From: BrownScott, Jennifer

To: Thomas, Sue

Subject: Aquaculture BiOp and References

Date: Tuesday, March 13, 2018 4:30:38 PM

Attachments: 01EWFW00-2016-F-0121.pdf
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Importance: High

Jennifer Brown-Scott

Refuge Manager

Washington Maritime NWRC
715 Holgerson Rd

Sequim, WA 98382

office: (360) 457-8451 ext.22
fax: (360) 457-9778

~~Dungeness NWR~Protection Island NWR~San Juan Islands NWR~~
~~Copalis NWR~Flattery Rocks NWR~Quillayute Needles NWR~~

—————————— Forwarded message ----------

From: McReynolds, Ryan <ryan mcreynol f V>

Date: Thu, Feb 22, 2018 at 4:18 PM

Subject: Re: Dungeness NWP48 (NWS-2007-1213)

To: "BrownScott, Jennifer" <jennifer brownscott@fws.gov>

Cc: Ryan McReynolds <ryan _mcreynolds@fws.gov>, Pam Sanguinetti
<pamela.sanguinetti@usace.army.mil>, Matt Bennett <matthew.j.bennett(@usace.army.mil>

Hi Jennifer,

Sorry I never found time (and forgot!) to get back with you ... It's a little crazy over here.

If indeed the Applicant/Tribe will be fully avoiding the use of anchored area nets (cover nets
or anti-predator nets), I would say that's a good outcome for birds.

Yes, the Programmatic Biological Opinion for Corps permitted shellfish activities was
completed (attached here). You might find the following sections most relevant and
informative: Activities Excluded from Programmatic Coverage, Conservation Measures,
Effects - Sound and Visual Disturbance, Effects - Physical Entrapment and Stranding, Effects
to Nearshore Habitat Structure/Function/Productivity, and Related or Additional
Considerations for Marine Birds and Shorebirds.



Presuming, as you previously indicated, the Corps will extend programmatic ESA coverage to
this activity, and authorize the activity under Nationwide Permit 48, the Applicant/Tribe will
need to 1) comply with the 28 conservation measures described in the Programmatic Biological
Opinion (pp. 33-37, including routine inspection and reporting of any entangled/entrapped fish or wildlife),
2) comply with the RPMs and Terms and Conditions from both the FWS Biological Opinion (pp. 206, 207)
and NMFS Biological Opinion, and 3) must NOT engage in any of the activities excluded from
programmatic coverage (pp. 31-33, including use of vertical fencing/nets/drift fences/oyster corrals, and
construction, maintenance, and/or operation of attendant features, such as docks, piers, boat ramps,
stockpiles, or staging areas).

I've cc'd Pam from the Corps, since she is frequently the Corps point-of-contact for these
projects and geography.

Let me know if you have questions.
Thanks,

- Ryan -

Ryan McReynolds

U.S. Fish and Wildlife Service, Lacey WA

Consultation & Conservation Planning Division

ryan_mcreynolds@fws.gov
360.753.6047
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In Reply Refer To:
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Michelle Walker

U.S. Army Corps of Engineers, Seattle District
ATTN: Regulatory Branch (Bennett)

P.O. Box 3755

Seattle, Washington 98124-3755

Dear Ms. Walker:

This letter transmits the U. S. Fish and Wildlife Service’s Biological Opinion (Opinion)
addressing the proposed Programmatic Consultation for Shellfish Activities in Washington State
Inland Marine Waters, located in portions of fourteen counties (Clallam, Grays Harbor, Island,
Jefferson, King, Kitsap, Mason, Pacific, Pierce, San Juan, Skagit, Snohomish, Thurston, and
Whatcom Counties, Washington), and its potential effects on the bull trout (Salvelinus
confluentus), designated critical habitat for the bull trout, and the marbled murrelet
(Brachyramphus marmoratus). Formal consultation on the proposed action was conducted in
accordance with section 7 of the Endangered Species Act of 1973, as amended (16 U.S.C. 1531
et seq.).

Your October 30, 2015, request for formal consultation was received on November 5, 2015.

The enclosed Opinion is based on information provided in your Biological Assessment and other
sources of information cited in the Opinion. The enclosed Opinion analyzes the effects of
shellfish operations and activities in coastal bays and the inland marine waters of Washington
State over the next 20 years (2016 to 2036). A complete record of this consultation is on file at
the Washington Fish and Wildlife Office in Lacey, Washington.

Your Biological Assessment included a request for our concurrence with “not likely to adversely
affect” determination(s) for certain listed resources (western snowy plover, Charadrius nivosus
nivosus; and, designated critical habitat for the western snowy plover). The enclosed document
includes a section separate from the Opinion that addresses your concurrence request(s). The
rationale for this concurrence is included in the concurrence section.




Michelle Walker 2

If you have any questions regarding the enclosed Opinion, our response to your concurrence
request(s), or our shared responsibilities under the Endangered Species Act, please contact Ryan
McReynolds at 360-753-6047, or Martha Jensen at 360-753-9000.

incerely, \R&J
(f_a(

~  Eric V. Rickerson, State Supervisor
Washington Fish and Wildlife Office

Enclosure(s)
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INTRODUCTION

This document represents the U. S. Fish and Wildlife Service’s (Service) Biological Opinion
(Opinion) based on our review of the proposed Programmatic Consultation for Shellfish
Activities in Washington State Inland Marine Waters, located in portions of fourteen counties
(Clallam, Grays Harbor, Island, Jefferson, King, Kitsap, Mason, Pacific, Pierce, San Juan,
Skagit, Snohomish, Thurston, and Whatcom Counties, Washington), and its potential effects on
the bull trout (Salvelinus confluentus), designated bull trout critical habitat, and the marbled
murrelet (Brachyramphus marmoratus), in accordance with section 7 of the Endangered Species
Act of 1973, as amended (16 U.S.C. 1531 et seq.)(ESA).

The U.S. Army Corps of Engineers, Seattle District (Corps) submitted a September 12, 2014,
request for formal consultation, which was received on September 15, 2014. A revised
Biological Assessment (BA), dated December 29, 2014, was received on December 30, 2014.

On April 27, 2015, the Service met with the Corps and National Marine Fisheries Service
(NMFS) to discuss unresolved questions about the proposed action, including implementation of
the proposed conservation measures, and several related issues and concerns voiced by Tribal
and Native American Indian Nations, representatives of the shellfish industry in Washington, and
the general public. On June 8, 2015, the Corps provided notice to the U.S. Fish and Wildlife
Service and National Marine Fisheries Service (collectively, the Services) that it intended to
review and revise the previously submitted BA.

On November 5, 2015, the Corps submitted a final revised BA and new request for formal
consultation (dated October 30, 2015). The enclosed Opinion is based on information provided
in the final revised BA (dated October 30, 2015), and other sources of information cited in the
Opinion. A complete record of this consultation is on file at the Washington Fish and Wildlife
Office in Lacey, Washington.

The Corps made “no effect” determinations for additional species and critical habitat that are
known to occur in Clallam, Grays Harbor, Island, Jefferson, King, Kitsap, Mason, Pacific,
Pierce, San Juan, Skagit, Snohomish, Thurston, and Whatcom Counties. Your determinations
that the action will have no effect on these listed species and critical habitat rest with the federal
action agency. The Service has no regulatory or statutory authority for concurring with “no
effect” determinations, and no consultation with the Service is required. We recommend that the
Corps document their analyses and maintain that documentation as part of their files.

CONSULTATION HISTORY
The following is a summary of important events associated with this consultation:

= The Corps submitted a BA and initial request for consultation on September 15, 2014.



= On October 27, 2014, the Services received a letter from the Pacific Coast Shellfish
Growers Association providing written comments and suggestions regarding the Corps’
regional, special permit conditions for shellfish activities (Plauche’ and Carr 2014).

= The Corps submitted a revised BA on December 30, 2014.

= During March 2015, the Service received copies of two letters sent to the Corps by the
Pacific Coast Shellfish Growers Association (PCSGA 2015) and Washington State’s
Congressional Delegation (U.S. Congress, House of Representatives, 6th District,
Washington 2015).

= OnJune 8, 2015, the Corps provided notice to the Services that it intended to review and
revise the previously submitted BA; the consultation was put on hold.

= The Corps submitted a final revised BA and new request for formal consultation on
November 5, 2015. Formal consultation on the proposed action was initiated on
November 5, 2015.

= A copy of the draft Opinion was provided to the Corps on May 13, 2016.
= Comments for the draft Opinion were received from the Corps on June 20, 2016.

= The Corps and Service corresponded via email (on July 28 and August 17, 2016)
regarding implementation of the programmatic.

CONCURRENCE
Western Snowy Plover and Western Snowy Plover Critical Habitat

The western snowy plover (Charadrius nivosus nivosus) is a small shorebird, about 6 inches
long, with a thin dark bill, pale brown to gray upper parts, white or light belly, darker patches on
its shoulders and head, white forehead and supercilium (eyebrow line). Their dark gray or black
legs are useful characteristics when comparing them to other plover species (Page et al. 1995a).

The Pacific Coast population of the western snowy plover is defined as those individuals that
nest adjacent to tidal waters of the Pacific Ocean, and includes all nesting birds on the mainland
coast, peninsulas, offshore islands, adjacent bays, estuaries, and coastal rivers (USFWS 2004a,b).
The breeding range of this population extends from the south-central Washington coast to Bahia
Magdalena, Baja California, Mexico (USFWS 2004a,b). Western snowy plovers that nest at
inland sites are not considered part of the Pacific Coast population, although a few individuals
may migrate to coastal areas during the winter months.



The Pacific Coast population of the western snowy plover was listed as threatened on March 5,
1993. Primary threats that warranted listing include loss and modification of habitat resulting
from European beach grass (Ammophila arenaria) encroachment, shoreline stabilization and
development, human disturbance (including recreational activities), and predation exacerbated
by development and human activities. On September 24, 2007, the Service published a final
recovery plan for the Pacific Coast population of the western snowy plover.

The Service has also published a final rule designating critical habitat for the western snowy
plover (77 FR 36727; June 19, 2012). The designation includes 60 units totaling 24,526 acres
along the coasts of California, Oregon, and Washington. Recovery Unit 1 includes four units in
Washington and nine units in Oregon. The four units in Washington are: WA 1 Copalis Spit
(407 acres), WA 2 Damon Point (673 acres), WA 3 Midway Beach (697 acres) and
Shoalwater/Graveyard Spit (696 acres), and WA 4 Leadbetter Spit (2,700 acres) and Gunpowder
Sands Island (904 acres).

The Corps issues permits and permit verifications authorizing shellfish activities on the tidelands
and in the inland marine waters of the State of Washington. While they may be issued for a
variety of purposes (i.e., commercial aquaculture, tribal and commercial wildstock harvest,
recreational enhancement, and restoration), the majority of these permits and permit verifications
(both by number and acreage) are issued to parties engaged in commercial aquaculture (i.e.,
farming and production of shellfish for human consumption)(Corps 2015, pp. 40-49). Issuance
of permits and permit verifications establishes a nexus requiring consultation under section
7(a)(2) of the ESA.

Shellfish culturing activities and practices are diverse (Corps 2015, pp. 11-38):
= The culturing of mussels and oysters suspended from floating rafts or longlines.

= Ground-based bottom culturing of oysters and clams, including geoduck clams (Panopea
generosa).

= Ground-based rack-and-bag, stake, and longline culturing of oysters. And,
= Ground-based bag culturing of clams.

Most shellfish culturing and harvest methods, practices, and techniques are used to some extent
across portions of each geographic sub-area (Willapa Bay, Grays Harbor, Hood Canal, south and
north Puget Sound), and many farm operators culture multiple species using a variety of
practices and techniques. Although shellfish activities are not always conducted for the purposes
of commercial aquaculture, the industry’s methods, practices, and techniques are also fairly
typical of those used in support of wildstock harvest, recreational enhancement, and restoration.

When viewed from a landscape perspective, shellfish activities are variable in density and
spatially discontinuous. At some locations, cultured tidelands extend with only occasional
interruption along extended lengths of the nearshore. At other locations, cultured tidelands are
interspersed along shorelines that support a range of other uses (residential, recreational, etc.).
Where cultured tidelands extend with only occasional interruption, interspersed uncultured areas



may experience direct or indirect effects, and are therefore considered part of the action area.
Regulated shellfish activities in Washington State, specifically those for which this Opinion
provides programmatic coverage, are likely to directly or indirectly affect more than 45,000
acres of nearshore marine habitat (45,000 to 50,000 acres in total; Willapa Bay: approx. 30,000
acres; Grays Harbor: approx. 4,000 acres; north Puget Sound: approx. 5,000 acres; south Puget
Sound: approx. 5,000 acres; and, Hood Canal: approx. 3,000 acres). Regulated shellfish
activities in Washington State also include subtidal wild geoduck harvest (a maximum of 6,050
acres per year in Hood Canal and Puget Sound).

The action area includes approximately 34,000 acres of tidelands located in Willapa Bay and
Grays Harbor. As working tidelands, where shellfish activities have for many years and will
continue to affect habitat conditions, most of the action area cannot be regarded as pristine in its
current state. Also, at some locations this habitat exhibits the effects of shoreline development
and alteration. Armored and hardened shorelines, marine and estuarine fill, and navigational
features are characteristic of the action area. At some locations these features impair important
natural processes that create and maintain functional western snowy plover habitat.

Shellfish culturing and harvesting activities have direct and indirect effects to nearshore marine
habitat structure, function, and productivity. These effects may have significance for how well
these habitats support the essential behaviors and needs of listed species, including the western
snowy plover.

Shellfish activities result in temporary elevated sound levels and visual disturbance. Most
shellfish activities associated with ground-based culturing are conducted as bouts of intermittent
activity, with each bout lasting a few hours. While some activities (e.g., frosting or graveling,
mechanical harrowing, mechanical harvest, dive-harvest, and suspended culturing techniques)
may be relieved or partially relieved of strict timing constraints, many still target specific tidal
elevations and therefore proceed as bouts of intermittent activity. Effects to the sound and visual
environment are temporal and limited in both physical extent and duration.

Shellfish culturing and harvesting activities result in measurable, temporary impacts to water
quality. Where these temporary impacts to water quality are concerned, our primary focus is on
four biologically and behaviorally relevant water quality parameters: turbidity, dissolved oxygen
(DO), biological oxygen demand (BOD), and nutrients (e.g., nitrogen and ammonium).
ENVIRON International Corp. (2011, p. 41) has observed that water quality conditions typically
reflect the pervasive influence of oceanic conditions, residence time, and other human activities
in these same nearshore environments and watersheds. Forrest et al. (2009, p. 5) have observed,
“...the potential for adverse water quality-related effects ... is low, which is perhaps not
surprising considering that intertidal farm sites are substantially or completely flushed on every
tidal cycle.” Temporary impacts to water quality are localized, limited in physical extent, and
low intensity.

Bivalves and other filter-feeding shellfish, whether occurring naturally or in farmed/cultured
settings, provide important benefits in the form of ecosystem services. The Service expects that
shellfish activities will generally, and in the majority of cases, provide long-term benefits in the
form of improved water quality and sequestration of carbon and nutrients. These ecosystem



services may be important as a means to control and prevent the effects of excess nutrient
additions occurring elsewhere in the contributing watersheds and may lessen or counteract the
potential for climate-induced ocean acidification and hypoxia.

Interactions between benthic/epibenthic communities and shellfish activities are complex and not
easily characterized with simple generalizations. Culturing equipment and materials placed on
and over the bed (including nets, bags, racks, stakes, longlines, and tubes), and the intensively
cultured shellfish (many of which are non-native species), modify habitat and may create new
habitat types (or habitat variants). The benthic community interacts with, and is influenced by,
equipment and materials placed on and over the bed, currents, wave action, patterns of sediment
transport, and the intensively cultured shellfish. Over the long-term (i.e., “grow-out” and cycles
of production), benthic community structure and composition may be strongly influenced by
these interactions.

Interactions between submerged aquatic vegetation, such as native eelgrass (Zostera marina) or
rooted kelp (attached brown algae in the order Laminariales), and shellfish activities are complex
and not easily characterized with simple generalizations. These interactions include competition
for space, competition for light (or shading), and physical damage that results from some
activities, practices, and techniques. However, not all of these interactions are detrimental to the
health of native eelgrass and rooted kelp. For instance, shellfish culturing provides a source of
nutrient enhancement, which supports plant growth and vigor, and frequently improves water
quality. The variety of factors influencing eelgrass recovery suggests the potential for significant
site-by-site and temporal variability. Culturing methods and techniques have variable effects to
patterns of eelgrass disturbance, recovery, and persistence, but the majority of these temporal
impacts are not likely to be persistent at the estuarine landscape scale.

Regulated shellfish activities occur in the vicinity of designated western snowy plover critical
habitat, but are generally located at a distance of at least one mile. The Corps has stated that
*...no activity would occur within 0.25 mile of ... critical habitat” (Corps 2015, p. 120). The
Corps has included a total of 28 conservation measures as elements of their proposed action
(Corps 2015, pp. 49-53). Permits and permit verifications issued by the Corps will incorporate
these measures as enforceable terms and conditions.

Effects of the Proposed Action

Willapa Bay is protected from the Pacific Ocean by Long Beach Peninsula, a long barrier spit.
Shellfish activities are located within the bay (east of the Long Beach Peninsula), while known
western snowy plover nesting areas and designated critical habitat are located west (i.e., on the
ocean side) of the spit. In Grays Harbor, known western snowy plover nesting areas and
designated critical habitat are located on protected state-owned lands (i.e., designated wildlife
areas and natural area preserves). The exposed intertidal zones (sand and mudflat) and
ephemeral sand spits present in both Willapa Bay and Grays Harbor provide suitable foraging
habitats. Therefore, there is a limited potential for foraging western snowy plovers to be exposed
to shellfish culturing and harvesting activities.



Although the Corps has included a number of conservation measures addressing the security of
culturing equipment (Corps 2015, pp. 49-53) and many growers and farm operators invest
significant time and resources to prevent the loss of culturing equipment, equipment such as nets
and tubes occasionally become dislodged and moved from farmed areas by wind and waves.
However, because regulated shellfish activities are located some distance from the beaches, spits,
and islands used intensively by western snowy plovers, and there is little overlap between
shellfish culturing and harvesting activities and suitable western snowy plover nesting and
foraging habitat, the Service expects that few, if any, western snowy plovers will be directly
exposed to shellfish activities. Also, to our knowledge, there have been no reported instances of
western snowy plovers becoming entrapped or entangled in shellfish culturing equipment, and
the foraging behaviors of this species make it extremely unlikely that individuals would become
entrapped or entangled in culturing equipment or gear. The Service concludes that the potential
for western snowy plover injury or mortality is discountable.

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for the operation of existing and proposed new shellfish activities and farms,
will have no measurable adverse effects to the western snowy plover, its habitat, or prey
resources. The distances to suitable nesting habitats (i.e., generally, if not always, a distance of
at least one mile and often separated by land) should preclude any adverse effects to nesting
individuals, their nests, or young. The proposed action will not damage, degrade, or disturb
suitable habitats located above the high tide line, will not degrade or impair the function of
suitable foraging habitats, or measurably reduce the availability of cover or essential sources of
food. The Service concludes that shellfish culturing and harvesting activities will not result in a
significant disruption of normal western snowy plover behaviors (i.e., the ability to successfully
feed, move, and/or shelter). With successful implementation of the proposed conservation
measures, the Service concludes that the foreseeable direct and indirect effects to individual
western snowy plovers, their habitat, and prey resources are insignificant.

The primary constituent elements (PCEs) of designated western snowy plover critical habitat
(i.e., the physical and biological features essential for conservation of the species) include:

1. Areas that are below heavily vegetated areas or developed areas and above the daily high
tides;

2. Shoreline habitat areas for feeding, with no or very sparse vegetation, that are between
the annual low tide or low water flow and annual high tide or high water flow, subject to
inundation but not constantly under water, that support small invertebrates, such as crabs,
worms, flies, beetles, spiders, sand hoppers, clams, and ostracods, and other essential
food sources;

3. Surf- or water-deposited organic debris, such as seaweed (including kelp and eelgrass) or
driftwood located on open substrates that supports and attracts small invertebrates
described in PCE #2 for food, and provides cover or shelter from predators and weather,
and assists in avoidance of detection (crypsis) for nests, chicks, and incubating adults;



4. Minimal disturbance from the presence of humans, pets, vehicles, or human-attracted
predators, which provide relatively undisturbed areas for individual and population
growth and for normal behavior.

[Note: New critical habitat regulations (81 FR 7214; February 11, 2016) use physical or
biological features (PBFs) rather than PCEs. The shift in terminology does not change the
approach used in conducting a “destruction or adverse modification” analysis, which is the same
regardless of whether the original designation identified PCEs, PBFs, or essential features.
References here to PCEs should be viewed as synonymous with PBFs.]

None of the continuing shellfish activities and farms are located within designated critical habitat
for the western snowy plover. It is extremely unlikely that proposed new shellfish activities and
farms would be located in designated critical habitat. The proposed action will not damage,
degrade, or disturb suitable habitats located above the high tide line, will not degrade or impair
the function of suitable foraging habitats, or measurably reduce the availability of cover or
essential sources of food. The distances to suitable nesting habitats and designated critical
habitat (i.e., generally, if not always, a distance of at least one mile and often separated by land)
should preclude any measurable effects. With successful implementation of the proposed
conservation measures, the Service concludes that shellfish culturing and harvesting activities
will not measurably degrade or impair the current function of the PCEs. Foreseeable direct and
indirect effects to the PCEs of designated western snowy plover critical habitat are therefore
considered insignificant.



BIOLOGICAL OPINION

DESCRIPTION OF THE PROPOSED ACTION

A federal action means all activities or programs of any kind authorized, funded, or carried out,
in whole or in part, by federal agencies in the United States or upon the high seas (50 CFR
402.02).

This Biological Opinion (Opinion) addresses permits and permit verifications issued by the U.S.
Army Corps of Engineers, Seattle District (Corps), for shellfish activities conducted on the
tidelands and in the inland marine waters of the State of Washington. The Corps issues permits
and permit verifications, under Section 404 of the Clean Water Act and Section 10 of the Rivers
and Harbors Act, authorizing shellfish activities for the purposes of commercial aquaculture
(i.e., farming and production of shellfish for human consumption), wildstock harvest, recreation,
and restoration. This Opinion analyzes the effects of shellfish operations and activities in
coastal bays and the inland marine waters of Washington State over the next 20 years (2016 to
2036).

Issuance of permits and permit verifications establishes a nexus requiring consultation under
section 7(a)(2) of the Endangered Species Act of 1973, as amended (16 U.S.C. 1531 et
seq.)(ESA). This Opinion addresses the Corps’ shellfish permits and permit verifications, and
related or resulting potential effects to ESA-listed species and designated critical habitat that are
under the jurisdiction of the U.S. Fish and Wildlife Service (Service).

The Corps issues permits and permit verifications authorizing shellfish activities on the tidelands
and in the inland marine waters of the State of Washington. While they may be issued for a
variety of purposes (i.e., commercial aquaculture, tribal and commercial wildstock harvest,
recreational enhancement, and restoration), the vast majority of these permits and permit
verifications (both by number and acreage) are issued to parties engaged in commercial
aquaculture (i.e., farming and production of shellfish for human consumption)(Corps 2015, pp.
40-49).

Historically, commercial shellfish aquaculture has been important to both the state and regional
economies. This importance continues today, and the industry is both well established and
diversified. Commercial aquaculture farms operating on the Washington coast (Willapa Bay,
Grays Harbor), in Hood Canal, and the Puget Sound (Figure 1) culture and harvest more than a
dozen commercially viable varieties of clams, oysters, and mussels.
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Figure 1. Washington tidelands, coastal bays, and inland marine waters.
(Corps 2015, p. 10)



Shellfish culturing activities and practices are correspondingly diverse and include (Corps 2015
pp. 11-38):

= The culturing of mussels and oysters suspended from floating rafts or longlines.

= Ground-based bottom culturing of oysters and clams, including geoduck clams (Panopea
generosa).

= Ground-based rack-and-bag, stake, and longline culturing of oysters. And,
= Ground-based bag culturing of clams.

Farm operators generally choose to culture those species, and generally choose to select from
those culturing methods or practices, that are best suited to the tidal elevations, substrates, and
other physical and biological conditions or factors found at specific sites (e.g., exposure to
prevailing wind and wave action, predation pressure). Market conditions and the desired
marketable product are also important considerations. Some shellfish culturing activities and
practices are better established, better suited and more profitable, in one or another geographic
locality. For example, across Washington’s marine waters, intertidal geoduck culturing and
harvest is concentrated on the suitable mud- and sand-dominated tidelands of the south Puget
Sound (Corps 2015, p. 45).

However, most shellfish culturing and harvest methods, practices, and techniques are used to
some extent across portions of each geographic locality (Willapa Bay, Grays Harbor, Hood
Canal, south and north Puget Sound), and many farm operators culture multiple species using a
variety of practices and techniques. Although shellfish activities are not always conducted for
the purposes of commercial aquaculture, the industry’s methods, practices, and techniques are
also fairly typical of those used in support of wildstock harvest, recreation, and restoration.

The sub-sections that follow describe sequentially: ground-based bottom culturing of geoduck
clams; ground-based culturing of clams (bottom, bag); ground-based culturing of oysters
(bottom, rack-and-bag, stake, longline); and suspended culturing of oysters and mussels. Each
briefly describes hatchery and nursery operations, site/bed preparation, seeding or planting,
maintenance, and harvest. For a fuller description of these methods, practices, and techniques,
the reader is referred to documentation prepared by the Corps (Corps 2015, pp. 11-38).

Ground-Based Bottom Culturing of Geoduck

The Pacific geoduck is a large native clam found in soft intertidal and subtidal substrates from
California to Alaska, to depths of more than 60 meters (Goodwin 1976 in Straus et al. 2013, p.
1). Lucrative commercial geoduck fisheries exist in Washington and Alaska, British Columbia,
and Baja California (Hoffmann et al. 2000 and Aragon-Noriega et al. 2012 in Straus et al. 2013,
p. 1). In Washington, geoduck are typically cultured on intertidal beds, from +5.0 to -4.5 mean
lower low water (MLLW)(Corps 2015, p. 30). For a full description of the life history,
reproduction, distribution, and habitat of this species, the reader is referred to an available
Washington Sea Grant publication (Straus et al. 2013, pp. 1-5).

10



Hatchery and Nursery Operations

Hatcheries are typically corporate and off-site, serving many customers. They are often located
in the uplands and their operations do not require a Corps permit. Shellfish seed is grown and
matured in hatcheries to a size where it is less vulnerable to either predation or desiccation,
before being outplanted. Operation of upland hatcheries is not part of the Corps’ proposed
action.

Floating Upwelling Systems, or FLUPSYSs as they are commonly called (Figure 2), provide a
means for maturing large quantities of seed (Corps 2015, p. 16). FLUPSYs are typically placed
in the lower intertidal or shallow subtidal zones. Seed is placed in bins with screened bottoms,
lowered into openings in a floating frame, and suspended in the water column. A paddle wheel
or pump continuously draws seawater through the system, feeding the shellfish seed, and
flushing feces and pseudofeces. FLUPSY floating platforms are typically equipped with
overhead hoists and, because they also typically require a source of electrical power, they are
commonly positioned next to a dock or pier (Corps 2015, p. 16).

Once purchased by a grower/farm operator, seed is often allowed to further mature before being
outplanted. Some growers use upland tanks for this purpose, while others use elevated trays or
bins, placed on and above the intertidal substrates of their farm footprint (Corps 2015, p. 15).
These trays, bins, and racks are typically composed of plastic, angle iron, and/or rebar; wood and
plywood materials are less commonly used. “Seed boosting” on the intertidal bed is a
widespread and well-established practice, and is typical of many or most farms that practice
ground-based shellfish culturing.

Site/Bed Preparation

Preparation of a geoduck bed or farm plot typically includes the following activities: pre-harvest
of marketable product; removal or relocation of coarse wood, unrooted algae (e.g., sea lettuce,
Ulva lactuca), and native and non-native shellfish predators; and, hand raking (Corps 2015, p.
30). Some growers/farm operators may use a mechanical harrow, often pulled on the exposed
intertidal bed with a small tractor or all-terrain vehicle (ATV), to remove marketable product
(e.q., pre-harvest of clams). Leveling and harrowing of the bed may in some instances result in
measurable impacts to submerged aquatic vegetation, including native eelgrass and/or rooted
kelp.

Native shellfish predators, which are sometimes actively removed from farm plots, include moon
snails (Polinices lewisii), sea stars (Pisaster brevispinus and Pycnopodia helianthoides), and
sand dollars (Clypeasteroida), including the eccentric sand dollar or sea-cake (Dendraster
excentricus). The non-native eastern oyster drill (Urosalpinx cinerea) and Japanese oyster drill
(Ocinebrellus inornatus) are not typically a problem for cultured geoduck, but are commonly
removed from oyster beds.
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Figure 2. A Floating Upwelling System, or FLUPSY..
(Corps 2015, p. 16)

A mechanical harrow is a skidder with many tines, towed along and through the shallow surface
of the substrate. The harrow’s tines penetrate the substrate a few inches, break up oyster
clusters, and move clams and oysters upward toward the surface (Corps 2015, p. 17).
Mechanical harrowing typically plays a small role in preparing some cultured geoduck beds, but
plays a significant role on many farms that practice ground-based clam and oyster culturing.

Seeding or Planting

Until more fully matured and embedded in the substrate, geoduck seed is vulnerable to both
predation and desiccation. The geoduck culturing practices and techniques that are in widest use
employ tubes and nets placed on the intertidal bed to prevent and minimize losses of seed and
immature clams.

The most common method uses inert (i.e., chemically inactive) 6-inch diameter by 9-inch long
polyvinyl chloride (PVC) pipe; exact dimensions vary (Corps 2015, p. 30). The pipe sections, or
tubes, are typically inserted in the substrate by hand, at low tide. Tubes are typically installed at
a density of approximately 1 tube per square foot, or about 42,000 tubes per acre (Figure 3).
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Two to four geoduck seeds are placed in each tube, and the top of each tube is often covered with
a small, plastic mesh covering, which is secured with a rubber band. Some growers have begun
to use flexible net tubes (composed of Vexar®) instead of PVVC pipe (Corps 2015, p. 30). Many,
perhaps most, geoduck growers/farm operators also install large, anti-predator, cover nets over
the field of tubes (Figure 4).
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Figure 3. Geoduck tubes.
(Corps 2015, p. 31)

Figure 4. Anti-predator cover nets placed over a field of geoduck tubes
(Corps 2015, p. 32)
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Anti-predator, cover nets may be composed of either plastic or organic fibers, and are typically
anchored at the periphery with embedded rebar or metal staking. Cover nets minimize predation
losses, but also serve to prevent tubes from becoming dislodged under wind and wave action,
and keep dislodged tubes on the farm plot (Corps 2015, p. 30). Anti-predator, cover and
exclusion nets are available from a variety of commercial sources, in varying mesh size and
dimensions (Washington Sea Grant 2005, pp. 10, 17). Mesh size varies by application and/or
preference, typically ranging from ¥4 x ¥4 inch to % x % inch or larger (Figure 5).
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Figure 5. Common clam aquaculture net mesh sizes
(InterNet® Inc., 2004 in Ayers 2006, p. 5)

Another method being used to exclude predators on cultured geoduck beds. “Net tunnels” are
composed of narrow and long polyethylene nets, placed over a rebar frame (Corps 2015, p. 30).
The edges of the tunnels are embedded in the substrate and anchored. The mesh opening is
typically either 1/4-inch or 3/8-inch, and the typically 24-inch to 48-inch wide net is held a few
inches above the substrate by the rebar frame (Figure 6).

Maintenance

Geoduck farm plots are patrolled by crews on a regular basis. Cover nets and net tunnels may
become fouled with algae and other organisms (especially during warmer summer months), and
are therefore typically removed and/or cleaned with some frequency. Nets may be taken to an
upland location for drying and cleaning, or (less commonly) fouling organisms may be removed
from the nets while they remain in place (Corps 2015, p. 33).

Geoduck tubes and nets are typically removed after one or two growing seasons, after the young
clams have buried themselves to a depth sufficient to evade predators (approximately 14 inches).
Used tubes and nets are dried, cleaned, and re-used. Worn-out tubes and nets are handled as
waste, and are disposed of at appropriate upland facilities and locations.

The Corps commonly requires that (Corps 2015, p. 51): “All tubes, mesh bags, and area nets
shall be clearly, indelibly, and permanently marked to identify the permittee name and contact
information (e.g., telephone number, email address, mailing address). On nets, identification
markers shall be placed with a minimum of one identification marker for each 50 ft of net.”
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Figure 6. Geoduck net tunnels over rebar frames (Corps 2015, p. 32).

Harvest

Cultured geoduck clams are typically harvested 4 to 7 years after planting, when individuals
reach approximately 2 pounds in weight. Geoduck clams are harvested from intertidal beds at
low tide (“beach harvest”), or by divers at middle or high tides from intertidal and subtidal beds
(“dive harvest”)(Corps 2015, p. 33). In either case, the clams are typically harvested using hand-
operated water jet probes. Seawater pumped at a pressure of approximately 40 pounds per
square inch, and 20 gallons per minute, is injected at the vicinity of each harvestable geoduck,
liquefying the substrate and allowing extraction of the clam by hand.

Geoduck harvesting occurs year-round and is not limited by tidal height. However, dive
harvesting tends to be the dominant method during winter months (November through February),
due to the prevalence of high daytime tides and absence of suitable low tides for daytime beach
harvests (Corps 2015, p. 33). Because market conditions for geoduck clams are most favorable
during the winter months, dive harvests probably account for 75 percent or more of the total
geoduck harvest effort. A dive harvest is typically supplemented with a follow-up beach harvest,
and both dive and beach harvests are conducted by most growers. Farm operators typically make
several sweeps of the geoduck bed to ensure that all marketable geoduck clams are removed
before the bed is prepared for a new crop.
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Subtidal Wild Geoduck Harvest

The Corps’ BA also describes subtidal wild geoduck harvest (Corps 2015, pp. 3, 5, 30, 34, 46,
47, 80, 84, 89, 92, 93, 99, 100). The Corps has indicated that they are seeking programmatic
coverage for this activity. The Corps is seeking programmatic coverage for subtidal wild
geoduck harvest on a maximum of 6,050 acres per year, at depths to -70 ft MLLW in Hood
Canal and the Puget Sound.

During 2008, the Service and NMFS approved a low-effect Habitat Conservation Plan (HCP)
developed in coordination with the Washington State Department of Natural Resources (DNR)
for their commercial geoduck fishery. The HCP and corresponding Opinion (USFWS 2009b)
assessed effects of the State’s program for commercial harvest of wild geoduck clams at depths
between -18 and -70 ft MLLW, across approximately 400 harvest tracts and more than 30,000
acres (separate from the Tribal harvest areas) in the Puget Sound, Hood Canal, San Juan Islands,
and eastern Strait of Juan de Fuca. That record of HCP approval indicates minor and small-scale
effects resulting from elevated turbidity and sedimentation during harvest activities (Service Ref.
No. PRT-TE187810-0). The low-effect HCP and corresponding Opinion (USFWS 2009b) found
that deep subtidal harvest of wild geoduck has at most a low potential for any significant effects
on listed species and critical habitat.

While to date the Corps has seldom, if ever, applied its authorities and jurisdiction to regulate
subtidal wild geoduck harvest, it has consistently requested that the Services provide coverage
for the activity (Corps 2015, pp. 3, 5, 30, 34, 46, 47, 80, 84, 89, 92, 93, 99, 100). This Opinion
addresses the potential effects of subtidal wild geoduck harvest because it is included as part of
the Corps’ proposed action.

Ground-Based Culturing of Clams (Bottom, Bag)

Several species of clams are commercially cultured and harvested in Washington State, including
the Pacific littleneck clam (Leukoma staminea), Manila clam (Venerupis philippinarum), butter
clam (Saxidomus gigantea), Eastern soft shell clam (Mya arenaria), horse clam (Tresus nuttallii
and Tresus capax), and cockle (Clinocardium nuttallii)(Corps 2015, p. 23). The most commonly
and widely cultured clam, the Manila clam, is not native to Washington State. Clams are
typically cultured on the intertidal bed, from +7.0 to -4.5 MLLW.

Hatchery and Nursery Operations

An earlier sub-section discussed hatchery and nursery operations typical of geoduck culturing
(p. 11). Clam growers and farm operators use all or most of the same methods, practices, and
techniques. However, reliance upon natural set and seeding is also a fairly common practice
among both clam and oyster growers. Where wild populations and natural spawning occur,
viable seed can be acquired by creating substrate conditions that foster larval attachment and
survival.
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Site/Bed Preparation

Where clams are cultured directly on the substrate (bottom culture) graveling or frosting is a very
common practice (Corps 2015, p. 24). Washed gravel, shell, and shell fragments are distributed
over the substrate surface in thin layers. The most common method for graveling or frosting
uses a floatable barge deck, from which piles of gravel and shell are sprayed or sluiced onto a
tidally-inundated bed (Figure 7). Several thin layers of material are typically placed over a
period of days. Some growers/farm operators gravel or frost their clam beds on an annual basis,
while others do so less frequently. These decisions generally reflect site-specific physical
conditions and needs.

An earlier sub-section discussed methods of site/bed preparation typical of geoduck culturing

(p. 11). Clam growers and farm operators use all or most of the same methods, practices, and
techniques. Preparation of a ground-based culture clam bed or farm plot typically includes the
following activities: pre-harvest of marketable product; removal or relocation of coarse wood,
unrooted algae (e.g., sea lettuce), and native and non-native shellfish predators; and, hand raking
(Corps 2015, p. 24). Some growers/farm operators may use a mechanical harrow to remove
marketable product (pre-harvest). Larger, contiguous clam and oyster tracts are sometimes
leveled mechanically, most commonly by dragging a chain or bag from a vessel traveling at slow
speed (Corps 2015, p. 17). Leveling and harrowing of the bed may in some instances result in
measurable impacts to submerged aquatic vegetation, including native eelgrass and/or rooted
kelp.

Seeding or Planting

Where hatchery-produced clam seed is used, methods for seeding bottom culture clam beds or
farm plots vary depending on site-specific factors (including predation pressure). Methods
include (Corps 2015, p. 24): hand-spreading seed at low tide upon bare, exposed substrate; hand-
spreading seed on an incoming tide at water depths of approximately 4 inches; hand-spreading
seed on an outgoing tide at water depths of approximately 2 to 3 ft; and, spreading seed at high
tide from a boat or barge.

Immediately after planting, anti-predator cover nets are typically placed over the entire seeded
clam bed. These nets may be composed of either plastic or organic fibers, and are typically
anchored at the periphery with embedded rebar or metal staking. Mesh size varies by application
and/or preference, typically ranging from ¥ x ¥4 inch to % x % inch or larger (Figure 5, p. 14).
Some growers bury the net edges, or weigh-down the edges with a lead line (Corps 2015, p. 25).
Once placed over a seeded clam bed, anti-predator cover nets typically remain in place until
harvest.

Clams cultured in plastic mesh bags are typically placed directly on the substrate (Figure 8). The
bags contain washed gravel, shell, shell fragments, and clam seed, and are closed with a plastic
or metal fastener (Corps 2015, p. 29). Prior to setting bags on the intertidal bed, shallow
trenches (typically 2 to 4 inches deep) may be dug, typically during low tide and with hand tools,
to establish a secure foundation for the bags. Where tidal, wind, or wave action is strong, bags
may be held in place with metal stakes or rebar.
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Figure 7. Graveling (frosting) over a clam bed
(Corps 2015, p. 25)

Figure 8. Manila clam bags placed on an exposed intertidal bed
(Corps 2015, p. 29)
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Maintenance

Farm plots are patrolled by crews on a regular basis. Surveys are conducted seasonally, to assess
seed survival and distribution, and to estimate potential yield (Corps 2015, p. 25). Depending
upon survey results, bottom cultured clam beds may be seeded again. Crews also monitor clams
cultured in plastic mesh bags. The bags are commonly turned and de-fouled to optimize growing
conditions.

Cover nets may become fouled with algae and other organisms, and are therefore typically
removed and/or cleaned with some frequency. Nets may be taken to an upland location for
drying and cleaning, or (less commonly) fouling organisms may be removed from the nets while
they remain in place (Corps 2015, p. 25).

Harvest

Bottom cultured clams are typically dug by hand at low tide, using a clam rake and/or shovel. A
given clam bed may contain multiple year classes of clams, and therefore only the market-size
clams (typically corresponding to 3 years of age) are selectively harvested, placed in buckets,
bagged, tagged, and removed from the farm plot (Corps 2015, p. 25). Once sorted, any
undersized clams are typically returned to the beds. Those that are that are retained for sale are
typically bagged and placed in wet storage elsewhere on the farm footprint. Clams are typically
held in wet storage for a period of approximately 24 hours, to facilitate purging of sand and grit,
and thereby improve the marketable product.

Clams cultured in bags are harvested by hand, typically when the bed is covered by one or two ft
of water (Corps 2015, p. 29). Sand and mud is shaken from the bags before they are removed for
sorting.

Bottom cultured clams are sometimes harvested mechanically, most notably in Samish Bay
(Corps 2015, p. 26). Mechanical clam harvesters are driven or pulled across the exposed bed at
low tide, and the clams are “swept” onto a conveyor belt (Figure 9). Another type of mechanical
harvesting equipment, the hydraulic escalator (Figure 10), has been mostly or completely phased
out and is no longer used in Washington State. The Corps’ programmatic consultation for
shellfish activities does not provide coverage for harvesting conducted with a hydraulic escalator
and use of this type of machinery is specifically excluded from coverage under the Corps
programmatic consultation (Corps 2015, p. 26). A complete list of the activities, methods, and
practices that are excluded from coverage under the Corps programmatic consultation is
provided in a sub-section that follows.
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Figure 9. Mechanical clam harvester
(Pacific Shellfish Institute 2015)

Figure 10. Hydraulic escalator
(MacPhail 1961)
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Ground-Based Culturing of Oysters (Bottom, Rack-and-Bag, Stake, Longline)

Several species of oyster are cultured or harvested in Washington State, including the Pacific
oyster (Crassostrea gigas), Kumamoto oyster (Crassostrea sikamea), Eastern or American
oyster (Crassostrea virginica), European flat oyster (Ostrea edulis), and the Olympia oyster
(Ostrea conchaphila)(Corps 2015, p. 14). Only the Olympia oyster is native to Washington
State, and the species (because of its small size) is generally cultured for the purposes of
restoration.

Oyster growers and farm operators use a wide variety of culturing methods, practices, and
techniques. Where appropriate, the content that follows describes and differentiates between the
practices common to ground-based bottom culturing, rack-and-bag, stake, and longline culturing.
A final sub-section addresses culturing of oysters and mussels suspended from floating rafts.

Hatchery and Nursery Operations

An earlier sub-section discussed hatchery and nursery operations typical of geoduck culturing
(p. 11). Oyster growers and farm operators use all or most of the same methods, practices, and
techniques. However, reliance upon natural set and seeding is also a fairly common practice
among oyster growers. Where wild populations and natural spawning occur, viable seed can be
acquired by creating substrate conditions that foster larval attachment and survival.

Oyster cultch is the basis for both ground-based and suspended culturing of oysters. While the
term “cultch” may refer to the mass of stone, broken shell, and grit that compose an oyster bed,
where used here the term refers to aged oyster shell that has been prepared and placed in the
intertidal or shallow subtidal zone with the specific goal of collecting a natural set of oyster seed
(or “spat”)(Corps 2015, p. 14). Cultch is sometimes seeded in a hatchery or in upland tanks, but
the practice of placing bundled cultch on the intertidal bed is more common.

Washed and aged oyster shells are bundled in plastic mesh bags and then placed in the intertidal
or shallow subtidal zone, either directly on the substrate or on pallets (Figure 11). After spat has
settled and firmly attached (or cemented) to the shells, the seeded cultch is ready for out-planting
on the bed or farm plot (Corps 2015, p. 14).

Site/Bed Preparation

An earlier sub-section discussed methods of site/bed preparation typical of geoduck culturing

(p. 11). Oyster growers and farm operators use all or most of the same methods, practices, and
techniques. Preparation of a ground-based culture oyster bed or farm plot typically includes the
following activities: pre-harvest of marketable product; removal or relocation of coarse wood,
unrooted algae (e.g., sea lettuce), and native and non-native shellfish predators; and, leveling and
harrowing of the bed (Corps 2015, p. 16). Leveling and harrowing of the bed may in some
instances result in measurable impacts to submerged aquatic vegetation, including native eelgrass
and/or rooted kelp.
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An earlier sub-section discussed graveling or frosting of cultured clam beds (p. 17). This same
practice is used by many oyster growers/farm operators (Corps 2015, p. 17), especially where the
native substrates are unconsolidated and must be “hardened” to prevent oysters from sinking and
smothering. Some growers gravel or frost their oyster beds on an annual basis, while others do
so less frequently. These decisions generally reflect site-specific physical conditions and needs.
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Figure 11. Bundled oyster cultch stacked on pallets
(Corps 2015, p. 15)

Mechanical methods of preparing and maintaining the cultured beds, and of harvesting, are fairly
common and widespread among Washington State’s oyster growers and farm operators. Larger,
contiguous oyster beds are often leveled mechanically, most commonly by dragging a chain or
bag from a vessel traveling at slow speed (Corps 2015, pp. 15, 17, 19). Growers use mechanical
harrows to pre-harvest and prepare beds, to pull sunken and embedded oysters to the surface, and
to recover oysters that have dislodged and fallen from stakes or longlines (Corps 2015, pp. 17,
20). A sub-section that follows discusses these practices in detail, including their unavoidable
impacts to submerged aquatic vegetation (native eelgrass and rooted kelp). These practices are
used extensively in Willapa Bay, but are far less common in all of other geographic sub-areas
(Grays Harbor, Hood Canal, south and north Puget Sound).
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Historically, some oyster growers have used anchored vertical fencing or nets (drift fences or
oyster corrals) to stabilize and prevent oysters and oyster shell from being moved off the cultured
bed. Available information suggests this practice was never widely used in Washington State,
and the Corps’ programmatic consultation does not provide coverage for the practice or activity;
use of drift fences or oyster corrals is specifically excluded from coverage under the Corps
programmatic consultation (Corps 2015, p. 39). A complete list of the activities, methods, and
practices that are excluded from coverage under the Corps programmatic consultation is
provided in a sub-section that follows (see Activities Excluded from Programmatic Coverage).

Seeding/Planting

Where oysters are cultured directly on the intertidal bed (bottom culture) seeded cultch may be
cast by hand and distributed on the beds, or sluiced/sprayed from a barge deck (Corps 2015, p.
16). Oysters cultured in plastic mesh bags may be placed directly on the substrate, or hung from
racks (rack-and-bag culture). Anchored wood or metal racks are used to suspend the bags above
the intertidal bed (Corps 2015, p. 22), prevent smothering, and create optimal growing
conditions. Bags are commonly fixed to the racks with plastic or metal fasteners.

Some oyster growers use a tumble bag system (Figure 12). Tumble bags incorporate small floats
and, as the tides rise and fall, the bags are repeatedly inverted and tumbled (Corps 2015, p. 23).
Tumble bags prevent smothering and harden oysters, sometimes producing a product meant
specifically for the premium, raw-on-shell market.

Ground-based culturing systems that use oyster stakes and longlines are fairly common and
widespread in Washington State. Stakes composed of a hard-surfaced material (e.g., metal or
PVC pipe) are embedded in the substrate, typically with 2-foot spacing (Corps 2015, p. 21).
Seeded cultch is attached to the stakes and suspended above the intertidal bed. Some growers
attach unseeded cultch, or allow a native encrusting community to grow on the stakes, and then
rely upon a natural seed set (Corps 2015, p. 21).

Where longline culturing is practiced, oysters are grown in clusters, attached to rope lines
suspended above the intertidal bed between upright stakes (Corps 2015, pp. 19, 20). The rope
lines are typically composed of either polypropylene or nylon, and are typically held less than
three feet above the intertidal bed (Figure 13). Stakes and longlines prevent oysters from sinking
and smothering, and also serve to control and minimize exposure to predators inhabiting the
intertidal bed.

Maintenance

Where oysters are cultured directly on the intertidal bed (bottom culture) anti-predator cover nets
may be installed and maintained. These nets may be composed of either plastic or organic fibers,
and are typically anchored at the periphery with embedded rebar or metal staking. Mesh size
varies by application and/or preference, typically ranging from ¥4 x ¥4 inch to % x % inch or
larger (Figure 5, p. 14). Some growers bury the net edges, or weigh-down the edges with a lead
line. Also, where oysters are cultured directly on the intertidal bed, the farm plot may be
reseeded to either augment the natural seed set or address poor hatchery seed survival.
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Farm plots are patrolled by crews on a regular basis. Nets, bags, racks, stakes, and longlines are
all routinely inspected to ensure that they remain secure (Corps 2015, pp. 17-23). Culturing
equipment is de-fouled, repaired, and replaced as necessary, and oysters are periodically thinned
or redistributed to optimize growing conditions.

Figure 12. Oyster tumble bags
(Corps 2015, p. 23)

Figure 13. Oyster longlines
(Corps 2015, p. 20)
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Farmed oysters are commonly collected and redistributed across multiple farm plots during
grow-out (Corps 2015, p. 17). Some beds and farm plots provide conditions that are best suited
for collecting a natural seed set, some are ideal for maturing young oysters, and others are better
suited for “fattening” mature oysters prior to final harvest. Many, perhaps most, growers/farm
operators transplant their oysters across multiple sites within and between individual farms,
depending upon age, maturity, and rate of growth.

Growers/farm operators commonly use mechanical harrows to pull sunken and embedded
oysters to the surface, and to recover oysters that have dislodged and fallen from stakes or
longlines (Corps 2015, pp. 17, 21).

Harvest

Rack-and-bag, staked, and longline cultured oysters are all typically harvested by hand at low
tide (Corps 2015, pp. 19-21). A given bed may contain multiple year classes of oysters, and
therefore only the market-size oysters are selectively harvested, sorted, bagged, tagged, and
removed from the farm plot.

Oysters cultured on longlines are sometimes harvested mechanically (Corps 2015, p. 21). Buoys
are attached to the lines at low tide. Specialized equipment is used during a middle or high tide
to reel the lines in to a working vessel or barge deck, and cut and remove the market-size oysters.

Where oysters are cultured directly on the intertidal bed (bottom culture) hand harvesting at low
tide (Figure 14), and mechanical dredge harvesting at middle or high tides, are both common and
widespread practices (Corps 2015, p. 17). Mechanical oyster dredges are deployed from one or
both sides of a working vessel or barge. The dredge bag(s) are lowered to an elevation at or just
below the bed surface by boom crane or hydraulic winch, and pulled at slow vessel speeds across
and through the substrate. The dredge bags are emptied onto a barge deck, and then redeployed
(Figure 15). A given area may be dredged twice in succession to ensure recovery of the
maximum number of oysters, and the farm plot may be mechanically harrowed between the two
successive dredge harvests in order to increase the recovery of oysters (Corps 2015, p. 17). A
sub-section that follows discusses these practices in detail, including their unavoidable impacts
to submerged aquatic vegetation (native eelgrass and rooted kelp).
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Figure 14. Hand harvest of bottom cultured oysters
(Corps 2015, p. 19)

Figure 15. Oyster dredge with boom cranes and bags
(Corps 2015, p. 19)

26



Oyster Culturing and Native Bed Enhancement for the Purposes of Restoration

Over recent years, native oysters (O. conchaphila) have been cultured, and native and non-native
oyster beds have been enhanced, for purposes of habitat improvement, ecological restoration,
water quality improvement, and/or to increase the size of native shellfish populations (Corps
2015, p. 48). Much of this work serves the dual purpose of testing and monitoring new methods
and protocols, and will provide scientific information to inform future decisions. Examples of
these projects include: Puget Sound Restoration Fund - Native Oyster Enhancement Projects
(Service Ref. No. 01IEWFWO00-2013-1-0414); Eelgrass Pilot Study - Custom Plywood Interim
Remedial Action (Service Ref. No. 13410-2011-1-0435); and, Hood Canal Mariculture and Puget
Sound Restoration Fund - Algae Mariculture Demonstration Facility (Service Ref. No.
01EWFWO00-2016-1-0147). These activities include site/bed preparation, seeding or planting,
maintenance, monitoring, and limited harvest (i.e., for the purpose of biological sampling).

Suspended (or Floating) Culturing of Oysters and Mussels

In addition to the previously mentioned oyster species, two species of mussel are cultured in
Washington State: the native Pacific blue mussel (Mytilus trossulus), and the non-native
Mediterranean or Gallo mussel (Mytilus galloprovincialis)(Corps 2015, p. 11). Oysters and
mussels are both grown in Washington State using methods that suspend nets, screens, socks,
ropes, wires, and/or longlines from floating rafts and buoys.

Hatchery and Nursery Operations

An earlier sub-section discussed hatchery and nursery operations (p. 11). Farm operators
growing oysters and mussels use all or most of the same methods, practices, and techniques.
Oyster cultch is the basis for both ground-based and suspended culturing of oysters.

Site/Bed Preparation

Suspended culturing of oysters and mussels is practiced over subtidal waters and there is little or
no direct engagement with the bed and substrate (Corps 2015, pp. 11, 16). Floating rafts and
buoyed longlines do require an anchoring system, and waste produced by the growing shellfish
(feces, pseudofeces) settles on the sea bed below. However, other than the setting of secure
anchors, suspended culturing does not generally require site or bed preparation.

Floating rafts are composed of lumber, aluminum, galvanized steel, and/or plywood, with some
form of encapsulated flotation (Corps 2015, p. 11). Longlines are typically composed of heavy
polypropylene or nylon rope, suspended from a float or series of buoys.

Seeding or Planting

Mature seed is scraped or sluiced into “socks”, with discs placed every few feet to support the
weight of growing shellfish (Corps 2015, p. 12). The socks are then lashed to frames within a
floating raft (Figure 16), or to longlines.
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Figure 16. A typical mussel raft
(Corps 2015, p. 13)
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Maintenance

Anti-predator exclusion nets are typically hung around the perimeter of the rafts (Figure 16).
Depending on the farm location, these nets may only be necessary on a seasonal basis. When
nets become excessively fouled (e.g., with barnacles, algae or other biological growth) they are
removed and cleaned (Corps 2015, p. 12). Farm operators also de-foul other structural elements
of their floating rafts. Rafts and suspended longlines are patrolled by crews on a regular basis.
Anchors, nets, screens, socks, ropes, wires, and longlines are all routinely inspected to ensure
that they remain secure.

Some growers/farm operators regularly sort and grade their oysters throughout the growth cycle.
Every three or four months, oysters growing on suspended trays are put through a hand or
mechanical grading process, trays are restocked, de-fouled, and returned to the water column
(Corps 2015, p. 16). Oysters grown as clusters on suspended ropes, lines, or wires are given less
attention between seeding and harvest.

Harvest

Harvest is conducted from the rafts and attending work boats or barges. Winches retrieve nets,
socks, ropes, lines, wires, and bags. Sorting is conducted either on-deck or off-site (Corps 2015,
p. 16).

When cultured mussels reach market-size, corresponding to approximately 12 to14 months of
age, they are stripped from the suspended socks and lines, and bulk-bagged and tagged for
transport to shore. Additional, more thorough cleaning and grading is typically conducted on
shore. Weights are reclaimed for re-use, and used socks and lines are either recycled or disposed
of at appropriate upland facilities and locations (Corps 2015, p. 14). Harvest is conducted year-
round, as mussels mature.

After oysters are grown using a suspended culturing system, they are typically transplanted to an
intertidal bed before final harvest. The practice, referred to as “hardening,” extends the shelf-life
of oysters (Corps 2015, p. 16). The hardened oysters are subsequently re-harvested (after 2 to 4
weeks) using bottom culture harvest methods. Some growers/farm operators simply bag and
hang oysters from their docks or piers, allowing tide cycles to expose and harden the oysters.

Other Related Activities
Vessel operations, farm site access, and onshore facilities are all inherent to shellfish activities
conducted on the tidelands and the inland marine waters. These activities do not have

independent utility, but may result in additional effects.

Vessel Operations

Shellfish activities generally require the operation of small- and medium-sized vessels. Small
vessels provide the means for transporting crews, equipment, and materials, by-water, to and
from cultured areas. Typical small vessels include open work boats and skiffs powered by two-
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or four-stroke outboard motors. Larger, medium-sized vessels are used to mechanically prepare
sites, frost or gravel beds, and to mechanically harrow and harvest ground-based cultured areas.
Typical larger vessels include work boats and barges with a flat fore or rear deck, an enclosed or
partially enclosed cabin or deckhouse, above- and/or below-deck stowage, and mechanical
equipment (including booms and winches). Larger, medium-sized vessels are typically powered
by larger and stronger diesel inboard motors.

Small vessels are commonly anchored or grounded, on a temporary basis, while crews conduct
their work. Farm operators and their crews typically avoid eelgrass (Zostera sp.) meadows,
vegetated shallows, and actively cultured beds, when temporarily grounding or anchoring their
small vessels. A typical pattern of site access from the water includes: temporarily grounding on
exposed sand- or mudflats; off-loading of crew, equipment, and materials; and, off-shore
motoring, at a short distance from the ongoing work, to temporarily anchor the vessel in deeper
intertidal or subtidal waters. Larger vessels are not typically grounded (even temporarily), with
the exception of flat-bottomed work barges used by some farm operators.

Fueling, maintenance, and repair of vessels are not commonly conducted at the cultured area or
over the open waters. Instead, these activities are typically conducted at commercial facilities, or
at designated locations where the farm operator has purpose-specific equipment, materials, and
protective measures in place.

Farm Site Access

Crews must access and traverse over the cultured intertidal beds, and adjacent areas, when
performing their work. Some cultured areas can be easily accessed, and are therefore routinely
accessed from the adjacent uplands. Crews typically carry equipment and materials on-foot, or
with the assistance of an ATV(S).

Where access to cultured areas is from the adjacent uplands, most farm operators and crews
establish and use well-defined routes of access through the nearshore riparian buffer and high,
upper-intertidal beach. Where ATVs, small tractors, or mechanical harvesters are used on the
exposed intertidal bed, this equipment may be refueled on-site (subject to permit conditions and
other restrictions). Equipment maintenance and repair is generally, if not always, conducted in
the uplands and away from the water.

Onshore Facilities

Hatcheries are typically corporate and off-site, serving many customers. They are often located
in the uplands and their operations do not require a Corps permit. Operation of upland hatcheries
is not part of the Corps’ proposed action.

Once purchased by a grower/farm operator, seed is often allowed to further mature before being
outplanted. Some growers use tanks located in the uplands, a practice that may include

withdrawals from and discharges to the adjacent marine waters. Discharges are sometimes, but
not always, regulated under a permit(s) issued by the Washington State Department of Ecology

(Ecology).
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Many, perhaps most, farm operators maintain an onshore facility where they store, stage, dry,
clean/de-foul, repair, and maintain their culturing equipment and materials (nets, bags, tubes,
racks, stakes, longlines, etc.). Most operators accomplish these tasks with no direct discharge to
the adjacent waters.

“Wet storage” refers to temporary storage of harvested shellfish, typically prior to onshore
cleaning, grading, and processing. Some farm operators hold their shellstock in wet storage
located on the farm footprint, some float their product in subtidal waters, and others use upland
tanks for the purpose of wet storage. Tanks may be prepared synthetically, with the addition of
salts to potable water, or may be filled with withdrawals from the adjacent marine waters.

Whether used to mature seed or to store harvested shellfish, tanks are regularly cleaned,
disinfected, and buffered. Some operate with recirculation, minimizing the total volumes of
withdrawal and/or discharge. Return water discharges generally deviate minimally from ambient
marine water, with only trace and negligible additional amounts of nutrients, phytoplankton,
and/or feces/pseudofeces (Corps and Seattle Shellfish 2014; Corps and BWH Seafood 2015).

Wastewaters, both fresh and saline, are byproducts of storing, cleaning, grading, and processing
harvested shellfish. However, most or all of these facilities are located in the uplands, and their
operations do not require a Corps permit. Resulting wastewaters are typically collected and
reused or recycled. Processing operations, and State regulations and requirements, dictate
methods of wastewater disposal at each facility.

Shell and shell fragments are the main byproducts of processing harvested shellfish. Whole
oyster shell is valuable and commonly reclaimed for use as cultch. Shell may also be crushed
and sold or marketed for other purposes (e.g., landscape surfacing and aggregate).

Activities Excluded from Programmatic Coverage

The Corps and Service have determined that some shellfish activities and practices are not
appropriate for programmatic coverage, either because: a) The activity or practice results in
potential effects, of a kind, extent, or severity, that warrant case-by-case consideration (and
individual section 7 ESA consultation); or, b) The activity or practice extends sufficiently
beyond the jurisdiction of the Corps’ regulatory program, or is regulated under the authorities
and jurisdiction of another Federal agency (Corps 2015, p. 38, 39). Table 1, below, represents
the Corps’ list of shellfish activities, methods, and practices (or other, interrelated activities) that
are specifically and intentionally excluded from coverage under the programmatic consultation.

The Service expects that the Corps will actively solicit information from their applicants about
all of the excluded activities prior to approving coverage under the programmatic consultation,
and before issuing each permit or permit verification. Growers and farm operators who seek
coverage under the programmatic consultation, but who also engage in an excluded activity (or
activities), will not satisfy the requirements of their Corps permit and are potentially liable under
the provisions of the ESA.
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Table 1. Activities excluded from programmatic coverage

(1) Vertical fencing/vertical nets or drift fences (includes oyster corrals).

(2) New berms or dikes or the expansion or maintenance of current, authorized berms or
dikes.

(3) Use of a hopper-type barge or other method that results in material (i.e. gravel or shell)
placed during graveling or frosting activities that is thicker than 1 inch in depth even for
short periods of time.

(4) Pile driving.

(5) Installation and maintenance of mooring buoys.

(6) Construction, maintenance, and operation of upland hatcheries.

(7) Cultivation of shellfish species not previously cultivated in the action area.

(8) Construction, maintenance, and operation of attendant features, such as docks, piers,
boat ramps, stockpiles, or staging areas.

(9) Deposition of shell material back into waters of the United States as waste.

(10) Dredging or creating channels so as to redirect fresh water flow.

(11) Installation of new rafts, floats, or FLUPSYS, or the relocation or expansion of
continuing rafts, floats, or FLUPSYS.

(12) Any form of chemical application to control undesired species (e.g., non-native
eelgrass, Zostera japonica; ghost shrimp, Neotrypaea californiensis; mud shrimp,
Upogebia pugettensis).

(13) Use of materials that lack structural integrity in the marine environment (e.g. plastic
children’s wading pools, unencapsulated Styrofoam®).

(14) Unauthorized activities.

(Corps 2015, p. 39)

On April 2, 2014, and April 16, 2015, Ecology issued National Pollutant Discharge Elimination
System permits allowing the application of a selective aquatic herbicide for the control of non-
native Japanese eelgrass (Zostera japonica; multiple Permit No.s), and allowing the application
of imidacloprid, a neonicotinoid pesticide, for the control of burrowing shrimp (Permit No.
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WAO0039781) on commercial oyster and clam beds in Willapa Bay and Gray Harbor. On
May 3, 2015, the Willapa-Grays Harbor Oyster Growers Association and Ecology announced an
agreement to withdraw and cancel the permit issued for use of imidacloprid.

These practices (i.e., the application of herbicides or pesticides to the bed or waters) do not have
coverage under the Corps’ programmatic consultation (Corps 2015, pp. 39, 54). The Service
assumes and expects that the Corps will actively solicit information about chemical applications
prior to approving coverage under the programmatic consultation, and before issuing each permit
or permit verification. Growers and farm operators who seek coverage under the programmatic
consultation, but who also engage in chemical application to control undesired species, will not
satisfy the requirements of their Corps permit and are potentially liable under the provisions of
the ESA. In the event that a Corps applicant or group of applicants has been issued a valid State
permit(s) to engage in application of herbicides or pesticides to the bed or waters, the Service
expects that the Corps will confirm compliance with the procedural requirments of the ESA
before issuing a permit or permit verification.

Conservation Measures

The Corps and Services developed the following conservation measures through a Standard
Local Operating Procedures (SLOPES) process, and the Corps has included the following
conservation measures as elements of their proposed action (Corps 2015, pp. 49-53). Permits
and permit verifications issued by the Corps will incorporate these measures as enforceable
terms and conditions. If a Corps permit applicant or group of applicants cannot or will not
commit to fully implementing the following measures, the issuance of that permit or permit
verification cannot be covered under the programmatic consultation, and case-by-case
consideration and individual section 7 ESA consultation will be required. Corps permit
applicants who seek coverage under the programmatic consultation, but who also fail to fully
comply with these conservation measures (where applicable), will not satisfy the requirements of
their Corps permit and are potentially liable under provisions of the ESA.

Shellfish activities will be conducted in a manner consistent with the following conservation
measures (Corps 2015, pp. 49-53):

1. Gravel and shell shall be washed prior to use for substrate enhancement (e.qg., frosting,
shellfish bed restoration) and applied in minimal amounts using methods which result in
less than 1 inch depth on the substrate annually. Shell material shall be procured from
clean sources that do not deplete the exiting supply of shell bottom. Shells shall be
cleaned or left on dry land for a minimum of one month, or both, before placement in the
marine environment. Shells from the local area shall be used whenever possible. Shell
or gravel material shall not be placed so that it creates piles on the substrate. Use of a
split-hull (e.g., hopper-type) barge to place material is prohibited.

2. The placement of gravel or shell directly into the water column (i.e., graveling or

frosting) shall not be conducted between February 1 and March 15 in designated critical
habitat for Hood Canal summer chum salmon.
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For ‘new’ activities only, gravel or shell material shall not be applied to enhance
substrate for shellfish activities where native eelgrass (Zostera marina) or kelp
(rooted/attached brown algae in the order Laminariales) is present.

[ Note: Where the conservation measures refer to native eelgrass, they refer to and use
the definition, description, and methods of delineation that have been endorsed and
adopted by the Corps’ Seattle District (Corps 2016).]

Turbidity resulting from oyster dredge harvest shall be minimized by adjusting dredge
bags to “skim” the surface of the substrate during harvest.

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 nurseries, etc.).

For ‘new’ activities only, shellfish activities (e.g., racks, stakes, tubes, nets, bags, long-
lines, on-bottom cultivation) shall not occur within 16 horizontal ft of native eelgrass
(Zostera marina) or kelp (rooted/attached brown algae in the order Laminariales). If
eelgrass is present in the vicinity of an area new to shellfish activities, the eelgrass shall
be delineated and a map or sketch prepared and submitted to the Corps. Surveys to
determine presence and location of eelgrass shall be done during times of peak above-
ground biomass (June 1 to September 30). The following information must be included
to scale: parcel boundaries, eelgrass locations and on-site dimensions, shellfish activity
locations and dimensions.

For “new’ activities only, activities shall not occur above the tidal elevation of +7 ft
MLLW if the area is listed as documented surf smelt (Hypomesus pretiosus) spawning
habitat by the Washington State Department of Fish and Wildlife (WDFW). A map
showing the location of documented surf smelt spawning habitat is available at the
WDFW website.

For ‘new’ activities only, activities shall not occur above the tidal elevation of +5 ft
MLLW if the area is listed as documented Pacific sand lance (Ammodytes hexapterus)
spawning habitat by WDFW. A map showing the location of documented Pacific sand
lance spawning habitat is available at the WDFW website.

If conducting 1) mechanical dredge harvesting, 2) raking, 3) harrowing, 4) tilling,
leveling or other bed preparation activities, 5) frosting or applying gravel or shell on
beds, or 6) removing equipment or material (nets, tubes, bags) within a documented or
potential spawning area for Pacific herring (Clupea pallasi) outside the approved work
window (see Seattle District Corps website), the work area shall be surveyed for the
presence of herring spawn prior to the activity occurring. Vegetation, substrate, and
materials (nets, tubes, etc.) shall be inspected. If herring spawn is present, these activities
are prohibited in the areas where spawning has occurred until such time as the eggs have
hatched and herring spawn is no longer present. A record shall be maintained of spawn
surveys including the date and time of surveys; the area, materials, and equipment
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10.

11.

12.

13.

14.

15.

surveyed; results of the survey, etc. The Corps and the Services shall be notified if spawn
is detected during a survey. The record of spawn surveys shall be made available upon
request to the Corps and the Services.

For ‘new’ activities only, activities occurring in or adjacent to potential spawning habitat
for sand lance, or surf smelt shall have a spawn survey completed in the work area by an
approved biologist™ prior to undertaking bed preparation, maintenance, and harvest
activities if work will occur outside approved work windows for these species. If eggs
are present, these activities are prohibited in the areas where spawning has occurred until
such time as the eggs have hatched and spawn is no longer present. A record shall be
maintained of spawn surveys including the date and time of surveys; the area, materials,
and equipment surveyed; results of the survey, etc. The Corps and the Services shall be
notified if spawn is detected during a survey. The record of spawn surveys shall be made
available upon request to the Corps and the Services.

["Note: For information on how to become an “approved biologist” for the purpose of
conducting forage fish surveys parties should contact WDFW.]

All shellfish gear (e.g., socks, bags, racks, marker stakes, rebar, nets, and tubes) that is
not immediately needed, or is not firmly secured to the substrate, will be moved to a
storage area landward of mean higher high water (MHHW) prior to the next high tide.
Gear that is firmly secured to the substrate may remain on the tidelands for a consecutive
period of time up to 7 days. [Note: This conservation measure does not apply to the wet
storage of harvested shellfish.]

All pump intakes (e.g., for washing down gear) that use seawater shall be screened in
accordance with NMFS and WDFW criteria. [Note: This conservation measure does not
apply to work boat motor intakes (jet pumps) or through-hull intakes.]

Land vehicles (e.g., all-terrain, trucks) shall be washed in an upland area such that wash
water is not allowed to enter any stream, waterbody, or wetland. Wash water shall be
disposed of upland in a location where all water is infiltrated into the ground (i.e., no
flow into a waterbody or wetland).

Land vehicles shall be stored, fueled, and maintained in a vehicle staging area located
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.

For boats and other gas-powered vehicles or power equipment that cannot be fueled in a
staging area 150 ft away from a waterbody or at a fuel dock, fuels shall be transferred in
Environmental Protection Agency (EPA)-compliant portable fuel containers 5 gallons or
smaller at a time during refilling. A polypropylene pad or other appropriate spill
protection and a funnel or spill-proof spout shall be used when refueling to prevent
possible contamination of waters. A spill kit shall be available and used in the event of a
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16.

17.

18.

19.

20.

21.

22.

23.

spill. All spills shall be reported to the Washington Emergency Management Office at
(800) 258-5990. All waste oil or other clean-up materials contaminated with petroleum
products will be properly disposed of off-site.

All vehicles operated within 150 ft of any stream, waterbody, or wetland shall be
inspected daily for fluid leaks before leaving the vehicle staging area. Any leaks detected
shall be repaired in the vehicle staging area before the vehicle resumes operation and
documented in a record that is available for review on request by the Corps and Services.

The direct or indirect contact of toxic compounds including creosote, wood preservatives,
paint, etc. with the marine environment shall be prevented.

All tubes, mesh bags, and area nets 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 shall be placed with a
minimum of one identification marker for each 50 ft of net.

All equipment and gear including anti-predator nets, stakes, and tubes shall be tightly
secured to prevent them from breaking free.

All foam material (whether used for floatation of for any other purpose) must be
encapsulated within a shell that prevents breakup or loss of foam material into the water
and is not readily subject to damage by ultraviolet radiation or abrasion. Un-encapsulated
foam material used for current, on-going activities shall be removed or replaced with the
encapsulated type.

Tires shall not be used as part of above and below structures or where tires could
potentially come in contact with the water (e.g., floatation, fenders, hinges). Tires
currently being used for floatation shall be replaced with inert or encapsulated materials,
such as plastic or encased foam, during maintenance or repair of the structure.

At least once every three months, beaches in the project vicinity will be patrolled by
crews who will retrieve debris (e.g., anti-predator nets, bags, stakes, disks, tubes) that
escapes from the project area. Within the project vicinity, locations will 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
shellfish related debris appropriately. A record shall be maintained with the following
information and the record will be made available upon request to the Corps and
Services: date of patrol, location of areas patrolled, description of the type and amount of
retrieved debris, other pertinent information.

When performing other activities on-site, the grower shall routinely inspect for and
document any fish or wildlife found entangled in nets or other shellfish equipment. In the
event that a fish, bird, or mammal is found entangled, the grower shall: 1) provide
immediate notice (within 24 hours) to WDFW (all species), the Services (ESA listed
species), or the Marine Mammal Stranding Network (marine mammals), 2) attempt to
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24,

25.

26.

27.

28.

release the individual(s) without harm, and 3) provide a written and photographic record
of the event, including dates, species identification, number of individuals, and final
disposition, to the Corps and Services. Contact the U.S. Fish and Wildlife Service Law
Enforcement Office at (425) 883-8122 with any questions about the preservation of
specimens.

Vehicles (e.g., ATVs, tractors) shall not be used within native eelgrass (Zostera marina).
If there is no other alternative for site access, a plan will be developed describing specific
measures and/or best management practices that will be undertaken to minimize negative
effects to eelgrass from vehicle operation. The access plan shall include the following
components: (a) frequency of access at each location, (b) use of only the minimum
vehicles needed to conduct the work and a description of the minimum number of
vehicles needed at each visit, and (c) consistency in anchoring/grounding in the same
location and/or traveling on the same path to restrict eelgrass disturbance to a very small
footprint.

Vessels shall not ground or anchor in native eelgrass (Zostera marina) or kelp
(rooted/attached brown algae in the order Laminariales) and paths through native eelgrass
or kelp shall not be established. If there is no other access to the site or the special
condition cannot be met due to human safety considerations, a site-specific plan shall be
developed describing specific measures and/or best management practices that will be
undertaken to minimize negative effects to eelgrass and kelp from vessel operation and
accessing the shellfish areas. The access plan shall include the following components: (a)
frequency of access at each location, (b) use of only the minimum number of boats and/or
crew members needed to conduct the work and a description of the minimum number of
boats and crewmembers needed at each visit, and (c) consistency in anchoring/grounding
in the same location and/or walking on the same path to restrict eelgrass disturbance to a
very small footprint.

Unless prohibited by substrate or other specific site conditions, floats and rafts shall use
embedded anchors and midline floats to prevent dragging of anchors or lines. Floats and
rafts that are not in compliance with this standard shall be updated to meet this standard
during scheduled maintenance, repair, or replacement, or before the end of the term of the
next renewed authorization. [Note: Any alternative to using an embedded anchor must be
approved by the NMFS.]

Activities that are directly associated with shellfish activities (e.g., access roads, wet
storage) shall not result in removal of native riparian vegetation extending landward 150
ft horizontally from MHHW (includes both wetland and upland vegetation), and
disturbance shall be limited to the minimum necessary to access or engage in shellfish
activities.

Native salt marsh vegetation shall not be removed and disturbance shall be limited to the
minimum necessary to access or engage in shellfish activities.
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Action Area

The action area is defined as all areas to be affected directly or indirectly by the federal action
and not merely the immediate area involved in the action (50 CFR 402.02). In delineating the
action area, we evaluated the farthest reaching physical, chemical, and biotic effects of the
action on the environment.

Geographic Distribution and Spatial Extent of Covered Activities

The Corps has compiled information from permit applications, and has obtained estimates from
the DNR, WDFW, and shellfish industry representatives, to document the geographic
distribution and spatial extent of continuing shellfish activities (footprints, acres, fallow acres),
and “new” shellfish activities (acres)(Corps 2015, pp. 40-49, 77-82). Table 2 below,
summarizes this information. All values are estimates based on the best available information.

While the Corps may issue permits and permit verifications authorizing shellfish activities for a
variety of purposes (i.e., commercial aquaculture, tribal and commercial wildstock harvest,
recreational enhancement, and restoration), the majority of these permits and permit
verifications (both by number and acreage) are issued to parties engaged in commercial
aquaculture (i.e., farming and production of shellfish for human consumption)(Corps 2015, pp.
40-45).

Applicants wishing to continue regulated shellfish activities must obtain reauthorization from the
Corps every five to ten years. The majority of the Corps’ shellfish permit actions (permits and
permit verifications) involve reauthorization of continuing activities and farms; specifically,
reauthorizations of continuing commercial, intertidal farms producing shellfish for human
consumption (Corps 2015, p. 5). Over the expected 20-year timeframe of the programmatic,
activities located within the same farm footprint could be reauthorized by the Corps as many as
three or four times.

Under the Corps’ regulatory program in Washington State, continuing shellfish activities are
those activities that were granted a permit, license, or lease from a state or local agency,
authorizing shellfish activities within a defined footprint prior to March 18, 2007 (Corps 2015, p.
6). “New” shellfish activities are those activities that were undertaken after March 18, 2007.

This programmatic consultation provides coverage for most culturing activities and practices on
continuing farms and operations (except excluded activities; Table 1, pp. 32). This
programmatic consultation extends this same coverage to most culturing activities and practices
on “new” farms and operations, but does not provide coverage for some specific suspended
culturing practices (i.e., initial installation of new rafts, floats, or FLUPSYSs; relocation and/or
expansion of continuing rafts, floats, or FLUPSYs)(Corps 2015, p. 39).
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Some continuing shellfish activities include a fallowed farm footprint, or a portion of the defined
farm footprint that is currently fallow (i.e., left un-farmed or un-cultured). For the purpose of
defining and documenting the geographic distribution and spatial extent of fallowed farm
footprints, the Corps assessed status as of March 18, 2007, and again during 2012-2013 when
most continuing shellfish activities were last reauthorized (Corps 2015, p. 6).

Commercial intertidal aquaculture accounts for most of the continuing shellfish activities (99
percent), on a total of more than 36,000 acres (Table 2). Suspended commercial aquaculture,
defined here to include FLUPSYsS, is very limited (less than 130 acres in total). “New” shellfish
activities conducted as restoration, or to enhance recreation opportunities, are also very limited
(approximately 315 acres in total; Table 2).

Fallow acreage is greatest in Willapa Bay, where the Corps reports that more than 9,000 acres
have been fallow (approximately 37 percent of the continuing acreage) since 2007 or earlier
(Corps 2015, pp. 40-49, 77-82). However, when expressed as a percentage of the continuing
acreage, fallowed farm footprints are more prevalent in Grays Harbor (approximately 61 percent)
and the north Puget Sound (approximately 63 percent)(Table 2).

The Corps has compiled information from permit applications, and has obtained estimates from
the DNR, WDFW, and shellfish industry representatives, to project or estimate future growth of
the industry over the next 20 years (Corps 2015, pp. 40-49, 77-82). These estimates suggest
future increases of approximately 32 percent in Hood Canal, 14 percent in south Puget Sound,
and 9 percent in north Puget Sound; they also suggest future growth of 3 percent and less than 1
percent in Grays Harbor and Willapa Bay, respectively.

This Opinion addresses permits and permit verifications issued by the Corps for shellfish
activities conducted on the tidelands and in the inland marine waters of the State of Washington
(Figure 1, p. 9). The action area includes significant portions of fourteen counties: Clallam,
Grays Harbor, Island, Jefferson, King, Kitsap, Mason, Pacific, Pierce, San Juan, Skagit,
Snohomish, Thurston, and Whatcom Counties, Washington. Shellfish activities are conducted
across a wide range of tidal elevations, from +7 MLLW, to depths of -70 MLLW or greater. The
action area includes all of the tidelands and nearshore marine waters associated with continuing
and “new” shellfish activities (including projected future activities), encompassing an area of
approximately 38,716 acres (Corps 2015, pp. 40-49, 77-82).

When viewed from a landscape perspective, or even from the perspective of a single waterbody
(e.g., Willapa Bay) or portion thereof (e.g., Totten Inlet or Samish Bay), shellfish activities are
variable in density and spatially discontinuous. At some locations, cultured tidelands extend
with only occasional interruption along extended lengths of the nearshore. At other locations,
cultured tidelands are interspersed along shorelines that support a range of other uses (residential,
recreational, etc.).
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Where cultured tidelands extend with only occasional interruption, interspersed uncultured areas
may experience direct or indirect effects, and are therefore considered part of the action area.
However, where cultured tidelands occur sporadically, and lengths of intervening shore are not
cultured but instead managed for other uses, these nearshore areas are unlikely to experience
measurable direct or indirect effects, and are therefore not considered part of the action area.

At all locations, the action area extends a minimum of 2,000 ft from the farm footprint (active
and fallow). This distance encompasses those areas of the nearshore that may experience
temporary effects (e.g., temporary effects to water quality, temporary effects to the sound
environment, etc.). Factoring and incorporating these other considerations, we estimate
conservatively that regulated shellfish activities in Washington State, specifically those for which
this Opinion provides programmatic coverage, are likely to directly or indirectly affect more than
45,000 acres of nearshore marine habitat (45,000 to 50,000 acres in total; Willapa Bay: approx.
30,000 acres; Grays Harbor: approx. 4,000 acres; north Puget Sound: approx. 5,000 acres; south
Puget Sound: approx. 5,000 acres; and, Hood Canal: approx. 3,000 acres).

The Corps’ BA describes subtidal wild geoduck harvest (Corps 2015, pp. 3, 5, 30, 34, 46, 47, 80,
84, 89, 92, 93, 99, 100). The Corps has indicated that they are seeking programmatic coverage
for subtidal wild geoduck harvest on a maximum of 6,050 acres per year, at depths to -70 ft
MLLW in Hood Canal and Puget Sound. While harvests might be conducted across a maximum
of 6,050 acres per year, available information suggests that harvest schedules are typically far
more limited (less than 300 acres per year) (Table 3).
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Table 2. Summary information describing the geographic distribution and spatial extent of shellfish activities in Washington State.

- . y New
Existing — Continuing A ctivities . .
GEOGRAPHY g g Activities NOTES
FOOTPEINTS/PARCELS ACEES FALLOW ACEES
»  Commercial Intertidal ~ Approx 251 23 836 0441 approx. 73 Total Marine Tideland Acres: ~ 48,000
R - - Continuing & Naw: ~533% ofTotal
Willapa Bayv =  Commercial Suspended 2+3 FLUPSY approx. 4 approx. 27 approx. 25
- (includas surface long linas) {longlinas) {longlinas) Continuing Acraags Now Fallow:  ~37%
= = Intertidal OtherRac Rastomtion B — — Mo Racreation/Rastoration
=
S
- Commearcial Intartidal Approx 28 2963 1,820 approx. 95 Total Marina Tidaland Acres: ~41.000
Gravs Harbor . E:.;.mmgﬂm Su gpendad _____ r approx. 5 Continuing & MNew: ~7.5 % of Totd
B (includes surfce long lines) (longlines) Continuing Acraags Now Fallow: ~61%
= Intertidsl OtherRec Restomtion | —— [ —— - Mo Racraation/Rastoration
- Commercial Intartidal Approx. 207 1,323 397 approx. 421 Total Marins Tidsland Aces: ~ 11,500
*  Commercial Suspsndsd 6 approx. 33 approx. 3 approx. 17 Continuing & Naw: ~16.5 % of Total
Hood Canal (includes surface long lines) (longlines) (longlines) imui
N = Continuing Acraags Now Fallow:: ~30%
«  Intertidal OtherRecRestomtion |  —— | = — 98
»  Commercial Intertidal Approx. T0 360213 2,333 approx. 310 Total Marine Tidsland Acres: ~ 84,000
North Sound +  Commercial Suspendad 3 approx. 64 | apprﬁx' 3 Continuing & New: ~4 8% of Total
o (includes surface long lines) R Continuing Acraags Now Fallow: ~63%
§ . Intertidal OthegRec. Restomtion | —— | = 50
n
S
= »  Commercial Intertidal ~ Approx. 371 3,111 T8O approx. 426 Total Marine Tidzland Acres: ~ 30,000
South Sound »  Commercial Suspended 10+3FLUPSY | approx.22 |  —— approx.22 | Comtinuing&lew:  ~12.3% ofTotal
(mcldes surfacs long linas) (longlines) Continuing Acraags Now Fallow: ~25%
= Intertidal OtherRec Rastomtion |  — |  — 167
TOTALS [ ~37.000 Ac. ~14. 800 (40%) ~1 716 Ac.
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Table 3. Summary information describing subtidal wild geoduck harvest in Washington State.

