than the amount that
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could potentially accumulate in one acre during the planting phase and then be redistributed
along the beach. Therefore, sediment accumulation during geoduck operations is insignificant
and not expected to affect ecological functions or processes. Further, if a variety of culture tubes
(e.g., flexible mesh tubes and PVC tubes) or culture methods (e.g., Pacific oyster bags) are used,
then this amount of accumulation would be unlikely.

5.2.3 Benthic Infauna and Epifauna
Placement of gear (both geoduck culture tubes and oyster bags) is not expected to significantly
affect benthic epifauna. Once the gear is placed, it is rapidly encrusted with epibiota that creates
a reef‐type structure and a biogenic source for associated food organisms of juvenile salmonids.
For example, work by Hosack (2003b) reported that important fish prey organisms, such as
harpacticoid copepods, exhibited higher densities in oyster habitats. These observations parallel
those of Ferraro and Cole (2011, 2012) who studied oyster culture in Yaquina Bay (Oregon),
Willapa Bay (Washington), and Grays Harbor (Washington). The authors reported similar
higher abundance and richness in benthic macrofaunal communities in oyster habitat compared
to mudflat habitat in the three areas studied.
Potential effects to the benthic community from the introduction of PVC tubes with predator
exclusion nets was studied by McDonald et al. (2015). The sampling design followed the before‐
after‐control‐impact (or BACI) design with a “treatment” and “reference” plot within 75 meters
(m) or 246 ft of each other. Each plot was about 2,500 m2 (or about 0.6 acres). The spatial scale
was intended to approximate commercial operations, to the extent practicable. The goal of the
McDonald et al. (2015) study was to understand planting effects before and after the
introduction of geoduck aquaculture gear.
Effects on the benthic community from the presence of geoduck aquaculture gear were
considered by McDonald et al. (2015) to be short‐term with a short recovery period. Similarly,
as discussed above, the presence of shellfish aquaculture gear and/or oyster habitat may
increase benthic invertebrate prey resources compared to what may be present without shellfish
culture. Therefore, presence of gear was considered to be an insignificant and potentially
beneficial effect to benthic infauna and epifauna.

5.2.4 Summary
The literature shows that predator protection is essential for production of shellfish product,
and that effects to the sediment, bathymetry, and benthic infauna are localized, short‐term, and
can be minimized with best management practices. A preference against tubes, structures, and
alterations is not supported by current scientific and technical information and is not necessary
to achieve no net loss of ecological functions. Additionally, some forms of aquaculture require
gear to be present for more than 2 years, and hence a 2‐year limit is infeasible and would
threaten the viability of certain shellfish crops.
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5.3

Invasive Species Control

Predator control methods used by shellfish growers are typically passive, through the use of
protective gear. However, there are some species that cause economic harm and must be more
actively controlled. These species are known as invasive species. As per Executive Order 13112
an ʺinvasive speciesʺ is defined as a species that is: (1) non‐native (or alien) to the ecosystem
under consideration, and (2) whose introduction causes or is likely to cause economic or
environmental harm or harm to human health.
Washington State takes invasive species very seriously, and has established several groups to
control invasive species. In 2005, The Aquatic Invasive Species Prevention and Enforcement
Program (AIS Program) was established to prevent and control aquatic invasive species,
primarily via watercraft inspections. In 2006, the Washington Invasive Species Council (“the
council”) was established by the legislature and “tasked with providing policy level direction,
planning, and coordination for combating harmful invasive species throughout the state and
preventing the introduction of others that may be potentially harmful.” (RCO 2009). The AIS
program and the council both maintain lists of priority species that are of high threat in
Washington. Many marine invertebrate species are on the lists including: Carcinus maenas
(European green crab), a number of tunicates, and Dreissena rostriformis bugensis (quagga
mussel).
An example of a plant species that has been actively controlled by shellfish growers, and others,
is the cordgrass Spartina alterniflora. S. alterniflora is a Class A noxious weed in Washington
(control is required) which invades tidelands and converts them into monoculture meadows,
which then limits the habitat for native species, aquaculture, and recreation. Active eradication
of S. alterniflora has vastly reduced the infestation, and allowed tideland habitat to once again be
available to native species such as birds and fish, and for shellfish aquaculture (PCSGA 2011).
There is an invertebrate, the oyster drill, recognized by WDFW as an aquatic invasive species
(WDFW 2016c,d). There are two species of oyster drills (Urosalpinx cinerea and Ceratostoma
inornatum) that are of great concern to shellfish farmers, and for which predator protection gear
does not suffice. Oyster drills prey on oysters and other shellfish by drilling holes into their
shells and consuming the animal, and seem to prefer smaller oysters (Buhle and Reusink 2009,
Duckwall 2009). Buhle and Ruesink (2009) looked at the impacts of oyster drills on the native
Olympia oyster (Ostrea lurida) in Willapa Bay, and found that predation by drills may be a
component in limiting the recovery of the native oyster population. In 2008, the council
developed an Aquatic Nuisance Species Watch List (RCO 2008a) and a Strategic Plan (RCO
2008b) that included the oyster drills. Protective aquaculture gear is not enough to ward off
these species because of their small size; growers must proactively remove these species from
their culture areas, so they do not lose product.
Oyster drills life cycle does not include a planktonic larval stage, thus eggs or adults must be
removed to control the spread of the population. WDFW encourages shellfish growers to take
preventative measures, including: (1) not introducing the drills to new areas through the shells
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of adult oyster, and (2) not transplanting drills into previously drill‐free areas (WDFW 2016c).
Recreationally, WDFW also requires oysters to be shucked on the beach so that any drills
attached to the shells are not spread to other beaches (WDFW 2016d). WDFW also restricts the
transfer of shellfish from areas known to contain oyster drills; the restriction has been codified
in WAC 220‐72‐011 and 220‐72‐015.
Bolstered by Washington state’s values around control of invasive species, and their own
economic interest, control of oyster drills by shellfish growers is key.

5.4

Summary

Commercial shellfish aquaculture is not viable without predator protection gear. There is a
variety of culture gear, depending on the type of species cultured and the culture method.
Using gear is a passive form of predator protection and results in minimal effects to the farmed
footprint and limited‐to‐no effects that extend beyond the farmed footprint. There is no science
to justify the restriction stated in the Pierce County SMP to give preference to projects without
aquaculture gear or restrict use of that gear for a two‐year period.
Additionally, the restriction that predator control shall not involve deliberate killing or
harassment of birds, invertebrates, or mammals is fine as long as the restriction allows for
continued control of AIS, per Executive Order 13112. Both active removal and conservation
measures during operations, are effective measures for the control of invasive species. Overall,
the changes in the Pierce County SMP related to predator protection gear appear to be a result
of not understanding either industry needs or legislative mandates.

6.0 ADDITIONAL COMMENTS AND LITERATURE PROVIDED TO PIERCE
COUNTY
Based on a review of the record before Ecology pertaining to the County’s SMP update, several
documents were submitted to Pierce County on the potential effects of shellfish aquaculture.
These documents do not provide persuasive and current scientific or technical information
supporting the prohibition and other restrictions on aquaculture discussed in this report. These
documents included comments and literature that were considered in this review (Table 5). If a
comment was not addressed through the information provided above, then additional
information directly related to these responses is provided below Table 5. Finally, the Shorelines
Hearings Board (SHB) has issued numerous recent decisions confirming shellfish aquaculture is
a preferred use, and the farms under appeal would not likely result in significant environmental
impacts. Where these hearings are related to subjects discussed in the additional comments
provided by Pierce County, they are referenced in Table 5.
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Table 5

Summary of Additional Comments and Literature Provided by Pierce County.

Subject

Commenter(s)

Existing Shellfish Aquaculture (see Section 6.1)
 Coalition to Protect
Puget Sound (Laura
Hendricks)
 Ned Quistorff

Literature/Citations









Shellfish Aquaculture Initiative
(NOAA 2007)
Pictures of aquaculture farming
SHB decisions (SHB No. 11‐019, SHB
No. 13‐016, SHB No. 14‐024)
Map showing locations of leases in
Pierce County (red dots) (no
reference provided)
Sierra Club industrial shellfish
aquaculture PowerPoint and
website (no longer active)
Dumbauld et al. 2009

Comment







Cumulative Impacts
and Intensity of Use
of the Nearshore


There is a loss of ecological functions from shellfish
aquaculture.
SHB decisions that identify when a cumulative
impacts analysis should be performed.
Shellfish aquaculture activities are altering over
6,400 acres of natural shorelines in south Puget
Sound.
High densities of shellfish planted in the nearshore.
The concept of a “production” estuary (Dumbauld
et al. 2009) is more than 10% of an estuary
includes shellfish aquaculture, which includes
Willapa Bay, Washington, and Humboldt Bay,
California. It is notable, as discussed in Dumbauld
et al. (2009), that culture has occurred in these
estuaries for 100+ years within eelgrass habitat.
No literature exists that demonstrates no effect of
high intensity of growing animal mass in close
quarters.