South Puget | North Puget
GEOGRAPHY Hood Canal Sound Sound Total
Harvestable Acreage
State Lands 6,503 22,176 18,454 47,133
Non-State Lands 200 500 300 1,000
Sub-Total 6,703 22,676 18,754 48,133
DNR HCP
Annual Acreage
Typical Year (State Lands) 62 137 54 253
Maximum 1,500 3,000 3,000 6,000
Corps Programmatic
Annual Acreage
Typical Year (State Lands) 62 137 54 253
Maximum State Lands 1,500 3,000 3,000 6,000
Typical Non-State Lands 10 25 15 50

ANALYTICAL FRAMEWORK FOR THE JEOPARDY AND ADVERSE
MODIFICATION DETERMINATIONS

Jeopardy Determination

The following analysis relies on the following four components: (1) the Status of the Species,
which evaluates the rangewide condition of the listed species addressed, the factors responsible
for that condition, and the species’ survival and recovery needs; (2) the Environmental Baseline,
which evaluates the condition of the species in the action area, the factors responsible for that
condition, and the relationship of the action area to the survival and recovery of the species; (3)
the Effects of the Action, which determines the direct and indirect impacts of the proposed federal
action and the effects of any interrelated or interdependent activities on the species; and (4)
Cumulative Effects, which evaluates the effects of future, non-federal activities in the action area
on the species.

In accordance with policy and regulation, the jeopardy determination is made by evaluating the
effects of the proposed federal action in the context of the species’ current status, taking into
account any cumulative effects, to determine if implementation of the proposed action is likely to
cause an appreciable reduction in the likelihood of both the survival and recovery of listed
species in the wild.
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The jeopardy analysis in this Opinion emphasizes the rangewide survival and recovery needs of
the listed species and the role of the action area in providing for those needs. It is within this
context that we evaluate the significance of the proposed federal action, taken together with
cumulative effects, for purposes of making the jeopardy determination.

Adverse Modification Determination

The designation of critical habitat for bull trout uses the term primary constituent element (PCESs)
or essential features. The new critical habitat regulations (81 FR 7214) replace this term with
physical or biological features (PBFs). The shift in terminology does not change the approach
used in conducting a “destruction or adverse modification” analysis, which is the same regardless
of whether the original designation identified PCEs, PBFs, or essential features. Please note that
references to PCEs in the following analysis should be viewed as synonymous with PBFs.

Our analysis of effects to critical habitat relies on the following four components: (1) the Status
of Critical Habitat, which evaluates the range-wide condition of designated critical habitat for
the bull trout in terms of PCEs or PBFs, the factors responsible for that condition, and the
intended recovery function of the critical habitat overall; (2) the Environmental Baseline, which
evaluates the condition of the critical habitat in the action area, the factors responsible for that
condition, and the recovery role of the critical habitat in the action area; (3) the Effects of the
Action, which determines the direct and indirect impacts of the proposed federal action and the
effects of any interrelated or interdependent activities on the PCEs or PBFs, and how that will
influence the recovery role of affected critical habitat units; and (4) Cumulative Effects, which
evaluates the effects of future, non-federal activities in the action area on the PCEs or PBFs and
how that will influence the recovery role of affected critical habitat units.

The proposed federal action is evaluated to determine if it would likely result in a direct or
indirect alteration that appreciably diminishes the value of critical habitat for the conservation of
(species). Such alterations may include, but are not limited to, those that alter the physical or
biological features essential to the conservation of a species or that preclude or significantly
delay development of such features.

STATUS OF THE SPECIES

Bull Trout

For a detailed account of bull trout biology, life history, threats, demography, and conservation
needs, refer to Appendix A: Status of the Species Bull Trout.

Marbled Murrelet

For a detailed account of marbled murrelet biology, life history, threats, demography, and
conservation needs, refer to Appendix B: Status of the Species Marbled Murrelet.
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STATUS OF CRITICAL HABITAT (BULL TROUT)

For a description of the rangewide status of designated bull trout critical habitat, refer to
Appendix C: Status of the Designated Critical Habitat for Bull Trout.

ENVIRONMENTAL BASELINE

Regulations implementing the ESA (50 CFR 402.02) define the environmental baseline as the
past and present impacts of all Federal, State, or private actions and other human activities in the
action area. Also included in the environmental baseline are the anticipated impacts of all
proposed federal projects in the action area that have undergone section 7 consultation, and the
impacts of state and private actions which are contemporaneous with the consultation in
progress.

There is a long history of culturing shellfish and other shellfish activities in every part of the
action area. Conditions prevailing in the action area exhibit the influence of these activities.
However, prevailing conditions also reflect broader patterns of land use and development, in the
nearshore environment, along shorelines, and in the larger watersheds that drain to these marine
waters.

Active and Fallow Lands

Some continuing shellfish activities include a fallowed farm footprint, or a portion of the defined
farm footprint that is currently fallow (i.e., left un-farmed or un-cultured). For the purpose of
defining and documenting the geographic distribution and spatial extent of fallowed farm
footprints, the Corps assessed status as of March 18, 2007, and again during 2012-2013 when
most continuing shellfish activities were last reauthorized (Corps 2015, p. 6).

“Acreage classified as continuing active has by definition been engaged in shellfish
activity since at least 2007 and likely for much longer” (Corps 2015, p. 79).

“Acreage identified as continuing fallow may also have been engaged in shellfish activity
at some point in the past ... but is not engaged in shellfish activity presently ... No
shellfish activity has occurred on fallow lands since at least 2007 and most for a much
longer time period (e.g., decades)” (Corps 2015, p. 79).

“The aquatic habitat has ... been modified by shellfish cultivation and harvest activities
that have been occurring for many years on the continuing active acreage. [However,]
the status of the aquatic habitat on fallow acreage is unknown since shellfish activities on
these lands have not occurred for many years. Based on the permit application record
which indicates the fallow areas have not had active cultivation since at least 2007, it is
assumed ... that the fallow lands exist currently in an unmodified or ‘recovered’ state. A
resumption of shellfish activity in these areas may therefore result in impacts to the
aquatic habitat similar to the impacts that might result from aquaculture initiated in areas
classified as new” (Corps 2015, p. 79).
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“Since no activity has occurred on the fallow lands for at least five years [since 2007], the
habitat conditions ... [are] likely different than if [they] had been engaged in aquaculture
or some regular rotation of aquaculture. [The habitat] has likely ‘recovered’ from any
prior aquaculture impact” (Corps 2015, p. 81).

We divide the action area into five geographically distinct sub-areas: 1) Willapa Bay; 2) Grays
Harbor; 3) north Puget Sound; 4) south Puget Sound; and, 6) Hood Canal. We use these sub-
areas to structure our discussion of the environmental baseline; we describe, in summary form,
the variety of physical and biological settings where shellfish activities are conducted. Some
biologically relevant characteristics of the environmental baseline are similar, while others are
variable and may be very different, across the five sub-areas and individual farm sites.

Willapa Bay

Six watersheds drain to Willapa Bay: the North, Willapa, Palix, Nemah, Naselle, and Bear
watersheds. The largest river systems are the North, Willapa, and Naselle drainages. In total,
there are approximately 745 streams encompassing over 1,470 linear stream miles in the greater
Willapa watershed (Phinney and Bucknell 1975). Approximately two-thirds of the watershed’s
uplands are managed as commercial forest land. Cranberry farms comprise an additional seven
percent, including 1,400 acres of bogs.

Willapa Bay is relatively shallow. Approximately one-half of the estuary lies in the intertidal
zone (Andrews 1965 in Banas et al. 2004, p. 2414). At low tide, expansive subtidal areas are
covered by less than 10 ft of water. Three pronounced channels in the bay run to depths of 30 or
60 ft deeper than the surrounding tidelands. Tidal elevations vary by 14 to 16 ft over the course
of each tidal cycle, and approximately 50 percent of the bay’s volume is exchanged with the
Pacific Ocean on a daily basis. Willapa Bay opens to the Pacific Ocean at its northwest corner,
through a broad shallow pass extending approximately six miles between Cape Shoalwater and
Leadbetter Point at the tip of the Long Beach Peninsula. There are numerous sand bars, spits,
and islands, and large areas of exposed sand- and mudflat.

Major tributaries that support anadromous fish include the South Fork Willapa River, Trap
Creek, Mill Creek, Wilson Creek, Fork Creek, and Ellis Creek. The greater Willapa watershed
supports fall Chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), fall chum
salmon (O. keta), winter steelhead trout (O. mykiss), and coastal cutthroat trout (O. clarki clarki).
The Willapa Bay estuary is vital to the health of these populations, as it provides important
migratory and transitional habitat for outmigrating juvenile and returning adult salmonids. These
salmonid populations are not listed under the ESA, and current information indicates that the
greater Willapa watershed does not support the spawning and rearing of any ESA-listed
anadromous fish species, including bull trout.
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According to the Washington State Conservation Commission (Smith and Wenger 2001,

pp. 7-9), primary limiting factors for salmonid productivity in each of the major sub-watersheds
(North, Willapa, Palix, Nemah, Naselle, and Bear) include lack of large wood, poor riparian
conditions, excess sediment inputs from landslides and the roads network, and significant loss of
lower floodplain and estuary habitat due to diking and tidegates; also, the Willapa and Naselle
watersheds experience seasonal high water temperatures and low dissolved oxygen levels.

The Washington State Conservation Commission reports the following regarding conditions in
the estuary (Smith and Wenger 2001, pp. 83-90):

= More than 850 acres of wetland have been lost from the lower North River and estuary,
approximately 30 percent of the historic total.

= More than 580 acres of wetland have been lost from the lower Willapa River and estuary,
approximately 20 percent of the historic total.

= More than 810 acres of wetland have been lost from the lower Palix River and estuary,
approximately 30 percent of the historic total.

= More than 500 acres of wetland have been lost from the lower Bear River and estuary,
approximately 30 percent of the historic total.

= The Nemah and Naselle River estuaries are relatively intact and healthy, exhibiting
wetland losses of less than 2 percent of the historic total.

Invasive cordgrass (Spartina spp.) was introduced from the East Coast more than 100 years ago,
grows as dense meadows, displaces native eelgrass, and raises the elevation of tide and mudflats
(Smith and Wenger 2001, p. 83). However, according to the U.S. Fish and Wildlife Service
(USFWS 2011, p. 4-2), efforts led by federal, state, and county agencies, and the cooperation of
the oyster industry and private landowners, have eradicated Spartina from nearly all areas of
Willapa Bay.

Vast beds of eelgrass (Zostera spp.) occur at the lower levels of the intertidal zone and are a
staple food for several varieties of waterfowl (USFWS 2011, p. 4-26). Roots and stems of
eelgrass stabilize mudflats, and leaf blades are grazed and support the growth of diatoms and
small invertebrates. Eelgrass beds provide habitat for numerous species of mollusk and
crustacean, and serve as a nursery ground for juvenile, resident, and migrating fish. Non-native
Japanese eelgrass is also present and expanding (USFWS 2011, p. 4-26).

Marine Forage Fish

Forage fish resources include herring, anchovies, and smelt, all of which are important to other
fish and wildlife of the bay (USFWS 2011, p. 4-35). Pacific herring use Willapa Bay as a
spawning and nursery ground. The eggs are adhesive and can be found on rocks, piling,
seaweed, and eelgrass during January and February. Immature herring are found in the bay
during the spring, summer, and fall months. Northern anchovies (Engraulis mordax) are also
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plentiful in the bay during summer months. Longfin smelt (Spirinchus thaleichthys) and
eulachon (Thaleichthys pacificus) use both the deeper channels of the bay and the lower reaches
of tributary rivers and streams (USFWS 2011, p. 4-35).

Stick and Lindquist (2009) prepared the 2008 Washington State Herring Stock Status Report,
and reported the following regarding the condition of coastal stocks (p. 71):

= “Spawning populations of Pacific herring are documented in the coastal embayments of
Willapa Bay and Grays Harbor. Initial documentation of spawning activity for Grays
Harbor occurred in 1998 and has been observed intermittently since that time. Herring
stock assessment by WDFW has traditionally been focused on presumed larger Puget
Sound stocks and limited assessment of coastal herring stocks currently takes place.”

= “Herring spawning activity has been observed in February and March in Willapa Bay and
February through March in Grays Harbor. Most of the spawn deposition in Grays Harbor
appears to occur in the South Bay/Elk River estuary area of south Grays Harbor with
some also documented in the Ocean Shores/Point Damon area.”

= “Little is known about the [current status of the] coastal herring populations. However,
due to the geographical separation of their spawning grounds, the Willapa Bay and Grays
Harbor spawning populations are considered to be discrete. Herring spawned in coastal
locations are likely components of large summer herring aggregations that concentrate in
coastal offshore areas including the western end of the Strait of Juan de Fuca and the west
coast of Vancouver Island.”

=  “The limited information available and current sampling effort for the coastal herring
populations does not provide adequate basis for evaluation of the status of these stocks.
Abundance of these stocks is considered relatively small compared to Puget Sound
herring stocks. The cumulative spawning biomass estimate for these areas has ranged
from 0 to 694 tons annually.”

= “Reported fishery landings of seven tons or less have occurred since 1999 for bait herring
caught in Grays Harbor, with no reported landings from Willapa Bay in recent years. No
directed herring fishery harvest is allowed in Washington’s coastal waters.”

= “Limited survey effort suggests a decrease in spawning biomass for the Willapa Bay
herring stock since 2004. Documented spawning grounds are limited to the southern
portion of the bay. Little is known about this stock’s life history, although it is likely that
these fish spend significant time in ocean waters” (Stick and Lindquist 2009, p. 74).

Figures 17 and 18 report all of the available data to describe the annual spawning biomass for
Grays Harbor and Willapa Bay herring stocks (Stick and Lindquist 2009, pp. 73, 75).
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More recently, Stick, Lindquist, and Lowry (2014, Executive Summary) reported: “This is the

fifth edition of the ... Pacific herring stock status report. Unlike previous editions, the scope of
this report is limited to Puget Sound due to a lack of assessment of coastal herring stocks since
the last stock status report published in 2009.”

In 2009, the Service reported that surveys are incomplete and there appear to be few or no data to
describe the status of coastal surf smelt and Pacific sand lance stocks (USFWS 2009a, pp. 99,
100). It appears that is still the case in 2015.

Figures 19 and 20 identify shellfish activities located in the Willapa Bay sub-area, and their
proximity to documented eelgrass beds and marine forage fish spawning habitats.
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Grays Harbor

Grays Harbor is a medium-sized estuarine bay, approximately 17 miles long and 12 miles wide,
covering at high tide approximately 97 square miles (Smith and Wenger 2001, p. 91).
Orientation is roughly east-west, with a 2 mile-wide western channel opening to the Pacific
Ocean. The Chehalis River, which enters at the easternmost extent of Grays Harbor, is the
second largest river basin in Washington State. Grays Harbor’s other major tributary is the
Humptulips River. The Hoquiam River, Johns River, and several other direct tributaries have far
smaller drainage basins (Smith and Wenger 2001, p. 91). All of Grays Harbor’s direct
tributaries, and several additional small- and medium-sized tributaries to the lower Chehalis
River (e.g., the Wishkah and Wynoochee Rivers), are tidally-influenced along their lower
reaches.

The estuarine habitats in Grays Harbor are more intact than many other similar systems in
Washington State. Historical losses (as a result of diking, fill, etc.) are estimated at 30 percent
(Smith and Wenger 2001, p. 16). However, while some portions are relatively undeveloped
(e.g., North Bay), the inner harbor and vicinity of the Cities of Hoquiam and Aberdeen are
heavily industrialized (Smith and Wenger 2001, p. 91).

The Chehalis River is more than 115 miles in length and drains an area of approximately 2,200
square miles, making it the second largest river basin in Washington State. Along its tidally-
influenced lower 11 miles, side-channel, riparian, and floodplain habitats along the Chehalis
River are in good to excellent condition, and are considered a high priority for conservation
(Smith and Wenger 2001, p. 18).

The greater Grays Harbor-Chehalis watershed supports large and comparatively healthy
populations of Chinook, chum, and coho salmon, steelhead and cutthroat trout. The lower
Chehalis River and Grays Harbor estuary are vital to the health of these populations, as they
provide important migratory and transitional habitat for outmigrating juvenile and returning adult
salmonids.

Water and sediment quality are identified as limiting factors in some portions of the basin. The
basin includes more than 100 impaired river segments, for which Ecology has established seven
Total Maximum Daily Loads (TMDLs) (Ecology 2004, p. 1). Historical marine and industrial
uses focused around the inner harbor, including pulp and paper mills, have been the cause for
water quality concerns (and related fish kills) dating as far back as 1928 (Smith and Wenger
2001, p. 92). However, modernized practices and operations appear now to have controlled and
greatly reduced commercial and industrial inputs. Sediment evaluations point to localized metal
and synthetic organic contaminant concentrations, but it appears that an active sediment transport
regime and good flushing prevent widespread chemical contamination (Ecology 1999, p. iii).

Excess sediment delivery is another important limiting factor for the basin (Smith and Wenger
2001, p. 17). The Chehalis River basin delivers immense quantities of sediment to Grays
Harbor, and maintenance of the lower Chehalis River-Grays Harbor navigational channel
requires dredging and in-water disposal of more than 2.5 million cubic yards of sediment
annually (Smith and Wenger 2001, p. 94). While the system exhibits naturally high levels of
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turbidity and sedimentation at some times of year (Ecology 1993; 1994), dredging and channel
maintenance produce turbidity, and the potential for resuspension of contaminated sediments,
with potential consequences for juvenile fish and eelgrass habitat in particular (Smith and
Wenger 2001, p. 94). Sand bars, spits, and islands, beaches, and large areas of exposed sand-
and mudflat may be found throughout large portions of Grays Harbor.

Grays Harbor’s estuarine habitats lack large woody material and, at some locations, have been
further degraded by the introduction of invasive, non-native vegetation such as Spartina (Smith
and Wenger 2001, pp. 92, 98). Both trends have the effect of reducing available cover and
forage habitat for young salmonids, with potential consequences for survival rates and growth.

Marine Forage Fish

The status of marine forage fish is specifically described here because of their importance to the
bull trout and marbled murrelet, and their link to the sensitive habitats that are affected by
shellfish activities. Forage fish play a key role in the food web of the marine environment and
make up a significant proportion of the diets for bull trout and marbled murrelets.

“In Grays Harbor ... the primary [Pacific] herring spawning habitat is the outer edges of native
salt-marsh beds, where a turf of rockweed (Fucus), sea-lettuce (Ulva), pickleweed (Salicornia)
and salt-grass (Distichlis) in the uppermost intertidal zone serves as spawn deposition substrate
... Spawning [Pacific] herring also use salt-marsh vegetation, along with beds of over-wintering
cordgrass (Spartina) stubble and native eelgrass beds, in Willapa Bay (WDFW unpub. data) ...
[Pacific] herring spawning has been observed on dock pilings in Puget Sound and coastal bays
(WDFW unpub. data)” (Penttila 2007, p. 6).

Stick and Lindquist (2009) prepared the 2008 Washington State Herring Stock Status Report,
including a report on the status of coastal stocks (see Environmental Baseline, Willapa Bay).

Figures 17 and 18 (pp. 48, 49) report all of the available data to describe the annual spawning
biomass for Grays Harbor and Willapa Bay herring stocks (Stick and Lindquist 2009, pp. 73,
75).

Figures 21 and 22 identify shellfish activities located in the Grays Harbor sub-area, and their
proximity to documented eelgrass beds and marine forage fish spawning habitats.
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Puget Sound and Hood Canal

This sub-section discusses the north Puget Sound, south Puget Sound, and Hood Canal sub-areas.
This geography and portion of the action area presents a huge variety of physical, chemical, and
biological conditions. Describing the environmental baseline for the variety of physical and
biological settings where shellfish activities are conducted is not a simple task, and therefore the
Service has used and incorporates here by reference the excellent summary prepared by the DNR
in support of their Aquatic Lands HCP (DNR 2014a). The DNR’s Aquatic Lands HCP planning
document, which was produced in part with funding provided by the Service, includes a lengthy
discussion of physical, chemical, and biological characteristics, existing conditions, and, land
uses and development. Appendix D includes excerpts from the DNR Aquatic Lands HCP
planning document (DNR 2014a); those summaries are incorporated here by reference.

Existing Conditions for Native Eelgrass

The 2009 Puget Sound Ambient Monitoring Program (PSAMP) Submerged Vegetation
Monitoring Project Report reached the following conclusions (Gaeckle et al. 2011, Executive
Summary):

“(1) The results in 2009 continue to indicate a pattern of Z. marina decline throughout
Puget Sound. This result is supported by three main findings:

a. There have been twice as many sites with long-term declining trends in Z. marina area
than increasing trends since 2004.

b. More year-to-year significant declines than increases in Z. marina area were evident in
eight out of nine sampling intervals since 2000.

c. The multiple parameter assessment identified the Hood Canal, San Juan-Straits, and
the Central Puget Sound Regions with evidence of Z. marina decline and the Hood Canal
Region having the highest level of concern for Z. marina loss. The assessment found no
current concern for Z. marina loss in the Saratoga-Whidbey and North Puget Sound
Region.”

“(2) The 2009 Z. marina area estimate in Puget Sound is 22,000 + 3,600 hectares [+ 95
percent Confidence Interval (CI)]. The decadal weighted mean over 2000-2009 is 21,500
+ 1,400 ha (= 95 percent Cl). The patterns of Z. marina decline observed at the site level
are not reflected in the soundwide areal estimate. A long-term, weighted linear
regression analysis showed a marginally significant increasing trend in Z. marina area at
the soundwide scale.”

“Although there is a marginally significant increasing trend in Z. marina area, the pattern
of site level decline throughout Puget Sound suggests losses are prevalent at individual
sites. There is consistently greater prevalence of year-to-year and long-term declines in
Z. marina area and depth distribution throughout the study area. There is also strong
evidence of Z. marina decline in the Hood Canal region. The occurrence and soundwide

56



distribution of sites with significant declines is of concern for habitat connectivity and
ecological functions. The effect of loss in areas that are considered critical nursery,
forage, and migration habitat for ecologically and economically important species could
affect ecosystem processes and the overall health of these areas and Puget Sound”
(Gaeckle et al. 2011, Executive Summary).

The 2010-2013 PSAMP Submerged Vegetation Monitoring Project Report reached the following
conclusions (Gaeckle et al. 2015, Executive Summary):

“(1) Soundwide native seagrass area has been stable over the monitoring record [2003-
2013]. There is no significant long-term linear trend in soundwide native seagrass area
(permutation test, p=0.63). It is possible that small variations in soundwide native
seagrass area occurred below the detection limits of the program, but seagrass in Puget
Sound has not experienced a major decline.”

“(2) Current native seagrass conditions have not yet met the Puget Sound Partnership’s
target for a 20 percent increase in area by 2020. Statistical tests show that current
soundwide native seagrass area is less than the target defined by the Puget Sound
Partnership. It is too early to tell if the trend in seagrass area is on a trajectory to meet the
target by 2020. Test results are equivocal on whether current conditions have progressed
from the baseline conditions.”

“(3) Most of the 347 individual sites that were analyzed for change were stable
throughout the entire monitoring record. Twenty-five sites decreased in native seagrass
area, 17 sites increased in native seagrass area, 209 sites experienced no detectable
change, and 60 sites did not have seagrass beds present. Thirty-six sites had insufficient
data for trend analysis (sampled only 1 year). Many of the sites with long-term decreases
in native seagrass area were located near Hood Canal, Southern Puget Sound, and the San
Juan Islands ([Figure 23]).”

“(4) Seagrass conditions improved in the recent 2-3 years. Analysis of individual site
data in recent years (n=156) shows that there are more sites with increasing (n=25) than
decreasing (n=5) native seagrass area between 2010 and 2013. The reason is unknown; it
could be a short-term anomaly or part of a longer-term pattern ([Figure 24]).”

“(5) Native seagrass area increased at two river deltas following major restoration

projects: the Skokomish River delta in lower Hood Canal and the Nisqually River delta in
southern Puget Sound” (Gaeckle et al. 2015, Executive Summary).
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Figure 23. Increases and decreases in native seagrass area based on all available data for each

site (2003-2013)
(Gaeckle et al. 2015, Executive Summary)

58



Recent Site Eelgrass Change
2010-2013 Change Categories
@ Increasing Eelgrass

No Eelgrass Change Detected

9]
@ Decreasing Eelgrass
X

Eelgrass Absent

Figure 24. Increases and decreases in native seagrass area based on all available data for each

site (2010-2013)
(Gaeckle et al. 2015, Executive Summary)
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Existing Conditions for Marine Forage Fish

“Forage fishes in general, and [Pacific] herring specifically, are vital components of the marine
ecosystem and are a valuable indicator of the overall health of the marine environment. Many
species of sea birds, marine mammals, and finfish ... depend on herring as an important prey
item (DFO 2001, Fresh et al. 1981). Significant predation occurs at each stage of the herring life
cycle, starting with predation on deposited spawn by invertebrates, gulls, and diving ducks.
Reflecting the importance of herring in the Puget Sound ecosystem, the spawning biomass of
Puget Sound herring was selected as a vital sign indicator of the health of Puget Sound by the
Puget Sound Partnership” (Stick, Lindquist, and Lowry 2014, p.1).

Forage fish are loosely defined as small, schooling fishes that form critical links between the
marine zooplankton community and larger predatory fish, seabirds, and marine mammals in the
marine food web (Penttila 2007, Executive Summary; PSAT 2007). The three most common
marine forage fish species in Puget Sound are Pacific herring, surf smelt, and Pacific sand lance.
These species and their spawning habitats all commonly occur on Puget Sound beaches and in
the intertidal zone, and all three use adjacent nearshore habitats as nursery grounds. “Within the
Puget Sound Basin, where their spawning areas have been most completely mapped, each
species appears to use approximately 10 percent of the shoreline spawning habitat during the
year” (Penttila 2007, Executive Summary). Other marine forage fish species include northern
anchovy, eulachon or Columbia River smelt, and longfin smelt. These species do not spawn in
Puget Sound but do contribute to the total biomass of marine forage fish in Puget Sound (Penttila
2007, Executive Summary).

Some months before the onset of spawning activity, ripening Pacific herring begin to assemble
adjacent to spawning sites in pre-spawning holding areas (Penttila 2007, pp. 6-8). They spawn
by depositing their eggs on eelgrass, algae, hard substrates, man-made structures (such as
pilings), and occasionally polychaete tubes. Figure 25 identifies most of the documented
spawning areas in Puget Sound; two spawning locations only recently documented, Elliot Bay
and Purdy (Stick, Lindquist, and Lowry 2014, p. 5), are not depicted. Most egg deposition
occurs from 0 to -10 ft MLLW (Bargmann 1998), but in some areas spawning can occur as deep
as - 32 ft (-10 m)(Penttila 2007, pp. 6-8). The eggs incubate for 10 to 14 days prior to hatching.
Following hatching, the larvae drift in the currents. Following metamorphosis, young herring
spend their first year in Puget Sound; some then spend their entire lives within Puget Sound,
while others migrate to the open ocean to mature. After reaching sexual maturity (2 to 4 years),
Pacific herring migrate back to spawning grounds. Most spawning occurs between mid-January
and March.

60



Figure 25. Documented Pacific herring spawning areas in Puget Sound
(Penttila 2007, p. 3)
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Pacific herring are visual feeders. They forage on planktonic macro-zooplankton that may be
found anywhere across the width of Puget Sound. They undergo diurnal depth migrations, i.e.,
deep during the day and shallow at night, often concentrating at depths of 180 to 240 ft where
prey are abundant. During the daytime, some (commonly juveniles) may reside at midwater or
surface water depths. Juvenile Pacific herring commonly rear at shallow depths (a few ft), even
in the daytime.

Surf smelt are common, year-round residents in the nearshore areas of Puget Sound. They are a
short-lived fish with most spawning populations comprised of 1- and 2-year old fish. Spawning
occurs on mixed-sand and gravel substrates in the upper intertidal zone, generally higher than +7
ft MLLW (Penttila 2007, pp. 3, 8-10). Eggs incubate for two to six weeks. It appears that surf
smelt spawn year-round in portions of Puget Sound.

Surf smelt feed on macrozooplankton and are closely associated with the shoreline, spending
their entire lives shoreward of the 10-fathom contour (-60 ft). There is no information on
movement patterns and no evidence of seasonal migration out the Strait of Juan de Fuca. Their
home ranges are unknown and there has been no region wide assessment of stock status (Penttila
2007, pp. 3, 8-10). The WDFW has documented spawning habitat on approximately 200 lineal
miles of Puget Sound shoreline. However, the surveys are incomplete (Bargmann 1998).

Pacific sand lance (or candlefish) are common, year-round residents in the nearshore areas of
Puget Sound. They feed on macrozooplankton. During spring and summer months, Pacific sand
lance are considered epibenthic, schooling pelagically during the day to forage, and burrowing in
the benthic substrate at night (Penttila 2007, pp. 3, 4, 10, 11). Their home ranges are unknown
and there has been no region-wide assessment of stock status. Juveniles may be more closely
associated with shorelines and protected bays, often found in mixed schools with Pacific herring
and surf smelt of similar age and size. There is no information on movement patterns and no
evidence of seasonal migration out the Strait of Juan de Fuca.

The WDFW has documented Pacific sand lance spawning habitat on approximately 130 lineal
miles of shoreline; however, the surveys are incomplete (Bargmann 1998). Several spawnings
may occur at any given site during the November to February spawning season. Pacific sand
lance frequently use the same stretches of beach used by surf smelt, and sometimes at the same
time of year (Bargmann 1998). Spawning is confined to the upper intertidal zone, generally
higher than + 5 ft MLLW. Eggs incubate for approximately 30 days (Penttila 2007, pp. 3, 4, 10,
11).

In 2009, the Service reported the following regarding the status of marine forage fish in Puget
Sound (USFWS 2009a, pp. 62, 63, 98, 99):

= “Many fish populations have been depleted due to overfishing, reduction in the amount or
quality of spawning habitat, and pollution. As of 2004, only 50 percent of the Puget
Sound herring stocks were classified as healthy or moderately healthy, with north Puget
Sound’s stock being considered depressed and the Strait of Juan de Fuca’s stocks being
classified as critical (McShane et al. 2004a).”
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= “Natural mortality in some of these stocks has increased; e.g., the mean estimated annual
natural mortality rate for sampled stocks from 1987 through 2003 averaged 71 percent,
up from 20 to 40 percent in the late 1970s (WDFW 2005a).”

= “There is currently only one commercial herring fishery which operates primarily in
south and central Puget Sound (WDFW 2005c) where herring stocks are healthier.”

= “While there are commercial and recreational fisheries for surf smelt, the amount of
harvest does not appear to be impacting the surf smelt stocks. There are no directed
commercial fisheries for sand lance (Bargmann 1998). Anchovies are taken
commercially within coastal and estuarine waters of Washington. While the current
harvest level doesn’t appear to be impacting anchovy stocks, there is no current
abundance information (Bargmann 1998).”

= “WDFW recognizes 19 stocks of herring in Puget Sound, based on the timing and
location of spawning activity (Stick 2005; PSAT 2007). The grounds are well defined
and the timing of spawning is very specific, seldom varying more than seven days from
year to year (Bargmann 1998). Puget Sound herring are thought to be a mix of ‘resident
and ‘migratory’ stocks, with the migratory populations cycling between winter spawning
grounds in the inside waters and summer on the continental shelf off the mouth of the
Strait of Juan de Fuca (Penttila 2007). However, which fish or stocks are migratory and
which are resident is unknown. It appears as though neither post-spawning adult herring
nor pre-recruit herring persist in numbers in the immediate vicinity of any spawning
ground during non-spawning times of year (Penttila 2007).”

= “For the period of 2003 to 2004 only 50 percent of all Puget Sound herring stocks were
classified as “healthy’ or ‘moderately healthy,” whereas 71 percent and 83 percent of
stocks were considered healthy or moderately healthy in 2000 and 2002, respectively.
One stock was added to the critical list in 2004. South and central Puget Sound stocks
have maintained a healthy stock status since 1994, while north Puget Sound’s combined
stocks have declined from a healthy status in 1994 to [a] depressed [status] since 1998.
The Strait of Juan de Fuca’s status has been consistently classified as “critical’ since
1994 (USFWS 2009a, pp. 62, 63, 98, 99).

In 2009, the Service reported that surveys are incomplete and there appear to be few or no data to
describe the status of Puget Sound surf smelt and Pacific sand lance stocks (USFWS 2009a, pp.
99, 100). It appears that is still the case in 2015.

Stick, Lindquist, and Lowry (2014) have reported findings from the 2012 Washington State
Herring Stock Status Report. Important trends and conclusions include the following:

= Fewer stocks may be classified as ‘healthy” or ‘moderately healthy’.
= The Cherry Point stock shows no signs of recovery from its critically low level of

abundance, and the Strait of Juan de Fuca regional spawning biomass continues to be at a
low level of abundance.
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Estimated spawning biomass for the Skagit Bay stock has dropped by over 50 percent
since 2009.

The Fidalgo Bay stock has decreased substantially in recent years. Compared to the
previous 25 year mean spawning biomass, the 2012 status is very depressed.

Two stocks, N.W. San Juan Island and Kilisut Harbor, have not had detectable spawning
activity since 2008 and have a ‘disappearance’ classification.

If Puget Sound herring stocks interact as a metapopulation, observed ‘disappearance’
and/or dramatic decreases in abundance of individual stocks may not be cause for major
concern.

Appendix D includes excerpts from Stick, Lindquist, and Lowry (2014); those fuller excerpts are
incorporated here by reference.

Selleck et al. (2015) recently published the first synthesis of historical sand lance capture records
for the inland waters of Washington State. They report the following:

“Despite a number of studies characterizing their distribution and habitat use in Alaska
and British Columbia, surprisingly little is known about population attributes in the
Salish Sea [which includes Puget Sound]. We compiled and analyzed 15,192 records
collected from 1,630 sites, primarily by beach seine or tow net in nearshore shallow areas
between 1970 and 2009, to determine sand lance spatial and seasonal distribution in the
inland waters of Washington State” (p. 185).

“Studies have shown that at nearshore sites in the region, juvenile Chinook salmon ...
feed largely on larval and juvenile sand lance (Duffy and others 2010). Sand Lance also
are the most numerically abundant prey in the diet of lingcod (Ophiodon elongates), a
recreationally important species (Beaudreau and Essington 2007) ... Additionally, they
are one of the two most important prey for common murres (Uria aalge) and rhinoceros
auklets (Cerorhinca monocerata; Lance and Thompson 2005), and can comprise up to 67
percent of the diet of marbled murrelets ... in regional populations (Norris and others
2007)” (p. 185).

“Commercial exploitation of this species is prohibited by the Washington Department of
Fish and Wildlife (Bargmann 1998). Consequently, unlike other forage fishes such as
Pacific herring ... and surf smelt ... stock structure and population assessments have not
been conducted (Mitchell 2006; Stick and Lindquist 2009)” (p. 186).

“Sampling effort was not uniform spatially or temporally ... No data were available from
Hood Canal. [The] Whidbey basin had the highest sampling effort ... [and] the Strait of
Juan de Fuca basin had the lowest sampling effort ... Of Puget Sound’s estimated 3,970
km of shoreline, approximately 13 percent was sampled for sand lance ... which were
present along 78 percent of the shoreline sampled” (p. 187).
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= “The largest catches ... occurred between May and August, with peak catches estimated
at 16,000 and 50,000 fish recorded in the San Juan Archipelago in June 1976 and 2005,
respectively. Work conducted in Alaska also showed increased total beach seine catch ...
in summer (Johnson and others 2008). Seasonal abundance has important biological
implications ... Abundance of sand lance in marbled murrelet diet varies seasonally, with
fewer sand lance in the winter diet (Burkett 1995). Reduced occurrence in winter could
reflect an absolute reduction in ... availability in winter, fewer large schools of fish, or an
increase in the relative abundance or distribution of another more preferred prey fish”
(pp. 192, 193).

= *“Lacking a better understanding of the basic biology of this species, it is impossible to
gauge the potential anthropogenic or natural impacts on regional food webs. This study
demonstrates that sand lance are present throughout the inland waters of Washington,
which is consistent with the hypothesis that they are important drivers of local marine
food webs ... [However,] numerous knowledge gaps exist about this ecologically
important fish in the inland waters of Washington, including basic knowledge about the
status of populations and subpopulations” (Selleck et al. 2015, p. 193).

Figures 26 through 33 identify shellfish activities located in the north Puget Sound, south Puget

Sound, and Hood Canal sub-areas, and their proximity to documented eelgrass beds and marine
forage fish spawning habitats.
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Figure 28. Shellfish operations and forage fish in north Puget Sound
(Corps 2015, Appendix E)
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Current Condition in the Action Area (Bull Trout and Critical Habitat)

The action area includes all of the tidelands and nearshore marine waters associated with
continuing and new (projected future) shellfish activities, encompassing an area of
approximately 38,716 acres (Corps 2015, pp. 40-49, 77-82). Where cultured tidelands extend
with only occasional interruption, interspersed uncultured areas may experience direct or indirect
effects, and are therefore considered part of the action area. At all locations, the action area
extends a minimum of 2,000 ft from the farm footprint (active and fallow). Factoring and
incorporating these other considerations, we estimate conservatively that regulated shellfish
activities in Washington State, specifically those for which this Opinion provides programmatic
coverage, are likely to directly or indirectly affect more than 45,000 acres of nearshore marine
habitat (45,000 to 50,000 acres in total; Willapa Bay: approx. 30,000 acres; Grays Harbor:
approx. 4,000 acres; north Puget Sound: approx. 5,000 acres; south Puget Sound: approx. 5,000
acres; and, Hood Canal: approx. 3,000 acres).

Anadromous bull trout forage and migrate along the nearshore (generally in water less than 10
meters deep) and are opportunistic foragers, often traveling to access and take advantage of
seasonally abundant food resources. Anadromous bull trout feed primarily on marine forage fish
and juvenile salmonids when in the marine environment. Eelgrass meadows and other complex
nearshore marine and estuarine habitats are a focal point for their foraging activities and provide
essential prey resources.

Hayes et al. (2011) used acoustic transmitter tags, habitat class preferences, and compositional
analysis of selection to describe bull trout movements, position, and marine habitat use in and
around the Skagit River delta:

= “Summaries of fish positions and habitat descriptions were based on our best estimate of
a fish’s position during each ‘event’ ... Detections separated by at least 2 hours were
considered separate ‘events’.” (pp. 398, 399)

= “Habitat descriptions included shoreline, substrate, and vegetation classes (McBride et al.
2006) ... These data were available for the majority of bay perimeter and shallow water
habitat, but not for the Swinomish Channel ... Substrate and vegetation data were
available only within the intertidal zone.” (p. 399)

= “We ranked habitat class preferences (Aebischer et al. 1993) by using a compositional

analysis of selection (Leban 1999) to compare habitat use with habitat availability.” (p.
399)
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= “Habitat class data and compositional analysis ... suggested that bull trout use of habitats
was not random ... Coastal deposits, low bank, and sediment bluff accounted for nearly
76 percent (by length) of natural shoreline classes ... Modified and unmodified shoreline
classes were used in proportion to their availability ... common modifications included
concrete bulkhead and riprap ... Green algae, eelgrass (Zostera sp.), and unvegetated
were frequent vegetation classes; combined, they made up more than 70 percent of the
area used by bull trout ... Use of spit-berm, salt marsh habitats, and green algae
vegetation classes was greater than expected, based on availability, while the unvegetated
class ranked low.” (p. 400)

= “One behavior that was common among bull trout in marine waters was the use of
shallow, nearshore habitats ... In general, fish positions were within 400 m of the
shoreline and shallower than 4 m ... Although some bull trout probably crossed sections
of Skagit Bay with water depths greater than 10 m to reach the east shore of Whidbey
Island, our detections never indicated that fish maintained positions in these deeper areas
... The general pattern suggested that individual bull trout moved from the river to a
discrete section of bay shoreline or the Swinomish Channel, stayed there for much of
their marine residency, and then returned to the river ... We found no evidence of
consistently nomadic behavior for any fish.” (pp. 403, 404)

= “Qur descriptions of substrate, vegetation, and shoreline classes in bull trout habitats are
the first of this type and thus are valuable despite incomplete mapping ... However,
habitat preference data should be considered preliminary because the number of
detections of some fish was small, our fish location data were imprecise, and preference
may be related to other factors ... More detailed data are required to determine bull trout
selection and intensity of use for specific habitats.” (Hayes et al. 2011, p. 404)

Appendix D includes excerpts from Hayes et al. (2011); those fuller excerpts are incorporated
here by reference.

Willapa Bay and Grays Harbor: Several coastal drainages to the north, including the Quinault,
Queets, and Hoh Rivers, support local populations and spawning of anadromous bull trout. Bull
trout occur regularly in Grays Harbor and its lower tributaries. They have been documented in
Willapa Bay and its tributaries, though infrequently and in low numbers. These represent the
southernmost populations of anadromous bull trout found anywhere in North America.

The action area provides nearshore marine, foraging, migrating, and overwintering (FMO)
habitat for adult and subadult bull trout originating from coastal Washington core areas and local
populations to the north (the Quinault, Queets, and Hoh River bull trout core areas). The best
available, current information indicates that the major tributaries to Grays Harbor and Willapa
Bay do not support bull trout spawning and rearing, or local populations.

The Quinault, Queets, and Hoh River bull trout core areas support small and moderately sized

local bull trout populations. These local populations appear to be relatively stable, with some
year-to-year variation in the measured indices for abundance and reproduction.
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North Puget Sound: All of the north Puget Sound’s larger drainages support local populations
and spawning of anadromous bull trout. The Elwha and Dungeness Rivers, which both drain to
the Strait of Juan de Fuca, also support local populations. Bull trout occur regularly and in
significant numbers throughout the nearshore marine areas of the north Puget Sound.

The action area provides nearshore marine FMO habitat for adult and subadult bull trout
originating from several core areas (e.g., the Nooksack, Skagit, Stillaguamish, and Snohomish-
Skykomish River bull trout core areas), and numerous local populations. These bull trout core
areas support large and moderately sized local bull trout populations, including the largest
anadromous bull trout populations found anywhere in Washington State (and the entire range of
the species). Most of these local populations appear to be relatively stable, with some year-to-
year variation in the measured indices for abundance and reproduction. The best available,
current information indicates that the Dungeness River continues to support a small population
of anadromous bull trout, but few (if any) anadromous bull trout remain in the Elwha River
system (due to prolonged isolation above the dams, which have recently been removed).

South Puget Sound: The Puyallup River bull trout core area supports anadromous, fluvial, and
resident life history forms. The core area is believed to support the Puget Sound’s southernmost
anadromous bull trout populations. Data available for the Puyallup River core area are
incomplete and do not allow for an accurate estimation of adult abundance or reproduction.
However, trap counts at the Buckley Diversion Dam, and other available sources, suggest that
the Puyallup River core area supports only low to very low numbers of anadromous bull trout.

The action area provides nearshore marine FMO habitat for adult and subadult bull trout
originating from the Puyallup River core area. However, the best available, current information
indicates that tributaries to the Puget Sound located south of Tacoma (including the Nisqually
River) do not support bull trout spawning and rearing, or local populations.

The Puyallup River bull trout core area supports moderately sized local bull trout populations,
including a small population of anadromous bull trout. Most of these local populations appear to
be relatively stable or increasing, with some year-to-year variation in the measured indices for
abundance and reproduction. Bull trout populations in the White River have been increasing
since 2009, possibly due to a significant increase in the populations of pink and coho salmon.

Hood Canal: The nearshore marine waters of Hood Canal provide FMO habitat for anadromous
bull trout. Bull trout originating from the Dungeness or other, north Puget Sound core areas may
occasionally occur within northern portions of Hood Canal.

There are at least two local populations of bull trout in the Skokomish River. One is an adfluvial
population that inhabits Lake Cushman and the North Fork Skokomish River above the lake.
Another population, found in the South Fork Skokomish River, is a depressed but stable fluvial
population. Anadromy has not been documented in the Skokomish River populations and no
bull trout have been captured in the nearshore marine areas of the estuary. However, historic
reports of bull trout in rivers such as the Duckabush, Dosewallips, Hamma Hamma, and
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Quilcene Rivers suggest that a few individuals may be present in the nearshore marine waters of
Hood Canal. The local populations of the Skokomish River are depressed but relatively stable,
with some year-to-year variation in the measured indices for abundance and reproduction.

Factors Responsible for the Condition of the Species

The factors responsible for the condition of the species (bull trout) in the action area are
described elsewhere (see Status of the Species, Status of Critical Habitat, and Environmental
Baseline).

Factors Responsible for the Condition of Critical Habitat

In nearshore marine areas, the inshore extent of critical habitat is the MHHW line, including the
uppermost reach of the saltwater wedge within tidally influenced, freshwater heads of estuaries.
Critical habitat extends offshore to a depth of 10 meters (33 ft) relative to the MLLW line (75 FR
63935; October 18, 2010).

The action area includes approximately 12,000 acres of designated bull trout critical habitat,
mostly located in Grays Harbor (approximately 4,000 acres), the north Puget Sound
(approximately 5,000 acres), and Hood Canal (approximately 3,000 acres)(Corps 2015 Appendix
H, Figures H-1 through H-8)(Table 4). South of Tacoma, designated bull trout critical habitat
only extends as far as the Nisqually River delta. No portion of Willapa Bay has been designated
as critical habitat for the bull trout.

Within the action area, the current condition of designated bull trout critical habitat varies
considerably. Current conditions reflect natural variability, patterns of disturbance and recovery
from both natural and man-made events, and the effects of earlier and concurrent, unrelated
activities occurring in the same nearshore environments and watersheds.

As working tidelands, where shellfish activities have for many years and will continue to affect
habitat conditions (i.e., water quality, substrate conditions, physical habitat structure and
function, benthic/epibenthic community structure and composition, and predator-prey dynamics),
most of the action area cannot be regarded as pristine in its current state. Also, at many locations
this habitat exhibits the pervasive effects of shoreline development and alteration. Armored and
hardened shorelines, diking and filling of marine and estuarine areas, and overwater structures
are all characteristic of the action area. At many locations these features impair important
natural processes that create and maintain functional nearshore marine habitat.

Water and sediment quality conditions are generally suitable and adequately functioning, though
some sub-basins and embayments fail to consistently maintain the State’s surface water quality
criteria (Ecology 2016). Portions of Sequim Bay, Discovery Bay, and lower Hood Canal are
listed on the State’s 303(d) list of impaired water bodies for failing to meet criteria for dissolved
oxygen. However, most shellfish activities are conducted on intertidal sites, which “...are
substantially or completely flushed on every tidal cycle” (Forrest et al. 2009, p. 5). Water
temperatures are generally suitable and adequately functioning throughout the action area.
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Natural nearshore habitat complexity is either mildly or moderately impaired throughout much of
the action area. The same can be said for the condition of the bull trout prey base. At some
locations either or both of these functions may be severely impaired.

Table 4. Designated bull trout critical habitat within the action area; co-location with mapped
eelgrass and marine forage fish habitat.

Continuing
GEOGRAPHY | Affected Nearshore Shellfish Activities (Acres)
Acres in Designated
C“tlc.al Habitat Co-Located Co-Located
(Action Area) Total | \ith Mapped | with Mapped
Eelgrass Forage Fish
Grays Harbor 4,000 2,965 1,918 (65%) 73 (2%)
Hood Canal 3,000 1,356 685 (51%) 663 (49%)
North Puget 5,000 3687 | 3.370(91%) | 2,865 (78%)
Sound
Total Approx. 12,000 Aépgg)g Approx. 6,000 Approx. 3,600

The action area includes nearshore marine environments providing five of the nine PCEs of
designated bull trout critical habitat (50 FR 63898; October 18, 2010):

(2) Migration habitats with minimal physical, biological, or water quality impediments between
spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but
not limited to permanent, partial, intermittent, or seasonal barriers.

Within the action area this PCE is impaired but still functions. At some locations, where
armored and hardened shorelines, marine and estuarine fill, and overwater structures are more
pervasive, this PCE is moderately or severely impaired. There are currently no barriers to
migration along the marine shorelines in the action area.
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(3) An abundant food base, including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish.

Within the action area this PCE is either mildly or moderately impaired. Most of the nearshore
marine areas in the action area provide important spawning habitat for forage fish species such as
Pacific herring, Pacific sand lance, and surf smelt. Across most portions of the action area, both
salmonid and marine forage fish prey resources are well below historic, long-term peaks of
production. However, year-to-year and geographic variability is significant and not easy to
generalize with recognizable trends.

(4) Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and
processes that establish and maintain these aquatic environments, with features such as large
wood, side channels, pools, undercut banks and unembedded substrates, to provide a variety of
depths, gradients, velocities, and structure.

Within the action area this PCE is moderately impaired, but still functions. At some locations,
where armored and hardened shorelines, fill, and overwater structures are more pervasive, and
where important natural processes that create and maintain functional nearshore marine habitat
are impeded, this PCE is severely impaired.

(5) Water temperatures ranging from 2 to 15 °C (36 to 59 °F), with adequate thermal refugia
available for temperatures that exceed the upper end of this range. Specific temperatures within
this range will depend on bull trout life-history stage and form; geography; elevation; diurnal
and seasonal variation; shading, such as that provided by riparian habitat; stream flow; and
local groundwater influence.

Though some shallow embayments experience seasonally elevated temperatures (i.e., during
summer months), those conditions are usually of limited duration. Water temperatures in the
nearshore marine areas of Puget Sound and the coastal bays are generally not degraded. Within
the action area this PCE is fully functioning, with little or no significant impairment.

(8) Sufficient water quality and quantity such that normal reproduction, growth, and survival are
not inhibited.

Water and sediment quality conditions are generally suitable and adequately functioning, though
some portions of the action area exhibit mild or moderate impairment.

Conservation Role of the Action Area (Bull Trout)

On September 28, 2015, the Service announced the availability of a Recovery Plan for the
Coterminous U.S. Population of Bull Trout (USFWS 2015a). The bull trout is listed as
threatened in the lower 48 states, where it occurs in Montana, Idaho, Washington, Oregon, and
Nevada. The Recovery Plan updates the recovery criteria proposed in the 2002 and 2004 draft
recovery plans, to focus on effective management of threats, and de-emphasize the achievement
of targeted population numbers (i.e., numbers of adult bull trout in specific areas)(USFWS
2015b).
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Between 2002 and 2004, three separate bull trout recovery plans were drafted, including a plan
for the Coastal-Puget Sound in western Washington (2004). The previous 2002 and 2004 bull
trout recovery plans required that all recovery criteria be achieved in each of 27 recovery units.
Although these previous draft recovery plans have served to identify recovery actions and
provide the framework for implementing numerous recovery actions, they were never finalized
(USFWS 2015c).

The final Recovery Plan is based on new information regarding bull trout life history, ecology,
distribution, and persistence, including the benefits of various conservation actions implemented
on behalf of the bull trout, along with an improved understanding of the various threat factors.
The Recovery Plan is intended to promote and support cooperative work with our partners, and
serves to focus and implement effective conservation actions in those areas that offer the greatest
long-term benefit and where recovery can be achieved (USFWS 2015c¢).

The previous 2002 and 2004 draft bull trout recovery plans proposed adult abundance levels
(demographics) as recovery targets for each identified bull trout core area, considering
theoretical estimates of effective population size, historic census information, and the
professional judgment of recovery unit team members. In developing the final Recovery Plan,
the Service recognizes that bull trout continue to be found in suitable habitats and generally
remain geographically widespread across 110 core areas in five states. The Recovery Plan
identifies conservation needs for bull trout in each of the 110 core areas. However, the Service
acknowledges, that despite the best conservation efforts, it is likely that bull trout will become
locally extirpated from some core areas within the foreseeable future. Factors responsible for
declining populations and/or local extirpations include impacts of stochastic events on existing
small populations, climate change, and isolation (35 of 110 extant core areas comprise a single
local population). Moreover, the availability of survey data for accurate population estimates is
problematic, and in certain core areas the geographic limitations on available habitat may
inherently constrain the ability of bull trout populations to achieve the earlier demographic
targets (USFWS 2015c).

The strategy set forth in the Recovery Plan has five key elements (USFWS 2015c):

= Conserve bull trout so that they are geographically widespread across representative
habitats and demographically stable in six recovery units (Figure 34);

= Effectively manage and ameliorate the primary threats in each of six recovery units at the
core area scale so that bull trout are not likely to become endangered in the foreseeable
future;

= Build upon the numerous and ongoing conservation actions implemented on behalf of
bull trout, and improve our understanding of how various threat factors potentially affect
the species;

= Use that information to work with partners to design, fund, prioritize, and implement

effective conservation actions in those areas that offer the greatest long-term benefit to
sustain bull trout, and where recovery can be achieved; and
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= Apply adaptive management principles to implementing the bull trout recovery program
to account for new information.

The final Recovery Plan includes individual Recovery Unit Implementation Plans (RUIPs) for
each recovery unit. The RUIPs were developed through collaboration with federal, Tribal, State,
private, and other partners prior to completion of the plan (USFWS 2015b).
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Figure 34. Bull trout recovery units
(USFWS 2015d)

The Service does not expect, plan, or intend to fully recover all bull trout populations in each of
the currently occupied core areas identified by the final Recovery Plan. We recognize that
accomplishing recovery at the scale of the recovery units will require that we improve the status
of bull trout local populations, and their habitats, in some core areas relative to the time of
listing. However, in other core areas it may only be necessary to maintain bull trout local
populations and their habitats, more or less in their current condition, into the foreseeable future.

If the threats described in the final Recovery Plan are effectively managed, the Service expects
that bull trout populations in each recovery unit will respond accordingly, reflecting the
biodiversity principles of resiliency, redundancy, and representativeness. Specifically, achieving
the proposed recovery criteria in each recovery unit would result in geographically widespread
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and demographically stable local bull trout populations, and would protect their essential cold
water habitats to allow all diverse life history forms to persist into the foreseeable future
(USFWS 20154, p. viii).

Connectivity between spawning and rearing habitat and downstream FMO habitat sufficient for
bull trout to move freely and with minimal risk is necessary for the expression of migratory life
history patterns. In core areas where multiple local populations exist, interaction among local
populations through movement of migratory individuals is critical to maintaining genetic
diversity and recolonizing local populations that become extirpated. Thus, when connectivity
with FMO habitat is impaired or blocked, bull trout populations tend to become restricted to
isolated local populations, which may have low genetic diversity, are vulnerable to extirpation,
and cannot be readily recolonized. Barriers to connectivity may consist of natural physical
features such as waterfalls; river reaches that create mortality risks or prevent movement of adult
fish because of entrainment, excessively warm water, or poor water quality; instream structures
such as culverts or weirs; or dams (USFWS 2015a, p. 27).

Lack of suitable FMO habitat, including shared FMO habitats in mainstem, estuarine, and
nearshore areas, can increase mortality of migratory individuals or discourage movement through
these areas, resulting in reduced connectivity among local populations or core areas. Therefore,
impaired FMO areas should be identified within core areas and in shared FMO habitats, and
habitat improvement measures should be implemented where feasible. In estuarine and
nearshore habitats, projects may include improving nearshore habitat conditions for forage fish;
removing or modifying structures such as shoreline armoring, bulkheads, dikes, and tide gates;
contaminant remediation; or, restoring eelgrass or kelp beds (USFWS 2015a, p. 28).

With our revised designation of bull trout critical habitat (75 FR 63935; October 18, 2010) the
Service identified a number of marine or mainstem river habitats outside of bull trout core areas
that provide primary constituent elements of critical habitat. These areas do not provide
spawning and rearing habitat, but do provide FMO habitat that is typically shared by bull trout
originating from multiple core areas. These shared FMO areas support the viability of bull trout
populations by contributing to successful overwintering survival and dispersal among core areas
(USFWS 20154, p. 35).

Bull trout are opportunistic feeders, with food habits primarily a function of size and life history
strategy (USFWS 2015a). Resident and juvenile migratory bull trout prey on terrestrial and
aquatic insects, macro-zooplankton, and small fish. Adult migratory bull trout feed primarily on
a wide variety of resident and anadromous fish species. In coastal areas of western Washington,
bull trout feed on forage fish species such as Pacific herring, Pacific sand lance, and surf smelt,
in nearshore marine areas and the Pacific Ocean (USFWS 2015a).

The Coastal Recovery Unit is located within western Oregon and Washington. Major drainages
include the Olympic Peninsula, Puget Sound, and Lower Columbia River basins, Upper
Willamette River, Hood River, Lower Deschutes River, Odell Lake, and the Lower Mainstem
Columbia River. In the Coastal Recovery Unit, the Service identified 21 existing bull trout core
areas, including the Clackamas River core area where bull trout had been extirpated and were
recently reintroduced, and 4 historically occupied core areas that could be reestablished (Figure
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35). Core areas within the recovery unit are distributed among three geographic regions: Puget
Sound, Olympic Peninsula, and Lower Columbia River. Ten shared FMO habitats are also
identified outside of core areas (Table 5). The only core areas in the coterminous states that

currently support anadromous local populations of bull trout are located within the Puget Sound

and Olympic Peninsula geographic regions (USFWS 2015a, pp. 38, 79).
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Figure 35. Map of the Coastal Recovery Unit and core areas
(USFWS 20154, p. 78).

82



Table 5. Shared FMO habitat in the Coastal Recovery Unit (USFWS 20153, p. 79).

Shared FMO Habitat Areas | Recovery Unit | Area Description

Lower Columbia River FMO | Coasfal Mainstem Columbia Fiver from the mouth fo
John Day Dam

Puget Sound FMO Coastal Wearshore marnine habitat on eastern edge of
Puget Sound from Nisqually River north to
Canadian border

Lower Nisqually River FMO | Coastal Mainstem lower Nisqually River

Lower Green River FMO Coastal Mainstem lower Green Fiver and Sunday
Creek

Lake Washington FMO Coastal Salmon Bay. Lake Union, and Lake
Washington

Sanush Fiver FMO Coastal Mainstem Sanush River

Hood Canal Marine FMO Coastal Mainstem Dosewallips River, and nearshore

marine habitat in Hood Canal extending from
Diabob Bay and the mouth of Union River
outward to Hazel Point

Stratt of Juan de Fuca FMO Coastal Wearshore manine habitat from Pillar Point to
Cape George
Pacific Coast FMO Coastal Wearshore marine habitat from Grays Harbor

to Ozette Lake vicinity, and mamstem
nveringe habitat Copalis River, Raft River,

and Goodman Creek
Grays Harbor/Chehalis River | Coastal Wearshore manine habitat in Grays Harbor,
FMO and mainstem riverine habitat in Humptulips.

Chehalis, Wishkah Wynoochee, Satsop, and

There are five core areas within the Coastal Recovery Unit that have been identified as current
population strongholds. These are the Lower Skagit and Upper Skagit core areas in the Puget
Sound region, the Quinault River core area in the Olympic Peninsula region, and the Lewis River
and Lower Deschutes River core areas in the Lower Columbia River region. These are the most
stable and abundant bull trout populations in the recovery unit (USFWS 2015a, p. 79).
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The Recovery Plan identifies the following recovery actions (USFWS 20153, pp. 51, 52):
1. Protect, restore, and maintain suitable habitat conditions for bull trout.

2. Minimize demographic threats to bull trout by restoring connectivity or populations
where appropriate to promote diverse life history strategies and conserve genetic
diversity.

3. Prevent and reduce negative effects of non-native fishes and other non-native taxa on bull
trout.

4. Work with partners to conduct research and monitoring to implement and evaluate bull
trout recovery activities, consistent with an adaptive management approach using
feedback from implemented, site-specific recovery actions, and considering the effects of
climate change.

Promoting and restoring connectivity, both within core areas and with riverine or coastal FMO
habitat, should encourage the full expression of known migratory life history strategies (fluvial,
adfluvial, anadromous, amphidromous), and allow appropriate genetic interaction and
demographic exchanges among core areas (USFWS 2015a, p. 51).

Future climate change impacts on bull trout will require development of a decision framework to
help inform where climate change effects are most likely to impact bull trout. The identification
of core areas and watersheds that are most likely to maintain habitats suitable for bull trout over
the foreseeable future, and under probable climate change scenarios, will help guide the
allocation of bull trout conservation resources to improve the likelihood of recovery (USFWS
20153, p. 53).

The Recovery Plan summarizes our current knowledge of potential future climate change
scenarios, and their significance for bull trout recovery (USFWS 2015a, pp. 17-19, 30, 31). Bull
trout are vulnerable to the effects of warming climates and changing precipitation and hydrologic
regimes. Climate change in the Pacific Northwest will include rising air temperatures, changes
in the timing and volume of streamflow, increases in extreme precipitation events, and other
changes that are likely to degrade bull trout habitat and increase competition with non-native
warmwater fish (Mote et al. 2014).

Several climate change assessments or studies have been published (Rieman et al. 2007; Porter
and Nelitz. 2009; Rieman and Isaak 2010; Isaak et al. 2010, 2011; Wenger et al. 2011; Eby et al.
2014) or are currently underway assessing the possible effects of climate change on bull trout.
The results of these efforts will allow us to better understand how climate change may influence
bull trout, and help to identify suitable conservation actions to improve the status of bull trout
throughout their range. Issues include: the effects of rising air temperatures and lower summer
flows on range contractions; changing stream temperatures, influenced by stream characteristics
(e.g., amount of groundwater base flow contribution to the stream, stream geomorphology, etc.)
affecting suitable bull trout spawning and rearing habitat; threats to redds and juvenile habitat
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from stream scouring caused by increased winter precipitation extreme events and increased rain
in lower elevations; and lower summer flows inhibiting movement between populations, and
from spawning and rearing habitat to foraging habitat (USFWS 20153, p. 18).

A study of changing stream temperatures over a 13-year period in the Boise River basin
estimated an 11 to 20 percent loss of suitable coldwater bull trout spawning and early juvenile
rearing habitats (Isaak et al. 2010). These results suggest that a warming climate is already
affecting suitable bull trout instream habitats. This is consistent with the conclusions of Rieman
et al. (2007) and Wenger et al. (2011) that bull trout distribution is strongly influenced by
climate, and predicted warming effects could result in substantial loss of suitable bull trout
habitats over the next several decades. Wenger et al. (2011) also noted that bull trout already
seem to inhabit the coldest available streams in some study areas, and in several watersheds bull
trout do not have the potential to shift upstream with warming stream temperatures at lower
elevations (USFWS 20154, p. 18).

Sensitivity of stream temperature to changes in air temperature is complex and is influenced by
geological and vegetational factors such as topography, groundwater recharge, glaciation history,
and riparian vegetation (Isaak et al. 2010; Isaak and Rieman 2013). A new stream temperature
data collection, modeling and mapping project, NorWeST, provides a much improved foundation
for assessing bull trout cold water habitat (USFS 2014). Stream temperature data have been
compiled from dozens of resource agencies at more than 15,000 unique stream sites. These
temperature data are being used with spatial statistical stream network models to develop an
accurate and consistent set of climate scenarios for all streams (USFWS 2015a, p. 19).

Fine-scale assessments of the current and projected future geographic distribution of coldwater
streams and suitable bull trout habitat have been recently developed through the NorWeST
(Isaak et al. 2015) and Bull Trout Vulnerability Assessment (Dunham 2015) processes. These
assessments model probability of presence using the NorWeST stream temperature data and
models, and map suitable habitat “patches” using fish presence, local threats, migratory
connectivity, and climate sensitivity. The climate sensitivity parameters and data that will be
linked to patches include flow variability (e.g., percent high frequency of winter floods), thermal
variability (percent very cold), fire history (percent severely burned relative to patch area), and
snowpack (snow cover frequency). Other factors include composite indicators of human impacts
and non-native presence. Connectivity parameters include data among patches (stream/lake/sea
distance to nearest occupied patch), migratory connectivity (distance to lake/sea), local barriers
(culverts, diversions), and natural geomorphic features (USFWS 2015a, p. 19).

Climate change is an independent threat to bull trout, but also one that exacerbates many of the
other threats. The Service expects the threat to increase in severity over coming decades.
Increasing air temperatures and other changes to hydrology, modified by local habitat conditions,
will tend to result in increased water temperatures, and reduce the amount of habitat with suitable
cold water conditions. Warm dry conditions are also likely to increase the frequency and extent
of forest fires, with a potential to increase sedimentation and eliminate riparian shading.
Projected lower instream flows and warmer water in FMO habitats will exacerbate the lack of
connectivity within and between bull trout core areas. And, we expect that increased water
temperatures will alter competitive interactions between bull trout and other fish species that are
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better adapted to warm conditions. Climatic warming will change seasonality of streamflow, and
increased spring runoff from rain-on-snow events will increase scouring of spawning gravels.
Glacial retreat and reduction of summer snowpack will reduce cold water flows during summer
months. Sea level rise will result in the loss of, and changes to, nearshore and estuarine habitat.
Although addressing the root causes of greenhouse gas emissions and climate change is not
within our jurisdiction, management planning should account for these increased threats and
proactively protect those habitats that we expect will best maintain cold water conditions suitable
for bull trout (USFWS 20154, pp. 30, 31).

The RUIP for the Coastal Recovery Unit includes the following specifics regarding bull trout
recovery actions for shared Puget Sound FMO, the coastal Washington core areas, and shared
Olympic Penninsula FMO (USFWS 2015e, pp. A-57 through A-59, A-63 through A-67, A-71,
A-72):

= Implement protection activities in nearshore marine and estuarine habitats. Past and
current impacts from residential development and urbanization along shorelines have
significantly degraded nearshore habitats essential to anadromous bull trout and their
marine prey base. Efforts should prioritize the protection of intact shorelines, key
habitats, and natural shoreline processes (eelgrass beds, forage fish spawning and holding
areas, feeder bluffs), particularly those in close proximity to core areas or shared
freshwater FMO habitats. Use project prioritization identified in the Puget Sound
Partnership’s most current near term action agenda.

= Implement restoration activities in nearshore marine and estuarine habitats. Past and
current impacts from residential development and urbanization along shorelines have
significantly degraded nearshore habitats essential to anadromous bull trout and their
marine prey base. Efforts should target the restoration or enhancement of natural
shoreline features, shoreline processes, or key habitats that are currently degraded,
particularly those in close proximity to core areas or shared freshwater foraging,
migration, and overwintering habitats. Use project prioritization identified in the Puget
Sound Partnership’s most current near term action agenda.

= Assess impacts of contaminants to anadromous bull trout. Increasing residential
development and urbanization exacerbates the ongoing transfer of contaminants into
nearshore habitats of Puget Sound. Additional evaluation of the impacts to anadromous
bull trout and to their key prey base (salmon and marine forage fish) is required to
develop and implement any necessary and appropriate mitigation strategies.

= Assess importance of small independent streams to anadromous bull trout. Small
independent streams play an important overwintering role for anadromous bull trout in
the Olympic Peninsula region (Brenkman et al. 2007 In USFWS 2015e), but their role for
Puget Sound populations is less clear due to the environmental setting. Additional
evaluation of the locations and level of use by anadromous bull trout is required to
develop and implement any necessary protection and restoration strategies.
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= Ensure fisheries do not impede recovery. Direct and incidental catch of bull trout from
commercial gill net and popular recreational angling fisheries on the coast (Brenkman et
al. 2007; Kerr et al. 2013; E. Harvey, NPS, in litt. 2014 In USFWS 2015e) can have
significant selective pressure on older and larger bull trout (Brenkman et al. 2007 In
USFWS 2015e). Develop and implement strategies to reduce incidental mortality of
larger spawners caught in fisheries.

= Monitor and evaluate fisheries impacts. Develop and implement appropriate level of
monitoring to ensure fisheries do not significantly impact bull trout recovery, and
periodically review harvest management and make recommendations for change as
needed.

= Implement restoration activities in nearshore marine and estuarine habitats. Efforts
should target the restoration or enhancement of natural shoreline features, processes, or
key habitats that are currently degraded, particularly those in close proximity to
Dungeness River core area or shared freshwater FMO habitats. Use project prioritization
identified in the Puget Sound Partnership’s most current near term action agenda.

= Implement restoration actions in small, independent, coastal marine tributaries. Although
these small independent streams have been identified as either medium or low priority
watersheds for salmon compared to larger natal watersheds (QIN 2011 In USFWS
2015e), these are key shared FMO habitats for anadromous bull trout (Brenkman et al.
2007; USFWS 2010 In USFWS 2015e). Many of these small streams, whose estuaries
and lower reaches are used by anadromous bull trout, have been heavily impacted by past
forest practices (QIN 2011 In USFWS 2015e). Implement appropriate protection and
restoration actions.

= In the Chehalis River/Grays Harbor watershed, assess potential for “re-establishing” a
natal population of bull trout to the Satsop River.

Summary

The action area includes more than 45,000 acres of nearshore marine habitat, including
approximately 12,000 acres of designated bull trout critical habitat (45,000 to 50,000 acres in
total; Willapa Bay: approx. 30,000 acres; Grays Harbor: approx. 4,000 acres; north Puget Sound:
approx. 5,000 acres; south Puget Sound: approx. 5,000 acres; and, Hood Canal: approx. 3,000
acres). Bull trout occur in these nearshore marine waters, and the anadromous (or
amphidromous) bull trout that these waters support are unique to the Coastal Recovery Unit and
rangewide distribution of the species. These nearshore marine waters support the complex
migratory behaviors and requirements of the anadromous form of bull trout, provide foraging
opportunities, allow for enhanced individual growth, and support the connectivity of bull trout
core areas over time (with genetic exchange). As such, these nearshore marine waters are
essential to the persistence of the anadromous bull trout life history form.
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Data collected in Puget Sound indicate that the majority of anadromous bull trout tend to migrate
into marine waters in the spring, and return to rivers in the summer and fall. Although much less
common, tagged bull trout have been detected in Puget Sound nearshore marine waters during
December and January, which indicates that some fish may remain in or return to marine waters
during the winter.

Marine FMO habitat located in Puget Sound, Hood Canal, the Pacific Coast, and Grays Harbor is
considered essential for maintaining the anadromous life history form of bull trout. Recovery
plans assign no specific conservation role to Willapa Bay, because bull trout are thought to occur
there infrequently and in low or very low numbers.

Current Condition in the Action Area (Marbled Murrelet)

The action area includes all of the tidelands and nearshore marine waters associated with
continuing and new (projected future) shellfish activities, encompassing an area of
approximately 38,716 acres (Corps 2015, pp. 40-49, 77-82). Where cultured tidelands extend
with only occasional interruption, interspersed uncultured areas may experience direct or indirect
effects, and are therefore considered part of the action area. At all locations, the action area
extends a minimum of 2,000 ft from the farm footprint (active and fallow). Factoring and
incorporating these other considerations, we estimate conservatively that regulated shellfish
activities in Washington State, specifically those for which this Opinion provides programmatic
coverage, are likely to directly or indirectly affect more than 45,000 acres of nearshore marine
habitat (45,000 to 50,000 acres in total; Willapa Bay: approx. 30,000 acres; Grays Harbor:
approx. 4,000 acres; north Puget Sound: approx. 5,000 acres; south Puget Sound: approx. 5,000
acres; and, Hood Canal: approx. 3,000 acres).

The Recovery Plan for the Threatened Marbled Murrelet in Washington, Oregon, and California
(USFWS 1997, p. 115) identifies six Conservation Zones throughout the listed range of the
species. Conservation Zone 1 (Puget Sound) includes all the waters of Puget Sound and most
waters of the Strait of Juan de Fuca south of the U.S.-Canadian border. Conservation Zone 2
(Western Washington Coast Range) includes marine waters within 1.2 miles (2 km) off the
Pacific Ocean shoreline, with the northern terminus immediately south of the U.S.-Canadian
border near Cape Flattery along the midpoint of the Olympic Peninsula, and extending to the
southern border of Washington (the Columbia River)(USFWS 1997, p. 126).

Offshore Area Subunit/Conservation Zone 2

During the breeding season (April through September), marbled murrelet density in the Offshore
Area Subunit is lower than in the nearshore coastal and inland waters. During the summer, it is
assumed that 5 percent of marbled murrelets detected during Northwest Forest Plan
Effectiveness Monitoring Program (NWFPEM) are offshore (the NWFPEM effort detects
approximately 95 percent of the population, and the remaining 5 percent are assumed to be
offshore), but not beyond the continental shelf (37 km, or 20 nm). Table 6 shows the density
estimates for marbled murrelets detected by NWFPEM in Conservation Zone 2.
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Table 6. Marbled murrelet population estimates and densities in Conservation Zone 2 from 2001
to 2015

Conservation Zone 2 — Stratum
Year 2 Al : 2 L . - 2 .
Density Population Density Population Density Population
(birds/km?) | Estimate | (birds/lkm®) | Estimate | (birds/km?) | Estimate
2001 0.90 1,518 1.43 1,040 0.50 478
2002 1.23 2,031 2.45 1,774 0.28 258
2003 2.41 3,972 2.64 1,912 2-23 2,061
2004 1.82 3,009 3.37 2,444 0.61 565
2005 1.56 2,576 2.79 2,018 0.60 558
2006 1.46 2,381 2.26 1,638 0.80 743
2007 1.54 2,535 2.85 2,065 0.51 470
2008 1.17 1,929 2.58 1,872 0.06 57
2009 0.77 1,263 1.61 1,166 0.11 97
2010 0.78 1,286 1.34 968 0.34 318
2011 0.72 1,189 1.31 952 0.26 237
2012 0.72 1,186 1.18 853 0.36 333
2013 0.77 1,271 1.61 1,163 0.12 108
2014 1.32 2,176 2.88 2,086 0.10 90
2015 1.94 3,204 2.85 2,064 1.23 1,140

(Lynch et al. 2016, pp. 10-13)

Inland Waters Subunit/Conservation Zone 1

The Inland Water Subunit within Conservation Zone 1 encompasses all of Puget Sound and the
Strait of Juan de Fuca. Within the Inland Water Subunit, marbled murrelets tend to forage in
well-defined areas during the breeding season. They are found in the highest densities in the
nearshore waters of the San Juan Islands, Rosario Strait, the Strait of Juan de Fuca, Admiralty
Inlet, and Hood Canal. They are more sparsely distributed elsewhere in Puget Sound, with
smaller numbers observed during different seasons within the Nisqually Reach, Possession
Sound, Skagit Bay, Bellingham Bay, and along the eastern shores of Georgia Strait. In the most
southern end of Puget Sound, they occur in extremely low numbers. During the non-breeding
season, they typically disperse and are found farther from shore (Strachan et al. 1995).

It appears that marbled murrelets from Vancouver Island, British Columbia move into more
sheltered waters in Puget Sound and the Strait of Georgia, which contributes to increased
numbers of murrelets in Puget Sound in fall and winter (Burger 1995a). Surveys along the
southern shore of the Strait of Juan de Fuca conducted by the Washington Department of Fish
and Wildlife from 1996-1997 (Thompson 1997) showed an increase in the number and group
size of marbled murrelets in August in the eastern Strait of Juan de Fuca, although numbers
declined in the western portion of the Strait of Juan de Fuca. Surveys in the near-shore waters of
the San Juan Islands (Evans and Associates 1999; Ralph et al. 1995) showed a similar increase in
abundance in August and September. Increases in abundance have been detected as well in
September and October during surveys of Admiralty Inlet, Hood Canal, Saratoga Passage, and
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Possession Sound (Merizon et al. 1997). A breeding marbled murrelet, banded in Desolation
Sound in summer, was recovered near Orcas Island in September, and then recovered in
Desolation Sound the following year (Beauchamp et al. 1999).

Marbled murrelet presence in the Inland Water Subunit is documented by several sources. The
most accurate information comes from the consistent sampling method used to estimate
population size and trends under the NWFPEM (Raphael et al. 2007). Since 2000, the estimated
population size for Conservation Zone 1 has ranged from a low of 2,822 marbled murrelets in
2014 to a high of 9,758 in 2002 (Table 7) (Lynch et al. 2016, pp. 10-13). The most recent (2015)
estimated population for Conservation Zone 1 is 4,290 marbled murrelets (2,783-6,492, the
upper and lower 95 percent confidence intervals; see Lynch et al. 2016) (Lance and Pearson
2016, p. 4; Lynch et al. 2016, p. 13). Since 2001, the estimated marbled murrelet density in
Conservation Zone 1 has ranged from 0.81 to 2.79 marbled murrelets per km?, with the most
recent (2015) density of 1.23 birds per km? (Lynch et al. 2016, p. 13).

Food and Habitat Preferences

Burkett (1995) reviewed marbled murrelet food habits and prey ecology, including the works of
Sealy (1975c¢), Krasnow and Sanger (1982), Sanger (1983, 1987b), Carter (1984), Vermeer
(1992), and others. Speich and Wahl (1995) described the marbled murrelet’s habitat
preferences and variability of occurrence in the inland marine waters of Washington State.
Appendix D includes excerpts from Burkett (1995) and Speich and Wahl (1995); those excerpts
are incorporated here by reference.

Factors Responsible for the Condition of the Species

Some of the factors responsible for the condition of the species (marbled murrelet) in the action
area are described elsewhere (see Status of the Species and Environmental Baseline).

As part of the Service’s 5-year review of the current status of the marbled murrelet, we identified
new threats and stressors across the listed range of the species, including several environmental
factors affecting marbled murrelets in the marine environment:

= Habitat destruction, modification, or curtailment of the marine environmental conditions
necessary to support marbled murrelets due to: elevated levels of polychlorinated
biphenyls in murrelet prey species; changes in prey abundance and availability; changes
in prey quality; harmful algal blooms that produce biotoxins leading to domoic acid and
paralytic shellfish poisoning; and climate change in the Pacific Northwest.

= Manmade factors that affect the continued existence of the species include: derelict
fishing gear leading to mortality from entanglement; energy development projects (wave,
tidal, and on-shore wind energy projects) leading to mortality; and disturbance in the
marine environment (e.g., sound pressures caused by pile-driving and underwater
detonations, vessel traffic).
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Table 7. Marbled murrelet population estimates and densities in Conservation Zone 1 from 2001 to 2015.

Conservation Zone 1 - Stratum

All 1 2
Year Density Population | Density Population Density Population Density Population
(birds/lkm?) | Estimate | (birds/km?) | Estimate | (birds/lkm?) | Estimate | (birds/km?) Estimate

2001 2.55 8,936 451 3,809 1.76 2,111 2.07 3,016
2002 2.79 9,758 7.21 6,092 1.88 2,248 0.97 1,419
2003 2.43 8,495 6.64 5,617 1.44 1,721 0.79 1,156
2004 1.56 5,465 3.83 3,241 1.51 1,807 0.29 417
2005 2.28 7,956 2.50 2,114 2.43 2,895 2.02 2,947
2006 1.69 5,899 2.76 2,333 1.42 1,693 1.28 1,873
2007 2.00 6,985 3.45 2,912 1.22 1,453 1.80 2,620
2008 1.34 4,699 3.57 3,019 0.90 1,073 0.42 607
2009 1.61 5,623 3.81 3,221 0.69 822 1.08 1,580
2010 1.26 4,393 2.00 1,694 1.78 2,128 0.39 571
2011 2.06 7,187 5.58 4,717 1.24 1,484 0.68 986
2012 2.41 8,442 7.17 6,056 1.51 1,799 0.40 587
2013 1.26 4,395 2.38 2,010 0.66 784 1.10 1,600
2014 0.81 2,822 1.26 1,063 1.27 1,521 0.16 238
2015 1.23 4,290 2.22 1,875 1.95 2,321 0.06 94

Sources: (Lance and Pearson 2016, p. 4; Lynch et al. 2016, pp. 10-13)

91




Prey Resources and Foraging Conditions

Therriault, Hay, and Schweigert (2009) have reported recent marine forage fish trends in the
Salish Sea and their potential significance for seabirds. Cury et al. (2011) considered global
trends in seabird response to forage fish depletion. Vilchis et al. (2014) recently published work
using winter count data collected in the Salish Sea over the period 1994 to 2010, and
epidemiological theory and data processing techniques, to evaluate common drivers for declines
witnessed in marine avian predators. Appendix D includes excerpts from Therriault, Hay, and
Schweigert (2009), Cury et al. (2011), and Vilchis et al. (2014); those excerpts are incorporated
here by reference.

Net Entanglement and Bycatch

Rodway et al. (1992, pp. 30, 31) reported, “Mariculture developments have proliferated in recent
years throughout nearshore feeding areas for murrelets in southern British Columbia (Booth and
Rueggeberg 1988) ... Entanglement of alcids was reported at one of 68 salmon farms surveyed
(Rueggeberg and Booth 1989) ... displacement from traditional foraging areas, contamination of
food supplies by antifoulants and antibiotics, and alteration of local food supplies from
decomposition of fish food and fish excretion are potential problems for marbled murrelets
(Vermeer and Morgan).” Laist (1997) compiled a comprehensive list of species with marine
debris entanglement and ingestion records. Carter, McAllister, and Isleib (1995) describe
accidental capture and mortality in commercial gill nets as one of the major threats to marbled
murrelet populations. Good et al. (2010) has reported on the progress made removing derelict
gear in Puget Sound and the Northwest Straits, and the pattern of remaining threats. Zydelis,
Small, and French (2013) have considered recent bycatch trends in Washington State and British
Columbia. Appendix D includes excerpts from Laist (1997); Carter, McAllister, and Isleib
(1995); Good et al. (2010); and, Zydelis, Small, and French (2013); those excerpts are
incorporated here by reference.

Conservation Role of the Action Area (Marbled Murrelet)

The action area is critically important to the marbled murrelet populations in Conservation Zones
1 and 2 (Puget Sound and Western Washington Coast Range, respectively), and by extension, is
also critically important to the rangewide conservation and recovery of the species. The action
area provides prey resources that are essential to the health and productivity of marbled murrelet
populations in Conservation Zones 1 and 2. However, the action area also supports individuals
from other conservation zones and/or British Columbia that seasonally forage and migrate in
Washington’s inland marine waters or the coastal bays, and therefore supports additional
marbled murrelet populations from both the south and north. Many of the marbled murrelets that
breed on Vancouver Island, British Columbia, appear to move into more sheltered waters (Puget
Sound and the Strait of Georgia) after the breeding season, where numbers increase in fall and
winter (Burger 1995a,b). The Service’s recovery plan identifies all of Puget Sound, including
the waters of the San Juan Islands, the Strait of Juan de Fuca, and the nearshore waters along the
Pacific Coast from Cape Flattery to Willapa Bay (within 1.2 miles of the shore), including rivers
mouths, as essential for marbled murrelet foraging and loafing (USFWS 1997, p. 135).

92



The marine environment will play an essential role in the recovery of the marbled murrelet.
Protecting the quality of the marine environment is identified in the recovery plan as an integral
part of the recovery effort (USFWS 1997, p. 120). Marbled murrelets spend the majority of their
lives in marine areas, usually within five kilometers of the shoreline, where forage fish and other
marine prey resources are most abundant (USFWS 1997, p. 120). If marine areas are degraded
and do not provide sufficient prey resources, individual fitness and reproductive success may be
reduced.

There are threats in the action area that must be addressed to reverse rangewide marbled murrelet
population trends, and to maintain self-sustaining and self-regulating populations. A marbled
murrelet Recovery Implementation Team, convened and led by the Service, found that sustained
low recruitment is the most likely cause for the observed, continuing population declines, and
identified five major mechanisms that contribute to this decline (USFWS 2012, cover letter, pp.
10, 11, 22):

= Changes in marine forage conditions, affecting the abundance, distribution, and quality of
prey, is identified as one of the five mechanisms. Depletion of the marine forage fish
resource, degraded spawning and rearing habitats for these fish (often attributable to
shoreline development and alteration), and other losses or degradation of estuarine and
nearshore marine habitat functions are emphasized (pp. 10, 13, 19, 22). Also, “...
[marine] food webs are sensitive to climate variability ... [and] there is uncertainty about
how future changes will impact these [food] webs” (p. 10). For all geographic areas
across the range of the listed species, degraded marine forage conditions, and the
uncertain future effects of climate variability on marine forage conditions, are identified
as one of the top three causes for low recruitment and the observed, continuing
population declines (USFWS 2012, p. 19).

= Post-fledging mortality is another of the five mechanisms. Entanglement in nets and
“other marine gear” remains one of the significant, identified causes for this mortality
(USFWS 2012, pp. 11, 13).

= Cumulative and interactive effects are a top five mechanism, including the “...disconnect
between [high] quality marine and terrestrial habitats...”, or the lack of adequate marine
and terrestrial habitat “coupling” (USFWS 2012, pp. 11, 13). “Longer commuting times
between nesting and foraging habitats can increase both the energetic costs of
reproduction and exposure to predators ... the cumulative effect of [these] factors ... may
limit reproductive success.”

= |n Puget Sound and the San Juan Islands, most of the remaining, functional nesting
habitat is located far from marine waters. In this portion of the marbled murrelet’s range,
where there is a “...significant distance between marine areas and remaining nesting
habitat ... [the] energetic costs of the commute [are] probably highest” (USFWS 2012, p.
13).

= In north Puget Sound and the Strait of Juan de Fuca, herring “...stocks are not doing
well” (USFWS 2012, p. 14).
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= On the coast, south of Grays Harbor, the *...disconnect between high quality terrestrial
and marine habitats ... [is] of more concern ... due to very limited terrestrial [nesting]
habitat” (USFWS 2012, p. 16).

Increasing human populations often result in increased shoreline development, and will likely
further degrade nearshore marine habitat and marine prey resources. Urban and suburban
sprawl, logging, and habitat fragmentation in the uplands have already greatly reduced the
available, suitable nesting habitat, and have increased the distances that marbled murrelets must
travel between high quality nesting and foraging habitats. New information regarding the status
of marine forage fish resources in the action area, and regarding seabird responses to reduced
prey availability, suggest that marbled murrelet populations may be experiencing declines that
are at least partially attributable to a lack of adequate forage resources. These threats, combined
with the other unaddressed rangewide threats, could affect the long-term trajectory for survival
and recovery of the marbled murrelet.

Climate Change

Climate change has already begun to affect conditions throughout the action area. This sub-
section discusses three related subjects: ocean acidification; “other” marine and estuarine
impacts associated with or caused by climate change; and, invasive species. The impacts of
ongoing and future climate change are an important aspect of the environmental baseline.
Climate change will have significance for the health and function of the action area’s nearshore
marine habitats, which are essential to the recovery of both anadromous bull trout and the
marbled murrelet.

Ocean Acidification

Over the past two centuries, atmospheric carbon dioxide (CO,) concentrations have increased
from approximately 280 parts per million (ppm), to approximately 380 ppm; and, over the same
period, the Earth’s oceans absorbed an estimated 550 billion tons of CO, (Le Quere et al. 2009
and Canadell et al. 2007 in Feely et al. 2012, pp. 442). Decades of observations now show that
CO, absorbed by the oceans is changing the chemistry of seawater, in a process called ocean
acidification. “When anthropogenic CO, is absorbed by seawater, chemical reactions occur that
reduce seawater pH, concentration of carbonate ion, and the saturation states of the biominerals
aragonite and calcite ... When carbonate saturation states ... drop below saturation ... whether
... due to ocean acidification or other natural processes, carbonate biominerals in shells and
skeletons may begin to dissolve, and we describe the water as corrosive” (Feely et al. 2012, pp.
442, 443).

Since pre-industrial times, “...the pH of average open-ocean surface waters has decreased by
about 0.1, equivalent to an overall increase in the hydrogen ion concentration or *acidity’ of
about 30 percent” (Feely et al. 2012, p. 443), and “...there has been an overall decrease of about
16 percent in the aragonite saturation state of North and South Pacific surface and intermediate
waters ... and a decrease of about 0.34 [percent per year] over the last two decades” (Feely et al.
2012, pp. 11, 12). These changes to the chemistry of seawater have caused “upward migrations
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of the aragonite and calcite saturation horizons” (i.e., the depths at which these biominerals may
be found at sufficient concentration), as well as related regional changes in circulation and
biogeochemical processes (Feely et al. 2012, p. 1).

However, available information suggests that “...large-scale changes in circulation can be as
important as, or in some cases, more important than, the direct effects of anthropogenic CO; ...
More detailed information on the temporal variability of the physical and chemical properties of
the California Current is required before we can accurately predict how these long-term changes
will affect our coastal ecosystems” (Feely et al. 2012, p. 11).

“Coastal waters, which are the source for the marine waters in the Puget Sound system, [already]
carry an anthropogenic CO, burden, and a corresponding pH decrease associated with ocean
acidification ... A reasonable estimate of the range of the present-day pH decrease in the Puget
Sound region due to ocean acidification is between 0.05 and 0.15” (Feely et al. 2012, p. 446).
“The calculations ... suggest that in pre-industrial times the waters flowing into Puget Sound ...
were above saturation with respect to aragonite, whereas today they are undersaturated ... While
the deep waters of Hood Canal were likely [naturally] undersaturated during the pre-industrial
era, the degree of undersaturation is greater today than it would have been then” (Feely et al.
2012, p. 447).

“Laboratory and mesocosm experiments suggest that pH and saturation state values of the
observed magnitude may impair overall calcification rates for many species of marine calcifiers,
including cold water corals, coccolithophorids, foraminifera, sea urchins and pteropods (Spero et
al. 1997; Riebesell et al. 2000; Engel et al. 2005; Orr et al. 2005; Guinotte et al. 2006; Kleypas
et al. 2006; Fabry et al. 2008; Guinotte and Fabry 2008; Doney et al. 2009; Ries et al. 2009) ...
Similar decreases in calcification rates would be expected for edible mussels, clams, and oysters
(Green et al. 2004; Gazeau et al. 2007; Hettinger et al. 2010)” (Feely et al. 2012, p. 447).
Numerous authors have emphasized the pervasive nature of these changes and their fundamental
importance to the productivity and resiliency of coastal and estuarine ecosystems.

Feely et al. (2012, pp. 446-448) have discussed current and future patterns of ocean acidification,
and how they are likely to interact with and alter the natural chemistry and biology of the Puget
Sound:

= “Naturally low carbonate saturation and pH levels in the North Pacific predispose the
Pacific Northwest coast in general, and Puget Sound in particular, to the development of
corrosive, hypoxic marine conditions.”

=  “As CO, continues to rise in the atmosphere, the ... contribution of anthropogenic CO, to
the development of corrosive conditions in the deep waters of Puget Sound will likely
increase with time.”

= QOcean acidification is likely to play a role, “...exacerbating local or regional hotspots of
corrosive conditions where the impacts of multiple stressors converge.”
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= “Stressful conditions may be exacerbated by [the] combined impacts of global, regional,
and local anthropogenic processes including ocean acidification, land-use change, and
nutrient enrichment. The additional pH, [altered aragonite saturation state], and CO;
decreases associated with these anthropogenic stressors may cross critical thresholds for
organisms living near the edge of their physiological tolerances.”

=  “The rapid decline of the large mussel populations at Tatoosh Island and the mass
mortalities of oyster larvae in Pacific Northwest oyster hatcheries may be early
indications of the kind of ecosystem changes caused by the combined effects of multiple
processes and stressors interacting in a high-CO, world.”

= “By the end of this century, ocean acidification may become the dominant process
reducing the pH and saturation state of this large, economically important estuary”
(Feely et al. 2012, pp. 446-448).

Greene et al. (2012, p. 16) found that 92 percent of Hood Canal sites (12 of 13) had minimum
DO concentrations surpassing stressful conditions, and depressed DO concentrations were
typically associated with highly stratified water columns. They report, “One striking bivariate
relationship was observed across all temporal and spatial scales ... pH and dissolved oxygen
(DO). DO concentrations were positively correlated with pH across basins and months at the
surface, at 6 meters deep, and at the maximum depth of the water column profiles ... DO and pH
may be tightly linked.”

Other Marine/Estuarine Impacts Associated with Climate Change

As described by the Independent Scientific Advisory Board (ISAB 2007), the effects of climate
change are likely to include increased ocean temperatures, increased stratification of the water
column, and changes in the intensity and timing of coastal upwelling. These effects have already
begun to alter, and are likely to continue altering primary and secondary productivity and the
structure of marine communities.

For some large estuaries, the effects of climate change may have additional consequences (ISAB
2007): higher winter freshwater flows, and higher sea level elevations, may lead to altered
sediment routing and wave damage; lower freshwater flows in late spring and summer may lead
to upstream extension of the salt wedge, possibly influencing the distribution of prey and
predators; and, the increased temperature of freshwater inflows may extend the range of warm-
adapted non-indigenous species. However, in all of these cases, the likely effects of these
changes to the abundance, productivity, spatial distribution, and diversity of native biota are
poorly understood (ISAB 2007).

“Growing human pressures, including climate change, are having profound and diverse
consequences for marine ecosystems. Rising atmospheric ... CO, is one of the most critical
problems because its effects are globally pervasive and irreversible on ecological timescales
(Natl. Res. Counc. 2011). The primary direct consequences are increasing ocean temperatures
(Bindoff et al. 2007) and acidity (Doney et al. 2009) ... [But] Direct effects ... [to] ocean
temperature and chemistry may ... lead to shifts in the size structure, spatial range, and seasonal
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abundance of populations. These shifts, in turn, lead to altered species interactions and trophic
pathways as change cascades from primary producers to upper-trophic-level fish, seabirds, and
marine mammals, with climate signals thereby propagating through ecosystems in both bottom-
up and top-down directions ... Investigating the responses of individual species to single forcing
factors, although essential, provides an incomplete story and highlights the need for more
comprehensive, multispecies- to ecosystem-level analyses” (Doney et al. 2012, p. 12).

“Mid-latitude upwelling systems, like the California Current, exhibit strong linkages between
climate and species distributions, phenology, and demography... Population-level shifts ... [may
be] occurring because of physiological intolerance to new environments, altered dispersal
patterns, and changes in species interactions” (Doney et al. 2012, p. 11). Figure 36 illustrates
some of the observed climate-dependent changes in the California Current ecosystem.

“Zooplankton biomass has declined dramatically over the past 60 years in concert with increases
in ocean temperature (Roemmich and McGowan 1995), a trend that continues to this day ...
Because a shift toward less abundant, smaller, and lipid-poor subtropical copepods accompanied
the transition into a warm phase of the [Pacific Decadal Oscillation] (Peterson and Schwing
2003), continued warming of the California Current is predicted to translate up the food chain to
reduce juvenile survivorship in salmonid fishes” (Doney et al. 2012, p. 25).

The Earth’s oceans are warming, with considerable interannual and interdecadal variability
superimposed on the long-term trend (Bindoff et al. 2007). Historically, warm periods in the
coastal Pacific Ocean have coincided with relatively low abundances of salmonids and other cold
water-dependent fish species, while cooler ocean periods have coincided with relatively high
abundances (Scheuerell and Williams 2005; Zabel et al. 2006). “Effects ... [to native eelgrass]
from global climate change include rising seawater temperatures and changes in depth from
increased sea levels. High temperatures may cause loss of eelgrass in embayments already
experiencing near-lethal temperatures” (Mumford 2007, p. 14).

Invasive Species

Among the key findings from a report published during 2007, the Puget Sound Action Team
(PSAT 2007) found that more than 50 non-native species are documented in Puget Sound, a
large number of these probably introduced via ship ballast. The European green crab (Carcinus
maenas), Chinese mitten crab (Eriocheir sinensis), and zebra mussel (Dreissena polymorpha) are
non-native species that could arrive at any time and threaten the Puget Sound.

“Another highly invasive kelp species, Undaria pinnatifida ... is not yet in Puget Sound, but has
been found in California and many other temperate areas, and will likely invade here in time
(Silva et al. 2002)” (Mumford 2007, p. 4).

“Introduction of non-native species is an important management issue, particularly when they
become invasive ... Aquaculture and other vectors for marine invasions have been reviewed
elsewhere (Gruet et al. 1976; Carlton and Mann 1996; McKindsey et al. 2007; Minchin 2007) ...
Regulations and practices have changed to reduce the role of aquaculture imports in
homogenizing biota (e.g. ICES Code of Practice on the Introductions and Transfers of Marine
Organisms, ICES 2005)” (Dumbauld, Ruesink, and Rumrill 2009, p. 201).
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Figure 36. Climate-dependent changes in the California Current
(Doney et al. 2012, p. 27)

However, Forrest et al. (2009, p. 10) have argued that “...the role of elevated oyster culture in
the spread of pest organisms ... [is] particularly significant ... Inadvertent pest introduction is
one of the more significant issues associated with aquaculture in estuaries (DeFur and Rader
1995) ... The reason is that, by comparison with all other issues, the spread of pest organisms ...
can occur at regional scales (e.g. as a result of seed-stock transfer) potentially leading to
ecologically significant and irreversible changes to coastal ecosystems (Elliot 2003) ... Although
management approaches may be developed to minimize any pest risks that are considered
unacceptable (e.g. treatment of seed-stock before regional transfer), there are few examples
where such strategies have been completely effective (Piola et al. 2009).”

Bendell (2014) has reported that “...several lines of evidence suggest that the [cultured non-
native] Manila [clam] is replacing the native littleneck [clam]” on intensively farmed British
Columbia tidelands. “Prior to the introduction of the Manila clam, the native littleneck ... and
the butter clam (Saxidomus gigantea) were the dominant species harvested (Whiteley 2005)” (p.
369). “Within Baynes Sound, either seed spillover or natural spawning by the Manila is

98



occurring, making it the dominant bivalve within the region” (p. 375). “The Manila, through the
anthropogenic enhancement of its reproductive effort, is able to outcompete the indigenous
species and overcome its predation disadvantage by occurring in greater numbers” (Bendell
2014, p. 379).

There is also a potentially significant ongoing and likely greater future interaction between
marine species invasions and climate change: “Multiple factors beyond climate change influence
changes in marine community composition and trophic structure, and synergistic effects may
arise among climate, exploitation, and the introduction of invasive species. A survey of four
well-studied marine regions found that invasions are shifting food webs toward domination by
suspension and deposit feeders low in the food chain, presumably reflecting the widespread
transport of small fouling organisms and the decline of large fishes caused by human harvesting
(Byrnes et al. 2007) ... Evidence from the Atlantic (Stachowicz et al. 2002) and Pacific (Sorte
et al. 2010) coasts of North America indicates that nonnative species in fouling invertebrate
communities are favored over native species in warmer waters. In this way, warming may tend
to homogenize the composition of marine communities ... Climate-mediated shifts in species
distributions are creating novel or emerging no-analog ecosystems consisting of species with
little or no shared evolutionary history (Hobbs et al. 2006; Williams and Jackson 2007) ... There
IS growing evidence that the climate-mediated invasions mentioned above are biased
taxonomically or by functional traits such as life history and trophic level (Byrnes et al. 2007) ...
Other studies suggest that a warming climate aggravates the prevalence of marine diseases
(Harvell et al. 2002) ... Climate-driven impacts on keystone and foundation species may be
especially important ... Some critical habitat-forming marine benthic species, such as oysters
and corals, appear sensitive to CO, and climate change both directly and through pathogens”
(Doney et al. 2012, pp. 19, 20).

EFFECTS OF THE ACTION
Introduction

The effects of the action refers to the direct and indirect effects of an action on the species or
critical habitat, together with the effects of other activities that are interrelated or interdependent
with that action, that will be added to the environmental baseline (50 CFR 402.02). Indirect
effects are those that are caused by the proposed action and are later in time, but still are
reasonably certain to occur.

While generally it is our practice to describe first those activities which have insignificant or
discountable effects to listed species, their habitats, and prey, we have taken an alternate
approach with this Opinion’s discussion of potential effects. All or nearly all of the shellfish
activities covered under this programmatic Opinion result in measurable and potentially
significant effects to water quality, substrate condition, physical habitat structure and function,
benthic/epibenthic community structure and composition, and predator-prey dynamics.
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As is always our practice, this Opinion includes an analysis and discussion of temporary
(episodic or transient) stressors, resulting exposures, and potential effects. However, because
with this Opinion we must consider and describe potential effects on a large scale, corresponding
to hundreds of farms and farm operations, and thousands of affected nearshore marine acres, we
believe that resulting persistent stressors of long duration (months, years) warrant and require
special attention and focus.

Shellfish culturing activities and practices alter physical, chemical, and biological conditions on
temporal scales that correspond to cycles of production and harvest. Resulting conditions also
reflect variable patterns and rates of recovery from disturbance. And, the discernable direct and
indirect effects of shellfish activities are generally also superimposed on, and further influenced
by, natural variability, patterns of disturbance and recovery from natural events, and the
confounding effects of concurrent, unrelated activities occurring in the same nearshore
environments and watersheds.

The Corps has stated the following (Corps 2015, p. 83):

“The effects [of individual activities] may be relatively short-term or longer lasting ... Of
equal or more relevance to ESA listed species are the effects of the collective activities,
their frequency, duration, timing, geographic location, and general scale across the
landscape.”

We agree with the Corps and believe that the best available scientific information supports this
conclusion. Our Opinion finds that the most significant and biologically relevant effects are
those that result in aggregate to nearshore marine habitat structure, function, and productivity.
We examine potential effects to ecological processes and ecosystem services. We also consider
potential indirect effects that may result from altered patterns of prey availability and
productivity (“prey-mediated effects”). And, we assess potential effects to natural forms of
nearshore marine habitat structure and complexity, both those that result on the scale of an
individual farm, and those that result from groupings of farms on larger scales.

The portions of the Opinion that follow discuss: 1a) temporary stressors resulting from shellfish
activities, and 1b) resulting short-term exposures and effects to bull trout and marbled murrelets;
2a) persistent stressors of long duration resulting from shellfish activities, 2b) aggregate effects
at larger scales (e.g., groupings of farms, embayments or sub-basins), and 2c) resulting long-
term and indirect exposures and effects to bull trout and marbled murrelets; and, 3) effects to
designated bull trout critical habitat.

Temporary Stressors, Resulting Exposures, and Effects

This portion of the Opinion discusses temporary stressors resulting from shellfish activities, and
resulting short-term exposures and effects to bull trout and marbled murrelets.
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Physical Disturbance

The physical disturbance that results temporarily from shellfish activities generally corresponds
to two principle temporal regimes: the cycle of daily high and low tides; and, cycles of shellfish
production (seeding, maintenance, and harvest). Most shellfish activities are conducted on or
over the exposed or partially exposed intertidal bed. These activities, and their resulting
temporary effects, therefore commonly have a temporal duration measured in hours. For
example, activities conducted on intertidal shellfish beds (bed preparation, seeding or planting,
maintenance, and harvest) typically occur during the 3- to 6-hour periods afforded by each low
tide, or each daylight low tide (Corps 2015, p. 14). Consequently, most shellfish activities
associated with ground-based culturing of oysters, clams, and geoduck are conducted as bouts of
intermittent activity, with each bout lasting a few hours.

Other shellfish activities, including frosting or graveling, some methods of seeding and planting,
mechanical harrowing, mechanical harvest, dive-harvest, and suspended culturing techniques,
are conducted during periods of tidal inundation, and/or over the submerged subtidal bed. While
some of these activities may be relieved or partially relieved of strict timing constraints, many
still target specific tidal elevations and therefore proceed as bouts of intermittent activity.

The Corps has reported values, presented as acres per day, describing the typical (or average)
physical extent of various shellfish activities (Corps 2015, p. 91). These values are reported for
some of the more physically-intrusive or disruptive activities, including: frosting or graveling (1
acre/day); mechanical harrowing (5 acres/day); mechanical dredge harvesting (0.5 acre/day);
mechanical, non-dredge harvesting (0.8 acre/day); longline harvest (0.125 acre/day); and,
geoduck harvest (0.01 to 0.06 acre/day).

The Corps has stated the following (Corps 2015, p. 103):

“[Shellfish] activities result in a pattern of effects on the environment that individually
have varying levels of persistence, ranging from several days (e.g., temporary increases
in suspended sediment) to many years (e.g., degraded eelgrass, leveling of substrate) ...
The proposed action [includes] initiation of aquaculture activities, and their pattern of
effects, in the continuing fallow and new [acreages].”

Some shellfish activities clearly result in pronounced and intensive physical disturbance of the
substrate, benthos, and/or submerged aquatic vegetation, including in some instances native
eelgrass and/or rooted kelp. We would place pre-harvest, some methods of bed preparation
(including mechanical leveling and frosting or graveling), and most methods of shellfish harvest
in this category. However, many of the other activities associated with seeding or planting and
maintenance are far less intrusive or disruptive. And, importantly, cycles of shellfish production
(seeding, maintenance, and harvest) typically dictate that these less intrusive activities span
durations of many months between bed preparation and harvest. The Corps reports (Corps 2015)
that mussels are typically harvested at 12 to 14 months of age (p. 14), oysters at 18 months to 4
years of age (pp. 14, 20), clams at approximately 3 years of age (p. 25), and geoduck clams at 4
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to 7 years of age (p. 33). During these intervening periods (“grow-out”) less physically-intrusive
or disruptive maintenance activities are the norm, with possible exceptions for removal of area or
cover nets and mechanical harrowing.

Disturbance and Recovery from Disturbance in Estuarine Environments

“Estuarine communities have evolved to accommodate certain levels of physicochemical stress
and disturbance. Benthic and epibenthic communities, in particular, have co-evolved in highly
variable regimes of salinity, temperature, and substrate” (Simenstad and Fresh 1995, p. 43).
Describing the Ecology of Eelgrass Meadows in the Pacific Northwest, Phillips (1984, pp. 12,
15, 16) observed “Eelgrass colonizes sediments varying from firm sand with moderate wave
action to soft mud in quiet bays (Ostenfeld 1908; Phillips 1974). Plants have been found on
gravel mixed with coarse sand where growth is patchy (Tutin 1938) ... Intertidal plants [are]
subjected to wide fluctuations in temperature, salinity, radiation, grazing, erosion, and wave
action ... Subtidal plants are relatively undisturbed physically and biologically.”

Sousa (1984 In Simenstad and Fresh 1995, p. 43) defined disturbance as “...a discrete,
punctuated killing, displacement, or damaging of one or more individuals (or colonies) that
directly or indirectly creates an opportunity for new individuals (or colonies) to become
established.” Short and Wyllie-Echeverria (1996, p. 17) defined disturbance, whether natural or
human-induced, as “...any event that measurably alters resources available to ... [biota] so that a
... response is induced that results in degradation or loss.”

“The ability of estuarine communities to accommodate disturbance at low intensities ... and to
rapidly recover from occasional disasters, implies that they are ... resilient ... Although extreme
events ... may devastate benthic communities over the short term, the rate of recovery can be
quite rapid (e.g., within 1 year)(Wolff 1973; Boesch et al. 1976; de Vlas 1982) as long as the
perturbing factor does not persist” (Simenstad and Fresh 1995, p. 44). “The extent to which a
particular disturbance alters structure or function and thereby affects recovery time depends on
the frequency and/or duration of the disturbance (den Hartog 1971), the physiological condition
of the plants, and the characteristics of the particular seagrass species involved (McRoy and
Lloyd 1981; Zieman and Zieman 1989; Williams 1990; Alberte et al. 1994) ... Additionally,
recovery from disturbance can vary depending on the level of damage sustained” (Short and
Wyllie-Echeverria 1996, p. 18). “The effect of physical disturbance on plant communities
depends on the size, frequency, and intensity of disruption, and on ecological, physiological, and
life history characteristics affecting ecosystem recovery (Pickett & White 1985)” (Neckles et al.
2005, p. 58).
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Simenstad and Fresh (1995) reviewed the scale and intensity of disturbance, and the response of
intertidal communities to aquaculture activities in Pacific Northwest estuaries. “Aquaculture ...
may disturb benthic-epibenthic habitats beyond natural intensities or frequencies, perhaps for
years or decades. When scales of human disturbance exceed that of natural regimes ... effects
can potentially cascade ... to affect production of other estuarine, marine, and anadromous
populations” (Simenstad and Fresh 1995, p. 44). With their summary conclusions the authors
emphasized three related themes:

1) “On a community scale, responses to chronic, low intensity or infrequent, intermediate
intensity disturbances tend to be within the scope of behavioral or ecological adaptability
of the flora and fauna ... Dispersal of most epibenthic populations is often continuous
and dynamic as a function of tidal advection and resuspension ... [and] meiofaunal
animals tend to have high ... turnover rates that facilitate rapid recolonization” (p. 62).

2) “Subtle differences in the intensity of disturbance (e.g., amount of gravel added), the
natural disturbance regime (e.g., tidal or wave resuspension and resorting of sediments),
and other factors important to intertidal community structure (e.g., sedimentation rate)
define [site-specific and] taxon-specific responses” (p. 63).

3) “Complex physicochemical and ecological linkages among estuarine organisms and
communities can be altered over the long-term by persistent disturbances that exceed
natural regimes ... Large-scale disturbances, such as those associated with some intensive
oyster practices, may induce chronic shifts in the benthic community by removing or
reducing the influence of community dominants such as eelgrass or ... [by] altering the
apparent ... relationship between them” (Simenstad and Fresh 1995, pp. 65, 66).

Dumbauld and McCoy (2015) recently reported the findings of a multi-year study evaluating
model-predicted and actual landscape patterns of eelgrass distribution in Willapa Bay. The
authors describe spatial and temporal patterns of fragmentation, loss, and recovery, and
comparatively evaluate how these patterns relate to oyster culturing and harvest methods. “Our
results demonstrate a negative effect of oyster aquaculture on the native seagrass ... at the
landscape scale in Willapa Bay ... but also show that this impact is small compared to the overall
signature of both Z. marina and oyster aquaculture in this estuary” (p. 37). “Eelgrass ... appears
to be resilient over both short and longer temporal periods and resistant to oyster aquaculture as a
disturbance in this ecosystem” (p. 42). “Our research in Willapa Bay suggests that oyster
aquaculture ... 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 ... Bivalve
aquaculture has not been implicated in shifts to alternate states or reduced adaptive capacity of
the larger ecological system” (Dumbauld and McCoy 2015, p. 42).

Vanblaricom et al. (2015) recently reported the findings of a multi-site study evaluating the
effects of geoduck harvest on benthic infaunal communities in the south Puget Sound. The
authors use a treatment and control experimental design to describe spatial and temporal (i.e.,
seasonal) patterns of abundance and diversity, and to evaluate the effects of harvest both on and
adjacent to cultured farm plots. The study found, “There was scant evidence of effects on the
community structure ... [and] no indications of significant ‘spillover’ effects of harvest on
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uncultured habitat adjacent to cultured plots” (p. 171). The authors suggest, “...a principal
reason for the apparent insensitivity of resident infauna ... is accommodation of the infaunal
assemblage to a significant natural disturbance regime ... natural disturbances typical of the area
provide a rate of physical intervention ... substantially greater than rates of significant
disturbance caused by geoduck aquaculture operations in a given plot” (p. 183). The authors
suggest, “...the prevailing natural disturbance climate in the region has effectively selected the
infaunal assemblage toward tolerance of and resilience to the types of disturbances associated
with geoduck aquaculture operations,” but also warn that “...the data may not provide a
sufficient basis for unequivocal extrapolation to cases when a given plot is exposed to a long
series of successive geoduck aquaculture cycles” (Vanblaricom et al. 2015, pp. 183, 184).

Physical Disturbance Resulting from Shellfish Activities

When discussing potential impacts and effects to vegetation, the benthic community, and habitat,
the Corps has consistently emphasized that the magnitude and duration of effects vary depending
on culture method, individual grower or husbandry practices, and environmental conditions
(Corps 2015, p. 85, 87). We agree with the Corps and believe that the best available scientific
information supports this conclusion.

Pre-harvest: Pre-harvest removes marketable product and removes, or more commonly
relocates, undesirable species. For a period following pre-harvest, and until the cultured species
and colonizing species become re-established, most cultured farm plots exhibit a benthic
community that is reduced in abundance, biomass, and diversity (Corps 2015, p. 85; Straus et al.
2013, p. 20; Vanblaricom et al. 2015, pp. 171, 178, 180).

Frosting and graveling: Frosting and graveling are used to coarsen and firm the cultured farm
plot’s surficial substrates, but at the rates/amounts proposed we would not expect to see
wholesale conversion of the substrate type. Simenstad et al. (1991 In Simenstad and Fresh 1995,
p. 52) found that these practices can alter the benthic infaunal community, especially the
dominant or co-dominant taxa, but unless there is total replacement of the natural substrate,
effects to the epibenthic community (crustaceans and decapod crustaceans, mobile and sessile
echinoderms, mobile and sessile gastropods, bottomfish, etc.) are less pronounced and often site-
specific. The authors do acknowledge that (Simenstad and Fresh 1995, p. 50), “...the
Washington Department of Fisheries has investigated differences in benthic infauna composition
and densities at sites that have been graveled to enhance clam production ... [and] their results
(Washington Department of Fisheries 1988; Thompson and Cooke 1991; Thompson, 1995;
Washington Department of Fisheries and Fisheries Research Institute, University of Washington
unpublished data) indicate a shift away from communities numerically dominated by glycerid,
sabellid, and nereid polychaetes [bloodworms, feather duster tube worms, and rag or clam
worms] to ones dominated by bivalve molluscs and nemerteans [ribbonworms].”
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Mechanical leveling and harrowing: Mechanical leveling and harrowing turn over the surficial
substrates and shallow subsurface. This has measurable effects on the benthic community,
particle size, sediment chemistry, nutrient status, and aspects of benthic-water column dynamics
(Rhoads and Germano 1986, Newell 2004, Forchino 2010, Gutierrez et al. 2011). Leveling and
harrowing of the bed may in some instances result in measurable impacts to submerged aquatic
vegetation, including native eelgrass and/or rooted kelp.

Species richness and functional group diversity are inherent to undisturbed benthic systems,
including within seemingly “barren” or “plain” sand and mud flats (Rhoads and Germano 1986,
pp. 293, 294; Forchino 2010, pp. 16, 17; Gutierrez et al. 2011, pp. 39-45). Benthic communities
are not static and the functional groups that dominate at points along the course of infaunal
succession (Figure 37) influence important benthic ecosystem attributes, including secondary
production, nutrient cycling, and hypoxia (Rhoads and Germano 1986, pp. 291, 298-301).
“Infaunal ‘ecosystem engineers’ affect three-dimensional structure and thus the diversity of
microhabitats in marine soft sediments ... When infaunal organisms recruit into soft sediment
habitats, they seek refuge by entering into the sediments and — in many cases — by producing
shells, tubes, or burrows (Marinelli and Woodin 2002) ... All these structures generate a
remarkably more diverse environment within the sediment matrix relative to the originally
smooth soft sediment” (Gutierrez et al. 2011, pp. 44).
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Figure 37. Development of organism-sediment relationships over time following disturbance
(Rhoads and Germano 1986, p. 294)

Infaunal succession commonly requires years, and therefore benthic species assemblages and
their functional relationships can be disrupted by disturbance. “[Disturbances that cause] long-
term degradation ... frequently involve the loss of equilibrium species ... high-order seres are
replaced by pioneering seres ... [and] changes in organism-sediment relations and population
dynamics accompany this change” (Rhoads and Germano 1986, p. 295).

Appendix D includes excerpts from Rhoads and Germano (1986), Forchino (2010), and
Gutierrez et al. (2011); those fuller excerpts are incorporated here by reference.
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Benthic microalgae, or microphytobenthos, “...are an important food source for both sessile and
mobile benthic herbivorous meiofauna and macrofauna (Miller et al. 1996) ... [these are], in
turn, eaten by many carnivorous fish” (Newell 2004, p. 53). “In [the] Pacific Northwest ... a
number of economically-important fishes feed preferentially on specific taxa of intertidal soft-
bottom meiofauna and small macrofauna. Of prime interest are juvenile chum, Chinook, and
coho salmon that exhibit a high fidelity for shallow estuarine habitats. These fish feed on a
restricted suite of epibenthic harpacticoid copepods, gammarid amphipods, [and] cumaceans ...
When feeding in estuarine habitats, particularly in eelgrass meadows and mud flats, juvenile
chum salmon prey extensively on only a few taxa of harpacticoid copepods such as Harpacticus
uniremis, Tisbe spp., and Zaus sp. (Healey 1979; Simenstad et al. 1982, 1988; D’ Amours 1987,
1988) ... A number of other species, including smelts ([Family] Osmeridae), sand lances
([Family] Ammodytidae), and sticklebacks ([Family] Gasterosteidae) also prey heavily on these
same prey taxa ... early in their life histories (Simenstad et al. 1988) ... Similarly, amphipods
such as Corophium salmonis and C. spinicorne and cumaceans are preyed upon extensively by
juvenile Chinook salmon (Dunford 1975; Northcote et al. 1979; Levy and Northcote 1982;
Simenstad et al. 1982) and by migratory waterfowl and shorebirds such as sandpipers and dunlin
(Caladris alpina) ... (Albright and Armstrong 1982; Baldwin and Lovvorn 1994)” (Simenstad
and Fresh 1995, p. 63).

“Eelgrass rhizomes are buried from 3-4 cm (1.2-1.6 inches) up to 20 cm (8.0 inches) deep in
sediment, depending on the sediment consistency. In firmer substrates, rhizomes may be only
half as deep as in soft muddy substrates” (Phillips 1984, p. 9). “Significant injury to roots,
rhizomes, and meristems is lethal to seagrass shoots” (Neckles et al. 2005, p. 58). “Eelgrass may
... be impacted by dredging, harrowing, and leveling, all of which extensively disrupt surface
sediments ... destroy above-ground eelgrass shoots and leaves, and perhaps below-ground roots
and rhizomes as well” (Simenstad and Fresh 1995, p. 54).

Mechanical dredge harvesting: Mechanical dredge harvesting is among the most physically-
intrusive and disruptive of all the shellfish activities discussed in this Opinion. Dredge
harvesting directly impacts submerged aquatic vegetation and its many important physical,
chemical, biological, and habitat functions. These effects to ecological and habitat functions
may persist for durations extending months or years. A later portion of this Opinion will
examine the significance of these effects in greater detail (see Persistent Stressors, Long
Duration or Long-term Exposures and Effects, Effects to Nearshore Habitat Structure and
Function).

Geoduck harvest: Geoduck harvest (both dive and beach harvest) results in disturbance of the
substrate and benthos. Studies conducted in the Pacific Northwest demonstrate that geoduck
cultivation also results in measurable impacts to eelgrass. A 2-year experiment investigating
seasonal effects of geoduck production at a site in the south Puget Sound found that the largest
impacts (70 percent shoot loss) occurred during harvesting of the clams (Ruesink and Rowell
2012, p. 718).

Horwith (2013) investigated changes in eelgrass and infauna over a 5-year crop cycle in Samish

Bay, located in the northern portion of Puget Sound. “Immediately following harvest ... eelgrass
remained patchily distributed within the farm (being present in 64 percent of quadrats), but
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where it was present, Z. marina was now 78 percent more dense in the unfarmed area ... Eelgrass
was no longer present on the farm 1 year after harvest ... following a period of heavy [algae]
biofouling on the blanket nets” (Horwith 2013, p. 111). However, *...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 ... Geoduck aquaculture practices do not appear to have
made this site unsuitable for later recolonization by eelgrass” (Horwith 2013, p. 112). This too is
a subject for a later portion of this Opinion (see Persistent Stressors, Long Duration or Long-
term Exposures and Effects, Effects to Nearshore Habitat Structure and Function).

Exposures and Responses to Physical Disturbance (Bull Trout and Marbled Murrelet)

This sub-section has discussed physical disturbance with a focus on resulting potential effects to
substrates, sediment size and chemistry, benthic biomass and diversity, and submerged aquatic
vegetation. The effects discussed here, to physical, chemical, and biological conditions, are
temporal and limited in both physical extent and duration.

Shellfish culturing and harvesting have direct and indirect effects to nearshore marine habitat
structure, function, and productivity. These effects may have significance for how well these
habitats support the essential behaviors and needs of listed species. However, when we consider
the frequency, duration, and likely physical extent of temporary physical disturbances that result
in temporary impacts on individual farms and cultured beds, it is difficult or impossible to
establish that they alone are a recognizable and measurable cause for adverse effects to bull trout
or marbled murrelets.

We conclude that temporary physical disturbance resulting from shellfish activities causes
insignificant effects to bull trout and marbled murrelets. However, shellfish culturing activities
and practices do have measurable effects to ecological and habitat functions, some of which are
likely to persist for durations extending months or years. A later portion of this Opinion will
examine the significance of these effects in greater detail (see Persistent Stressors, Long
Duration or Long-Term Exposures and Effects, Effects to Nearshore Habitat Structure and
Function).

Water Quality

The effects to water quality that result temporarily from shellfish activities generally correspond
to the same two temporal regimes that were discussed above with reference to physical
disturbance: the cycle of daily high and low tides; and, cycles of shellfish production (seeding,
maintenance, and harvest). And, the preceding discussion of shellfish activities, their typical
durations, and physical extent is the same that should inform our discussion here of effects to
water quality and their significance.

Shellfish activities result in measurable, temporary impacts to water quality. While many,

perhaps most, activities result in temporary effects that are localized, limited in physical extent,
and low intensity, other culturing activities and practices (such as mechanical leveling,
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mechanical harrowing, frosting or graveling, and mechanical dredge harvesting) may have more
pronounced and intensive impacts to water quality. The removal of biofouling in the field, from
culturing equipment and materials, is another shellfish activity discussed here.

Activities that disturb the substrate create localized turbidity. Activities conducted at low tide,
on the exposed or partially exposed intertidal bed, sometimes create turbidity when water re-
floods the recently worked area (Corps 2015, p. 83). Activities conducted during periods of tidal
inundation (e.g., frosting or graveling, mechanical harrowing and harvest, dive harvest) also
create localized turbidity. Activities that disturb the substrate to some depth, that turn over the
surficial substrates and shallow subsurface (e.g., mechanical leveling, harrowing, and harvest),
have the potential to temporarily increase both turbidity and nutrients in the water column (Corps
2015, p. 83; Riemann and Hoffmann 1991, pp. 171, 176).

Where temporary impacts to water quality are concerned, our primary focus is on four
biologically and behaviorally relevant water quality parameters: turbidity, DO, BOD, and
nutrients (e.g., nitrogen and ammonium). Turbidity is an optical measure of water clarity, and an
indirect measure or indicator of the amount of suspended material (clay, silt, sand, algae,
plankton, etc.). Both DO and BOD relate to the availability of oxygen to support aerobic
respiration. BOD is a measure of the dissolved oxygen necessary to break down organic
materials present in a water sample. “Within the estuarine to coastal continuum, multiple
nutrient limitations occur among nitrogen, phosphorus, and silicon along the salinity gradient and
by season, but nitrogen is generally considered the primary limiting nutrient” (Rabalais 2002, p.
102).

Turbidity

Although few studies have specifically examined the issue as it relates to bull trout, increases in
suspended sediment affect salmonids in several recognizable ways. The variety of effects may
be characterized as lethal, sublethal, or behavioral (Bash et al. 2001, p. 10; Newcombe and
MacDonald 1991, pp. 72-73; Waters 1995, pp. 81-82). Lethal effects include gill trauma and
physical damage to the respiratory structures (Curry and MacNeill 2004, p. 140). Sublethal
effects include reduced respiratory function and performance (Waters 1995, p. 84), increased
metabolic oxygen demand (Servizi and Martens 1992), physiological stress reducing the ability
of fish to perform vital functions (Cederholm and Reid 1987, pp. 388, 390), reduced feeding
efficiency (Newcombe and MacDonald 1991, p. 73), and increased susceptibility to disease and
other stressors (Bash et al. 2001, p. 6). Sublethal effects can act individually or cumulatively to
reduce growth rates and survival over time. Behavioral effects include avoidance of preferred
habitats, loss of territoriality, and related secondary effects to feeding rates and efficiency (Bash
et al. 2001, p. 7). Fish may be forced to abandon preferred habitats and refugia, and may be
exposed to additional hazards (including predators) when seeking to avoid elevated suspended
sediment concentrations.

The marbled murrelet relies primarily on its sense of sight to visually identify, locate, and
capture prey. “Marbled murrelets feed in shallow, nearshore waters (Sealy 1975b, Carter 1984),
often opportunistically on locally abundant prey, mainly fish (Carter 1984) ... Marbled murrelets
forage within 500 m of shore in waters less than 30 m deep (Sealy 1975b) ... mainly on
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Euphausiids (Thysanoessa spinifera) during the [spring] ... later Pacific sandlance (Ammodytes
hexapterus) ... along with smaller numbers of seaperch (Cymatogaster aggregata)” (Rodway et
al. 1992, pp. 22, 23). “In Barkley Sound ... distribution of [marbled] murrelets paralleled
changes in the distribution of the principle prey, Pacific herring (Clupea harengus) and
sandlance (Carter 1984) ... Adults carried single fish, primarily sandlance, to nestlings, and less
frequently herring and anchovy (Engraulis mordax)(Carter 1984, Carter and Sealy 1987a) ...
Prey selected for nestlings were larger than ingested prey” (Rodway et al. 1992, p. 23). While a
related species, Kittlitz’s murrelet (B. brevirostris), appears to favor and has specialized to take
advantage of turbid, glacially-affected waters when foraging, the marbled murrelet does not
show the same preference and may actively avoid turbid waters (Day, Prichard, and Nigo 2003,
p. 680).

Dissolved Oxygen and Biochemical Oxygen Demand

Low DO levels, or hypoxia, can result in both bottom substrates and the water column when
biological activity is high (including aerobic decomposition of organic litter and wastes). Some
waterbodies exhibit seasonally low DO levels, which are generally attributable to excessive
nutrients loads and enrichment, seasonally elevated temperatures, seasonal die-off and
decomposition of organic materials, poor or incomplete flushing and mixing, or a combination of
these factors. Some shellfish activities are conducted at locations and/or times of year when
waterbodies already present less than ideal conditions.

The BOD created by feces, pseudofeces, and other decomposing organic materials consumes
oxygen in the sediments and water column. And, as with their potential to temporarily increase
turbidity and nutrients in the water column, shellfish activities that turn over the surficial
substrates and shallow subsurface (e.g., mechanical leveling, harrowing, and harvest) may also
expose and hasten the aerobic decomposition of litter and wastes. At least conceptually, this has
the potential to increase BOD and temporarily suppress DO.

The Corps has reported that shellfish activities are noticeably concentrated in some sub-basins
and embayments, including South Bay (Grays Harbor); Samish Bay; Sequim Bay; Discovery
Bay and Kilisut Harbor (near Port Townsend); the Henderson, Eld, and Totten Inlets; Oakland
Bay; upper Case Inlet; lower Hood Canal; Dabob Bay; and, Dyes Inlet. Some of these same sub-
basins and embayments fail to consistently meet the State’s surface water quality criteria
(Ecology 2015). Portions of Sequim Bay, Discovery Bay, Henderson Inlet, Little Skookum Inlet
(a portion of larger Totten Inlet), upper Case Inlet, Henderson Bay (upper Carr Inlet), and several
portions of lower Hood Canal are listed on the State’s 303(d) list of impaired water bodies for
failing to consistently meet the DO criteria.

It is widely known that low or extremely low DO levels are a common cause for fish Kills.
However, there is less appreciation for the significant sub-lethal effects that can result from
exposure to hypoxic conditions. Kramer (1987) has provided a useful summary review of fish
behavioral responses to DO availability. As with exposure to high temperatures, exposure to
hypoxic conditions frequently imposes a metabolic cost that results in less energy being available
for locomotion and other basic functions which are important to growth and survival. DO levels
indicate the “... amount of medium which must be ventilated in order to obtain a given amount
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of oxygen,” and the increased ventilation rates that are required under hypoxic conditions place a
burden on metabolic and energetic reserves (Kramer 1987, pp. 83, 85). Sustained swimming and
effective escape movements also place demands on energy, and therefore predator avoidance and
locomotion may be compromised under conditions of low DO availability (Kramer 1987, p. 85).
Salmonids are considered “metabolic conformers,” they exhibit a metabolic rate that is
dependent upon environmental conditions, and therefore they are commonly understood to be
less tolerant of high temperatures and/or hypoxia (Barnes et al. 2011, p. 397).

Exposures and Responses to Water Quality (Bull Trout and Marbled Murrelet)

This sub-section has discussed temporary impacts to water quality that result from shellfish
activities. The effects discussed here, to physical, chemical, and biological conditions, are
temporal and limited in both physical extent and duration.

The Corps has stated the following (Corps 2015, p. 92):

“In the context of temporary impacts that occur with the activities, the relevance of
frequency is dependent on recovery from the impact. Effects that diminish quickly such
as increases in suspended sediment are minor in the context of a once per year frequency.
The collective activities conducted on a particular acreage may increase this [effect or
impact] to 3 or 4 times per year. Collectively the total ... is still minor and on the order
of days.”

We agree with the Corps and believe that the best available scientific information supports this
conclusion. But, before interpreting the potential significance of shellfish activities and their
temporary impacts to water quality, we should acknowledge patterns of natural variability, the
scale of natural events and their effects to water quality, and the confounding effects of
concurrent, unrelated activities occurring in the same nearshore environments and watersheds.

It is widely acknowledged that both naturally occurring and cultured shellfish provide significant
water quality improvement functions (Forrest et al. 2009, p. 5; Straus et al. 2013, pp. 16, 17).
“High densities of suspension feeding bivalves can dramatically impact water quality in myriad
ways (Newell 2004). Numerous studies have shown that filter-feeding bivalves can locally
decrease phytoplankton abundance in both natural (Asmus and Asmus 1991, Cressman et al.
2003, Grizzle et al. 2006) and cultured settings (Strohmeier et al. 2005, Grizzle et al. 2006) ... In
addition to removing phytoplankton, bivalve filter feeding removes inorganic particles from the
water column, reducing turbidity (Newell 2004). The reduced turbidity results in deeper light
penetration, which can improve the condition for submerged aquatic vegetation, including
seagrasses (Newell and Koch 2004, Straus et al. 2013, p. 16).” “Filter feeding also removes
nitrogen and phosphorus from the water column, nutrients that may ultimately be removed from
the ecosystem via the harvest of cultured bivalves ... Thanks to this nutrient-removal capacity,
bivalve aquaculture can improve water quality. Several authors have suggested aquaculture ...
to mitigate eutrophication pressure in coastal systems (Newell 2004, Lindahl et al. 2005, Zhou et
al. 2006)” (Straus et al. 2013, p. 17).
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Forrest et al. (2009, p. 5) have observed, “...the potential for adverse water quality-related
effects ... is low, which is perhaps not surprising considering that intertidal farm sites are
substantially or completely flushed on every tidal cycle. Any water quality effects associated
with ... culture can ... be minimized by appropriate site selection and farm design (e.g. ensuring
... minimal retardation of flushing processes).” “For the most part ... [water quality] conditions
depend on interannual variability in oceanic boundary conditions, residence times in the different
inlet and embayments, and the input of nitrogen into the system through [other] human
activities” (ENVIRON International Corp. 2011, p. 41).

Shellfish culturing and harvesting have direct and indirect effects to nearshore marine habitat
structure, function, and productivity. These effects may have significance for how well these
habitats support the essential behaviors and needs of listed species. However, when we consider
the temporary impacts to water quality that result from activities conducted on individual farms
and cultured beds (i.e., their intensity, frequency, duration, and likely physical extent), it is
difficult or impossible to establish that they alone are a recognizable and measurable cause for
adverse effects to bull trout or marbled murrelets.

During 2008, the Service and NMFS approved a low-effect HCP developed in coordination with
the DNR for their commercial geoduck fishery. That record of HCP approval indicates minor
and small-scale effects resulting from elevated turbidity and sedimentation during harvest
activities (Service Ref. No. PRT-TE187810-0). The Service stated, “...we do not expect this
action to typically result in significant disruption of normal behavior patterns ... disruption of the
substrate ... during geoduck harvest will have a temporary, negative impact on the benthic
community ... [but will] result in short-term effects ... [and] significant disruptions to foraging
bull trout are not anticipated” (USFWS 2009b, p. 133). The Service stated, “... [marbled]
murrelets are mobile and will most likely avoid the harvest area ... the small area of geoduck
harvest [at any one time] ... compared to the size of foraging areas [suggests] that murrelets will
not have to move far to find food ... the [Service] therefore has determined that the risk of
impacts to murrelets due to harvest activities is likely to be very small or immeasurable”
(USFWS 2009b, pp. 144, 145).

Taking into consideration both the geographic setting (i.e., an open water marine environment),
and the intensity and duration of exposures, we conclude that temporary impacts to water quality
resulting from shellfish activities are unlikely to significantly disrupt normal bull trout or
marbled murrelet behaviors (i.e., the ability to successfully feed, move, and/or shelter). We
conclude that temporary impacts to water quality resulting from shellfish culturing and harvest
activities cause insignificant effects to bull trout and marbled murrelets. However, shellfish
activities do have measurable effects to ecological and habitat functions, some of which are
likely to persist for durations extending months or years. A later portion of this Opinion will
examine the significance of these effects in greater detail (see Persistent Stressors, Long
Duration or Long-Term Exposures and Effects).
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Sound and Visual Disturbance

Shellfish culturing and harvest activities result in temporary elevated sound levels and visual
disturbance. This disturbance corresponds to two principle temporal regimes: the cycle of daily
high and low tides; and, cycles of shellfish production (seeding, maintenance, and harvest).
Most shellfish activities are conducted on or over the exposed or partially exposed intertidal bed.
These activities, and their resulting temporary effects, therefore commonly have a temporal
duration measured in hours. For example, activities conducted on intertidal shellfish beds (bed
preparation, seeding or planting, maintenance, and harvest) typically occur during the 3- to 6-
hour periods afforded by each low tide, or each daylight low tide. Most shellfish activities
associated with ground-based culturing of oysters, clams, and geoduck are conducted as bouts of
intermittent activity, with each bout lasting a few hours. While some activities (e.g., frosting or
graveling, mechanical harrowing, mechanical harvest, dive-harvest, and suspended culturing
techniques) may be relieved or partially relieved of strict timing constraints, many still target
specific tidal elevations and therefore proceed as bouts of intermittent activity.

In-Air and Underwater Sound

The Corps has described elevated sound levels that result temporarily from some typical shellfish
activities and equipment (Corps 2015, pp. 86, 87). Small- and medium-sized work vessels and
skiffs are used widely. These are generally powered with outboard motors, and produce in-air
and underwater sound levels that are likely to exceed the ambient condition to a distance of a few
hundred ft. Most of the other equipment used widely and extensively when conducting shellfish
activities has a similar potential to elevate sound levels (e.g., gas-powered air compressors,
hydraulically powered onboard equipment). Mechanical methods of bed preparation,
maintenance, and harvest (e.g., mechanical dredge harvesting) typically use larger vessels and
may produce more intense underwater sound levels. However, all of these sources of measurable
in-air and underwater sound are non-impulsive, and even the loudest and most intense sounds
resulting from shellfish activities are unlikely to exceed the ambient condition to a distance of
more than 500 hundred ft.

Related or Additional Considerations for Marine Birds and Shorebirds

“Shellfish aquaculture typically occurs in shallow, nearshore waters, which also tend to harbor
the greatest densities and diversity of marine birds. However, only a relatively small number of
studies have evaluated the effects of shellfish aquaculture on birds” (Zydelis et al. 2009, p. 2).
“Much of the literature to date has focused on marine waterfowl depredation of cultured bivalve
stocks, which in turn sometimes leads to active disturbance or exclusion by shellfish farmers
(Vermeer and Morgan 1989; Thompson and Gillis 2001; Caldow et al. 2004; Dionne 2004)”
(Zydelis et al. 2009, p. 2).

“When disturbance does occur, birds compensate by moving elsewhere or by feeding at a greater
rate during undisturbed periods of the day ... birds move from adjacent bed ... to bed ... when
large numbers of people occur there” (Goss-Custard and Verboven 1993, p. 64). “They can ...
habituate to people ... though this depends critically on the extent to which the people move
about ... Anglers and the local ... mussel pickers usually move rather little ... having found a
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suitable place, they remain there for much of the tidal cycle ... After the initial disturbance, the
[birds] settle down and even feed nearby ... Severe disturbance ... usually arises if ... pickers ...
give the birds little chance to settle down ... The effects on most birds might be insignificant
because they can adapt their foraging behavior” (Goss-Custard and Verboven 1993, p. 65).

More recently, and working with the same species (oystercatcher; Haematopus ostralegus),
Stillman and Goss-Custard (2002, abstract, p. 358) observed the following: “We show how the
response of overwintering oystercatchers ... to disturbance is related to their starvation risk ...
As winter progresses ... energy requirements increase and their feeding conditions deteriorate ...
they spend longer feeding and so have less time to compensate for disturbance ... Their
behavioral response to disturbance is less ... These results have implications for studies which
assume that a larger behavioral response means that a species is more vulnerable to disturbance
... The opposite may be true ... Studies should measure both behavioral responses and the ease
with which animals are meeting their requirements.”

Appendix D includes excerpts from Zydelis et al. (2009) and Goss-Custard and Verboven
(1993); those fuller excerpts are incorporated here by reference.

Exposures and Responses to Sound and Visual Disturbance (Bull Trout and Murrelet)

This sub-section has discussed temporary impacts to the sound and visual environment that result
from shellfish activities. The effects discussed here, to physical and biological conditions, are
temporal and limited in both physical extent and duration.

Exposure to elevated non-impulsive sound may interfere with an organism’s ability to perceive
and respond to their environment, communicate, or engage in other important behaviors. For
many years, the Service has used measures of sound intensity and duration to assess, describe,
and interpret the significance of sound exposures and potential effects. However, in the Pacific
Northwest, most of this work has focused on impulsive sound, including the sound produced by
impact pile driving and underwater detonations.

Injury and mortality in fishes has been attributed to impact pile driving (Stotz and Colby 2001;
John H. Stadler, NMFS, pers. comm. 2002; Fordjour 2003; Abbott et al. 2005; Hastings and
Popper 2005). The injuries associated with exposure to these high underwater sound pressure
levels (SPLs) are referred to as barotraumas, and include hemorrhage and rupture of internal
organs, hemorrhaged eyes, and temporary stunning (Yelverton et al. 1973, p. 37; Yelverton et al.
1975, p. 17; Yelverton and Richmond 1981, p. 6; Turnpenny and Nedwell 1994; Hastings and
Popper 2005).

Interpreting the significance of non-injurious sound exposures is more difficult. There is much
uncertainty regarding the behavioral responses of fish to underwater sound. Measures of
underwater sound expressed as “root mean square” (rms; root square of the energy divided by
duration) are commonly used when evaluating behavioral effects. Turnpenny and others (1994)
investigated the behavioral responses of brown trout (Salmo trutta), bass (Micropterus), sole
(family Soleidae), and whiting (family Gadidae). An avoidance reaction was documented in
brown trout when exposed to underwater SPLs above 150 dBms, and other reactions were
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observed at 170 to 175 dBms (e.g., @a momentary startle). Turnpenny et al. (1994) referenced
Hastings’ “safe limit” recommendation of 150 dBns, and conclude that the safe limit provides a
reasonable margin below the lowest levels where fish injury was observed. Feist et al. (1992)
suggested that SPLs in this range (above 150 dBms) may disrupt the normal migratory behaviors
of juvenile salmon. In a study conducted by Fewtrell (2003), responses observed in caged fish
included alarm, changes to swimming speeds and group orientation, and movement toward the
lower portions of the cage. Fewtrell (2003) also evaluated physiological stress responses
(measures of plasma cortisol and glucose levels), but found no statistically significant changes.

Given the large amount of uncertainty, not only in extrapolating from experimental data to the
field, but also between sound sources and from one species to another, the Service has generally
applied thresholds analogous to the “lowest observed adverse effect level” used frequently in the
field of toxicology.

The Corps has reported the source sound level for a 250-horsepower outboard motor when
operating at full speed (approximately 147 dBms re 1 microPascal at 1 meter)( Wyatt 2008 In
Corps 2015, p. 87). Wyatt (2008, pp. 59-62) has also reported source sound levels for the
following: a 50-horsepower four-stroke outboard motor operating at 13 knots (approximately
166 dBnys at 1 meter); a 90-horsepower outboard motor operating at idle and full speed
(approximately 141 dByms, and 163 dByms, at 1 meter respectively); twin 210-horsepower inboard
motors operating at idle and full speed (approximately 148 dBms, and 162 dByy, at 1 meter
respectively); and a 450-horsepower motor operating at 12 knots (approximately 139 dB,ms at 30
meters).

Vessels and equipment used when conducting shellfish activities produce underwater sound
levels that exceed 150 dBms, Which has at least some potential to disrupt the normal behaviors of
bull trout. However, other factors must also be considered. First, the small- and medium-sized
work vessels and skiffs that are used most widely are unlikely to exceed 150 dBy,s when
operating at low or moderate speeds. Second, larger vessels with larger motors, and small- to
medium-sized work vessels operating at full speed, are unlikely to exceed 150 dBys to a distance
of more than 100 ft. And third, vessels transiting to and from farms produce in-air and
underwater sound levels that are transient and passing, lasting only a very short time at locations
along the path of travel.

Taking into consideration both the geographic setting (i.e., an open water marine environment),
and the intensity and duration of likely exposures, we conclude that underwater sound resulting
from the operation of vessels, motors, and other shellfish equipment (e.g., gas-powered air
compressors, hydraulically powered onboard equipment) is unlikely to significantly disrupt
normal bull trout behaviors (i.e., the ability to successfully feed, move, and/or shelter). Resulting
temporary impacts to the sound and visual environment are low intensity and limited in both
physical extent and duration. We conclude that related exposures and effects to bull trout are
insignificant.

The Service’s work in the Pacific Northwest involving sound exposures and effects to marbled

murrelets has focused on both underwater and in-air sound. Marbled murrelets typically forage
in groups of two or more and are highly vocal on the surface when foraging (Speckman et al.
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2003; Sanborn 2005). Conspecific vocalizations play an important role, and whether they are
audible may influence foraging efficiency (SAIC 2012, p. 13). Based on field observations, it
appears that the social foraging strategy employed by marbled murrelets requires adequate
acoustic communication to distances up to 30 meters (98 ft)( SAIC 2012, p. 16). Hearing and
hearing sensitivity are also important to predator detection and avoidance.

When hearing sensitivity is reduced, the measurable effect is referred to as threshold shift (TS).
There are varying levels or degrees of TS, the amount and duration of which are correlated to the
duration and intensity of sound exposures (SAIC 2012). When associated with actual injury
(e.g., physical damage to the hair cells), either permanent TS or temporary TS can result. ATS
>40 dB is generally indicative of injury (SAIC 2012). However, TS occurs whenever the
auditory system processes acoustic stimuli, and some amount of TS is inconsequential because it
is effectively truncated by the masking effect of ambient sound. If TS is below the ambient
sound it is inconsequential; the ambient sound itself interferes with signal perception (SAIC
2012).

Masking occurs when a sound interferes with the perception of a signal of interest. Masking is
assessed by considering the critical ratio, the difference (measured in dB) between a hearing
threshold and the masking noise. Critical ratios are documented for a number of bird species
(Dooling et al. 2000). In general, a signal at specific frequency must be approximately 25 dB
above the ambient sound level to be detected by a bird.

The keer call of the marbled murrelet is relatively loud; the source level is approximately 95
dBms, With the majority of the energy centered at 3 kHz. The Service, working with a panel of
experts (SAIC 2012), has estimated ambient in-air sound levels for industrialized and non-
industrialized marine shoreline areas, and has adjusted those estimates downward to arrive at
ambient in-air sound levels centered at 3 kHz. When adjusted downward, the ambient in-air
sound level for non-industrialized marine shoreline areas is approximately 15 dB (SAIC 2012).
Based on this work, the Service has concluded that non-injurious TS (<40 dB) occurring in the
marine environment would not generally have a measurable effect on marbled murrelet
behaviors; the effect of ambient sound levels on signal perception would be greater than that of
TS (SAIC 2012). The Service also concluded that a TS <40 dB will not generally interfere with
predator detection.

Marbled murrelets exposed to elevated underwater and in-air sound levels resulting from the
operation of vessels, motors, and other shellfish equipment (e.g., gas-powered air compressors,
hydraulically powered onboard equipment) will not experience TS >40 dB, and non-injurious TS
(<40 dB) occurring in the marine environment is unlikely to significantly disrupt normal marbled
murrelet behaviors (i.e., the ability to successfully feed, move, and/or shelter). In-air sound
levels may mask marbled murrelet vocalizations to a distance of 100 to 200 ft. However, these
exposures will be transient and passing; at a given location, they are unlikely to significantly
interfere with conspecific vocalizations and social foraging, and will not interfere with predator
detection and avoidance.
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However, marbled murrelets are also sensitive to visual disturbance, and there is information to
suggest that sound and visual disturbance experienced in the marine environment may have
implications for the energetics of some individuals (Speckman, Piatt, and Springer 2004; Agness
et al. 2008). Appendix D includes excerpts from Speckman, Piatt, and Springer (2004) and
Agness et al. (2008); those excerpts are incorporated here by reference.

Like most other birds that utilize the nearshore marine environment, marbled murrelets are
accustomed to at least low levels of human activity. Many, perhaps most, individuals are
unlikely to leave, or discontinue foraging, in response to the sound and visual disturbance that
results temporarily from shellfish activities. However, it is also possible that some breeding
adults may incur added energetic costs associated with avoidance diving and flights, or as a
result of failed prey deliveries and bouts of repeated foraging. There is information to suggest
that lower vessel speeds could reduce the frequency and/or severity of adverse responses.

On balance, however, when considering the transient and low intensity nature of sound and
visual disturbances resulting temporarily from shellfish activities, and in light of the fact that
most shellfish activities are conducted on or over the exposed or partially exposed intertidal bed,
the Service expects that the majority of foraging marbled murrelets will typically resume their
activity with nothing more than a short delay. Furthermore, those shellfish activities that are
conducted during periods of tidal inundation, and/or over the submerged subtidal bed (e.g.,
frosting or graveling, mechanical harrowing, mechanical harvest, dive-harvest, and suspended
culturing techniques), are all either stationary or proceed at slow or moderately-slow vessel
speeds.

Available information indicates that marbled murrelets will be exposed to temporary sound and
visual disturbances resulting from shellfish activities. However, taking into consideration both
the geographic setting (i.e., an open water marine environment), and the intensity and duration of
likely exposures, we conclude that sound and visual disturbance resulting from shellfish
activities is unlikely to significantly disrupt normal marbled murrelet behaviors (i.e., the ability
to successfully feed, move, and/or shelter). Resulting temporary impacts to the sound and visual
environment are low intensity and limited in both physical extent and duration. We conclude
that related exposures and effects to marbled murrelets are insignificant. Exposures with the
potential to cause direct injury, or measurable adverse effects to energetics, growth, fitness, or
long-term survival, are extremely unlikely and therefore considered discountable.

This general conclusion regarding shellfish activities does not extend to the practice of
intentionally hazing wildlife. When and where farm operators take measures to intentionally
haze wildlife, those practices, resulting potential exposures, and outcomes may be quite different
(see the sub-section that follows, Intentional Hazing of Wildlife).

Intentional Hazing of Wildlife

The Corps has not collected or provided information to describe practices that represent
intentional hazing of wildlife. However, the Service is aware of information indicating that some
growers and farm operators engage in such practices.
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Content from the Pacific Coast Shellfish Growers Association’s (PCSGA) Environmental Codes
of Practice states the following (PCSGA 2011, pp. 60-67):

“Pest and Predator Controls. Control methods may include benign forms of prevention
such as planting at times when predation is least likely to occur ... Netting and other
predator exclusion devices may be used ... especially during [the] most vulnerable,
juvenile, stage ... In extreme cases, where other methods have failed, pests and predators
may be destroyed ... the lowest impact control methods should be used first, graduating
on to higher impact methods only as needed” (p. 60).

“Netting and hand removal [or relocation] are the two most common methods utilized for
control [of oyster drills, starfish, and moon snails]” (p. 61).

“In some areas, predation by [waterfowl] is significant, especially Scoter ducks
[(Melanitta sp.)] ... Passive measures including ... fencing ... tubes and netting are the
preferred methods ... Hazing is also used with some degree of success” (p. 61).

“Marine Mammals. Most marine mammals do not prey on cultured shellfish ... The only
known cases ... involve sea otters [(Enhydra lutris)] ... Interactions with marine
mammals can have serious consequences for shellfish farmers. Harassment of marine
mammals is not allowed by the [Marine Mammal Protection Act], effectively prohibiting
a farmer ... from even scaring away [marine mammals]” (p. 64).

“Objective: Develop and Use an Integrated Pest Management Program. Suggested
Strategies: ... 4) Schedule farm activities to coincide with times when birds are most
likely to be present ... 5) Implement “scaring” or hazing techniques on sites prone to bird
predation, prior to production of any shellfish and immediately upon arrival of early
migrating birds” (PCSGA 2011, p. 67).

Gorenzel and Salmon (2008) have reviewed available techniques and strategies for hazing and
dispersing birds. They present information and recommendations on the use of propane cannons,
pyrotechnics, and other sound-making devices; biosonics (e.g., distress or alarm call generators);
visual scaring devices (e.g., mylar tape, lasers); chemical repellants; manned patrols on-foot or
vehicle; and, hunting. Key points of emphasis include the following:

“The species present ... will in part determine the types of hazing equipment that can be
used. Certain hazing techniques are very effective in deterring certain species, but could
be completely ineffective and sometimes counterproductive with other species” (p. 2).

“The key elements in any strategy to haze birds are timing, organization, variation, and
persistence ... Variation, the use of a variety of hazing techniques, whether in
combination or in rotation ... helps prevent or delay the onset of habituation ... To be
successful, the hazing operation must be diligently applied [and] dynamic” (Gorenzel and
Salmon 2008, p. 10).
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Gorenzel, Conte, and Salmon (1994) have prepared guidance for the control of bird damage at
aquaculture facilities. In addition to the auditory and visual hazing and deterrent techniques
mentioned above, they provide additional guidance regarding a potential role for trapping and
shooting (i.e., hunting):

“All fish-eating birds that frequent aquaculture facilities are classified legally as
migratory and thus are protected by federal, and in most cases, state laws” (p. E-10).

“A permit is not needed to physically or mechanically exclude any fish-eating bird ...
Except for ... species such as the bald eagle [(Haliaeetus leucocephalus), which is
protected under the Bald and Golden Eagle Protection Act], a permit is not required to
harass or scare fish-eating birds” (p. E-10).

“In recent years more incidences of aquaculture-related bird depredation cases have been
reported, and increased legal action has been directed against growers charged with
wildlife violations. Because of the severe legal consequences, it is highly recommended
that a grower have knowledge of all these factors and proceed through the proper permit
process before taking action against depredating species” (Gorenzel, Conte, and Salmon
1994, p. E-10).

Similar guidance and suggestions have been offered more recently (Tucker and Hargreaves eds.
2008, p. 212): “When all measures to disperse birds using nonlethal techniques have been
exhausted, farmers may consider ... killing birds to reinforce the fear of nonlethal measures.
Depredation permits are required from the USFWS, and in some states from the state wildlife
agency, to kill almost any species of bird. For currently applicable laws, contact the nearest
USDA Wildlife Services or USFWS office.”

Appendix D includes excerpts from Gorenzel, Conte, and Salmon (1994), Gorenzel and Salmon
(2008), and Tucker and Hargreaves (eds. 2008); those fuller excerpts are incorporated here by
reference. Appendix D also includes related information obtained from the Service’s Pacific
Region Migratory Birds and Habitat Program (USFWS 2016).

Exposures and Responses to Intentional Hazing (Bull Trout and Marbled Murrelet)

It is extremely unlikely that bull trout will be exposed to stressors as a result of intentional
hazing of wildlife. Exposures and resulting effects to bull trout are extremely unlikely, and
therefore considered discountable.

Entranco, Inc. and Hamer Environmental (2005) have reported outcomes from a program of
intentional hazing implemented in conjunction with marine construction at the Hood Canal
Bridge. A program of intentional hazing was implemented in an effort to keep marbled
murrelets from diving or otherwise approaching ongoing construction activities that included
impact pile driving. This work was conducted in compliance with the terms and conditions of a
Biological Opinion addressing the construction activitiy and program of intentional hazing.
Entranco, Inc. and Hamer Environmental (2005) reported very little success at keeping marbled
murrelets (and other seabirds) away from the construction activity. Intentional hazing did not
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prevent the majority of birds from foraging, diving, and approaching the ongoing marine
construction. Appendix D includes excerpts from Entranco, Inc. and Hamer Environmental
(2005); those excerpts are incorporated here by reference.

Other than this one example (Entranco, Inc. and Hamer Environmental 2005), the Service knows
of no other instances where marbled murrelets have been intentionally and systematically hazed
in the marine environment. However, the work reported by Speckman, Piatt, and Springer
(2004) and Agness et al. (2008), which is discussed in the preceding sub-section (see Sound and
Visual Disturbance), does indicate that some breeding adults could incur added energetic costs
associated with avoidance diving and flights, or as a result of failed prey deliveries and bouts of
repeated foraging.

Unfortunately, the Service has little information to inform an assessment of potential exposures
and effects to marbled murrelets resulting from intentional hazing conducted on shellfish farms.
For example, there is no information to meaningfully describe where and how often murrelets

may be exposed to hazing practices, and what measurable outcomes may result for individuals.

Available information suggests that exposure of marbled murrelets to intentional hazing is likely
to occur very infrequently, if at all. We conclude that exposures are not discountable
(“extremely unlikely”). However, the Service is not able to demonstrate that potential exposures
to hazing are reasonably certain to result in a significant disruption of normal behaviors (i.e., the
ability to successfully feed, move, and/or shelter); measurable adverse effects to energetics,
growth, fitness, or long-term survival; or, direct injury or mortality.

Growers and farm operators who engage in intentional wildlife hazing should educate
themselves and understand their liabilities under the Migratory Bird Treaty Act, Bald and Golden
Eagle Protection Act, and ESA. Non-injurious and non-lethal methods must be implemented
(and documented) before the issuance of a Depredation Permit is an option. Growers and farm
operators should consult with the Service and U.S. Department of Agriculture (Animal and Plant
Health Inspection Service, APHIS) before engaging in any practice that may represent an
enforceable violation under federal or State law.

Physical Entrapment and Stranding

The Corps has acknowledged the potential for physical entrapment or entanglement of fish and
wildlife in shellfish culturing equipment (Corps 2015, pp. 86, 110). The Corps and Services
developed conservation measures to address related, potential impacts, and the Corps has
included the conservation measures in their proposed action (Corps 2015, pp. 49-53).
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The Corps has stated (Corps 2015, p. 86):

“Area nets used for clam and geoduck culture could potentially entrap fish, birds, or other
aquatic species if they become loose or dislodged ... [However,] under the proposed
action ... nets must be tightly secured to the substrate, maintained, and periodically
inspected in accordance with the Conservation Measures. This should minimize [the
Service would suggest “reduce”], but not necessarily eliminate, the number of loose or
dislodged nets.”

The Corps has included conservation measures addressing storage and security of culturing
equipment on the tidelands (conservation measure No.s 11, 18, and 19), and addressing patrols to
locate and remove debris (conservation measure No. 22)(Corps 2015, pp. 49-53). Farm plots are
patrolled by crews on a regular basis. Culturing equipment, not limited to nets, bags, racks,
stakes, longlines, tubes, anchors, screens, socks, ropes, and wires, are all routinely inspected to
ensure that they remain secure.

Although the Corps has included a number of conservation measures addressing the security of
culturing equipment (Corps 2015, pp. 49-53) and many growers and farm operators invest
significant time and resources to prevent the loss of equipment, the Service is aware of
information documenting instances where equipment such as nets and tubes have become
dislodged and moved from farmed areas by wind and waves. For example, as recently as
January 2015, the Corps and Service received information from a concerned member of the
public regarding a large quantity of discarded or dislodged and freely floating geoduck tubes on
Squamish Harbor, Hood Canal (P. Sanguinetti pers. comm. 2015)(Figure 38).

The Virginia Eastern Shorekeepers (Ayers 2006) looked at the distribution of lost, discarded, and
abandoned clam nets on the Atlantic barrier islands, and made observations regarding their
effects on substrates, vegetation, and nesting and migratory birds. They report (Ayers 2006, pp.
8, 9): “...there was a 41 percent reduction in the amount of clam net found on the barrier island
beaches ... from spring 2004 to autumn 2006”; “there was no evidence of clam net disrupting or
disturbing any nesting birds ... [and] no observed impacts on any mammals, reptiles, or
amphibians ... there has been an anecdotal report of diamondback terrapins [Malaclemys
terrapin] trapped in net, but no evidence was produced to support this [claim].” Grower
education and public involvement have played a constructive role (Figure 39). Appendix D
includes excerpts from Ayers (2006); those excerpts are incorporated here by reference.
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Figure 38. Unsecured culturing equipment; Squamish Harbor, Hood Canal

(P. Sanguinetti pers. comm. 2015)

Virginia Clam growers ask
homeowners and concerned
citizens to report and fax maps
for year round industry
sponsored clean up.
Telephone: (757) 442-2127

Fax: (757) 678-5881
Address: P.O. box 10, Willis Wharf, VA 23486

Figure 39. Image of a “Clam Net Hotline” newspaper

advertisement
(Ayers 2006, p. 14)
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The PCSGA and member growers/farm operators organize and conduct beach cleanups in the
south and north Puget Sound (PCSGA 2016). According to the PCSGA, “Twice a year, shellfish
farmers conduct beach cleanups near their farms, collecting tons of debris, the vast majority of
which is not related to shellfish farming ... [A recent] effort recovered five dump truck loads of
debris — 85 percent of which had nothing to do with shellfish farming ... Most of the debris
recovered by ... fourteen shellfish companies was ... ‘junk’ ... [including] chunks of styrofoam
... [and] tires.” The PCSGA maintains and monitors a marine debris hotline (PCSGA 2016).

Historically, some oyster growers have used anchored vertical fencing or nets (drift fences or
oyster corrals) to stabilize and prevent oysters and oyster shell from being moved off the cultured
bed. Available information suggests this practice was never widely used in Washington State,
and the Corps’ programmatic consultation does not provide coverage for the practice or activity;
use of drift fences or oyster corrals is specifically excluded from coverage under the Corps
programmatic consultation (Corps 2015, p. 39).

The use of berms or dikes constructed on the upper intertidal bed is a practice of historical but
little apparent contemporary significance (Simenstad and Fresh 1995, pp. 46, 48). The Corps has
stated that their programmatic consultation will not provide coverage for the construction of new
berms or dikes, or *...the maintenance of current, authorized berms or dikes” (Corps 2015, p.
39). Despite the Service’s efforts to communicate concerns related to this practice (i.e., the risk
of fish stranding, entrapment, and mortality), the Corps has declined to provide any relevant
information to describe the ongoing use and prevalence of berms or dikes on the upper intertidal
bed.

The Corps has included a conservation measure which the Service hopes and expects will collect
and compile better, more comprehensive information to describe instances of fish and wildlife
entrapment, entanglement, and stranding. Conservation measure No. 23 requires the following
for all permitees seeking coverage under the programmatic Opinion (Corps 2015, p. 52):

“When performing other activities on-site, the grower shall routinely inspect for and
document any fish or wildlife found entangled in nets or other shellfish equipment. In the
event that a fish, bird, or mammal is found entangled, the grower shall: 1) provide
immediate notice (within 24 hours) to WDFW (all species), the Services (ESA listed
species), or the Marine Mammal Stranding Network (marine mammals), 2) attempt to
release the individual(s) without harm, and 3) provide a written and photographic record
of the event, including dates, species identification, number of individuals, and final
disposition, to the Corps and Services. Contact the U.S. Fish and Wildlife Service Law
Enforcement Office at (425) 883-8122 with any questions about the preservation of
specimens.”

Anti-predator netting presents the most obvious potential for physical entrapment or
entanglement of fish and wildlife. Where clams and/or oysters are cultured directly on the
intertidal bed (bottom culture), anti-predator cover nets are frequently installed over a portion, or
all, of the planted area. These nets may be composed of either plastic or organic fibers, and are
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typically anchored at the periphery with embedded rebar or metal staking. Some growers bury
the net edges, or weigh-down the edges with a lead line. Once placed over a seeded clam bed,
anti-predator cover nets typically remain in place until harvest.

Geoduck culturing practices also use nets and tubes on the intertidal bed to prevent and minimize
losses of seed and immature clams. Many, perhaps most, geoduck growers and farm operators
install large, anti-predator, cover nets over the entire field of tubes. Cover nets minimize
predation losses, but also serve to prevent tubes from becoming dislodged.

Oysters and mussels are both grown in Washington State using methods that suspend nets,
screens, socks, ropes, wires, and/or longlines from floating rafts and buoys. Anti-predator
exclusion nets are typically hung around the perimeter of the rafts. Depending on the farm
location, these nets may only be necessary on a seasonal basis. Anti-predator, cover and
exclusion nets are available from a variety of commercial sources, in varying mesh size and
dimensions (Washington Sea Grant 2005, pp. 10, 17). Mesh size varies by application and/or
preference, typically ranging from ¥ x ¥4 inch to % X % inch or larger.

The Service is aware of anecdotal information suggesting that fish (especially small schooling
fish) and wildlife do occasionally become entrapped or entangled in culturing equipment,
including anti-predator cover and exclusion nets. Unfortunately, it appears that most instances
have not been well-documented, and State and/or federal fish and wildlife authorities have rarely
been contacted in Washington State. In most cases it seems plausible, indeed highly likely, that
entrapped or entangled birds and marine fish quickly fall victim to predation, or are scavenged,
and little or no evidence of the event may persist after only a short time.

Concerned citizens have documented instances of entrapment involving larger vertebrates,
including birds. An instance of bald eagle (Haliaeetus leucocephalus) entrapment was reported
to the advocacy group ProtectOurShoreline.org (Protect Our Shoreline 2015). Photos and a
short narrative document the events (Figure 40), said to occur on July 23, 2006, wherein a
juvenile bald eagle was observed by citizens to be caught and entrapped by an anchored geoduck
net on the exposed intertidal bed off Harstene Island, Washington. The eagle is reported to have
been exhausted, but not injured. Incapable of flight for a period of time, it appears the eagle
became repeatedly entrapped or entangled as it attempted to walk across the geoduck net (Protect
Our Shoreline 2015).

Another, similar instance of bald eagle entrapment was reported recently, during October 2014
(P. Sanguinetti pers. comm. 2014). A concerned citizen reported to the Corps that multiple eye
witnesses observed a bald eagle and scoter entangled by nets on the shores of Henderson Bay
(near Burley Lagoon), upper Carr Inlet, Washington. It appears, in these cases, that eye
witnesses observed the animals struggling, but ultimately both succeeded in releasing themselves
and did not require rescue (P. Sanguinetti pers. comm. 2014). These examples present evidence,
albeit incomplete, that the risk of physical entrapment or entanglement is real and not
hypothetical.
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Figure 40. Juvenile bald eagle caught in anti-predator net on Harstene Island, Washington
(Protect Our Shoreline 2015)

Bendell (2015) reviewed the efficacy and impacts of anti-predator netting used on intensively
farmed British Columbia tidelands, including Baynes Sound:

“While there are studies which have addressed the effectiveness of [anti-predator netting]
(APN) in the exclusion of crabs, there are few that have addressed the effectiveness of
APN in preventing clam predation by sea ducks and shore birds. In Puget Sound, Taylor
Shellfish report that significant losses would occur without the use of APN (Bill Dewey,
pers comm. April 2014). But, the lines of evidence for Baynes Sound, BC and clam
farming regions in Europe suggest differently” (p. 23).

“Nets do not effectively exclude epibenthic predators such as crabs and fish. Indeed the
findings of Bendell (2014) indicate that seeding is acting as an attractant for bivalve
predators such as small fish and crabs ... Poor husbandry of the nets results in gaps in the
APN allowing for predation. Nets are often in disarray and not firmly attached” (p. 24).

“Nets ... wash up on shore [and present] hazards to humans and wildlife alike ... APN

entrains wildlife and poses a real threat to forage fish, such as [Pacific] herring, which
use the intertidal regions for spawning [Figure 41]” (Bendell 2015, pp. 25, 26).
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Figure 41. Marine forage fish entrapped in anti-predator netting
(Bendell 2015, p. 26)

Related or Additional Considerations (Ingestion of Plastics and Microplastic Pollution)

Shellfish culturing activities commonly place a significant amount of plastic material onto the
tidelands (platic tubes, ties, nets, bags, etc.). These materials are subject to tidal, wind, and wave
action that may in some instances dislodge and remove them from farm locations. These
materials also breakdown in the marine environment and can become a source of microplastic
pollution.

According to Moore (2014, pp. 207, 208), “The equipment used for both aquaculture and capture
fishing up until the 1960s consisted of metal, wood, and natural fibers ... The plastic age ushered
in materials so resistant to natural decay that lost plastic aquaculture gear can last for centuries

... Plastic exposed to sunlight becomes embrittled, principally through photodegradation and the
leaching of monomeric conditioning agents into the surrounding water, and eventually breaks
into bite-sized bits that last far longer than natural materials.”

Moore (2014, pp. 208, 213, 214) claims that *...evidence from remote beaches and the high seas
implicates aquaculture as a significant contributor to the ocean’s plastic load,” and bottom trawl
survey estimates document tens of thousands of displaced geoduck tubes in the south Puget
Sound alone. “The enormous amount of uncovered expanded polystyrene docks and floats used
in aquaculture, and its tendency to readily fragment, means that untold trillions of particles the
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size of plankton and fish eggs are becoming a part of the marine food web” (Moore 2014, p.