Response















Coalition to Protect
Puget Sound (Laura
Hendricks)




Email from Dave Risvold to Debby
Hyde (December 2011)
Quote from Charles Simenstad
(1999 letter from SEIS 2001)






Suspended Sediment
(Geoduck Harvest)

Prohibition of geoduck hydraulic harvest
techniques within a Natural Shoreline
Environmental Designation (SED).
Damage to adjacent properties through siltation
from geoduck harvest events.
Wild geoduck harvest potentially affects salmonid
migration due to exposure to sediment plumes,
alteration of migration behavior, sedimentation of
intertidal habitat, shading impacts to plants, and
attraction or aggregation of potential predators.
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No‐net‐loss of ecological related to shellfish aquaculture and the surrounding habitat is
discussed in Section 3.2 above.
Concerns regarding cumulative impacts under SEPA have been raised and rejected during
recent SHB cases [SHB No. 11‐019 (Findings of Fact “FF” 21, and Conclusions of Law “COL”
9); SHB No. 14‐024 (FF 52‐59 and COL 27‐30)]
Concerns regarding cumulative impacts under SMA have been raised and rejected during
recent SHB cases [SHB No. 11‐019 (FF 15); SHB No. 13‐006c (FF 46‐48 and COL 21‐27); SHB
No. 14‐024 (FF 52‐59 and COL at 23)]
High density of organisms does not necessarily result in impacts. As discussed by multiple
authors, shellfish aquaculture does not result in long‐term exclusion of other organisms
and can increase biodiversity of benthic organisms.
Approximately 4.9% of Pierce County’s shorelines are currently used for shellfish
aquaculture. The 6,400‐acre value presented by the Coalition is a misrepresentation of
actual farm activity in south Puget Sound. The maps were an effort used for the NWP 48
consultation, and represent leased habitat that was a total of 4,748 acres (NMFS 2009).
However, not all of this was, or is currently, active culture.
It is notable that one of the distinct advantages of shellfish aquaculture is the ability to
spread out activities over a larger area, and thus reduce the overall impacts at a landscape
scale. This concept was explored in Dumbauld and McCoy (2015) in relation to eelgrass in
Willapa Bay (see Section 3.2 above).
Finally, the Dumbauld et al. (2009) was a literature review that emphasized the point that
scale is an important management consideration. The main conclusion from the study,
which is in direct contrast to just focusing on the term “production,” is that “local and
short term effects from aquaculture are clearly evident in U.S. West Coast estuaries,
bivalve aquaculture does not remove area from the estuary or degrade water quality like
other anthropogenic influences, and thus has not been implicated in shifts to alternate
states or reduced adaptive capacity of the larger ecological system.”
Effects of suspended sediment are discussed in detail in Section 2.2, above.
Concerns regarding waves, currents, and sediment transport have been raised and
rejected during recent SHB cases [SHB No. 11‐019 (FF 6, 14, 16, and COL 6, 14); SHB No.
13‐006c (FF 24‐26, 30‐32 and COL 13, 15); SHB No. 14‐024 (FF 32‐38 and COL 13, 19)]
Concerns regarding harvest activities have been raised and rejected during recent SHB
cases [SHB No. 14‐024 [FF 16‐18 and COL 13, 15; SHB No. 13‐006c (FF at 24‐26, 30‐32);
SHB No. 11‐019 (FF 13‐18, 22, and COL 14)]
Harvest disruptions are expected to be highly localized and consistent with the existing
range of normal storm/wave activity.
Sediment size structure may temporarily change post‐harvest, but these changes return to
baseline conditions within four months of harvest.
While sediment may be loose directly following a harvest event, reconsolidation of
sediments occurs very quickly. In laboratory experiments with fine‐grained marine
sediment, resistance to resuspension was shown to double approximately every 12 hours
(Southard et al. 1971 as cited in Short and Walton 1992). Therefore, the sediment
redeposited during a harvest event will tend to regain its original shear strength within 1‐2
days.
Sedimentation due to gear and geoduck harvest events are a small percentage of the
sediment budget, and large‐scale off‐site deposition or erosion is unlikely.

Additional
Information

Section 3.2

Section 2.2,
Section
6.1.1
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Subject

Commenter(s)


Coalition to Protect
Puget Sound (Laura
Hendricks)

Literature/Citations



Bouwman et al. 2013
Shumway et al. 2003

Comment


Intensive production of molluscs can become point
sources of regenerated nutrients.

Response




Nutrients




Coalition to Protect
Puget Sound (Laura
Hendricks)




Beck et al. 2009
Chiesa et al. 2011




Shellfish have been managed for harvesting rather
than restoration around the world.
Non‐native shellfish cannot replace wild native
species and result in the same ecosystem services
as shellfish reefs.







Shellfish Beds as
Fisheries





Pesticide and
Herbicide Use






NWP 48



Coalition to Protect
Puget Sound (Laura
Hendricks)
Ned Quistorff
Heather McFarlane

Coalition to Protect
Puget Sound (Laura
Hendricks)
Sierra Club (Laura
Hendricks)

Submerged Aquatic Vegetation
 Coalition to Protect
Puget Sound (Laura
Buffers
Hendricks)

April 2016








Davis (no date or reference
provided)
2003 Aquatic Botany, The influence
of burrowing Thalassinid shrimps
on the distribution of intertidal
seagrasses in Willapa Bay,
Washington, USA
This Isn’t Your Grandfather’s Farm
NMFS 2009
USFWS 2009
Bill Dewey letter to NMFS (April
2011)
NMFS letters to Corps (April 2011,
October 2011, February 2012)
Corps 2012



None





















Carbaryl and imidacloprid use in Willapa Bay.
Glyphosate and imazapyr use in Washington
estuaries.
Spraying of imazamox in Willapa Bay.
Impact of additives used in aquaculture on
surrounding ecosystem.



Various quotes related to potential impacts to ESA
listed species and critical habitat from Washington
State shellfish aquaculture activities.
Responses from NMFS resulting in fewer
regulations for shellfish aquaculture operations.
Conditions are inadequate to protect ESA listed
and non‐listed species (references back to
Simenstad 1999 letter in SEIS 2001).



Intertidal Mechanical Harvest: a 50‐ft buffer is not
adequate and not based on best available science.
Mussel Rafts: a 50‐ft buffer is not adequate and
not based on best available science.

Changes to water quality associated with nutrients are discussed in Section 3.2 above.
The Bouwman et al. (2013) study is more of a summary from a larger modeling effort
reported in Bouwman et al. (2011).
The goal of both studies was to identify nutrient inputs to the system from shellfish
aquaculture, and areas that may be affected by intensive production. Estuaries in China
are the locations that fit this definition, compared to the 1.5% of North America that
contributes to the global production of bivalves.
Bouwman et al. (2013) provided recommendations for siting shellfish aquaculture
operations in order to avoid deleterious impacts to water quality, including the use of
fallow periods, moving production into deeper waters, or siting in areas with favorable
flushing characteristics.
Beck et al. (2009) is about a loss of oyster reefs (>85%), primarily from destructive fishing
practices such as dredging, overharvesting of shellfish, introduction of non‐native shellfish,
habitat loss, and declines in water quality.
Beck et al. (2009) is about wild harvest impacts, not impacts from shellfish aquaculture.
One of the main measures suggested by Beck et al. (2009) to relieve pressure on reefs and
wild stocks is to provides well‐managed shellfish aquaculture.
The authors also see the value in establishing shellfish partnerships across sectors,
including the aquaculture industry, environmental non‐governmental organizations, and
resource managers to help conserve and restore the coastal water quality that is vital to
cultured and wild shellfish.
The final key recommendation in the report is to support sustainable shellfish
aquaculture, which “can be done more sustainably than most other fisheries or
aquaculture, and these businesses rely on clean coastal waters and are key stakeholders
for preserving and improving water quality.”
Chiesa et al. (2011) studied DNA sequence of Manila clams in Italy, and discovered that
there were at least two sources of the invasive clams. Little significance to local impacts.
Pesticides and herbicides are not used by growers in Pierce County for intertidal
aquaculture.

Additional
Information

Section 3.2,
Section
6.1.2

N/A

N/A







Shellfish aquaculture is a highly regulated activity (see Section 3.1 above), and the letters
from NMFS indicated standard conservations measures that apply to all Corps‐permitted
projects.
The conclusions of the consultation with NMFS (2009, 2011) and USFWS (2009) were
provided in Section 3.2 above.
The Services concluded that changes related to shellfish aquaculture “may affect, but not
likely to adversely affect” ESA listed species and critical habitat.

The best available science related to interactions of shellfish aquaculture and the
surrounding environment, especially as it relates to SAV, is discussed in Section 2.0.
While the commenter claims that the buffers are not based on best available science, they
provide no literature to support what buffers should be used.

Section 3.1

Section 2.2
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Subject

Commenter(s)

Literature/Citations

Comment

Response







Coalition to Protect
Puget Sound (Laura
Hendricks)
Sierra Club (Laura
Hendricks)
Ned Quistorff






WSG 2015, Appendix V
WSG 2010, 2011 (Interim Reports)
Ruesink and Rowell Sea Grant video
This Isn’t Your Grandfather’s Farm





Effects to eelgrass reported in Micah Horwith’s
study on Fisk Bar. Analysis indicates some
“spillover” effects of geoduck aquaculture on the
adjacent eelgrass meadow.
Eelgrass density with geoducks and harvest
resulted in a 70% reduction in eelgrass density.





Eelgrass



Sierra Club (Laura
Hendricks) and
Futurewise



EnviroVision, Herrera
Environmental and Aquatic Habitat
Guidelines Program, October 2007,
Revised June 2010



Preserving intact vegetation is one of the most
important ways to protect nearshore health. Also,
developing intact areas with intensive uses
removes large areas of vegetation.