215).

Davis and Murphy (2015) have summarized results of two independent studies evaluating the
abundance of anthropogenic debris on beaches bordering the Salish Sea in Washington State and
plastic debris in surface waters of the Salish Sea and the Inside Passage to Skagway, Alaska:

“No previous studies have broadly documented plastic in enclosed waters of western
North America with substantial urbanization [such as the Salish Sea], or the
transboundary waters of the Inside Passage of Washington, British Columbia, and
Alaska” (p. 169).

“Both studies concluded that foam, primarily expanded polystyrene was the dominant
pollutant ... Plastic was found in surface waters the full length of the Inside Passage but
was concentrated near harbors” (p. 169).

“Anthropogenic debris was found in 363 of 402 quadrats (90.3 percent) ... Foam
comprised nearly 70 percent of the total count of anthropogenic debris ... Plastic
fragments and glass followed with approximately 11 percent each ... 77 percent of the
total count was microdebris ... By weight plastic fragments and glass dominated with 37
percent and 32 percent of the total, respectively ... Other components accounted for an
additional 17 percent and foam was just under 7 percent ... While microdebris dominated
the count, it was only about 8 percent of the total weight” (p. 173).

“Foam, virtually all of it expanded polystyrene, dominated the anthropogenic debris
found in samples of surface water collected in the Inside Passage ... Microfoam
accounted for 94.7 percent of all anthropogenic debris collected, with another 1.4 percent
being macro foam ... Expanded polystyrene foam was particularly common in the
vicinity of harbors/marinas the full length of the Inside Passage and low in remote areas”
(p. 174).

“Williams et al. (2011) assessed ... [patterns] in coastal British Columbia ... [and found]
the most abundant types of debris detected were Styrofoam (48.8 percent), plastic bottles
(14.7 percent), plastic grocery bags (10.5 percent), and fishing gear (6.3 percent) ... Itis
interesting that, as in our studies, foam was by far the dominant pollutant” (Davis and
Murphy 2015, pp. 175, 176).

Cole et al. (2011) have reviewed available literature examining microplastics as contaminants in
the marine environment; they report the following:

“Secondary microplastics describe tiny plastic fragments derived from the breakdown of
larger plastic debris, both at sea and on land (Ryan et al. 2009; Thompson et al. 2004) ...
Over time a culmination of physical, biological, and chemical processes can reduce the
structural integrity of plastic debris, resulting in fragmentation (Browne et al. 2007)” (p.
2589).
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“Owing to their small size, microplastics are considered bioavailable to organisms
throughout the food-web ... Their composition and relatively large surface area make
them prone to adhering waterborne organic pollutants and to the leaching of plasticisers
that are considered toxic ... Ingestion of microplastics may therefore be introducing
toxins to the base of the food chain, from where there is potential for bioaccumulation
(Teuten et al. 2009)” (p. 2589).

“Plastic debris on beaches ... have high oxygen availability and direct exposure to
sunlight ... will degrade rapidly, in time turning brittle, forming cracks and ““yellowing’’
(Andrady 2011; Barnes et al. 2009; Moore 2008) ... With a loss of structural integrity,
these plastics are increasingly susceptible to fragmentation resulting from abrasion,
wave-action, and turbulence (Barnes et al. 2009; Browne et al. 2007) ... This process is
ongoing, with fragments becoming smaller over time until they become microplastic in
size (Fendall and Sewell 2009; Rios et al. 2007; Ryan et al. 2009)” (p. 2590).

“Plastics consist of many different polymers and, depending on their composition,
density and shape, can be buoyant, neutrally buoyant or sink ... As such, microplastics
may be found throughout the water column” (p. 2592).

“Incomplete polymerisation during the formation of plastics allows additives to migrate
away from the synthetic matrix of plastic ... Commonly used additives, including
polybrominated diphenyl ethers, phthalates and the constituent monomer bisphenol A, are
renowned for being endocrine-disrupting chemicals as they can mimic, compete with or
disrupt the synthesis of endogenous hormones (Talsness et al. 2009)” (p. 2595).

“A range of marine biota, including seabirds, crustaceans, and fish, can ingest
microplastics (Blight and Burger 1997; Tourinho et al. 2010) ... In all these examples,
animals might have ingested microplastics voluntarily, which they confuse for their prey
... Alternatively, microplastic ingestion may result from eating lower trophic organisms
that have themselves consumed microplastics (Browne et al. 2008; Fendall and Sewell
2009)” (Cole et al. 2011, p. 2594).

Lindborg et al. (2012) analyzed dietary habits and the presence of plastic in glaucous-winged
gulls (Larus glaucescens) from the Salish Sea; they report the following:

“Glaucous-winged gulls are common seabirds in the Salish Sea (USA), Washington,
whose plastic ingestion has not been well documented ... Glaucous-winged gulls are
omnivorous opportunists that feed on forage fish, invertebrates, and other birds (Trapp
1979; Schmutz and Hobson 1998)” (p. 2351).

“Plastics comprise a notable but not dominant portion of gull bolus material, with 12.2
percent of collected boluses containing plastic ... dominated by plastic film of the type
used in plastic bags and wrappers ... Hard plastic fragments were found in 4.1 percent of
all boluses ... [and] Filaments (such as fishing line), foam (such as polystyrene), and pre-
production pellets were found less frequently, in 1.4 percent, 1.4 percent and 0.5 percent
of all boluses, respectively” (p. 2353).
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“IThe] Impact of ingestion of large quantities of plastic on gulls is at present unknown ...
While gulls regurgitate indigestible materials, Procellariiformes [albatross and petrels] in
general do not” (Lindborg et al. 2012, p. 2355).

Avio et al. (2015) have examined microplastic pollutant bioavailability and toxicological risk for
marine mussels:

“Ingestion of microplastics has been demonstrated in various marine organisms with
different feeding strategies; this phenomenon may negatively influence both the feeding
activity and nutritional value of a plankton-based diet, particularly in those species which
can not discriminate the food source (Moore et al. 2001; Browne et al. 2008)” (p. 211).

“Recent evidences also suggest the potential role of microplastics as vectors of chemical
pollutants, either used as additives during the polymer synthesis, or adsorbed directly
from seawater (Rios et al. 2007; Teuten et al. 2009; Engler 2012)” (p. 211).

“The results [here] ... obtained with exposed mussels provide the first clear evidence that
pyrene adsorbed on contaminated microplastics was transferred to organisms and
concentrated in tissues ... Significant immunological effects were observed ... [and]
Exposure to microplastics also determined the onset of various forms of genotoxicity”
(Avio et al. 2015, pp. 218, 220).

Cauwenberghe and Janssen (2014) have examined microplastics found in bivalves cultured for
human consumption:

“Bivalves are of particular interest since their extensive filter-feeding activity exposes
them directly to microplastics present in the water column” (p. 66).

“Our results show that microplastic particles are present in shellfish, more specifically
bivalves, cultured for human consumption” (p. 67).

“Mathalon and Hill (2014) detected microfibres in wild and farmed mussels ... Farmed
mussels had significantly higher concentrations of microplastics compared to wild
mussels: on average 178 microfibres per farmed mussel compared to an average of 126
microfibres per wild mussel in the most polluted site ... These plastic body burdens are
500 times higher than the concentrations in mussels reported in [our] study” (p. 67).

“This report is the first ... on possible consequences of marine microplastics for humans
... The presence of microplastics in seafood” (Cauwenberghe and Janssen 2014, p. 68).

The proposed action will introduce plastic debris that could exacerbate threats to marine life
through direct ingestion of plastics/debris, indirect ingestion via prey, or bioaccumulation of
toxic compounds in the food chain. These materials and debris may sink or float, but there is
limited information to discern quantities that would sink or float. While available information
clearly indicates significant amounts of plastic and microplastic pollution in the action area, it is
not clear that shellfish activities contribute significantly to this pollution. The Service does
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expect that some amount of plastic shellfish culturing material will persist in the marine
environment for long durations and will progressively break down into smaller and smaller
fragments.

Among seabirds the highest prevalence of ingested plastics has been documented in surface
feeders (Robards et al. 1997, p. 71). Blight and Burger (1997, p. 323) found plastics in the
stomachs of surface-feeding seabirds, but not in pursuit dive-feeding seabirds, including marbled
murrelets. Bond et al. (2013, p. 192) found that 7 percent of pursuit-dive feeding murres had
ingested plastic, and Provencher et al. (2010, p. 1406) found that 11 percent of murres had
plastic debris in their gastrointestinal tracts. Robards et al. (1997, p. 74) examined more than 80
marbled murrelets and found none that showed evidence of ingested plastic. Avery-Gomm et al.
(2013, p. 1) have made a similar finding.

Bull trout and marbled murrelets prey on marine forage fish and may thereby indirectly ingest
plastics, chemical plastic additives, and adsorbed contamination. Persistent, bioaccumulative,
and toxic substances are found on recovered plastic debris (Hirai et al. 2011), bioaccumulate in
foodwebs (Teuten et al. 2009), and are linked with several adverse effects including endocrine
disruption (Guillette et al. 1994).

Plastic particles are reported in the gut content of several species of fish from pelagic habitats,
estuaries, and bays (Rochman et al. 2013, p. 2). They concluded that polyethylene ingestion is a
vector for the bioaccumulation of persistent, bioaccumulative, and toxic substances in fish, and
that toxicity resulting from plastic ingestion is a consequence (Rochman et al. 2013, p. 5).

Risk of Exposure to Physical Entrapment and Stranding (Bull Trout and Murrelet)

The Service has little information to inform an assessment of the risk of entrapment,
entanglement, or stranding for bull trout and marbled murrelets that forage in and around
shellfish farms. To our knowledge, there have been no reported instances of these species
becoming entrapped or entangled in shellfish culturing equipment. To our knowledge, there
have been no reported instances of bull trout, or larger salmonids, becoming stranded behind
berms or dikes, or within pools impounded by or around shellfish culturing equipment.

An earlier portion of the Opinion discussed derelict nets and fishing gear (see Current Condition
in the Action Area (Marbled Murrelet), Factors Responsible for the Condition of the Species).
Carter, McAllister, and Isleib (1995) documented accidental capture and mortality in commercial
gill nets as one of the major threats to marbled murrelet populations. Laist (1997) compiled a
comprehensive list of species with marine debris entanglement and ingestion records, described
factors influencing entanglement rates, and problems associated with collecting and analyzing
entanglement data. Good et al. (2010) reported on the progress made removing derelict gear in
Puget Sound and the Northwest Straits (i.e., Canadian waters of the Salish Sea), and the pattern
of remaining threats. Appendix D includes excerpts from Carter, McAllister, and Isleib (1995);
Laist (1997); and, Good et al. (2010); those excerpts are incorporated here by reference.
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Good et al. (2010) have reported the following:

“Of the 902 derelict fishing nets recovered from Puget Sound and the Northwest Straits as of
June 2008, 876 were gillnets. The remaining nets were purse seines (n = 23), trawl nets (n =
2), and aquaculture nets (n = 1) ... 25 percent were derelict for somewhere between 5 and 24
years”; most of the recovered and removed gillnets were located in the San Juan Island
archipelago and north Puget Sound (pp. 42, 43).

“[Nets] are especially lethal for marine fish, as [most of these] nets are designed specifically
for catching and killing them ... [But nets] are also deadly for marine birds and mammals,
which must periodically surface to breathe air ... Diving birds and marine mammals appear
to fall prey to nets while pursuing fish underwater ... some of the forage fish and smaller fish
species aggregate in and under the relative safety of the netting” (Good et al. 2010, pp. 48,
49).

Unfortunately, the Service has little information to inform an assessment of potential exposures
and effects to marbled murrelets resulting from entrapment or entanglement in shellfish culturing
equipment and gear. There is no information to meaningfully describe where and how often
marbled murrelets may be exposed, and what measurable outcomes may result for individuals.
Available information suggests that exposure of marbled murrelets is likely to occur very
infrequently, if at all. We conclude that exposures are not discountable (“extremely unlikely”).
However, the Service is not able to demonstrate that potential exposures are reasonably certain to
result in a significant disruption of normal marbled murrelet behaviors (i.e., the ability to
successfully feed, move, and/or shelter) or instances of direct injury or mortality.

The Corps has stated the following (Corps 2015, p. 110):

“Given the prevalence of nets, inconsistent husbandry practices, difficulty fully securing
nets in the aquatic environment, proximity to major spawning rivers, and the 20 year time
period of the [programmatic], some unknown amount of bull trout entanglement in nets is
likely to occur. Rack and/or bag culture may function in a similar manner resulting in the
entrapment and/or stranding as the tide retreats from these areas ... These would be
considered adverse effects to this species.”

We agree with the Corps and believe that the best available scientific information supports this
conclusion. However, considering the size and mobility of subadult and adult anadromous bull
trout, the Service believes that the incidence rate of entanglement, entrapment, and/or stranding
must be very low across the whole of the industry. Despite the fact that shellfish farms occupy
tens of thousands of nearshore marine acres in Washington State, and overlap significantly with
habitats that are seasonally and regularly used by anadromous bull trout (e.g., approximately
12,000 acres of designated bull trout critical habitat), the Service expects that there will be very
few instances of individual bull trout injury or mortality over the 20-year term of the
programmatic (2016 to 2036).
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The Service concludes that instances of bull trout injury or mortality resulting from
entanglement, entrapment, and/or stranding are reasonably certain to occur over the 20-year term
of the programmatic. We expect that instances of bull trout injury or mortality will occur more
frequently in the north Puget Sound, where anadromous bull trout are relatively more abundant,
and will occur less frequently in the other four geographic sub-areas (Willapa Bay, Grays
Harbor, Hood Canal, and south Puget Sound). We expect that a maximum of six (6) subadult or
adult bull trout will be injured or killed in the north Puget Sound geographic sub-area over the
20-year term of the programmatic. We expect that a maximum of two (2) subadult or adult bull
trout will be injured or killed in each of the other four geographic sub-areas (Willapa Bay, Grays
Harbor, Hood Canal, and south Puget Sound) over the 20-year term of the programmatic (2016
to 2036).

The Service expects that plastic shellfish culturing materials will not float on the surface or in the
water column long enough to be a significant direct ingestion threat for bull trout or marbled
murrelets. While there may be a small risk that bull trout or marbled murrelets will accidentally
ingest debris, we expect that it is extremely unlikely to occur. Direct effects from exposure to
these materials are extremely unlikely, and therefore considered discountable.

Based on available information regarding degradation of plastics in the marine environment and
bioaccumulation of associated contaminants in the marine food web, we conclude that some
individual bull trout and marbled murrelets are likely to be exposed to microplastic pollution and
associated contaminants. These exposures may adversely affect some individuals. However, the
Service is not able to demonstrate that potential exposures are reasonably certain to result in a
significant disruption of normal behaviors (i.e., the ability to successfully feed, move, and/or
shelter), instances of direct injury or mortality, or fitness consequences.

Persistent Stressors, Long Duration or Long-Term Exposures, and Effects

Indirect effects are caused by or result from the proposed action, are later in time, and are
reasonably certain to occur. Indirect effects may occur outside of the area directly affected by
the action.

Shellfish activities result in measurable and potentially significant effects to water quality,
substrate condition, physical habitat structure and function, and benthic/epibenthic community
structure and composition. Earlier portions of the Opinion discussed temporary stressors
resulting from shellfish activities, and resulting short-term exposures and effects to the bull trout
and marbled murrelet.

Shellfish activities alter physical, chemical, and biological conditions on varying temporal scales.
Many of these effects to the physical, chemical, and biological environment (i.e., potential
stressors) correspond closely to cycles of production and harvest. However, some of these
effects also reflect variable patterns and rates of recovery from disturbance, and/or interactions
with unrelated activities in the same nearshore environments. While earlier portions of the
Opinion discussed temporary stressors resulting from shellfish activities, this portion addresses
persistent stressors of long duration (months, years), including potential indirect effects that may
result from altered patterns of prey availability and productivity (“prey-mediated effects”), and
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potential long-term effects to natural forms of nearshore marine habitat structure, function, and
complexity. This portion of the Opinion describes long-term, direct and indirect effects on large
spatial scales, corresponding to hundreds of farms and farm operations, and thousands of
affected nearshore marine acres.

When viewed from a landscape perspective, or even from the perspective of a single waterbody
(e.g., Willapa Bay) or portion thereof (e.g., Totten Inlet, Samish Bay), shellfish activities are
variable in density and spatially discontinuous. At some locations, cultured tidelands extend
with only occasional interruption along extended lengths of the nearshore. At other locations,
cultured tidelands are interspersed along shorelines that support a range of other uses (residential,
recreational, etc.). Where cultured tidelands extend with only occasional interruption,
interspersed uncultured areas may experience direct or indirect effects, and are therefore
considered part of the action area. The discernable direct and indirect effects of shellfish
activities are generally superimposed on, and further influenced by, natural variability, patterns
of disturbance and recovery from natural events, and the confounding effects of concurrent,
unrelated activities occurring in the same nearshore environments and watersheds.

The Corps has stated the following (Corps 2015, p. 83):

“The effects [of individual activities] may be relatively short-term or longer lasting ... Of
equal or more relevance to ESA listed species are the effects of the collective activities,
their frequency, duration, timing, geographic location, and general scale across the
landscape.”

We agree with the Corps and believe that the best available scientific information supports this
conclusion. Our Opinion finds that the most significant and biologically relevant effects are
those that result in aggregate to nearshore marine habitat structure, function, and productivity,
ecological processes, and ecosystem services. The sub-sections that follow attempt, where
possible, to evaluate these effects to the physical, chemical, and biological environment on two
scales: 1) the scale of a single large farm or grouping of smaller farms (e.g., 50 to 500 acres);
and, 2) the scale of a large grouping of small and large farms, occupying a significant portion of
a single waterbody (e.g., Willapa Bay) or portion thereof (e.g., Totten Inlet, Samish Bay). For
wide-ranging species that depend on the action area’s variety of nearshore marine environments
and resources (e.g., anadromous bull trout, the marbled murrelet), it is ultimately at these larger
scales that we can best interpret the significance of potential stressors, exposures, and responses.

Effects to Ecosystem Services, including Water Quality

Ecosystem services are benefits that people and communities derive or obtain from natural and
managed ecosystems. They are commonly described as supporting, provisioning, regulating,
and cultural services (Millennium Ecosystem Assessment 2005 in Saurel et al. 2014, p. 267). A
number of authors have argued that bivalves and other filter-feeding shellfish, whether occurring
naturally or in farmed/cultured settings, provide measurable benefits in the form of ecosystem
services (Newell 2004; Coen et al. 2007; Forrest et al. 2009; Saurel et al. 2014; Banas and
Cheng 2015).
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Newell (2004) focused on bivalve feeding, “top-down” control of phytoplankton, “bottom-up”
control of nutrient processing and regeneration, and how these processes interact and can
contribute to improved marine and estuarine water quality. Coen et al. (2007) and Forrest et al.
(2009) both emphasized filtration, benthic-pelagic coupling, interactions leading to the enhanced
heath or recovery of submerged aquatic vegetation, and the provision of refugia and habitat for
both sessile and mobile species. Saurel et al. (2014, p. 267) claim that cultured bivalves provide
all four forms of ecosystem services, supporting, provisioning, regulating, and cultural. Banas
and Cheng (2015 In Washington Sea Grant 2015) use an oceanographic circulation model
developed for the south Puget Sound to demonstrate how naturally occurring and
farmed/cultured bivalves could “...act as a brake on eutrophication” (p. 62).

“Suspension-feeding bivalves serve to couple pelagic and benthic processes ... [and] can be
extremely important in regulating water column processes ... Verwey (1952) was the first to
identify the important ecological role of bivalves ... as key agents in benthic-pelagic coupling ...
Bivalves can exert ‘top-down’ grazer control on phytoplankton and in the process reduce
turbidity ... [potentially] extending the depth to which ecologically important ... plants ...
seagrasses and benthic algae can grow” (Newell 2004, p. 51). “Bivalves can also exert ‘bottom-
up” nutrient control ... by changing nutrient regeneration processes within the sediment ... Large
amounts of undigested particulate organic nitrogen [N] and phosphorus [P] are transferred to the
sediment surface in feces and pseudofeces (biodeposits) ...[where they] gradually become
incorporated” (Newell 2004, pp. 51, 52).

Newell (2004, pp. 55) claims that one aspect of this *bottom-up control’ is frequently
overlooked. “Burial of N and P, and removal of N from the ecosystem via denitrification, is
enhanced by bivalve biodeposition ... Within the anaerobic sediments, denitrifying bacteria
reduce the ... [N] to N gas ... [which] passes to the atmosphere without stimulating further
primary production ... [However, this requires] a close juxtaposition between oxygenated
conditions that support nitrifying bacteria and anaerobic conditions that support denitrifying
bacteria (Kaspar et al. 1985; Kristensen 1988).” Newell (2004, pp. 57) also claims that
‘extractive aquaculture’ can play a role in regulating or controlling nutrient levels and the
impacts resulting or associated with eutrophication; when bivalves are harvested, N and P are
permanently removed from the marine and estuarine ecosystems in the forms of tissue and shell.

Coen et al. (2007) and Forrest et al. (2009) both review published findings suggesting that
bivalves create and enhance habitats for submerged aquatic vegetation, marine invertebrates, and
finfish. Appendix D includes excerpts from Coen et al. (2007) and Forrest et al. (2009); those
excerpts are incorporated here by reference, and are also addressed by a sub-section that follows
(see Effects to Nearshore Habitat Structure and Function).

“Bivalve aquaculture may be seen as a green industry, providing ecosystem goods and services
(Jackson et al. 2001; Smaal et al. 2001; Newell 2004; Coen et al. 2007, zu Ermgassen et al.
2013) that include: (1) reduction of turbidity and nutrient control through filtration of organic
matter (Forrest et al. 2009; Carlsson et al. 2012; Pollack et al. 2013); (2) water quality
improvement through reduction of primary eutrophication symptoms, thereby minimizing
secondary symptoms such as hypoxia (Bricker et al. 2003; Ferreira et al. 2007); (3) provision of
habitat for early stages of invertebrates, and food for local predators (Inglis and Gust 2003;
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Dealteris et al. 2004; Segvic-Bubic et al. 2011); and (4) potential improvement of shellfish
recruitment in adjacent areas, thereby helping restoration (Wilbur et al. 2005)” (Saurel et al.
2014, p. 256). Numerous authors have described how living bivalves, shells/shell fragments, and
their aggregations in reefs or banks create novel substrates and contribute to spatially
heterogenous habitats (Gutierrez et al. 2003; Sousa, Gutierrez, and Aldridge 2009; Gutierrez et
al. 2011). Appendix D includes excerpts from Gutierrez et al. (2003); Sousa, Gutierrez, and
Aldridge (2009); and, Gutierrez et al. (2011); those excerpts are incorporated here by reference,
and are also addressed by a sub-section that follows (see Effects to Nearshore Habitat Structure
and Function).

Banas and Cheng (2015 In Washington Sea Grant 2015) used an oceanographic circulation
model developed for the south Puget Sound to investigate the potential influences of shellfish
aquaculture on water quality and trophic status. “Results suggest a strong gradient in residence
time from the central, deep channels to the small, western inlets, creating a potential for localized
effects on water quality ... Results suggest that Henderson Inlet, Eld Inlet, Totten Inlet,
Hammersley Inlet, Oakland Bay, and upper Case Inlet have combinations of long residence time
and high densities of aquacultured filter-feeders such that aquaculture operations there may
potentially control local phytoplankton concentrations ... One might hypothesize that these inlets
are at noticeably lower risk of eutrophication than they would be in the absence of shellfish
aquaculture” (Banas and Cheng 2015 pp. 59, 66). Appendix D includes excerpts from Banas and
Cheng (2015); those excerpts are incorporated here by reference.

Bivalves and other filter-feeding shellfish, whether occurring naturally or in farmed/cultured
settings, provide important benefits in the form of ecosystem services. The Service expects that
shellfish activities will generally, and in the majority of cases, provide long-term benefits in the
form of improved water quality and sequestration of carbon and nutrients. These ecosystem
services may be important as a means to control and prevent the effects of excess nutrient
additions occurring elsewhere in the contributing watersheds and may lessen or counteract the
potential for climate-induced ocean acidification and hypoxia.

Carrying Capacity

Ecological carrying capacity is a useful concept for thinking about the possible erosion or loss of
ecosystem services, and resulting consequences, under a scenario of pervasive and extremely
high shellfish culturing densities. In its widest use, “carrying capacity” generally refers to the
maximum production of a population (or output) in relation to available, finite resources (or
inputs) that does not cause an unacceptable (or irreversible) change in the ecosystem. According
to the Pacific Shellfish Institute (2014), the concept is similar to, but broader than the principle of
“maximum and optimum sustainable yield”.
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Newell (2004, pp. 54, 55) observed the following:

“In waters with substantial rates of bivalve grazing ... [this] may possibly adversely affect
food quality for other suspension-feeders ... In systems that are either less productive, have
limited water circulation, or have very high levels of bivalve biomass ... competition for
food may occur between natural and aquaculture stocks ... There is likely to be an
exponential increase in interspecific competition for food as bivalve stocks increase in a
location from low to high.”

Newell (2004, pp. 56, 57) also observed the following, regarding biodeposition and sediment
overenrichment:

“The ecosystem effects of an increase in bivalves on sediment nutrient regeneration ... will
vary depending on bivalve population density and the rate of mixing of oxygenated water
down to the sediment surface ... Excess biodeposition, especially in low flow environments
... [may cause] sediments to become anoxic ... and sediment-bound P to be mobilized ...
Local adverse effects can be ameliorated by moderate water currents or wave action that
allows biodeposits to be spread across a larger bottom area ... The adverse effects of
sediment overenrichment ... have been [most] often observed in sediments underlying ...
suspended raft culture ... Findings suggest that extremely dense bivalve communities can
adversely affect sediment microbial processes by shifting them from aerobic to anaerobic
metabolism.”

Similarly, Forrest et al. (2009, p. 3) reported the following:

“Extreme enrichment effects as a result of oyster farming have been described historically
only for suspended culture systems in Japan, and been attributed to repeated culturing and
overstocking (Ito and Imai 1955; Kusuki 1981) ... Hence, it is apparent that the magnitude of
benthic enrichment from elevated intertidal culture [of shellfish] is generally relatively minor
by comparison with suspended subtidal culture of fish (e.g. Brown et al. 1987; Karakassis et
al. 2000; Forrest et al. 2007a) ... The magnitude of effects from enrichment will depend
primarily on stocking density and biomass in relation to the flushing characteristics of the
environment (Pearson and Black 2001) ... Additionally, the level of biodeposition for a given
stocking density, and the assimilative capacity of the environment, may vary seasonally
(Kusuki 1981; Souchu et al. 2001; Mitchell 2006) ... The capacity of the environment to
assimilate and disperse farm wastes will mainly depend on water current velocity and wave
action (Souchu et al. 2001), as these factors control the size and concentration of the
depositional ‘footprint” ... Generally, well-flushed aquaculture sites can be expected to have
depositional footprints that are less intense but more widely dispersed than shallow or poorly
flushed sites (Pearson and Black 2001).”
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Forrest et al. (2009, p. 6) also directly addressed the science related to carrying capacity:

“There has been considerable research into food depletion and modelling of carrying capacity
for oyster culture (e.g. Ball et al. 1997; Bacher et al. 1998; Ferreira et al. 1998) as well as for
other bivalves and polyculture systems (e.g. Carver and Mallet 1990; Prins et al. 1998; Smaal
et al. 1998; Gibbs et al. 2002; Nunes et al. 2003) ... Typically, this work has focused on
phytoplankton depletion and maximum production capacity within growing regions ... The
literature in this field primarily addresses the role of natural or cultivated bivalve populations,
whereas the filter-feeding activities of fouling organisms and other biota associated with
shellfish cultures can also be functionally important (e.g. Mazouni et al. 2001; Mazouni
2004; Decottignies et al. 2007).”

“Influences from oyster aquaculture on estuarine carrying capacity are inextricably linked to
the issues of nutrient cycling, [solid particulate matter (SPM)] depletion, and coupling
between the seabed and water column ... There is compelling evidence that bivalve
aquaculture can affect nutrient cycling and the quantity and quality of SPM across a range of
spatial scales (Prins et al. 1998; Cerco and Noel 2007; Coen et al. 2007; Lin et al. 2009) ...
Empirically, phytoplankton depletion is certainly evident at local scales in the vicinity of
oyster cultures (Dumbauld et al. 2009) or intensive culture zones (Lin et al. 2009), and serial
depletion among multiple adjacent farms at larger spatial scales has been described for other
types of suspended bivalve culture (Gibbs 2007; Grant et al. 2007).”

“The potential for wider effects on ecological carrying capacity as a result of SPM depletion
... Is invariably situation specific and scale-dependent ... (Anderson et al., 2006) ...
Carrying capacity is also ... temporally variable, as the amount of phytoplankton and other
SPM in estuaries is likely to be influenced by factors operating from tidal time scales to
longer term climatic events ... (Dame and Prins 1998; Prins et al. 1998; Zeldis et al. 2000)”
(Forrest et al. 2009, p. 6).

“High shellfish culture density may ... impact the ecosystem through food competition with wild
filter-feeders (Dame and Prins 1997) and cause shifts in the phytoplankton community (Prins et
al. 1997) ... In general, [however] sediment organic enrichment due to shellfish farming is
considered to be limited (Crawford et al. 2003; Forrest et al. 2009); farmers understand that
stocking densities leading to these effects do not benefit production, due to high mortality and
reduced growth rates” (Saurel et al. 2014, p. 256).

Meseck et al. (2012) investigated the influence of a commercial FLUPSY on water quality and
sediment chemistry in a small temperate embayment. They reported the following (Meseck et al.
2012, pp. 65, 70, 71, 75, 77):

“The output from the FLUPSY was compared to estuarine transects in the bay to determine if
any outputs from the FLUPSY could be detected within the embayment ... The FLUPSY
was a source of total ammonia ... and nitrate+nitrite ... throughout the season ... [However,]
the output of total ammonia from the FLUPSY was within the concentration range observed
in the embayment ... The FLUPSY was a very minor source of total ammonia when
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compared to the salt marsh and sediments ... Our results clearly show that the net effects of
the FLUPSY ... on the chemistry of the water column and the sediments were minimal
compared to the temporal variability of the system.”

Appendix D includes excerpts from Meseck et al. (2012); those excerpts are incorporated here
by reference.

Greene et al. (2012) published a report evaluating the status of the Puget Sound’s nearshore
pelagic foodweb, a multi-trophic level assessment in six oceanographic basins. Greene et al.
report (2012, pp. 4, 43):

“Land use rarely explained more than 5 percent of the variation in observed data,
indicating a dominant marine influence and the potential for resilience of the Puget
Sound’s pelagic waters to anthropogenic influence ... [but] the strong spatial structure
observed in our results [does] indicate that different pelagic food webs exist across the
system.”

“Hood Canal and south [Puget] Sound were rated the lowest [or least ‘healthy’] in our
system ... As has been summarized recently by EPA and the Department of Ecology,
Hood Canal is naturally challenged by its unique geography and oceanography, and a
recent report determined that it is premature to assign all these problems to anthropogenic
activities (Kope and Roberts 2012).”

The work and findings reported by Greene et al. (2012) provide a useful context in which to
consider available information regarding Puget Sound carrying capacity and the potential effects
of intensive shellfish aquaculture. However, despite the growing interest in this topic, to date
there has been little work performed that evaluates a scenario of pervasive and extremely high
shellfish culturing densities in Washington’s inland marine waters. Appendix D includes
excerpts from Greene et al. (2012); those excerpts are incorporated here by reference.

Ferriss et al. (2015, pp. 15-33 In Washington Sea Grant 2015) used a trophic model
incorporating mediation functions to examine potential food web implications associated with a
future growth in central Puget Sound geoduck production. Ferriss et al. report (2015, pp. 21,
22):

“A 120 percent increase in cultured geoduck biomass had a limited impact on
phytoplankton biomass and measures of ecological resilience ... The addition of cultured
geoducks into the central Puget Sound food web without any mediation functions had
very little impact on the simulated biomasses of other food web members.”

“Habitat modification and facilitation are the predominant ecological effects of geoduck
aquaculture in a highly productive system such as central Puget Sound ... The trophic
impacts of cultured geoducks as both grazers and prey were not influential at the system
level ... Cultured geoducks did not substantially reduce the availability of phytoplankton
for other species.”
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The work and findings reported by Ferriss et al. (2015 In Washington Sea Grant 2015) suggest
that understanding the ecological effects of shellfish culturing will require going beyond the
modeling of direct trophic-level effects and must incorporate non-trophic information when
possible. Appendix D includes excerpts from Ferriss et al. (2015 In Washington Sea Grant
2015); those excerpts are incorporated here by reference.

According to the Pacific Shellfish Institute (2015), an expanded definition of carrying capacity
should include the physical, production, ecological, and social carrying capacity elements
(including public perception and acceptance). Saurel et al. (2014, pp. 255, 256) observed the
following:

“The aquaculture industry must comply with a broad range of natural and social
conditions (Jonell et al. 2013; Maltby 2013): (1) social acceptance; (2) comprehensive
governance with consistent environmental regulations and sustainable culture practices;
(3) new culture technologies; (4) stakeholder collaboration and incentives; and (5)
compliance ... with best management practices.”

“Nevertheless, there is some controversy in Puget Sound concerning the use of intertidal
areas (beaches) for shellfish cultivation, and licensing of new farms.”

While we do not deny the role or significance of social carrying capacity and public acceptance,
those aspects are beyond the scope of the Service’s considerations, and therefore we limit here
our discussion of carrying capacity to the physical and ecological (habitat) elements.

Totten Inlet Primary Productivity and Consumption (A Case Study)

Totten Inlet currently supports some of the highest densities of shellfish culturing in Puget Sound
and a significant portion of the statewide subtidal wild geoduck resource (Corps 2015, pp. 40-49;
Figures 26-33, pp. 66-72). In addition, based on projected or estimated future growth of the
industry over the next 20 years (Corps 2015, pp. 40-43, 80), an increase of approximately 14
percent is expected in the south Puget Sound.

In support of their proposal to establish a new, large floating mussel raft facility (50 to 60
individual rafts) on north Totten Inlet, Taylor Resources, Inc. commissioned two studies and
reports (MEC-Weston Solutions, Inc. 2004; New Fields Northwest 2008) evaluating potential
direct and indirect effects to the *...physical, chemical, and biological characteristics of the
water column; specifically, currents, dissolved oxygen, nutrients, phytoplankton abundance,
biomass, primary productivity ... [and] carbon-flow in the Totten Inlet food web” (New Fields
Northwest 2008, p. vi). The studies evaluated potential near-field, mid-field, and far-field
impacts, with the far-field area extending to all of Totten Inlet (MEC-Weston Solutions, Inc.
2004, pp. 1, 2).
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MEC-Weston Solutions, Inc. (2004) found:

“Carbon removed [as] mussel tissue and associated fouling organisms is equivalent to
approximately 0.06 percent of the Totten Inlet water column carbon ... production
annually ... This does not address the additional transfer of approximately 0.11 percent
... from the water column to the sediment, some of which would be regenerated ... The
total loss of carbon ... as a result of the proposed mussel rafts would range from 0.06 to
0.17 percent ... [at the scale of] Totten Inlet” (p. 2).

“Zooplankton standing stock was projected to decrease by 0.016 percent ... Effects ... to
forage fish and juvenile salmonids ... are substantially less, primarily due to the dilution
effect with additional trophic transfer ... Juvenile salmonids and forage fish are predicted
to have standing stock reductions of 0.0016 and 0.0021 percent, respectively” (p. 3).

“Fish on the fourth trophic level [e.g., adult salmonids] would be relatively unaffected,
with 0.0006 to 0.0008 percent reductions in standing stock” (MEC-Weston Solutions,
Inc. 2004, p. 70).

New Fields Northwest (2008) found:

“Primary production by phytoplankton in Totten Inlet was estimated to be 40,614,000 kg
Clyear during the spring/summer period ... Of this total production, [just] 7.4 percent is
consumed by primary consumers ... The proposed mussel raft was predicted to consume
<1 percent of the production during the spring/summer period” (pp. vii, viii).

“Based on the mean and [upper confidence interval] consumption estimates, the proposed
mussel rafts [were] predicted to remove 0.1 to 0.4 percent of the primary production for
Totten Inlet during the spring/summer period” and “0.1 to 0.7 percent ... in the
fall/winter period” (p. 79).

“Relative to 10 percent of the area of Totten Inlet, the [proposed] rafts [are] predicted to
remove 1.1 to 7.3 percent of the seasonal [phytoplankton] production [Figure 42] ...
These comparisons were made with the upper confidence interval values and can be
considered a conservative estimate” (New Fields Northwest 2008, pp. 83, 86).

Appendix D includes excerpts from New Fields Northwest (2008); those excerpts are
incorporated here by reference.
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Figure 42. Incremental increase in phytoplankton depletion predicted for the proposed north

Totten Inlet mussel rafts
(New Fields Northwest 2008, p. 81)

Totten Inlet’s current natural/wild and cultured shellfish biomass is large, but available
information suggests a relatively muted or small influence on primary production and trophic
state. There is no indication that the Totten Inlet phytoplankton resource has been substantially
diminished over time as a result of shellfish activities, and it appears that primary production still
greatly exceeds the basin-scale demand of primary consumers. Even with the projected future
growth of the industry in south Puget Sound, available information suggests little or no
likelihood of approaching the ecological carrying capacity of this system.

While it would be premature to extend these tentative conclusions to the whole of Puget Sound
(or to all of Washington’s marine waters), the Service does have confidence that Totten Inlet and
the south Puget Sound are an appropriately conservative geography and setting for considering
these potential effects. Totten Inlet, like several of the other “small”” western inlets, exhibits the
conditions of extended (long) residence time and high densities of natural and cultured filter
feeders (Banas and Cheng 2015 pp. 59, 66). Available information leads us to conclude it is
unlikely that the projected 20-year future growth of the industry will approach or exceed
ecological carrying capacity within the action area.

Effects to Nearshore Habitat Structure, Function, and Productivity

Shellfish culturing and harvesting have direct and indirect effects to nearshore marine habitat
structure, function, and productivity. These effects may have significance for how well these
habitats support the essential behaviors and needs of listed species. The sub-sections that follow
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discuss long-term and persistent effects to substrates and sediment; eelgrass, kelp, and
submerged aquatic vegetation; benthic/epibenthic community structure and composition; and
predator-prey dynamics and productivity (“prey-mediated effects”).

Where possible, we evaluate these stressors and effects at two scales: 1) the scale of a single
large farm or grouping of smaller farms (e.g., 50 to 500 acres); and, 2) the scale of a large
grouping of small and large farms, occupying a significant portion of a single waterbody (e.qg.,
Willapa Bay) or portion thereof (e.g., Totten Inlet, Samish Bay). For wide-ranging species that
depend on the action area’s variety of nearshore marine environments and resources (e.g.,
anadromous bull trout, the marbled murrelet), it is ultimately at these larger scales that we can
best interpret the significance of potential stressors, exposures, and responses. The most
significant and biologically relevant effects are likely to be those that result in aggregate to
nearshore marine habitat structure, function, and productivity.

The final sub-sections included here synthesize and evaluate the patterns of foreseeable spatial
and temporal effects to nearshore habitat structure, function, and productivity, and interpret their
significance for the bull trout and marbled murrelet. This is followed by a description of the
foreseeable direct and indirect effects to designated bull trout critical habitat, including natural
forms of nearshore marine habitat structure and complexity.

Effects to Substrates and Sediment

Here we evaluate long-term and persistent effects to substrates and sediment. We consider a
variety of shellfish activities and culturing techniques, including bed preparation; frosting and
graveling; placement of culturing equipment and materials on and over the bed; mechanical
leveling and harrowing; mechanical dredge harvesting; other mechanical harvesting techniques;
and, geoduck harvest.

Bed preparation: Intertidal beds are almost always prepared for ground-based culturing of
oysters, clams, or geoduck clams with some amount of raking and light grading, regardless of
whether the farm uses direct bottom culturing, bag, rack-and-bag, stake, or longline culturing
techniques. This is typically accomplished with the use of hand tools and may coincide with pre-
harvest (also, see mechanical leveling and harrowing). Bed preparation with hand tools
generally only disturbs the shallowest substrates. Available information suggests there are
unlikely to be any measurable effects that persist more than a few days, or a few high and low
tide cycles.

Frosting and graveling: Frosting and graveling are used to coarsen and firm substrates, either
to promote and encourage a natural set of seed, or to improve conditions for the maturing and
growth of planted clams or seeded cultch. Several thin layers of material are typically placed
over a period of days. Some growers/farm operators gravel or frost their beds on an annual
basis, while others do so less frequently.

The Corps and Services developed conservation measures under a SLOPES process, and the

Corps has included the conservation measures in their proposed action (Corps 2015, pp. 49-53).
The Corps has incorporated a conservation measure which limits the amount of material placed
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annually, and which should also prevent excessive mounding or piling of placed material (Corps
2015, p. 49). At the rates/amounts proposed we would not expect to see wholesale conversion of
the substrate type, and no significant effects to sediment chemistry or nutrient status.

Placement of culturing equipment and materials on and over the bed: Equipment and
materials placed on and over the bed directly influence hydrodynamics, including current
velocities and patterns of localized sediment deposition and scour. Equipment and materials
(e.g., nets, bags, racks, stakes, longlines, tubes) interact with currents, wave action, and natural
patterns of sediment transport in ways that can be difficult to predict or generalize across
individual sites. However, there is information to suggest that these localized effects to
hydrodynamics, deposition, and scour can result in changes to grain size and other characteristics
of the substrate. Over the long-term (i.e., “grow-out” and cycles of production), substrate
characteristics are strongly influenced by the interactions between these physical characteristics,
the benthic community, and intensively cultured shellfish.

When defining disturbance resulting from intertidal aquaculture, Simenstad and Fresh (1995, p.
45) included the “...altering [of] sediment structure by mechanical modification ... or addition of
different sediments ... and altering [of] natural hydrologic and sedimentary regimes.” “In
addition to obvious shifts in substrate composition, other physicochemical characteristics and
processes may be altered that are important to intertidal biota ... Thompson (1995) and Thom et
al. (1994) indicate that substrate modification ... can significantly ... increase benthic respiration
and... nutrient fluxes ... The magnitude of these responses, however, tend to be very site-
specific” (Simenstad and Fresh 1995, p. 50).

Discussing the influence of nets placed on the intertidal bed, Simenstad and Fresh (1995, p. 54)
reported that “... grain size was consistently finer in netted plots than on the natural beach ... the
increase in sediments <1-2 mm ... implied that nets decreased near-bed resuspension and trapped
more material ... thus promoting a comparatively ... muddier substrate.” *“Decreased current
velocities at high tide due to the presence of intertidal structure may ... increase the deposition of
[fine] organic particles” (Madsen et al. 2001 in Hosack et al. 2006, p. 1157).

Forrest et al. reported (2009, pp. 3-5):

“Changes in seabed topography ... have been described beneath oyster farms in several
studies (Ottmann and Sornin 1982; Everett et al. 1995; Forrest and Creese 2006) ... Such
changes can result from the accumulation of shell and inorganic debris, and erosion or
accretion of sediment beneath and between farm structures (Forrest and Creese 2006) ...
Sedimentation rates directly beneath cultures are generally elevated by comparison with non-
culture areas (Mariojouls and Sornin 1986; Sornin et al. 1987; Nugues et al. 1996), being as
much as three times greater directly beneath farm structures than at control sites (Forrest and
Creese 2006).”

“Excessive sediment build-up within Pacific oyster leases can occur at sites where cultivation

structures are in high density or aligned perpendicular to tidal currents, resulting in the
entrapment of suspended sediments (Kirby 1994; Handley and Bergquist 1997).”
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“Biodeposits are heavier than their constituent particles, and readily settle on the seabed
beneath culture areas (Haven and Morales-Alamo 1966; Kusuki 1981; Mitchell 2006) ...
Since biodeposits are organic-rich and consist of a substantial proportion of fine particles (i.e.
silt and clay), seabed sediments beneath oyster cultures can become organically enriched and
fine-textured relative to surrounding areas ... (Forrest and Creese 2006)” (Forrest et al. 2009,

pp. 3-5).

Appendix D includes fuller excerpts from Forrest et al. (2009); those excerpts are incorporated
here by reference.

When discussing the history of intertidal culturing of Pacific oysters in Willapa Bay, Simenstad
and Fresh (1995, p. 48) reported the following:

“Once Pacific oysters became the focus of culturists, they were grown primarily on
littoral flats above MLLW ... Presently, ground-cultured oysters are distributed over
broad intertidal flats in a relatively thin layer (at most one oyster thick) in order to
maximize growth ... Consequently, oyster culture appears to have changed the nature of
oyster habitat from a thick reef-like structure to one that is analogous to fine sediments
with a thin layer of large substrates (i.e., oysters) over it.”

Mechanical leveling and harrowing; mechanical dredge harvesting: Mechanical leveling and
harrowing turn over the surficial substrates and shallow subsurface. This has measurable effects
on particle size, sediment chemistry, nutrient status, and aspects of benthic-water column
dynamics (Rhoads and Germano 1986, Newell 2004, Forchino 2010, Gutierrez et al. 2011).
Mechanical leveling and harrowing, and for that matter mechanical dredge harvesting, also
disturb, physically alter, and can damage or kill benthic infauna and microalgae, sessile
epibenthic invertebrates, and attached submerged aquatic vegetation. Some of these topics will
be discussed in greater detail by a following sub-section (see Effects to Eelgrass, Kelp, and
Submerged Aquatic Vegetation and Effects to Benthic/Epibenthic Community Structure and
Composition).

Species richness and functional group diversity are inherent to undisturbed benthic systems,
including within seemingly “plain” or “barren” sand and mud flats (Rhoads and Germano 1986,
pp. 293, 294; Forchino 2010, pp. 16, 17; Gutierrez et al. 2011, pp. 39-45). Benthic communities
are not static and the functional groups that dominate at points along the course of infaunal
succession (Figure 37, p. 105) influence important benthic ecosystem attributes, including
secondary production, nutrient cycling, and hypoxia (Rhoads and Germano 1986, pp. 291, 298-
301). “Infaunal ‘ecosystem engineers’ affect three-dimensional structure and thus the diversity
of microhabitats in marine soft sediments ... When infaunal organisms recruit into soft sediment
habitats, they seek refuge by entering into the sediments and — in many cases — by producing
shells, tubes, or burrows (Marinelli and Woodin 2002) ... All these structures generate a
remarkably more diverse environment within the sediment matrix relative to the originally
smooth soft sediment” (Gutierrez et al. 2011, pp. 44).
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Infaunal succession commonly requires years, and therefore benthic species assemblages and
their functional relationships can be disrupted by sources of disturbance. “[Disturbances that
cause] long-term degradation ... frequently involve the loss of equilibrium species ... high-order
seres are replaced by pioneering seres ... [and] changes in organism-sediment relations and
population dynamics accompany this change” (Rhoads and Germano 1986, p. 295).

Appendix D includes excerpts from Rhoads and Germano (1986), Forchino (2010), and
Gutierrez et al. (2011); those fuller excerpts are incorporated here by reference.

There can be no question whether the acute physical disturbance caused by mechanical leveling,
harrowing, and dredge harvesting measurably and significantly changes substrate conditions and
the benthic community. These shellfish activities act as intense pulse disturbances, and clearly
they will in many cases either interfere with or reset normal patterns of infaunal succession and
development. [Geoduck harvesting may also act as an intense pulse disturbance, though
generally it occurs at a much reduced frequency (e.g., once every 7 to 9 years).] The
implications for sediment chemistry, nutrient status, benthic-water column dynamics, and
benthic community richness and evenness are very difficult to predict or generalize across
individual sites. However, when we consider that many sites and farms are harrowed and
dredged repeatedly over the course of a single or successive cycles of shellfish culturing, it
becomes obvious that many of these sites and farms are managed in a more or less permanently
(or chronically) “disturbed” state.

“Complex physicochemical and ecological linkages among estuarine organisms and
communities can be altered over the long-term by persistent disturbances that exceed natural
regimes ... Large-scale disturbances, such as those associated with some intensive oyster
practices, may induce chronic shifts in the benthic community by removing or reducing the
influence of community dominants such as eelgrass or ... [by] altering the apparent ...
relationship between them” (Simenstad and Fresh 1995, pp. 65, 66). The sub-sections that
follow will discuss these topics in greater detail (see Effects to Eelgrass, Kelp, and Submerged
Aquatic Vegetation and Effects to Benthic/Epibenthic Community Structure and Composition).

Other mechanical harvesting techniques: Bottom cultured clams are sometimes harvested
mechanically, most notably in Samish Bay. Mechanical clam harvesters are driven or pulled
across the exposed bed at low tide, and the clams are “swept” onto a conveyor belt. Another
type of mechanical harvesting equipment, the hydraulic escalator, has been mostly or completely
phased out and is excluded from coverage under the Corps programmatic consultation (Corps
2015, p. 26).

The mechanical clam harvesters used in Samish Bay, and perhaps at a growing but uncertain
number of additional locations, are repurposed and re-configured tulip harvesters (Saurel et al.
2014, p. 263). While only a few studies considering the use of this equipment are either
completed or underway, available information suggests that the practice is relatively benign and
no significant impacts to substrates or sediment have been observed (Saurel et al. 2014, p. 263).
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Geoduck harvest: Geoduck are harvested from intertidal beds at low tide (“beach harvest”), or
by divers at middle or high tides (“dive harvest”). In either case, geoduck clams are typically
harvested using hand-operated water jet probes. Seawater pumped at a pressure of
approximately 40 pounds per square inch, and 20 gallons per minute, is injected at the vicinity of
each harvestable geoduck, liquefying the substrate and allowing extraction of the clam by hand.

“Geoduck... [harvest] may alter abiotic conditions in the sediment (e.g., grain size, oxygen
[and] nutrient levels)” (Straus et al. 2013, p. 20). Willner (2006) considered the effects of
geoduck dive harvest and observed the following:

“This method of harvesting is considered to be the most environmentally benign method
available (Palazzi et al. 2001)” (p. 11).

“[However,] The physical disturbance associated with ... geoduck harvest has the potential
... [to alter] the availability and distribution of physical microhabitat and biogenic structures”

(p. 2).

“Disturbances, such as geoduck harvesting, homogenize the area by breaking up structures
and disturbing materials ... reducing the structural complexity of the area (Hewitt et al.
2005) ... As the water jet overturns sediments, organic material and organisms in and
adjacent to the harvesting hole are resuspended and/or buried” (p. 31).

“With larger particles settling quickly and finer materials being carried away, the result is a
larger sediment grain composition with a lower concentration of nutrients” (pp. 31, 32).

“Artificially resuspended sediments have important implications for nutrient cycling
(Pilskaln et al. 1998) ... Resuspension can result in higher nutrient concentrations in the
water column ... [and] increase[d] oxygen consumption ... (Tengberg et al. 2003)”” (Willner
2006, pp. 45, 46).

Appendix D includes excerpts from Willner (2006); those fuller excerpts are incorporated here
by reference.

All of the shellfish activities and culturing techniques that have been described here result in
measurable effects to substrates and sediment. Some of these shellfish activities and culturing
techniques are more likely than others to result in measurable long-term and persistent effects.
Based on the available information, we conclude that the placement of culturing equipment and
materials on and over the bed, mechanical leveling and harrowing, and mechanical dredge
harvesting, are most likely to result in measurable long-term and persistent effects to substrates
and sediment.

Mechanical leveling, harrowing, and dredge harvesting act as intense pulse disturbances, and
clearly they will in many cases either interfere with or reset normal patterns of infaunal
succession and development. When we consider that many sites and farms are harrowed and
dredged repeatedly over the course of a single or successive cycles of shellfish culturing, it
becomes obvious that many of these sites and farms are managed in a more or less permanently
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(or chronically) “disturbed” state. The sub-sections that follow will discuss these topics in
greater detail (see Effects to Eelgrass, Kelp, and Submerged Aquatic Vegetation and Effects to
Benthic/Epibenthic Community Structure and Composition).

Effects to Eelgrass, Kelp, and Submerged Aquatic Vegetation

Here we evaluate long-term and persistent effects to eelgrass, kelp, and submerged aquatic
vegetation. We consider a variety of shellfish activities and culturing techniques, including bed
preparation; frosting and graveling; placement of culturing equipment and materials on and over
the bed; mechanical leveling and harrowing; mechanical dredge harvesting; other mechanical
harvesting techniques; and, geoduck harvest.

The local ecology and function of eelgrass and kelp: Phillips (1984) described the Ecology of
Eelgrass Meadows in the Pacific Northwest. Mumford (2007) described the ecology of Kelp and
Eelgrass in Puget Sound. These excellent reports discuss in detail how submerged aquatic
vegetation contributes to and influences natural marine and estuarine functions (biotic and
abiotic). Appendix D includes excerpts from Phillips (1984) and Mumford (2007); those
excerpts are incorporated here by reference.

Interactions between submerged aquatic vegetation and shellfish activities: Interactions
between submerged aquatic vegetation (native eelgrass, rooted kelp) and shellfish activities are
complex and not easily characterized with simple generalizations. These interactions include
competition for space, competition for light (or shading), and physical damage that results from
some activities, practices, and techniques. However, not all of these interactions are detrimental
to the health of native eelgrass and rooted kelp. For instance, shellfish culturing provides a
source of nutrient enhancement, which supports plant growth and vigor, and frequently improves
water quality. Furthermore, when evaluating potential interactions and outcomes, we must also
consider that the current conditions for submerged aquatic vegetation in the action area represent
at many locations a dynamic equilibrium influenced by shellfish and other activities conducted
over years and decades. Despite the intensive shellfish culturing that has characterized the recent
history at the scale of whole sub-basins (Samish Bay) and whole waterbodies (Willapa Bay),
submerged aquatic vegetation continues to show good or consistent health in some of these same
geographies (Gaeckle et al. 2011, 2015)(see Environmental Baseline, Puget Sound and Hood
Canal, Existing Conditions for Native Eelgrass).

Competition for space: While studies considering the potential role of shading and competition
for light have produced inconclusive or equivocal findings, they demonstrate more consistently
that cultured shellfish compete directly with eelgrass for space. “Oysters use space in direct
competition with eelgrass ... Eelgrass shoots cannot grow in areas occupied by shell, so direct ...
competition [should] lower eelgrass density” (Tallis et al. 2009, p. 256).
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Wagner et al. (2012) looked specifically at density-dependent effects of oyster cultivation on
native eelgrass:

“A key consideration for the coexistence of bivalves and eelgrass involves the functional
shape of potential tradeoffs (Koch et al. 2009) ... specifically, thresholds beyond which
eelgrass responds more strongly than expected from the effects of displacement and space
competition with bivalves alone” (p. 150).

“Steep declines [in eelgrass shoot density and size,] indicating density-dependent space
competition, occurred at different thresholds after 1 (1.3 percent oyster cover), 2 (12.4
percent), and 3 years (21.9 percent) ... Eelgrass responded to the presence of oysters
(both live adults and empty shells) by reducing shoot density and size” (pp. 149, 157).

“The superior fit ... models relating eelgrass density to oyster cover ... [show]
exponential declines in eelgrass shoot density when oyster cover exceeded 10 to 20
percent” (p. 158).

“Our results indicate that low densities of oysters can be compatible with eelgrass ... but
that tradeoffs reliably occur both after initial establishment and above 20 percent oyster
cover ... Ecological consequences ... are likely to be location-specific and density
dependent ... [but] our results indicated disproportionately large tradeoffs between space
occupants at high oyster density” (Wagner et al. 2012, p. 158).

Appendix D includes excerpts from Wagner et al. (2012); those fuller excerpts are incorporated
here by reference.

“Distribution of eelgrass reflects a balance of space competition, pulse disturbance, and
recovery, and is therefore at dynamic equilibrium on aquaculture beds” (Dumbauld, Ruesink,
and Rumrill 2009, p. 196). “If eelgrass impact reduction, rather than avoidance, is identified as
the management goal, the degree of tradeoff between eelgrass habitat and oyster production can
be minimized by managing aquaculture methods or oyster planting densities, depending on the
eelgrass measure of interest” (Tallis et al. 2009, p. 251). “Similar to Tallis et al. (2009), we
noted a negative relationship between eelgrass above-ground biomass and culture density”
(Skinner, Courtenay, and McKindsey 2013, p. 115).

Life history characteristics and growth forms would suggest that competition for space is a
significant interaction for kelp species too: “The habitat requirements for kelp include not only
those conditions needed for the large kelp plant, but also for the tiny and cryptic gametophytes,
for induction of reproduction, and for fertilization (Foster and Schiel 1985; Dayton 1985; Druehl
and Wheeler 1986)” (Mumford 2007, p. 4). “Competitors of kelp ... include any shallow ...
space-occupying organism ... The tiny gametophytes and small sporophytes can be out-
competed for space or light by a variety of algae and sessile invertebrates ... Once grown out of
these small stages, however, kelps can outcompete most other seaweeds and sessile invertebrates
because of their rapid elongation (10 cm per day in Nereocystis) and large adult size ... Even the
smaller, non-floating kelps can overtop and shade other algae” (Mumford 2007, p. 12).
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Physical damage: “Eelgrass rhizomes are buried ... up to 20 cm (8.0 inches) deep in sediment,
depending on the sediment consistency ... In firmer substrates, rhizomes may be only half as
deep as in soft muddy substrates” (Phillips 1984, p. 9). “Significant injury to roots, rhizomes,
and meristems is lethal to seagrass shoots” (Neckles et al. 2005, p. 58). “Eelgrass may ... be
impacted by dredging, harrowing, and leveling, all of which extensively disrupt surface
sediments ... destroy aboveground eelgrass shoots and leaves, and perhaps belowground roots
and rhizomes as well” (Simenstad and Fresh 1995, p. 54). “Direct stressors to eelgrass include
harrowing or roto-tilling for on-ground oyster culture and damage from propellers ... Similarly,
[for] kelp, if ... [cut] below the meristem, or growing region, [this] will result in the death of the
entire plant” (Mumford 2007, p. 14).

“The extent to which a particular disturbance alters structure or function and thereby affects
recovery time depends on the frequency and/or duration of the disturbance (den Hartog 1971),
the physiological condition of the plants, and the characteristics of the particular seagrass species
involved (McRoy and Lloyd 1981; Zieman and Zieman 1989; Williams 1990; Alberte et al.
1994) ... Additionally, recovery from disturbance can vary depending on the level of damage
sustained” (Short and Wyllie-Echeverria 1996, p. 18). “The effect of physical disturbance on
plant communities depends on the size, frequency, and intensity of disruption, and on ecological,
physiological, and life history characteristics affecting ecosystem recovery (Pickett and White
1985)” (Neckles et al. 2005, p. 58).

“Fishing gear has been shown repeatedly to reduce the structural complexity of benthic habitats
by smoothing sedimentary bedforms and physically removing biota that produce habitat structure
(Auster and Langton 1999, National Research Council 2002) ... Mobile gear has been found to
affect seagrass beds similarly through removal of the vegetation (Fonseca et al. 1984, Peterson et
al. 1987, Orth et al. 2002; but see Meyer et al. 1999) ... Mussel dragging ... had a comparably
severe impact on localized habitat structure by eliminating large amounts of vegetation ... Our
model of within-bed eelgrass recovery emphasized the importance of initial dragging intensity”
(Neckles et al. 2005, pp. 67-69).

“Previous work has shown that recovery periods for eelgrass following oyster harvest vary
depending on a combination of factors, including the type of oyster culture, duration of culture,
spatial configuration of culture operations and nearby meadows, and the frequency of oyster
harvest events (Waddell 1964; Orth et al. 2002) ... Our data have important management
implications ... but we know little about how these results vary among sites (either within or
among estuaries) ... Tidelands used for aquaculture in Willapa Bay comprise a mosaic of
disturbance ... some beds may have little to no eelgrass cover due to frequent harvest and
management activities, while other beds are left unmanipulated for long periods, enabling dense
stands of eelgrass to form and persist” (Wisehart et al. 2007, pp. 78, 79).

“Studies of onground culture systems have ... demonstrated physical effects during intermittent
shellfish harvesting, and the recovery of soft-sediment communities in a matter of weeks to
months in unvegetated habitats (McKindsey et al. 2006 and references therein) ... By contrast,
recovery from physical disturbance by eelgrass ... may take several years (McKindsey et al.
2006; Dumbauld et al. 2009 and references therein)” (Forrest et al. 2009, p. 4). “Published
recovery rates of eelgrass are almost all slower than reported for other soft-sediment organisms
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exposed to intertidal shellfish harvest; they appear more similar to [the approximate] 2-year
recovery rates of biogenic habitats (corals and sponges) after subtidal trawling or dredging
(Kaiser et al. 2006)” (Ruesink and Rowell 2012, p. 718).

“Individual activities act as pulse disturbances and the recovery of eelgrass ... to pre-disturbance
levels is variable [2 to 5 years] ... The extent of disturbance depends on the aquaculture practice
and the distribution of eelgrass reflects a balance of space competition, pulse disturbance, and
recovery, and is therefore at dynamic equilibrium on aquaculture beds” (Dumbauld, Ruesink,
and Rumrill 2009, p. 196). “The negative and positive effects of aquaculture on eelgrass are
likely caused by the direct disturbance of aquaculture and the indirect response of plants to that
disturbance ... Although eelgrass does grow back in the beds over time (both via rhizomes and
seeds; Wisehart et al. 2007), densities may not reach those of uncultivated beds within the
typical harvest cycle (approximately 3 years)” (Tallis et al. 2009, p. 256). Damage to eelgrass
may be lessened if activities are conducted during winter months, when aboveground shoot
densities are lowest (Wisehart et al. 2007, p. 72).

Recovery from physical damage: Eelgrass recovery from physical damage is influenced by a
number of factors, including capacity for seed production, germination, and seedling survival,
capacity for vegetative patch expansion; the persistence of remnant, undisturbed or lightly
disturbed patches of eelgrass; intraspecific competition; and a host of other variable (and
sometimes site-specific) environmental and culturing conditions and factors. Neckles et al.
(2005), Wisehart et al. (2007), and Tallis et al. (2009) have each reported relevant findings.

Neckles et al. (2005) reported:

“Dramatic differences in the habitat characteristics of disturbed and reference sites were
seen in the areas of the most recent [mussel] dragging activity” (p. 63).

“The broadly overlapping zones of statistical similarity in measured plant characteristics
... suggest considerable variability in the actual length of time that would be required for
newly vegetated substrate to achieve reference conditions” (p. 66).

“The measured effect of disturbance ... depended on the scale of observation and the
apparent intensity of [mussel] dragging effort ... Presumably, the number, sizes, and
distribution of remnant patches of eelgrass following dragging are a function of the
dragging intensity, with patches occurring on substrate that was missed by the dredge ...
This difference in dragging intensity most likely reflects the pattern of mussel distribution
rather than any difference in gear efficiency” (Neckles et al. 2005, p. 68).
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Wisehart et al. (2007) reported:

“Qyster growers have reported that eelgrass rapidly reappears in areas planted with
oysters ... There are two potential mechanisms to explain high recruitment: (1) oysters
influence eelgrass seed production, seed germination, and/or seedling survival by altering
the nutrient or light environment ... or by trapping/protecting seeds, and (2) aquaculture
disturbance affects eelgrass seed production, seed germination, and/or seedling survival
by removing neighboring adult eelgrass plants” (p. 72).

“More seeds were produced in the dredged beds than in the reference beds” (p. 74).

“We found higher seedling densities in dredged beds ... compared to reference areas
where adult density was significantly greater ... When neighbors were removed,
seedlings survived better ... and were significantly larger ... Dredge harvest of oysters,
which results in decreased eelgrass density due to the removal of above ground plant
structures, may facilitate seed germination and/or seedling growth and survival, by
reducing competition for light or other resources” (Wisehart et al. 2007, p. 77).

Tallis et al. (2009) reported:

“Surprisingly, eelgrass relative growth rates were faster in dredged and hand picked beds
than in uncultivated areas ... [However,] In contrast, all aquaculture areas had smaller
plants (above-ground biomass) and lower production than uncultivated areas” (p. 254).

“Higher growth rates of eelgrass in oyster beds are likely related to lower eelgrass density
rather than the direct effect of oysters per se ... Eelgrass growth is generally light limited
in this region (Thom and Albright 1990, Wisehart et al. 2007), so lower eelgrass densities
in dredged and hand picked beds ... may release individual plants from intraspecific
competition, increasing light levels, and leading to higher relative growth rates” (p. 256).

“When the cumulative effects of oyster aquaculture (oysters and practices) are
considered, higher growth rates in dredged, and perhaps hand picked beds are cancelled
out by lower plant densities and size in these areas ... As a result, all current aquaculture
methods have ... relatively large impacts on plant size and eelgrass production” (Tallis et
al. 2009, p. 257).

Appendix D includes excerpts from Neckles et al. (2005), Wisehart et al. (2007), and Tallis et al.
(2009); those fuller excerpts are incorporated here by reference.

The Corps has stated “... for recovery times on the order of years, such as [recovery from]
disturbance to eelgrass, an annual or every few year repeat disturbance may never allow a full
recovery” (Corps 2015, p. 92). We agree with the Corps and believe that the best available
scientific information supports this conclusion. However, the number and variety of factors
influencing eelgrass recovery suggest the potential for significant site-by-site and temporal
variability. It is therefore difficult (or impossible) to state with certainty the likely pattern or rate
of recovery, at either a fine or coarse scale. Furthermore, there appear to be few general rules
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that accurately characterize this complex set of interactions. Nevertheless, the weight of
available evidence does lead the Service to conclude that in most cases and settings where
shellfish activities result in physical damage to eelgrass beds, and/or displace eelgrass beds or
other submerged aquatic vegetation, they will result in at least temporal loss of production and

associated ecosystem services, including habitat functions (Figure 43).
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Figure 43. Diagrammatic representation of the interim or temporal loss of ecosystem services
(Fonseca et al. 1998, p. 68)

Longline culturing: A number of studies have looked specifically at longline culturing
techniques, damage to eelgrass, and recovery, including those reported by Wisehart et al. (2007),
Tallis et al. (2009), and Rumrill and Poulton (2004). Where intertidal longline culturing is
practiced, oysters are grown in clusters, attached to rope lines suspended above the bed between
upright stakes. Stakes and longlines prevent oysters from sinking and smothering, and also serve
to control and minimize exposure to predators inhabiting the intertidal bed.

Wisehart et al. (2007) reported the following:

“Significantly fewer seedlings were observed in the longline beds compared to [both] the
dredged and reference beds, which did not significantly differ” (p. 74).

“More seeds were produced in the dredged beds than in the reference beds, and lowest

seed production occurred in the longline beds” (p. 74).
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“We observed very few naturally recruiting seedlings in longline areas, and survivorship
of seedlings in longline seed addition plots was zero ... Our data suggest that seed
production and seed bank densities are high in dredged areas compared to longline areas
... Longlines may also act as ‘clotheslines,” causing plants to become entwined in the
ropes at high tide resulting in severe desiccation at low tide, thus reducing the density of
both vegetative and flowering shoots (Pregnall 1993, Everett et al. 1995)” (p. 78).

“Seed dispersal and deposition in longline beds may be limited due to altered water flow
... the reduction in flow causes longline areas to accrete sediment at much greater rates
than would naturally occur (Everett et al. 1995) and could lead to burial of seeds and
young seedlings” (Wisehart et al. 2007, p. 78).

Tallis et al. (2009) reported the following:

“Both on-bottom aquaculture methods (hand picked and dredge) had lower eelgrass
densities than uncultivated areas ... [but] results were less clear for long line beds ... We
found that long lines and hand-picking tend to have smaller effects on eelgrass density
than dredging ... There was no clear link between oysters, aquaculture structures, and
eelgrass density in long line areas” (p. 254).

“We show that tradeoffs exist between oyster aquaculture and native eelgrass populations
... None of the existing aquaculture methods in this region can be conducted whereas
avoiding all impacts on eelgrass ... Oysters can be cultivated using long lines with the
least impact on eelgrass density, but eelgrass biomass (shoot size) and production will
decline (as will eelgrass seed recruitment, Wisehart et al. 2007)” (Tallis et al. 2009, p.
260).

Rumrill and Poulton (2004) reported the following:

“It is clear ... that intensive commercial cultivation of oysters typically results in chronic
and variable levels of disturbance to eelgrass beds and their associated communities
(Simenstad and Fresh 1995; Griffin 1997; Dumbauld 1997) ... [However,] empirical
studies are needed to investigate the ecological impacts of oyster cultivation on long-lines
suspended between stakes” (p. 3).

“Twelve study sites were established ... with variable spacings of 1.5 [ft], 2.5, 5, and 10
[ft] between the suspended lines ... We conducted additional field sampling ... to
compare eelgrass presence, size, and biomass in the experimental plots ... [and]
commercial long-line plots” (p. 6).
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“We observed a strong trend toward decreased spatial cover and density ... with
decreased distance between suspended oyster long-lines ... Low eelgrass metrics were
consistently observed within the narrow line spacing / high-density oyster plots [1.5 and
2.5 ft], where eelgrass cover was generally less than 15 percent ... [However,] eelgrass
beds in the *wide’ oyster long-line spacing plots [5 ft] were intermediate (35-45 percent
cover) ... and high spatial cover (55-65 percent cover) and density values ... were
observed in the ‘very wide’ oyster longline plot [10 ft spacing]” (p. 11).

“Results suggest that the shading effect of oyster long-lines ... is probably negligible ...
[and] factors other than light availability are probably responsible for the reduced
abundance of eelgrass in closely-spaced off-bottom oyster culture sites ... Changes in
sediment deposition and erosion were clearly evident in the plots with high densities of
oyster lines [1.5, 2.5, and 5 ft spacing] ... The seasonal build-up of sediments was
particularly evident ... around the PVC stakes that support the oyster lines ... Substantial
and rapid sediment deposition was observed ... [but] these soft and flocculent sediments
were ... [also] eroded away ... Sediments were deposited more slowly over time within
[the 10 ft spacing] oyster long-line plot” (Rumrill and Poulton 2004, pp. 15, 16).

Geoduck cultivation and harvest: Studies conducted in the Pacific Northwest demonstrate that
geoduck cultivation also results in measurable impacts to eelgrass. A 2-year experiment
investigating seasonal effects of geoduck production at a site in the south Puget Sound found that
the largest impacts (70 percent shoot loss) occurred during harvest (Ruesink and Rowell 2012, p.
718).

Horwith (2013) investigated changes in eelgrass over a 5-year crop cycle in Samish Bay, located
in the north Puget Sound:

“Immediately following harvest ... eelgrass remained patchily distributed within the farm
(being present in 64 percent of quadrats), but where it was present, Z. marina was now 78
percent more dense in the unfarmed area ... Eelgrass was no longer present on the farm 1
year after harvest ... following a period of heavy [algae] biofouling on the blanket nets”
(p. 1112).

“[However] ... 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 ...
Geoduck aquaculture practices do not appear to have made this site unsuitable for later
recolonization by eelgrass” (Horwith 2013, p. 112).

Saurel et al. (2014, pp. 261, 264) considered the effects of fouling (algal growth) on geoduck
cover nets:

“A macroalgal individual growth model was implemented to simulate fouling of predator
nets by seaweeds ... [The] model simulates sweeping at regular intervals, and the
subsequent new growth of macroalgae on the nets ... Increased fouling in farm sections
with larger clams (higher year classes) is ... [evident] and reflects a greater emission of
ammonia [nutrient] from ... larger animals.”
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Summary: Interactions between submerged aquatic vegetation (eelgrass, kelp) and shellfish
activities are complex. The number and variety of factors influencing recovery from disturbance
or damage suggest the potential for significant temporal and site-by-site variability. However, in
most cases and settings where shellfish activities result in physical damage to submerged aquatic
vegetation, they will result in at least temporal loss of production and associated ecosystem
services, including habitat functions (Figure 43, p. 151).

Not all of the potential interactions with shellfish activities are detrimental to the health of native
eelgrass and rooted kelp. For instance, shellfish culturing provides a source of nutrient
enhancement, which supports plant growth and vigor, and frequently improves water quality.
Therefore, when evaluating potential interactions and outcomes, we must also consider that the
current conditions for submerged aquatic vegetation in the action area represent at many
locations a dynamic equilibrium influenced by shellfish and other activities conducted over years
and decades. Despite the intensive shellfish culturing that has characterized the recent history at
the scale of whole sub-basins (Samish Bay) and whole waterbodies (Willapa Bay), submerged
aquatic vegetation continues to show good or consistent health in some of these same
geographies (Gaeckle et al. 2011, 2015)(see Environmental Baseline, Puget Sound and Hood
Canal, Existing Conditions for Native Eelgrass).

Landscape scale interactions and dynamics: Whereas there have been many studies
evaluating interactions and outcomes at the scale of a single bed or a single farm, there have been
relatively few that describe interactions between submerged aquatic vegetation and shellfish
activities on a landscape scale in the Pacific Northwest.

Dumbauld and McCoy (2015) evaluated the effect of oyster aquaculture on eelgrass at the
estuarine landscape scale in Willapa Bay:

“We ... use [several] factors to predict Z. marina distribution for each aquaculture bed,
and compare the model-predicted, interpolated, and actual quantities ... [We] determine
whether any impacts of oyster aquaculture ... were chronic or transitory by analyzing
data from 3 separate years” (p. 31).

“We predicted that mechanically harvested beds would either exhibit chronically low
proportions of Z. marina, if the effects of dredging are long-lived, or high variability, due
to a rapid removal (mechanical harvest) and recovery (regrowth), relative to more stable
hand-picked beds” (p. 34).

“The total area of Z. marina estimated to be missing using a model prediction in 2005
and 2006 was only 22 and 8 ha, respectively ... In 2009, there were 0.4 ha, more Z.
marina present than predicted by the model ... The total area ... estimated to be missing
using the interpolation prediction was higher for all years, at 80, 84, and 60 ha,
respectively ... Although large in aggregate, even the highest estimate is <1.5 percent of
the total amount of Z. marina cover found in Willapa Bay in these 3 years” (p. 35).
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“The majority of beds exhibited expected levels of Z. marina with low variation across
years ... [However,] All of the beds with <65 percent of the mean expected amount of ...
cover (n = 24) were mechanically harvested beds and demonstrated a chronically low
level of Z. marina cover ... across years” (p. 36).

“While the total area of Z. marina declined slightly over time in our study, <1.5 percent
of either the total predicted or interpolated amount ... was missing (maximum of 80 ha)
and could thus potentially be attributed to aquaculture in any single year ... This lack of
substantial overall impact is similar to the few studies conducted at the estuarine
landscape scale elsewhere” (p. 38).

“Our results suggest that the majority of oyster aquaculture impacts are not persistent at
the landscape scale ... Our results suggest that current oyster aquaculture practices do not
substantially reduce and may even enhance the presence of Z. marina at the estuarine
landscape scale” (Dumbauld and McCoy 2015, p. 41).

Appendix D includes excerpts from Dumbauld and McCoy (2015); those fuller excerpts are
incorporated here by reference.

These findings direct appropriate attention to the scale of observation, but do not wholly
undermine or refute the position voiced previously by some of these same authors: “Bivalve
culture clearly modifies estuarine habitat at local community and at landscape scales ... Effects
are most often evaluated against existing structured habitat in the form of submerged aquatic
vegetation” (Dumbauld, Ruesink, and Rumrill 2009, p. 196).

Impacts to submerged aquatic vegetation resulting from programmatic shellfish activities:
The BA submitted by the Corps in support of programmatic consultation provides an excellent
summary of available data, and the limitations of available data, to describe eelgrass distribution
in the action area, and its co-location with continuing shellfish activities (Corps 2015, pp. 90, 94,
95; Appendix D). The Service regards these data, and the Corps’ analyses, as the best available
information to describe the likely physical extent of potential impacts to submerged aquatic
vegetation resulting from programmatic shellfish activities in Washington’s marine waters. The
Service does acknowledge that there is no current, comprehensive mapping of eelgrass and kelp
in Puget Sound, Hood Canal, or the coastal embayments of Willapa Bay and Grays Harbor.

The Corps has stated the following regarding potential impacts to native eelgrass (Corps 2015,
pp. 94, 95):

“The continuing active and fallow [shellfish] acres could potentially occur in areas with
eelgrass ... A geographic analysis was conducted to estimate the acreage potentially co-
located with eelgrass ... There is substantial overlap between eelgrass and much of the
continuing active and fallow [shellfish] acreage ... This pattern occurs in all the
geographic regions ... An estimated 11,227 acres ... [continuing fallow] would be co-
located with eelgrass.”
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“Activities (active and fallow) are more often than not co-located with eelgrass in
Willapa Bay, Grays Harbor, and the north Puget Sound region ... In the Hood Canal
region, acreage is equally split between areas with and without eelgrass ... The south
Puget Sound region appears to be the notable exception where a minority of the acreage
is collocated with eelgrass ... Continuing activities would occur in 49 percent of the total
mapped eelgrass acreage in Willapa Bay, and 21 percent of the [total mapped eelgrass
acreage] in Hood Canal ... Percentages are less in the other [geographic] regions.”

Table 8 presents the Service’s best approximation of the likely physical extent of potential
impacts to submerged aquatic vegetation resulting from programmatic shellfish activities in
Washington’s marine waters. Across the geographies and acreages summarized here, the Service
expects there will be measurable losses of production and associated ecosystem services,
including habitat functions.

Table 8. Likely physical extent of potential impacts to submerged aquatic vegetation

Affected Continuing Affected
GEOGRAPHY | Nearshore Acres | gpelifish Activities (Acres) Submerged
(Action Area) Aquatic
Total Co-Located V(;g\getatltgn
with Eelgrass (Acres)
Willapa Bay 30,000 25,840 19,618 Approx. 19,620
Grays Harbor® 4,000 2,965 1,918 Approx. 1,920
Hood Canal* 3,000 1,356 685 Approx. 790
North Puget Sound* 5,000 3,687 3,370 Approx. 3,370
South Puget Sound 5,000 3,133 275 Approx. 320
Total | 45,0000 50,000 | ~37,000 | ~25900 | Approx. 26,000

These geographies include designated bull trout critical habitat (see Table 4, p. 77).
All estimates reflect a degree of uncertainty and imprecision. In Hood Canal and south Puget Sound, our
estimates include an additional 15 percent to account for potential co-location with rooted kelp.

2

However, the Service also expects that many of these impacts and measurable losses will be
temporary. In most cases, and in most settings where continuing shellfish activities result in
physical damage to submerged aquatic vegetation, we expect that much of the lost production
and function will be recovered over time. Furthermore, we expect that the conservation
measures included by the Corps as elements of their proposed action (see Project Description,
Conservation Measures) will largely avoid and effectively reduce impacts to submerged aquatic
vegetation that might otherwise result from proposed, new shellfish activities and farms.

Native eelgrass, rooted kelp, and other submerged aquatic vegetation experience loss and

recovery on continuing farms. Native eelgrass and other submerged aquatic vegetation will also
experience loss and recovery when fallow farms or farm footprints are re-cultivated and put into
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production. The Service acknowledges that chronic suppression of eelgrass growth and
production may be a reality on some farms. We also acknowledge that fallow farm footprints are
extensively co-located with submerged aquatic vegetation; most extensively and importantly for
bull trout, in the north Puget Sound (approximately 2,239 acres) (Corps 2015, p. 95).

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of submerged aquatic vegetation (native eelgrass and rooted kelp), production, and
function will not be typical of most outcomes. While it is likely there will be instances where
limited, permanent losses (or chronic suppression) are attributable to shellfish activities, the
Service expects that permanent losses will me small (e.g., a fraction of the submerged aquatic
vegetation resource) at the scale of the five geographic sub-areas (Willapa Bay, Grays Harbor,
Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g., Willapa
Bay), or sub-basin (e.g., Totten Inlet, Samish Bay).

Effects to Benthic/Epibenthic Community Structure and Composition

Here we evaluate long-term and persistent effects to benthic/epibenthic community structure and
composition. We consider a variety of shellfish activities and culturing techniques, including
pre-harvest; bed preparation; frosting and graveling; placement of culturing equipment and
materials on and over the bed; mechanical leveling and harrowing; mechanical dredge
harvesting; other mechanical harvesting techniques; and geoduck harvest.

Pre-harvest: Pre-harvest removes marketable product and removes, or more commonly
relocates, undesirable species. Native shellfish predators, which are sometimes actively removed
from farm plots, include moon snails, sea stars, and sand dollars, including the eccentric sand
dollar or sea-cake. The non-native eastern oyster drill and Japanese oyster drill are commonly
removed from oyster beds. For a period following pre-harvest, and until the cultured species and
colonizing species become re-established, most cultured farm plots exhibit a benthic community
that is reduced in abundance, biomass, and diversity (Corps 2015, p. 85; Straus et al. 2013, p. 20;
Vanblaricom et al. 2015, pp. 171, 178, 180).

Simenstad and Fresh (1995) reviewed the scale and intensity of disturbance, and the response of
intertidal communities to aquaculture activities in Pacific Northwest estuaries. The authors state,
“On a community scale, responses to chronic, low intensity or infrequent, intermediate intensity
disturbances tend to be within the scope of behavioral or ecological adaptability of the flora and
fauna ... Dispersal of most epibenthic populations is often continuous and dynamic as a function
of tidal advection and resuspension ... [and] meiofaunal animals tend to have high ... turnover
rates that facilitate rapid recolonization” (Simenstad and Fresh 1995, p. 62).

Bed preparation: Intertidal beds are almost always prepared for ground-based culturing of
oysters, clams, or geoduck clams with some amount of raking and light grading, regardless of
whether the farm uses direct bottom culturing, bag, rack-and-bag, stake, or longline culturing
techniques. This is typically accomplished with the use of hand tools and may coincide with

157



pre-harvest (also, see mechanical leveling and harrowing). Bed preparation with hand tools
generally only disturbs the shallowest substrates. Available information suggests there are
unlikely to be measurable effects that persist more than a few days, or a few high and low tide
cycles.

Frosting and graveling: Frosting and graveling are used to coarsen and firm substrates, either
to promote and encourage a natural set of seed, or to improve conditions for the maturing and
growth of planted clams or seeded cultch. Several thin layers of material are typically placed
over a period of days. Some growers/farm operators gravel or frost their beds on an annual
basis, while others do so less frequently.

The Corps and Services developed conservation measures under a SLOPES process, and the
Corps has included the conservation measures in their proposed action (Corps 2015, pp. 49-53).
The Corps has incorporated a conservation measure which limits the amount of material placed
annually, and which should also prevent excessive mounding or piling of placed material (Corps
2015, p. 49). At the rates/amounts proposed we would not expect to see wholesale conversion of
the substrate type.

Simenstad et al. (1991 In Simenstad and Fresh 1995, p. 52) found that these practices can alter
the benthic infaunal community, especially the dominant or co-dominant taxa, but unless there is
total replacement of the natural substrate, effects to the epibenthic community (crustaceans and
decapod crustaceans, mobile and sessile echinoderms, mobile and sessile gastropods, etc.) are
less pronounced and often site-specific. The authors do acknowledge that (Simenstad and Fresh
1995, p. 50), “the Washington Department of Fisheries has investigated differences in benthic
infauna composition and densities at sites that have been graveled to enhance clam production ...
[and] their results (Washington Department of Fisheries 1988; Thompson and Cooke 1991;
Thompson, 1995; Washington Department of Fisheries and Fisheries Research Institute,
University of Washington unpublished data) indicate a shift away from communities numerically
dominated by glycerid, sabellid, and nereid polychaetes [bloodworms, feather duster tube
worms, and rag or clam worms] to ones dominated by bivalve molluscs and nemerteans
[ribbonworms].”

Placement of culturing equipment and materials on and over the bed: The benthic
community interacts with, and is influenced by, equipment and materials placed on and over the
bed (e.g., nets, bags, racks, stakes, longlines, tubes), currents, wave action, patterns of sediment
transport, and the intensively cultured shellfish. Over the long-term (i.e., “grow-out” and cycles
of production), benthic community structure and composition may be strongly influenced by
these interactions.

Straus et al. (2013), when discussing the effects of geoduck cultivation, have emphasized the
following:

“The effects of shellfish aquaculture on benthic faunal communities are strongly debated,
as many contrasting effects have been reported” (p. 18).
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“In general, 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 biodeposits (Dumbauld et al. 2009) ... Crawford et al. (2003)
... found that benthic community structure was not significantly different between farm
and reference sites ... Greater differences in benthic infauna were found among farms
than between farm and reference sites, suggesting that local conditions may dictate how
the benthic environment is affected by shellfish aquaculture” (pp. 18, 19).

“Grant et al. (1995) found relatively minor changes ... Reference sites showed higher
abundance of benthic macrofauna but lower biomass, and species diversity was higher at
the farm sites ... Conversely, the benthic community under a ... longline mussel farm
experienced dramatic declines in species diversity, from a healthy and diverse complex
... to a community consisting entirely of infaunal polychaetes (Kaspar et al. 1985)” (p.
19).

“In studies comparing benthic habitats in Willapa Bay... abundance was higher in on-
bottom oyster aquaculture and eelgrass beds than in unstructured mudflat (Hosack et al.
2006), and diversity was similar (Ferraro and Cole 2007)” (p. 19).

“Hard structures placed on or above low-relief mud or sand habitats represent a novel
substrate in the form of solid surfaces fixed in space (e.g., Wolfson et al. 1979) ...
Mobile consumers such as fish and macroinvertebrates are often drawn to structures on
low-relief soft-sediment habitats (e.g., Davis et al. 1982) ... Moreover, these structures
may serve as refugia that reduce predation risk (e.g., Dealteris et al. 2004), especially for
juvenile life-history stages (e.g., Powers et al. 2007)” (Straus et al. 2013, p. 19).

Numerous authors have described how living bivalves, shells/shell fragments, and their
aggregations in reefs or banks create novel substrates and contribute to spatially heterogenous
habitats (Gutierrez et al. 2003; Sousa, Gutierrez, and Aldridge 2009; Gutierrez et al. 2011).

Coen et al. (2007) and Forrest et al. (2009) both review published findings suggesting that
bivalves create and enhance habitats for submerged aquatic vegetation, marine invertebrates, and
finfish. Appendix D includes excerpts from Gutierrez et al. (2003); Coen et al. (2007); Forrest et
al. (2009); Sousa, Gutierrez, and Aldridge (2009); and, Gutierrez et al. (2011); those excerpts are
incorporated here by reference.

Dealteris et al. (2004) assessed the structural habitat complexity inherent to submerged aquatic
vegetation, shallow nonvegetated seabeds, and shellfish aquaculture gear, and the abundance,
composition, and diversity of associated benthic communities. Appendix D includes excerpts
from Dealteris et al. (2004); those excerpts are incorporated here by reference.
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Dealteris et al. (2004, pp. 867, 873) concluded that, “Shellfish aquaculture gear ... has habitat
value at least equal to and possibly superior to submerged aquatic vegetation.” However, we do
not reach the same conclusion, and for reasons made evident by this same study. Dealteris et al.
(2004) reported:

“The [shellfish aquaculture gear] habitat showed consistently lower Smith and Wilson
species evenness values than either the [submerged aquatic vegetation] or [shallow
nonvegetated seabeds] because a few species tended to dominate this habitat ... The
[shellfish aquaculture gear] habitat was significantly lower in species evenness than
either the [submerged aquatic vegetation] or [shallow nonvegetated seabed] habitats” (p.
870).

“The [shellfish aquaculture gear] habitat had consistently lower evenness than the other
ecotypes because of the hyperdominance of several species within the aquaculture gear
... In contrast, the [submerged aquatic vegetation] habitat was rarely dominated by a few
species, but rather supported a more equal distribution of organisms” (p. 873).

“The species evenness data clearly show that whereas the abundances may be greater in
the [shellfish aquaculture gear] habitat, the [shellfish aquaculture gear] habitat is
dominated by a few species” (Dealteris et al. 2004, p. 873).

Thrush et al. (2001) and Gutierrez et al. (2011) have both emphasized the often-ignored
structural and biological diversity of soft-sediment habitats. “We found local variation in
surficial sediment characteristics and the presence of other immobile features, many of which are
biogenic, to be strongly related to diversity” (Thrush et al. 2001, p. 262). “The overall abiotic
impact of an engineered structure will also depend on the baseline abiotic state ... While mussels
have little influence on the availability of hard substrates on rocky shores, they have a very large
effect in soft-sediment systems (Gutierrez et al. 2003) ... Initial establishment of mussels in
areas dominated by soft-substrates increases the availability of hard substrate (i.e., abiotic
change) with a positive feedback effect on subsequent mussel recruitment (Bayne 1964)”
(Gutierrez et al. 2011pp. 10-12). Appendix D includes excerpts from Thrush et al. (2001) and
Gutierrez et al. (2011); those excerpts are incorporated here by reference.

Ferraro and Cole (2012) investigated recurring empirical relationships between operationally-
defined biotic communities and habitat types in Willapa Bay, Grays Harbor, and Tillamook Bay,
Oregon. They observed the following:

“Bathymetry, sediment type, and the presence of ecosystem engineering (Jones et al.
1994) or niche constructing (Boogert et al. 2006) species are habitat characters that
operationally define estuarine habitats with different benthic macrofaunal communities in
the U.S. Pacific Northwest (Posey 1986; Ferraro and Cole 2004, 2007, 2011,
Berkenbusch and Rowden 2007)” (p. 2).
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“There were a total of 107 benthic macrofauna taxa ... Twenty-three ... species were
collected in one and only one habitat type ... [but] unique species accounted for <1
percent of the benthic macrofaunal abundance in the habitat in which they were found ...
Even though many of the more common benthic macrofaunal taxa occurred in multiple
habitats ... and few benthic macrofaunal species were unique to a single habitat ...
benthic macrofaunal Bray-Curtis similarity was significantly different among the
habitats” (pp. 5, 6).

“The benthic macrofaunal habitat usage patterns ... surpass in detail common
generalizations, such as that benthic macrofaunal species richness, abundance, and
diversity are typically greater in more structurally complex habitats (Hemminga and
Duarte, 2000)” (Ferraro and Cole 2012, p. 10).

Appendix D includes excerpts from Ferraro and Cole (2012); those fuller excerpts are
incorporated here by reference.

Hosack et al. (2006) compared the fish and invertebrate communities occupying intertidal
mudflat, eelgrass, and oyster habitats in Willapa Bay. They observed the following:

“The introduction of estuarine organisms, such as oysters or other forms of aquaculture,
that compete with existing forms of habitat structure, such as seagrass, may affect the
availability of important habitat refugia and foraging resources for mobile estuarine fish
and decapods” (p. 1150).

“Habitat types were distinct ... between-habitat dissimilarities ranged 82—88 percent, but
within-habitat dissimilarities ranged 31-63 percent” (pp. 1153).

“Densities of epibenthic invertebrates, harpacticoid copepods, and benthic invertebrates
varied significantly among habitat types and were generally higher in structured eelgrass
and oyster habitats ... The assemblage composition ... differed between adjacent patches
of low intertidal eelgrass, oyster, and unvegetated mudflat” (p. 1156).

“Results for mobile fish and decapods were somewhat different than the generally
accepted view of greater diversity and abundance in vegetated versus unvegetated
habitats (Heck et al. 1989; Connolly 1994; Edgar and Shaw 1995) ... While the
composition of fish and decapods varied strongly across both time and space, habitat type
explained little of the variation in composition, richness, or size of this component” (p.
1156).

“Species richness of fish and decapods was not related to habitat [type] ... and abundance
was [also] unrelated to habitat type” (p. 1155).
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“Benthic invertebrate densities were significantly higher in eelgrass ... The rhizome
structure of eelgrass beds may support high densities of benthic invertebrates ... [But,]
Reduced diversity and density of benthic infauna on open mudflats, particularly those
adjacent to structured habitat, could be due to increased predation (Orth et al. 1984;
Summerson and Peterson 1984)” (p. 1157).

“The fish and decapod assemblage as a whole, which is highly mobile relative to
epifauna and infauna, showed little habitat association in Willapa Bay, despite the
habitat-specific associations of the invertebrate organisms that would be expected to
serve as important prey resources ... Fish and decapods frequently exhibit diel cycles in
habitat use ... Fish [and decapods] caught in this study were sufficiently mobile to forage
over much larger spatial scales than the patches of habitat we selected for sampling”
(Hosack et al. 2006, p. 1158).

Appendix D includes excerpts from Hosack et al. (2006); those fuller excerpts are incorporated
here by reference.

These studies and findings indicate to us that culturing equipment and materials placed on and
over the bed (including nets, bags, racks, stakes, longlines, and tubes), and the intensively
cultured shellfish (many of which are non-native species), modify habitat and may create new
habitat types (or habitat variants). Culturing equipment/materials and intensively cultured
shellfish do clearly influence benthic community structure and composition. However, the
weight of available evidence leads the Service to conclude that the direction of these influences
are variable (e.g., toward greater abundance and biomass, but reduced species evenness), and the
nature of some relationships remains poorly understood. Issues of scale and spatial resolution
are evident, exemplified by a general lack of appreciation for the structural and biological
diversity inherent to seemingly “barren” or “plain” soft-sediment habitats. The significant roles
played by ecosystem engineering or niche constructing species (e.g., eelgrass, oysters, other),
and biogenic structures (e.g., kelp forest, oyster reef, other), are also evident.

Mechanical leveling and harrowing: Mechanical leveling and harrowing turn over the surficial
substrates and shallow subsurface. This has measurable effects on the benthic community,
particle size, sediment chemistry, and nutrient status. Mechanical leveling and harrowing, and
for that matter mechanical dredge harvesting, also disturb, physically alter, and can damage or
kill benthic infauna and microalgae, sessile epibenthic invertebrates, and attached submerged
aquatic vegetation.

Mechanical dredge harvesting: Mechanical dredge harvesting is among the most physically-
intrusive and disruptive of all the shellfish activities discussed in this Opinion. Dredge
harvesting directly impacts substrate conditions, submerged aquatic vegetation (including its
many important physical, chemical, biological, and habitat functions), and the benthic
community.

“[Disturbances that cause] long-term degradation ... frequently involve the loss of equilibrium

species ... These high-order seres are replaced by pioneering seres ... Changes in organism-
sediment relations and population dynamics accompany this change ... High-order seres ... are
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deeply burrowing errant or tube-dwelling infauna ... for example, maldanid, pectinid, and
orbinid polychaetes, caudate holothurians, protobranch bivalves, infaunal ophiuroids, and
irregular urchins ... [while] early or low-order successional stages ... [include] tubiculous
polychaetes or oligochaetes ... [which] feed at, or near, the sediment surface ... A transitional
stage [and sere] ... [may include] a diverse assemblage of tubiculous amphipods, molluscs, and
polychaetes” (Rhoads and Germano 1986, p. 295).

Simenstad and Fresh (1995, p. 65, 66) state: “Complex physicochemical and ecological linkages
among estuarine organisms and communities can be altered over the long-term by persistent
disturbances that exceed natural regimes ... Large-scale disturbances, such as those associated
with some intensive oyster practices, may induce chronic shifts in the benthic community by
removing or reducing the influence of community dominants ... or [by] altering the apparent ...
relationship between them.”

Collie et al. (2000) published a meta-analysis looking at the effects of towed bottom-fishing gear
on benthic communities. They observed the following:

“Fishing gears used to catch demersal fish and shellfish often disturb both the seabed and
the organisms living within or on it ... The potential impact of this disturbance has
become a subject of heated debate (Malakoff 1998) ... The results of any single study are
highly specific with respect to fishing gear, disturbance regime, habitat, and environment
... Viewing each study in isolation makes it difficult to draw general conclusions” (p.
785).

“We found 57 different manipulations or observations of the effects of fishing
disturbance on benthic fauna and communities, extracted from 39 separate publications
... [they examine] ... gear type ... regime [or] number of discrete periods of disturbance
... [and] habitat” (p. 786).

“Most (89 percent) of the studies were undertaken at depths less than 60 m; of these 13
(23 percent) were intertidal ... All the intertidal studies were conducted at small spatial
scales (<50 m) ... The largest scale studies were those that compared commercially-
fished grounds with closed areas or areas of different fishing intensity ... We used the
‘regime’ variable to distinguish experimental studies (acute disturbance) from the 12
studies comparing fished and unfished areas (chronic disturbance)” (p. 789).

“Dredging had a more negative impact than trawling, which is not surprising as dredges
tend to penetrate deeper into the sediments than trawls ... The mean response for number
of species was ... a 27 percent reduction ... Larger impacts were observed in mud and
gravel habitats than in sand ... Intertidal dredging had the most negative impact on
species richness” (p. 790).

“Gear type was highly significant, with intertidal dredging having the most negative
impact, followed by scallop dredging, and inter-tidal raking” (pp. 790).
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“The variable ‘Class’ also had a significant effect on the response to disturbance ...The
largest negative impacts were observed for Anthoza and Malacostraca ... Polychaetes
were more negatively affected than oligochaetes, which appeared to be the least sensitive
class ... None of the predicted means were positive ... Taxa differed in their response to
disturbance, but on average, none increased in abundance” (p. 791).

“The genera least impacted by disturbance were bivalves ... Many of these bivalves are
small in size or have particularly well armoured shells that protect them from physical
damage” (p. 792).

“Patterns of recovery ... Depth and scale were either insignificant or had inconsistent
effects among models ... With respect to gear type, the plots suggest that the source of
the statistically significant interaction term is the greater initial impact for intertidal
dredging ... Intertidal dredging gives the greatest initial responses because it is the most
efficient gear ... [often] completely removing the ... fauna” (pp. 792, 793).

“It is clear that intensively fished areas are likely to be maintained in a permanently
altered state, inhabited by fauna adapted to frequent physical disturbance” (Collie et al.
2000, p. 795).

Appendix D includes excerpts from Collie et al. (2000); those fuller excerpts are incorporated
here by reference.

There can be no question whether the acute physical disturbance caused by mechanical leveling,
harrowing, and dredge harvesting measurably and significantly changes substrate conditions and
the benthic community. These shellfish activities act as intense pulse disturbances, and clearly
they will in many cases either interfere with or reset normal patterns of infaunal succession and
development. The implications for sediment chemistry, nutrient status, and benthic community
richness and evenness are very difficult to predict or generalize across individual sites.

However, when we consider that many sites and farms are harrowed and dredged repeatedly over
the course of a single or successive cycles of shellfish culturing, it becomes obvious that many of
these sites and farms are managed in a more or less permanently (or chronically) “disturbed”
state. We can expect that initial effects or impacts to ecological and habitat functions will persist
for durations extending months or years. If, however, on some sites and farms the disturbance
regimes routinely and repetitively exceed natural patterns of frequency and intensity, those sites
may never recover, or may only recover after long periods in a fallowed state.

Other mechanical harvesting techniques: As stated earlier, bottom cultured clams are
sometimes harvested mechanically, most notably in Samish Bay. Mechanical clam harvesters
are driven or pulled across the exposed bed at low tide, and the clams are “swept” onto a
conveyor belt. Another type of mechanical harvesting equipment, the hydraulic escalator, has
been mostly or completely phased out and is excluded from coverage under the Corps
programmatic consultation (Corps 2015, p. 26).
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The mechanical clam harvesters used in Samish Bay are repurposed and re-configured tulip
harvesters (Saurel et al. 2014, p. 263). The practice is relatively benign; no significant impacts
to benthos have been observed (Saurel et al. 2014, p. 263).

Geoduck cultivation and harvest: For a full description of the species life history,
reproduction, distribution, and habitat, and for a review of relevant research findings regarding
the ecological effects of geoduck cultivation (including effects to benthic community dynamics
and predator-prey relationships), the reader is referred to the Washington Sea Grant publication
Effects of Geoduck Aquaculture on the Environment: A Synthesis of Current Knowledge (Straus
et al. 2013, pp. 1- 22).

Environ International Corporation (2011) has cited several studies that suggest geoduck culturing
and harvest have only a modest impact on benthic invertebrates:

“Ecological theory suggests that many species typical of wave-exposed sandy
environments ... exhibit behaviors that enable them to survive daily tidal scouring events
(Gorselany and Nelson 1987 as cited in Dernie et al. 2003) ... It is generally assumed
that benthos found in more dynamic sandy habitats will recover more quickly following
physical disturbance than those found in less energetic muddy habitats, based on the
adaptive strategies of the respective assemblages found in these environments (Kaiser et
al. 1998, Ferns et al. 2000) ... Microcosm studies appear to support this hypothesis
(Dernie et al. 2003)” (p. 50).

“Pearce et al. (2007, unpublished) ... observed that recovery rates of benthic
invertebrates varied in response to timing (season), magnitude, and location of the
disturbance in relation to the species involved and level of mobility of those organisms ...
Kaiser et al. (2006) commented that recovery may take longer in cases where
recolonization through larval recruitment is the dominant mechanism” (p. 51).

“Spencer et al. (1997 as cited in Straus et al. 2008) found that the netting used to reduce
Manila clam predation led to an increase in surface deposit-feeding worms compared to a
community dominated by subsurface deposit-feeding worms in non-netted plots” (p. 51).

“Fleece et al. (2004, unpublished) completed a dive study at three locations in Case Inlet
that compared epibenthic fauna between geoduck beds with individually netted tubes,
adjacent eelgrass beds, and control sites ... The authors observed a higher density of
epibenthic fauna in geoduck beds in relation to control sites, and similar densities in
relation to adjacent eelgrass beds ... The structure created by tubes most likely provides
additional habitat structure for many epibenthic invertebrate species” (Environ
International Corporation 2011, p. 53).

Appendix D includes excerpts from Environ International Corporation (2011); those fuller
excerpts are incorporated here by reference.
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Brown and Thuesen (2011) assessed the biodiversity of mobile benthic fauna in cultured south
Puget Sound geoduck beds. They observed the following:

“Both sites were commercial-scale geoduck farming operations and were representative
of typical geoduck farms in Puget Sound” (p. 772).

“Using Coleman rarefaction analysis, species richness was significantly higher (P < 0.05)
in the structured geoduck site ... compared with its control site ... However, there was no
significant difference observed between the [un-structured] geoduck grow-out site ...
[and] its control” (p. 773).

“[At the structured Eld Inlet site] low species evenness was observed ... [At the un-
structured Nisqually Reach site] there was greater species evenness ... [Graceful crab] C.
gracilis was [still] the most abundant species, comprising 35.0 percent of the individuals
... [but] staghorn sculpin, Leptocottus armatus, and red rock crab, Cancer productus,
each made up 26.5 percent of the individuals” (p. 773).

“In southern Puget Sound, even small differences in habitats can demonstrate broad
variability in community member assemblages, as evidenced by the differences between
the study sites in Eld Inlet and Nisqually Reach” (Brown and Thuesen 2011, p. 774).

Appendix D includes excerpts from Brown and Thuesen (2011); those fuller excerpts are
incorporated here by reference.

McDonald et al. (2013) looked at the effects of geoduck aquaculture gear on resident and
transient macrofaunal communities. They report the following:

“The Shannon index was utilized to compare differences in diversity between plots ...
This measure is commonly used in ecological studies and combines aspects of species
richness and relative abundance ... (Shannon 1948, Shannon and Weaver 1949) ... A
higher index value indicates higher diversity” (p. 54).

“All sites were characterized by substantial seasonal variation ... We collected and
identified 68 taxa ... [Our] analyses illustrate differences in community structure across
months ..., plot types, and phases at each site ... Within each site ... community data
from the pre-gear phase were similar at culture and reference plots ... Similarly, there
were no significant differences ... for culture and reference plots at any site when
aquaculture structures were in place (gear-present)” (p. 54).

“Taxa showed no consistent response to geoduck aquaculture ... Only two taxa
experienced persistent negative effects: the polychaete Families Spionidae ... and
Orbiniidae” (p. 55).

“Of the significant functional groups, true crab and other nearshore fish show[ed]

strongest associations with culture plots during the gear-present phase, when PVC tubes
and nets were in place” (p. 55).
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“Resident invertebrate communities were characterized by strong seasonal patterns of
abundance and site-specific differences in composition ... Effects on resident ... infauna
and epifauna may be site-specific ... Elucidating potential mechanisms responsible for
differences in the response of infauna will require additional study” (p. 56).

“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” (McDonald et al. 2013, p. 56).

Appendix D includes excerpts from McDonald et al. (2013); those fuller excerpts are
incorporated here by reference.

Geoduck clams are typically harvested using hand-operated water jet probes. Seawater is
pumped under pressure into the substrate, liquefying the substrate and allowing extraction of the
clam by hand. Willner (2006) considered the effects of geoduck dive harvest. Appendix D
includes excerpts from Willner (2006); those excerpts are incorporated here by reference.

Vanblaricom et al. (2015) recently reported the findings of a multi-site study evaluating the
effects of geoduck harvest on benthic infaunal communities in the south Puget Sound. The
authors use a treatment and control experimental design to describe spatial and temporal (i.e.,
seasonal) patterns of abundance and diversity, and to evaluate the effects of harvest both on and
adjacent to cultured farm plots. “There was scant evidence of effects on the community structure
... [and] no indications of significant “spillover’ effects of harvest on uncultured habitat adjacent
to cultured plots” (p. 171). The authors suggest: “...a principal reason for the apparent
insensitivity of resident infauna ... is accommodation of the infaunal assemblage to a significant
natural disturbance regime ... natural disturbances typical of the area provide a rate of physical
intervention ... substantially greater than rates of significant disturbance caused by geoduck
aquaculture operations in a given plot” (p. 183). The authors go on to say, “...the prevailing
natural disturbance climate in the region has effectively selected the infaunal assemblage toward
tolerance of and resilience to the types of disturbances associated with geoduck aquaculture
operations”, but also warn that “...the data may not provide a sufficient basis for unequivocal
extrapolation to cases when a given plot is exposed to a long series of successive geoduck
aquaculture cycles” (Vanblaricom et al. 2015, pp. 183, 184).

Summary: Interactions between benthic/epibenthic communities and shellfish activities are
complex. Culturing equipment and materials placed on and over the bed, and the intensively
cultured shellfish that they promote (many of which are non-native species), modify habitat,
and/or create new habitat types (or habitat variants). Shellfish activities do clearly influence
benthic community structure and composition. However, studies consistently indicate significant
seasonal and site-by-site variability, issues of scale and spatial resolution are evident, and the
nature of some relationships remains poorly understood. Some interactions with shellfish
activities do appear to benefit and favor specific benthic/epibenthic taxa and functional groups.
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Mechanical leveling, harrowing, and dredge harvesting act as intense pulse disturbances.
Geoduck harvesting may also act as an intense pulse disturbance, though generally it occurs at a
much reduced frequency (e.g., once every 7 to 9 years). These activities have implications for
substrate conditions, sediment chemistry, nutrient status, and benthic community richness and
evenness. While clearly they will in many cases either interfere with or reset normal patterns of
infaunal succession and development, and many sites and farms are therefore managed in a
chronically disturbed state, the long-term implications for benthic/epibenthic community health
are difficult to predict or generalize across individual sites. When evaluating potential
interactions and outcomes, we must consider that the current conditions in the action area
represent at many locations a dynamic equilibrium influenced by shellfish and other activities
conducted over years and decades. The significant roles played by ecosystem engineering or
niche constructing species (e.g., eelgrass, oysters, other), and biogenic structures (e.g., kelp
forest, oyster reef, other), are evident.

Effects to Predator-Prey Dynamics and Productivity (Prey-Mediated Effects)

Here we evaluate potential effects to predator-prey relationships and dynamics, and prey
productivity and availability. Shellfish activities have measurable, persistent or long-term effects
to substrates, submerged aquatic vegetation, and benthic/epibenthic community structure and
composition. These, in turn, may influence habitat function and productivity for a variety of
prey resources that are important to listed species.

Unfortunately, there are relatively few studies that provide relevant and specific information to
describe interactions between shellfish activities and the prey resources that are considered most
important to bull trout and marbled murrelets foraging in the marine environment (e.g., marine
forage fish, juvenile salmonids). Further complicating matters, conditions resulting from
shellfish activities reflect variable patterns and rates of recovery from disturbance, and the
discernable direct and indirect effects of shellfish activities are generally also superimposed on,
and further influenced by, natural variability, patterns of disturbance and recovery from natural
events, and the confounding effects of concurrent, unrelated activities occurring in the same
nearshore environments and watersheds.

Simenstad and Fresh (1995, pp. 44, 63) offered useful examples to help explain potential
interactions, and also warned of potential cascading trophic affects:

“In [the] Pacific Northwest ... a number of economically-important fishes feed
preferentially on specific taxa of intertidal soft-bottom meiofauna and small macrofauna
... Of prime interest are juvenile chum, Chinook, and coho salmon that exhibit a high
fidelity for shallow estuarine habitats ... These fish feed on a restricted suite of
epibenthic harpacticoid copepods, gammarid amphipods, [and] cumaceans ... When
feeding in estuarine habitats, particularly in eelgrass meadows and mud flats, juvenile
chum salmon prey extensively on only a few taxa of harpacticoid copepods such as
Harpacticus uniremis, Tisbe spp., and Zaus sp. (Healey 1979; Simenstad et al. 1982,
1988; D’Amours 1987, 1988) ... A number of other species, including smelts ([Family]
Osmeridae), sand lances ([Family] Ammodytidae), and sticklebacks ([Family]
Gasterosteidae) also prey heavily on these same prey taxa ... early in their life histories
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(Simenstad et al. 1988) ... Similarly, amphipods such as Corophium salmonis and C.
spinicorne and cumaceans are preyed upon extensively by juvenile Chinook salmon
(Dunford 1975; Northcote et al. 1979; Levy and Northcote 1982; Simenstad et al. 1982)
and by migratory waterfowl and shorebirds such as sandpipers [Family Scolopacidae]
and dunlin (Caladris alpina) ... (Albright and Armstrong 1982; Baldwin and Lovvorn
1994).”

“Aquaculture ... may disturb benthic-epibenthic habitats beyond natural intensities or
frequencies, perhaps for years or decades ... When scales of human disturbance exceed
that of natural regimes ... effects can potentially cascade ... to affect production of other
estuarine, marine, and anadromous populations” (Simenstad and Fresh 1995, pp. 44, 63).

Doney et al. (2012) also emphasize the significance of altered species interactions and trophic
pathways: “Shifts in the size structure, spatial range, and seasonal abundance of populations ...
in turn, lead to altered species interactions and trophic pathways as change cascades from
primary producers to upper-trophic-level fish, seabirds, and marine mammals ... in both bottom-
up and top-down directions ... Investigating the responses of individual species to single forcing
factors, although essential, provides an incomplete story and highlights the need for more
comprehensive, multispecies- to ecosystem-level analyses” (Doney et al. 2012, p. 12).

The nusery-role concept: There is wide acknowledgement that eelgrass meadows, kelp forests,
and other structured habitats of the estuarine environment (e.g., oyster reefs, estuarine wetlands,
mangroves) provide a diversity of microhabitats (Figure 44), and may also confer significant
benefits in the forms of enhanced growth, survival, and recruitment for a huge variety of
organisms. These structured habitats are therefore frequently described as “nurseries”. A
number of authors have examined and critiqued the nusery-role concept as it relates to the
function and value of structured estuarine habitats, including eelgrass meadows.
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Figure 44. The eelgrass meadow; a world of microhabitats
(Mumford 2007, p. 3)

Beck et al. (2001) have argued that “...a better understanding of the habitats that serve as
nurseries for marine species, and the factors that create site-specific variability in nursery quality,
will improve conservation and management.” They observed the following:

“Comparisons are often limited to vegetated versus unvegetated habitats (Edgar and
Shaw 1995, Gray et al. 1996) ... Generally, an area has been called a nursery if a juvenile
fish or invertebrate species occurs at higher densities, avoids predation more successfully,
or grows faster there than in a different habitat” (p. 634).

“The few studies that have focused on differences in juvenile survival ... indicate that
survival of a species is generally greater in vegetated than in unvegetated habitats (Orth et
al. 1984, Heck and Crowder 1991, Able 1999) ... [But] Even fewer studies have focused
on the effects ... [to] growth of fish and invertebrates (Heck et al. 1997, Phelan et al.
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2000) ... In seagrass meadows, evidence regarding growth is, surprisingly, equivocal ...
Only about half of the studies report that the growth rate of individuals is higher in
seagrass habitats than in adjacent habitats (Heck et al. 1997)” (p. 634).

“There is growing recognition that there are exceptions to the nursery-role concept ...
[few] species of fish and invertebrates appear to rely exclusively on seagrass meadows ...
(Heck et al. 1995) ... (Able and Fahay 1998) ... Instead, most of these species use
seagrass meadows opportunistically but can survive well in unvegetated areas” (p. 635).

“The ecological processes operating in nursery habitats, as compared with other habitats,
must support greater contributions to adult recruitment from any combination of four
factors: (1) density, (2) growth, (3) survival of juveniles, and (4) movement to adult
habitats” (p. 635).

“The nursery value of seagrass meadows ... may vary geographically ... Many biotic and
abiotic factors can influence the nursery value of habitats for a species [including
predation, competition, food availability, water depth, location, tidal regime, disturbance
regime, fragmentation, and connectivity] ... For example, Heck and Crowder (1991)
found that predation on target species in seagrass beds was lower in more structurally
complex beds, which suggests that more complex beds may serve as better nurseries for
many species because they increase survivorship” (Beck et al. 2001, p. 638).

Heck, Hays, and Orth (2003) used meta-analytic techniques to examine whether seagrass
meadows function as effective nursey grounds. They observed the following:

“Surprisingly, few significant differences existed in abundance, growth, or survival when
seagrass meadows were compared to other structured habitats, such as oyster or cobble
reefs, or macroalgal beds ... Nor were there decreases in harvests of commercially
important species that could be clearly attributed to significant seagrass declines in 3 well
studied areas ... One important implication of these results is that structure per se, rather
than the type of structure, appears to be an important determinant of nursery value” (p.
123).

“Of the total 193 comparisons, 89 (46 percent) showed greater abundance in seagrass, 50
(26 percent) showed greater abundance in other habitats, and 54 (28 percent) showed no
difference between seagrass and other habitats ... Thus, for slightly more than half of the
species studied, seagrass meadows did not support abundances that were significantly
greater than those in surrounding habitats ... [However,] There is stronger evidence of
the importance of seagrass meadows in the northern hemisphere, where 58 of 77
comparisons (75 percent) showed significantly greater abundances in seagrass” (pp. 126,
127).
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“When all studies were considered together in the unlumped data set, seagrasses had a
significantly positive effect on juvenile survival when compared to other habitats ...
[But] The effect of seagrass meadows on juvenile survival clearly varied across species
... with no discernible patterns by taxonomy (fish vs decapod crustaceans) or geography
(tropical vs temperate)” (pp. 127, 129).

“The enhanced survival of organisms in seagrass compared to that observed on
unvegetated substrates seems to be due primarily to the simple effect of structure and not
some intrinsic property of the seagrasses themselves ... [Still] Over a period of more than
20 years, virtually all studies have found significantly greater survival in the presence
than in the absence of seagrasses, whether in the laboratory (Nelson 1979, Coen et al.
1981, Main 1987, Mattila 1995) or in the field (Leber 1985, Heck and Wilson 1987, Heck
and Valentine 1995)” (p. 131).

“Growth was also significantly greater in seagrass than on unvegetated substrates,
although there was little difference between growth in seagrass and other structured
habitats ... It may well be that greater growth in structured habitats occurs because
structure provides more protection from predators and thereby allows more time for
feeding, and thus significantly greater growth rates, than is possible in unstructured
habitats ... It is also true that structure provides more substrate for food resource to grow
upon, which can be an important factor influencing growth rates” (Heck, Hays, and Orth
2003, p. 132).

Appendix D includes excerpts from Beck et al. (2001) and Heck, Hays, and Orth (2003); those
fuller excerpts are incorporated here by reference.

Sheaves, Baker, and Johnston (2006) have argued that tests of the nursery-role hypothesis are
often overly simplistic, and therefore likely to misunderstand and/or misrepresent important
relationships:

“While some species use particular habitats within an area as ‘nurseries’, for others
nursery ground value is derived from the whole area (Aiken et al. 2002) ... In essence,
nursery ground provision needs to be considered at different scales for different species”
(p. 304).

“In many cases, the situation is complex, with many habitat types or habitat areas
contributing to support juvenile nutrition and provide refuge from predation (Dorenbosch
et al. 20044, Niklitschek and Secor 2005, Sheaves 2005) ... Where this occurs,
untangling the contribution of the various constituents of the mosaic could prove very
difficult ... The effectiveness of habitats may be additive, with many different habitats
utilised over time and space (Hernandez et al. 2001, Pederson and Peterson 2002,
Niklitschek and Secor 2005), making identification of the exact contribution of each, and
unambiguously quantifying the importance of a particular habitat, fraught with
difficulties” (p. 304).
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“Breaking complex systems into simpler units can provide insights, but it is dangerous to
apply such piece-by-piece understanding in isolation from the complexity ... The
approach of applying a rigid and overly simplistic ‘recipe book’ classification of complex
and dynamic systems may lead to a failure to adequately recognise and understand
critical links and processes which support marine nurseries” (Sheaves, Baker, and
Johnston 2006, pp. 304, 305).

Landscape scale interactions and dynamics: Bostrom, Jackson, and Simenstad (2006)
reviewed and synthesized a large body of literature describing the landscape ecology of
seagrasses and their effects on associated fauna; they observed the following:

“Patterns (e.g., abundance, diversity, biomass) and processes (e.g., recruitment,
predation, flows and productivity) at a specific site can only be fully understood by
including broad-scale ... variables and landscape attributes ... We review landscape
patterns and [the] processes that cause them, and then present models for faunal
distribution” (pp. 383, 384).

“The landscape mosaic model ... [takes] into account that organisms rarely show a
preference for a specific structured habitat, i.e. seagrass, oyster reefs, macroalgae, and
mangrove ... An alternative view is to see the species/process/question-specific
landscape as a mosaic of different habitats (McGarigal and Cushman, 2002) ... [The
model] proposes that optimal foraging, movement, and fitness strategies vary for
different animals within a mosaic” (p. 386).

“A total of 33 papers published between 1994 and 2004 met our search criteria ...
skewed towards the temperate northern latitudes ... Zostera spp. ... [were among] the
most studied landscape-forming genera/species ... 50 percent of the papers examined the
role of patch size and 43 percent examined edge effects, i.e., possible differences in
response variables between the seagrass boundary and the interior parts of a patch or
meadow” (pp. 391, 392).

“About 50 percent of all studies focused on some aspect of seagrass ecosystem
configuration based on a variety of partly correlating metrics, including fragmentation,
proximity, connectivity, isolation, fractal dimension, total linear edge, number of patches,
edge contrast, and patch orientation ... At its simplest, fragmentation is usually observed
as a reduction in seagrass cover and a decrease in patch size over time, causing an
increase in the proportion of habitat edge and distance between patches, i.e. decreased
connectivity and increased amount of unvegetated corridors” (p. 393).

“In two thirds of the studies examined, seagrass patch size was a significant predictor of
[faunal] density (n = 7), growth (n = 5), and mortality (n = 4), respectively ... However,
half of the studies examined showed non-significant results for the same response
variables, mainly due to confounding effects of sites, seasons, and target taxa ... This
exemplifies the difficulty in linking effects of seagrass landscape pattern to faunal
structure” (p. 393).
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“We found mixed effects of fragmentation in seagrass landscapes, with about equal
proportions of significant ... and non-significant effects ... suggesting that seagrass
fragmentation is not necessarily detrimental for associated animals” (p. 396).

“Studies in terrestrial landscapes have demonstrated critical thresholds in fragmentation,
where mobility and diversity patterns change dramatically and nonlinearly (Gardner and
Milne, 1987; Rosen, 1989) ... Demonstration of such threshold responses ... [in seagrass
landscapes] warrants further investigation” (p. 396).

“In accordance with Turner et al. (2001), it might be summarized that effects of spatial
patterns/fragmentation on organisms are not likely to be important if habitat patches are
abundant ... and well connected, edge effects are not central to the process/species under
study, and movement between suitable habitats is relatively unlimited” (p. 397).

“The importance of unvegetated strips as corridors for large mobile predators (e.g.,
Irlandi et al., 1995) is likely to vary depending on target species and water depth ... In
very shallow seagrass landscapes, where the leaf canopy reaches the water surface,
unvegetated corridors may provide the only avenue for movement/foraging in an
unstructured environment, while in deeper seagrass landscapes the space above the leaf
canopy can also be utilized by mobile fauna” (p. 398).

“Nonlinear relationships between ensemble faunal variables and landscape metrics were
identified by a number of studies, and are to be expected when assessing species with
different perception of the seagrass landscape ... This may also account for the lack of
relationships in some studies and the opposing results of comparable studies ... In order
to contrast patterns across regions and to allow the synergistic development of our
knowledge in this field, we need to standardise our use of landscape metric and terms in
relation to seagrass landscapes ... Perhaps the more daunting need is a much better
understanding of the various processes operating at various scales and possible cascading
effects across scales that influence fauna-environment relationships in seagrass
landscapes ... It is obvious from this literature that they are complex, difficult to predict,
and still relatively under-studied” (Bostrom, Jackson, and Simenstad 2006, p. 399).

Appendix D includes excerpts from Bostrom, Jackson, and Simenstad (2006); those fuller
excerpts are incorporated here by reference.

Summary: There are relatively few studies that provide relevant and specific information to
describe interactions between shellfish activities and the prey resources that are considered most
important to bull trout and marbled murrelets foraging in the marine environment (e.g., marine
forage fish, juvenile salmonids). Lacking information from these types of studies, we have
instead considered available information describing the nursery function of structured estuarine
habitats, including eelgrass meadows, and available information regarding the altered species
assemblages, and altered species and trophic interactions, that are likely to result from loss or
fragmentation of structured estuarine habitat.
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Whereas, we have already concluded that (1) shellfish activities resulting in physical damage to
submerged aquatic vegetation will result in losses of production and associated ecosystem
services (including habitat functions), and (2) some activities (e.g., mechanical leveling,
harrowing, and dredge harvesting) will in many cases either interfere with or reset normal
patterns of infaunal succession and development, available information regarding predator-prey
relationships, and prey productivity and availability, is more ambiguous and therefore also less
compelling. Further complicating matters, conditions resulting from shellfish activities are
generally superimposed on, and further influenced by, natural variability, patterns of disturbance
and recovery from natural events, and the confounding effects of concurrent, unrelated activities
occurring in the same nearshore environments and watersheds. While there is some information
to indicate a decline in the health of marine forage fish resources in the action area (see
Environmental Baseline, Willapa Bay, Grays Harbor, Puget Sound and Hood Canal), and the
decline of many salmonid populations is both obvious and widespread, there is little or no
information attributing those conditions to shellfish activities specifically.

Furthermore, not all of the potential shellfish interactions are detrimental to the health of native
eelgrass and rooted kelp, or nearsore habitat complexity, function, and productivity. Bivalves
and other filter-feeding shellfish, whether occurring naturally or in farmed/cultured settings, do
provide important benefits in the form of ecosystem services (e.g., improved water quality;
sequestration of carbon and nutrients). Culturing equipment and materials, and the intensively
cultured shellfish that they promote, create new habitat types (or habitat variants).
Biodeposition, as a source of nutrient enhancement supporting plant growth and vigor, and
improved water quality may well act to enhance eelgrass and kelp health in some settings. And,
importantly, cultured shellfish are themselves ecosystem engineering or niche constructing
species, and the habitat value of the biogenic structures they create is evident.

Impacts to marine forage fish spawning habitat resulting from programmatic shellfish
activities: The BA submitted by the Corps in support of programmatic consultation provides a
summary of available data, and the limitations of available data, to describe the distribution of
marine forage fish spawning habitat in the action area, and its co-location with continuing
shellfish activities (Corps 2015, pp. 90, 95-97; Appendix D). The Service regards these data, and
the Corps’ analyses, as the best available information to describe the likely physical extent of
potential impacts to marine forage fish spawning habitat resulting from programmatic shellfish
activities in Washington’s marine waters. The Service does acknowledge that there is no current,
comprehensive mapping of marine forage fish spawning habitat in Puget Sound, Hood Canal, or
the coastal embayments of Willapa Bay and Grays Harbor.

The Corps has stated the following regarding potential impacts to marine forage fish spawning
habitats located on fallowed farm footprints (Corps 2015, pp. 95-97):

“There is substantial overlap between forage fish spawning locations and [shellfish]
activities ... There are an estimated total of 3,297 fallow acres across all [geographic]
regions co-located with forage fish spawning areas ... The analysis suggests that Willapa
Bay and north Puget Sound are the [geographic] regions where the most overlap may
occur on an acreage basis ... Relative to the total mapped herring spawning area in each
region, activities in Willapa Bay tend to occur in well over half of the mapped spawning
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area, by far the largest proportion of any of the [geographic] regions ... The north Puget
Sound region contains the most fallow acres (2,241 acres) potentially co-located with
forage fish spawning areas ... Much of this is overlap with the herring spawning area in
Samish Bay.”

Table 9, below, presents the Service’s best approximation of the likely physical extent of
potential impacts to marine forage fish spawning habitat resulting from programmatic shellfish
activities in Washington’s marine waters. Across the geographies and acreages summarized
here, the Service expects there will be measurable, temporal losses of marine forage fish
spawning habitat and production. However, the Service also expects that most of these impacts
and measurable losses will be temporary. In most cases, and in most settings where continuing
shellfish activities result in temporal losses of marine forage fish production, we expect that
much of the lost function and production will be recovered over time. Furthermore, we expect
that the conservation measures included by the Corps as elements of their proposed action (see
Project Description, Conservation Measures) will largely avoid and effectively reduce impacts
to marine forage fish spawning habitat that might otherwise result from proposed, new shellfish
activities and farms.

Marine forage fish spawning habitat experiences loss and recovery on continuing farms. Marine
forage fish spawning habitat will also experience loss and recovery when fallow farms or farm
footprints are re-cultivated and put into production. The Service acknowledges that fallow farm
footprints are extensively co-located with marine forage fish habitat; most extensively and
importantly for bull trout, in the north Puget Sound (approximately 2,239 acres)(Corps 2015, p.
95).

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of marine forage fish spawning habitat and production will be uncommon, and not typical
of most outcomes. The Service does not expect that permanent losses attributable to shellfish
activities will be measurable at the scale of the five geographic sub-areas (Willapa Bay, Grays
Harbor, Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g.,
Willapa Bay), or sub-basin (e.g., Totten Inlet, Samish Bay). We expect that these temporal
losses will rarely, if ever, occur at a scale, or with a duration or severity, sufficient to measurably
reduce the quality or availability of bull trout prey resources in any portion of the action area.
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Table 9. Likely physical extent of potential impacts to marine forage fish spawning areas.

Continuing
Affected Shellfish Activities (Acres)
GEOGRAPHY Nearshore Acres
(Action Area) Total Co-Located Co-Located
with Mapped | with Mapped
Herring Other?

Willapa Bay 30,000 25,840 2,710

Grays Harbor* 4,000 2,965 73

Hood Canal* 3,000 1,356 269 394

North Puget Sound* 5,000 3,687 2,670 195

South Puget Sound 5,000 3,133 93 989
Total | 45,000 to 50,000 | ~37,000 | Approx. 5,815 | Approx. 1,578

These geographies include designated bull trout critical habitat (see Table 4, p. 77).

2 Mapped “Other” combines mapped Pacific sand lance and mapped surf smelt spawning habitat.

Related or additional considerations for marine birds and shorebirds: Straus et al. (2013, p.
20) discuss briefly the variety of potential interactions with marine birds (waterfowl) and
shorebirds. Some of these interactions and effects are likely to be beneficial (e.g., increased
concentration of cultured bivalve prey, provision of perching and roosting structures), while
others are clearly not (e.g., disturbance, displacement, risk of entanglement). “Responses depend
largely on species-specific food and habitat requirements ... waders (e.g., plovers and
oystercatchers) and divers (e.g., scaup and scoters) may benefit from an increased concentration
of ... prey” (Straus et al. 2013, p. 20).

However, there are disturbing lines of evidence to suggest the severity of potential long-term
shellfish interactions and outcomes for marine birds (waterfowl), shorebirds, and raptors.
Studies conducted in Europe, Canada, and the United States have contributed a large body of
literature and findings addressing prey depletion and conversion or displacement from preferred,
highly productive foraging areas.

“Coastal aquaculture and fisheries are expanding industries, and their further development is
accepted by society ... With increasing industrialization of the landscape, it has also become
important to protect ecologically important habitats from further human impact” (Hilgerloh and
Young 2006, p. 535). “Coastal sites and habitats where birds are especially vulnerable have to
be identified, with modeling to predict the impacts of three particular effects: (1) habitat loss,
including bird exclosures, (2) competition for food between humans and birds, and (3)
disturbance ... Behavior-based models employing optimal decision rules are needed to make
predictions on the fitness of birds, quantified in terms of survival rate and body condition”
(Hilgerloh and Young 2006, p. 535).
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Norris, Bannister, and Walker (1998) reported evidence of prey depletion, its relationship to
fishery exploitation, and the numbers of oystercatchers remaining on overwintering grounds
during the spring:

“The abundance of oystercatchers during spring (measured as total bird-days during
March and April) was positively correlated with the biomass of cockles at the start of the
winter, and negatively correlated with the biomass landed by the fishery over the winter
... The most likely explanation for this is that birds disperse from the Burry Inlet earlier
in spring when the biomass of cockles at the start of the winter is small and/or the
biomass landed by the fishery is large” (p. 75).

“The Burry Inlet cockle fishery is a low intensity fishery, removing < 25 percent of the
available stock, and using traditional fishing methods such as hand gathering ... Even at
these low levels of fishing effort oystercatcher abundance was reduced during spring ...
The introduction of more efficient modern fishing methods, such as tractor or suction
dredging, could therefore cause a decline in the abundance of oystercatchers within the
estuary, if the level of exploitation increased as a result” (p. 75).

“Both autumn cockle biomass and winter cockle landings do seem to affect the number of
birds left in March and April at the end of the winter ... Results suggest that the declining
trend in spring oystercatcher abundance has resulted from a decline in the biomass of
cockles and an increase in the biomass landed by the fishery during the winter” (Norris,
Bannister, and Walker 1998, p. 82).

Stillman et al. (2001) used a behaviour-based model to evaluate the impacts of current and
alternative shellfishery regimes on oystercatcher health, mortality, and population size:

“This study explored the impacts of the present-day management regime of the mussel
fishery on the Exe estuary, south-west England ... and of the cockle fishery on the Burry
inlet, south Wales ... on the survival and numbers of overwintering oystercatchers ... It
also explored the effect on birds of some possible alternative ways of managing these
shellfisheries” (p. 858).

“Present-day methods and fishing effort did not affect the body condition of model
oystercatchers on either the Exe or Burry ... But with increased shellfishing, and the use
of dredging, a point came when many oystercatchers could not compensate by feeding for
longer or eating more smaller prey ... Unsuccessful birds then drew on their energy
reserves and so lost mass ... The model predicted that increasing fishing effort
substantially above current levels would reduce the average mass of surviving birds for
all methods, except hand-raking cockles” (pp. 862, 863).

“Mussel-fishing techniques that reduced bed area (hand-raking and dredging) both

reduced the food available and forced birds to feed at higher densities, thus increasing
both exploitation and interference competition” (p. 865).
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“The simulations ... showed that relatively small increases in mortality due to intensive
shellfishing could indeed greatly reduce population size ... Small increases in mortality
caused by fishing should not be assumed to be of little importance” (p. 864).

“Small changes in oystercatcher mortality caused larger changes in the long-term
population size because the oystercatcher population did not recover from the effects of
shellfishing between winters ... The model predicted that the impact of shellfishing on
oystercatchers depends not only on fishing effort but also on environmental factors such
as the weather and overall food abundance” (Stillman et al. 2001, p. 866).

Godet et al. (2009) considered the effects of intensive clam cultivation on Lanice conchilega
[sand mason worm] beds and found that beds were both degraded and less attractive to foraging
oystercatchers; they observed the following:

“In 2005, we studied the impacts of Manila clam cultivation on the Chausey’s L.
conchilega beds focusing on the macrobenthic compartment (Toupoint et al., 2008) ...
This study mainly revealed that clam cultivation induced a decrease of both the L.
conchilega densities and of the abundance and the diversity of the associated macrofauna
... In this paper, we aimed at assessing the impacts of the degradation of Chausey’s L.
conchilega beds by this activity on the spatial distribution of a secondary consumer: the
Eurasian Oystercatcher Haematopus ostralegus” (p. 590).

“Before the creation of the new clam concessions, L. conchilega beds were significantly
selected by Oystercatchers as a major feeding ground ... We highlighted (Godet et al.,
2008) the important abundances of large bivalves especially the Cockle (Cerastoderma
edule) ... known to be an important prey for the Oystercatcher (Cramp and Simmons,
1983)” (pp. 591, 593).

“The present study revealed that the positive effects of the L. conchilega beds for birds
are ephemeral ... The regression or the disappearance of L. conchilega beds involved
directly a loss of attractiveness for the feeding Oystercatchers” (p. 593).

“During the first year of the production cycle, clam concessions are not attractive for
Oystercatchers because: (1) during six months nets prevent any predation, (2) during the
following months, clam are hardly large enough to be profitable for the birds, and (3) the
associated benthic macrofauna is less abundant in one-year concessions ... Clam
concessions are potentially the most attractive during the second year of the production
cycle until the beginning of the third year, before harvesting ... Nevertheless, we did not
find any differences between the different concessions of one, two, or three years for the
attractiveness of the birds” (p. 593).

“The rapid ... [growth] of shellfish farming activities along the world’s coasts may have

irreversible and increasing negative impacts on secondary consumers which have only
just begun to be explored by the scientific community” (Godet et al. 2009, p. 594).
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Kraan et al. (2009) provide evidence that intensive, landscape-scale shellfish activities have
caused or contributed to prey depletion, reductions in available foraging habitat, reduced
survival, and reduced numbers of red knots (Calidris canutus islandica):

“Whether intertidal areas are used to capacity by shorebirds can best be answered by
large-scale manipulation of foraging areas ... The recent overexploitation of benthic
resources in the western Dutch Wadden Sea offers such an ‘experimental’ setting ... We
review the effects of declining food abundances on red knot [Calidris canutus islandica]
numbers, based on a yearly large-scale benthic mapping effort, long-term colour-ringing,
and regular bird-counts from 1996 to 2005 ... We focus on the three-way relationships
between suitable foraging area, the spatial predictability of food, and red knot survival ...
Over the 10 years, when accounting for a threshold value to meet energetic demands, red
knots lost 55 percent of their suitable foraging area ... This ran parallel to a decrease in
red knot numbers by 42 percent ... Densities of red knots per unit suitable foraging area
remained constant at 10 knots [per] ha between 1996 and 2005, which suggests that red
knots have been using the Dutch Wadden Sea to full capacity” (p. 1259).

“The mechanical harvesting of cockles Cerastoderma edule, allowed in three-quarters of
the intertidal flats, has decreased both the quality (flesh-to-shell ratio) and the abundance
of available cockles for red knots Calidris canutus (Van Gils et al. 2006a)” (p. 1260).

“Knots, visiting the area in winter ... [over] the period 1996-2005 ... were faced with a
decline in the extent of suitable foraging area, especially from 2002 onwards ... For a
benthivorous predator, which also has to deal with tidal cycles (Van Gils et al. 2005b,
2006b, 2007), interference competition (Van Gils and Piersma 2004; Vahl et al. 2005),
and predation by raptors (Piersma et al. 1993; Van den Hout, Spaans and Piersma 2008),
these landscape-scale changes have population-level impacts” (p. 1265).

“Following the ... decline of suitable foraging area ... survival of islandica knots
decreased from 89 percent to 82 percent ... Reduced survival (with constant recruitment)
only explained ... 42 percent of the loss in numbers: more red knots ‘disappeared’ from
the Dutch Wadden Sea than could be explained by the increased mortality (e.g. Van Gils
et al. 2006a) ... Apparently, many surviving red knots emigrated permanently out of this
marine protected area ... and reduced food abundance may have indirectly lead to
reduced breeding success (Ebbinge and Spaans 1995; Baker et al. 2004; Morrison,
Davidson and Wilson 2007) ... In any case, the reduced annual survival clearly supports
the suggestion that the Wadden Sea was filled to capacity in the decade during which this
study took place (Goss-Custard 1985; Goss-Custard et al. 2002)” (Kraan et al. 2009, p.
1266).
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Bendell and Wan (2011) used high resolution aerial photography and Geographic Information
Systems to evaluate the effect of intensive, landscape-scale shellfish activities on patterns of
avian habitat utilization; they reported the following:

“The case study presented here is unique in that the region under study is an Important
Bird Area ... of global significance (Booth 2001) ... The Baynes Sound region supports
globally important populations of the Western Grebe (Aechmophorus occidentalis), the
White-winged (Melanitta fusca) and Surf Scoter (Melanitta perspicillata), and the Pacific
Loon (Gavia pacifica) (Booth 2001) ... It also serves as a major centre for the BC
shellfish aquaculture industry with half of the industries economies being generated from
this region (British Columbia Ministry of Sustainable Resource Management
(BCMSRM) 2002)).”

“On the west coast of BC ... there has been [an] attempt by industry and the federal and
provincial governments to aggressively expand shellfish aquaculture, with the Manila
clam (Venerupis philippinarum), and Pacific oyster (Crassostrea gigas), the main product
farmed ... Baynes Sound has a long history of shellfish aquaculture dating back to the
1900’s (BCMSRM 2002) ... [But] The number of leases and the numbers of approved
species for farming on the individual leases has greatly increased since 1984 ... In
addition to shellfish aquaculture, increasing urban development also results in habitat loss
within this region” (pp. 418, 419).

“After the maximum and relevant intertidal [habitats] were digitized, regions of the
intertidal covered by anti-predator netting were determined ... A multi-step analysis by
GIS modelling was applied to the four layers (maximum intertidal, viable intertidal,
antipredator netting, and oyster grow-out beds) to determine that region of the foreshore
not compromised by shellfish farming activities ... We use the information obtained by
spatially characterizing the anthropogenic footprint to assess its role in influencing the
distribution of shore and water birds such as the dunlin, grebe, and scoter” (pp. 422, 423).

“In Baynes Sound, netted areas ... [and] oyster grow-out beds occupy 27 percent and 34
percent of the intertidal area respectively ... The amount of foreshore habitat in Baynes
Sound used for shellfish farming is ... 56 percent of the viable intertidal” (p. 424).

“There were distinct differences in the locations of high bird use in 1980 as compared to
2003-2005 ... In 2003-2005 birds were located all along the coastline, with no one
particular region of high use” (p. 425).

“Within Baynes Sound, the primary change in intertidal use during this 30 year period
has been the development of the foreshore within polygons 33—-46 for aquaculture, with
the true extent of its footprint determined by high resolution aerial photography coupled
with GIS ... As the majority of overwintering birds are now found within the Courtenay
River Estuary (Comox Harbour) or are distributed along the coastline with no one
significant region of high bird use, it would appear that key habitat historically used by
these species is no longer available” (Bendell and Wan 2011, p. 429).
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Ferriss et al. (2015, pp. 15-33) used a trophic model incorporating mediation functions to
examine potential food web implications associated with a future growth in central Puget Sound
geoduck production; they reported the following:

“The nontrophic effects of increased geoduck aquaculture, related to the influence of
anti-predator structure, had a stronger influence on the food web than the trophic role of
cultured geoducks as filter feeders and prey to other species ... Increased geoduck culture
caused substantial increases in biomass densities of surf perches, nearshore demersal
fishes, and small crabs, and decreases in seabirds, flatfishes, and certain invertebrates
(e.g., predatory gastropods and small crustaceans)” (p. 15).

“The addition of cultured geoduck mediation functions had a notable impact on the food
web [Figure 45] ... The biomass of food web members that were linked to geoduck
culture through mediation functions changed considerably, with the biomass densities of
some members increasing and decreasing by more than 20 percent (e.g., surf perches,
small crabs, predatory gastropods, and small mouth flatfishes) ... In addition, changes in
the biomass of food web members directly linked to geoduck culture propagated through
the food web, contributing to additional changes in other members’ biomass ... In total,
the biomasses of 9 of the 10 functional groups with cultured geoduck mediation functions
changed substantially” (pp. 21, 22).

“Geoduck mediation functions linked to demersal fishes and small crustaceans had
substantial effects on the food web ... For example, the cultured geoduck-demersal fish
mediation function resulted in decreases in herons (-23 percent) and resident birds (-17
percent), and increases in Pacific cod (+7 percent) and harbor seals (+7 percent) ... The
cultured geoduck—small crustacean mediation functions resulted in reductions in the
biomasses of juvenile wild salmon (-7 percent) and juvenile hatchery salmon (-4
percent)” (p. 22).

“Geoduck predators (moon snails, starfish, flatfishes, red rock crab, and sea birds) are all
generalists to varying degrees and showed limited change in biomass in response to
increased geoduck aquaculture ... However, the impact of antipredator structure (tubes
and nets) placed on geoduck plots had a larger influence on the surrounding food web by
providing predation refuge or by changing foraging opportunities ... In turn, these effects
propagated throughout the food web” (p. 22).

“The substantial decrease of most bird groups in the model is important to note, as these
are important ecologically, culturally, and socio-economically ... [There was a] decrease
in eagle populations ... [and] the biomass of other bird groups decrease[d], implying
bottom-up control ... reduced access to key prey (e.g., demersal fishes and small
crustaceans) because of the predator refuge provided by anti-predator nets on geoduck
farms ... Migratory shore birds (biomass increase) do not primarily prey upon demersal
fishes and small crustaceans, and are likely benefiting from a release of eagle predation
while not suffering prey depletion ... Further empirical study is required to understand
the relationship between shellfish aquaculture and birds” (Ferriss et al. 2015, p. 24).

182



Surf perch i- ). 5C
Small crabs mmm ] SC
Susp. feeders |EE—

Urchins i ne—
Demersal fish m——
Adult lingcod mmmmm DF
Migratory shorebirds
Juv. lingcod s DF

Pacificcod mmm DF, SC

Dep. feeders jmm
s S/a wild salmon

SC mmmmmm \Walleye pollock

SC ——————maPiscivorous flatfish
———% Small crustaceans
EEmmmm—— Resident eagles

DF i Resident birds
—j Migratory eagles

DF weess— Great blue herons

SC | mSmall mouth flatfish
]
[ BN Predatory gastropods
-50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50%

Percent change in relative biomass

Figure 45. Functional groups with the greatest change in relative biomass
(Ferriss et al. 2015, p. 22)

Appendix D includes excerpts from Norris, Bannister, and Walker (1998); Stillman et al. (2001);
Godet et al. (2009); Kraan et al. (2009); Bendell and Wan (2011); and, Ferriss et al. (2015, pp.
15-33 In Washington Sea Grant 2015); those fuller excerpts are incorporated here by reference.

Exposures and Responses to Persistent Stressors (Bull Trout and Murrelet)

Shellfish activities alter physical, chemical, and biological conditions on varying temporal scales.
Many of these effects to the physical, chemical, and biological environment (i.e., potential
stressors) correspond closely to cycles of production and harvest. However, some of these
effects are more persistent, and also reflect variable patterns and rates of recovery from
disturbance, and/or interactions with unrelated activities in the same nearshore environments.

This portion of the Opinion has addressed persistent stressors of long duration (months, years),
including potential indirect effects that may result from altered patterns of prey availability and
productivity (“prey-mediated effects”), and potential long-term effects to natural forms of
nearshore marine habitat structure, function, and complexity. These portions of the Opinion
have described long-term, direct and indirect effects on large spatial scales, corresponding to
hundreds of farms and farm operations, and thousands of affected nearshore marine acres.
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Our Opinion finds that the most significant and biologically relevant effects are those that result
in aggregate to nearshore marine habitat structure, function, and productivity, ecological
processes, and ecosystem services. For wide-ranging species that depend on the action area’s
variety of nearshore marine environments and resources (e.g., anadromous bull trout), it is
ultimately at these larger scales that we can best interpret the significance of potential stressors,
exposures, and responses.

Bivalves and other filter-feeding shellfish, whether occurring naturally or in farmed/cultured
settings, do provide important benefits in the form of ecosystem services. The Service expects
that shellfish activities will generally, and in the majority of cases, provide long-term benefits in
the form of improved water quality and sequestration of carbon and nutrients. These ecosystem
services may be important as a means to control and prevent the effects of excess nutrient
additions occurring elsewhere in the contributing watersheds and may lessen or counteract the
potential for climate-induced ocean acidification and hypoxia.

Ecological carrying capacity is a useful concept for thinking about the possible erosion or loss of
ecosystem services, and resulting consequences, under a scenario of pervasive and extremely
high shellfish culturing densities. While we do not deny the role or significance of social
carrying capacity and public acceptance, those aspects are beyond the scope of the Service’s
considerations, and therefore we limit our consideration of carrying capacity to the physical and
ecological elements.

Our Opinion includes a case study of Totten Inlet primary productivity and consumption (MEC-
Weston Solutions, Inc. 2004; New Fields Northwest 2008). Totten Inlet’s current natural/wild
and cultured shellfish biomass is large, but available information suggests a relatively muted or
small influence on primary production and trophic state. There is no indication that the Totten
Inlet phytoplankton resource has been substantially diminished as a result of shellfish activities,
and it appears that primary production still greatly exceeds the basin-scale demand of primary
consumers. Even with the projected future growth of the industry in south Puget Sound,
available information suggests little or no likelihood of approaching the ecological carrying
capacity of this system. While it would be premature to extend these tentative conclusions to the
whole of Puget Sound (or to all of Washington’s marine waters), the Service does have
confidence that Totten Inlet and the south Puget Sound are an appropriately conservative
geography and setting for considering these potential effects. Available information leads us to
conclude it is unlikely that the projected 20-year future growth of the industry will approach or
exceed ecological carrying capacity within the action area.

Shellfish activities have direct and indirect effects to nearshore marine habitat structure, function,
and productivity. These effects may have significance for how well these habitats support the
essential behaviors and needs of listed species, including bull trout and marbled murrelets that
forage in the marine environment. This portion of the Opinion has discussed long-term and
persistent effects to substrates and sediment; eelgrass, kelp, and submerged aquatic vegetation;
benthic/epibenthic community structure and composition; and predator-prey dynamics and
productivity (“prey-mediated effects”).
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All of the shellfish culturing and harvesting practices that have been described here result in
measurable effects to substrates and sediment. Some of these shellfish activities and practices
are more likely than others to result in measurable long-term and persistent effects. Based on the
available information, we conclude that the placement of culturing equipment and materials on
and over the bed, mechanical leveling and harrowing, and mechanical dredge harvesting, are
most likely to result in measurable long-term and persistent effects to substrates and sediment.
Sites and farms that are harrowed and dredged repeatedly are managed in a chronically
“disturbed” state.

Interactions between submerged aquatic vegetation (native eelgrass, rooted kelp) and shellfish
activities are complex and not easily characterized with simple generalizations. These
interactions include competition for space, competition for light (or shading), and physical
damage that results from some activities, practices, and techniques. However, not all of these
interactions are detrimental to the health of native eelgrass and rooted kelp. For instance,
shellfish culturing provides a source of nutrient enhancement, which supports plant growth and
vigor, and frequently improves water quality. Furthermore, when evaluating potential
interactions and outcomes, we must also consider that the current conditions for submerged
aquatic vegetation in the action area represent at many locations a dynamic equilibrium
influenced by shellfish and other activities conducted over years and decades. Despite the
intensive shellfish culturing that has characterized the recent history at the scale of whole sub-
basins and whole waterbodies, submerged aquatic vegetation continues to show good or
consistent health in some of these same geographies (Gaeckle et al. 2011, 2015)(see
Environmental Baseline, Puget Sound and Hood Canal, Existing Conditions for Native
Eelgrass).

The variety of factors influencing eelgrass recovery suggests the potential for significant site-by-
site and temporal variability. It is therefore difficult (or impossible) to state with certainty the
likely pattern or rate of recovery, at either a fine or coarse scale. Furthermore, there appear to be
few general rules that accurately characterize this complex set of interactions. Nevertheless, the
weight of available evidence does lead the Service to conclude that in most cases and settings
where shellfish activities result in physical damage to eelgrass beds, and/or displace eelgrass
beds or other submerged aquatic vegetation, they will result in at least temporal loss of
production and associated ecosystem services, including habitat functions and prey production
that are important to bull trout and marbled murrelets that forage in the marine environment.

Whereas there have been many studies evaluating interactions and outcomes at the scale of a
single bed or a single farm, there have been relatively few that describe interactions between
submerged aquatic vegetation and shellfish activities on a landscape scale in the Pacific
Northwest. However, Dumbauld and McCoy (2015) did recently complete a multi-year study
evaluating the effects of oyster aquaculture on eelgrass at the estuarine landscape scale in
Willapa Bay. Their findings suggest to us that culturing methods and techniques do have
variable effects to patterns of eelgrass disturbance, recovery, and persistence, but the majority of
these temporal impacts are not likely to be persistent at the estuarine landscape scale (Dumbauld
and McCoy 2015, pp. 38, 41).
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The Corps has provided an excellent summary of the available data, and the limitations of these
data, to describe eelgrass distribution in the action area, and its co-location with continuing
shellfish activities (Corps 2015, pp. 90, 94, 95; Appendix D). The Service used this information
to inform our best, conservative approximation of the likely physical extent of potential impacts
to submerged aquatic vegetation resulting from programmatic shellfish activities in
Washington’s marine waters (Table 8, p. 156). We conclude that regulated shellfish activities in
Washington State, specifically those for which this Opinion provides programmatic coverage,
are likely to directly or indirectly affect more than 26,000 acres of submerged aquatic vegetation,
including more than 6,000 acres located within or near designated bull trout critical habitat
(Table 8, p. 156).

The Service expects that shellfish activities will result in measurable losses of eelgrass and kelp
production, and associated habitat functions and prey productivity that are important to
anadromous bull trout and marbled murrelets. However, the Service also expects that most of
these impacts and measurable losses will be temporary. In most cases and settings where
continuing shellfish activities result in physical damage to submerged aquatic vegetation, we
expect that much of the lost production and function will be recovered over time. And, we
expect that the conservation measures included by the Corps as elements of their proposed action
(see Project Description, Conservation Measures) will largely avoid and effectively reduce
impacts to submerged aquatic vegetation that might otherwise result from proposed, new
shellfish activities and farms.

Native eelgrass, rooted kelp, and other submerged aquatic vegetation experience loss and
recovery on continuing farms. Native eelgrass and other submerged aquatic vegetation will also
experience loss and recovery when fallow farms or farm footprints are re-cultivated and put into
production. The Service acknowledges that chronic suppression of eelgrass growth and
production may be a reality on some farms. We also acknowledge that fallow farm footprints are
extensively co-located with submerged aquatic vegetation; most extensively and importantly for
bull trout, in the north Puget Sound (approximately 2,239 acres) (Corps 2015, p. 95).

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of submerged aquatic vegetation (native eelgrass and rooted kelp), production, and
function will not be typical of most outcomes. While it is likely there will be instances where
limited, permanent losses (or chronic suppression) are attributable to shellfish activities, the
Service expects that permanent losses will me small (e.g., a fraction of the submerged aquatic
vegetation resource) at the scale of the five geographic sub-areas (Willapa Bay, Grays Harbor,
Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g., Willapa
Bay), or sub-basin (e.g., Totten Inlet, Samish Bay).

Interactions between benthic/epibenthic communities and shellfish activities are complex and not
easily characterized with simple generalizations. Shellfish activities clearly influence benthic
community structure and composition. However, studies consistently indicate significant
seasonal and site-by-site variability, and the nature of some relationships remains poorly
understood.
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Shellfish activities have measurable, persistent or long-term effects to substrates, submerged
aquatic vegetation, and benthic/epibenthic community structure and composition. These, in turn,
may influence habitat function and productivity for a variety of prey resources that are important
to listed species. Unfortunately, there are relatively few studies that provide relevant and
specific information to describe interactions between shellfish culturing and harvesting activities
and the prey resources that are considered most important to anadromous bull trout and marbled
murrelets. Lacking information from these types of studies, we instead considered available
information describing the nursery function of structured estuarine habitats, including eelgrass
meadows, and available information regarding the altered species assemblages, and altered
species and trophic interactions, that are likely to result from loss or fragmentation of structured
estuarine habitat.

Whereas, we have already concluded that (1) shellfish activities resulting in physical damage to
submerged aquatic vegetation will result in losses of production and associated ecosystem
services (including habitat functions), and (2) some activities (e.g., mechanical leveling,
harrowing, and dredge harvesting) will in many cases either interfere with or reset normal
patterns of infaunal succession and development, available information regarding predator-prey
relationships, and prey productivity and availability, is more ambiguous and therefore also less
compelling. Further complicating matters, conditions resulting from shellfish activities are
generally superimposed on, and further influenced by, natural variability, patterns of disturbance
and recovery from natural events, and the confounding effects of concurrent, unrelated activities
occurring in the same nearshore environments and watersheds. While there is some information
to indicate a decline in the health of marine forage fish resources in the action area (see
Environmental Baseline, Willapa Bay, Grays Harbor, Puget Sound and Hood Canal), and the
decline of many salmonid populations is both obvious and widespread, there is little or no
information attributing those conditions to shellfish activities specifically.

During 2008, the Service and NMFS approved a low-effect HCP developed in coordination with
the DNR for their commercial geoduck fishery. That record of HCP approval indicates minor
and small-scale effects resulting from elevated turbidity and sedimentation during harvest
activities (Service Ref. No. PRT-TE187810-0). The Service stated:

“Pacific herring are the [marine forage fish ] species most likely to spawn on or near
commercial geoduck tracts ... Injury and or mortality to juvenile and adult forage fish
from sediment are not anticipated ... Temporary displacement of forage fish from
sediment plumes may occur during harvest activities ... [but] will have little effect on
forage fish’s ability to feed ... A small amount of Pacific herring egg mortality and the
temporary displacement of adult forage fish during geoducks harvest activities [are]
anticipated, but adverse effects to forage fish populations at the tract level or within the
action area are not anticipated” (USFWS 2009b, pp. 128-130).

The Corps has provided a summary of available data, and the limitations of available data, to
describe the distribution of marine forage fish spawning habitat in the action area, and its co-
location with continuing shellfish activities (Corps 2015, pp. 90, 95-97; Appendix D). The
Service used this information to inform our best, conservative approximation of the likely
physical extent of potential impacts to marine forage fish spawning habitat resulting from
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programmatic shellfish activities in Washington’s marine waters (Table 9, p. 177). We conclude
that regulated shellfish activities in Washington State, specifically those for which this Opinion
provides programmatic coverage, are likely to directly or indirectly affect more than 5,500 acres
of mapped Pacific herring spawning habitat, and more than 1,500 acres of mapped Pacific sand
lance and surf smelt spawning habitat, including more than 3,600 acres located within or near
designated bull trout critical habitat (Table 9, p. 177).

The Service expects there will be measurable, temporal losses of marine forage fish spawning
habitat and production. However, the Service also expects that most of these impacts and
measurable losses will be temporary. In most cases, and in most settings where continuing
shellfish activities result in temporal losses of marine forage fish production, we expect that
much of the lost function and production will be recovered over time. And, we expect that the
conservation measures included by the Corps as elements of their proposed action (see Project
Description, Conservation Measures) will largely avoid and effectively reduce impacts to marine
forage fish spawning habitat that might otherwise result from proposed, new shellfish activities
and farms. The weight of available evidence suggests and leads the Service to conclude that
permanent losses of marine forage fish spawning habitat and production will be uncommon, and
not typical of most outcomes.

Regulated shellfish activities occur on large spatial scales in Washington State (approximately
38,716 acres; Corps 2015, pp. 40-49, 77-82). The larger action area, where measurable direct
and indirect effects are likely to occur, is expansive (i.e., more than 45,000 acres of nearshore
marine habitat). There is also substantial overlap with designated bull trout critical habitat (i.e.,
approximately 12,000 acres in Grays Harbor, the north Puget Sound, and Hood Canal) which is
used seasonally by anadromous bull trout when foraging and migrating.

Nevertheless, given the above-described variable effects of regulated shellfish activities on
nearshore marine habitat structure, function, and productivity, ecological processes, and
ecosystem services (i.e., including those that are neutral or beneficial, some that are adverse, but
few that are measurable, persistent, and adverse), it is difficult to identify specific practices,
instances, or scenarios which will have measurable adverse effects to individual bull trout.

Available information suggests to us that mechanical leveling, harrowing, and dredge harvesting
are the most physically-intrusive and disruptive of all the shellfish activities discussed in this
Opinion. These practices are focused most intensively in Washington’s coastal embayments,
especially Willapa Bay. Bull trout have been documented in Willapa Bay and its tributaries,
though infrequently and in low numbers, and no portion of Willapa Bay has been designated as
bull trout critical habitat. Willapa Bay is one of the few geographies in Washington State where
landscape scale impacts have been evaluated (Dumbauld and McCoy 2015), and it appears that
temporal impacts to eelgrass meadows, a viable general habitat surrogate for natural nearshore
habitat complexity, are not likely to be persistent at the estuarine landscape scale.

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of marine forage fish spawning habitat and production will be uncommon, and not typical
of most outcomes. The Service does not expect that permanent losses attributable to shellfish
activities will be measurable at the scale of the five geographic sub-areas (Willapa Bay, Grays
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Harbor, Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g.,
Willapa Bay), or sub-basin (e.g., Totten Inlet, Samish Bay). We expect that these temporal
losses will rarely, if ever, occur at a scale, or with a duration or severity, sufficient to measurably
reduce the quality or availability of bull trout prey resources in any portion of the action area.

Bull trout will be exposed to the measurable, persistent and long-term effects of regulated
shellfish activities. The Service expects that persistent and long-term stressors and exposures
resulting directly and indirectly from continuing and proposed, new shellfish activities and farms
will in some instances have adverse effects to bull trout. However, we are not able to
demonstrate that exposures are reasonably certain to result in a significant disruption of normal
bull trout behaviors (i.e., the ability to successfully feed, move, and/or shelter). The best
available information is currently insuffcient to demonstrate that persistent and long-term
stressors and exposures are reasonably certain to result in measurable adverse effects to
energetics, growth, fitness, or long-term survival (injury or mortality).

Marbled murrelets will be exposed to the measurable, persistent and long-term effects of
regulated shellfish activities. The Service expects that persistent and long-term stressors and
exposures resulting directly and indirectly from continuing and proposed, new shellfish activities
and farms will in some instances have adverse effects to marbled murrelets. However, we are
not able to demonstrate that exposures are reasonably certain to result in a significant disruption
of normal marbled murrelet behaviors (i.e., the ability to successfully feed, move, and/or shelter).
The best available information is currently insufficient to demonstrate that persistent and long-
term stressors and exposures are reasonably certain to result in measurable adverse effects to
energetics, growth, fitness, or long-term survival (injury or mortality).

Effects of Interrelated and Interdependent Actions

Interrelated actions are defined as actions “that are part of a larger action and depend on the
larger action for their justification”; interdependent actions are defined as actions “that have no
independent utility apart from the action under consideration” (50 CFR section 402.02).

No measurable effects to bull trout individuals, their prey base, or habitat are expected to result
from interrelated or interdependent actions. No measurable effects to marbled murrelet
individuals, their prey base, or habitat are expected to result from interrelated or interdependent
actions.

Effects to the PCEs of Designated Bull Trout Critical Habitat

In nearshore marine areas, the inshore extent of critical habitat is the MHHW line, including the
uppermost reach of the saltwater wedge within tidally influenced, freshwater heads of estuaries.
Critical habitat extends offshore to a depth of 10 meters (33 ft) relative to the MLLW line (75 FR
63935; October 18, 2010).

When viewed from a landscape perspective, or even from the perspective of a single waterbody

(e.g., Willapa Bay) or portion thereof (e.g., Totten Inlet, Samish Bay), shellfish activities are
variable in density and spatially discontinuous. At some locations, cultured tidelands extend
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with only occasional interruption along extended lengths of the nearshore. At other locations,
cultured tidelands are interspersed along shorelines that support a range of other uses (residential,
recreational, etc.). Where cultured tidelands extend with only occasional interruption,
interspersed uncultured areas may experience direct or indirect effects, and are therefore
considered part of the action area.

The action area includes approximately 12,000 acres of designated bull trout critical habitat,
mostly located in Grays Harbor (approximately 4,000 acres), the north Puget Sound
(approximately 5,000 acres), and Hood Canal (approximately 3,000 acres) (Corps 2015
Appendix H, Figures H-1 through H-8) (Table 4, p. 77). South of Tacoma, designated bull trout
critical habitat only extends as far as the Nisqually River delta. No portion of Willapa Bay has
been designated as critical habitat for the bull trout.

Within the action area, the current condition of designated bull trout critical habitat varies
considerably. Current conditions reflect natural variability, patterns of disturbance and recovery
from both natural and man-made events, and the effects of earlier and concurrent, unrelated
activities occurring in the same nearshore environments and watersheds.

Where shellfish activities have been conducted for many years and will continue to impact
habitat conditions, most of the action area cannot be regarded as pristine in its current state.

Also, at many locations this habitat exhibits the pervasive effects of shoreline development and
alteration. Armored and hardened shorelines, diking and filling of marine and estuarine areas,
and overwater structures are all characteristic of the action area. At many locations these
features impair important natural processes that create and maintain functional nearshore marine
habitat for bull trout and marine forage fish. Natural nearshore habitat complexity is either
mildly or moderately impaired throughout much of the action area. The same can be said for the
condition of bull trout prey resources. At some locations either or both of these functions may be
severely impaired.

An earlier portion of this Opinion identified the PCEs of designated bull trout critical habitat and
described their baseline condition in the action area (see Environmental Baseline, Current
Condition in the Action Area, Bull Trout Critical Habitat). This portion of the Opinion discusses
the foreseeable direct and indirect effects of the action, with reference to the specific PCEs which
are present and may be affected.

[Note: New critical habitat regulations (81 FR 7214; February 11, 2016) use PBFs rather than
PCEs. The shift in terminology does not change the approach used in conducting a “destruction
or adverse modification” analysis, which is the same regardless of whether the original
designation identified PCEs, PBFs, or essential features. References here to PCEs should be
viewed as synonymous with PBFs.]
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The action area includes nearshore marine environments providing five of the nine PCEs of
designated bull trout critical habitat (50 FR 63898; October 18, 2010):

(2) Migration habitats with minimal physical, biological, or water quality impediments between
spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but
not limited to permanent, partial, intermittent, or seasonal barriers.

Within the action area this PCE is generally only mildly impaired and still functions well.
However, in locations where armored and hardened shorelines, marine and estuarine fill, and
overwater structures are more pervasive, this PCE is moderately or severely impaired.

Shellfish activities result in measurable, temporary impacts to water quality. Where these
temporary impacts to water quality are concerned, our primary focus is on four biologically and
behaviorally relevant water quality parameters: turbidity, DO, BOD, and nutrients (e.g., nitrogen
and ammonium). ENVIRON International Corp. (2011, p. 41) has observed that water quality
conditions typically reflect the pervasive influence of oceanic conditions, residence time, and
other human activities in these same nearshore environments and watersheds. Forrest et al.
(2009, p. 5) have observed, “...the potential for adverse water quality-related effects ... is low,
which is perhaps not surprising considering that intertidal farm sites are substantially or
completely flushed on every tidal cycle.” Shellfish activities result in temporary effects to water
quality that are localized, limited in physical extent, and low intensity.

During 2008, the Service evaluated the effects of commercial geoduck harvest. That review
indicated minor and small-scale effects resulting from elevated turbidity and sedimentation
during harvest activities. The described impacts to designated bull trout critical habitat included
temporary elevation of sediment levels, and temporary disruption of migratory corridors from
diver and vessel activities (USFWS 2009b, p. 134).

Shellfish culturing and harvest activities result in temporary impacts to the sound and visual
environment. Most activities associated with ground-based culturing are conducted as bouts of
intermittent activity, with each bout lasting a few hours. While some activities may be relieved
or partially relieved of strict timing constraints, many still target specific tidal elevations and
therefore proceed as bouts of intermittent activity. Effects to the sound and visual environment
are temporal and limited in physical extent, intensity, and duration.

Placement of culturing equipment and materials on and over the bed is the most obvious,
persistent or long-term effect to nearshore migratory habitat. These materials take a variety of
forms, including nets, bags, racks, stakes, longlines, and tubes. Culturing equipment and
materials placed on and over the bed, and the intensively cultured shellfish that they promote
(many of which are non-native species), do modify habitat, and/or create new habitat types (or
habitat variants). The Service has concluded that regulated shellfish activities in Washington
State are likely to directly or indirectly affect more than 6,000 acres of submerged aquatic
vegetation (native eelgrass and rooted kelp) located within or near designated bull trout critical
habitat, mostly in Grays Harbor and the north Puget Sound (Table 4, p. 77; Table 8, p. 156).
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Although the Corps has included a number of conservation measures addressing the security of
culturing equipment (Corps 2015, pp. 49-53) and many growers and farm operators invest
significant time and resources to prevent the loss of equipment, the Service is aware of
information documenting instances where equipment has become dislodged and moved from
farmed areas by wind and waves (see Temporary Stressors, Resulting Exposures, and Effects;
Physical Entrapment and Stranding). However, to our knowledge, there have been no reported
instances of bull trout becoming entrapped or entangled in shellfish culturing equipment, and no
reported instances of bull trout becoming stranded within pools impounded by or around
shellfish culturing equipment.

Considering the size and mobility of subadult and adult anadromous bull trout, the Service
believes that the incidence rate of bull trout entanglement, entrapment, and/or stranding must be
very low across the whole of the industry. Aside from the rare instances where individual bull
trout become entangled, entrapped, or stranded, the Service expects that these structures and
materials do not generally pose a barrier to migration, or hinder or prevent bull trout movement
and migration though nearshore marine habitats.

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for continuing and proposed, new shellfish activities and farms, will not
permanently degrade PCE #2 or prevent nearshore migratory corridors from functioning as
intended. The proposed action will result in temporary impacts to water quality and the sound
and visual environment, but these effects will be limited in physical extent, intensity, and
duration, and are not likely to measurably impair the current function of nearshore migratory
corridors. The proposed action will cause or contribute to losses of submerged aquatic
vegetation. However, we conclude that permanent losses of submerged aquatic vegetation,
production, and function will not be typical of most outcomes. The Service expects no
measurable adverse effects to PCE #2.