Aquatic Vegetation



Forage Fish, Benthic Invertebrates, and Sand Dollars (see Section 6.2)
 Coalition to Protect
 Dan Penttila presentation (SHB No.
Work Windows
Puget Sound (Laura
11‐019)
Hendricks)
 Coalition to Protect
 McKindsey et al. 2006
Puget Sound (Laura
 Lehane and Davenport 2006
Hendricks)
 Troost et al. 2008
Ingestion of Forage
 Sierra Club (Laura
 Wong and Levinton 2006
Fish Larvae
Hendricks)
 Dan Penttila presentation and
testimony (SHB No. 13‐006c)
 Penttila comments on Corps Permit
Conditions (March 2012)

April 2016






Shellfish aquaculture needs to comply with salmon
and forage fish work windows.



Studies document that all types of shellfish
consume fisheries resources (eggs and larvae).
Activity of geoducks in the winter in New Zealand
(Gribben et al. 2004) conflicts with information
reported from Washington State (Goodwin 1977).






The literature associated with shellfish aquaculture indicates that effects do not extend, or
extend minimally, beyond the footprint of the farm, and results support a buffer distance
of 10 ft or 16.4 ft to be conservative.
The results of the Fisk Bar study are discussed in Section 2.2 and Section 3.2. Overall,
effects to eelgrass were shown to be short‐term, restrained to the farm footprint (except
in the summer when effects extended up to 9 m), and recovery occurred within 1 year
following conclusion of the study.
The Ruesink and Rowell (2012) study indicated that:
o “eelgrass of the small morphotype found in south Puget Sound coexists with geoduck
clams, given reduced summer density but enhanced size and branching.”
o Geoduck harvest resulted in a 70% reduction of eelgrass, but was similar to
unharvested plots within 15 months post‐harvest.
o Geoduck planting operations do not cause a significant change in eelgrass metrics,
and can even coexist with eelgrass habitat.
o In terms of the effects from a harvest event, in which recovery was shown to occur
well within the 5‐ to 7‐year harvest cycle, the authors concluded that, “Harvest
practices that generate small gaps or leave higher densities of remnant shoots should
improve resilience in exclusively clonal populations,” such as those in south Puget
Sound.
The majority of literature related to aquatic habitat indicates that edge habitat is
extremely productive (Holt et al. 1983, Orth et al. 1984, Boström et al. 2006), and as long
as a habitat mosaic is provided, species use of an estuary would not be significantly
altered (Hosack et al. 2006). In a comparison of intertidal mudflat, seagrass (Zostera
marina), and oyster (Crassostrea gigas) habitat use, Hosack et al. (2006) indicated that,
“Fish and decapod species richness and the size of ecologically and commercially
important species, such as Dungeness crab (Cancer magister), English sole (Parophrys
vetulus), or lingcod (Ophiodon elongatus), were not significantly related to habitat type.”.
A recent study by Dumbauld et al. (2015) identified no significant differences in the
density of juvenile salmonids caught in the four habitat types analyzed (including seagrass
and oyster aquaculture). The authors went on to say that compared to permanent or
‘press’ disturbances “our research suggests that short term ‘pulse’ disturbances like
aquaculture which alter the benthic substrate in lower intertidal areas used primarily by
larger juvenile salmon outmigrants may pose a less significant threat to maintaining
resilience of these fish populations.”
If BMPs are applied, there is no identified impact associated with shellfish aquaculture
that is likely to result in habitat fragmentation of aquatic vegetation. Therefore,
fragmentation effects to aquatic vegetation from shellfish aquaculture are considered less
than significant.
Work windows only apply to construction activities. Growers adhere to the salmonid and
forage fish work windows for construction activities. The work windows do not apply to
ongoing farm activities.
Concerns regarding shellfish ingestion of forage fish larvae have been raised and rejected
during recent SHB cases [SHB No. 11‐019 (FF 7, 8, and COL 6); SHB No. 13‐006c (FF 29 and
COL 13); SHB No. 13‐016c (FF 67)]
Forage fish in southern Puget Sound spawn in the winter, and geoduck are relatively
dormant during this time.
Geoducks target small particles in the range of 0.00004 to 0.0006 inches, also known as
phytoplankton, while at hatch, sand lance and surf smelt larvae are about 0.2 inches and
herring larvae are about 0.3 inches.

Additional
Information

Section 2.2,
Section 3.2

Section 3.2

N/A

Section
6.3.1
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Subject

Commenter(s)






Coalition to Protect
Puget Sound (Laura
Hendricks)
Sierra Club (Laura
Hendricks)
Tahoma Audubon and
Sierra Club (Kirk
Kirkland)

Forage Fish Spawning
Habitat

Literature/Citations


This Isn’t Your Grandfather’s Farm



Blake Island, Washington Study
Results‐Spawning and Wild
Geoduck Harvest (no reference
provided)
Port Gamble, Washington Study
Results (no reference provided)
Penttila 2007
Shaffer (no reference provided)
Jim Johannessen presentation and
testimony (SHB No. 11‐019, SHB
No. 13‐006c)
SHB decision (Longbranch SHB No.
11‐019)
NMFS letter to Pierce County,
November 15, 2013









Comment










Response


Evidence of sand lance eggs in water column and
DNR separation of dive harvesting from sand lance
habitat.
Sand lance burrows in the lower intertidal
sediments results in a loss of habitat when geoduck
tubes are installed.
Dredging operations routinely take place on or
near tide flat areas containing herring spawn
(WDFW, unpublished data).
Use of the nearshore by juvenile salmonids and

forage fish.
Siltation of forage fish spawning habitat.






Coalition to Protect
Puget Sound (Laura
Hendricks)




Sierra Club – “beach clearing”
photographs
Cook & Bendell‐Young (2010)





Sand dollars are removed from the farm site.
Moon snail effects on the bivalve community are
small. Therefore, moon snail removal should not be
implemented at shellfish farms


Clearing Beaches of
Native Species (sand
dollars and moon
snails)








Benthic Invertebrates

April 2016



Coalition to Protect
Puget Sound (Laura
Hendricks)
Friends of Burley Lagoon
(Heather McFarlane)







VanBlaricom et al. 2015
McDonald et al. 2015
DeFrancesco and Murray 2010
Key Peninsula News article (2012)
Toupoint et al. 2008





Caveats in published literature indicate that results
may not be appropriate to extend findings to other
sites.
Slides that document continual disturbance of
planting and harvesting that document fish and
macroinvertebrate communities differ between






Information associated with forage fish conditions and training are provided in Section 4.0
above:
o Only Pacific herring overlap with aquaculture operations. The two other beach
spawners: Pacific sand lance and surf smelt spawn higher in the intertidal.
Conservation measures from Pierce County exclude aquaculture from elevations
where sand lance and surf smelt spawn.
o Growers have received training in recognizing Pacific herring spawn, and avoid
disturbance to those areas during spawn events. This training meets regulatory
conservation measures.
Concerns regarding harm to forage fish spawning beds have been raised and rejected
during recent SHB cases [SHB No. 11‐019 (FF 7, 12, 14, 18, and COL 6); SHB No. 13‐006c
(FF 17‐29, and COL 10‐13; SHB No. 14‐024 (FF 19‐25 and COL 13, 16)]
Although this activity results in changes in elevation and sediment grain size, both appear
to quickly return to baseline conditions post‐harvest. At Samish Bay, Micah Horwith
(2009) reported that post‐harvest loss of elevation was not evident within one month of a
harvest event. Reconsolidation of sediments occurs as water content decreases, and shear
strength and resistance to erosion increases. In laboratory experiments with fine‐grained
marine sediment, resistance to resuspension was shown to double approximately every
12 hours (Southard et al. 1971 as cited in Short and Walton 1992).
Commenter did not provide reference materials regarding claims about eggs in water
column, thus it is not possible to verify claims and provide a response.
Sand dollars have been historically removed from shellfish aquaculture sites on limited
occasions. However, current BMPs do not provide for the removal of sand dollars from a
planting bed. Instead, planting of shellfish occurs adjacent to sand dollar populations
whenever possible, and, in the case of a very dense sand dollar bed, sand dollars are
moved aside by hand.
After the tubes are in place, sand dollars would be able to move back to an orientation
that allows for feeding. Based on research on sand dollar aggregation and movement,
sand dollars would be able to aggregate and right themselves even if they are overturned
during planting activities (Chia 1969; Birkeland and Chia 1971; Highsmith 1982).
Removal of geoducks during harvest may result in a temporary void that sand dollars may
fall into. However, it is unlikely that deep burial would result because the void fills in from
the sides as the geoduck is pulled out (i.e., sediment acts as a liquid collapsing from the
bottom filling the hole immediately). Any sand dollars that are buried would likely be
relatively shallow, and within the range of depths that these animals routinely burrow
(e.g., see Chia 1969).
Geoduck operations and sand dollar beds are not mutually exclusive and do not appear to
affect the long‐term persistence of a sand dollar bed in a geoduck farm, as discussed in
Confluence (2015).
Local shellfish BMPs do not provide for the removal or “clearing” of moon snail
populations from shellfish farms.
Concerns regarding impacts to the benthic community have been raised and rejected
during recent SHB cases [SHB No. 11‐019 (FF 17); SHB No. 13‐016c (FF 64, 74‐77 and COL
15); SHB No. 14‐024 (FF 15 and COL 13‐14)]
Potential effects to benthic invertebrates and the most recent SeaGrant‐funded
publications on geoduck aquaculture effects are addressed in Section 3.2 above.
The photographs of “beach clearing” shown by commenters are shellfish harvests. While
there are some native organisms that are incidentally removed because they are attached