(3) An abundant food base, including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish.

Within the action area this PCE is either mildly or moderately impaired. Across most portions of
the action area, it would appear that both salmonid and marine forage fish prey resources are
well below historic, long-term peaks of production. However, year-to-year and geographic
variability is significant and not easy to generalize with recognizable trends.

Shellfish culturing and harvesting have direct and indirect effects to nearshore marine habitat
structure, function, and productivity. These effects may have significance for how well these
habitats support the essential behaviors and needs of listed species, including bull trout that
forage in the marine environment.

The Service has concluded that regulated shellfish activities in Washington State are likely to

directly or indirectly affect more than 6,000 acres of submerged aquatic vegetation (native
eelgrass and rooted kelp) located within or near designated bull trout critical habitat, mostly in

192



Grays Harbor and the north Puget Sound (Table 4, p. 77; Table 8, p. 156). The Service expects
that there will be measurable losses of native eelgrass, rooted kelp, and associated ecosystem
services, including habitat functions and prey productivity.

Interactions between benthic/epibenthic communities and shellfish activities are complex and not
easily characterized with simple generalizations. Culturing equipment and materials, and the
intensively cultured shellfish that they promote, create new habitat types. Cultured shellfish are
themselves ecosystem engineering or niche constructing species, and the habitat value of the
biogenic structures they create is evident.

Some shellfish culturing and harvesting activities have measurable, persistent or long-term
effects to substrates, submerged aquatic vegetation, and benthic/epibenthic community structure
and composition. Unfortunately, there are relatively few studies that provide relevant and
specific information to describe interactions between shellfish activities and the prey resources
that are considered most important to marine foraging bull trout (e.g., marine forage fish,
juvenile salmonids).

Whereas, we have already concluded that (1) shellfish activities resulting in physical damage to
submerged aquatic vegetation will result in losses of production and associated ecosystem
services (including habitat functions), and (2) some activities (e.g., mechanical leveling,
harrowing, and dredge harvesting) will in many cases either interfere with or reset normal
patterns of infaunal succession and development, available information regarding predator-prey
relationships, and prey productivity and availability, is more ambiguous and therefore also less
compelling. While there is some information to indicate a decline in the health of marine forage
fish resources in the action area (see Environmental Baseline, Willapa Bay, Grays Harbor, Puget
Sound and Hood Canal), and the decline of many salmonid populations is both obvious and
widespread, there is little or no information attributing those conditions to shellfish activities
specifically.

We conclude that regulated shellfish activities in Washington State, specifically those for which
this Opinion provides programmatic coverage, are likely to directly or indirectly affect more than
5,500 acres of mapped Pacific herring spawning habitat, and more than 1,500 acres of mapped
Pacific sand lance and surf smelt spawning habitat (Table 9, p. 177). This includes more than
3,600 acres located within or near designated bull trout critical habitat, mostly in the north Puget
Sound and Hood Canal (Table 4, p. 77; Table 9, p. 177).

Marine forage fish spawning habitat experiences loss and recovery on continuing farms. Marine
forage fish spawning habitat will also experience loss and recovery when fallow farms or farm
footprints are re-cultivated and put into production. The Service acknowledges that fallow farm
footprints are extensively co-located with marine forage fish habitat; most extensively and
importantly for bull trout, in the north Puget Sound (approximately 2,239 acres) (Corps 2015, p.
95).

The Service expects there will be measurable, adverse effects to PCE #3 associated with losses

of marine forage fish spawning habitat and production. However, the Service also expects that
most of these impacts and measurable losses will be temporary. In most cases, and in most
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settings where shellfish culturing and harvesting activities result in temporal losses of marine
forage fish production, we expect that much of the lost function and production will be recovered
over time.

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of marine forage fish spawning habitat and production will be uncommon, and not typical
of most outcomes. The Service does not expect that permanent losses attributable to shellfish
activities will be measurable at the scale of the five geographic sub-areas (Willapa Bay, Grays
Harbor, Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g.,
Willapa Bay), or sub-basin (e.g., Totten Inlet, Samish Bay).

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for continuing and proposed, new shellfish activities and farms, will not
permanently degrade PCE #3 or prevent nearshore marine critical habitat from functioning as
intended. The proposed action will result in instances of significant temporal loss of marine
forage fish spawning habitat and production (temporary adverse effects to PCE #3). We expect
that these temporal losses will rarely, if ever, occur at a scale, or with a duration or severity,
sufficient to measurably reduce the quality or availability of bull trout prey resources in any
portion of the action area.

(4) Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and
processes that establish and maintain these aquatic environments, with features such as large
wood, side channels, pools, undercut banks and unembedded substrates, to provide a variety of
depths, gradients, velocities, and structure.

Within the action area this PCE is moderately impaired, but still functions. At some locations,
where armored and hardened shorelines, marine and estuarine fill, and overwater structures are
more pervasive, and where important natural processes that create and maintain functional
nearshore marine habitat are impeded, this PCE is severely impaired.

Shellfish culturing and harvesting have direct and indirect effects to nearshore marine habitat
structure, function, and productivity. These effects may have significance for how well these
habitats support the essential behaviors and needs of listed species, including bull trout that
forage in the marine environment.

Placement of culturing equipment and materials on and over the bed is an obvious, persistent or
long-term effect to nearshore habitat structure and complexity. These materials take a variety of
forms, including nets, bags, racks, stakes, longlines, and tubes. Culturing equipment and
materials placed on and over the bed, and the intensively cultured shellfish that they promote
(many of which are non-native species), do modify habitat, and/or create new habitat types (or
habitat variants). Cultured shellfish are themselves ecosystem engineering or niche constructing
species, and the habitat value of the biogenic structures they create is evident.

Interactions between submerged aquatic vegetation (native eelgrass, rooted kelp) and shellfish

activities are complex and not easily characterized with simple generalizations. These
interactions include competition for space, competition for light (or shading), and physical
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damage that results from some activities, practices, and techniques. However, not all of these
interactions are detrimental to the health of native eelgrass and rooted kelp. For instance,
shellfish culturing provides a source of nutrient enhancement, which supports plant growth and
vigor, and frequently improves water quality. The variety of factors influencing eelgrass
recovery suggests the potential for significant site-by-site and temporal variability. Culturing
methods and techniques have variable effects to patterns of eelgrass disturbance, recovery, and
persistence, but the majority of these temporal impacts are not likely to be persistent at the
estuarine landscape scale.

The Service has concluded that regulated shellfish activities in Washington State are likely to
directly or indirectly affect more than 6,000 acres of submerged aquatic vegetation (native
eelgrass and rooted kelp) located within or near designated bull trout critical habitat, mostly in
Grays Harbor and the north Puget Sound (Table 4, p. 77; Table 8, p. 156). The Service expects
that there will be measurable losses of native eelgrass, rooted kelp, and associated ecosystem
services, including habitat functions.

Native eelgrass, rooted kelp, and other submerged aquatic vegetation experience loss and
recovery on continuing farms. Native eelgrass and other submerged aquatic vegetation will also
experience loss and recovery when fallow farms or farm footprints are re-cultivated and put into
production. The Service acknowledges that chronic suppression of eelgrass growth and
production may be a reality on some farms. We also acknowledge that fallow farm footprints are
extensively co-located with submerged aquatic vegetation; most extensively and importantly for
bull trout, in the north Puget Sound (approximately 2,239 acres) (Corps 2015, p. 95).

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for continuing and proposed, new shellfish activities and farms, will not
permanently degrade PCE #4 or prevent nearshore marine critical habitat from functioning as
intended. The weight of available evidence suggests and leads the Service to conclude that
permanent losses of submerged aquatic vegetation (native eelgrass and rooted kelp), production,
and function will not be typical of most outcomes. While it is likely there will be instances
where limited, permanent losses (or chronic suppression) are attributable to shellfish activities,
the Service expects that permanent losses will be relatively small (e.g., a fraction of the
submerged aquatic vegetation resource) at the scale of the five geographic sub-areas (Willapa
Bay, Grays Harbor, Hood Canal, south and north Puget Sound), at the scale of any whole
waterbody (e.g., Willapa Bay), or the sub-basin (e.g., Totten Inlet, Samish Bay).

The proposed action will have spatially and temporally adverse effects to PCE #4. The action
will result in instances of significant loss of submerged aquatic vegetation and associated habitat
function. The action will reduce natural forms of nearshore marine habitat structure and
complexity at some locations.
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(5) Water temperatures ranging from 2 to 15 °C (36 to 59 °F), with adequate thermal refugia
available for temperatures that exceed the upper end of this range. Specific temperatures within
this range will depend on bull trout life-history stage and form; geography; elevation; diurnal
and seasonal variation; shading, such as that provided by riparian habitat; stream flow; and
local groundwater influence.

Conditions are not degraded. Within the action area this PCE is fully functioning, with little or
no significant impairment.

The proposed action will not cause or contribute to measurable increases in surface water
temperature, or degrade thermal refugia within the action area. We conclude that foreseeable
effects to PCE #5 will not be measurable, and are therefore considered insignificant. Within the
action area this PCE will retain its current level of function (fully functioning).

(8) Sufficient water quality and quantity such that normal reproduction, growth, and survival are
not inhibited.

Water and sediment quality conditions are generally suitable and adequately functioning, though
some portions of the action area exhibit mild or moderate impairment. Shellfish culturing and
harvesting activities result in measurable, temporary impacts to water quality. Where these
temporary impacts to water quality are concerned, our primary focus is on four biologically and
behaviorally relevant water quality parameters: turbidity, DO, BOD, and nutrients (e.g., nitrogen
and ammonium). ENVIRON International Corp. (2011, p. 41) has observed that water quality
conditions typically reflect the pervasive influence of oceanic conditions, residence time, and
other human activities in these same nearshore environments and watersheds. Forrest et al.
(2009, p. 5) have observed, “...the potential for adverse water quality-related effects ... is low,
which is perhaps not surprising considering that intertidal farm sites are substantially or
completely flushed on every tidal cycle.” Shellfish activities result in temporary effects to water
quality that are localized, limited in physical extent, and low intensity.

During 2008, the Service evaluated the effects of commercial geoduck harvest. That review
indicated minor and small-scale effects resulting from elevated turbidity and sedimentation
during harvest activities. The described impacts to designated bull trout critical habitat included
temporary elevation of sediment levels (USFWS 2009b, p. 134).

Bivalves and other filter-feeding shellfish, whether occurring naturally or in farmed/cultured
settings, provide important benefits in the form of ecosystem services. The Service expects that
shellfish activities will generally, and in the majority of cases, provide long-term benefits in the
form of improved water quality and sequestration of carbon and nutrients. These ecosystem
services may be important as a means to control and prevent the effects of excess nutrient
additions occurring elsewhere in the contributing watersheds and may lessen or counteract the
potential for climate-induced ocean acidification and hypoxia.

Ecological carrying capacity is a useful concept for thinking about the possible erosion or loss of
ecosystem services, and resulting consequences, under a scenario of pervasive and extremely
high shellfish culturing densities. While we do not deny the role or significance of social
carrying capacity and public acceptance, those aspects are beyond the scope of the Service’s
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considerations, and therefore we limit our consideration of carrying capacity to the physical and
ecological elements. Available information leads us to conclude it is unlikely that the projected
20-year future growth of the industry will approach or exceed ecological carrying capacity
within the action area.

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for continuing and proposed, new shellfish activities and farms, will not
degrade PCE #8. The proposed action will result in temporary impacts to water quality, but
these effects will be limited in physical extent, intensity, and duration, and are not likely to
measurably impair the current function of PCE #8. The proposed action will provide significant,
measurable long-term benefits in the form of improved water quality and sequestration of carbon
and nutrients. The Service expects no measurable adverse effects to the function of PCE #8.
Within the action area this PCE will retain its current level of function (generally suitable and
adequately functioning).

Summary

The proposed action will have measurable adverse effects to PCE #3 (food base, including
marine forage fish) and PCE #4 (complex marine shoreline aquatic environments and
processes). The Service expects that any permanent adverse effects to PCE #4 will be limited in
scale. The Service concludes that the proposed action, consisting of the issuance of Corps
permits and permit verifications for continuing and proposed, new shellfish activities and farms,
will not prevent designated nearshore marine critical habitat from functioning as intended.

CUMULATIVE EFFECTS

Cumulative effects include the effects of future State, tribal, local, or private actions that are
reasonably certain to occur in the action area considered in this Opinion. Future federal actions
that are unrelated to the proposed action are not considered in this section because they require
separate consultation pursuant to section 7 of the ESA.

Ongoing non-federal actions in the action area include implementation of State shellfish and
angling regulations, State hatchery programs, and State, tribal, local, and private habitat
restoration programs (i.e., those not supported by federal funds). Future local actions will
include planned growth, development, and re-development consistent with land use and growth
management plans. Future State and local actions may include implementation of TMDLSs and
watershed-scale water quality improvement programs. Taken as a whole, the foreseeable future
State, tribal, local, and private actions may have both beneficial effects and adverse effects to the
marbled murrelet, bull trout, and designated bull trout critical habitat.
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The State’s programs implementing shellfish and angling regulations provide for sustainable,
fish- and wildlife-related recreational and commercial opportunities, while also ensuring long-
term protection and enhancement of marine and estuarine resources. Related to these programs,
the State administers more than two dozen marine protected areas in Puget Sound (conservation
areas, marine preserves, and exclusion zones) for the protection and preservation of sensitive
species and their habitats.

The State’s hatchery programs produce fish for harvest and support large and regionally
important recreational fisheries. Hatchery programs also support wild stock research and
conservation. The State is currently working with federal, tribal, and private managers and
scientists to examine hatchery operations and determine what structural and operational changes
are necessary to ensure that hatchery programs can continue to meet these dual objectives. Key
issues include genetic introgression, competition, and disease transmission between hatchery-
reared and wild stocks.

Ongoing non-federal actions also include State, tribal, local, and private habitat restoration
programs. These programs are directed at protecting, enhancing, and restoring marine and
estuarine habitats and the native fish and wildlife populations they support. Habitat restoration
programs also provide for the advancement of marine and estuarine science, refinement of
applied techniques, and public participation and education.

Future local actions will include planned growth, development, and re-development consistent
with land use and growth management plans. Additional urban and suburban residential,
commercial, and industrial development (or redevelopment) is certain to occur in the action area.
Over the long-term, planned growth consistent with land use and growth management plans will
result in additional effects to watershed conditions and functions, water and sediment quality,
and nearshore marine and estuarine habitat conditions. However, with effective implementation
of Shoreline Management Programs and Critical Area Ordinances, and in conjunction with State
and local (city, county) environmental permit requirements (including those requirements
established for the protection of wetlands and for the regulation of private and municipal
stormwater discharges), effects to ecological functions should be reduced. Future State and local
actions may also include implementation of TMDLs and watershed-scale water quality
improvement programs.

Taken as a whole, the foreseeable future State, tribal, local, and private actions may have both
beneficial effects and adverse effects to the marbled murrelet, bull trout, and designated bull
trout critical habitat. Some of these actions (e.g., effective implementation of land use and
growth management plans, TMDL clean-up plans, and habitat restoration programs) will be
essential, and must be successful, to ensure that the action area will continue to provide for the
conservation and recovery of the bull trout and marbled murrelet.
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INTEGRATION AND SYNTHESIS OF EFFECTS (BULL TROUT)

The Integration and Synthesis section is the final step in assessing the risk posed to species and
critical habitat as a result of implementing the proposed action. In this section, we add the
effects of the action and cumulative effects to the status of the species and critical habitat, and
the environmental baseline, to formulate our Opinion as to whether the proposed action is likely
to: (1) appreciably reduce the likelihood of both survival and recovery of the species in the wild
by reducing its numbers, reproduction, or distribution; or (2) reduce the value of designated
critical habitat for the conservation of the species.

Shellfish culturing and harvesting activities result in measurable, temporary impacts to water
quality. Where these temporary impacts to water quality are concerned, our primary focus is on
four biologically and behaviorally relevant water quality parameters: turbidity, DO, BOD, and
nutrients (e.g., nitrogen and ammonium). Shellfish activities result in temporary impacts that are
localized, limited in physical extent, and low intensity.

Shellfish provide important benefits in the form of ecosystem services. The Service expects that
shellfish activities will, in the majority of cases, provide significant long-term benefits in the
form of improved water quality and sequestration of carbon and nutrients. These ecosystem
services may be important as a means to control and prevent the effects of excess nutrient
additions occurring elsewhere in the contributing watersheds. These ecosystem services may
also lessen or counteract the potential for climate-induced ocean acidification and hypoxia.

Bull trout, their habitat, and prey resources will be exposed to shellfish activities, including
foreseeable temporary and long-term impacts to water and sediment quality. However, with
successful implementation of the included conservation measures, we conclude that shellfish
activities will not have adverse effects to water or sediment quality, and related direct and
indirect effects to bull trout and designated bull trout critical habitat will be insignificant, or
measurable and beneficial.

Shellfish culturing and harvesting activities result in temporary impacts to the sound and visual
environment. Most effects are temporal and limited in both physical extent and duration.
Taking into consideration both the geographic setting (i.e., an open water marine environment),
and the intensity and duration of exposures, we conclude that temporary impacts to the sound
and visual environment will not significantly disrupt normal bull trout behaviors (i.e., the ability
to successfully feed, move, and/or shelter), and are therefore considered insignificant.

Shellfish activities frequently involve or require placement of culturing equipment and materials
on and over the bed (e.g., nets, bags, racks, stakes, longlines, and tubes). These materials are not
generally an impediment to movement. To our knowledge, there have been no reported
instances of bull trout becoming entrapped or entangled in shellfish culturing equipment. To our
knowledge, there have been no reported instances of bull trout becoming stranded behind berms
or dikes, or within pools impounded by or around shellfish culturing equipment.
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Considering the size and mobility of subadult and adult anadromous bull trout, the Service
believes that the incidence rate of entanglement, entrapment, and/or stranding must be very low
across the whole of the industry. However, shellfish farms occupy tens of thousands of
nearshore marine acres in Washington State, and overlap significantly with habitats that are
regularly used by anadromous bull trout (e.g., approximately 12,000 acres of designated bull
trout critical habitat). Therefore, the Service concludes with reasonable certainty that there will
be limited instances of individual bull trout injury or mortality over the 20-year term of the
programmatic (2016 to 2036). We expect that instances of bull trout injury or mortality will
occur more frequently in the north Puget Sound, where anadromous bull trout are relatively more
abundant, and will occur less frequently in the other four geographic sub-areas (Willapa Bay,
Grays Harbor, Hood Canal, and south Puget Sound). The Service expects that a maximum of six
(6) subadult or adult bull trout will be injured or killed in the north Puget Sound over the 20-year
term of the programmatic. We expect that a maximum of two (2) subadult or adult bull trout will
be injured or killed in each of the other four geographic sub-areas (Willapa Bay, Grays Harbor,
Hood Canal, and south Puget Sound) over the 20-year term of the programmatic (2016 to 2036).

Shellfish culturing and harvesting activities have direct and indirect effects to nearshore marine
habitat structure, function, and productivity. These effects may have significance for how well
these habitats support the essential behaviors and needs of listed species, including bull trout that
forage in the marine environment. The Service expects there will be measurable losses of native
eelgrass and rooted kelp production. We expect that there will be measurable losses of
associated ecosystem services, including habitat functions and prey production that are important
to bull trout. The Service expects there will be measurable, temporal losses of marine forage fish
spawning habitat and production.

However, the Service also expects that most of these impacts and measurable losses will be
temporary. In most cases, and in most settings, we expect that much of the lost production and
function will be recovered over time. The weight of available evidence suggests and leads the
Service to conclude that permanent losses of submerged aquatic vegetation, production, and
function will not be typical of most outcomes.

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of marine forage fish spawning habitat and production will be uncommon, and not typical
of most outcomes. The Service does not expect that permanent losses attributable to shellfish
activities will be measurable at the scale of the five geographic sub-areas (Willapa Bay, Grays
Harbor, Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g.,
Willapa Bay), or sub-basin (e.g., Totten Inlet, Samish Bay). We expect that these temporal
losses will rarely, if ever, occur at a scale, or with a duration or severity, sufficient to measurably
reduce the quality or availability of bull trout prey resources in any portion of the action area.

Ecological carrying capacity is a useful concept for thinking about the possible erosion or loss of
ecosystem services, and resulting consequences, under a scenario of pervasive and extremely
high shellfish culturing densities. While we do not deny the role or significance of social
carrying capacity and public acceptance, those aspects are beyond the scope of the Service’s
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considerations. Available information leads us to conclude it is unlikely that the projected
20-year future growth of the industry will approach or exceed ecological carrying capacity
within the action area.

Bull trout will be exposed to the measurable, persistent and long-term effects of regulated
shellfish activities. The Service expects that persistent and long-term stressors and exposures
resulting directly and indirectly from continuing and proposed, new shellfish activities and farms
will in some instances have adverse effects to bull trout. However, we are not able to
demonstrate that exposures are reasonably certain to result in a significant disruption of normal
bull trout behaviors (i.e., the ability to successfully feed, move, and/or shelter). The best
available information is currently insuffcient to demonstrate that persistent and long-term
stressors and exposures are reasonably certain to result in measurable adverse effects to
energetics, growth, fitness, or long-term survival (injury or mortality).

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for continuing and proposed, new shellfish activities and farms, will not
appreciably reduce or diminish the current, known distribution of anadromous bull trout in
Washington’s inland marine waters, and will not appreciably reduce or diminish bull trout
numbers (abundance) or reproduction (productivity) at the scale of the local populations, core
areas, or coterminous range. The anticipated direct and indirect effects of the action, combined
with the effects of interrelated and interdependent actions, and the cumulative effects associated
with future State, tribal, local, and private actions will not appreciably reduce the likelihood of
survival and recovery of the species. The anticipated direct and indirect effects of the action
(permanent and temporary) will not measurably reduce bull trout reproduction, numbers, or
distribution at the scale of the core areas or Coastal Recovery Unit. The anticipated direct and
indirect effects of the action will not alter the status of the bull trout at the scale of the Coastal
Recovery Unit or coterminous range.

The proposed action will have measurable direct and indirect effects to the PCEs of designated
bull trout critical habitat. The proposed action will have measurable, temporary adverse effects
to PCE #3 (food base, including marine forage fish) and PCE #4 (complex marine shoreline
aquatic environments and processes). The Service does not expect permanent adverse effects to
any of the PCEs. The Service concludes that the proposed action, consisting of the issuance of
Corps permits and permit verifications for continuing and proposed, new shellfish activities and
farms, will not prevent designated nearshore marine critical habitat from functioning as intended.

Within the action area, the PCEs of designated bull trout critical habitat will remain functional,
and designated critical habitat will continue to serve its intended conservation role. The
anticipated direct and indirect effects of the action, combined with the effects of interrelated and
interdependent actions, and the cumulative effects associated with future State, tribal, local, and
private actions will not prevent the PCEs of critical habitat from being maintained, and will not
degrade the current ability to establish functioning PCEs at the scale of the action area. Critical
habitat within the action area will continue to serve the intended conservation role for the species
at the scale of the core areas, Coastal Recovery Unit, and coterminous range.
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INTEGRATION AND SYNTHESIS OF EFFECTS (MARBLED MURRELET)

The Integration and Synthesis section is the final step in assessing the risk posed to species and
critical habitat as a result of implementing the proposed action. In this section, we add the
effects of the action and cumulative effects to the status of the species and critical habitat, and
the environmental baseline, to formulate our Opinion as to whether the proposed action is likely
to: (1) appreciably reduce the likelihood of both survival and recovery of the species in the wild
by reducing its numbers, reproduction, or distribution; or (2) reduce the value of designated
critical habitat for the conservation of the species.

Shellfish culturing and harvesting activities result in measurable, temporary impacts to water
quality. Where these temporary impacts to water quality are concerned, our primary focus is on
four biologically and behaviorally relevant water quality parameters: turbidity, DO, BOD, and
nutrients (e.g., nitrogen and ammonium). Shellfish activities result in temporary impacts that are
localized, limited in physical extent, and low intensity.

Shellfish provide important benefits in the form of ecosystem services. The Service expects that
shellfish activities will, in the majority of cases, provide significant long-term benefits in the
form of improved water quality and sequestration of carbon and nutrients. These ecosystem
services may be important as a means to control and prevent the effects of excess nutrient
additions occurring elsewhere in the contributing watersheds. These ecosystem services may
also lessen or counteract the potential for climate-induced ocean acidification and hypoxia.

Marbled murrelets, their habitat, and prey resources will be exposed to shellfish activities,
including foreseeable temporary and long-term impacts to water and sediment quality. However,
with successful implementation of the included conservation measures, we conclude that
shellfish activities will not have adverse effects to water or sediment quality, and related direct
and indirect effects to marbled murrelets will be insignificant, or measurable and beneficial.

Shellfish culturing and harvesting activities result in impacts to the sound and visual
environment. Most effects are temporal and limited in both physical extent and duration.
Taking into consideration both the geographic setting (i.e., an open water marine environment),
and the intensity and duration of exposures, temporary sound and visual disturbance resulting
from shellfish activities is unlikely to significantly disrupt normal marbled murrelet behaviors
(i.e., the ability to successfully feed, move, and/or shelter). The Service concludes that these
temporary exposures will not result in direct injury or mortality, a significant disruption of
normal behaviors (i.e., the ability to successfully feed, move, and/or shelter), or measurable
adverse effects to energetics, growth, fitness, or long-term survival. However, these general
conclusions regarding shellfish activities do not extend to the practice of intentionally hazing
wildlife. Growers and farm operators who engage in intentional wildlife hazing should educate
themselves and understand their liabilities under the Migratory Bird Treaty Act, Bald and Golden
Eagle Protection Act, and ESA (see Temporary Stressors, Resulting Exposures, and Effects,
Intentional Hazing of Wildlife).
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Shellfish activities frequently involve or require placement of culturing equipment and materials
on and over the bed (e.g., nets, bags, racks, stakes, longlines, and tubes). These materials are not
generally an impediment to movement. To our knowledge, there have been no reported
instances of marbled murrelets becoming entrapped or entangled in shellfish culturing
equipment. Available information suggests that exposure of marbled murrelets is likely to occur
very infrequently, if at all. We conclude that exposures are not discountable (“extremely
unlikely”). However, the Service is not able to demonstrate that potential exposures are
reasonably certain to result in a significant disruption of normal marbled murrelet behaviors (i.e.,
the ability to successfully feed, move, and/or shelter) or instances of direct injury or mortality.

Shellfish culturing and harvesting activities have direct and indirect effects to nearshore marine
habitat structure, function, and productivity. These effects may have significance for how well
these habitats support the essential behaviors and needs of listed species, including marbled
murrelets. The Service expects there will be measurable losses of native eelgrass and rooted kelp
production. We expect that there will be measurable losses of associated ecosystem services,
including habitat functions and prey production that are important to bull trout. The Service
expects there will be measurable, temporal losses of marine forage fish spawning habitat and
production.

However, the Service also expects that most of these impacts and measurable losses will be
temporary. In most cases, and in most settings, we expect that much of the lost production and
function will be recovered over time. The weight of available evidence suggests and leads the
Service to conclude that permanent losses of submerged aquatic vegetation, production, and
function will not be typical of most outcomes.

The weight of available evidence suggests and leads the Service to conclude that permanent
losses of marine forage fish spawning habitat and production will be uncommon, and not typical
of most outcomes. The Service does not expect that permanent losses attributable to shellfish
activities will be measurable at the scale of the five geographic sub-areas (Willapa Bay, Grays
Harbor, Hood Canal, south and north Puget Sound), at the scale of any whole waterbody (e.g.,
Willapa Bay), or sub-basin (e.g., Totten Inlet, Samish Bay). We expect that these temporal
losses will rarely, if ever, occur at a scale, or with a duration or severity, sufficient to measurably
reduce the quality or availability of marbled murrelet prey resources in any portion of the action
area.

Ecological carrying capacity is a useful concept for thinking about the possible erosion or loss of
ecosystem services, and resulting consequences, under a scenario of pervasive and extremely
high shellfish culturing densities. While we do not deny the role or significance of social
carrying capacity and public acceptance, those aspects are beyond the scope of the Service’s
considerations. Available information leads us to conclude it is unlikely that the projected 20-
year future growth of the industry will approach or exceed ecological carrying capacity within
the action area.

Marbled murrelets will be exposed to the measurable, persistent and long-term effects of

regulated shellfish activities. The Service expects that persistent and long-term stressors and
exposures resulting directly and indirectly from continuing and proposed, new shellfish activities
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and farms will in some instances have adverse effects to marbled murrelets. However, we are
not able to demonstrate that exposures are reasonably certain to result in a significant disruption
of normal marbled murrelet behaviors (i.e., the ability to successfully feed, move, and/or shelter).
The best available information is currently insufficient to demonstrate that persistent and long-
term stressors and exposures are reasonably certain to result in measurable adverse effects to
energetics, growth, fitness, or long-term survival (injury or mortality).

The Service concludes that the proposed action, consisting of the issuance of Corps permits and
permit verifications for continuing and proposed, new shellfish activities and farms, will not
appreciably reduce or diminish the current, known distribution of the marbled murrelet in
Washington’s inland marine waters, and will not appreciably reduce or diminish marbled
murrelet numbers (abundance) or reproduction (productivity) at the scale of the action area,
Conservation Zones 1 (Puget Sound) and 2 (Western Washington Coast Range), or rangewide.
The anticipated direct and indirect effects of the action, combined with the effects of interrelated
and interdependent actions, and the cumulative effects associated with future State, tribal, local,
and private actions will not appreciably reduce the likelihood of survival and recovery of the
species. The anticipated direct and indirect effects of the action (permanent and temporary) will
not measurably reduce marbled murrelet reproduction, numbers, or distribution at the scale of
action area, Conservation Zone 1, or Conservation Zone 2. The anticipated direct and indirect
effects of the action will not alter the status of the marbled murrelet at the scale of Conservation
Zone 1, Conservation Zone 2, or rangewide.

CONCLUSION (BULL TROUT AND DESIGNATED CRITICAL HABITAT)

The Service has reviewed the current rangewide status of the bull trout, the environmental
baseline for the action area, the direct and indirect effects of the proposed action, the effects of
interrelated and interdependent actions, and the cumulative effects that are reasonably certain to
occur in the action area. It is the Service’s Biological Opinion that the action, as proposed, will
not appreciably reduce the likelihood of survival and recovery of the bull trout in the wild. The
action, as proposed, is not likely to jeopardize the continued existence of the bull trout. It is the
Service’s Biological Opinion that the action, as proposed, will not destroy or adversely modify
designated bull trout critical habitat.

CONCLUSION (MARBLED MURRELET)

The Service has reviewed the current rangewide status of the marbled murrelet, the
environmental baseline for the action area, the direct and indirect effects of the proposed action,
the effects of interrelated and interdependent actions, and the cumulative effects that are
reasonably certain to occur in the action area. It is the Service’s Biological Opinion that the
action, as proposed, will not appreciably reduce the likelihood of survival and recovery of the
marbled murrelet in the wild. The action, as proposed, is not likely to jeopardize the continued
existence of the marbled murrelet.
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INCIDENTAL TAKE STATEMENT

Section 9 of the ESA and federal regulation pursuant to section 4(d) of the ESA prohibit the take
of endangered and threatened species, respectively, without special exemption. Take is defined
as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to
engage in any such conduct. Harm is defined by the Service as an act which actually kills or
injures wildlife. Such an act may include significant habitat modification or degradation where it
actually kills or injures wildlife by significantly impairing essential behavior patterns, including
breeding, feeding, or sheltering (50 CFR 17.3). Harass is defined by the Service as an
intentional or negligent act or omission which creates the likelihood of injury to wildlife by
annoying it to such an extent as to significantly disrupt normal behavioral patterns which

include, but are not limited to, breeding, feeding, or sheltering (50 CFR 17.3). Incidental take is
defined as take that is incidental to, and not the purpose of, the carrying out of an otherwise
lawful activity. Under the terms of section 7(b)(4) and section 7(0)(2), taking that is incidental to
and not intended as part of the agency action is not considered to be prohibited taking under the
ESA provided that such taking is in compliance with the terms and conditions of this Incidental
Take Statement.

The measures described below are non-discretionary, and must be undertaken by the Corps so
that they become binding conditions of any grant or permit issued to Corps permit applicants, as
appropriate, for the exemption in section 7(0)(2) to apply. The Corps has a continuing duty to
regulate the activity covered by this Incidental Take Statement. If the agency 1) fails to assume
and implement the terms and conditions, or 2) fails to require applicants to adhere to the terms
and conditions of the Incidental Take Statement through enforceable terms that are added to the
permit or grant document, the protective coverage of section 7(0)(2) may lapse. In order to
monitor the impact of incidental take, the Corps must report the progress of the action and its
impact on the species as specified in this Incidental Take Statement [50 CFR 402.14(i)(3)].

The Service does not anticipate that the proposed action will incidentally take marbled murrelets.
The Service must provide a reasoned basis for a likelihood of take in order to anticipate and
exempt it. Since no marbled murrelet take is anticipated or exempted, no related reasonable and
prudent measures or terms and conditions are provided below. If take of marbled murrelets is
detected during implementation of the proposed action, reinitiation of formal consultation should
be requested, and any operations causing such take must cease pending the outcome of the
reinitiated consultation.

AMOUNT OR EXTENT OF TAKE

The Service expects that take of anadromous subadult and adult bull trout, in the form of harm,
will result from the proposed action. The Service expects take in each of the five geographic
sub-areas (Willapa Bay, Grays Harbor, Hood Canal, south and north Puget Sound). Anadromous
bull trout from any of the Puget Sound and coastal Washington core areas may be taken (Puget
Sound: Nooksack, Lower Skagit, Stillaguamish, Snohomish-Skykomish, Puyallup, Skokomish,
Dungeness, and Elwha River bull trout core areas; Coastal Washington: Hoh, Queets, and
Quinault River bull trout core areas).
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The Service expects that incidental take of bull trout will be difficult to detect or quantify for the
following reasons: 1) the low likelihood of finding dead or injured adults or subadults; 2)
delayed mortality; and, 3) losses may be masked by seasonal fluctuations in numbers.

1. Incidental take of subadult and adult bull trout, in the form of harm (injury or mortality),
as a direct effect of entrapment or entanglement in shellfish culturing equipment,
stranding behind berms or dikes, and/or stranding within pools impounded by or around
shellfish culturing equipment.

a. A maximum of six (6) subadult or adult bull trout will be harmed in the north Puget
Sound geographic sub-area over the 20-year term of the programmatic (2016 to
2036).

b. A maximum of two (2) subadult or adult bull trout will be harmed in each of the other
four geographic sub-areas (Willapa Bay, Grays Harbor, Hood Canal, and south Puget
Sound) over the 20-year term of the programmatic (2016 to 2036); a total of eight (8)
subadult or adult bull trout.

EFFECT OF THE TAKE

In the accompanying Opinion, the Service determined that the level of anticipated take is not
likely to result in jeopardy to the species (bull trout) or destruction or adverse modification of
critical habitat (designated bull trout critical habitat).

REASONABLE AND PRUDENT MEASURES
1. Minimize and monitor incidental take caused by entrapment or entanglement in shellfish
culturing equipment, stranding behind berms or dikes, and/or stranding within pools
impounded by or around shellfish culturing equipment.
The proposed action incorporates conservation measures which we expect will avoid and

minimize the direct loss of bull trout individuals. We expect that the Corps will fully implement
the conservation measures, and therefore they have not been identified as terms and conditions.
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TERMS AND CONDITIONS

1. The Corps shall include permit language requiring that all growers/farm operators, when
performing other activities on-site, shall inspect for and document any salmonids that are
entrapped or entangled in shellfish culturing equipment, stranded behind berms or dikes,
or stranded within pools impounded by or around shellfish culturing equipment. The
permit language shall provide for immediate notification (within 24 hours) to the Corps,
NMFS, and the Service. The permit language shall require a written and photographic
record of the event, including dates, species identification, number of individuals, and
final disposition.

2. The Corps shall compile information annually and submit a report to the Service
(Washington Fish and Wildlife Office, Consultation and Conservation Planning Division,
Attn: Federal Activities Branch Manager) by March 1 each year.

3. The Corps shall obtain, compile, and submit to the Service by March 1, 2017,
information to describe the ongoing use and prevalence of berms or dikes on the upper
intertidal bed: number of current, authorized berms or dikes; permittee, grower or farm
operator, name and location; position, length, and current condition of the berm(s) or
dike(s). Alternatively, the Corps shall collect this information from applicants during
pending permit reauthorizations and shall provide this information in a report to the
Service (Washington Fish and Wildlife Office, Consultation and Conservation Planning
Division, Attn: Federal Activities Branch Manager) by March 1 each year.

The Service is to be notified within 24 hours upon locating a dead, injured, or sick endangered or
threatened species specimen. Initial notification must be made to the nearest U.S. Fish and
Wildlife Service Law Enforcement Office. Notification must include the date, time, precise
location of the injured animal or carcass, and any other pertinent information. Care should be
taken in handling sick or injured specimens to preserve biological materials in the best possible
state for later analysis of cause of death, if that occurs. In conjunction with the care of sick or
injured endangered or threatened species or preservation of biological materials from a dead
animal, the finder has the responsibility to ensure that evidence associated with the specimen is
not unnecessarily disturbed. Contact the U.S. Fish and Wildlife Service Law Enforcement
Office at (425) 883-8122, or the Service’s Washington Fish and Wildlife Office at (360) 753-
9440.

CONSERVATION RECOMMENDATIONS

Section 7(a)(1) of the ESA directs federal agencies to utilize their authorities to further the
purposes of the ESA by carrying out conservation programs for the benefit of endangered and
threatened species. Conservation recommendations are discretionary agency activities to
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to
help implement recovery plans, or to develop information.
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The Corps has included conservation measures as elements of their proposed action (Corps 2015,
pp. 49-53). Permits and permit verifications issued by the Corps will incorporate these
conservation measures as enforceable permit conditions. Permits and permit verifications issued
by the Corps will include permit conditions addressing security of culturing equipment used on
the tidelands, spill prevention and containment, avoidance of native eelgrass and rooted kelp,
performance of marine forage fish spawn surveys, and other related restrictions designed to
protect fish and wildlife, aquatic resources, and water quality.

If a Corps permit applicant or group of applicants cannot or will not commit to fully
implementing the conservation measures, the issuance of that permit or permit verification
cannot be covered under the programmatic consultation, and case-by-case consideration and
individual section 7 ESA consultations will be required. Growers and farm operators who seek
coverage under the programmatic consultation, but who also fail to fully comply with these
conservation measures (where applicable), will not satisfy the requirements of their Corps permit
and are potentially liable under provisions of the ESA.

The Corps has excluded 14 specific activities from programmatic coverage (Corps 2015, p. 39).
The Corps has indicated that the following activity is specifically excluded from coverage under
the programmatic consultation (Corps 2015, p. 39): Any form of chemical application to control
undesired species (e.g., non-native eelgrass, Zostera japonica; ghost shrimp, Neotrypaea
californiensis; mud shrimp, Upogebia pugettensis).

Service Comment and/or Recommendation — The Service assumes and expects that the Corps
will actively solicit information from their applicants about all of the excluded activities,
including chemical applications, prior to approving coverage under the programmatic
consultation, and before issuing permits or permit verifications. Growers and farm operators
who seek coverage under the programmatic consultation, but who also engage in any of the
excluded activities (including chemical application to control undesired species), will not satisfy
the requirements of their Corps permit and are potentially liable under the provisions of the ESA.

In the event that a Corps applicant or group of applicants has been issued a valid State permit(s)
to engage in application of herbicides or pesticides to the bed or waters, the Service expects that
the Corps will confirm compliance with the procedural requirements of the ESA before issuing a
permit or permit verification under this programmatic. We recommend that the Corps include
relevant language to collect this information in the Programmatic ESA Consultation Specific
Project Information Form. The Corps has a continuing obligation to implement the
programmatic and will only do so successfully if the Corps acts on good information to
effectively exclude each and all of the prohibited activities.
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REINITIATION NOTICE

This concludes formal consultation on the action(s) outlined in the Corps’ request. As provided
in 50 CFR 402.16, reinitiation of formal consultation is required where discretionary federal
agency involvement or control over the action has been retained (or is authorized by law) and if:
1) the amount or extent of incidental take is exceeded; 2) new information reveals effects of the
agency action that may affect listed species or critical habitat in a manner or to an extent not
considered in this opinion; 3) the agency action is subsequently modified in a manner that causes
an effect to the listed species or critical habitat not considered in this opinion; or 4) a new species
is listed or critical habitat designated that may be affected by the action. In instances where the
amount or extent of incidental take is exceeded, any operations causing such take must cease
pending reinitiation.

209



LITERATURE CITED

Abbott, R.R., J.A. Reyff, and G. Marty. 2005. Monitoring the effects of conventional pile
driving on three species of fish. Prepared by Strategic Environmental Consulting for
Manson Construction Company, Richmond, California. April 8, 2005. 131pp.

Agness, A.M., J.F. Piatt, J.C. Ha, and G.R. Vanblaricom. 2008. Effects of vessel activity on the
near-shore ecology of Kittlitz’s Murrelets (Brachyramphus brevirostris) in Glacier Bay,
Alaska. The Auk 125(2):346-353.

Aragon-Noriega, E.A., E. Alcantara-Razo, L.E. Calderon-Aguilera, and R. Sanchez-Fourcade.
2012. Status of geoduck clam fisheries in Mexico. Journal of Shellfish Research 31:733-
738 In Straus, K.M., P.S. McDonald, L.M. Crosson, and B. Vadopalas. 2013. Effects
of geoduck aquaculture on the environment: a synthesis of current knowledge.
Washington Sea Grant Technical Report WSG-TR 13-02 (November 2013). Seattle,
Washington. 52pp.

Avery-Gomm, S., J.F. Provencher, K.H. Morgan, and D.F. Bertram. 2013. Plastic ingestion in
marine-associated bird species from the eastern North Pacific. Marine Pollution Bulletin
72(1):257-259.

Avio, C.G., S. Gorbi, M. Milan, M. Benedetti, D. Fattorini, G. d’Errico, M. Pauletto, L.
Bargelloni, and F. Regoli. 2015. Pollutants bioavailability and toxicological risk from
microplastics to marine mussels. Environmental Pollution 198:211-222.

Ayers, R.A. 2006. Discarded and abandoned aquaculture clam netting on the Atlantic barrier
islands on the Eastern Shore of Virginia (2006 Report). Prepared for the Virginia Eastern
Shorekeeper, Eastville, Virgina. 19pp.

Banas, N.S., B.M. Hickey, and P. MacCready. 2004. Dynamics of Willapa Bay, Washington: a
highly unsteady, partially mixed estuary. Journal of Physical Oceanography 34:2413-
24217.

Banas, N.S., and W. Cheng. 2015. An oceanographic circulation model for south Puget Sound.
pp. 59-69 In Washington Sea Grant. 2015. Shellfish aquaculture in Washington State.
Final report to the Washington State Legislature. Seattle, Washington. 84pp.

Bargmann, G. 1998. Forage fish management plan: a plan for managing the forage fish
resources and fisheries of Washington. Olympia, Washington. January 24, 1998. 66pp.

Barnes, R., H. King, and C.G. Carter. 2011. Hypoxia tolerance and oxygen regulation in
Atlantic salmon, Salmo salar from a Tasmanian population. Aquaculture 318:397-401.

Bash, J., C.H. Berman, and S. Bolton. 2001. Effects of turbidity and suspended solids on
salmonids. Center for Streamside Studies, University of Washington, Seattle,
Washington. November 2001. 72 pp.

210



Beauchamp, W.D., F. Cooke, C. Lougheed, L.W. Lougheed, C.J. Ralph, and S. Courtney. 1999.
Seasonal movements of marbled murrelets: evidence from banded birds. Condor
101(3):671-674.

Beck, M\W., K.L. Heck Jr., K.W. Able, D.L. Childers, D.B. Eggleston, B.M. Gillanders, B.
Halpern, C.G. Hays, K. Hoshino, T.J. Minello, R.J. Orth, P.F. Sheridan, and M.P.
Weinstein. 2001. The identification, conservation, and management of estuarine and
marine nurseries for fish and invertebrates. BioScience 51(8):633-641.

Beissinger, S.R. 1995. Population trends of the marbled murrelet projected from demographic
analyses. Chapter 37, pp. 385-393 In Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and J.F.
Piatt, eds. 1995. Ecology and conservation of the marbled murrelet. U.S. Department of
Agriculture, U.S. Forest Service, Pacific Southwest Research Station (Albany,
California), Gen Tech. Rep. PSW-GTR-152. 420pp.

Beissinger, S.R., and N. Nur. 1997. Population trends of the marbled murrelet projected from
demographic analysis. Pages B1-B35 In U.S. Fish and Wildlife Service. 1997.
Recovery plan for the threatened marbled murrelet (Brachyramphus marmoratus) in
Washington, Oregon and California. Portland, Oregon. 203pp.

Beissinger, S.R., and M.Z. Peery. 2007. Reconstructing the historic demography of an
endangered seabird. Ecology 88(2): 296-305.

Bendell, L.I., and P.C.Y. Wan. 2011. Application of aerial photography in combination with
GIS for coastal management at small spatial scales: a case study of shellfish aquaculture.
Journal of Coast Conservation 15(4):417-431.

Bendell, L.I. 2014. Evidence for declines in the native Leukoma staminea as a result of the
intentional introduction of the non-native Venerupis philippinarum in coastal British
Columbia, Canada. Estuaries and Coasts 37:369-380.

Bendell, L.I. 2015. Favored use of anti-predator netting (APN) applied for the farming of clams
leads to little benefits to industry while increasing nearshore impacts and plastics
pollution. Marine Pollution Bulletin 91:22-28.

Bindoff, N.L., J. Willebrand, V. Artale, A. Cazenave, and J.M. Gregory. 2007. Observations:
oceanic climate change and sea level. In Climate Change 2007: the physical science
basis: contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, ed. S. Solomon, D. Qin, M. Manning, Z.
Chen, M. Marquis, et al., pp. 385-432. Cambridge: Cambridge University Press. in
Doney, S.C., M. Ruckelshaus, J. E. Duffy, J.P. Barry, F. Chan, C.A. English, H.M.
Galindo, J.M. Grebmeier, A.B. Hollowed, N. Knowlton, J. Polovina, N.N. Rabalais, W.J.
Sydeman, and L.D. Talley. 2012. Climate change impacts on marine ecosystems.
Annual Review of Marine Science 4:11-37.

Blight, L.K., and A.E. Burger. 1997. Occurence of plastic particles in seabirds from the eastern
North Pacific. Marine Pollution Bulletin 34(5):323-325.

211



Bond, A.L., J.F. Provencher, R.D. Elliot, P.C. Ryan, S. Rowe, I.L. Jones, G.J. Robertson, and
S.I. Wilhelm. 2013. Ingestion of plastic marine debris by common and thick-billed
murres in the northwestern Atlantic from 1985 to 2012. Marine Pollution Bulletin
77:192-195.

Bostrom, C., E.L. Jackson, and C.A. Simenstad. 2006. Seagrass landscapes and their effects on
associated fauna: a review. Estuarine, Coastal, and Shelf Science 68:383-403.

Brown, R.A. and E.V. Thuesen. 2011. Biodiversity of mobile benthic fauna in geoduck
(Panopea generosa) aquaculture beds in southern Puget Sound, Washington. Journal of
Shellfish Research 30(3):771-776.

Burger, A.E. 1995a. Inland habitat associations of marbled murrelets in British Columbia.
Chapter 16, pp. 151-161 In Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds.
1995. Ecology and conservation of the marbled murrelet. U.S. Department of
Agriculture, U.S. Forest Service, Pacific Southwest Research Station (Albany,
California), Gen Tech. Rep. PSW-GTR-152. 420pp.

Burger, A.E. 1995b. Marine distribution, abundance, and habitats of marbled murrelets in
British Columbia. Chapter 29, pp. 295-312 In Ralph, C.J., G.L. Hunt Jr., M.G. Raphael,
and J.F. Piatt, eds. 1995. Ecology and conservation of the marbled murrelet. U.S.
Department of Agriculture, U.S. Forest Service, Pacific Southwest Research Station
(Albany, California), Gen Tech. Rep. PSW-GTR-152. 420pp.

Burkett. E.E. 1995. Marbled murrelet food habits and prey ecology. Chapter 22, pp. 223-246
In Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds. 1995. Ecology and
conservation of the marbled murrelet. U.S. Department of Agriculture, U.S. Forest
Service, Pacific Southwest Research Station (Albany, California), Gen Tech. Rep. PSW-
GTR-152. 420pp.

Canadell, J.G., C. Le Quere, M.R. Raupach, C.B. Field, E.T. Buitenhuis, P. Ciais, T.J. Conway,
N.P. Gillett, R.A. Houghton, and G. Marland. 2007. Contributions to accelerating
atmospheric CO, growth from economic activity, carbon intensity, and efficiency of
natural sinks. Proc. Natl. Acad. Sci. U.S.A., 104(18):866-18,870 In Feely, R.A., C.L.
Sabine, R.H. Byrne, F.J. Millero, A.G. Dickson, R. Wanninkhof, A. Murata, L.A. Miller,
and D. Greeley. 2012. Decadal changes in the aragonite and calcite saturation state of
the Pacific Ocean. Global Biogeochemical Cycles 26: 15pp.

Carter, H.R. 1984. At-sea biology of the marbled murrelet (Brachyramphus marmoratus) in
Barkley Sound, British Columbia. Winnipeg: University of Manitoba. M.Sc. Thesis.
143pp. In Burkett. E.E. 1995. Marbled murrelet food habits and prey ecology. Chapter
22, pp. 223-246 in Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds. 1995.
Ecology and conservation of the marbled murrelet. U.S. Department of Agriculture, U.S.
Forest Service, Pacific Southwest Research Station (Albany, California), Gen Tech. Rep.
PSW-GTR-152. 420pp.

212



Carter, H.R., M.L.C. McAllister, and M.E. Isleib. 1995. Mortality of marbled murrelets in gill
nets in North America. Chapter 27, pp. 271-283 In Ralph, C.J., G.L. Hunt Jr., M.G.
Raphael, and J.F. Piatt, eds. 1995. Ecology and conservation of the marbled murrelet.
U.S. Department of Agriculture, U.S. Forest Service, Pacific Southwest Research Station
(Albany, California), Gen Tech. Rep. PSW-GTR-152. 420pp.

Cauwenberghe, L.V., and C.R. Janssen. 2014. Microplastics in bivalves cultured for human
consumption. Environmental Pollution 193:65-70.

Cederholm, C.J., and L.M. Reid. 1987. Impact of forest management on coho salmon
(Oncorhynchus kisutch) populations of the Clearwater River, Washington: A project
summary. Pages 373-398 In E.O. Salo, and T.W. Cundy, eds. Streamside management:
Forestry and fishery interactions. University of Washington Institute of Forest Resource
Contribution 57.

Coen, L.D., R.D. Brumbaugh, D. Bushek, R. Grizzle, M.W. Luckenbach, M.H. Posey, S.P.
Powers, and S.G. Tolley. 2007. Ecosystem services related to oyster restoration. Marine
Ecology Progress Series 341:303-307.

Cole, M., P. Lindeque, C. Halsband, and T.S. Galloway. 2011. Microplastics as contaminants in
the marine environment: a review. Marine Pollution Bulletin 62:2588-2597.

Collie, J.S., S.J. Hall, M.J. Kaiser, and I.R. Poiner. 2000. A quantitative analysis of fishing
impacts on shelf-sea benthos. Journal of Animal Ecology 69:785-798.

Congress of the United States, House of Representatives, Derek Kilmer, 6th District, Washington
(U.S. Congress, House of Representatives, 6th District, Washington). 2015. Letter from
the U.S. Congress-House of Representatives to Jo-Ellen Darcy, Assistant Secretary of the
Army for Civil Works, Re: A Proposed Permitting Action for Cultivation of Shellfish in
Fallow Areas. March 13, 2015. 3pp.

Curry, R.A., and W.S. MacNeill. 2004. Population-level responses to sediment during early life
in brook trout. Journal of the North American Benthological Society 23(1): 140-150.

Cury, P.M,, I.L. Boyd, S. Bonhommeau, T. Anker-Nilssen, R.J.M. Crawford, R.W. Furness, J.A.
Mills, E.J. Murphy, H. Osterblom, M. Paleczny, J.F. Piatt, J. Roux, L. Shannon, and W.J.
Sydeman. 2011. Global seabird response to forage fish depletion: one-third for the birds.
Science 334:1703-1706.

Davis I, W., and A.G. Murphy. 2015. Plastic in surface waters of the Inside Passage and
beaches of the Salish Sea in Washington State. Marine Pollution Bulletin 97:169-177.

Day, R.H., A.K. Prichard, and D.A. Nigro. 2003. The ecological specialization and overlap of
Brachyramphus murrelets in Prince William Sound, Alaska. The Auk 120(3):680-699.

Dealteris, J.T., B.D. Kilpatrick, and R.B. Rheault. 2004. A comparative evaluation of the
habitat value of shellfish aquaculture gear, submerged aquatic vegetation, and a non-
vegetated seabed. Journal of Shellfish Research 23(3): 867-874.

213



Doney, S.C., M. Ruckelshaus, J. E. Duffy, J.P. Barry, F. Chan, C.A. English, H.M. Galindo, J.M.
Grebmeier, A.B. Hollowed, N. Knowlton, J. Polovina, N.N. Rabalais, W.J. Sydeman, and
L.D. Talley. 2012. Climate change impacts on marine ecosystems. Annual Review of
Marine Science 4:11-37.

Dooling, R.J., Lohr, B. and M.L. Dent. 2000. Hearing in birds and reptiles. pp. 308-359 In
R.J. Dooling, A.N. Popper, and R.R. Fay, eds. Comparative hearing: birds and reptiles.
New York: Springer-Verlag. in Science Applications International Corporation (SAIC).
2012. Marbled murrelet hydroacoustic Science Panel I1: Final Report. Prepared for U.S.
Deaprtment of the Navy, NAVFAC Northwest, Bothell, Washington. 33pp.

Dumbauld, B.R., J.L. Ruesink, and S.S. Rumrill. 2009. The ecological role of bivalve shellfish
aquaculture in the estuarine environment: a review with application to oyster and clam
culture in West Coast (USA) estuaries. Aquaculture 290(3-4):196-223.

Dumbauld, B.R., and L.M. McCoy. 2015. Effect of oyster aquaculture on seagrass Zostera
marina at the estuarine landscape scale in Willapa Bay, Washington (USA). Aquaculture
Environment Interactions 7:29-47.

Dunham, J.B. 2015. Final report for rangewide climate vulnerability assessment for threatened
bull trout. Report submitted to Northwest Climate Science Center. U.S. Geological
Survey, Forest and Rangeleand Ecosystem Science Center, Corvallis, Oregon. 47pp.

Eby, L.A., O. Helmy, L.M. Holsinger, and M.K.Young. 2014. Evidence of climate-induced
range contractions in bull trout Salvelinus confluentus in a Rocky Mountain watershed.
U.S.A. PL0oS ONE 9(6): €98812. doi:10.1371/journal.pone.0098812 In U.S. Fish and
Wildlife Service (USFWS). 2015a. Recovery plan for the coterminous U.S. population
of bull trout (Salvelinus confluentus). U.S. Fish and Wildlife Service, Pacific Region,
Portland, Oregon. 195pp. Available On-Line at < http://www.fws.gov/pacific/
bulltrout/pdf/Final_Bull_Trout_Recovery Plan_092915.pdf >

Entranco, Inc. and Hamer Environmental. 2005. Marbled murrelet hazing report: State Route
104, Hood Canal Bridge east-half replacement and west-half retrofit project. Prepared
for the Washington State Department of Transportation, Olympic Region. Bellevue and
Mount Vernon, Washington. 22pp., plus appendices.

ENVIRON International Corporation. 2011. Biological Evaluation of potential impacts from a
proposed geoduck aquaculture farm to ESA-listed species, Essential Fish Habitat, and
forage fish in Totten Inlet, Mason County, Washington (Reference No. NWS-2010-
1237). Prepared for Taylor Shellfish Farms, Shelton, Washington. 98pp.

Evans, D., and Associates, Inc. 1999. Environmental baseline assessment for Chinook salmon
(Oncorhynchus ishawytscha) and native char (Salvelinus confluentus, Salvelinus malma)
in the Sauk River and Sauk River Forks fifth-field watersheds. Prepared for Mt. Baker
Snoqualmie National Forest, April 30, 1999. 13pp.

214



Falxa, G., J. Baldwin, D. Lynch, S.L. Miller, S.K. Nelson, S.F. Pearson, M.G. Raphael, C.
Strong, T. Bloxton, B. Galleher, B. Hogoboom, M. Lance, and R. Young. 2011.
Marbled murrelet effectiveness monitoring, Northwest Forest Plan: 2009 and 2010
summary report. 26pp. In U.S. Fish and Wildlife Service. 2012. Report on the marbled
murrelet Recovery Implementation Team meeting and stakeholder workshop. Western
Washington Fish and Wildlife Office, Lacey, Washington. April 17, 2012. 22pp., plus
appendices.

Feely, R.A., C.L. Sabine, R.H. Byrne, F.J. Millero, A.G. Dickson, R. Wanninkhof, A. Murata,
L.A. Miller, and D. Greeley. 2012. Decadal changes in the aragonite and calcite
saturation state of the Pacific Ocean. Global Biogeochemical Cycles 26: 15pp.

Feist, B.E., J.J. Anderson, and R. Miyamoto. 1992. Potential impacts of pile driving on juvenile
pink (Onchorhynchus gorbuscha) and chum (O. keta) salmon behavior and distribution.
University of Washington, Seattle, Washington. May 1992. 58 pp.

Ferraro, S.P., and F.A. Cole. 2012. Ecological periodic tables for benthic macrofaunal usage of
estuarine habitats: insights from a case study in Tillamook Bay, Oregon, USA. Estuarine,
Coastal, and Shelf Science 102:70-83.

Ferriss, B., J. Reum, P.S. McDonald, D. Farrell, and C.J. Harvey. 2015. Evaluating trophic and
non-trophic effects of shellfish aquaculture in the central Puget Sound food web. pp. 15-
34 In Washington Sea Grant. 2015. Shellfish aquaculture in Washington State. Final
report to the Washington State Legislature. Seattle, Washington. 84pp.

Fewtrell, J.L. 2003. The response of marine finfish and invertebrates to seismic survey noise.
Doctoral thesis. Curtin University of Technology, Perth, Australia.

Fonseca, M.S., W.J. Kenworthy, and G.W. Thayer. 1998. Guidelines for the conservation and
restoration of seagrasses in the United States and adjacent waters. U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, Coastal Ocean Office,
Silver Spring, Maryland. Decision Analysis Series, No. 12 (November 1998). 230pp.

Forchino, A.A. 2010. Development and application of a marine biotic index for the evaluation
of the influence of aquaculture activities on the benthic ecosystem in Mediterranean
coastal areas. University of Insubria, Varese, Department of Biotechnology and
Molecular Sciences. December 2010. 143pp.

Fordjour, K. 2003. Bremerton dolphin replacement - Report of fish kill. Washington State
Department of Transportation, 2 pp.

Forrest, B.M., N.B. Keeley, G.A. Hopkins, S.C. Webb, and D.M. Clement. 2009. Bivalve
aquaculture in estuaries: review and synthesis of oyster cultivation effects. Aquaculture
298:1-15.

215



Gaeckle, J., P. Dowty, H. Berry, and L. Ferrier. 2011. Puget Sound submerged vegetation
monitoring project (2009 Report). Washington State Department of Natural Resources,
Puget Sound Assessment and Monitoring Program, Olympia, Washington. March 7,
2011. 83pp.

Gaeckle, J., P. Dowty, H. Berry, L. Ferrier, B. Christiaen, and M. Hannam. 2015. Puget Sound
submerged vegetation monitoring program (2010-2013 Report). Washington State
Department of Natural Resources, Puget Sound Ecosystem Monitoring Program,
Olympia, Washington. February 27, 2015. 61pp.

Gaspin, J. 1975. Experimental investigations of the effects of underwater explosions on
swimbladder fish, I: 1973 Chesapeake Bay tests. NSWC/WOL/TR 75-58. White Oak
Laboratory, Naval Surface Weapons Center, Silver Spring, Maryland, 76 pp.

Gaspin, J., M.L. Wiley, and G.B. Wiley. 1976. Experimental investigations of the effects of
underwater explosions on swimbladder fish, 11: 1975 Chesapeake Bay tests.
NSWC/WOL/TR 76-61. White Oak Laboratory, Naval Surface Weapons Center, Silver
Spring, Maryland, 65 pp.

Gisiner, R.C., E. Cudahy, G.V. Frisk, R. Gentry, R. Hofman, A.N. Popper, and J.W. Richardson.
1998. Workshop on the effects of anthropogenic noise in the marine environment. In:
Gisiner, R.C., ed. Effects of Anthropogenic Noise in the Marine Environment.
141,February 10-12, 1998, Marine Mammal Science Program, Office of Naval Research,
141 pp.

Godet, L., N. Toupoint, J. Fournier, P. Le Maoc, C. Retiere, and F. Olivier. 2009. Clam farmers
and oystercatchers: effects of the degradation of Lanice conchilega beds by shellfish
farming on the spatial distribution of shorebirds. Marine Pollution Bulletin 58:589-595.

Good, T.P., J.A. June, M.A. Etnier, and G. Broadhurst. 2010. Derelict fishing nets in Puget
Sound and the Northwest Straits: patterns and threats to marine fauna. Marine Pollution
Bulletin 60:39-50.

Goodwin, C.L. 1976. Observations of spawnings and growth of subtidal geoducks (Panope
generosa, Gould). Proceedings of the National Shellfisheries Association 65:49-58 In
Straus, K.M., P.S. McDonald, L.M. Crosson, and B. Vadopalas. 2013. Effects of
geoduck aquaculture on the environment: a synthesis of current knowledge. Washington
Sea Grant Technical Report WSG-TR 13-02 (November 2013). Seattle, Washington.
52pp.

Gorenzel, W.P., F.S. Conte, and T.P. Salmon. 1994. Bird damage at aquaculture facilties.
15pp. In The handbook: prevention and control of wildlife damage. University of
Nebraska (Lincoln, Nebraska), U.S. Department of Agriculture, Animal and Plant Health
Inspection Service, and Great Plains Agricultural Council.

Gorenzel, P., and T. Salmon. 2008. Bird hazing manual: techniques and strategies for
dispersing birds from spill sites. University of California (Davis, California), Agriculture
and Natural Resources Publication No. 21638. 102pp.

216



Goss-Custard , J.D., and N. Verboven. 1993. Disturbance and feeding shorebirds on the Exe
estuary. Wader Study Group Bulletin 68:59-66.

Govoni, J.J., M.A. West, and L.R. Settle. 2008. Effects of underwater explosions on larval fish:
implications for a coastal engineering project. Journal of Coastal Research 24:228-33.

Greene, C., C. Rice, L. Rhodes, B. Beckman, J. Chamberlin, J. Hall, A. Baxter, J. Cordell, and S.
Naman. 2012. Evaluating the status of Puget Sound’s nearshore pelagic foodweb, final
report (November 28, 2012). National Oceanic and Atmospheric Administration, NOAA
Fisheries, Northwest Fisheries Science Center, Seattle, Washington. 76pp.

Guillette, L.J., T.S. Gross, G.R. Masson, J.M. Matter, H.F. Percival, and A.R. Woodward. 1994.
Developmental abnormalities of the gonad and abnormal sex hormone concentrations in
juvenile alligators from contaminated and control lakes in Florida. Environmental Health
Perspectives 102(8):680-688.

Gutierrez, J.L., C.G. Jones, D.L. Strayer, and O.O. Iribarne. 2003. Mollusks as ecosystem
engineers: the role of shell production in aquatic habitats. Oikos 101(1):79-90.

Gutierrez, J.L., C.G. Jones, J.E. Byers, K.K. Arkema, K. Berkenbusch, J.A. Commito, C.M.
Duarte, S.D. Hacker, I.E. Hendriks, P.J. Hogarth, J.G. Lambrinos, M.G. Palomo, and C.
Wild. 2011. Physical ecosystem engineers and the functioning of estuaries and coasts.
113pp. In Heip, C.H.R., C.J.M. Philippart, and J.J. Middelburg, eds. (Volume 7)
Functioning of estuaries and coastal ecosystems. Treatise on Estuarine and Coastal
Science, Elsevier.

Heck, K.L., G. Hays, and R.J. Orth. 2003. Critical evaluation of the nursery role hypothesis for
seagrass meadows. Marine Ecology Progress Series 253:123-136.

Hastings, M.C. and A.N. Popper. 2005. Effects of sound on fish. Contract No. 43A0139, Task
Order, 1. California Department of Transportation, Sacramento, California. January 28,
2005. 82 pp.

Hayes, M.C., S.P. Rubin, R.R. Reisenbichler, F.A. Goetz, E. Jeanes, and A. McBride. 2011.
Marine habitat use by anadromous bull trout from the Skagit River, Washington. Marine
and Coastal Fisheries 3:394-410.

Hilgerloh, G., and L. Young. 2006. (Symposium 30, Introduction) Interactions between coastal
aquaculture, fisheries, and birds. Acta Zoologica Sinica 52(Supplement):535.

Hirai, H., H. Takada, Y. Ogata, R. Yamashita, K. Mizukawa, M. Saha, C. Kwan, C. Moore, H.
Gray, D. Laursen, E.R. Zettler, J.W. Farrington, C.M. Reddy, E.E. Peacock, and M.W.
Ward. 2011. Organic micropollutants in marine plastics debris from the open ocean and
remote and urban beaches. Marine Pollution Bulletin 62:1683-1692.

217



Hoffmann, A., A. Bradbury, and C.L. Goodwin. 2000. Modeling geoduck, Panopea abrupta
(Conrad, 1849) population dynamics. Journal of Shellfish Research 19:57-62 In Straus,
K.M., P.S. McDonald, L.M. Crosson, and B. Vadopalas. 2013. Effects of geoduck
aquaculture on the environment: a synthesis of current knowledge. Washington Sea
Grant Technical Report WSG-TR 13-02 (November 2013). Seattle, Washington. 52pp.

Horwith, M.J. 2013. Changes in seagrass (Zostera marina) and infauna through a five-year crop
cycle of geoduck clams (Panopea generosa) in Samish Bay, Washington. Appendix V,
pp. 107-122 In Washington Sea Grant. 2013. Geoduck aquaculture research program .
Report to the Washington State Legislature. Seattle, Washington. 108pp.

Hosack, G.R., B.R. Dumbauld, J.L. Ruesink, and D.A. Armstrong. 2006. Habitat associations
of estuarine species: comparisons of intertidal mudflat, seagrass (Zostera marina), and
oyster (Crassostrea gigas) habitats. Estuaries and Coasts 29(6B):1150-1160.

Isaak, D.J., C.H. Luce, B.E. Rieman, D.E. Nagel, B.E. Peterson, D.L. Horan, S. Parkes, and G.L.
Chandler. 2010. Effects of climate change and wildfire on stream temperatures and
salmonid thermal habitat in a mountain river network. Ecological Applications 20:1350-
1371.

Isaak, D.J., S. Wollrab, D. Horan, and G. Chandler. 2011. Climate change effects on stream and
river temperatures across the Northwest from 1980-2009 and implications for salmonid
fishes. Climatic Change 113:499-524.

Isaak, D.J., and B.E. Rieman. 2013. Stream isotherm shifts from climate change and
implications for distributions of ectothermic organisms. Global Change Biology 19:742-
751.

Isaak, D.J., M.K. Young, D. Nagel, D. Horan, and M.C. Groce. 2015. The coldwater climate
shield: delineating refugia to preserve salmonid fishes through the 21st century. Global
Change Biology 21:2540-2553.

Independent Scientific Advisory Board (ISAB). 2007. Climate change impacts on Columbia
River basin fish and wildlife. ISAB Climate Change Report. Available On-Line at
< http://mwww.nwcouncil.org/fw/isab/isab2007-2/ > (Accessed March 5, 2015).

Kraan, C., J.A. van Gils, B. Spaans, A. Dekinga, A.l. Bijleveld, M. van Roomen, R. Kleefstra,
and T. Piersma. 2009. Landscape-scale experiment demonstrates that Wadden Sea
intertidal flats are used to capacity by molluscivore migrant shorebirds. Journal of
Animal Ecology 78:1259-1268.

Kramer, D.L. 1987. Dissolved oxygen and fish behavior. Environmental Biology of Fishes
18(2):81-92.

218



Krasnow, L.D., and G.A. Sanger. 1982. Feeding ecology of marine birds in the nearshore
waters of Kodiak Island. OCSEAP Final Rep. 45 (1986). Anchorage, Alaska: U.S.
Department Commerce, National Oceanic and Atmospheric Administration. pp. 505-630
In Burkett. E.E. 1995. Marbled murrelet food habits and prey ecology. Chapter 22, pp.
223-246 in Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds. 1995. Ecology
and conservation of the marbled murrelet. U.S. Department of Agriculture, U.S. Forest
Service, Pacific Southwest Research Station (Albany, California), Gen Tech. Rep. PSW-
GTR-152. 420pp.

Laist, D.W. 1997. Impacts of marine debris: entanglement of marine life in marine debris
including a comprehensive list of species with entanglement and ingestion records.
Chapter 8, 67pp. In Coe, J.M., and D.B. Rogers, eds. 1997. Marine debris: sources,
impacts, and solutions. Springer-Verlag, New York, Inc.

Lance, M.M., and S.F. Pearson. 2016. 2015 Washington at-sea marbled murrelet population
monitoring: Research progress report. Washington Department of Fish and Wildlife,
Wildlife Program, Science Division, Olympia, WA, January 2016. 23pp.

Le Quere, C., etal. 2009. Trends in the sources and sinks of carbon dioxide. Nat. Geosci.,
2(12):831-836 In Feely, R.A., C.L. Sabine, R.H. Byrne, F.J. Millero, A.G. Dickson, R.
Wanninkhof, A. Murata, L.A. Miller, and D. Greeley. 2012. Decadal changes in the
aragonite and calcite saturation state of the Pacific Ocean. Global Biogeochemical
Cycles 26: 15pp.

Lindborg, V.A., J.F. Ledbetter, J.M. Walat, and C. Moffett. 2012. Plastic consumption and diet
of glaucous-winged gulls (Larus glaucescens). Marine Pollution Bulletin 64:2351-2356.

Lynch, D., G. Falxa, J. Baldwin, M.M. Lance, S.K. Nelson, S.F. Pearson, M.G. Raphael, C.
Strong, and R. Young. 2016. Marbled murrelet effectiveness monitoring, Northwest
Forest Plan: 2015 summary report. 19pp.

MacPhail, J.S. 1961. A hydraulic escalator shellfish harvester. Bulletin No. 128, Fisheries
Research Board of Canada, St. Andrews, New Brunswick. 30pp.

Madsen, J.D., P.A. Chambers, W.F. James, E.W. Koch, and D.F. Westlake. 2001. The
interaction between water movement, sediment dynamics, and submersed macrophytes.
Hydrobiologia 444:71-84 In Hosack, G.R., B.R. Dumbauld, J.L. Ruesink, and D.A.
Armstrong. 2006. Habitat associations of estuarine species: comparisons of intertidal
mudflat, seagrass (Zostera marina), and oyster (Crassostrea gigas) habitats. Estuaries and
Coasts 29(6B):1150-1160.

McDonald, P.S., A.W.E. Galloway, K.C. McPeek, and G.R. VanBlaricom. 2013. Effects of
geoduck (Panopea generosa Gould, 1850) aquaculture gear on resident and transient
macrofauna communities of Puget Sound, Washington, USA. Appendix I, pp. 49-71 In
Washington Sea Grant. 2013. Geoduck aquaculture research program . Report to the
Washington State Legislature. Seattle, Washington. 108pp.

219



McShane, C., T. Hamer, H. Carter, G. Swartzman, V. Friesen, D. Ainley, R. Tressler, S.K.
Nelson, A. Burger, L. Spear, T. Mohagen, R. Martin, L. Henkel, K. Prindle, C. Strong,
and J. Keany. 2004. Evaluation report for the 5-year status review of the marbled
murrelet in Washington, Oregon, and California. Unpublished report, EDAW, Inc.,
Seattle, Washington.

MEC — Weston Solutions, Inc. 2004. An assessment of potential impacts of mussel raft culture
to surrounding waters and associated biota of Totten Inlet (October 2004). Prepared for
Taylor Resources, Inc., Shelton, Washington. 83pp.

Meseck, S.L., Y. Li, M.S. Dixon, K. Rivara, G.H. Wikfors, and G. Luther I1l. 2012. Effects of a
commercial, suspended eastern oyster nursery upon nutrient and sediment chemistry in a
temperate, coastal embayment. Aquaculture Environment Interactions 3:65-79.

Millennium Ecosystem Assessment. 2005. Ecosystems and human wellbeing: synthesis. Island
Press, Washington, DC. Available on-line <www.millenniumassessment.org/documents/
document.356.aspx.pdf > In Saurel, C., J.G. Ferreira, D. Cheney, A. Suhrbier, B.
Dewey, J. Davis, and J. Cordell. 2014. Ecosystem goods and services from Manila clam
culture in Puget Sound: a modelling analysis. Aquaculture Environment Interactions
5:255-270.

Moore, C. 2014. Rapidly increasing plastic pollution from aquaculture threatens marine life.
Tulane Environmental Law Journal 27:205-217.

Mote, P., A.K. Snover, S. Capalbo, S.D. Eigenbrode, P. Glick, J. Littell, R. Raymondi, and S.
Reeder. 2014. Chapter 21: Northwest. Pages 487-513 In Climate Change Impacts in
the United States: The Third National Climate Assessment, J.M. Melillo, Terese (T.C.)
Richmond, and G.W. Yohe, Eds., U.S. Global Change Research Program
d0i:10.7930/J04Q7RWX.

Mumford, T.F. 2007. Kelp and eelgrass in Puget Sound. Puget Sound Nearshore Partnership
Report No. 2007-05. Published by Seattle District, U.S. Army Corps of Engineers,
Seattle, Washington. 35pp.

Neckles, H.A., F.T. Short, S. Barker, and B.S. Kopp. 2005. Disturbance of eelgrass Zostera
marina by commercial mussel Mytilus edulis harvesting in Maine: dragging impacts and
habitat recovery. Marine Ecology Progress Series 285:57-73.

Newcombe, C.P., and D.D. MacDonald. 1991. Effects of suspended sediments on aquatic
ecosystems. North American Journal of Fisheries Management 11(1):72-82.

Newell, R.ILE. 2004. Ecosystem influences of natural and cultivated populations of suspension-
feeding bivalve molluscs: a review. Journal of Shellfish Research 23(1):51-61.

New Fields Northwest. 2008. An assessment of potential water column impacts of mussel raft
culture in Totten Inlet (October 2008). Prepared for Taylor Resources, Inc., Shelton,
Washington. 106pp.

220



Norris, K., R.C.A. Bannister, and P.W. Walker. 1998. Changes in the number of oystercatchers
Haematopus ostralegus wintering in the Burry Inlet in relation to the biomass of cockles
Cerastoderma edule and its commercial exploitation. Journal of Applied Ecology 35:75-
85.

Pacific Coast Shellfish Growers Association (PCSGA). 2011. Environmental codes of practice
for Pacific coast shellfish aquaculture. (June 14, 2011) Olympia, Washington. 184pp.

Pacific Coast Shellfish Growers Association (PCSGA). 2015. Letter from the Pacific Coast
Shellfish Growers Association (Representative Margaret P. Barrette) to Colonel John G.
Buck, Seattle District Commander, U.S. Army Corps of Engineers, Re: Shellfish
Aquaculture Programmatic Biological Assessment. March 25, 2015. 5pp.

Pacific Coast Shellfish Growers Association (PCSGA). 2016. Beach cleanup (April 15, 2013).
Available on-line at <http://pcsga.org/beach-cleanup/>; Accessed April 15, 2016.

Pacific Shellfish Institute. 2014. Ecological carrying capacity for south Puget Sound.
Presentation by Dan Cheney, PhD, of Pacific Shellfish Institute at the December 8, 2014,
Shellfish and the Environment Research Symposium, Washington Sea Grant Funded
Research. Available On-Line at < https://wsg.washington.edu/wordpress/wp-
content/uploads/shellfish-symposium-2014/Cheney-ShellfishSymposium2014.pdf >
(Accessed March 5, 2015).

Pacific Shellfish Institute. 2015. New production techniques: examining the impacts of
mechanical harvesting tools for Manila clams. Available On-Line at
<http://www.pacshell.org/new-production-technologies.asp> (Accessed March 5, 2015).

Page, G.W., J.S. Warriner, J.C. Warriner, and P.W.C. Paton. 1995a. Snowy plover (Charadrius
alexandrinus). In The Birds of North America, No. 154 (A. Poole and F. Gill, eds.).
The Academy of Natural Sciences, Philadelphia, Pennsylvania, and The American
Ornithologists’ Union, Washington, D.C. 24pp.

Page, G.W., M.A. Stern, and P.W. Paton. 1995b. Differences in wintering areas of snowy
plovers from inland breeding sites in western North America. The Condor 97:258-262.

Pearson, S.F., M.G. Raphael, M.M. Lance, and T.D. Bloxton, Jr. 2011. Washington 2010 at-sea
marbled murrelet population monitoring. Research Progress Report, Washington
Department of Fish and Wildlife and USDA Forest Service Pacific Northwest Research
Station, Olympia, Washington.

Peery, M.Z., and R.W. Henry. 2010. Abundance and productivity of marbled murrelets off
central California during the 2009 breeding season. Final report submitted to California
State Parks. 16pp. In U.S. Fish and Wildlife Service. 2012. Report on the marbled
murrelet Recovery Implementation Team meeting and stakeholder workshop. Western
Washington Fish and Wildlife Office, Lacey, Washington. April 17, 2012. 22pp., plus
appendices.

221



Penttila, D. 2007. Marine forage fishes in Puget Sound. Prepared in support of the Puget Sound
Nearshore Partnership. Published by Seattle District, U.S. Army Corps of Engineers,
Seattle, Washington. Technical Report 2007-03. 30pp.

Phillips, R.C. 1984. The ecology of eelgrass meadows in the Pacific Northwest: a community
profile. U.S. Department of the Interior, U.S. Fish and Wildlife Service, U.S. Army
Corps of Engineers, FWS/OBS-84/24 (September 1984). 85pp.

Phinney, L.A., and P. Bucknell. 1975. A catalog of Washington streams and salmon utilization
(Vol. 2: Coastal Region). Washington Department of Fisheries, Olympia, Washington.

Plauche’ and Carr, LLP. 2014. Letter from Plauche’ and Carr LLP (Representatives Samuel W.
Plauche’and Jesse G. DeNike) to the National Marine Fisheries Service (M.
Longenbaugh) and the U.S. Fish and Wildife Service (B. Moran), Re: Pacific Coast
Shellfish Growers Association Comments on Proposed Regional Conditions for
Nationwide Permits. October 24, 2014. 8pp.

Popper, A.N. 2003. Effects of anthropogenic sounds of fishes. Fisheries 28(10):24-31.

Porter, M., and M. Nelitz. 2009. A future outlook on the effects of climate change on bull trout
(Salvelinus confluentus) habitats in the Cariboo-Chilcotin. Prepared by ESSA
Technologies Ltd. for Fraser Salmon and Watersheds Program, British Columbia
Ministry of Environment, and Pacific Fisheries Resource Conservation Council.

Protect Our Shoreline. 2015. Wildlife news - juvenile bald eagle caught in geoduck farm net,
July 23, 2006 (narrative description and photos). Protect Our Shoreline, a member of the
Coalition to Protect Puget Sound Habitat. Available On-Line at
<http://protectourshoreline.org> (Accessed December 15, 2015).

Provencher, J.F., A.J. Gaston, M.L. Mallory, P.D. O’Hara, and H.G. Gilchrist. 2010. Ingested
plastic in a diving seabird, the thick-billed murre (Uria lomvia), in the eastern Canadian
arctic. Marine Pollution Bulletin 60:1406-1411.

Puget Sound Action Team (PSAT). 2007. 2007 Puget Sound update: ninth report of the Puget
Sound assessment and monitoring program. PSAT 07-02. Puget Sound Action Team,
Olympia,Washington. February 2007. 276pp. In U.S. Fish and Wildlife Service
(USFWS). 2009. Biological Opinion - Nationwide Permit 48 (Ref. No. 13410-F-2008-
0461). Prepared by the Wasington Fish and Wildlife Office, Lacey, Washington. March
24, 2009. 188pp.

Rabalais, N.N. 2002. Nitrogen in aquatic ecosystems. AMBIO: A Journal of the Human
Environment 31(2):102-112.

Ralph, C.J., G.L. Hunt, M.G. Raphael, and J.F. Piatt. 1995. Ecology and conservation of the
marbled murrelet in North America: An overview. Pages 3-22 In C.J. Ralph, G.L. Hunt,
M.G. Raphael, and J.F. Piatt, eds. Ecology and conservation of the marbled murrelet.
General Technical Report. PSW-GTW-152, Pacific Southwest Experimental Station,
United States Department of Agriculture, Forest Service, Albany, California.

222



Raphael, M.G., J. Baldwin, G.A. Falxa, M.H. Huff, M.M. Lance, S. Miller, S.F. Pearson, C.J.
Ralph, C. Strong, and C. Thompson. 2007. Regional population monitoring of the
marbled murrelet: field and analytical methods. U.S. Department of Agriculture Forest
Service, PNW-GTR-716, Portland, Oregon, May 2007. 70pp.

Rhoads, D.C., and J.D. Germano. 1986. Interpreting long-term changes in benthic community
structure: a new protocol. Hydrobiologia 142:291-308.

Riemann, B., and E. Hoffmann. 1991. Ecological consequences of dredging and bottom
trawling in the Limfjord, Denmark. Marine Ecology Progress Series 69:171-178.

Rieman, B.E., D. Isaak, S. Adams, D. Horan, D. Nagel, C. Luce, and D. Myers. 2007.
Anticipated climate warming effects on bull trout habitats and populations across the
Interior Columbia River Basin. Transactions of the American Fisheries Society
136:1552-1565.

Rieman, B.E., and D. Isaak. 2010. Climate change, aquatic ecosystems, and fishes in the Rocky
Mountain West: implications and alternatives for management. General Technical
Report RMRS-GTR-250. Fort Collins, Colorado: USDA, Forest Service, Rocky
Mountain Research Station.

Robards, M.D., P.J. Gould, and J.F. Piatt. 1997. The highest global concentrations and
increased abundance of oceanic plastic debris in the North Pacific: Evidence from
seabirds. Pages 71-80 In J.M. Coe, and D.B. Rogers, eds. Marine Debris, Springer
Verlag, New York.

Rochman, C.M., E. Hoh, T. Kurobe, and S.J. Teh. 2013. Ingested plastic transfers hazardous
chemicals to fish and induces hepatic stress. Scientific Reports 3(3263):1-7.

Rodway, M.S., H.R. Carter, S.G. Sealy, and R.W. Campbell. 1992. Status of the marbled
murrelet in British Columbia. In Proceedings of the Western Foundation of Vertebrate
Zoology 5(1):17-41.

Ruesink, J.L., and K. Rowell. 2012. Seasonal effects of clams (Panopea generosa) on eelgrass
(Zostera marina) density but not recovery dynamics at an intertidal site. Aquatic
Conservation: Marine and Freshwater Ecosystems 22: 712-720.

Rumrill, S.S., and V.K. Poulton. 2004. Ecological role and potential impacts of molluscan
shellfish culture in the estuarine environment of Humboldt Bay, California. Western
Regional Aquaculture Center, Annual Report (November 2004). 44pp.

Sanborn, S. 2005. Personal communication to D. Lynch, USFWS Washington Office, on
marbled murrelet vocalizations.

223



Sanger, G.A. 1983. Diets and food web relationships of seabirds in the Gulf of Alaska and
adjacent marine regions. OCSEAP Final Rep. 45 (1986). Anchorage, Alaska: U.S.
Department of Commerce, National Oceanic and Atmospheric Administration. pp. 631-
771 In Burkett. E.E. 1995. Marbled murrelet food habits and prey ecology. Chapter
22, pp. 223-246 in Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds. 1995.
Ecology and conservation of the marbled murrelet. U.S. Department of Agriculture, U.S.
Forest Service, Pacific Southwest Research Station (Albany, California), Gen Tech. Rep.
PSW-GTR-152. 420pp.

Sanger, G.A. 1987b. Winter diets of common murres and marbled murrelets in Kachemak Bay,
Alaska. Condor 89: 426-430 In Burkett. E.E. 1995. Marbled murrelet food habits and
prey ecology. Chapter 22, pp. 223-246 in Ralph, C.J., G.L. Hunt Jr., M.G. Raphael, and
J.F. Piatt, eds. 1995. Ecology and conservation of the marbled murrelet. U.S.
Department of Agriculture, U.S. Forest Service, Pacific Southwest Research Station
(Albany, California), Gen Tech. Rep. PSW-GTR-152. 420pp.

Saurel, C., J.G. Ferreira, D. Cheney, A. Suhrbier, B. Dewey, J. Davis, and J. Cordell. 2014.
Ecosystem goods and services from Manila clam culture in Puget Sound: a modelling
analysis. Aquaculture Environment Interactions 5:255-270.

Scheuerell, M.D., and J.G. Williams. 2005. Forecasting climate-induced changes in the survival
of Snake River spring/summer Chinook salmon (Oncorhynchus tshawytscha). Fisheries
Oceanography 14(6): 448-457.

Science Applications International Corporation (SAIC). 2011. Final Summary Report, Marbled
murrelet hydroacoustic science panel. Prepared for U.S. Department of the Navy,
NAVFAC Northwest, Bothell, Washington.

Science Applications International Corporation (SAIC). 2012. Marbled murrelet hydroacoustic
Science Panel 1l: Final Report. Prepared for U.S. Department of the Navy, NAVFAC
Northwest, Bothell, Washington. 33pp.

Sealy, S.G. 1975c. Feeding ecology of ancient and marbled murrelets near Langara Island, B.C.
Canadian Journal of Zoology 53: 418-433 In Burkett. E.E. 1995. Marbled murrelet
food habits and prey ecology. Chapter 22, pp. 223-246 in Ralph, C.J., G.L. Hunt Jr.,
M.G. Raphael, and J.F. Piatt, eds. 1995. Ecology and conservation of the marbled
murrelet. U.S. Department of Agriculture, U.S. Forest Service, Pacific Southwest
Research Station (Albany, California), Gen Tech. Rep. PSW-GTR-152. 420pp.

Selleck, J.R., C.F. Gibson, S. Shull, and J.K. Gaydos. 2015. Nearshore distribution of Pacific
sand lance (Ammodytes personatus) in the inland waters of Washington State.
Northwestern Naturalist 96(3):185-195.

Servizi, J.A., and D.W. Martens. 1992. Sublethal responses of coho salmon (Oncorhynchus

kisutch) to suspended sediments. Canadian Journal of Fisheries and Aquatic Sciences
49(7): 1389-1395.

224



Sheaves, M., R. Baker, and R. Johnston. 2006. Marine nurseries and effective juvenile habitats:
an alternative view. Marine Ecology Progress Series 318:303-306.

Short, F.T., and S. Wyllie-Echeverria. 1996. Natural and human-induced disturbance of
seagrasses. Environmental Conservation 23(1):17-27.

Simenstad, C.A., J.R. Cordell, and L.A. Weitkamp. 1991. Effects of substrate modification on
littoral flat meiofauna: assemblage structure changes associated with adding gravel. FRI-
UW-9124, Fisheries Research Institute, University of Washington, Seattle, Washington
In Simenstad, C.A., and K.L. Fresh. 1995. Influence of intertidal aquaculture on benthic
communities in Pacific Northwest estuaries: scales of disturbance. Estuaries 18(1A):43-
70.

Simenstad, C.A., and K.L. Fresh. 1995. Influence of intertidal aquaculture on benthic
communities in Pacific Northwest estuaries: scales of disturbance. Estuaries 18(1A):43-
70.

Skinner, M.A., S.C. Courtenay, and C.W. McKindsey. 2013. Reductions in distribution,
photosynthesis, and productivity of eelgrass Zostera marina associated with oyster
Crassostrea virginica aquaculture. Marine Ecology Progress Series 486:105-119.

Smith, C.J., and M. Wenger. 2001. Salmon and steelhead habitat limiting factors: Chehalis
Basin and nearby drainages, Water Resource Inventory Areas 22 and 23 (Final Report).
Washington State Conservation Comission, Olympia, Washington. May 2001. 448pp.

Sousa, W.P. 1984. The role of disturbance in natural communities. Annual Review of Ecology
and Systematics 15:353-391 In Simenstad, C.A., and K.L. Fresh. 1995. Influence of
intertidal aquaculture on benthic communities in Pacific Northwest estuaries: scales of
disturbance. Estuaries 18(1A):43-70.

Sousa, R., J.L. Gutierrez, and D.C. Aldridge. 2009. Non-indigenous invasive bivalves as
ecosystem engineers. Biological Invasions 11:2367-2385.

Speckman, S.G., J.F. Piatt, and A.M. Springer. 2003. Deciphering the social structure of
marbled murrelets from behavioral observations at sea. Waterbirds 26(3):266-274.

Speckman, S.G., J.F. Piatt, and A.M. Springer. 2004. Small boats disturb fish-holding marbled
murrelets. Northwestern Naturalist 85(1):32-34.

Speich, S.M., and T.R. Wahl. 1995. Marbled murrelet populations of Washington — marine
habitat preferences and variability of occurrence. Chapter 30, pp. 313- 326 In Ralph,
C.J., G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds. 1995. Ecology and conservation
of the marbled murrelet. U.S. Department of Agriculture, U.S. Forest Service, Pacific
Southwest Research Station (Albany, California), Gen Tech. Rep. PSW-GTR-152.
420pp.

Stadler, J.H. 2002. Notes from site visit, Winslow Ferry Terminal, to observe pile driving and
monitoring of noise levels and effects to fishes.

225



Stick, K.C, and A. Lindquist. 2009. 2008 Washington State herring stock status report. Stock
Status Report No. FPA 09-05 (November 2009). Washington Department of Fish and
Wildlife, Fish Program, Fish Management Division, Olympia, Washington. 111pp.

Stick, K.C, A. Lindquist, and D. Lowry. 2014. 2012 Washington State herring stock status
report. Stock Status Report No. FPA 14-09 (July 2014). Washington Department of Fish
and Wildlife, Fish Program, Fish Management Division, Olympia, Washington. 106pp.

Stillman, R.A., J.D. Goss-Custard, A.D. West, S.E.A. Le V. Dit Durell, S. McGrorty, RW.G.
Caldow, K.J. Norris, I.G. Johnstone, B.J. Ens, J. Van Der Meer, and P. Triplet. 2001.
Predicting shorebird mortality and population size under different regimes of shellfishery
management. Journal of Applied Ecology 38:857-868.

Stillman, R.A., and J.D. Goss-Custard. 2002. Seasonal changes in the response of
oystercatchers Haematopus ostralegus to human disturbance. Journal of Avian Biology
33:358-365.

Stotz, T., and J. Colby. 2001. January 2001 Dive report for Mukilteo wingwall replacement
project. Washington State Ferries, Memorandum, Seattle, Washington. April 30, 2001.

19pp.

Strachan, G., M. McAllister, and C.J. Ralph. 1995. Marbled murrelet at-sea and foraging
behavior. Pages 247-253 In C.J. Ralph, G.L. Hunt, M.G. Raphael, and J.F. Piatt, eds.
Ecology and conservation of the marbled murrelet. PSW-GTR-152, U.S. Department of
Agriculture, Albany, CA.

Straus, K.M., P.S. McDonald, L.M. Crosson, and B. Vadopalas. 2013. Effects of geoduck
aquaculture on the environment: a synthesis of current knowledge. Washington Sea
Grant Technical Report WSG-TR 13-02 (November 2013). Seattle, Washington. 52pp.

Tallis, H.M., J.L. Ruesink, B. Dumbauld, S. Hacker, and L.M. Wisehart. 2009. Oysters and
aquaculture practices affect eelgrass density and productivity in a Pacific Northwest
estuary. Journal of Shellfish Research 28(2):251-261.

Teuten, E.L., J.M. Saquing, D.R.U. Knappe, M.A. Barlaz, S. Jonsson, A. Bjorn, S.J. Rowland,
R.C. Thompson, T.S. Galloway, R. Yamashita, D. Ochi, Y. Watanuki, C. Moore, P.H.
Viet, T.S. Tana, M. Prudente, R. Boonyatumanond, M.P. Zakaria, K. Akkhavong, Y.
Ogata, H. Hirai, S. Iwasa, K. Mizukawa, Y. Hagino, A. Imamura, M. Saha, and H.
Takada. 2009. Transport and release of chemicals from plastics to the environment and
to wildlife. Philosophical Transactions of the Royal Society B: Biological Sciences
364:2027-2045.

Therriault, T.W., D.E. Hay, and J.F. Schweigert. 2009. Biological overview and trends in
pelagic forage fish abundance in the Salish Sea (Strait of Georgia, British Columbia).
Marine Ornithology 37:3-8.

226



Thompson, C.W. 1997. Distribution and abundance of marbled murrelets on the outer coast of
Washington - Winter 1996-1997. Washington Department of Fish and Wildlife,
Olympia, WA, September 1997. 16pp.

Thrush, S.F., J.E. Hewitt, G.A. Funnell, V.J. Cummings, J. Ellis, D. Schultz, D. Talley, A.
Norkko. 2001. Fishing disturbance and marine biodiversity: role of habitat structure in
simple soft-sediment systems. Marine Ecology Progress Series 221:255-264.

Tucker, C.S., and J.A. Hargreaves, eds. 2008. Environmental best management practices for
aquaculture. John Wiley and Sons, Inc. and Blackwell Publishing, Ames, lowa. 594pp.

Turnpenny, A. and J. Nedwell. 1994. The effects on marine fish, diving mammals and birds of
underwater sound generated by seismic surveys. Fawley Aquatic Research Laboratories
Limited, Marine and Freshwater Biology Unit, Southampton, Hampshire, UK, 40 pp.

Turnpenny, A., K.P. Thatcher, R. Wood, and J. Nedwell. 1994. The effects on fish and other
marine animals of high-level underwater sound. Report FRR 127/94. Fawley Aquatic
Research Laboratory, Ltd., Marine and Freshwater Biology Unit, Southampton, United
Kingdom, 35 pp.

U.S. Army Corps of Engineers — Seattle District (Corps). 2015. Programmatic Biological
Assessment — Shellfish Activities in Washington State Inland Marine Waters. Regulatory
Program, Seattle, Washington. October 2015. 135pp., plus appendices.

U.S. Army Corps of Engineers — Seattle District (Corps). 2016. Components of a complete
eelgrass delineation and characterization report. Regulatory Program, Seattle,
Washington. May 27, 2016. 24pp. Available On-Line at
<http://www.nws.usace.army.mil/Portals/27/docs/regulatory/Forms/Components%200f%
20Eelgrass%20Delineation%205-27-16.pdf?ver=2016-05-27-131522-740>
(Accessed June 5, 2016).

U.S. Army Corps of Engineers — Seattle District (Corps) and Seattle Shellfish. 2014. Biological
Evaluation — Spencer Cove Shellfish Hatchery, Corps No. NWS-2014-0273. January
2014,

U.S. Army Corps of Engineers — Seattle District (Corps) and BWH Seafood. 2015. Biological
Evaluation — BWH Seafood, Corps No. NWS-2013-1288. May 2015.

U.S. Department of Agriculture, U.S. Forest Service (USFS). 2014. NorWeST Stream
Temperature Regional Database and Model. Available On-Line at
<http://www.fs.fed.us/rm/boise/ AWAE/projects/NorWeST.html> (Accessed December
15, 2015).

U.S. Department of the Interior. 1994 (June 28, 1994). The Native American Policy of the U.S.
Fish and Wildlife Service. 9pp.

U.S. Department of the Interior and U.S. Department of Commerce. 1997 (June 5, 1997).
Secretarial Order 3206. 14pp.

227



U.S.

u.S.

u.S.

U.S.

u.S.

u.S.

u.S.

U.S.

U.S.

U.S.

Fish and Wildlife Service (USFWS). 1997. Recovery plan for the threatened marbled
murrelet (Brachyramphus marmoratus) in Washington, Oregon and California. Portland,
Oregon. 203pp.

Fish and Wildlife Service (USFWS). 2004a. Endangered and threatened wildlife and
plants; 90-day finding on a petition to delist the Pacific coast population of the western
snowy plover and initiation of a 5-year review. Federal Register 69:13326-13329.
March 22, 2004.

Fish and Wildlife Service (USFWS). 2004b. Endangered and threatened wildlife and
plants; Proposed designation of critical habitat for the Pacific coast population of the
western snowy plover. Federal Register 69:75608-75771. December 17, 2004.

Fish and Wildlife Service (USFWS). 2009a. Biological Opinion - Nationwide Permit 48
(Ref. No. 13410-F-2008-0461). Prepared by the Western Washington Fish and Wildlife
Office, Lacey, Washington. March 24, 2009. 188pp.

Fish and Wildlife Service (USFWS). 2009b. Biological Opinion - State of Washington
Low-Effect Commercial Geoduck Fishery Habitat Conservation Plan (Ref. No. PRT-
TE187810-0). Prepared by the Western Washington Fish and Wildlife Office, Lacey,
Washington. January 2009. 215pp.

Fish and Wildlife Service (USFWS). 2011. Willapa National Wildlife Refuge Final
Comprehensive Conservation Plan, Volume I. Prepared by U.S. Fish and Wildlife
Service, Willapa National Wildlife Refuge Complex, llwaco, Washington. September
2011. 417pp.

Fish and Wildlife Service (USFWS). 2012. Report on the marbled murrelet Recovery
Implementation Team meeting and stakeholder workshop. Western Washington Fish and
Wildlife Office, Lacey, Washington. April 17, 2012. 22pp., plus appendices.

Fish and Wildlife Service (USFWS). 2015a. Recovery plan for the coterminous U.S.
population of bull trout (Salvelinus confluentus). U.S. Fish and Wildlife Service, Pacific
Region, Portland, Oregon. 195pp. Available On-Line at < http://www.fws.gov/pacific/
bulltrout/pdf/Final_Bull_Trout_Recovery Plan_092915.pdf >.

Fish and Wildlife Service (USFWS). 2015b. Bull trout recovery planning, final bull trout
recovery plan. U.S. Fish and Wildlife Service, Pacific Region Headquarters, Portland,
Oregon. Available On-Line at < http://www.fws.gov/pacific/bulltrout/Planning.html >
(Accessed December 15, 2015).

Fish and Wildlife Service (USFWS). 2015c. Revised draft recovery plan for the
coterminous U.S. population of bull trout: questions and answers. U.S. Fish and Wildlife
Service, Pacific Region Headquarters, Portland, Oregon. Available On-Line at
<http://www.fws.gov/pacific/bulltrout/pdf/Q&A’'s_ BTR_Recovery Plan_FINAL.pdf >
(Accessed December 15, 2015).

228



U.S. Fish and Wildlife Service (USFWS). 2015d. Bull trout recovery planning, recovery units
map. U.S. Fish and Wildlife Service, Pacific Region Headquarters, Portland, Oregon.
Available On-Line at <http://www.fws.gov/pacific/bulltrout/pdf/Map_of_six_bull_trout
_recovery_units.pdf > (Accessed December 15, 2015).

U.S. Fish and Wildlife Service (USFWS). 2015e. Coastal Recovery Unit implementation plan
for bull trout (Salvelinus confluentus). U.S. Fish and Wildlife Service, Pacific Region,
Portland, Oregon. 160pp. Available On-Line at <http://www.fws.gov/pacific/bulltrout
/pdf/Final_Coastal RUIP_092915.pdf>.

U.S. Fish and Wildlife Service (USFWS). 2016. Migratory birds and habitat program -
depredation frequently asked questions. Pacific Region Migratory Birds and Habitat
Program, Portland, Oregon. Available On-Line at < http://www.fws.gov/pacific/
migratorybirds/permits/dprd.html > (Accessed February 15, 2016).

Vanblaricom, G.R., J.L. Eccles, J.D. Olden, and P.S. McDonald. 2015. 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,
34(1):171-187.

Vermeer, K. 1992. The diet of birds as a tool for monitoring the biological environment. In
Vermeer, K., R.W. Butler, and K.H. Morgan, eds. The ecology, status, and conservation
of marine and shoreline birds on the west coast of VVancouver Island. Occasional Paper
No. 75. Delta, BC: Canadian Wildlife Service. pp. 41-50. in Burkett. E.E. 1995.
Marbled murrelet food habits and prey ecology. Chapter 22, pp. 223-246 In Ralph, C.J.,
G.L. Hunt Jr., M.G. Raphael, and J.F. Piatt, eds. 1995. Ecology and conservation of the
marbled murrelet. U.S. Department of Agriculture, U.S. Forest Service, Pacific
Southwest Research Station (Albany, California), Gen Tech. Rep. PSW-GTR-152.
420pp.

Vilchis, L.1., C.K. Johnson, J.R. Evenson, S.F. Pearson, K.L. Barry, P. Davidson, M.G. Raphael,
and J.K. Gaydos. 2014. Assessing ecological correlates of marine bird declines to
inform marine conservation. Conservation Biology 29(1):154-163.

Wagner, E., B.R. Dumbauld, S.D. Hacker, A.C. Trimble, L.M. Wisehart, and J.L. Ruesink.
2012. Density-dependent effects of an introduced oyster, Crassostrea gigas, on a native
intertidal seagrass, Zostera marina. Marine Ecology Progress Series 468:149-160.

Washington Sea Grant. 2005. Small-scale clam farming for pleasure and profit in Washington.
WSG-AS 03-02 (September 2005). 18pp.

Washington Sea Grant. 2013. Geoduck aquaculture research program . Report to the
Washington State Legislature. Seattle, Washington. 108pp.

Washington Sea Grant. 2015. Shellfish aquaculture in Washington State. Final report to the
Washington State Legislature. Seattle, Washington. 84pp.

229



Washington State Department of Ecology (Ecology). 1993. Marine water column ambient
monitoring program: water year 1992 data report, final report. Report 93-41. Olympia,
Washington. June 1993. 203pp.

Washington State Department of Ecology (Ecology). 1994. Marine water column ambient
monitoring program: water year 1993 data report, final report. Report 94-210. Olympia,
Washington. December 1994. 264pp.

Washington State Department of Ecology (Ecology). 1999. Grays Harbor estuary sediment
evaluation/chemical screening and station cluster analysis of selected locations. Report
99-300. Olympia, Washington. January 1999. 168pp.

Washington State Department of Ecology (Ecology). 2004. The Chehalis/Grays Harbor
Watershed dissolved oxygen, temperature, and fecal coliform bacteria TMDL - Detailed
implementation (cleanup) plan. Report 04-10-065. Olympia, Washington. November
2004. 82pp.

Washington State Department of Ecology (Ecology). 2016. Water Quality Assessment and
303(d) List. Available On-Line <http://www.ecy.wa.gov/programs/wq/303d/index.htmI>
(Accessed February 15, 2016).

Washington State Department of Natural Resources (DNR). 2014a. Draft Aquatic Lands
Habitat Conservation Plan (August 2014). Aquatic Resources Division, Olympia,
Washington. 325pp., plus appendices.

Washington State Department of Natural Resources (DNR). 2014b. Technical Memorandum:
Operational Definition of an Eelgrass (Zostera marina) Bed. 34pp. AppendixJ In
Washington State Department of Natural Resources (DNR). 2014a. Draft Aquatic Lands
Habitat Conservation Plan (August 2014). Aquatic Resources Division, Olympia,
Washington. 325pp., plus appendices.

Waters, T.F. 1995. Sediment in streams: sources, biological effects, and control. American
Fisheries Society, Monograph 7, Bethesda, Maryland.

Wenger, S.J., D.J. Isaak, J.B. Dunham, K.D. Fausch, C.H. Luce, H.M. Neville, B.E. Rieman,
M.K. Young, D.E. Nagel, D.L. Horan, and G.L. Chandler. 2011. Role of climate change
and invasive species in structuring trout distributions in the interior Columbia River
Basin, USA. Canadian Journal of Fisheries and Aquatic Sciences 68:988-1008.

Willner, G.B. 2006. The potential impacts of the commercial geoduck (Panope generosa)
hydraulic harvest method on organisms in the sediment and at the water-sediment
interface in Puget Sound. A Thesis: Essay of Distinction submitted in partial fulfillment
of the requirements for the degree Master of Environmental Studies. The Evergreen State
College, Olympia, Washington, June 2006. 85pp.

Wisehart, L.M., B.R. Dumbauld, J.L. Ruesink, and S.D. Hacker. 2007. Importance of eelgrass
early life history stages in response to oyster aquaculture disturbance. Marine Ecology
Progress Series 344:71-80.

230



Whyatt, R. 2008. Review of existing data on underwater sounds produced by the oil and gas
industry (Issue 1). Report by Seiche Measurements Ltd., Great Torrington, to Joint
Industry Programme on Sound and Marine Life, Seiche Measurements Limited Ref-5186
In U.S. Army Corps of Engineers — Seattle District (Corps). 2015. Programmatic
Biological Assessment — Shellfish Activities in Washington State Inland Marine Waters.
Regulatory Program, Seattle, Washington. October 2015. 135pp., plus appendices.

Yelverton, J.T., D.R. Richmond, R.E. Fletcher, and R.K. Jones. 1973. Safe distances from
underwater explosions for mammals and birds. Lovelace Foundation for Medical
Education and Research, Albuquerque, NM, September 26, 1973, 64pp.

Yelverton, J.T., D.R. Richmond, W. Hicks, K. Saunders, and R.E. Fletcher. 1975. The
relationship between fish size and their response to underwater blast. AD-A015-970.
Report prepared for the Defense Nuclear Agency, Albuquerque, New Mexico, June 18,
1975, 39pp.

Yelverton, J.T. and D.R. Richmond. 1981. Underwater explosion damage risk criteria for fish,
birds, and mammals. In: 102nd Meeting of the Acoustical Society of America,
36,November 30 - December 04, Miami Beach, Florida. Department of Biodynamics,
Lovelace Biomedical and Environmental Research Institute, Albuquerque, New Mexico.
36pp.

Zabel, RW., M.D. Scheuerell, M.M. McClure, and J.G. Williams. 2006. The interplay between
climate variability and density dependence in the population viability of Chinook salmon.
Conservation Biology 20(1):190-200.

Zydelis, R., D. Esler, M. Kirk, and W.S. Boyd. 2009. Effects of off-bottom shellfish
aquaculture on winter habitat use by molluscivorous sea ducks. Aquatic Conservation:
Marine and Freshwater Ecosystems 19(1):34-42.

Zydelis, R., C. Small, and G. French. 2013. The incidental catch of seabirds in gillnet fisheries:
a global review. Biological Conservation 162: 76-88.

Ryan McReynolds pers. comm. 2014. Meeting notes; October 13, 2014, meeting with the
Northwest Indian Fisheries Commission and member tribes (Suguamish Community
House, Port Madison Reservation, Washington).

Pamela Sanguinetti pers. comm. 2014. Email dated November 3, 2014 (FW: recent report of
seabird entanglement).

Pamela Sanguinetti pers. comm. 2015. Email dated January 8, 2015 (FW: loose PVC tubes in
Squamish Harbor).

231



APPENDIX D
EXCERPTS FROM CITED LITERATURE



(This page intentionally left blank)



Appendix D
Excerpts from Cited Literature

The body of this Opinion cites numerous articles and reports. Excerpts from many of these
articles and reports are included here (Appendix D). Within this appendix, articles and reports
are organized alphabetically by first author and year of publication.

Agness et al. (2008) have reported:

“Many marine species now experience unprecedented levels of disturbance from vessel
traffic, though the effects of this disturbance on most seabirds are poorly known. One
such species is the Kittlitz’s murrelet (Brachyramphus brevirostris), a relatively rare alcid
that spends much of its time at sea (Day ef al. 1999) ... During summer, the potential for
vessel disturbance of Kittlitz’s murrelets in Glacier Bay is high ... Under current (2006)
regulations, 2 cruise ships, 6 large tour boats, and <25 private recreational motor-vessels
are permitted to enter park waters each day through the summer season. Vessels overlap
in space and time with Kittlitz’s murrelets in their usual foraging areas, so there is
potential for adverse effects on this species.” (p. 347)

“We investigated the potential effects of vessel activity on density and behavior ... in
near-shore areas of Glacier Bay to evaluate whether vessel activity causes (1) a decline in
the species’ near-shore density, (2) a change in group size, and (3) a change in the
behavior of individuals at sea.” (p. 347)

“Because of high wing-loading, flight is energetically costly in this species (Pennycuick
1987). Chick-rearing has a high energetic cost for Kittlitz’s murrelets, because of long-
distance flight to inland nest sites (<75 km inland; Day et al. 1983) ... Therefore, we
examined whether ... murrelets that are provisioning chicks have different behavioral
responses ... than those not engaged in provisioning. Only individuals that are rearing
chicks hold a single fish crosswise in the bill for later delivery to chicks (Carter and Sealy
1987) ... We considered the effects of vessel activity on the behavior of fish-holding
Kittlitz’s murrelets compared with those not holding fish.” (p. 347)

“We also collected data on the vessel (speed and size) ... We used a daily vessel rate
(vessels h™') to capture variation in vessel activity at the daily time-scale. To ensure that
the vessel rate accurately reflected daily vessel activity, only data from 36 full sampling
days (2 h day ") were used.” (p. 347)

“Near-shore density. Vessel activity caused a decline in near-shore density at the short-
term time-scale ... When vessel effects were considered, model fit improved, which
indicates that vessel rate helped predict murrelet density ... [but] vessel activity did not
result in a decrease in near-shore density at the daily time-scale.” (p. 349)



“Group size. Vessel activity did not change group size at the short-term time-scale ...
[or] daily time-scale ... [instead] breeding stage (second split) and tidal magnitude (third
split) were important predictors of murrelet group size.” (p. 349)

“Behaviors. At the immediate time-scale, we found that Kittlitz’s murrelets changed
behavior in the presence of vessels ... such that the proportion of individuals flying
increased, loafing decreased, and diving behavior did not immediately change ...
murrelets not holding fish (i.e., nonbreeders) had greater flight response ... from cruise
ships and tour boats than from small, medium, or large recreational vessels ... Fish-
holders (i.e., breeders) had the greatest flight response ... from slow vessels with ‘far’
(400 - 1,000 m) approach distance ... Fish-holders most commonly responded to vessels
by diving, regardless of vessel speed, approach distance, or vessel size ... vessel activity
caused changes in behavior at the daily time-scale. Individuals spent more time loafing
and less time diving when there was no vessel traffic on a given day than when vessel
traffic was low, moderate, or high.” (pp. 350, 351)

“[However,] Environmental and biological factors had more influence than vessels on
density near shore, group size, and behavior ... vessels influenced density near shore and
behavior, but they were not the sole or the most influential factor.” (pp. 351, 352)

“Vessel activity did not cause declines to persist at the daily time-scale, where
environmental and biological factors had the greatest influence, which suggests only
temporary disturbance of murrelets by vessels ... Although Kittlitz’s murrelets moved an
unknown distance away to accommodate vessel traffic, they eventually returned within
the day in greater numbers ... for reasons that remain unclear to us ... We conclude that
vessel activity does not constitute a loss of suitable habitat for the Kittlitz’s murrelet,
because density rebounded over the course of a day.” (p. 352)

“We did not detect effects of vessel activity on the group size of Kittlitz’s murrelets at
short-term or daily time-scales, which indicates that group dynamics were not affected.”

(p. 352)

“Kittlitz’s murrelets increased diving effort on days with vessel activity by a factor of
three ... [and] flying effort during vessel activity increased more than 30-fold ...
Negative effects on the birds’ daily energy budgets can occur when vessel activity
reduces foraging behavior and increases energetically costly behavior such as flight.
Other studies have shown that such behavioral changes may constitute significant energy
loss at high rates of vessel traffic (diving ducks: Korschgen et al. 1985; American Coot
[Fulica americana]: Schummer and Eddleman 2003). Therefore, it is possible that
Kittlitz’s murrelets suffer a net energy loss as a consequence of vessel activity.” (p. 352)

“Dive response may be a better indicator of disturbance for fish-holders. Dive behavior
was not observed among fish-holders in the absence of vessels ... Given that fast vessel
speed caused the greatest disturbance (i.e., dive response) for fish-holders ... vessel travel
at slower speeds enforced with speed limits (i.e., 16 km h™") could prevent disturbance
of fish-holders.” (Agness et al. 2008, p. 352)



The Virginia Eastern Shorekeepers (Ayers 2006) looked at the distribution of lost, discarded,
and abandoned clam nets on the Atlantic barrier islands, and made observations regarding their
effects on substrates, vegetation, and nesting and migratory birds:

“The objective was to locate, assess, and document the extent of discarded plastic netting
used in the clam aquaculture industry on the barrier beaches of the Eastern Shore of
Virginia ... [with] photo- documentation, mapped locations, and observed effects ... on
the coastal system.” (p. 3)

“Nets are used solely to protect clams from large predators ... Most of the netting ... is
an oriented polyethylene or polypropylene mesh imbedded with a UV additive to extend
outdoor life.” (p. 5)

“In most cases, the clam net ... was carried or moved on and around the beach as part of
the wrack line ... In most cases, partially buried nets observed during one survey were
gone in the next, with evidence of high tide washing over the area and moving the net.”

(p. 10)

“The nets provide adequate and cost effective protection from most predators ...
[However,] To be effective, the nets must remain intact ... Even a small tear of a few
inches can allow some predators to devastate entire beds of clams ... Growers have
developed effective ways of securing their nets ... Despite the care given to ensure that
nets are properly placed, nets are still damaged or destroyed by man-made and naturally
occurring events.” (p. 12)

“Man-made events, primarily nets struck by boats or boat propellers, ... are the most
frustrating to growers who feel they are ... avoidable ... Some shallow water beds are
damaged by passing boats several times a season ... Often it appears to be a recreational
boat operating in unfamiliar waters ... Although there are no specific guidelines for
growers to mark their grounds, most have some type of marking ... Some growers mark
every bed, while others place a minimal amount of marks out.” (p. 12)

“Natural events can have an even larger impact ... Storms, strong currents ... [and] wave
action can ... erode sand ... above average tides and currents can also erode and cover
beds with sand ... nets are [frequently] torn.” (p. 13)

“The aquaculture industry reports some netting is lost during storm and unusual tide
events ... The quantity reported as lost appears significantly less than the actual netting
deposited along the shoreline ... Discounting weather, the vast majority of the growers
believe the net is being abandoned by less the ten percent of the total growers (personal
conversation, M. Peirson, P. Terry, T. Walker).” (p. 15)



“Today it is common practice for the larger growers to send crews out to recover
abandoned net, regardless of the origin ... The larger growers ... condemn the practice of
discarding net ... [and] indicate that a relatively small number of growers are creating a
negative image for the rest of the industry.” (Ayers 2006, p. 15)

Banas and Cheng (2015, pp. 59-69 In Washington Sea Grant 2015) used an oceanographic
circulation model developed for the south Puget Sound to investigate the potential influences of
shellfish aquaculture on water quality and trophic status:

“A new, high-resolution (200 meter) circulation model for south Puget Sound was
developed, both to illuminate water connectivity and residence-time patterns with
application to south Puget Sound shellfish aquaculture.” (p. 59)

“Results suggest a strong gradient in residence time from the central, deep channels to the
small, western inlets, creating a potential for localized effects on water quality that a bulk
analysis would not resolve ... A map of ‘drawdown time’ — the time required for cultured
shellfish to reduce the standing stock of phytoplankton by 50 percent, given their inlet-
scale densities — was estimated and compared with the map of residence time ... Results
suggest that Henderson Inlet, Eld Inlet, Totten Inlet, Hammersley Inlet, Oakland Bay, and
upper Case Inlet have combinations of long residence time and high densities of
aquacultured filter-feeders such that aquaculture operations there may potentially control
local phytoplankton concentrations.” (p. 59)

“Overall, these results suggest that while tidal flushing of south Puget Sound is quite
efficient on average, the gradient in residence time from the central, deep channels to the
small, western inlets is quite strong, potentially creating localized effects on water

quality.” (p. 62)

“In general, the balance of (i) local phytoplankton production, (ii) hydrodynamic import
and export, and (ii1) filter feeder consumption rates controls the carrying capacity of a
shallow estuary for filter-feeder production (Cloern 1982, Dame and Prins 1988, Peterson
and Black 1987) ... The same balance determines the potential for benthic filter feeders
to act as a brake on eutrophication.” (p. 62)

“A benthic clearance rate ... was estimated for each inlet ... based on multiplying
cultured shellfish density ... by shellfish clearance rate ... Clearance rates were then
summed across species to obtain the total water filtered by region.” (p. 65)

“If [drawdown time is much lower than residence time], then it is possible for benthic
grazing to constitute the dominant loss term, and the phytoplankton budget is likely a
balance between local growth and local pelagic and benthic grazing ... The criterion for
potential local control by benthic grazers is met in Henderson, Eld, Totten, Hammersley,
and upper Case Inlets, and Oakland Bay.” (pp. 65, 66)



“Based on [our] results, one might hypothesize that the small inlets of western south
Puget Sound experience noticeable food competition between cultured bivalves and other
consumers of phytoplankton. One might also hypothesize that these inlets are at
noticeably lower risk of eutrophication than they would be in the absence of shellfish
aquaculture.” (Banas and Cheng 2015, pp. 66 In Washington Sea Grant 2015)

Beck et al. (2001) have argued that “...a better understanding of the habitats that serve as
nurseries for marine species, and the factors that create site-specific variability in nursery quality,
will improve conservation and management”:

“Nearshore estuarine and marine ecosystems—e.g., seagrass meadows, marshes, and
mangrove forests—serve many important functions in coastal waters ... Most
notably,they have extremely high primary and secondary productivity and support a great
abundance and diversity of fish and invertebrates. *“ (p. 633)

“The nursery-role concept was first applied nearly a century ago to motile invertebrates
and fishes with complex life cycles, in which larvae are transported to estuaries,
metamorphose, grow to subadult stages, and then move to adult habitats offshore.” (p.
634)

“In early papers the estuary as a whole was considered to be the nursery ... In subsequent
works, however, the focus shifted to specific areas within estuaries as nurseries,
especially wetlands ... and seagrass meadows, because evidence suggested that they
supported much greater densities of organisms than adjacent unvegetated ... substrates
(Williams 1955, Hutchings and Recher 1974, Turner 1977, Orth et al. 1984, Minello
1999).” (p. 634)

“Comparisons are often limited to vegetated versus unvegetated habitats (Edgar and
Shaw 1995, Gray et al. 1996) ... Generally, an area has been called a nursery if a juvenile
fish or invertebrate species occurs at higher densities, avoids predation more successfully,
or grows faster there than in a different habitat.” (p. 634)

“The evidence usually indicates that the density of fish and invertebrates is higher in
vegetated than in unvegetated habitats (for reviews see Orth et al. 1984, Heck et al. 1997,
Able 1999, Minello 1999).” (p. 634)

“The few studies that have focused on differences in juvenile survival ... indicate that
survival of a species is generally greater in vegetated than in unvegetated habitats (Orth et
al. 1984, Heck and Crowder 1991, Able 1999) ... [But] Even fewer studies have focused
on the effects ... [to] growth of fish and invertebrates (Heck et al. 1997, Phelan et al.
2000) ... In seagrass meadows, evidence regarding growth is, surprisingly, equivocal ...
Only about half of the studies report that the growth rate of individuals is higher in
seagrass habitats than in adjacent habitats (Heck et al. 1997).” (p. 634)



“There is growing recognition that there are exceptions to the nursery-role concept ... For
example, few commercially important species of fish and invertebrates appear to rely
exclusively on seagrass meadows ... (Heck et al. 1995) ... (Able and Fahay 1998) ...
Instead, most of these species use seagrass meadows opportunistically but can survive
well in unvegetated areas.” (p. 635)

“The underlying premise of most studies ... is that some nearshore, juvenile habitats
contribute disproportionally to the production of individuals that recruit to adult
populations ... The ecological processes operating in nursery habitats, as compared with
other habitats, must support greater contributions to adult recruitment from any
combination of four factors: (1) density, (2) growth, (3) survival of juveniles, and (4)
movement to adult habitats.” (p. 635)

“It is more important to conserve, abate the loss, restore, or otherwise manage habitats
that contribute disproportionately to the production of adults.” (p. 636)

“Comparisons among ... nursery habitats have usually involved only vegetated and
unvegetated habitats, even though individual species may use many different habitats
(Minello 1999) ... To determine which, if any, habitats serve as nurseries, all of a
species’ juvenile habitats should be surveyed.” (p. 637)

“Some portions of juvenile habitats will be nurseries, but not all juvenile habitats can be
nurseries ... [f many habitats are examined, it should be possible to identify and focus on
those that make the greatest contribution to adult recruitment, that is, the best nursery
habitats.” (p. 637)

“In the overwhelming majority of studies, a habitat is suggested to be a nursery largely
because it supports high densities of juveniles relative to another habitat ... Although a
habitat may support high densities of juveniles, if these individuals never reach adult
populations, then that habitat does not function as a productive nursery ... In most studies
the unstated premise has been that, all else being equal, habitats with higher densities of
juveniles are likely to make a greater contribution to the production of adults than
habitats with lower densities of juveniles ... This correlation, which is rarely tested,may
hold in many cases, but there are likely to be important exceptions ... Density is only one
of four factors that must be considered to determine whether a habitat serves as a
nursery.” (pp. 637, 638)

“The nursery value of seagrass meadows ... may vary geographically ... Many biotic and
abiotic factors can influence the nursery value of habitats for a species [including
predation, competition, food availability, water depth, disturbance and tidal regime,
location, fragmentation, and connectivity]... For example, Heck and Crowder (1991)
found that predation on target species in seagrass beds was lower in more structurally
complex beds, which suggests that more complex beds may serve as better nurseries for
many species because they increase survivorship.” (p. 638)



“Larval supply and presettlement processes also can affect the initial density and
condition (e.g., size) of juveniles within a habitat (Grimes and Kingsford 1996, Roy
1998) ... In general, presettlement processes are rarely considered when evaluating how
well habitats function as nurseries ... greater attention needs to be paid to their interaction
with postsettlement processes.” (p. 638)

“Landscape-level factors also can affect the nursery value of sites within habitats ... For
example, the relative location of seagrass beds in an estuary can affect the density of fish
species ... Relative location, with respect to large water movements such as upwelling or
retention zones, has also been shown to strongly influence larval delivery (Roy 1998),
thus playing a crucial role in setting initial juvenile densities within a habitat.” (p. 638)

“[For seagrasses] There is undeniable evidence of their importance ... They provide
many ecosystem services and serve many important functions (Costanza et al. 1997) ...
Seagrasses and wetlands are highly productive, and this production enters coastal food
webs through many different pathways, not just as fish moving to adult habitats.” (p. 639)

“Ideally, all four factors—density, growth, survival, and movement—would be examined
in a study of ... nursery habitats, but doing so may be difficult ... Researchers must
consider multiple habitats ... Although most species are found in more than one or two
habitats, surprisingly few studies make comparisons among more than two potential
nursery habitats.” (Beck et al. 2001, p. 639)

Bendell and Wan (2011) used high resolution aerial photography and Geographic Information
Systems to evaluate the effects of intensive, landscape-scale shellfish activities on patterns of
avian habitat utilization:

“Here we apply aerial photography with Geographic Information Systems (GIS), to map
the cumulative anthropogenic footprint of an industry in a spatially defined ecologically
important region of the British Columbian [BC] coast ... The approach applied here was
successful in accurately detailing the cumulative extent of the anthropogenic activity on
the foreshore which could have not been achieved at a coarser resolution ... Information
was then effectively applied to visualize and assess the potential impact of ...

development of the foreshore on bird distribution within the spatially identified region.”

(p. 417)

“Low resolution photography coupled with GIS has been used to successfully
characterize and quantify habitat types (e.g., Sheppard et al. 2006; Higinbotham et al.
2004) ... Here we apply high resolution aerial photography coupled with GIS ... to
evaluate the consequences of anthropogenic activity on other ecological uses within [a]
spatially defined region.” (p. 418)



“The case study presented here is unique in that the region under study is an Important
Bird Area ... of global significance (Booth 2001) ... The Baynes Sound region supports
globally important populations of the Western Grebe (4dechmophorus occidentalis), the
White-winged (Melanitta fusca) and Surf Scoter (Melanitta perspicillata), and the Pacific
Loon (Gavia pacifica) (Booth 2001) ... It also serves as a major centre for the BC
shellfish aquaculture industry with half of the industries economies being generated from
this region (British Columbia Ministry of Sustainable Resource Management
(BCMSRM) 2002)). ” (p. 418)

“On the west coast of BC ... there has been [an] attempt by industry and the federal and
provincial governments to aggressively expand shellfish aquaculture, with the Manila
clam (Venerupis philippinarum), and Pacific oyster (Crassostrea gigas), the main product
farmed ... Baynes Sound has a long history of shellfish aquaculture dating back to the
1900’s (BCMSRM 2002) ... [But] The number of leases and the numbers of approved
species for farming on the individual leases has greatly increased since 1984 ... In
addition to shellfish aquaculture, increasing urban development also results in habitat loss
within this region.” (pp. 418, 419)

“Use of the foreshore ... for aquaculture purposes precludes the use of this region for
ecologically important roles such as providing key habitat for spawning activities (e.g.,
the Pacific sand lance (Ammodytes hexapterus)), foraging by wildlife, and as nurseries ...
This stretch of shallow coastline is the most intensely farmed shellfish area in the
province accounting for over half of the total production of shellfish in BC (BCMSRM
2002).” (p. 419)

“This region is ... key habitat and serves a number of ecological roles ... supporting
numerous intertidal species ... [it provides] a primary food source for clam feeding sea
ducks (Bendell-Young 2006; Whiteley and Bendell-Young 2007) ... [and] is also
important for shore birds such as the Dunlin (Calidris alpina) which by contrast forages
on polychaetes within the intertidal (Dierschke et al. 1999; Shepherd and Lank 2004).”

(p. 421)

“After the maximum and relevant intertidal were digitized, regions of the intertidal
covered by anti-predator netting were determined ... A multi-step analysis by GIS
modelling was applied to the four layers (maximum intertidal, viable intertidal,
antipredator netting, and oyster grow-out beds) to determine that region of the foreshore
not compromised by shellfish farming activities.” (p. 422)

“In this case, cumulative effects include the use of the foreshore for oyster grow-out as
well as coverage with anti-predator netting ... We use the information obtained by
spatially characterizing the anthropogenic footprint to assess its role in influencing the
distribution of shore and water birds such as the dunlin, grebe, and scoter.” (p. 423)



“Areas of high bird use in 1980 versus 2003-2005 were contrasted for 1) White-winged
Scoter, 2) Surf Scoter, 3) Bufflehead, 4) Pacific Loon, 5) Western Grebe, and 6) Dunlin
... All are dependent on the habitat of the foreshore in someway, e.g., for food such as
mussels, clams, small fish, invertebrates, and plants.” (p. 424)

“In Baynes Sound, netted areas ... [and] oyster grow-out beds occupy 27 percent and 34
percent of the intertidal area respectively ... The amount of foreshore habitat in Baynes
Sound used for shellfish farming is ... 56 percent of the viable intertidal.” (p. 424)

“There were distinct differences in the locations of high bird use in 1980 as compared to
2003-2005 ... In 2003-2005 birds were located all along the coastline, with no one
particular region of high use ... Although numbers cannot be directly compared as
counting techniques differed between the two surveys, differences in abundance for the
Pacific Loon and Western Grebe [were obvious and ] note comment ... For the Pacific
Loon, in 1980, maximum counts of 400 were recorded for polygon 45 ... During 2003-
2005 [the] greatest average numbers of 50 were recorded for polygon 25 ... In 1980,
maximum counts of 14,000 for the Western Grebe were recorded for polygon 41 ... For
2003-2005 the maximum average of 200 was recorded for polygon 33.” (pp. 425, 426)

“Other surveys within the same geographic region, Puget Sound, south of Baynes Sound
also note a 95 percent decline in numbers of Western Grebe (Nysewander et al. 2005).”

(p. 429)

“Within Baynes Sound, the primary change in intertidal use during this 30 year period
has been the development of the foreshore within polygons 33—46 for aquaculture, with
the true extent of its footprint determined by high resolution aerial photography coupled
with GIS ... As the majority of overwintering birds are now found within the Courtenay
River Estuary (Comox Harbour) or are distributed along the coastline with no one
significant region of high bird use, it would appear that key habitat historically used by
these species is no longer available.” (p. 429)

“Although scoters are still observed in polygons where farming occurs, they also have
been displaced from historic regions of high bird use and presumably high food
availability to areas where food availability has not been compromised by the shellfish
industry, i.e., polygons 2-23.” (p. 429)

“Aerial photography with GIS identified that polygons 36—46 [are] under intense use by
aquaculture ... Prior to 1980 these regions were relatively unaltered and areas of high
bird use ... During 2003-2005 this was no longer the case, with birds being displaced to
Comox Harbour.” (Bendell and Wan 2011, p. 429)



Bostrom, Jackson, and Simenstad (2006) reviewed and synthesized a large body of literature
describing the landscape ecology of seagrasses and their effects on associated fauna:

“Seagrasses comprise some of the most heterogeneous landscape structures of shallow-
water estuarine/marine ecosystems in the world ... However, while knowledge at the
molecular, organism, patch, and community scale is pervasive, understanding of seagrass
landscape ecology is more fragmentary and has not been synthesized ...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.” (p. 383)

“Patterns (e.g., abundance, diversity, biomass) and processes (e.g., recruitment,
predation, flows and productivity) at a specific site can only be fully understood by
including broad-scale ... variables and landscape attributes ... We review landscape
patterns and [the] processes that cause them, and then present models for faunal
distribution.” (pp. 383, 384)

“Internal regulatory mechanisms ... [include] the capacity of seagrasses to occupy space
by clonal growth ... [and via] sexual reproduction and dispersal ... Plant performance in
some seagrass species can vary by position of the plant position in the patch, with higher
shoot density, above-ground biomass, and leaf area index at the centre of the patch (Brun
et al., 2003).” (pp. 384, 385)

“External regulatory mechanisms ... [include] hydrodynamic activity ... geomorphology
... water depth ... [and] exposure.” (p. 385)

“The landscape mosaic model ... [takes] into account that organisms rarely show a
preference for a specific structured habitat, i.e. seagrass, oyster reefs, macroalgae, and
mangrove ... An alternative view is to see the species/process/question-specific
landscape as a mosaic of different habitats (McGarigal and Cushman, 2002) ... [The
model] proposes that optimal foraging, movement, and fitness strategies vary for
different animals within a mosaic.” (p. 386)

“To summarize general tendencies across seagrass landscape studies ... we used as a
metric the proportion of studies reporting significant ... and non-significant ... results,
without taking into account the statistical power of individual studies (Mazzerolle and
Villard, 1999) ... To detect possible effects of patch and landscape variables on the most
commonly reported faunal groups and/or processes we also used the total number of
significant results, because many papers reported significant or non-significant results for
several different sampling occasions and/or for several taxa.” (p. 386)
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“A total of 33 papers published between 1994 and 2004 met our search criteria ...
skewed towards the temperate northern latitudes ... Zostera spp. ... [were among] the
most studied landscape-forming genera/species ... 50 percent of the papers examined the
role of patch size and 43percent examined edge effects, i.e., possible differences in
response variables between the seagrass boundary and the interior parts of a patch or
meadow.” (pp. 391, 392)

“Although patches within seagrass landscapes are rarely symmetrical, but occur in a
variety of shapes, our understanding of the role of patch shape, orientation, and quality
(food availability) for associated animals is still based on a very limited number (<10
percent) of studies.” (p. 392)

“About 50 percent of all studies focused on some aspect of seagrass ecosystem
configuration based on a variety of partly correlating metrics, including fragmentation,
proximity, connectivity, isolation, fractal dimension, total linear edge, number of patches,
edge contrast, and patch orientation ... At its simplest, fragmentation is usually observed
as a reduction in seagrass cover and a decrease in patch size over time, causing an
increase in the proportion of habitat edge and distance between patches, i.e. decreased
connectivity and increased amount of unvegetated corridors.” (p. 393)

“The majority (>80 percent) of studies focused on invertebrates ... Mollusca (almost
exclusively bivalves) was the most studied taxon (34 percent), followed by epifaunal and
infaunal assemblages (28 percent and 25 percent, respectively), [and] crabs and fish (21
percent each) ... The most common response variables describing faunal population and
community structure in relation to patch and landscape variables were density (>65
percent) and number of species/taxa (25 percent), followed by composition, biomass, and
diversity, each contributing by about 10 percent ... These studies tended to capture the
broad-scale effect of landscape structure on faunal community composition, but studies at
different scales were required to address the role of landscape attributes in the functional
performance of individuals or species.” (p. 393)

“The three most commonly studied explanatory variables, i.e. patch size ... edge effects,
and fragmentation, and the five most commonly studied animal response variables, i.e.
density, number of species/taxa, growth, predation and mortality, were chosen for closer
examination ... In two thirds of the studies examined, seagrass patch size was a
significant predictor of [faunal] density (n = 7), growth (n = 5), and mortality (n = 4),
respectively ... However, half of the studies examined showed non-significant results for
the same response variables, mainly due to confounding effects of sites, seasons, and
target taxa ... This exemplifies the difficulty in linking effects of seagrass landscape
pattern to faunal structure.” (p. 393)
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“Seagrass habitat fragmentation effects on decapods, fish, and bivalves have been
inconclusive, with about equal proportions of significant (56 percent) and non-significant
(44 percent) results, respectively ... Examples of responses of fish densities to
fragmentation are few (n = 2) and show both higher and lower densities in fragmented
seagrass landscapes compared to more continuous landscapes (Hovel ef al., 2002; Salita
et al., 2003) ... Total number of species of fish and decapods has been demonstrated to
show a negative relationship with increasing fragmentation, while non-significant
patterns have been demonstrated for infaunal density, taxa richness, and diversity ...
Decapod studies have shown either negative (density) or non-significant (density, size)
responses to habitat edges ... One study reported significantly lower densities of total
macrofauna and fish along edges (Uhrin and Holmquist, 2003).” (p. 394)

“In general, we found that a landscape variable by itself seldom explained adequately the
variance in response variables ... rather they influenced faunal distributions and
dynamics indirectly, for example by altering ... water flow, physical disturbance, and
sediment characteristics ... predation pressure ... movement and behavior ... [and]
reproduction strategies ... Covarying mechanisms typically explained faunal distributions
and dynamics ... Covariation makes it difficult to determine differences between local
and landscape phenomena.” (pp. 395, 396)

“We found mixed effects of fragmentation in seagrass landscapes, with about equal
proportions of significant ... and non-significant effects ... suggesting that seagrass
fragmentation is not necessarily detrimental for associated animals.” (p. 396)

“Studies in terrestrial landscapes have demonstrated critical thresholds in fragmentation,
where mobility and diversity patterns change dramatically and nonlinearly (Gardner and
Milne, 1987; Rosen, 1989) ... Demonstration of such threshold responses ... [in seagrass
landscapes] warrants further investigation.” (p. 396)

“Broad-scale movement of marine invertebrates occurs predominantly by means of
passive dispersal of larval reproductive stages, eggs, and juveniles over vast areas ... This
implicates the important role of increased connectivity between marine populations.” (p.
396)

“In accordance with terrestrial studies suggesting minor effects of fragmentation on
migratory and edge species (Bender et al., 1998), studies of actively moving crustaceans
indicate that fragmented seagrass supports more decapods than does continuous seagrass
(Eggleston et al., 1998; Loneragan et al., 1998; Hovel and Lipcius, 2001).” (p. 396)

“In accordance with Turner et al. (2001), it might be summarized that effects of spatial
patterns/fragmentation on organisms are not likely to be important if habitat patches are
abundant ... and well connected, edge effects are not central to the process/species under
study, and movement between suitable habitats is relatively unlimited.” (p. 397)
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“In this review, landscape variables were seldom significant predictors of invertebrate
response ... Rather, patch scale and landscape scale variables interacted and covaried in
60 percent of the studies, with usually strong effects of within patch plant characteristics
on animal responses ... Consequently, the influence of the seagrass landscape scale on
ecosystem function only occasionally appears to override local scale variability ... The
literature surveyed suggests that seagrass landscapes support highly dynamic
communities where results were seldom consistent over time within the same region
(Irlandi et al., 1999; Bologna and Heck, 2000, 2002; Bell et al., 2001; Hovel and Lipcius,
2001; Salita et al., 2003) or across sites (Irlandi, 1996; Hovel et al., 2002; Eggleston et
al., 1999) ... In particular, invertebrates appeared less sensitive to landscape variables
than vertebrates.” (p. 397)

“Critical questions regarding how mobile seagrass fauna perceives and responds to
patchiness have only recently started to be explored ... While a landscape might appear
fragmented to one species it could be perceived as continuous by another.” (p. 398)

“The importance of unvegetated strips as corridors for large mobile predators (e.g.,
Irlandi et al., 1995) is likely to vary depending on target species and water depth ... In
very shallow seagrass landscapes, where the leaf canopy reach the water surface,
unvegetated corridors may provide the only avenue for movement/foraging in an
unstructured environment, while in deeper seagrass landscapes the space above the leaf
canopy can also be utilized by mobile fauna.” (p. 398)

“Surprisingly, given their inability to rapidly adjust to predation and other dynamic
influences in seagrass landscapes, infaunal assemblages showed usually weak responses
to landscape variables, leaving much of the variability unexplained (Tanner, 2003;
Bowden et al., 2001; Turner et al., 1999) ... Infaunal communities are ... least affected
by fragmentation ... and show species-specific effects and/or small shifts in community
composition rather than dramatic changes in density (Frost et al., 1999) ... In general,
infaunal assemblages appear to be primarily controlled by sediment stability and grain
size ... (Bostrom and Bonsdorff, 1997, 2000; Bowden et al., 2001).” (p. 398)

“The value of seagrass ... is certainly recognized as a desirable factor to be managed as
‘critical nursery habitat’ ... although validation of the causative factors or seagrass
landscape attributes that actually account for enhanced survival to recruitment is lacking
(Beck et al., 2001) ... [But] In contrast to previous assumptions, it has been demonstrated
that many taxa have limited larval dispersal abilities, implying that such fauna will
respond negatively to increasing fragmentation, and that maintenance of connectivity
among habitat patches is indeed an important management issue (Ruckelshaus and Hays,
1998).” (p. 398)
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“Nonlinear relationships between ensemble faunal variables and landscape metrics were
identified by a number of studies, and are to be expected when assessing species with
different perception of the seagrass landscape ... This may also account for the lack of
relationships in some studies and the opposing results of comparable studies ... In order
to contrast patterns across regions and to allow the synergistic development of our
knowledge in this field, we need to standardise our use of landscape metric and terms in
relation to seagrass landscapes ... Perhaps the more daunting need is a much better
understanding of the various processes operating at various scales and possible cascading
effects across scales that influence fauna-environment relationships in seagrass
landscapes ... It is obvious from this literature that they are complex, difficult to predict,
and still relatively under-studied.” (Bostrom, Jackson, and Simenstad 2006, p. 399)

Brown and Thuesen (2011) assessed the biodiversity of mobile benthic fauna in cultured south
Puget Sound geoduck beds:

“Both sites were commercial-scale geoduck farming operations and were representative
of typical geoduck farms in Puget Sound in both scale and design ... These two farm sites
were in two different stages of production throughout the sampling period ... The
geoduck site in Eld Inlet was structured with ... PVC tubes, with net toppers serving as
predator protection ... The Nisqually Reach site had no structure and contained only
geoduck in grow-out phase ... These two stages of geoduck aquaculture were examined
because they represent the two most distinct stages of geoduck production, those with and
those without geoduck tubes.” (p. 772)

“Traps yielded 1,161 individuals from 15 species of mobile benthic animals during the
course of the study ... The graceful crab, C. gracilis, accounted for 76.3 percent of all
specimens ... There were no significant differences in species richness between the
geoduck aquaculture sites and control sites, as observed using Mao Tau accumulation
curves ... Using Coleman rarefaction analysis, species richness was significantly higher
(P <0.05) in the structured geoduck site ... compared with its control site ... However,
there was no significant difference observed between the [un-structured] geoduck grow-
out site ... [and] its control.” (p. 773)

“[At the structured Eld Inlet site] low species evenness was observed ... C. gracilis
constituted 94.0 percent of all specimens ... [At the un-structured Nisqually Reach site]
there was greater species evenness ... C. gracilis was the most abundant species,
comprising 35.0 percent of the individuals ... However, the staghorn sculpin, Leptocottus
armatus, and red rock crab, Cancer productus, each made up 26.5 percent of the
individuals.” (p. 773)
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* “In southern Puget Sound, even small differences in habitats can demonstrate broad
variability in community member assemblages, as evidenced by the differences between
the study sites in Eld Inlet and Nisqually Reach ... The results in the current study
indicate that intertidal geoduck aquaculture can increase the local biodiversity of mobile
benthic fauna ... However, the effects were subtle and not consistent between the two
locations.” (pp. 774, 775)

= “In Eld Inlet, both the geoduck farm and the natural control site were dominated by one
species, C. gracilis, and Simpson’s biodiversity indices were very low and not
significantly different between the two sites ... [At] the Nisqually Reach site, where all
predator protection had been removed, biodiversity as measured using Simpson’s index
was higher than in the control site, and seasonal shifts in the numbers of organisms
influenced results ... Although it remains inconclusive, the trend in the Coleman
rarefaction analyses ... indicates that, with further sampling, species richness in the
control site would be significantly higher than at the geoduck farm site ... The conflicting
results ... may simply be the result of the temporal and spatial heterogeneity of marine
organisms in southern Puget Sound.” (p. 775)

= “Additional studies are needed to look at the impact of geoduck aquaculture on smaller
animals and infaunal organisms ... Another method of geoduck husbandry uses a single
large predator net ... to protect against predators, and the effects of this method on
mobile benthic communities should also be investigated.” (Brown and Thuesen 2011, p.
775)

Burkett (1995, pp. 233-240) reviewed marbled murrelet food habits and prey ecology, including
the works of Sealy (1975¢), Krasnow and Sanger (1982), Sanger (1983, 1987b), Carter (1984),
Vermeer (1992), and others:

= Sealy (1975c¢) found that sand lance (dmmodytes hexapterus) made up 67 percent of the
food items in the diet of adult and subadult marbled murrelets. Euphausiids, “...a group
of small crustaceans which make up part of the zooplankton (‘krill’) found in the marine
environment...” (p. 233), were the next most important food item (27 percent of the
items).

= “Newly fledged young selected different prey than adult/subadult[s] ... [and] The
difference in adult and juvenile diets can be partially explained by looking at the
difference in abundance of prey items taken by the adult/subadult [marbled] murrelets
over the course of a breeding season.” (p. 224)

= “Sealy (1975¢) concluded that [marbled] murrelets seldom feed more than 500 m from
shore, usually in water less than 30 m deep. His work demonstrated that euphausiids
made up only a small part of the overall diet during the breeding season, but were
dominant during the early part of the breeding season.” (p. 224)
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Krasnow and Sanger (1982) calculated an Index of Relative Importance value for the
foods consumed by marbled murrelets. “During the 1976/1977 winter, fish, primarily of
the family osmeridae [smelt, including capelin], were the most important prey, followed
by euphausiids ... and mysids.” (p. 224)

“Krasnow and Sanger (1982) reported that murrelets fed primarily in shallow water but
obtained their prey throughout the water column. Sanger (1987b) noted that the ability of
murrelets to forage at least part of the time near the bottom assures a broader trophic
spectrum than a food supply originating with phytoplankton productivity in the water
column alone.” (p. 228)

“The results of Krasnow and Sanger’s (1982) study ... pointed to the importance of local
differences in the relative availability of major prey species within the same year.”
“Marbled murrelets, tufted puffins (Fratercula cirrhata), sooty shearwaters (Puffinus
griseus), and black-legged kittiwakes [Rissa tridactyla] exploited a similar suite of prey.
Sand lance and euphausiids were taken during spring, capelin during early summer, and
sand lance during late summer. The authors attributed this chronology to the probable
seasonal occurrence and distribution of prey as did Sealy (1975¢) and Carter (1984) in
their study areas.” (p. 228)

Sanger (1983, 1987b) found that winter survival may be enhanced by the ability to alter
the ‘normal’ diet of pelagic fishes to include demersal crustaceans, seasonally linking
themselves to a detrital-based food chain.

Carter (1984) found that breeding adults fed primarily on sand lance and Pacific herring,
including larval and juvenile fish. Molting and hatch-year birds also fed primarily on
herring, sand lance, and northern anchovy. Euphausiids were absent.

“The importance of herring ... in Carter’s (1984) study correlates with the local
abundance and availability of juvenile herring. He suggested that [marbled] murrelets
fed opportunistically on available prey and noted that juvenile herring were abundant
only in localized areas near spawning grounds (Hourston in Carter 1984). This
conclusion is further strengthened by the work of Vermeer (1992).” (p. 230)

“The massive presence of herring ... and the predictable nature of this occurrence, has
resulted in annual utilization of this resource by many seabirds and other animals
(Vermeer 1992) ... Vermeer’s (1992) study is another example of opportunistic foraging
behavior ... and another demonstration of the importance of local differences.” (p. 230)

In Washington, “During the summers of 1968 and 1969, Cody (1973) collected
information on seabird breeding activity, prey species, and foraging patterns off the west
coast of the Olympic Peninsula ... Marbled murrelets holding fish before their evening
flights inland were ... seen to carry only anchovy (Engraulis) and sand lance
(Ammodytes) in their bills, and it was presumed these fish were for nestlings (Carter and
Sealy 1987a) ... Additional work by Cody in Carter (1984) at the San Juan Islands again
revealed anchovy as nestling prey.” (p. 232)
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“Historically, the Pacific sardine migrated extensively... The migration was complex,
and timing and extent of movement were affected to some degree by oceanographic
conditions (Hart in Anonymous 1993) ... The fishery began in central California in the
late 1800’s ... [but] declined, beginning in the late 1940’s ... to extremely low levels in
the 1970’s ... The regulatory history of the sardine fishery might best be described as
‘too little too late’ ... It was not until 1967, well after the fishery had collapsed, that the
California legislature passed an ‘emergency’ bill ... Since the early 1980’s, sardines have
been taken incidentally [in west coast commercial fisheries] ... The low occurrence of
sardines in the diet of [marbled] murrelets is interesting given the wide geographic
distribution of this fish ... It may represent an overall lower abundance due to
overfishing, competition, and natural influences ... [but] Because of the natural
fluctuations in anchovies and sardines ... [marbled] murrelets probably evolved to use
this resource in proportion to availability ... The periodic lows in anchovy and sardine
populations would probably not adversely affect the [marbled] murrelet as long as
alternative forage fish remained available.” (pp. 237, 238)

“From the studies discussed above, some variability in reproductive success of the
[marbled] murrelet can be expected because of the naturally dynamic nature of their prey
base and the marine environment. Anthropogenic influences can compound prey
fluctuations; thus, marine research and management should be designed to minimize or
avoid adverse changes in seabird reproduction and marine trophic-level interactions.”
(Burkett 1995, p. 240)

Carter, McAllister, and Isleib (1995) describe accidental capture and mortality in commercial
gill nets as one of the major threats to marbled murrelet populations:

“There has been mounting concern about the impacts of gill-net mortality on the marbled
murrelet (Brachyramphus marmoratus)(Carter and Morrison 1992, Carter and Sealy
1984, DeGange and others 1993, Marshall 1988a, Sealy and Carter 1984). [Marbled]
murrelets become tangled and drown in gill nets while swimming under water ... Other
forms of net fishing tend to be much less destructive to birds. Seine fishing is known at
times to cause mortality ... Drift [gill] nets are about 900-1200 ft (275-365 m) long and
are fished as a single unit.” (p. 271)

In Alaska, “Isleib (1982) observed marbled murrelets feeding close to nets ... Young of
the year showed little fear of vessels. Isleib usually observed murrelets swimming along
the nets in singles or pairs, frequently diving, often surfacing on one side and then the
other of the net ... pursuing small feed fishes, including juvenile herring, sand lance
(Ammodytes hexapterus), capelin (Mallotus villosus), needlefish (Strongylura exilis), and
various salmon fry ... Murrelets are caught at varying depths in the nets, from the surface
to 10 meters, mostly 3 to 5 meters down. Beyond 60 meters deep, murrelets do not
appear to be caught ... [Isleib] felt that the numbers had increased in the past 20 years
due to several factors: the vessels are continuously fishing around the clock; the use of
finer web [or mesh]; and more boats are actively fishing (Isleib 1982). He observed that
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[marbled] murrelets are killed throughout the fishing season, with most (80+ percent)
killed at night ... [marbled] murrelets are captured in the same locations year after year
throughout the season. Young of the year, first noted in mid-July, are killed in a higher
proportion to their respective numbers than adults” (p. 272)

“It is difficult to estimate the true magnitude of impact, but when actively foraging
aggregations of [marbled] murrelets overlap with gill-net gear, the potential for mortality
is high (Carter and Sealy 1984).” (p. 274)

“On five occasions in late summer, McAllister retrieved and released live [marbled]
murrelets from encircled nets near Cape Chacon ... [They] were not able to escape over
the floats, including juveniles and adults undergoing prebasic molt.” (p. 274)

In British Columbia, “Carter and Sealy (1984) estimated a minimum of 175-250
[marbled] murrelets were killed in 1980, representing 6.2 percent of the breeding
population or 7.8 percent of the potential fall population. They pointed out that the long-
term impacts of such mortality could be great, but the degree of impact depended upon
continued high fishing effort in Barkley Sound ... Marbled murrelets were not recovered
from purse seines in Barkley Sound in 1979-1982, although hundreds of common murres
(Uria aage) were recovered (Carter, unpubl. data in DeGange and others 1993).
Similarly, murrelets were not observed among floating carcasses of common murres off
Carmanah Point north of Cape Flattery on the west coast of Vancouver Island ... in
August 1979 (Carter, unpubl. data in Vermeer and Sealy 1984; DeGange and others
1993)” (p. 278)

In Washington, “Speich and Wahl (1989) reported that western grebes (Aechmophorus
occidentalis), common murres, and marbled murrelets were frequently killed, based on
reports by local fishermen (Speich, pers. comm.; Wahl, pers. comm.) ... Because
significant mortality of [marbled] murrelets was recorded in nearby Barkley Sound,
British Columbia (see above), it is reasonable to assume that [marbled] murrelet mortality
occurs in Washington waters.” (p. 280)

“Beached Birds. Kaiser (1993) reported two dead juvenile [marbled] murrelets and
hundreds of other seabirds, especially common murres and rhinoceros auklets, washed
ashore in Boundary Bay, British Columbia, in August 1993. Boundary Bay is located
just across the border from areas where high numbers of [marbled] murrelets and gill-net
fishing areas co-occur.” (p. 281)

“Grays Harbor. No marbled murrelets have been recorded as killed in gill nets in Grays
Harbor during observer programs in summer and fall 1991, 1992, and 1993 for non-tribal
fisheries (Jefferies and Brown 1993, WDFW 1994). Between 4 and 10 percent of nets
were monitored each season and year. Bycatch included common murres, rhinoceros
auklets, and loons. Some unidentified alcids and birds were recorded which may have
included [marbled] murrelets.” (p. 281)
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“Willapa Bay. No marbled murrelet bycatch was observed in Willapa Bay during
observer programs in summer and fall 1991, 1992, and 1993 for non-tribal fisheries
(Jefferies and Brown 1993, WDFW 1994). Between 1 and 13 percent of nets were
monitored each season and year. Bycatch included common murres, cormorants, loons,
grebes, and other alcids. Some unidentified alcids and birds were recorded which may
have included [marbled] murrelets.” (p. 281)

“Columbia River. No marbled murrelets have been recorded as killed in gill nets in the
Columbia River during observer programs in winter 1991, 1992 and 1993 (Jefferies and
Brown 1993). Bycatch included common murres, cormorants, western and unidentified
grebes, and surf scoters (Melanitta perspicillata). Some unidentified alcids and birds
were reported which may have included [marbled] murrelets.” (p. 281)

“With available information, it is not yet possible to accurately determine the extent of
mortality on marbled murrelets in Washington ... Additional information on mortality
must be derived from tribal and non-tribal fisheries, especially within and north of the
San Juan Islands, northern Puget Sound, along the northemn side of the Olympic
Peninsula, and in the Cape Flattery area ... The large amount of fishing effort that occurs
throughout this area is likely to cause mortality on the scale of tens to hundreds of
[marbled] murrelets [per year] at a minimum.” (p. 281)

“Gill-net fishing occurs widely and it is likely that: (1) several thousand to tens of
thousands of [marbled] murrelets are killed annually in Alaska; (2) hundreds to thousands
are probably killed annually in British Columbia; and (3) tens to hundreds may be killed
annually in Washington.” (p. 271)

“Gill-net mortality alone may have already been an important factor of the decline in
Alaska and British Columbia populations ... Lower numbers of birds killed in central
California and Washington also have had relatively large impacts on these small
populations and may have contributed significantly to their potential future extirpation
(see Carter and Erickson 1992).” (p. 283)

“Even the very few dead [marbled] murrelets reported anecdotally or from observer
programs are significant ... few people (aside from fishermen) could report mortalities,
carcasses are discarded shortly after death and either sink or are taken by predators soon
thereafter, fishermen typically do not divulge knowledge of such mortality due to fear of
affecting their livelihoods, and only a small fraction of nets are examined in certain
localities during monitoring programs ... We feel that the large size of gill-net fisheries,
and their extensive coverage of almost all coastal areas throughout the range of the
marbled murrelet, places gill-net mortality among the most significant problems for the
species.” (Carter, McAllister, and Isleib 1995, p. 283)
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Coen et al. (2007) have reviewed ecosystem services provided by oysters and other molluscs
(e.g., mussels):

“Oysters and other molluscs (e.g. mussels) ... provide services far beyond the mere top-
down control of phytoplankton blooms, such as (1) seston filtration, (2) benthic—pelagic
coupling, (3) creation of refugia from predation, (4) creation of feeding habitat for
juveniles and adults of mobile species, and for sessile stages of species that attach to
molluscan shells, and (5) provision of nesting habitat.” (p. 303)

“Grabowski and Peterson (2007) have identified 7 categories of ecosystem services
provided by oysters: (1) production of oysters; (2) water filtration and concentration of
biodeposits (largely as they affect local water quality); (3) provision of habitat for
epibenthic fishes ...; (4) sequestration of carbon; (5) augmentation of fishery resources in
general; (6) stabilization of benthic or intertidal habitat (e.g., marsh); and (7) increase of
landscape diversity.” (p. 304)

“Studies comparing invertebrate faunal abundance and diversity between restored and
non-restored oyster reefs (e.g. Luckenbach et al. 2005, Rodney and Paynter 2006, L. D.
Coen et al. unpubl.), between oyster reefs or reef mimics, and soft bottom habitats (e.g.
Posey et al. 1999, Tolley and Volety 2005), and among oyster reefs of varying
complexity (e.g. Coen and Luckenbach 2000, Luckenbach et al. 2005), consistently find
higher abundances, biomass, and species richness on the structurally more complex reef
habitats ... Densities of decapods and meiofauna on oyster reefs are similar to those in
other structured habitats (e.g. Glancy et al. 2003, Hosack et al. 2006).” (p. 305)

“Abundance, biomass, and species richness of finfish species are higher at oyster reefs
than in unstructured estuarine habitats (reviewed in Coen ef al. 1999, ASMFC 2007) ...
Some of these species ... are obligate reef residents ... while other species are either
facultative residents or transient associates (discussed in Breitburg 1999, Coen et al.
1999, ASMFC 2007).” (p. 305)

“Oysters are predominantly intertidal, forming a protective breakwater that retards
shoreline ... erosion (Meyer et al. 1997; Grizzle et al. 2002; Coen and Bolton-Warberg
2005; ASMFC 2007; NRC 2007) ... Fringing oysters ... constitute an alternative to the
hard bulk-heading of shorelines (Meyer et al. 1997; Coen and Bolton-Warberg 2005;
NRC 2007).” (p. 305)

“Filter-feeders enhance seagrass production ... via a positive feedback loop (Reusch et
al. 1994; Peterson and Heck 1999, 2001a,b; C. C. Wall et al. unpubl.). In their recent
modeling paper, Cerco and Noel (2007) assess the impact of a 10 percent increase in
oyster biomasss in Chesapeake Bay ... and suggest that the enhancement of submerged
aquatic vegetation would be the greatest direct beneficiary of oyster restoration.” (Coen
et al. 2007, p. 305)
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Collie et al. (2000) published a meta-analysis looking at the effects of towed bottom-fishing gear
on benthic communities:

“Fishing gears used to catch demersal fish and shellfish often disturb both the seabed and
the organisms living within or on it ... The potential impact of this disturbance has
become a subject of heated debate (Malakoff 1998) ... The results of any single study are
highly specific with respect to fishing gear, disturbance regime, habitat, and environment
... Viewing each study in isolation makes it difficult to draw general conclusions.” (p.
785)

“We extracted summary data from a population of fishing impact studies and [undertook]
a meta-analysis of this combined data set to ask the following questions ... Are there
consistent patterns in the responses of benthic organisms to fishing disturbance? ... How
does the magnitude of this response vary with habitat, depth, disturbance type, and
among taxa? ... [and] How does the recovery rate of organisms vary with these same
factors? ... Using this approach, the results from each study are regarded as independent
replicates, permitting ecological questions to be examined on a much larger scale than
would otherwise be possible.” (pp. 785, 786)

“We found 57 different manipulations or observations of the effects of fishing
disturbance on benthic fauna and communities, extracted from 39 separate publications
... [they examine] ... gear type ... regime [or] number of discrete periods of disturbance
... [and] habitat ... The ‘biogenic’ category includes seagrass meadows or reef-forming
organisms such as mussel beds, [and] sponge or coral reefs.” (p. 786)

“For ... the initial impacts of fishing we examined the effect of each variable on the
response of benthic organisms ... within a generalized linear modelling framework
(McCullagh and Nelder 1989) ... We also employed tree-based regression modelling.”
(pp. 786, 788)

“Most (89 percent) of the studies were undertaken at depths less than 60 m; of these 13
(23 percent) were intertidal ... All the intertidal studies were conducted at small spatial
scales (<50 m) ... The largest scale studies were those that compared commercially-
fished grounds with closed areas or areas of different fishing intensity ... We used the
‘regime’ variable to distinguish experimental studies (acute disturbance) from the 12
studies comparing fished and unfished areas (chronic disturbance).” (p. 789)

“Effects on the total number of individuals and total number of species ... Dredging had
a more negative impact than trawling, which is not surprising as dredges tend to penetrate
deeper into the sediments than trawls ... The mean response for number of species was

... a 27 percent reduction ... Larger impacts were observed in mud and gravel habitats
than in sand ... Intertidal dredging had the most negative impact on species richness.” (p.
790)
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“Effects on populations ... Gear type was highly significant, with intertidal dredging
having the most negative impact, followed by scallop dredging, and inter-tidal raking ...
Habitat and regime were almost significant at the 5 percent level ... The most negative
impacts occurred in muddy sand and gravel habitats.” (pp. 790, 791)

“The variable ‘Class’ also had a significant effect on the response to disturbance ...The
largest negative impacts were observed for Anthoza and Malacostraca; their means ...
correspond to a 75 percent reduction in density ... The other arthropod class, maxillipoda
(copepods and ostracods), was less negatively affected ... Among the echinoderms, the
holothurians and ophiuroids were more negatively impacted than the echinoids and
asteroids ... Bivalves appeared to be less sensitive to fishing disturbance than gastropod
molluscs ... Polychaetes were more negatively affected than oligochaetes, which
appeared to be the least sensitive class ... None of the predicted means were positive ...
Taxa differed in their response to disturbance, but on average, none increased in
abundance.” (p. 791)

“The genera least impacted by disturbance were bivalves ... Many of these bivalves are
small in size or have particularly well armoured shells that protect them from physical
damage.” (p. 792)

“Patterns of recovery ... Depth and scale were either insignificant or had inconsistent
effects among models ... With respect to gear type, the plots suggest that the source of
the statistically significant interaction term is the greater initial impact for intertidal
dredging ... Intertidal dredging gives the greatest initial responses because it is the most
efficient gear ... [often] completely removing the ... fauna.” (pp. 792, 793)

“Despite the obvious limitations of our analyses, consistent patterns have emerged that
would otherwise be unsupported by single studies ... On average, the immediate impact
of fishing disturbance was to remove about half the individuals ... However, the
magnitude of the response varied significantly with gear type, habitat, and among taxa ...
With respect to gear type, our results are broadly consistent with expectations — intertidal
dredging has more marked initial effects.” (p. 793)

“Our expectations for a habitat effect were that initial responses and rates of recovery
from ... impacts would be related to, and could be predicted from, the physical stability
of the sea bed ... It makes intuitive sense that animals living in unconsolidated sediments
are adapted to periodic sediment resuspension and smothering ... However, our ... results
were somewhat inconsistent among analyses ... It does appear that responses in sand
habitats were usually less negative than in the other habitats, but a clear ranking for
expected impacts did not emerge.” (pp. 793, 794)

“The most consistently interpretable result was with respect to faunal vulnerability, with

a ranking of initial impacts that seems broadly congruent with expectations based on
morphology and behavior.” (p. 795)
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“Recovery ... The small spatial scale of most of the ... studies make it likely that much
of the recolonization was through immigration into disturbed patches, rather than
reproduction within patches ... It should be noted, that while we might accurately predict
the recovery rate for small-bodied taxa such as polychaetes, which dominate the data set
... communities often contain one or two long-lived and therefore vulnerable species ...
Given the effects observed in many studies, we anticipate a shift from communities
dominated by relatively high biomass species towards dominance by high abundances of
small-sized organisms.” (pp. 795)

“It is clear that intensively fished areas are likely to be maintained in a permanently
altered state, inhabited by fauna adapted to frequent physical disturbance ... This is, of
course, much more likely for the most stable types of habitats containing structural
biogenic components ... It is for these habitats that the paucity of data is most apparent
and where recovery rates will be longest.” (p. 795)

“An important consequence ... is the reduction in habitat complexity (architecture) that
accompanies the removal of sessile epifauna, which appears to have important
consequences for fish communities (see, for example, Sainsbury et al. 1997) ... Our
current understanding of the functional role of many of the larger-bodied long-lived
species (e.g. as habitat features, bioturbators, etc.) is limited and should be addressed.” (p.
795)

“With respect to the design of future studies ... [we] will be best served by abandoning
short-term, small-scale pulse experiments ... Instead, the scientific community should be
arguing for support to undertake much larger scale press and relaxation experiments ...
The results ... [would be] clearly interpretable in terms of real world intensities of fishing
disturbance ... [and] the experiments would be conducted in the very habitats (i.e. real
fishing grounds) about which the question of recovery is actually being posed.” (Collie et
al. 2000, p. 796)

Dealteris et al. (2004) assessed the structural habitat complexity inherent to submerged aquatic
vegetation, shallow nonvegetated seabeds, and shellfish aquaculture gear, and the abundance,
composition, and diversity of associated benthic communities:

“The habitat value of modified rack and bag, shellfish aquaculture gear (SAG) ...
submerged aquatic vegetation (SAV) ... and a shallow nonvegetated seabed (NVSB) was
comparatively evaluated over a 1-year period.” (p. 867)

“Shellfish aquaculture gear ... has habitat value at least equal to and possibly superior to
submerged aquatic vegetation.” (pp. 867, 873)
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“There is abundant evidence that indicates ... [natural oyster] reef communities are
extremely diverse and show differences in species abundances as compared with adjacent
nonvegetated, sand flat habitats ... Oyster reef habitats are not only highly diverse but
[also] include species absent in adjacent soft-bottom environments (Coen et al. 1999b).”

(p. 867)

“Shellfish aquaculture gear may serve as an artificial reef habitat by virtue of its inherent
structural complexity and extensive time spent on the seafloor throughout the year.” (p.
868)

“Habitat structure, described in terms of emergent surface area ... varied as a function of
habitat type and season ... The log transformed average emergent surface area varied
significantly ... There were significant differences (P < 0.05) between each of the 3
habitats (SAG>SAV>NVSB).” (p. 869)

“The mean Shannon-Weiner Index values of species diversity were highly significantly
different between habitats (P < 0.001) and between seasons (P <0.01) ... The SAG
habitat was not significantly different from the SAV habitat (P > 0.05), however both of
these habitats were highly significantly different (P < 0.01) from the NVSB.” (pp. 869,
870)

“The SAG habitat showed consistently lower Smith and Wilson species evenness values
than either the SAV or NVSB because a few species tended to dominate this habitat ...
The SAG habitat was significantly lower in species evenness than either the SAV or
NVSB habitats.” (p. 870)

“There was a highly significant difference (P < 0.001) in species abundance between each
habitat (SAG>SAV>NVSB) ... Thirteen crustacean species were identified ... The
greatest abundances occurred in the SAG habitat, followed by the SAV habitat, and then
the NVSB habitat ... Seven mollusk species were identified ... The greatest abundances
occurred in the SAG habitat, followed by the SAV habitat, and then the NVSB habitat ...
Sessile invertebrate species were present in both SAG and SAV habitats ... [but] NVSB
habitat was devoid of ... sessile invertebrates.” (p. 870)

“We believe that the observed differences in species composition and abundances are
influenced by differences in habitat composition, structure, and complexity ... There was
a highly significant difference in emergent surface area ... that was strongly correlated
with abundance of organisms.” (pp. 872, 873)

“The SAV emergent surface varied throughout the year due to seasonal growth and
mortality patterns ... The surface area of the ... [SAG] remained constant ... The SAV
does support epiphytic and sessile invertebrate growth, but not to the extent of the SAG
... The high prevalence of [encrusting] sessile invertebrate communities on the SAG ...
increases habitat complexity ... The SAG ... provides 3-dimensional structural
complexity.” (p. 873)
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*  “The SAG habitat had consistently lower evenness than the other ecotypes because of the
hyperdominance of several species within the aquaculture gear ... In contrast, the SAV
habitat was rarely dominated by a few species, but rather supported a more equal
distribution of organisms.” (p. 873)

= “The species evenness data clearly show that whereas the abundances may be greater in
the SAG habitat, the SAG habitat is dominated by a few species.” (p. 873)

* “The aquaculture gear used to grow cultured bivalves has intrinsic habitat complexity and
shares many of the characteristics that artificial reefs possess.” (Dealteris et al. 2004, p.
873)

DNR 2014a, pp. 1-32 through 1-42, 1-44 through 1-51, and 1-51 through 1-54.