Additional
Information

Section 4.0

N/A

Section 3.2
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Subject

Commenter(s)

Literature/Citations

Comment







Salmon Habitat




Food Web

Coalition to Protect
Puget Sound (Laura
Hendricks)
Sierra Club (Laura
Hendricks) and
Futurewise



Coalition to Protect
Puget Sound (Laura
Hendricks)
Bricklin & Newman (on
behalf of CPPSH and
Case Inlet Shoreline
Association)




Predator Protection Gear (see Section 6.3)
 Coalition to Protect
Puget Sound (Laura
Hendricks)
 Heather McFarlane






Puget Sound Partnership 2008
CISA/CPPSH v. Pierce County and
Longbranch Shellfish, SHB 11‐019,
Final Decision (July 13, 2012)

















Predator Exclusion
Netting

Chinook and Bull Trout Recovery
Approach for Puget Sound 2007
Simenstad and Fresh 1995
Brennan et al. 2004
Semmens 2008
Clancy et al. 2009





Maps of net use within Pierce
County
Bendell‐Young 2015
Bendell and Wan 2010
Bendell et al. 2010
Jim Johannessen Presentation (SHB
14‐024)
Chris Waldbillig (WDFW) Email
March 13, 2012
Washington Shellfish vs. Pierce
County Witness Testimony
Terrence McCarthy Pierce County
Hearing Examiner (AA16‐07)
Young 2006






culture (+ structure) and reference plots in that
patters favor structure‐oriented species.
Organisms are removed during “beach cleaning”
activities.
Manila clam cultivation in the English Channel:
increase in fine particles and benthic community
immediately post‐harvest, increase in biomass of
Lanice conchilega (“engineer species”) due to
“good will of the farmers”

Aquaculture Stressor Chart
Preference of eelgrass over other structured
benthic habitats (e.g., oyster beds) in an enclosure
study.
Development actions across Puget Sound have
caused various species populations to decline,
which are related to destruction, degradation, and
fragmentation of habitats.

Response










“Intensive shellfish aquaculture may divert
materials to benthic food webs, alter coastal
nutrient dynamics, and have cascading effects on
estuarine and coastal food webs, water quality,
and aesthetics are a current concern but very few
studies have been conducted to examine them.”
In dissent, Dave Somers noted that geoduck
aquaculture creates a level of competition outside
any range of naturally occurring competition.




Intertidal regions with farming had lower species
richness, different bivalve composition (greater
bivalve richness on farmed sites), abundance, and
distributions, and a foreshore community
dominated by bivalves, as compared to the
intertidal region where no farming occurred.
Beaches that were actively farmed had greater
accumulations of organic matter and silt.
Nets may cover a more significant portion of the
usable intertidal in B.C. than previously thought.




Section 3.2,
Section 3.4,
Section
6.3.2


Section 3.2







April 2016

to the harvested shellfish (e.g., barnacles, sea stars), these represent a small proportion of
species affected.
In addition, as indicated in the research above, these tend to be areas with higher species
abundance and richness because of the presence of shellfish aquaculture. Therefore, the
species that are incidentally removed may not be supported in that habitat without the
presence of shellfish aquaculture.
Toupoint et al. (2008) found increase in L. conchilega biomass increased near Manila clam
farms.
Toupoint et al. (2008) concluded that the survival and increase of L. conchilega was largely
due to “goodwill of the farmers,” showing that proper BMPs and awareness can have a
positive effect on the native community.
Use of nearshore habitats, and specifically shellfish aquaculture habitats, by salmonids is
discussed in Sections 3.2 and 3.4 above.
Presence and overlap with shellfish aquaculture during migration periods does not
necessarily result in an effect to juvenile salmonids.
The Services weighed in on effects to Chinook salmon and bull trout from existing shellfish
aquaculture during the NWP 48 consultation. The NMFS (2009) BiOp concludes: “NMFS
determined that although the effects of these activities could include changes in the
environment, none do so to an extent that would impair normal behavioral patterns of
listed species.”
Effects to the food web from shellfish aquaculture is discussed in Section 3.2 above.
The information presented by commenters are based on conjecture without data to
support the claims or hypotheses.

Additional
Information

The use, and effects, of predator exclusion netting are discussed in Section 5.0 above.
Concerns regarding predator exclusion netting have been raised and rejected during
recent SHB cases [SHB No. 14‐024 (FF 14‐15 and COL 13); SHB No. 13‐006c (FF 16‐18)]
There are short‐term changes to sedimentation and benthic infaunal communities as a
result of netting practices in shellfish aquaculture. However, research indicates that
effects from the use of canopy nets are short term and do persist after removal of the nets
or recover quickly post‐harvest (Simenstad and Fresh 1995, Spencer et al. 1998, Price
2011, VanBlaricom et al. 2012).
Bendell et al. (2010) indicates that there are significant changes in the geochemical
composition of farmed vs. unfarmed sites in Baynes Sound, Canada. Although there is a
significant difference between the two areas, there is no indication that these changes
would impact water or sediment quality of farmed sites. In contrast, Cornwell and Newell
(2010) indicated that nutrients released during a geoduck harvest is not a significant
addition to the water quality of Puget Sound, and would be far outweighed by the amount
of nutrients shellfish filter out of the water column.
Many researchers have commented that shellfish aquaculture does not negatively affect
the foraging behavior of most marine shorebirds or wading birds (Kelley et al. 1995,
Hilgerloh et al. 2001, Connolly and Colwell 2005, Žydelis et al. 2006). Based on the pattern
of use by marine birds within Baynes Sound, as presented by Bendell and Wan (2010), it
does not appear that shellfish aquaculture is restricting the distribution or use of

Section 5.0
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Subject

Commenter(s)





Coalition to Protect
Puget Sound (Laura
Hendricks)
Curt Puddicombe

Bird Interactions

Literature/Citations









Photographs of eagle on top of net
(2006)
DeFrancesco and Murray 2010
Buchanan 2006
Heffernan et al. 1999
Kelly et al. 1996
This Isn’t Your Grandfather’s Farm
Bendell and Wan 2009

Comment










Coalition to Protect
Puget Sound (Laura
Hendricks)
Curt Puddicombe
Bricklin & Newman (on
behalf of CPPSH and
Case Inlet Shoreline
Association)



Charles Moore presentation and
testimony (SHB No. 14‐024)
 Center for Biological Diversity

petition to EPA

 Andrady 2011
 Curtis Ebbesmeyer quote (no date
or reference provided)
Plastics and Toxicity
 Sierra Club – Plastic Pollution
 Sample bag of aquaculture plastic
pollution presented at April 3, 2014
meeting
 The Use of PVC Plastics for
Aquaculture in Puget Sound
 RCW 90.58.020
 This Isn’t Your Grandfather’s Farm
Parasites, Disease, Invasive Species, and Genetics (see Section 6.4)
 Coalition to Protect
 WSG 2010 (Interim Report)
Puget Sound (Laura
 Hand and Marcus 2004
Parasites, Disease,
Hendricks)
 Molnar et al. 2008
and Genetics
 Bivalve major and sporadic pest list
(PMSP)
 Coalition to Protect
 Ruesink et al. 2005
Puget Sound (Laura
 Ruesink et al. 2006
Invasive Species
Hendricks)
 Forrest et al. 2009
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Harassment of seagulls, crows, ravens, and
waterfowl.
Killing birds by hunters from shellfish industry
docks in Eld Inlet (2009) and Henderson Inlet
(2010).
Decrease of marine birds between 1978 and 2004.
Aquaculture may prevent birds from feeding in
areas covered with nets.
Decrease in some bird species observed near
intertidal shellfish farms

Add marine plastic pollution as a “pollutant” under
the Clean Water Act.
The particulate plastic from PVC tubes enters the
food web and harms creatures in Puget Sound,
including us.
Pollution of beaches due to loss of gear.
Need for tagging aquaculture equipment.
RCW 90.58.020 states that, “a preferred use is one
that controls pollution and prevents damage to the
natural environment.”

Response






















A Steinhausia‐like microsporidian parasite within
geoduck eggs.
There are genetic and disease risks from importing
seed from outside areas, such as Washington State, 
entering BC waters.
There are ecological risks associated with oyster

introductions.


shorebirds and wading birds. In fact, the authors indicated that population trends of the
species that may be affected by aquaculture were either positive (dunlin) or experience no
change (scoters). No change and positive changes in the populations of these marine
birds indicates that habitat or foraging is not limiting to these species within Baynes Sound
in the presence of shellfish aquaculture. The negative changes in the Pacific loon and
Western grebe populations do not appear to be related to aquaculture
Concerns regarding impacts to birds have been raised and rejected during recent SHB
cases [SHB No. 13‐016c (FF 78‐79 and COL 15); SHB No. 14‐024 (FF 26‐28 and COL 13, 17)]
Although entanglement with predator exclusion nets is noted in the literature as a
possibility (e.g., Forrest et al. 2009, Straus et al. 2013), there are only rare examples of this
occurring. Overall, this is risk is considered to be minor as long as netting is well
maintained.
Programmatic assessments found that commercial shellfish aquaculture activities
throughout Washington State do not significantly impact listed birds and marine
mammals (NMFS 2009, NMFS 2011, USFWS 2009).
Benthic disturbance is expected to be highly localized and consistent with the existing
range of normal storm/wave activity. Therefore, the prey resources of higher trophic
organisms (e.g., birds and mammals) would not be significantly affected by the geoduck
farm activities.
Concerns regarding microplastics generated by shellfish farming have been raised and
rejected during recent SHB cases [SHB No. 11‐019 (FF 9); SHB No. 13‐006c (FF 41‐42 and
COL 16); SHB No. 14‐024 (FF 44‐47 and COL 13, 20)]
Concerns regarding marine debris generated by shellfish farming have been raised and
rejected during recent SHB cases [SHB No. 11‐019 (FF 10, 11, and COL 6, 14); SHB No. 13‐
006c (FF 36‐42 and COL 16); SHB No. 14‐024 (FF 39‐43, 47 and COL 13, 20)]
PVC is a very stable material. PVC manufactured in the United States does not use lead,
arsenic, cadmium or mercury (PVCplus 2012). PVC tubes are unlikely to degrade based on
the low ultraviolet exposure (related to the small portion of time that the tubes are
exposed to daylight), low wave energy in Puget Sound, and debris management efforts
(Baker 2012).
Growers abide by many avoidance, conservation, and minimization measures in relation
to gear including securing all gear, not storing loose gear below the OHWM, and
maintenance of the project area, which would include cleaning up unnatural debris

Concerns regarding density, genetics, diseases, and parasites have been raised and
rejected during recent SHB cases [SHB No. 14‐024 (FF 29‐31 and COL 13, 18); SHB No. 11‐
019 (FF 8)]
The shellfish industry is highly regulated by WDFW and DOH to prevent transfer of
disease.
Control of invasive species associated with shellfish aquaculture operations is provided in
Section 5.3 above.
Given the current regulatory and management practices that are in place, there is no
significant of commercial shellfish farms in Washington causing adverse impacts with
respect to parasites, disease, invasive species, and genetics.

Additional
Information

Section
6.4.1

Section
6.4.2

N/A

Section 5.3,
Section 6.5
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6.1

Existing Shellfish Aquaculture – Additional Information

Additional information related to suspended sediments (geoduck harvest) and nutrients
generated from a shellfish aquaculture operation is provided below.

6.1.1 Suspended Sediment (Geoduck Harvest)
Suspended sediment is generated from a geoduck harvest. A geoduck harvest event is limited in
space (about 0.1 acres for one day), duration (4 to 6 hours), and occurs infrequently compared to
the entire culture cycle (i.e., 5 to 7 year grow‐out period prior to harvest). Further, a harvest
event covers a small portion of the intertidal habitat (0.1 acres). The intensity and duration of
turbid conditions are related to the concentration of suspended sediment, suspended sediment
grain size, water temperature, currents, and tidal flow conditions at the site (NMFS 2009). The
sediment particles associated with typical geoduck aquaculture farms (e.g., predominantly
sand) settle back to the seafloor rapidly and only a minor fraction will typically be transported
from the harvest location (Golder 2011). The majority of sediment is typically deposited within

3 ft from the harvest hole (Short and Walton 1992).
New research from Fisheries and Oceans Canada, Pacific Biological Station in British Columbia,
Canada has shown insignificant or minor effects from wet harvest events. A two‐year research
program in both intertidal and subtidal habitats reported that the sediment plume generated
during a geoduck harvest event was generally limited to within approximately 16 ft of the
harvest plot, and the levels were not greater than those reported during storm conditions (Liu et
al. 2015). In addition, a harvest event did not result in significant overall material changes
down‐current above natural background sedimentation levels.

Effects to Fish from Suspended Sediment
Exposure to high levels of suspended sediment can cause behavioral stress in fish (e.g., gill
flaring), sublethal effects (e.g., gill damage, increased susceptibility to disease), or reduced
survival and growth. Newcombe and MacDonald (1991) suggested that a good indicator of
suspended sediment effects is the product of sediment concentration (mg/L) and duration of
exposure (h). Fisher et al. (2008) evaluated whether the TSS generated during a harvest event
could result in significant effects to fish using the suspended sediment risk assessment model
developed by Newcombe and Jensen (1996). The results indicated that fish were likely to exhibit
avoidance responses to the TSS levels generated during a harvest event. If there is no
confinement of fish in the area (i.e., the site is located along an open shoreline) there is no
mechanism for fish to be exposed to suspended sediments from a harvest for a significant
amount of time.
Published literature that addresses suspended sediment effects to juvenile and larval estuarine
fishes also report limited effects at the concentrations generated during a geoduck harvest
event. Juvenile Chinook salmon have been observed to increase their rates of foraging in
relation to increased turbidity (18‐150 Nephelometric Turbidity Units [NTU]), which was
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attributed to the increase in cover provided by turbid waters (Gregory and Northcote 1993,
Gregory 1994). The maximum concentration of turbidity that juvenile Chinook salmon
experienced before reduced foraging was observed was 150 NTU for individuals that were 2 to
3 inches in fork length (Gregory 1994). Studies have also reported increased feeding incidence
and intensity for larval Pacific herring at TSS concentrations ranging from 500 mg/L to
1,000 mg/L (Boehlert and Morgan 1985). Boehlert and Morgan (1985) attributed the enhanced
feeding to improved “visual contrast of prey items on the small perceptive scale used by the
larvae.” Finally, Griffin et al. (2012) noted that TSS levels of 400 mg/L did not result in adverse
effects for Pacific herring larvae for exposure times of 16 hours.
All of the TSS and turbidity levels noted from the literature above are either within or
significantly higher than that measured from a geoduck harvest event. For example, Short and
Walton (1992) measured TSS between 4 mg/L to 21 mg/L at the starting point of the harvest
activity from a 0.2‐acre harvest area. Further, the duration of exposure noted during the Griffin
et al. (2012) study was four times longer than a typical harvest event (16 hours vs. 4 hours).
Therefore, suspended sediment effects is considered insignificant for estuarine fish, even more
sensitive larval stages.

Summary
A geoduck harvest event increases suspended sediment for short periods of time (one to two
tidal cycles); is typically confined to a small area (about 0.1 acres per day); and occurs
infrequently (every 5 to 7 years). Fish would be expected to either avoid the sediment plume
generated during a dry or wet geoduck harvest or use the plume or disturbed sediment as a
foraging opportunity. Suspended sediment and turbidity levels measured during geoduck
harvest events were within or lower than the range in which juvenile Chinook salmon and
Pacific herring larvae were observed to successfully forage. Overall, effects from suspended
sediments are considered insignificant.

6.1.2 Nutrients
The main literature associated with shellfish aquaculture and nutrients is provided in
Section 3.2 above. Based on additional literature raised in the comment letters, this section will
expand upon that discussion, focusing on three studies: (1) Bouwman et al. (2011), (2) Bouwman
et al. (2013), and (3) Bricker et al. (2015).
According to Bouwman et al. (2011), North America produced approximately 1.5% of the global
production of bivalves in 2006, compared to 83% in areas with more intensive aquaculture like
China8. Bivalves clear seston particles consisting of phytoplankton, suspended silt and clay
particles, and detritus from the water column. This process transforms a portion of the nutrients
contained in algae into bio‐available forms that may support further phytoplankton production,
8 It is notable that China is the only country for which aquaculture output exceeds wild capture output
and more than 90% of the domestic consumption of seafoods is from aquaculture. This is based on a
population estimate of 1.3 billion with a yearly growth rate of 0.6% (http://tinyurl.com/zutc8gc).
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while excreted nitrogen (N) and phosphorus (P) from biodeposits may regenerate nutrients,
thus also adding to the amount of dissolved nutrients in the water column.
Bouwman et al (2011) created a budget model to describe the flows of nutrients in aquaculture
systems using global production data. Bivalve production removes large amounts of nutrients
from the water. The estimated amount of nutrients released through marine shellfish
aquaculture is small (<1% in 2000) compared to global river export. Scenarios suggest that
nutrient release from marine shellfish aquaculture will increase further over the coming
decades, however the only region where shellfish are currently a significant contributor to
nitrogen and phosphorus levels is China where more than 90% of current shellfish production is
located. In that region, shellfish are an important contributor to nitrogen release (approximately
7% of predicted inputs) and phosphorus (12%). These levels are projected to grow to 19% for N
and 30% for P by 2050 for China. This amount of production is not applicable to current
operations in Washington State and Pierce County because the scale of operation is orders of
magnitude greater, even the more productive estuaries such as Burley Lagoon and Totten Inlet.
As a follow‐up to the work by Bouwman et al. (2011), another modeling study indicated that
aquaculture9 leads to release of dissolved nutrients that are N‐rich (Bouwman et al. 2013). The
changes in dissolved nutrients from finfish, crustacean, and shellfish aquaculture were modeled
for China, Mexico, and Chile for the period 2010 to 2050. Aquaculture waste products were
predicted alter the nutrient composition, not just the total quantity of dissolved nutrients, and
the composition of nutrients created feedback loops that supported harmful algal blooms
(HABs). The extent to which HABs may be affected by aquaculture are based on whether the
system is retentive or well‐flushed. The results suggest that under intensive production, which
include locations where aquaculture growth is already rapid (e.g., China), bivalves can
regenerate nutrients. The primary area where this has been observed is in a poorly flushed,
shallow lagoon in Italy (Sacca di Goro) where high density (2,500 individuals/m2) Manila clam
culture occupies one‐third of a 26 km2 lagoon that has an average depth of 1.5 meters
(Burkholder and Shumway 2011). However, again, this example is unrelated to operations in
Washington State and Pierce County because both magnitude of culture operations and location
provide enough circulation to control for adverse impacts from an accumulation of nutrients.
Even Burley Lagoon, which is technically a barrier estuary and not a lagoon, that had water
quality issues in the past from upland OSS and was able to drastically improve conditions
through control of septic systems and other nutrient inputs.
The best research recently in the U.S. related to shellfish aquaculture and nitrogen is a modeling
study by Bricker et al. (2015) in Long Island Sound, New York. The authors note that
aquaculture removes nitrogen from the system and can, therefore, represent a potential best
management practice for achieving total nitrogen targets. Using this approach, aquaculture
9 Note that this study includes all aquaculture, including finfish and crustaceans (e.g., shrimp and
lobsters), and not just bivalve aquaculture. Bivalve aquaculture contributes significantly less nutrients
than finfish and crustacean aquaculture. Additionally, shellfish aquaculture in this context include
mussel longlines from rafts and not ground culture.
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could be considered a solution to nitrogen reduction and could be one of the tools deployed by
managers to achieve nitrogen loading targets that may be more cost effective than other
methods (e.g., water treatment). They note that shellfish stocking densities that are well below
production and ecological carrying capacities can create nitrogen drawdown of almost 10% in
the estuary the Great Bay/Piscataqua Region Estuaries. Therefore, shellfish aquaculture may be
a valuable tool to achieve nutrient abatement targets.
There is literature available to indicate the extreme examples of bivalve culture in estuaries of
China and other countries. These studies, while valuable warnings, are not relevant to U.S.
conditions. The scale of operations is typically orders of magnitude greater. Studies in the U.S.
have shown that bivalves can improve water quality and mitigate anthropogenic sources of
nitrogen in coastal systems through filter feeding. At current densities, and even in modeled
scenarios that are 10x greater than current production levels in south Puget Sound (see
Preikshot et al. 2015), existing shellfish aquaculture is likely a benefit to water quality rather
than creating further issues with nutrients.

6.2

Forage Fish, Benthic Invertebrates, and Sand Dollars – Additional
Information

Additional information related to forage fish larvae ingestion and salmon habitat and prey in
relation to shellfish aquaculture operations is provided below.

6.2.1 Forage Fish Larvae Ingestion
Commenters raised concerns over shellfish ingestion of forage fish larvae. The scientific record
does not support a conclusion that shellfish ingest forage fish larvae to the extent that would
even be measureable. There are two pieces of information that make this potential impact
unlikely (Davis 2013). First, forage fish in southern Puget Sound spawn primarily in the winter,
and shellfish are dormant or reduce feeding during this time. This is from studies that
document lower filtration rates of bivalves when phytoplankton populations are reduced
(Lehane and Davenport 2002), such as in the winter, which would make the consumption of
forage fish larvae insignificant.
The second condition is that shellfish target small particles in the range of 0.00004 to 0.0006
inches, also known as phytoplankton. Although bivalves have been shown to ingest up to a 0.2‐
inch amphipod (Lehane and Davenport 2006), the upper size limits of bivalve ingestion
represented a minor fraction of the diet composition (Lehane and Davenport 2006, Wong and
Levinton 2006, Troost et al. 2008). To put this into perspective, at hatch, sand lance and surf
smelt larvae are about 0.2 inches and herring larvae are about 0.3 inches (Griffin et al. 2012,
Penttila 2013). Wong and Levinton (2006) also indicated that there is a certain amount of
discrimination between microalgae and larger particles, and larger prey items would likely be
more mobile, which would also make them less likely to be consumed.
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In summary, while ingestion of zooplankton by shellfish has been observed in the literature,
even the authors of these studies indicate that these occurrences represent a minor fraction of
the diet composition.

6.2.2 Salmon Habitat
One of the main papers cited in the comment letters to indicate that salmon do not prefer
shellfish aquaculture is Semmens (2008). Although the study did find that juvenile Chinook
salmon (of hatchery origin) preferentially used eelgrass over open mudflat or small patches of
oysters (Crassostrea gigas), Semmens (2008) argued against a myopic view of eelgrass
conservation without an understanding of how conservation rules, such as no‐net‐loss of native
eelgrass, are relevant at the landscape management scale. The following two points illustrate
how this study was likely misinterpreted: (1) Semmens (2008) indicated that depth may have
been a major factor in the results, and (2) fish were primarily located along the enclosure walls,
which may have caused a behavioral change not accounted for in the results. It is also important
to reiterate that this experiment was a manipulated enclosure study, which limits its
applicability to natural settings. Furthermore, both the eelgrass and constructed experimental
oyster plots were relatively small areas that do not represent either a continuous, dense bed of
eelgrass or commercial‐scale production of oysters (Dumbauld, pers. comm., 2015).
The first issue regarding the influence of depth on the study results can be understood through
an exploration of the maps provided by Semmens (2008), reproduced below. The different
habitat types (e.g., native eelgrass, oyster plots, non‐native eelgrass [Z. japonica], and cordgrass
[Spartina alterniflora]) are stratified by depth with native eelgrass at the lowest elevations and
cordgrass at the highest elevations (Figure 26). Semmens (2008) stated that, “reducing habitat
features such as depth to a single‐parameter component of an equation describing movement
may not capture the entirety of the complex and context‐dependent influences of such habitat
attributes.” In other words, survival may have been controlled by depth, which is not accounted
for in the study results, and it is difficult to attribute behavior to specific habitat types for
mobile species. The complexity of habitat use, and the potential to gravitate to greater depths, is
evident based on the distribution of fish primarily in the lower portion of the enclosure area
(Figure 27).
The second issue regarding the net enclosure can also be understood through an exploration of
the maps and behavioral responses of hatchery Chinook smolts. The net walls obstructed free
movement of the test animals, which are highly mobile species and accustomed to traveling
much longer distances than the enclosure dimensions allowed. Semmens (2008) stated that the
enclosure had a “clear influence” on fish movement and noted that they would spend a large
proportion of time at the wall, adding that hatchery Chinook are less adapted to avoid
predators than their wild counterparts. Another point raised by Dr. Dumbauld (pers. comm.,
2015), who has worked closely with Dr. Semmens in Willapa Bay, was that although avian
predation has been shown to be a significant source of mortality to juvenile salmonids in Pacific
Coast estuaries, work is still necessary to determine how habitat, tidal stage (depth), and water
clarity influence the source of mortality at the landscape scale.
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Figure 26

Orthorectified Aerial Photograph of the Enclosure and Digitized Habitat Features

Notes: (a) orthorectified aerial photograph of the enclosure taken during a low tide. (b) digitized benthic habitat features in the enclosure. Non‐native
cordgrass habitat (dark area at the top right) was not digitized because no tagged fish swam into the area during the study.
Source: Semmens (2008)
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Figure 27

Orthorectified Aerial Photograph of the Enclosure Showing Recorded Position of Tagged Fish (Black Dots)

Notes: (a) map of the lower‐left (southwestern) corner of the enclosure. (b) map including all of the recorded positions of the tagged individual that survived
the longest during the study. (c) map including an underlay of polygons representing the benthic habitats in the enclosure.
Source: Semmens (2008)
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6.3

Predator Protection Gear – Additional Information

Additional information related to bird interactions and plastics and toxicity from a shellfish
aquaculture operation is provided below.

6.3.1 Bird Interactions
Commenters have raised concerns that shellfish aquaculture, especially the use of predator
exclusion netting, results in impacts to marine birds. However, the scientific record does not
support a conclusion that shellfish farming negatively impacts bird use. In fact, there is strong
evidence that shellfish, whether cultured or wild, forms an important source of food for a wide
variety of marine shorebirds, seabirds, and raptors (Dankers and Zuidema 1995, Norris et al.
1998, Hilgerloh et al. 2001, Lewis et al. 2007, Žydelis et al. 2006, Forrest et al. 2009).
Foraging Birds
Studies have shown either positive impacts—increasing avian species richness and abundance
due to increased foraging opportunities, or benign impacts—eliciting no significant difference
in use from natural beds. Through their foraging habits, migrating marine shorebirds can
significantly alter the community structure of wild bivalve populations in soft‐bottom intertidal
areas (Lewis et al. 2007). At shellfish aquaculture sites, some species of marine birds feed
directly on the shellfish products themselves (e.g., Dankers and Zuidema 1995), while others
feed on the macrofauna and flora that colonize shellfish aquaculture gear (e.g., Hilgerloh et al.
2001). Shellfish growers have documented numerous bird species foraging on their shellfish
beds, including scoters, dunlins, killdeer, godwits, sand pipers, eagles, great blue herons, and
gulls. Figure 28 presents a few of the species mentioned using shellfish beds for foraging
habitat.
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Figure 28

Marine Birds Foraging in Shellfish Beds

Note: least sand pipers on oyster bags (top left), dunlins in oyster bed (top right), and godwits (bottom) around
and on oyster bags.
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Due to the relatively recent history of geoduck aquaculture, and the fact that intertidal geoduck
beds are exposed for a short portion (approximately 6%) of the culture cycle, there are limited
examples that illustrate how birds interact with geoduck aquaculture gear. However, there is
both anecdotal evidence and some photography to show potential interactions. One of the best
examples is the mutually beneficial relationship between shellfish aquaculture practices and
scoters. In some areas, geoduck nursery tubes, oyster crops, and culture gear will get coated
with sets of mussels. When not protected by nets, the young mussels attract scoters that provide
a service to growers by grazing the fouling mussels off the crops and gear. When the mussels
set on geoduck nursery tubes under predator nets, crews need to remove the nets and clean out
the mussels. At the Foss farm in Case Inlet, crews removed nets and when they returned the
following night to clean out the mussels, they were gone. They removed more nets and
deployed a GoPro® camera to discover scoters were cleaning off what ended up being
thousands of pounds of mussels (Figure 29).

Figure 29

Scoters Foraging on Mussels Encrusting Geoduck Culture Tubes

Note: photograph taken using a Go‐Pro camera on the Foss farm in Case Inlet.
Source: Dewey, pers. comm., 2015
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Shellfish aquaculture sites can influence the abundance of marine shorebirds. For example,
Connolly and Colwell (2005) observed 17 different bird species using the intertidal habitat in
Humboldt Bay, California. Abundance of most species (7 shorebirds and 4 wading birds) were
shown to be more abundant on oyster longline plots compared to adjacent mudflat habitat not
containing culture. The only shorebird that showed lower abundance in longline plots was the
black bellied plover. The authors concluded that the greater bird abundances on longline plots
were likely in response to increased foraging opportunities or greater prey diversity present
because shorebird densities are commonly correlated with the densities of their principal prey
(see references cited within).
Although marine shorebirds feed at shellfish aquaculture sites, the aquaculture sites themselves
do not necessarily attract larger numbers of birds compared to non‐cultured areas (Hilgerloh et
al. 2001). For instance, Žydelis et al. (2006) found that natural environmental attributes were the
primary determinants of densities of wintering surf scoters and white‐winged scoters in Baynes
Sound, British Columbia. Moreover, the authors found that shellfish aquaculture variables did
not necessarily predict bird densities for the scoter species studied. According to Žydelis et al.
(2006), these findings suggest that winter scoter populations and the shellfish aquaculture
industry may be mutually sustainable because there was no evidence of a negative impact on
scoter populations at the current level of shellfish farming practiced in Baynes Sound. It is
notable that in 2001, Baynes Sound had over 20% of habitat used for shellfish culture (Carswell
et al. 2006).
Potential Negative Impacts of Marine Birds
While shellfish aquaculture may increase foraging opportunities for most marine birds, there is
the potential to negatively affect behavior and foraging opportunities for certain species
through alteration of food sources, displacement of foraging habitat, and disturbance (e.g.,
noise) related to farm activities (Kaiser et al. 1998, Kelly 2001, Connolly and Colwell 2005,
Forrest et al. 2009). For example, Kelly (2001) reported evidence of avoidance of oyster
structures compared to open tidal flats by dunlin and western sandpiper in Tomales Bay,
California, although the author also indicated that roosting by both species in floating oyster
culture bags suggested possible benefits to shorebirds. Further, both of these species are
frequently observed in large numbers on shellfish plots with gear present (see Figure 28 above).
For species that avoid structure, the placement of gear for 2‐3 years (either temporary as for
geoduck culture or semi‐permanent as for Manila clam culture) would likely result in
displacement. However, that does not indicate a significant impact or reduction in foraging
opportunities.
Noise associated with human presence and boat motors during geoduck planting, maintenance,
and harvesting activities could result in temporary displacement of birds from the immediate
area and masking10 essential communication among foraging birds. However, Strachan et al.
10 Masking = interference with the detection of one sound by another (Dooling and Therrien 2012 as cited
in Teachout 2013).
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(1995) commented that marbled murrelets that are found around heavy boat traffic do not
appear to be adversely affected by the ambient noise of an urban area. Other waterbirds have
shown behavioral changes in response to noise, but not to the extent that would cause
population‐level effects as long as distances of approximately 164 to 328 feet are maintained
from nesting habitats (Carney and Sydeman 1999, Borgmann 2010). There are both natural
avoidance measures and best management practices that would reduce or avoid disturbance to
birds. For example, planting activities typically occur during a time of year that avoids the
majority of wintering foraging and migrating activities. While harvesting activities can
potentially occur year around, there are measures in place (e.g., muffling motors, training
crews, dive harvesting) that would reduce effects to foraging birds to the point that would not
result in significantly altering behavior. Overall, shellfish aquaculture can be a sustainable use
of suitable habitat and, through the use of best management practices, avoid adverse effects to
marine birds.
Potential for Net Entanglement
Although entanglement with predator exclusion nets is noted in the literature as a possibility
(e.g., Forrest et al. 2009, Straus et al. 2013), there are only rare examples of this actually
occurring. In terms of determining the potential for entanglement, the lack of evidence can be
just as powerful as positive evidence. Baynes Sound had 152 acres of predator exclusion nets
actively used for Manila clam aquaculture operations in 2001. The estuary is a good example of
illustrating lack of evidence, because it is: (1) characterized by extensive, low gradient, intertidal
mud and sandflat habitat, (2) a critical staging, breeding, and wintering area for migratory
birds, (3) a Pacific herring spawning ground (both herring eggs and the herring are an energy‐
rich food that attract marine birds), and (4) extensive bird surveys and radio tagging studies
were conducted in Baynes Sound from 2001 to 2005 during the peak wintering use by scoters
(Lacroix et al. 2005, Žydelis et al. 2009). After at least five years of specifically collecting
observations over shellfish beds that contained predator exclusion nets, there were no reports of
entanglement by diving ducks.
Two images are consistently used by opposition groups of geoduck aquaculture related to
potential net entanglement: (1) a live juvenile eagle on top of a predator exclusion net from
2006, and (2) a dead gull carcass in an assortment of what appears to be aquaculture‐related
netting dated October 24, 2014. (Note that the gull was misidentified as an osprey in the original
release of this image.) The juvenile eagle had grabbed the predator exclusion net and did not let
go. Juvenile eagles have a difficult time releasing their talons until they mature. In this case,
recreational kayakers and an adjacent shellfish worker helped the eagle get off the net and
moved it to the upper beach under a tree where it later flew away. WDFW reviewed the
incident and concluded that the use of predator exclusion nets does not pose a significant threat
to eagles (Huber 2006).
Positive identification of the gull carcass was provided by an expert in bird taxonomy, and was
primarily based on the shape of the beak. The origin of the photograph could not be confirmed,
as well as the conditions that resulted in the gull being entangled in the net. The photograph
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includes two different types of net that would not typically be found in the same location within
the intertidal: (1) bagging material used for oyster seed and/or clams, and (2) predator exclusion
netting commonly used to cover Manila clam beds or geoduck nursery tubes. It is conceivable
that an unmaintained aquaculture operation would potentially result in this situation, but farm
management practices, such as ensuring netting is properly secured and conducting frequent
monitoring of gear, can effectively mitigate this concern.
The fact that shellfish aquaculture has occurred in Puget Sound for over 100 years, and growers
have been using predator exclusion nets for more than 40 years in intertidal habitats with few
documented incidents of entanglement, is a good indication of this being an insignificant risk to
migrating and foraging birds.
Summary
Based on anecdotal observations and existing literature, marine shorebirds, seabirds, and
raptors are known to occur on (or near) shellfish aquaculture gear without incident. The scoters
feeding on mussels encrusting geoduck nursery tubes noted above is one example. Other
examples include the increased potential to provide prey opportunities to birds within
aquaculture plots. Based on over 100 years of aquaculture in Puget Sound, more than 40 years
of using predator exclusion nets, and observations in and around aquaculture gear, the
potential for entanglement appears to be an insignificant risk with proper farm management.
Based on the potential to increase foraging opportunities, there may be a net benefit to bird
populations.

6.3.2 Plastics and Toxicity
Plastics are commonly used in the marine environment. A few examples of marine plastics are
buoys, floats, nets, fishing line, and boat components. The concerns with plastics are the
increased generation of both macroplastics and microplastics. Macroplastics are defined as any
solid material greater than 5 millimeters (mm) or 0.2 inches in diameter, while microplastics are
materials less than 5 mm that are primarily composed of synthetic polymers (Baker et al. 2011,
Davis and Murphy 2015).
Microplastics occur in the marine environment from primary sources (e.g., pellets in facial
scrubs), or from the disintegration of larger plastic materials. Microplastics were sampled from
the upper 1.6 ft of the Puget Sound water column by the Center for Urban Waters and the
University of Washington (Baker et al. 2011). The study reported that microplastics are
ubiquitous in all coastal waters. Within Puget Sound, microplastic concentrations were found to
be highly variable in space and time, did not appear to be correlated to specific source locations,
and were similar to levels in the open North Atlantic and Eastern Pacific. Comparatively, the
PTMSC study collected material directly from the beaches rather than from the water column
(Davis and Murphy 2015). This study reported that the majority of microplastics observed were
located in north and central Puget Sound, typically in close proximity to marinas and urban
centers. Styrofoam was by far the majority (75% of the count) of anthropogenic microdebris
found in these areas, followed by plastic fragments (9%) and glass (12%). There appears to be a
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strong positive correlation between the areas of high microplastic abundance and population
density.
Risk Assessment Process
In her testimony for the Haley hearing (SHB No. 14‐024), Dr. Schoof (2015a) described the
process of risk assessment to assess potential for adverse effects from chemical exposures. She
describes assessing for two elements: toxicity and exposure. An exposure assessment includes
establishing a complete exposure pathway. This pathway has four components: (1) source and
mechanism of release, (2) transport mechanism, (3) receptor and exposure point (i.e., point of
potential contact with a contaminated medium), and (4) an exposure route (e.g., ingestion) at
the exposure point for a specific receptor (Figure 30).

Figure 30

Exposure Pathway Flowchart

In regards to aquaculture gear, Dr. Schoof testified that, given the conditions of farm approval
to: (1) minimize gear escapement, (2) remove gear as soon as it is no longer needed, and
(3) regularly patrol tidelands and retrieve gear, there is not an exposure pathway. Without an
exposure pathway, there is no risk. Assuming that there is even a slight risk, a discussion
regarding the potential toxicity of shellfish aquaculture gear is presented below.
Potential Effects
Plastics are a component of any shellfish aquaculture operation in the form of culture tubes
(both PVC and/or HDPE material), PVC marker poles, predator exclusion netting (HDPE
material), and oyster bags (HDPE material). Concerns were raised during the Longbranch
Hearing (SHB 11‐019) regarding the potential to release plastics and metals into the
environment through the use of PVC tubes during the first two years of grow‐out. According to
Baker (2012), releases of macroplastics (or PVC tubes) into the environment was considered
unlikely due to tide and wave action that would transport tubes up the beach, which would
then be collected during regular site visits. Additionally, the canopy nets and beach patrols
further reduced the risk of tube escapement. During a more recent hearing (SHB 13‐006c), Dr.
VanBlaricom (2013) observed that tubes that did escape from the canopy nets also filled in
quickly with sediment and were maintained in close proximity to the farm until they were
collected during beach patrols. Good initial results on gear retention for flexible mesh tubes also
indicate that use would not significantly contribute to the generation of macroplastics due to the
breakdown of derelict gear, as described by Dr. Baker for PVC tubes during the Longbranch
Hearing (Baker 2012). Similarly, net and bag maintenance would avoid the potential
introduction of other macroplastics into the environment.
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The potential to create microplastics was thoroughly reviewed by Dr. Joel Baker during the
Longbranch Hearing. According to his testimony (Baker 2012), PVC tubes are unlikely to
degrade based on the low ultraviolet exposure (related to the small portion of time that the
tubes are exposed to daylight), low wave energy in Puget Sound, and debris management
efforts. To confirm that microplastics were not created within a tube field, bulk sediment
samples (a total of three pounds of sediment) were taken from existing tube fields, and tested in
an EPA‐approved lab. Dr. Schenk (2011) reported that there was no evidence of microplastics in
the sediment samples. Further confirmation that microplastics are not created was based on a
review of stomach samples from fish collected in geoduck tube fields. Dr. VanBlaricom (2013)
testified that out of 235 fish collected there was no evidence of microplastics in their stomachs.
While there are no known data specific to the potential to generate microplastics from the use of
HDPE materials, there is no evidence that microplastics are a significant issue in south Puget
Sound (Davis and Murphy 2015). This is a meaningful result given the large amount of shellfish
aquaculture that occurs in south Puget Sound. According to Schoof (pers. comm., 2015b), the
life cycle of HDPE spans longer than the intended use (e.g., decades vs. 2 years). Therefore, it is
unlikely that use of HDPE materials would significantly contribute to the generation of
microplastics.
In a review of potential impacts of microplastics in the marine environment, Andrady (2011)
commented that microplastics were most likely generated on beaches, which would have
extended exposure to light and weathering if not collected. The author mentioned that beach
cleanups are an effective mitigation strategy to avoid or limit the creation of microplastics. He
concluded his comments on beach cleanup by stating, “Beach cleanup therefore can have an
ecological benefit far beyond the aesthetic improvements of the beaches, and by reducing
microplastics, contributes towards the health of the marine food web.” The conditions of farm
approval include maintenance of the project area, which would include cleaning up unnatural
debris. The PCSGA organizes a beach cleanup of south Puget Sound twice a year in which
many shellfish growers participate.
Although PVC manufactured in the United States does not use lead, arsenic, cadmium or
mercury (PVCplus 2012), concern has been raised that these or other metals can be found in
PVC and are susceptible to leaching into the environment from its use in geoduck aquaculture
which may then be available to bioaccumulate in the surrounding biota. PVC is a very stable
material. It is unlikely to release metals or chemicals naturally and leach into the surrounding
environment, which is why it is used in drinking water infrastructure. PVC is sensitive to high
temperature, high ultraviolet exposure, and acid conditions (Younan et al. 1985). These
conditions would not be likely to occur in the marine environment associated with geoduck
culture. The potential for PVC tubes to leach into the surrounding sediment was reviewed
during the sediment sampling completed for the Longbranch Hearing. Dr. Rosalind Schoof
(2011), an expert in human toxicology, looked at the data collected and compared it with
sediment testing throughout Puget Sound. She reported that exposure to metals originating
from PVC tubes is extremely unlikely, and there is no reason to think that these metals would
accumulate in biota and ultimately reach the human food chain.
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Summary
In summary, with proper farm management, it is unlikely that shellfish aquaculture farms
would result in the creation of macro‐ or microplastics. There is no evidence that existing farms
in south Puget Sound are creating plastics debris or resulting in metals leaching into the
sediment from the use of PVC tubes or HDPE materials. Therefore, these potential effects are
considered to be insignificant with proper farm management.

6.4

Parasites, Disease, Invasive Species, and Genetics

Humans have transported many species unintentionally, and some of these species find an
open niche and are able to establish and even displace native species. These species are known
as invasive (see definition in Section 5.3, above). Shellfish aquaculture has also, historically,
inadvertently transported non‐native species, some of which are detrimental to aquaculture
itself. Three studies have been used to show that aquaculture is furthering the problem of
invasive species. These studies are outlined below.






Forrest et al (2009) published a synthesis of oyster cultivation effects. Regarding invasive
species, they state that structures used to grow oysters can provide a substrate for
fouling organisms, including pest species. These pest species can then be introduced to
new areas when oysters are cultivated and transferred. Finally, they also raise concerns
regarding the naturalization of non‐native oysters into reefs in areas outside their native
range. The concern is that the naturalization could lead to adverse ecological changes,
though the potential results are highly species‐ and situation‐specific.
Ruesink et al. (2005) looked at the introduction of oyster species worldwide, and the
various ecological roles the introduced species have played. Their literature review
resulted in crediting non‐native oyster culture with bringing in 78 invasive species in
nine regions around the world.
Ruesink et al. (2006) discussed the impact of four introduced species in Willapa Bay,
WA: two bivalves (Crassostrea gigas and Ruditapes philippinarum) and two plants (Spartina
alterniflora and Zostera japonica). The study argues that these introduced species have
dramatically increased secondary and primary production in the bay, while reshaping
its ecological character. The conclusion was that S. alterniflora and Z. japonica should
continue to be controlled, and that C. gigas and R. phillippinarum should be carefully
planted to protect estuarine resources.

As discussed in Section 5.3, the State of Washington has several programs in place to reduce
invasive species, and shellfish growers are held to very strict standards by WDFW not to
transfer invasive species. Shellfish growers are affected by invasive species like S. alterniflora, Z.
japonica, and oyster drills, and have been, and continue to be, part of the solution to reducing
their spread. Given the current regulatory and management practices that are in place, there is
no significant of commercial shellfish farms in Washington causing adverse impacts with
respect to parasites, disease, invasive species, and genetics.
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7.0

CONCLUSIONS

Based on our review of the updated SMP, it did not appear that changes made by Pierce County
related to shellfish aquaculture are supported by the scientific literature. This technical report
provided a review of the relevant literature, as it pertains to interactions between shellfish
aquaculture and the surrounding environment, in order to facilitate revisions to the Pierce
County SMP by Ecology during its review process. Overall, the shellfish aquaculture industry is
a highly regulated activity within federal, state, and local jurisdictions. As indicated by
numerous independent researchers and agencies, a well‐managed farm can result in a no‐net‐
loss to ecological functions, and for some parameters (e.g., water quality) can result in net
positive benefits to the surrounding environment. Evidence of this in Pierce County can be
observed by numerous historical farms that are mutually sustainable with the Natural shoreline
designation criteria provided under PCC 18S.20.30. Shellfish aquaculture, as conducted in
Pierce County, works within the resiliency of the system because of the avoidance,
conservation, and minimization measures developed, and advancing technologies that allow for
a reduction of human presence within a farm.
There were numerous comments provided by citizen groups, tribes, and agencies on the
updated SMP. While this information was substantial, no additional information was brought
forward that provided an indication that shellfish aquaculture in Pierce County is intensive or
resulting in significant effects to Pierce County shorelines. Many of the articles provided
actually further support the position that the shellfish aquaculture industry has a unique
incentive to develop sustainable practices in an ever changing setting within Puget Sound.
Water quality will continue to threaten the ability of shellfish growers to provide high quality
products. Taking steps to reduce or eliminate expanded culture within Pierce County, without
suitable justification, does not conform to consistent management and legislative decisions.
Therefore, we do not feel that Ecology should approve the language provided by Pierce County,
or should at the very least significantly alter the conditions so as to represent the best available
science related to shellfish aquaculture interactions with the surrounding environment.
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