Physical, Chemical. and Biological Characteristics

Unless cited to indicate otherwise, the following content is taken with minimal editing from the
DNR’s Aquatic Lands HCP planning document (DNR 2014a, pp. 1-32 through 1-42):

(p. 1-32) “Saltwater systems in the Pacific Northwest are influenced by mixed semidiurnal tides,
two high and two low tides each lunar day with unequal amplitude. Tidal range increases from
north to south, with tidal ranges in the north Puget Sound of less than 3 meters (10 ft), and more
than 5 meters (16 ft) near Olympia, Washington (Komar 1997).

Locally, tidal currents and wind events also affect inland circulation patterns. Wind flow is
predominantly from south-southwest during the winter, before gradually reversing direction in
the spring (Williams et al. 2001). Wave conditions are generally mild, with both wave height
and period limited by fetch (Williams et al. 2001). Wind significantly influences the
oceanography of interior waters by generating surface waves, mixing surface waters, and forcing
surface drift currents (Thomson 1994).

Stratification is greatest during the summer because of the combined effects of solar heating and
river discharge, and lowest in the winter because of seasonal cooling and increased wind-induced
mixing from storms (Thomson 1994). Many of the deeper regions exhibit persistent density
stratification based on salinity and temperature (Williams ef al. 2001). By comparison, seasonal
stratification in the Strait of Juan de Fuca is relatively uncommon and the waters are well-mixed
vertically.”

(pp- 1-32 thru 1-34) “Resource cycling is fueled primarily by energy from benthic and terrestrial
vegetation; the type and source of vegetative inputs influence both the species present and their
ecological function (Simenstad and Wissmar 1985; Valiela 1984). While benthic habitats in the
nearshore generally lie within the photic zone, the lower depth of light penetration is highly
dependent on water clarity.
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The bathymetry of the nearshore ecosystem varies with the characteristics of the surrounding
landscape. In Puget Sound [and Hood Canal], much of this ecosystem occurs as a narrow fringe
along the edge of the steep-sided fjord, interspersed with shallow inlets and back-bay areas. The
characteristics of these shallow areas vary from north to south. Estuaries and tidally influenced
rivers are concentrated in the north (for example, Bellingham, Skagit, and Port Susan Bays);
inlets predominate at the southern end of Puget Sound (including the Henderson, Budd, and
Hammersley Inlets)(Washington DNR 2005a).

Water circulation and local bathymetry have a significant influence on the character of the
nearshore system. Because of the proximity of the continental shelf, strong seasonal upwelling
occurs along the coast of Washington and results in the movement of nutrient-rich waters into
the photic zone and the nearshore ecosystem. This stimulates phytoplankton growth and thereby
provides habitat and food for zooplankton. Tidal exchange also transports these highly
productive waters into tidally influenced rivers and shallow embayments, providing foraging and
refuge habitat for juvenile salmonids and other fish (Emmett ef al. 2000). During periods of low
circulation, or stratification, the nearshore is most affected by the upper water column, which is
generally warmer and nutrient poor in the summer and is less saline in the winter due to
increased river flows.

Glaciation shaped the general geomorphology [of the Puget Sound and Hood Canal](Burns
1985). Present-day sediment processes are responsible for forming and maintaining
unconsolidated nearshore features such as dunes, marsh plains, and unvegetated beaches.
Sediment transport in the nearshore is generally the result of waves and wave currents. Wave
approach patterns determine the type of currents and resulting sediment movement. When waves
approach the beach parallel to the shoreline, a series of rip currents develop causing erosion in
pockets along the beach, while waves approaching at an angle form a longshore current or littoral
drift. These currents can move along the shore for hundreds of miles; the direction of the
prevailing winds determines the direction that the sediment is transported (Komar 1997).
Sediment transport processes vary in their predominant direction and intensity, and are
influenced by the complexities of tidal currents, wind-influenced wave patterns, and shoreline
geomorphology.”

(pp- 1-35, 1-36) “Saltwater-nearshore temperature varies dramatically both seasonally and
spatially. Solar energy heats the water and intertidal substrate at low tides, which results in a
dramatic seasonal variation in water temperature. Saltwater-nearshore temperatures generally
range from 6 to 9 degrees Celsius (43 to 48 degrees Fahrenheit) during winter, and 16 to 19
degrees Celsius in summer (61 to 66 degrees Fahrenheit)(Thom and Albright 1990). Summer
temperatures in shallow embayments with restricted circulation reach 20 to 25 degrees Celsius
(68 to 77 degrees Fahrenheit) during warm sunny days. Infrequent, long, cold periods can drive
temperatures to as low as 2 degrees Celsius (36 degrees Fahrenheit), especially in shallow
systems, and very shallow water will occasionally freeze.

River and stream flows can also affect temperature in the nearshore. Typically, warming of
freshwater during summer will increase water temperature in the nearshore. In winter,
freshwater flows can cool nearshore water temperatures. Winds that blow offshore cause vertical
mixing of the water column and can create upwelling, which brings colder, deeper water from
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offshore into the nearshore environment. Stratification of the water column in the nearshore
typically results in a warm surface layer during summer and a cold surface layer in winter. The
most protected water and shallowest sites show the greatest extremes in temperature, whereas
sites most exposed, deep and open to circulation show the least extremes.

Salinity varies seasonally and spatially in the nearshore. Salinity is determined by the relative
amounts of freshwater inputs from rivers and streams and saline ocean water. Winds and
currents cause vertical and horizontal mixing of fresh and salt water. Nearshore areas dominated
by rivers can have periods of very low salinity. In central Puget Sound, salinity observations at
the mouths of rivers can vary between 15 parts per thousand in winter-spring, to 31 parts per
thousand in late summer and early autumn.

Inorganic nutrients in the nearshore typically include the macronutrients nitrate, nitrite, ammonia
and phosphate. These arrive in the nearshore by ocean inputs through upwelling, and freshwater
inputs through overland flows of rainwater, rivers and streams. These macronutrients are
important to the support of phytoplankton, seaweed, seagrass, and marsh plant growth in
nearshore areas; low macronutrient concentrations can limit productivity. An overabundance of
one or more of these nutrients can result in abnormal abundances of phytoplankton or seaweeds,
the decay of which can create areas of low dissolved oxygen, also known as hypoxia. Plant use
and uptake also affects the seasonal concentrations of nutrients. Nitrate concentrations in central
Puget Sound vary from a high of 35 micromoles per liter in winter, to a low of less than 5
micromoles per liter in early summer (Thom and Albright 1990).

Dissolved oxygen concentrations in the nearshore are spatially and temporally variable. Because
the water column is shallow, and often overlies very productive habitats, periods of high
productivity can result in oxygen levels greater than 100 percent of the theoretical maximum
oxygen concentration possible in water—this phenomenon is called supersaturation. In central
Puget Sound, nearshore dissolved oxygen concentrations are typically greatest and most variable
in spring and summer (11 to 16 milligrams per liter); the least variation occurs in autumn and
winter (7 to 9 milligrams per liter; Thom and Albright 1990). Oxygen demand by sediment-
associated microbes and chemical processes can be great in embayments with low circulation
(where sediments are high in organic matter concentration), and in areas with very high densities
of large infauna such as clams.”

(pp. 1-40, 1-41) “Water clarity is affected by plankton concentration and suspended sediments.
Secchi depth, a measure of water clarity, varies between 4 meters (13 ft) and more than 11
meters (36 ft), with the clearest waters often occurring during calm periods in winter, and after
the large phytoplankton blooms in spring and summer have died off (Newton et al. 2002). In
addition to phytoplankton blooms, widespread reduction in water clarity can occur during storms
from suspension of fine sediment particles, or plumes of turbid water from larger rivers.

Nitrogen and phosphorus come from three primary sources: upwelling of nutrient rich water,
input from land sources, and recycling of nutrients in surface waters and sediments (Harris
1986). Rich, oceanic waters are the primary source of nutrients for the inland region;
anthropogenic sources are considered negligible in well-flushed basins (Williams et al. 2001).
Inland primary productivity rates are generally considered to be very high, relative to those in
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other temperate estuaries. Inland primary productivity rates are primarily affected by sunlight,
stratification, and water residence time (Williams et al. 2001). Because all of these factors are
highly variable in time and space, primary productivity and abundance can occur in extremes,
characterized by phytoplankton blooms. Intense blooms largely occur in the spring and fall, with
smaller blooms in summer, and sparse growth in the winter.

Both inland and coastal offshore dissolved oxygen concentrations reflect the influence of dense,
high salinity, naturally low-oxygenated oceanic waters (Newton et al. 2002). Concentrations
range between 5 and 3 milligrams per liter.”

(pp. 1-36 thru 1-38) “The nearshore is home to many species of planktonic invertebrates and
fishes and is responsible for much of the primary production in nearshore and offshore waters.
Water column phytoplankton communities can be divided into three main groups:
dinoflagellates, diatoms, and microflagellates. Diatoms are typically the most abundant group,
particularly during algal spring blooms. Dinoflagellates are more common in calmer, low-
energy environments (Strickland 1983). Zooplankton consume phytoplankton and form the prey
base for many species of fish that inhabit the nearshore, particularly juvenile salmon.

Other species that feed primarily on zooplankton include juvenile and adult Pacific herring
(Clupea pallasi), southern euchalon (Thaleichthys pacificus), stickleback (Gasterosteus spp.),
sand lance (Ammodytes hexapterus), juvenile salmon (Onchorhynchus spp.), Pacific cod (Gadus
macrocephala), Pacific hake (Merluccius productus), walleye pollock (Theragra
chalcogramma), lingcod (Ophiodon elongatus), sablefish (dnoploploma fimbria), and spiny
dogfish (Squalus acanthias)(Williams et al. 2001). Several species of mammals and birds also
depend on the nearshore, including harbor seals (Phoca vitulina), killer whale or orca (Orcinus
orca), grey whales (Eschrichtius robustus), river and sea otters (Lontra canadensis and Enhydra
lutri respectively), loons (Gavia spp.), grebes (Podicipedidae), cormorants (Phalacrocorax spp.),
and several species of ducks and marine seabirds (Long 1982).

Benthic nearshore habitats are divided into two general types: consolidated and unconsolidated.
The specific nature of the habitat and its associated communities are influenced by substrates and
vegetation (Dethier 1990; Williams and Thom 2001). [Consolidated habitats include rocky shore
assemblages and seaweed assemblages. Unconsolidated habitats include eelgrass meadows,
flats, and sub-estuaries (or tidally-influenced rivers).]

Rocky shores include those areas of the intertidal and shallow subtidal zone that are dominated
by bedrock or boulder substrates. This habitat type is generally defined by relatively large-sized
or abundant taxa dominated by kelp beds and other seaweed, or benthic invertebrates.

Seaweeds are macroscopic algae [organized] within three taxonomic subgroups based on
dominant photosynthetic pigmentation: red, green, and brown algae. Seaweeds occur throughout
the photic zone, reaching their greatest abundance in areas where salinity is routinely above 15
parts per thousand, with the greatest numbers of species occurring at salinities in the range of 31
to 35 (Thom 1980).
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Kelp (Laminariales) and other seaweeds that grow attached to rock generally dominate
consolidated habitats in areas of bedrock and boulders. The distribution of these seaweeds
occurs along a vertical-depth gradient and is controlled by a variety of species-specific factors,
such as light requirements, tolerance for desiccation, thermal and physical stress, competition
with other native and non-native plants, and life-history strategies. Red algae are often found in
the deepest waters because of their ability to use the wavelengths and energy levels of light that
are found at these depths.

Floating kelps, such as bull kelp (Nereocystis luetkeana) and giant kelp (Macrocystis
integrifolia), can form extensive canopies at or near the surface and are most common in high-
energy environments. In Washington, floating kelp beds are found on approximately 11 percent
of the shoreline, primarily in the Northwest Coast ecoregion (Washington DNR 2002). Kelp
beds are used by sea otters and a variety of fish and invertebrate species for rearing, feeding, and
predator avoidance. In some areas, herring may lay eggs on kelp. Benthic diatoms are also an
important photosynthetic component of rocky consolidated habitats, and their primary
productivity rates can be as high as that in beds of eelgrass (Zostera marina)(Thom et al. 1989).

In unconsolidated habitats, the primary vegetation is comprised of rooted flowering plants called
seagrasses. Six species of seagrasses occur in Washington; eelgrasses (Z. marina and the exotic
Z. japonica) are the most widespread. Eelgrass is generally found in monotypic stands, or
meadows. These meadows harbor some of the richest assemblages of animals among all aquatic
habitats in the state (Phillips 1984). They provide important feeding and refuge habitat for
salmonids, crabs, and birds, and provide spawning habitat for herring (Baldwin and Lovvorn
1994; Holsman et al. 2003; McMillan et al. 1995; Phillips 1984; Thom et al. 1989); Wilson and
Atkinson 1995; McIntyre and Barr 1997). While the vertical extent of eelgrass is controlled by
light penetration and desiccation, it generally grows at depths of approximately plus 0.3 meters
(0.9 ft) to minus 10 meters (33 ft) relative to MLLW (Thom et al. 1998; Thom et al. 2003).

Mud or tidal flats consist of gently sloping lands that contain fine to coarse unconsolidated
sediments. Deposition of fine material is largely influenced by riverine sediment load or by
deposition of material eroded from the surrounding bluffs. Benthic diatoms are generally the
major source of primary production in many flats; eelgrass, however, and other attached
vegetation and drift seaweeds (ulvoids) may be present. Unconsolidated sediments provide
habitat for a variety of infauna (worms, small crustaceans, and bivalves) that are important prey
for shorebirds, fishes, and both marine and terrestrial mammals. These sediments are also home
to recreationally and commercially important stocks of clams, crabs, sturgeon (Acipenser spp.)
and flatfish (Pleuronectidae), including geoduck clam, native littleneck clam, and Dungeness
crab (Metacarcinus magister).

Rivers and streams that enter into larger estuarine and tidal systems can form distinct habitats.
At their mouths, these tidally-influenced waters form deltas, which include channels through the
mud flats that may contain water even at the lowest tides. Sub-estuaries are characterized by
salinity concentrations that vary with river flows; estuarine character extends up river to the limit
of tidal influence. Sub-estuaries also contain riparian habitat, dune habitat, tidal marshes,
seaweed assemblages, eelgrass meadows, and limited rocky shore habitat. Sub-estuaries and
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tidally-influenced rivers provide the transition between freshwater and saltwater for migratory
salmonids. Recent studies indicate that juvenile salmonids spend considerable time in these
habitats as they migrate to the ocean (Beamer et al. 2005).”

(pp. 1-41, 1-42) “Consolidated habitats are primarily found in scattered pockets off the coast of
the Olympic Peninsula, in the San Juan Archipelago, off the west coast of Whidbey Island and
Admiralty Inlet, and in the Tacoma Narrows channel. High-energy, consolidated habitats are
predominantly characterized by non-motile invertebrate species — such as anemones (Metridium
senile and Urticina spp.), purple-hinged rock scallops (Hinnites giganteus), and giant acorn
barnacles (Balanus nubilus)(Dethier 1990) — and mobile species, such as sea urchins
(Strongylocentrotus spp.), rockfish (Sebastes spp.), gobies (Coryphopterus spp.), lingcod
(Ophiodon elongatus), and sculpin (Artiedius spp.). Low-energy, consolidated habitats are
characterized by polychaete worms (Serpulid spp.), squat lobsters (Munida quadrispina), a
variety of planktivorous invertebrates (e.g., anemones), orange cup coral (Balanophyllia
elegans), rockfish, longfin sculpin (Jordania zonope), and gobies.

Unconsolidated, soft bottom is the predominant benthic habitat. The biological communities
associated with high-energy, unconsolidated habitats are influenced by both substrate
composition and size. Mixes of cobble and finer material, such as gravel, shell hash, and sand,
are typically inhabited by horse mussels (Modiolus modiolus) and barnacles (Balanus spp.).
Cobble substrates are generally dominated by sea urchins and rock scallops. Mixed-coarse
substrates support a variety of infauna, including small bivalves — such as the hundred line
cockle (Nemocardium centifilosum) — and amphipods such as the Bay ghost shrimp (Callianassa
californiensis) and the stout coastal shrimp (Heptacarpus brevirostris). Sandy, unconsolidated
habitats in high-energy regimes support small bivalves (for example, Tellina spp. and Macoma
spp.), amphipods (including Rhepoxynius abronius and Eohaustorius washingtonianus), and
polychaetes (such as Maldane glebifex and Chaetozone setosa)(Dethier 1990). Low-energy,
unconsolidated habitats typically support sea pens (Ptilosarcus gurneyi), sea whips (Virgularia
spp.), tubeworms (chaetopterid polychaetes), many bivalve species, and mobile crustaceans such
as Dungeness crab and kelp crabs (Pugettia spp.)(Dethier 1990).”

Existing Conditions

Unless cited to indicate otherwise, the following content is taken with minimal editing from the
DNR’s Aquatic Lands HCP planning document (DNR 2014a, pp. 1-44 through 1-51):

(pp. 1-44, 1-45) “The DOE has conducted annual marine water quality monitoring at stations in
Puget Sound and in coastal areas (Grays Harbor and Willapa Bay) since 1967. The program
collects data on dissolved oxygen, nutrients, and fecal coliform bacteria. The following
discussion is a synthesis of material published by the DOE (Newton ef al. 2002) and the Puget
Sound Action Team (PSAT 2007).

While water quality varies seasonally and across years, general patterns in the levels of fecal
coliform, nitrogen, ammonium, dissolved oxygen, and stratification can be used as indicators.
For the 1998 to 2000 sampling period, the DOE reported that while water quality appeared to be
generally good for the Puget Sound basin, several sites experienced decreases in overall water
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quality, including low dissolved oxygen, increases in fecal coliform bacteria, or a sensitivity to
eutrophication based on stratification or nutrient conditions (Newton et al. 2002). The eight
areas of highest concern were southern Hood Canal, Budd Inlet, Penn Cove, Commencement
Bay, Elliott Bay, Possession Sound, Saratoga Passage, and Sinclair Inlet. For the coastal
estuaries, the primary water quality issue reported was chronic fecal coliform bacteria
contamination in Grays Harbor and in Willapa Bay, adjacent to the Willapa River (Newton et al.
2002). In 2005 all the sites sampled in Puget Sound were of concern for at least one parameter,
with eight sites (Budd Inlet, South Hood Canal, Saratoga Passage, Possession Sound, Penn Cove,
Commencement Bay, Elliott Bay, and Sinclair Inlet) considered of “highest concern” due to
exceedances of the standards for several or all parameters (PSAT 2007). Bellingham Bay,
Oakland Bay, Case Inlet, Discovery Bay, Strait of Georgia, Carr Inlet, Port Orchard, West Point,
Skagit Bay, and Port Susan were rated of “high concern” due to exceedances of the standards for
dissolved oxygen and fecal coliform bacteria (PSAT 2007).

The DOE developed the Marine Water Condition Index (MWCI) in 2011 as a way to detect
changes in water quality over time. The MWCI uses 12 variables to describe water quality
conditions, including temperature, salinity, nutrients, algae biomass, and dissolved oxygen, in
relation to broader oceanic water quality and natural variability. MWCI trends show a
continuing increase in nutrients, possibly due to the increase in population density since 2002,
for the Puget Sound Central Basin, southern Hood Canal, Oakland Bay, and Admiralty Inlet.
Increases in population, particularly along Puget Sound’s urbanized corridor, correlate with
increases in nutrient discharges from both point source and non-point sources (DOE 2012).

In 2009, the DOE completed Washington State’s Water Quality Assessment for 2007/2008. The
results of the assessment were submitted to the Environmental Protection Agency as an
integrated report to satisfy the Clean Water Act requirements of sections 303(d) and 305(b). The
assessment includes a list of waterbodies that are known to be polluted. The list is available on
the DOE’s website.

The report assesses S percent of the river and stream miles, and 3 percent of lakes and gridded
marine waters in Washington. Of the 26,000 segments assessed, 30 percent met all the tested
water quality parameters (temperature, pH, dissolved oxygen, fecal coliform, total nitrogen, total
phosphorous, total suspended sediment, and turbidity), 16 percent were designated as waters of
concern, and 14 percent were placed on the 303(d) list. The number of segments assessed as
Category 5 (standards for one or more pollutants have been violated and there is no Total
Maximum Daily Load) increased by 919 from 2005. Of the 2008 key parameter exceedances, 33
percent were due to temperature, 27 percent were due to fecal coliform bacteria, 24 percent were
due to dissolved oxygen, 10 percent were due to pH, 2 percent were due to total phosphorous,
and 4 percent were due to metals, toxics and “other” pollutants.”

(pp. 1-45 thru 1-47) “Sediment quality plays an important role in the health and structure of
epibenthic and benthic habitats, influencing food web dynamics, primary productivity, and
species diversity and abundance. The DOE’s Marine Sediment Monitoring Team and the
National Oceanic and Atmospheric Administration cooperatively collected sediment samples for
300 Puget Sound sites between 1997 and 1999 (Long et al. 2004).

31



The Sediment Quality Triad Index summarizes the data by frequency of occurrence and
basin/region (Long et al. 2004). Most samples assessed as degraded were collected in the
Whidbey Basin (Everett Harbor), Central Sound (Elliot Bay and Commencement Bay), and
South Sound (Budd Inlet). The station samples were also analyzed using five strata based on the
major geographic features and degree of anthropogenic activity (harbors, urban embayments,
passages, deep basins, and rural embayments). The largest percentage of samples with degraded
sediment quality was associated with the harbor and urban embayment strata; the samples with
the highest sediment quality were found in passages, deep basins, and rural embayments.

In 2005, the Puget Sound Ambient Monitoring Program (PSAMP) summarized 12 years of data
from ten long-term monitoring stations to establish a record of sediment conditions for a variety
of habitats and geographic locations throughout Puget Sound (Partridge et al. 2005). The data
associated with grain size, total organic carbon content, and the composition and structure of
benthic invertebrate communities were collected annually. Sediments were analyzed for more
than 180 priority pollutant metal and organic contaminants: for example, polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pesticides (Partridge et al. 2005).

While many of these parameters were stable over time, changes associated directly with
anthropogenic sources were found in urban embayments. Analysis of the chemical contaminant
data set indicated that, in general, concentrations of metals in 2000 were lower than in 1989-
1996 more often than they were higher, while the opposite was true of PAHs (Partridge et al.
2005). The decrease in concentrations of metals may reflect a decreased discharge of metals into
Puget Sound; the increase in PAH concentrations is likely attributable to increased suburban
runoff. Overall, Sinclair Inlet had the highest concentration of metals; PAH concentrations at the
Thea Foss Waterway station was one to two orders of magnitude greater than at any other station
(Partridge et al. 2005).”

(pp. 1-47 thru 1-51) “Submerged and emergent vegetation provides structure to shallow water
benthic habitats and reduces wave energy, which stabilizes the sediment and shoreline, and slows
erosion (Fonseca and Cahalan 1992; Van den Berg et al. 1998). Vegetation also removes
nutrients from the water column — thereby reducing algal blooms and associated decreases in
dissolved oxygen — and converts carbon dioxide into oxygen in both the water column and the
sediment (Findlay et al. 2006; Hemminga and Duarte 2000; Hietala et al. 2004; Laskov et al.
2006; Van den Berg ef al. 1998). Aquatic vegetation can also be a major source of food for
birds, fishes, and invertebrates, which may consume the vegetation itself or consume species that
shelter in the vegetation (such as zooplankton and larval and juvenile fish). Aquatic vegetation
also serves as a food source indirectly by contributing detritus and dissolved organic matter to
the system (Alvarez and Peckarsky 2005; Hilt 2006; Moore et al. 2004). Species may also use
vegetation for egg attachment, nursery and rearing areas, and refuge from predation (Kendall and
Mearns 1996; Munger et al. 1998; Shaffer 2004; Webb 1991).

Seagrasses are rooted flowering plants that live partially or completely submerged in marine and
estuarine waters. Of the six seagrass species occurring in Washington, the two eelgrasses (the
native Zostera marina and the non-native Z. japonica) are the most widespread seagrasses: they
are documented to occur along approximately 1,135 kilometers (705 miles) of shoreline
(Washington DNR 2002). North and central Puget Sound have the highest percentages of
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eelgrass; the southern end has the lowest percentage. Surfgrasses (Phyllospadix spp.) can also be
found, but are generally less abundant than eelgrass and are restricted to the lower intertidal and
shallow subtidal zone in high-energy (exposed), rocky, marine shorelines. Widgeon grass
(Ruppia maritima) is even less common than the surfgrasses and inhabits the high intertidal in
areas with brackish water.

Eelgrass meadows are a major source of carbon in the nearshore ecosystem and have one of the
richest assemblages of animals among all aquatic habitats in the state. Eelgrass is used by a
number of juvenile salmonids and other fish for foraging and refuge, by herring as a spawning
substrate, and by a variety of crabs for feeding and refuge (Holsman et al. 2003; McMillan ef al.
1995; Phillips 1984).

As part of the PSAMP, Washington DNR’s Submerged Vegetation Monitoring Project (SVMP)
has been collecting data on the abundance and distribution of native eelgrass in greater Puget
Sound since 2000. The study area is divided into five regions: central Puget Sound, north Puget
Sound, San Juan Archipelago, Strait of Juan de Fuca, and the Saratoga-Whidbey Basin. More
than a quarter of the total amount of eelgrass in Puget Sound is found in Padilla and Samish bays
in the Puget Trough ecoregion.

Gaeckle et al. (2009) provided recent data on eelgrass in Puget Sound, extending the overall data
record to nine years (2000 to 2008). In Puget Sound overall, native eelgrass shows a pattern of
slight decline; more sites display long-term decreases in eelgrass than increases; and more sites
show one-year decreases in eelgrass than increases. However, this slight declining trend has not
resulted in a decrease in the spatial extent of eelgrass across Puget Sound over the last nine years.

Sampling results from the Hood Canal region suggest that Hood Canal is showing the largest
decline and is of highest concern for the decline in native eelgrass (Z. marina). The Strait of
Juan de Fuca and central Puget Sound regions also show declining trends and are the second
highest concern (Gaeckle et al. 2009). In particular, several shallow embayments in the San Juan
Archipelago have shown a pattern of sharp decline in eelgrass abundance, including some areas
used as herring spawning sites (Dowty et al. 2005). The Saratoga-Whidbey and north Puget
Sound regions had the lowest frequency of change in eelgrass area — the number of decreasing
sites matched the number of increasing sites — and this location is currently of low concern for
native eelgrass decline (Gaeckle et al. 2009).

While not the primary focus of the SVMP work, data on non-native eelgrass (Z. japonica) were
also gathered. This introduced species tends to have a shorter growth form and different sheath
morphology than the native species. Little is known, however, about differences in the
ecological services of the two species. The non-native species tends to colonize shallower areas
in upper intertidal zones and can co-occur with Z. marina (Dowty et al. 2005). In 2009, Z.
Japonica was observed at 18 sites in all regions. Since 2000, non-native eelgrass has been
observed at 68 different sites in Puget Sound (Gaeckle et al. 2009).

Seaweeds are macroscopic marine algae (macroalgae). These algae occur throughout the

nearshore, in saline waters where light levels are great enough to support their growth. Although
most seaweed species grow attached to consolidated substrates, some seaweeds, such as ulvoids
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(flat green seaweeds) can live unattached to the bottom. The vast expanses of rocky shores along
the Strait of Juan de Fuca, and rocky outcrops on the outer coast of Washington support many of
the 633 species that occur throughout the Pacific Northwest (Gabrielson et al. 2000). Central
Puget Sound supports approximately 160 species; south Puget Sound supports only a few species
(Thom et al. 1976).

Along many rocky shores in Washington, the upper intertidal band of seaweeds consists of low
growing turf and crust-forming species. Below this is a band of the fucoid brown seaweed
(Fucus spp.), usually followed by a diverse mix of red, green, and brown seaweeds. In the
shallow subtidal zone, larger brown algae can dominate and form an assemblage comprised of an
understory of smaller species associated with large dominant species. As the photic zone
deepens, the brown algae will give way to the more low-light tolerant red algae.

One group of brown algae includes all of the order Laminariales, commonly known as kelp.
Kelp attach to the substrate by root-like holdfasts and are categorized into floating and non-
floating kelp. Bull kelp and giant kelp are floating kelp that can form extensive canopies at or
near the surface of the ocean. These beds are most common in rocky, high-energy marine
environments. In Washington state, floating kelp beds are found on approximately 11 percent of
the shoreline, primarily on the northwest coast of the Olympic Peninsula (Washington DNR
2002). Washington DNR’s Nearshore Habitat program has been monitoring the areal extent of
kelp bed populations along the Strait of Juan de Fuca and the Olympic Peninsula coast annually
since 1989 to evaluate natural variation and changes related to human impacts (Dowty et al.
2005). Annual variability is high; the overall extent of kelp fluctuated between a high of 11,832
acres in 2000, and a low of 4,722 acres in 1989.

Sargassum muticum 1s a non-native brown alga from Asia that has been established in
Washington for decades. Sargassum occurs in lower intertidal and shallow subtidal rocky
habitats and displaces native macroalgae. This species is found most often along the shorelines
of Hood Canal, the San Juan Archipelago and the Strait of Georgia, and is least common along
the outer coast. Data collected by the ShoreZone Inventory program (Washington DNR 2002)
show that Sargassum is present along 18 percent of the state’s shorelines.

Marine species of cordgrass (Spartina spp.), are aggressive weeds, severely disrupting estuarine
ecosystems by outcompeting native vegetation. In some areas, these species have become well
established and are rapidly raising tidal elevations, displacing eelgrass and native marsh plants,
and reducing habitat for migratory waterfowl, invertebrates, and possibly fish.

In Washington, four different marine Spartina species grow in intertidal regions from high
intertidal marshes to within 1 meter of MLLW. Spartina patens and S. densiflora are adapted to
grow in upper marshes where they mix with native plants. Spartina alterniflora and S. anglica
tend to invade bare mud in the lower tidal area. Spartina infestations occur throughout Puget
Sound, in Willapa Bay, and in Grays Harbor (Washington State Department of Agriculture,
2005).
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In all, there are presently 11 counties in western Washington with one or more infestations of
marine Spartina species: Clallam, Grays Harbor, Island, Jefferson, King, Kitsap, Pacific, San
Juan, Skagit, Snohomish, and Whatcom counties. Spartina anglica was identified for the first
time in Whatcom County in 2005. The infestation was found by a shoreline resident in Birch
Bay at the northern boundary of Whatcom County (Murphy 2005).

Aggressive, comprehensive treatment programs continue to be implemented and improved to
address the control of Spartina species. Post-treatment evaluations indicate that most effective
reductions occur in contiguous infested areas; reductions are more difficult to achieve in
vegetative transition areas. Cooperative efforts include participation by the Washington State
Department of Agriculture, WDFW, DNR, other state agencies, universities, the U.S. Fish and
Wildlife Service, counties, tribes, private organizations, and private landowners (Murphy 2005).

Japanese eelgrass (Zostera japonica) was listed as a Class C noxious weed by the Washington
State Noxious Weed Control Board in 2012. Japanese eelgrass was listed as a noxious weed
because it is non-native, difficult to control, and negatively impacts the shellfish industry (WA
State Noxious Weed Control Board 2012).”

Land Uses and Development

Unless cited to indicate otherwise, the following content is taken with minimal editing from the
DNR’s Aquatic Lands HCP planning document (DNR 2014a, pp. 1-51 through 1-54):

(pp. 1-51 thru 1-54) “Washington’s population has almost doubled since 1970, with most of the
growth occurring in the urban areas of western Washington. The Washington Office of
Financial Management (OFM) has released its first population forecast since the 2010 Federal
Census. The state’s population is currently estimated at 6,668,200. Nearly 70 percent of the
population is concentrated in the counties surrounding Puget Sound (OFM 2011). Over the 30-
year forecast period, Washington State’s population is expected to grow by just over 2 million,
reaching 8,791,000 in 2040 (OFM 2011).

The state’s population is expected to increase almost 40 percent in the next 20 years; the largest
growth is projected to occur in Franklin County (southeast Washington), Stevens County
(northeast Washington), and the less-developed regions surrounding Puget Sound (OFM 2011).
As the state’s population grows, the demand for access to the water for recreation, commerce,
and food production will increase. Development pressures will also increase the amount of
impervious surface in the state, generating more stormwater and non-point source pollution.

Aquatic lands are used for a variety of recreational and commercial purposes. Human use of
aquatic land is also associated with modifications of the aquatic landscape through the
introduction of exotic species; alteration of flowing waters for hydropower, flood control, or
irrigation; dredging to create and maintain navigational channels; shoreline armoring; filling
aquatic land to create terrestrial land; and placement of structures in nearshore and littoral areas.
The resulting changes in the landscape include the loss of wetlands and deltas; the channelization
of waterways; altered river flows and flow patterns; changes in land cover; interruption of small
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drainages; increased runoff; altered shoreline structure and function; and disruption or
elimination of sediment transport and nutrient processes (Redman et al. 2005; Williams and
Thom 2001).

Human alteration of the nearshore ecosystem generally occurs through changes in key
controlling factors such as light, wave energy, riparian vegetation, and both sediment transport
and delivery (Nightingale and Simenstad 2001). Specific modifications include:

Overwater Structures: Structures can decrease available light, affecting the ability of
vegetation to grow, and causing behavioral changes in fish migrating along the shoreline.
The structures also change wave energy and currents, which alters sediment transport
mechanisms and associated habitat-forming processes.

Shoreline Armoring: The installation of bulkheads, breakwaters, and similar structures
can greatly change the functional capacity of the nearshore ecosystem by altering wave
energy patterns. There are approximately 1,476 kilometers (917 miles) of shoreline
armoring in the nearshore of Washington State, excluding the Columbia River
(Washington DNR 2002).

Fill and Dikes: Filling has occurred historically in the urbanized areas of Puget Sound
and the Strait of Juan de Fuca because these areas were developed to meet the needs of
port facilities and other economic activities on the waterfront. In parts of Puget Sound,
over 95 percent of tidal wetlands have been lost or isolated from the adjacent estuaries by
dikes (Frenkel and Morlan 1991; Gregory and Bisson 1997). In some cases tidal
wetlands have been completely or partly filled to accommodate a variety of land uses,
including agriculture, recreation, residential development, and industry. These
modifications may also affect nearshore flushing rates by altering or eliminating
freshwater input (Alberti and Bidwell 2005; National Ocean Service 2004).

Dredging: Maintenance dredging of working ports and federal navigation channels is a
necessary activity to maintain the usability and economic viability of these resources. In
addition, dredging is an important option for the complete removal of contaminated
sediments in aquatic cleanup sites. Dredging occurs primarily in the Columbia River
[and Grays Harbor] navigation channels and in some urban areas where large port
facilities are located. There have been several dredging projects greater than 100,000
cubic yards within Puget Sound, including two in Seattle and two in Tacoma. The largest
of these is the Blair Inner Reach Cutback and Turning Basin Expansion, which removed
2.6 million cubic yards of material (Science Applications International Corporation
2005).”
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Dumbauld and McCoy (2015) evaluated the effect of oyster aquaculture on eelgrass at the
estuarine landscape scale in Willapa Bay:

“Recent research suggests that oyster aquaculture has direct impacts on native seagrass

... at small spatial and short temporal scales in U.S. west coast estuaries ... We
quantified impacts of oyster aquaculture ... at the estuarine landscape scale ... A model
of Z. marina cover outside of aquaculture was created using distance to estuary mouth,
distance to nearest channel, salinity, elevation, and cumulative wave stress as factors, and
was then used to predict ... distribution within oyster aquaculture beds ... The amount of
Z. marina cover observed within oyster aquaculture beds was less than predicted, but
represented <1.5 percent of the total predicted ... cover in Willapa Bay in any year ...
The majority of beds had 65-145 percent of the model-predicted ... cover and exhibited
relatively low variability between years, suggesting that Z. marina ... is resilient to oyster
aquaculture as a disturbance and does not result in persistent effects at the landscape scale
in this estuary.” (p. 29)

“Seagrasses ... [are] sensitive to a wide variety of pulse disturbances with parallels to
mechanical implements used to harvest shellfish (e.g. boat propellors, anchors, and
moorage chains: Dawes et al. 1997, Thom et al. 1998; dredge and fill operations and
simple trampling: Erftemeijer and Lewis 2006) ... Shellfish harvest practices have been
less studied, but mechanical harvest implements directly removed plants and generally
caused more disturbance than hand harvest or off-bottom longline oyster culture ...
(Wisehart et al. 2007, Tallis et al. 2009).” (p. 30)

“We ... use [several] factors to predict Z. marina distribution for each aquaculture bed,
and compare the model-predicted, interpolated, and actual quantities ... [We] determine
whether any impacts of oyster aquaculture ... were chronic or transitory by analyzing
data from 3 separate years.” (p. 31)

“Active on-ground oyster aquaculture beds were overlain on the actual, interpolated, and
model-predicted Z. marina layers for each year, and the sum of the pixel values were
extracted for each aquaculture bed—giving the total quantity of Z. marina actually
observed, interpolated, and model-predicted for each bed for each year.” (p. 34)

“To calculate the total effect of oyster aquaculture on Z. marina, we took the sum of the
actual, predicted, and interpolated probabilities for all of the oyster beds for 2005, 2006,
and 2009 ... Subtracting the actual amount of cover from the predicted and interpolated
amounts gives an estimate of the total amount of eelgrass cover missing due to oyster
aquaculture.” (p. 34)

“We predicted that mechanically harvested beds would either exhibit chronically low
proportions of Z. marina, if the effects of dredging are long-lived, or high variability, due
to a rapid removal (mechanical harvest) and recovery (regrowth), relative to more stable
hand-picked beds.” (p. 34)
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“Models exploring individual predictors suggest that distance to estuary mouth and tidal
elevation explained most of the variation in Z. marina cover ... [However,] The best
performing models only describe approximately half of the variation ... in each year.” (p.

35)

“The total area of Z. marina estimated to be missing using a model prediction in 2005
and 2006 was only 22 and 8 ha, respectively ... In 2009, there were 0.4 ha, more Z.
marina present than predicted by the model ... The total area ... estimated to be missing
using the interpolation prediction was higher for all years, at 80, 84, and 60 ha,
respectively ... Although large in aggregate, even the highest estimate is <1.5 percent of
the total amount of Z. marina cover found in Willapa Bay in these 3 years.” (p. 35)

“Mechanical harvested beds on average had 100 percent and 92 percent of the model and
interpolation-predicted Z. marina, respectively, hand-harvested beds had 120 percent and
127 percent of the predicted and interpolation-predicted Z. marina, and mixed harvest
beds had 117 percent and 97 percent, respectively ... Trends for some individual oyster
culture beds were quite evident in aerial photographs.” (p. 36)

“The majority of beds exhibited expected levels of Z. marina with low variation across
years ... [However,] All of the beds with <65 percent of the mean expected amount of ...
cover (n = 24) were mechanically harvested beds and demonstrated a chronically low
level of Z. marina cover ... across years.” (p. 36)

“Our results demonstrate a negative effect of oyster aquaculture on the native seagrass ...
at the landscape scale in Willapa Bay ... but also show that this impact is small compared
to the overall signature of both Z. marina and oyster aquaculture in this estuary.” (p. 37)

“While the total area of Z. marina declined slightly over time in our study, <1.5 percent
of either the total predicted or interpolated amount ... was missing (maximum of 80 ha)
and could thus potentially be attributed to aquaculture in any single year ... This lack of
substantial overall impact is similar to the few studies conducted at the estuarine
landscape scale elsewhere.” (p. 38)

“We suspect that on balance, the effect of bottom-cultured oysters on eelgrass in Willapa
Bay was variable enough at smaller spatial scales to eliminate any significant effect at the
larger landscape scale in our study.” (p. 39)

“Oyster aquaculture beds that were harvested with a mechanical dredge had significantly
lower Z. marina than those harvested by hand or those reported to us as mixed harvest
beds ... Nonetheless, a mean of 99.9 perecent of the model-predicted and 91.6 percent of
the interpolation-predicted Z. marina were observed on mechanically harvested beds.” (p.
40)
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= “QOur results suggest that the majority of oyster aquaculture impacts are not persistent at
the landscape scale ... Our results suggest that current oyster aquaculture practices do not
substantially reduce and may even enhance the presence of Z. marina at the estuarine
landscape scale.” (p. 41)

= “Eelgrass ... appears to be resilient over both short and longer temporal periods and
resistant to oyster aquaculture as a disturbance in this ecosystem ... Our 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 ... Bivalve aquaculture has not been
implicated in shifts to alternate states or reduced adaptive capacity of the larger
ecological system.” (Dumbauld and McCoy 2015, p. 42)
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Figure A. Relationships between predicted and observed eelgrass cover in all aquaculture beds
(Willapa Bay, WA; 2005)(Dumbauld and McCoy 2015, p. 37).

Entranco, Inc. and Hamer Environmental (2005) have reported outcomes from a program of
intentional hazing implemented in conjunction with marine construction at the Hood Canal

Bridge:

= Environmental consultants/contractors to the Washington State Department of
Transportation were asked to “Identify marbled murrelet presence in the vicinity of pile
driving activities ... actively encourage their dispersal from the area to reduce chances of
underwater injury from pressure waves associated with pile driving ... [and] track
incidental take exempted ... in the Biological Opinion” (p. 1).
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“Biologists conducted the hazing from an inflatable boat ... [in an] attempt to move
[marbled] murrelets out of the monitoring area without ... considerable stress ... hazing
attempts ... [were] abandoned should this activity trigger two dive responses by an
individual bird.” “If a murrelet was swimming away from the pile driving site in
response to a hazing attempt, the crew maintained the boat’s speed, keeping the minimum
distance of 25 m between the boat and the murrelet, until the bird was out of the
monitoring area. When a murrelet flew out of the monitoring area during a hazing event,
the hazing event was ended.” (pp. 4, 8, 9)

“During the 5-month project, the boat crew conducted 150 pre-pile driving sweeps
searching for [marbled] murrelets. During this period, we hazed 181 individuals or
groups of birds ... Forage dives were discriminated from disturbance dives by the
behavior of the bird. Birds observed forage diving were generally 25 m or more from the
boat and showed no behavioral changes to the boat’s presence. Disturbance dives were
dives where the bird began responding to the boat’s presence by quick head glances back
at the boat and side-to-side, rapid swimming away from the boat, and then a quick dive

... More than 80 percent of the time, hazers were able to move the bird farther away from
pile driving activity during partial-hazing attempts. Marbled murrelets that tended to stay
in the same spot or move closer to pile driving activity were actively feeding and

appeared to be more interested in following prey than in avoiding the hazers.” (pp. 13,
14)

“The majority of behaviors recorded during hazing were birds forage diving (88 percent)
... We found that the main activity ... was to forage, as most birds were observed to
repeatedly and constantly dive, even when the boat was >100 m away. It was not unusual
to see [marbled] murrelets diving into small schools of herring and catching fish within
the monitoring area ... birds would continue to forage dive as a hazing attempt began ...
We only recorded disturbance dives 8 percent of the time and these occurred when birds
would surface near the boat (<25 m) and quickly dive without any rest ... We only
observed birds to fly in response to a hazing attempt three times (1 percent) ... [possibly]
due to the slow speeds at which the boat approached the birds.” (Entranco, Inc. and
Hamer Environmental 2005, p. 20)
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Environ International Corporation (2011) has cited several studies that suggest geoduck
harvest has only a modest impact on benthic invertebrates:

“Intertidal habitat structure and composition is largely driven by physical processes, such
as tides, storm-generated waves, interannual variation in climate, and nearshore sediment
transport (Hall et al. 1994) ... Ecological theory suggests that many species typical of
wave-exposed sandy environments ... exhibit behaviors that enable them to survive daily
tidal scouring events (Gorselany and Nelson 1987 as cited in Dernie et al. 2003) ... It is
generally assumed that benthos found in more dynamic sandy habitats will recover more
quickly following physical disturbance than those found in less energetic muddy habitats,
based on the adaptive strategies of the respective assemblages found in these
environments (Kaiser ef al. 1998, Ferns et al. 2000) ... Microcosm studies appear to
support this hypothesis (Dernie et al. 2003).” (p. 50)

“Pearce et al. (2007, unpublished) ... observed that recovery rates of benthic
invertebrates varied in response to timing (season), magnitude, and location of the
disturbance in relation to the species involved and level of mobility of those organisms ...
Kaiser et al. (2006) commented that recovery may take longer in cases where
recolonization through larval recruitment is the dominant mechanism.” (p. 51)

“Spencer et al. (1997 as cited in Straus et al. 2008) found that the netting used to reduce
Manila clam predation led to an increase in surface deposit-feeding worms compared to a
community dominated by subsurface deposit-feeding worms in non-netted plots ... The
authors suggested that competition from surface deposit-feeding worms on the netted
plots may have excluded the sub-surface deposit-feeding worms.” (p. 51)

“Powers et al. (2007) documented that the macroalgal growth on protective netting
placed over hard clam (Mercenaria mercenaria) aquaculture sites supported elevated
densities of mobile invertebrates and juvenile fishes, similar to natural seagrass ...
habitats.” (p. 52)

“Fleece et al. (2004, unpublished) completed a dive study at three locations in Case Inlet
that compared epibenthic fauna between geoduck beds with individually netted tubes,
adjacent eelgrass beds, and control sites ... The authors observed a higher density of
epibenthic fauna in geoduck beds in relation to control sites, and similar densities in
relation to adjacent eelgrass beds ... The structure created by tubes most likely provides
additional habitat structure for many epibenthic invertebrate species.” (p. 53)

“It is ... notable that in all of these studies, the underlying physical habitat into which the
aquaculture gear was placed was a sand/mud ... Even though an increase in colonization
[is] likely ... these structures ... are still ephemeral (i.e., they last as long as the gear is
present).” (Environ International Corporation 2011, p. 53)
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Ferraro and Cole (2012) investigated recurring empirical relationships between operationally-
defined biotic communities and habitat types in Willapa Bay, Grays Harbor, and Tillamook Bay,
Oregon:

“Bathymetry, sediment type, and the presence of ecosystem engineering (Jones et al.
1994) or niche constructing (Boogert et al. 2006) species are habitat characters that
operationally define estuarine habitats with different benthic macrofaunal communities in
the US Pacific Northwest (Posey 1986; Ferraro and Cole 2004, 2007, 2011; Berkenbusch
and Rowden 2007) ... Ecosystem engineers in the bioregion include [but are not limited
to] eelgrass ..., dwarf eclgrass ..., Atlantic cordgrass (Spartina alterniflora), burrowing
mud shrimp [and] ghost shrimp ..., and oysters ... Z. marina, Z. japonica, S. alterniflora
and oysters are autogenic ecosystem engineers, as they create habitat by their own
physical structure.” (p. 2)

“The surface area of both Willapa Bay and Grays Harbor is >7x that of Tillamook Bay ...
Except for the size difference and the prevalence of coarse ocean beach sand in
Tillamook Bay, the three estuaries are geomorphologically similar.” (p. 3)

“The Bray-Curtis coefficient on ... transformed abundance data was used to measure
sample similarity in benthic macrofaunal species composition and abundance (Clarke and
Warwick 2001) ... Benthic macrofaunal community measures determined for each
sample were: (1) number of species or identifiable taxon (S), (2) total abundance (A), (3)
total biomass (g, wet wt.) (B), (4) abundance of deposit feeders (AD), (5) abundance of
suspension feeders (AS), (6) abundance of facultative (deposit and suspension) feeders
(AF), (7) Swartz’s dominance index (SI) ... (Swartz et al. 1985), and (8) Brillouin’s
(1962) diversity index (H; base €).” (p. 4)

“There were a total of 107 benthic macrofauna taxa ... Twenty-three ... species were
collected in one and only one habitat type ... [but] unique species accounted for <1
percent of the benthic macrofaunal abundance in the habitat in which they were found.”

(- 5)

“Even though many of the more common benthic macrofaunal taxa occurred in multiple
habitats ... and few benthic macrofaunal species were unique to a single habitat ...
benthic macrofaunal Bray-Curtis similarity was significantly different among the habitats
... Mean benthic macrofaunal S varied among habitats by as much as 3.4x, A by as much
as 45x, B by as much as 11x, AD by as much as 56x, AS by as much as 12x, AF by as
much as 913x, SI by as much as 2.1x, and H by as much as 2.6x.” (pp. 5, 6)
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=  “Intwo-way ANOVAs with all six habitat types common to Tillamook Bay-1999 and
Willapa Bay-1998, habitat was significant on mean benthic macrofaunal S, A, B, AD,
AS, AF, SI and H, indicative of habitat effects ... In two-way ANOVAs with all seven
habitat types common to Tillamook Bay-1999 and Grays Harbor-2001, habitat was
significant on mean benthic macrofaunal S, A, B, AD, AS, AF, SI and H, indicative of
habitat effects.” (p. 6)

=  “In the Tillamook Bay/Willapa Bay/Grays Harbor ecological periodic table there are two
habitat boxes for ... Zostera marina habitat ... They distinguish two variants of Z.
marina habitat: one whose benthic macrofaunal community differs from that in oyster
habitat ... and the other whose benthic macrofaunal community was indistinguishable
from that in oyster habitat ... Habitat variant boxes for ... Z. marina habitat ... signify
that an important factor or factors are missing from [the] operational definition ...
Whatever the factor(s), it/they measurably affect the benthic macrofaunal community’s
... composition and structure in Z. marina habitat ... The needed changes or additions to
our definitions of Zostera marina ... habitat require further study.” (pp. 8, 9, 11)

=  “The benthic macrofaunal habitat usage patterns ... surpass in detail common
generalizations, such as that benthic macrofaunal species richness, abundance, and
diversity are typically greater in more structurally complex habitats (Hemminga and
Duarte, 2000).” (p. 10)

* “The benthic macrofaunal habitat usage patterns in Tillamook Bay were, in most
respects, similar to those in Willapa Bay and Grays Harbor ... patterns on the relative
abundances of the feeding guilds were also similar ... There was, for example, a
consistently higher proportional abundance of deposit feeders in Z. japonica and oyster
habitat, suspension feeders in Z. marina and oyster habitat, and facultative feeders in Z.
Jjaponica habitat than in the other habitat types ... With a few exceptions ... our habitat
types expressed essentially the same quantitative patterns of benthic macrofaunal
community composition, structure, feeding guild densities, dominance, and diversity in
all three estuaries.” (p. 11)

= “Ecological periodic tables for different biotic communities will reveal patterns of
patterns and permit pattern-to-pattern comparisons ... It seems highly improbable that the
differential use of intertidal estuarine habitats by benthic macrofauna (Ferraro and Cole
2007, 2011, this study), nekton (Ferraro and Cole 2010) and birds (Lamberson et al.
2011) is coincidental ... Examinations of patterns of habitat usage by different biotic
communities, especially those with strong trophic linkages, are likely to shed new light
on important ecological relationships.” (Ferraro and Cole 2012, p. 12)
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Ferriss et al. (2015, pp. 15-33 In Washington Sea Grant 2015) used a trophic model
incorporating mediation functions to examine potential food web implications associated with a
future growth in central Puget Sound geoduck production:

= “Expansion of the shellfish aquaculture industry may affect the structure and dynamics of
coastal estuarine food webs ... To better understand potential food web tradeoffs, trophic
and non-trophic interactions (e.g., habitat facilitation, predator refuge) were incorporated
into a food web model of central Puget Sound to predict the potential effects of an
increase in geoduck (Panopea generosa) aquaculture.” (p. 15)

= “The nontrophic effects of increased geoduck aquaculture, related to the influence of
anti-predator structure, had a stronger influence on the food web than the trophic role of
cultured geoducks as filter feeders and prey to other species ... Increased geoduck culture
caused substantial increases in biomass densities of surf perches, nearshore demersal
fishes, and small crabs, and decreases in seabirds, flatfishes, and certain invertebrates
(e.g., predatory gastropods and small crustaceans) ... This study identifies species that
should be a priority for additional empirical research and monitoring related to bivalve
aquaculture interactions.” (p. 15)

= “Bivalve aquaculture may alter the composition of benthic communities (Cheney et al.
2012, Dubois et al. 2007, Dumbauld ef al. 2009, Simenstad and Fresh 1995) and
influence the abundance and distribution of higher trophic level animals such as seabirds
(Connolly and Colwell 2005, Faulkner 2013, Zydelis et al. 2009).” (p. 15)

= “Bivalve aquaculture may have important non-trophic effects ... Changes in pelagic-
benthic coupling, competition for space, prey concentration, predator refuge, and altered
habitat structure (either biogenic structure or gear structure) may change the behavior of
species and influence interspecific interactions (see review by Dumbauld et al. 2009;
NRC 2010).” (p. 15)

*  “In Puget Sound, Washington, McDonald et al. (2015) and VanBlaricom et al. (2015)
showed that anti-predator structure and disturbance resulting from harvest of cultured
geoducks, respectively, can suppress some benthic species while promoting others ...
thus, culture practices likely have important mediation effects.” (p. 16)

= “Ecosim mediation functions can simulate the influence of a functional group or species
on the strength of predator-prey interactions between a different pair of species ... The
geoduck aquaculture mediation functions are primarily based on observed numerical
responses of benthic invertebrates to anti-predator structure (partially buried tubes with
net covers) placed on plots with outplanted geoducks over their first two years.” (p. 17)
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“McDonald et al. (2015) found anti-predatory structure on geoduck plots to have an
exclusionary effect on flatfishes and predatory gastropods (moon snail), and an attraction
effect on demersal fishes (e.g., gunnels, shiner perch), small crabs, sea stars, and red rock
crabs.” (p. 20)

“The first phase entailed estimating the ecological carrying capacity for cultured
geoducks in central Puget Sound and assessing the presence of ecological thresholds
related to increasing geoduck aquaculture ... The second phase involved identifying
trophic and non-trophic effects of geoduck culture on individual functional groups.” (p.
20)

“To perturb the food web, cultured geoduck biomass and associated landings were
increased by 120 percent in 50 years ... A 120 percent increase represented a realistic
level of increase in geoduck aquaculture and was a large enough perturbation to allow
examination of changes across multiple trophic levels, habitats, and life histories (e.g.,
birds, pelagic and demersal fishes, and invertebrates) ... Functional group biomass
predictions from the base model (low cultured geoduck biomass) were compared with
those from the model with 120 percent cultured geoduck biomass and no geoduck
mediation effects (trophic effects only), as well as the model with 120 percent cultured
geoduck biomass with geoduck mediation functions (trophic and non-trophic effects) to
determine the possible ecological impacts of expanding geoduck aquaculture.” (p. 21)

“A 120 percent increase in cultured geoduck biomass had a limited impact on
phytoplankton biomass and measures of ecological resilience ... The addition of cultured
geoducks into the central Puget Sound food web without any mediation functions had
very little impact on the simulated biomasses of other food web members.” (p. 21)

“In contrast, the addition of cultured geoduck mediation functions had a notable impact
on the food web [Figure A] ... The biomass of food web members that were linked to
geoduck culture through mediation functions changed considerably, with the biomass
densities of some members increasing and decreasing by more than 20 percent (e.g., surf
perches, small crabs, predatory gastropods, and small mouth flatfishes) ... In addition,
changes in the biomass of food web members directly linked to geoduck culture
propagated through the food web, contributing to additional changes in other members’
biomass ... In total, the biomasses of 9 of the 10 functional groups with cultured geoduck
mediation functions changed substantially.” (pp. 21, 22)

“Geoduck mediation functions linked to demersal fishes and small crustaceans had
substantial effects on the food web ... For example, the cultured geoduck-demersal fish
mediation function resulted in decreases in herons (-23 percent) and resident birds (-17
percent), and increases in Pacific cod (+7 percent) and harbor seals (+7 percent) ... The
cultured geoduck—small crustacean mediation functions resulted in reductions in the
biomasses of juvenile wild salmon (-7 percent) and juvenile hatchery salmon (-4
percent).” (p. 22)
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“Habitat modification and facilitation are the predominant ecological effects of geoduck
aquaculture in a highly productive system such as central Puget Sound ... The trophic
impacts of cultured geoducks as both grazers and prey were not influential at the system
level ... Cultured geoducks did not substantially reduce the availability of phytoplankton
for other species.” (p. 22)

“Geoduck predators (moon snails, starfish, flatfishes, red rock crab, and sea birds) are all
generalists to varying degrees and showed limited change in biomass in response to
increased geoduck aquaculture ... However, the impact of antipredator structure (tubes
and nets) placed on geoduck plots had a larger influence on the surrounding food web by
providing predation refuge or by changing foraging opportunities ... In turn, these effects
propagated throughout the food web.” (p. 22)

“This study suggests that efforts to understand the ecological effects of shellfish
aquaculture in productive systems should go beyond modeling the direct trophic effects
of bivalves and incorporate non-trophic information when possible.” (p. 22)

“The demersal fish and small crustacean functional groups were sensitive to increased
cultured geoduck biomass and subsequently influenced biomass changes throughout the
food web ... Demersal fishes benefit from predator refuge provided by the anti-predation
structure on geoduck farms, allowing their population to increase while other predator
populations (e.g., seabirds) decrease owing to lack of prey availability ... Small
crustaceans are one of the most important functional groups in the system, supporting the
majority of bird groups, fish groups, and certain invertebrates (e.g., shrimps, octopuses,
age 0+ Dungeness crabs, sea stars)(Harvey et al. 2012a).” (p. 24)

“The substantial decrease of most bird groups in the model is important to note, as these
are important ecologically, culturally, and socio-economically ... [There was a] decrease
in eagle populations ... [and] the biomass of other bird groups decrease[d], implying
bottom-up control ... reduced access to key prey (e.g., demersal fishes and small
crustaceans) because of the predator refuge provided by anti-predator nets on geoduck
farms ... Migratory shore birds (biomass increase) do not primarily prey upon demersal
fishes and small crustaceans, and are likely benefiting from a release of eagle predation
while not suffering prey depletion ... Further empirical study is required to understand
the relationship between shellfish aquaculture and birds.” (Ferriss et al. 2015, p. 24 In
Washington Sea Grant 2015)
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Figure A. Functional groups with the greatest change in relative biomass.
(Ferriss et al. 2015, p. 22 In Washington Sea Grant 2015).

Forchino (2010) has described the diversity, and diversity of function, inherent to undisturbed
benthic systems:

“Benthic organisms [can] be separated into the fauna and flora, and then according to
their preference for hard and soft substrata ... [and] according to size ... microfauna (<63
um; ciliates, rotifers, sarcodines), meiofauna (63-500 pm; nematodes, oligochaetes,
gastrotrichs), macrofauna (500 pm to 5 cm; polychaetes, amphipods, bivalves), and
megafauna (>5 cm; echinoderms, decapods) ... The ratios of the different dimensional
categories depend on the sediment type, but normally in a typical intertidal beach the
microfauna dominate numerically, but the macrofauna dominate in terms of biomass
(Gray and Elliott 2010).” (pp. 16, 17)

“The interactions of all physical factors will determine the composition and density of the
infauna (Eleftheriou and Mclntyre 1976) ... Species ... are somewhat protected against
sedimentary instability and variability in temperature, salinity, exposure, and predation
by burrowing (Eagle 1973) ... Unstable sediments support fewer organisms than stable
ones, and only those mobile species which can re-establish their position (Allen and

47



Moore 1987) ... Survival rates of organisms, such as sedentary polychaetes ... decrease
when surface sediments are disturbed daily, although it is possible that small ones are
simply relocated (Brown 1982) ... Motile species ... are adapted to life in unstable
sediments and survive through rapid burrowing (McDermott 1983) ... Species diversity
... [and] community structure [are] influenced by habitat stability and sediment type ...
Coarse sediments, which are unstable and difficult to burrow into, are dominated by
epifauna, while fine sediments are increasingly dominated by infauna ... Many species
are found in or on a range of sediment types, but others have a more restricted
distribution (Wolff 1973).” (pp. 19, 20)

“One of the most important characteristics ... is the granulometry ... [or] grain size ...
Coarse intertidal sediments ... are inhabited ... by those species able to tolerate such
mobile sediments, such polychaetes (e.g. Syllidae sp.) and fast burrowing venerid
bivalves (Pastor de Ward 2000) ... At the other extreme, very fine sediments ... may
preclude the presence of a meiofauna inhabiting the pore spaces between grains (Pastor
de Ward 2000; Gray and Elliott 2010) ... They [also] have poor water circulation ...
There is only a small exchange of overlying oxygenated water ... oxygen that diffuses
into the sediments is rapidly used up ... increasing the oxygen demand ... (La Rosa et al.
2001; Yoza et al. 2007).” (pp. 13, 14)

“The hydrophysical regime is variable ... Changes in the hydrophysical regime and thus
substratum will change the faunal composition of the biotope complex ... [and] Seasonal
changes do occur in subtidal community structure (Boesch 1973).” (pp. 23, 24)

“Light is a key factor ... sediments have an abundance of benthic microalgae ... that
grow within the top few millimeters of illuminated sediments (Mclntyre et al. 1996) ...
beneath this layer ... [a] “dark-blue-green layer” of filamentous cyanobacteria
(Phormidium and Oscillatoria) binds the sand grains together ... The top few millimeters
constitute a zone of intense microbial and geochemical activity ... Below ... the sediment
is black and anaerobic ... methanogenic fermenters and sulfate reducers dominate and
under certain conditions methane and hydrogen sulfide [can] be released (Gray and
Elliott 2010).” (Forchino 2010, pp. 15, 16)

Forrest et al. (2009, pp. 1-15) have compiled and synthesized a large body of literature
discussing the environmental and ecological impacts of oyster cultivation:

“Biodeposits are heavier than their constituent particles, and readily settle on the seabed
beneath culture areas (Haven and Morales-Alamo 1966; Kusuki 1981; Mitchell 2006) ...
Since biodeposits are organic-rich and consist of a substantial proportion of fine particles
(i.e. silt and clay), seabed sediments beneath oyster cultures can become organically
enriched and fine-textured relative to surrounding areas ... (Forrest and Creese 2006).”

(®-3)
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“Extreme enrichment effects as a result of oyster farming have been described
historically only for suspended culture systems in Japan, and been attributed to repeated
culturing and overstocking (Ito and Imai 1955; Kusuki 1981) ... Hence, it is apparent that
the magnitude of benthic enrichment from elevated intertidal culture is generally
relatively minor by comparison with suspended subtidal culture of fish (e.g. Brown et al.
1987; Karakassis et al. 2000; Forrest et al. 2007a) ... The magnitude of effects from
enrichment will depend primarily on stocking density and biomass in relation to the
flushing characteristics of the environment (Pearson and Black 2001) ... Additionally, the
level of biodeposition for a given stocking density, and the assimilative capacity of the
environment, may vary seasonally (Kusuki 1981; Souchu et al. 2001; Mitchell 2006) ...
The capacity of the environment to assimilate and disperse farm wastes will mainly
depend on water current velocity and wave action (Souchu et al. 2001), as these factors
control the size and concentration of the depositional ‘footprint’ ... Generally, well-
flushed aquaculture sites can be expected to have depositional footprints that are less
intense but more widely dispersed than shallow or poorly flushed sites (Pearson and
Black 2001).” (p. 3)

“Hard surfaces on the seabed such as live and dead oysters, calcareous debris (e.g.
bivalve shells, polychaete tubes), and farm materials potentially provide novel habitats
for fouling organisms and associated mobile biota, which would otherwise not occur (or
be at reduced densities) in the absence of oyster growing ... Such effects have been
widely documented in the case of on-ground shellfish culture (Dumbauld et al. 2001;
Hosack et al. 2006; Powers et al. 2007; Ysebaert et al. 2009) and oyster reefs (Peterson et
al. 2003; Escapa et al. 2004; Ruesink et al. 2005; Coen et al. 2007) ... The structured
habitat provided by oyster reefs can support a diversity of taxa ... that may be absent or
at reduced densities in adjacent unvegetated soft-sediment habitats (Ruesink et al. 2005
and references therein).” (pp. 3, 4)

“Changes in seabed topography ... have been described beneath oyster farms in several
studies (Ottmann and Sornin 1982; Everett et al. 1995; Forrest and Creese 2006) ... Such
changes can result from the accumulation of shell and inorganic debris, and erosion or
accretion of sediment beneath and between farm structures (Forrest and Creese 2006) ...
Sedimentation rates directly beneath cultures are generally elevated by comparison with
non-culture areas (Mariojouls and Sornin 1986; Sornin ef al. 1987; Nugues et al. 1996),
being as much as three times greater directly beneath farm structures than at control sites
(Forrest and Creese 2006).” (p. 4)

“Excessive sediment build-up within Pacific oyster leases can occur at sites where
cultivation structures are in high density or aligned perpendicular to tidal currents,
resulting in the entrapment of suspended sediments (Kirby 1994; Handley and Bergquist
1997) ... Redistribution of sediments either into (Kirby 1994) or out of (Mallet et al.
2009) culture sites may also occur in relation to events such as storms that lead to large
scale sediment mobilization.” (p. 4)
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“Studies of onground culture systems have ... demonstrated physical effects during
intermittent shellfish harvesting, and the recovery of soft-sediment communities in a
matter of weeks to months in unvegetated habitats (McKindsey et al. 2006 and references
therein) ... By contrast, recovery from physical disturbance by eelgrass ... may take
several years (McKindsey et al. 2006; Dumbauld et al. 2009 and references therein).” (p.
4)

“Oyster farm structures and farm related alterations ... are likely to lead to effects on
waves, currents, and flushing characteristics in the vicinity of farm sites (Gouleau et al.
1982; Nugues et al. 1996; Hewitt et al. 2006) ... Literature for oyster reef habitats
indicates that flow changes across the seabed may alter fluxes of materials (e.g.
sediments) to adjacent habitats, and influence ecological processes such as patterns of
dispersal and recruitment of invertebrates and fish (Breitburg e al. 1995; Ruesink et al.
2005) ... Effects of this general nature are also conceivable in the case of elevated oyster
culture, although specific differences can be expected given that the extent to which
flows are modified ... (e.g. because of differences in the ‘porosity’ of benthic reef versus
clevated structures) ... [the] attributes of the cultivation structures (e.g. height, density)
and the extent to which cultivation physically alters the seabed (e.g. by shell
accumulation).” (p. 5)

“The potential for adverse water quality-related effects ... is low, which is perhaps not
surprising considering that intertidal farm sites are substantially or completely flushed on
every tidal cycle ... Any water quality effects associated with ... culture can ... be
minimized by appropriate site selection and farm design (e.g. ensuring ... minimal
retardation of flushing processes).” (p. 5)

“There has been considerable research into food depletion and modelling of carrying
capacity for oyster culture (e.g. Ball ez al. 1997; Bacher et al. 1998; Ferreira et al. 1998)
as well as for other bivalves and polyculture systems (e.g. Carver and Mallet 1990; Prins
et al. 1998; Smaal et al. 1998; Gibbs et al. 2002; Nunes et al. 2003) ... Typically, this
work has focused on phytoplankton depletion and maximum production capacity within
growing regions ... The literature in this field primarily addresses the role of natural or
cultivated bivalve populations, whereas the filter-feeding activities of fouling organisms
and other biota associated with shellfish cultures can also be functionally important (e.g.
Mazouni et al. 2001; Mazouni 2004; Decottignies et al. 2007).” (p. 6)

“Influences from oyster aquaculture on estuarine carrying capacity are inextricably
linked to the issues of nutrient cycling, [solid particulate matter (SPM)] depletion, and
coupling between the seabed and water column ... There is compelling evidence that
bivalve aquaculture can affect nutrient cycling and the quantity and quality of SPM
across a range of spatial scales (Prins et al. 1998; Cerco and Noel 2007; Coen et al. 2007;
Lin et al. 2009) ... Empirically, phytoplankton depletion is certainly evident at local
scales in the vicinity of oyster cultures (Dumbauld ez al. 2009) or intensive culture zones
(Lin et al. 2009), and serial depletion among multiple adjacent farms at larger spatial
scales has been described for other types of suspended bivalve culture (Gibbs 2007,
Grant et al. 2007).” (p. 6)
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“The potential for wider effects on ecological carrying capacity as a result of SPM
depletion ... is invariably situation specific and scale-dependent ... (Anderson et al.,
2006) ... Carrying capacity is also ... temporally variable, as the amount of
phytoplankton and other SPM in estuaries is likely to be influenced by factors operating
from tidal time scales to longer term climatic events ... (Dame and Prins 1998; Prins et
al. 1998; Zeldis et al. 2000).” (p. 6)

“Marine farm structures and artificial structures in general, provide a three-dimensional
reef habitat for colonisation by fouling organisms and associated biota (Costa-Pierce and
Bridger 2002) ... In a manner similar to ... the accumulation of oysters and debris,
elevated shellfish aquaculture structures provide a novel habitat that can support a
considerably greater biomass, richness, and density of organisms than adjacent habitats
(e.g. C. virginica cages, Dealteris et al. 2004; M. edulis ropes, Murray et al. 2007).” (p. 6)

“[However] It is also well-recognized that the biota fouling artificial structures can be
quite different [from] that in adjacent areas (Glasby 1999; Connell 2000).” (p. 6)

“The role of elevated oyster culture in the spread of pest organisms ... [is] particularly
significant ... Inadvertent pest introduction is one of the more significant issues
associated with aquaculture in estuaries (DeFur and Rader 1995) ... The reason is that, by
comparison with all other issues, the spread of pest organisms ... can occur at regional
scales (e.g. as a result of seed-stock transfer) potentially leading to ecologically
significant and irreversible changes to coastal ecosystems (Elliot 2003) ... Although
management approaches may be developed to minimize any pest risks that are considered
unacceptable (e.g. treatment of seed-stock before regional transfer), there are few
examples where such strategies have been completely effective (Piola et al. 2009).”
(Forrest et al. 2009, p. 10)

Godet et al. (2009) considered the effects of intensive clam cultivation on Lanice conchilega
[sand mason worm] beds and found that beds were both degraded and less attractive to foraging
oystercatchers:

“Manila clam Ruditapes philippinarum cultivation is an original shellfish farming activity
strongly mechanized ... In the Chausey archipelago (France) this activity settles on the
Lanice conchilega [sand mason worm] beds, habitat known to host a rich and diversified
benthic macrofauna and which is an attractive feeding ground for birds ... A first study
highlighted that this activity had strong negative effects on the L. conchilega beds and
their associated benthic macrofauna ... Here we assess the impacts ... on the Eurasian
Opystercatcher Haematopus ostralegus for which Chausey is one of the most important
national breeding sites ... We found that Oystercatchers significantly selected the L.
conchilega beds to feed and that their spatial distribution was significantly modified after
the creation of new clam concessions.” (Abstract)
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“[Most] studies dealing with impacts on fauna concern the macrobenthic compartment
(Pearson and Rosenberg, 1978; Tenore et al., 1982; Mattsson and Linden, 1983; Kaspar
et al., 1985; Jaramillo et al., 1992; Grant et al., 1995; Simenstad and Fresh, 1995; Nughes
et al., 1996) ... The potential effects of aquaculture on birds are less studied and the few
existing studies are recent ... They concem fish farming (Kelly et al., 1996; Buschmann
et al., 2006), mussel culture (Caldow et al., 2003; Roycroft et al., 2004) and oyster
culture (Hilgerloh et al., 1999, 2001) ... The effects can be positive, by increasing the
abundances of some bird species (Hilgerloh et al., 2001; Caldow et al., 2003; Roycroft et
al., 2004; Buschmann et al., 2006) but may be also negative for others species (Kelly et
al., 1996) ... It is difficult to draw general conclusions and case-by-case studies are
therefore still required” (p. 589)

“Here, we focus on the impacts of the Manila clam Ruditapes philippinarum (Adams and
Reeves, 1850) cultivation on an original benthic habitat: the L. conchilega (Pallas, 1766)
beds ... In 2005, we studied the impacts of Manila clam cultivation on the Chausey’s L.
conchilega beds focusing on the macrobenthic compartment (Toupoint et al., 2008) ...
This study mainly revealed that clam cultivation induced a decrease of both the L.
conchilega densities and of the abundance and the diversity of the associated macrofauna
... In this paper, we aimed at assessing the impacts of the degradation of Chausey’s L.
conchilega beds by this activity on the spatial distribution of a secondary consumer: the
Eurasian Oystercatcher Haematopus ostralegus.” (p. 590)

“The Manila clam has been cultivated in the Chausey archipelago (Normandy, France)
since the 1980s, and this activity takes place on the L. conchilega beds of the site ... The
clam production cycle is performed in three years ... After spat seeding ... juveniles are
immediately covered with plastic nets (5 mm mesh size) to avoid crab and bird
predations.” (p. 590)

“Before the creation of the new clam concessions, L. conchilega beds were significantly
selected by Oystercatchers as a major feeding ground ... By comparing our data with the
Wetland International winter counts on this site (unpublished data from the Groupe
Omithologique Normand), we found that approximately 2/3 of the wintering
Opystercatchers of Chausey fed on our study area ... with a majority feeding on L.
conchilega beds ... We highlighted (Godet et al., 2008) the important abundances of
large bivalves especially the Cockle (Cerastoderma edule) ... known to be an important
prey for the Oystercatcher (Cramp and Simmons, 1983).” (pp. 591-593)

“The previous study of Toupoint et al. (2008) revealed that the decrease of L. conchilega
densities was coupled with a decrease of the abundance, species richness, and species
diversity of the associated macrofauna ... These results agree with those of Zuhlke
(2001) who emphasized that the positive effects of this engineer species were ephemeral
and disappeared instantaneously with the disappearance of the worm aggregations ...The
present study revealed that the positive effects of the L. conchilega beds for birds are also
ephemeral ... the regression or the disappearance of L. conchilega beds involved directly
a loss of attractiveness for the feeding Oystercatchers.” (p. 593)
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“The variation in the extent of L. conchilega beds may be explained both by the setting of
new concessions, which altered the initial L. conchilega beds, but also by other
environmental natural factors ... Such factors have been studied by several authors but
low-temperature during severe winters is known to have strong negative effects on the L.
conchilega beds (Buhr and Winter, 1976; Strasser and Pieloth, 2001; Zuhlke, 2001).” (p.
593)

“We know that these habitats are very dynamic, but surprisingly the most abundant areas
remained stable during the last two decades and historical reports revealed that such beds
have been present in the Chausey archipelago since 1828 (Audouin and Milne-Edwards,
1828) ... [But] Manila clam cultivation has strong short-term mechanical effects based on
a three years cycle (Toupoint et al., 2008).” (p. 593)

“Before conducting this study ... we hypothesized that the introduction of clams should
represent a new food resource for the Oystercatchers ... Quite surprisingly, we found that
Opystercatchers did not select the clam concessions for feeding.” (p. 593)

“During the first year of the production cycle, clam concessions are not attractive for
Oystercatchers because: (1) during six months nets prevent any predation, (2) during the
following months, clam are hardly large enough to be profitable for the birds, and (3) the
associated benthic macrofauna is less abundant in one-year concessions ... Clam
concessions are potentially the most attractive during the second year of the production
cycle until the beginning of the third year, before harvesting ... Nevertheless, we did not
find any differences between the different concessions of one, two, or three years for the
attractiveness of the birds.” (p. 593)

“We can consider that L. conchilega beds are an attractive habitat for the Oystercatchers
of the Chausey archipelago ... The alteration of this habitat via clam cultivation induces a
significant loss of attractiveness for the feeding Oystercatchers ... Natural variations of
benthic habitats may drastically affect the birds ... Nevertheless, the rapid ... [growth] of
shellfish farming activities along the world’s coasts may have irreversible and increasing
negative impacts on secondary consumers which have only just begun to be explored by
the scientific community.” (Godet et al. 2009, p. 594)

Good et al. (2010) has reported on the progress made removing derelict gear in Puget Sound and
the Northwest Straits, and the pattern of remaining threats:

“Since 2002, hundreds of derelict nets containing over 32,000 marine animals have been
recovered from Washington’s inland waters ... invertebrates (76 species) ... fishes (22
species) ... birds (16 species) ... 93 percent of fish, and 100 percent of birds and
mammals were dead when recovered ... Mortality from derelict fishing gear is
underestimated at recovery.” (p. 39)
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“Synthetic fishing gear is functionally resistant to degradation in the water, and, once
discarded or lost, this gear may remain in the marine environment for decades (USOAP,
2004) ... One consequence of derelict fishing gear in the marine environment is the
entanglement and killing of target and non-target fishery species long after the gear has
been lost or abandoned, a process also known as ‘ghost-fishing’ (Breen, 1990).” (p. 39)

“Since 2002, the Northwest Straits Commission, working with Natural Resources
Consultants, Inc., the Washington Department of Fish and Wildlife, and National
Oceanic and Atmospheric Administration (NOAA) Fisheries, has documented and
removed over 94 tons of derelict nets, pots and traps from the inland marine waters in
Washington (NWSC, 2008).” (p. 40)

“Of the 902 derelict fishing nets recovered from Puget Sound and the Northwest Straits
as of June 2008, 876 were gillnets. The remaining nets were purse seines (n = 23), trawl
nets (n = 2), and aquaculture nets (n = 1) ... 25 percent were derelict for somewhere
between 5 and 24 years.” Most of the recovered and removed gillnets were located in the
San Juan island archipelago and north Puget Sound; very few were found in the Strait of
Juan de Fuca, south Puget Sound, or Hood Canal. (pp. 42, 43)

“All of the marine birds (n = 509) and mammals (n = 23) documented were dead.
Derelict gillnets entangled and/or killed at least 106 species of marine fauna — at least 65
species of marine invertebrates, 22 species of marine fishes, 15 species of marine birds
and 4 species of marine mammals ... Most of the derelict gillnets contained evidence of
entanglement and death.” (p. 44)

“In general, nets in flat featureless sandy or muddy habitats tend to ball up and pose less
risk ... (Matsuoka et al. 2005) ... However ... One derelict gillnet in a muddy habitat in
the Port Susan area of central Puget Sound entangled some large, heavy commercial crab
pots and woody debris, stretching the gillnet open over six meters off the seabed ... In
this one net, we documented 50 fish, 142 marine birds (64 freshly killed), and one marine
mammal; the piles of bones beneath it were testimony to the larger numbers it likely
killed. Given constant rates of recruitment and degradation over the 23 weeks it was
derelict in the environment, it may have killed upwards of 1800 marine birds (J. June,
unpublished data).” (p. 45)

“Nets hung up on rocky reefs and underwater obstructions tend to remain stretched open
more so than those in open sandy habitats (Akiyama et al. 2007).” (p. 48)

“Derelict gillnets in Puget Sound seem to act as magnets to predators and scavengers,
maintaining the potential for mortality over time ... Many invertebrate scavengers (crabs,
sunflower stars) are numerous in recovered gillnets and are likely drawn to the nets as
they accumulate dead animals, and some scavengers, in turn, become entangled (Kaiser
et al. 1996).” (p. 48)
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“Gillnets are especially lethal for marine fish, as nets are designed specifically for
catching and killing them ... [But] Gillnets are also deadly for marine birds and
mammals, which must periodically surface to breathe air. Diving birds and marine
mammals appear to fall prey to nets while pursuing fish underwater; some of the forage
fish and smaller fish species aggregate in and under the relative safety of the netting,
which results in entanglement of their predators. For marine birds, marine debris-related
mortality increased substantially at the end of the 20th century (Tasker ef al. 2000).” (pp.
48, 49)

“Expanding from the absolute minimum mortality documented in this study ... upwards
of 450,000 marine invertebrates, 12,000 fish, 12,000 marine birds, and 400 marine
mammals may have been killed by the 870 nets recovered as part of this study. These
estimates do not include the estimated 3000+ nets still out in the marine environment of
Puget Sound and the Northwest Straits ... The largest challenge is finding and removing
the legacy gear — lost nets accumulated over the past 50+ years” (Good et al. 2010, p. 49)

Gorenzel, Conte, and Salmon (1994) have prepared guidance for the control of bird damage at
aquaculture facilities. In addition to auditory and visual hazing and deterrent techniques, they
consider a potential role for trapping and shooting (i.e., hunting):

“Except for some blackbirds, trapping is not allowed without a permit from the U.S. Fish
and Wildlife Service and upon recommendation by the [U.S. Department of Agriculture,
Animal and Plant Health Inspection Service] (USDA-APHIS-Animal Damage Control).
Permits are issued to compliment ongoing nonlethal methods. Check county or state
permit requirements.” (p. E-5)

“Shooting ... Same as for trapping, except that some blackbirds may be shot. Ducks may
be hunted during waterfowl hunting seasons.” (p. E-5)

“Resolution of bird depredation problems is complicated. All fish-eating birds that
frequent aquaculture facilities are classified legally as migratory and thus are protected by
federal, and in most cases, state laws.” (p. E-10)

“Because of the economic loss caused by birds, a grower’s first reaction often includes
lethal action. Lethal control, however, is not allowed without a permit. Permits to use
limited lethal action against depredating birds may be granted, but only after nonlethal
techniques have been used correctly, and after qualified USDA-APHIS personnel verify
that these methods need to be reinforced by use of lethal methods.” (p. E-10)

“A permit is not needed to physically or mechanically exclude any fish-eating bird ...

Except for threatened or endangered species such as the bald eagle [(Haliaeetus
leucocephalus)], a permit is not required to harass or scare fish-eating birds.” (p. E-10)
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=  “If lethal reinforcement of existing hazing devices is required, [USDA-APHIS] wildlife
damage control biologists may make recommendations on the damage report for lethal
control of the species and the maximum number of birds that may be killed. This report
will be attached to a completed U.S. Fish and Wildlife Service Federal Fish and Wildlife
License/Permit Application or Depredation Permit (Form 3-200), and mailed to the
Special Agent in Charge in the appropriate USFWS Regional Office ... Exceptions to
this procedure involve ... specific species that may have special protection in your area.”

(p. E-10)

= “Recommendations include familiarization with federal and state laws related to bird
depredation, knowledge of bird identification, and good communication with involved
agencies. Actions that may be taken against a depredating bird species to protect a crop
may vary from state to state and region to region. In recent years more incidences of
aquaculture-related bird depredation cases have been reported, and increased legal action
has been directed against growers charged with wildlife violations. Because of the severe
legal consequences, it is highly recommended that a grower have knowledge of all these
factors and proceed through the proper permit process before taking action against
depredating species.” (p. E-10)

= “Waterfowl (mallards, mergansers, and other ducks) may be legally hunted during the
hunting season. A hunting license and federal duck stamp are required.” (Gorenzel,
Conte, and Salmon 1994, p. E-17)

Gorenzel and Salmon (2008) have reviewed available techniques and strategies for hazing and
dispersing birds:

= “Where birds go when hazed is an important consideration ... It is generally easier to
move birds from a particular site if other sites are equally attractive.” (p. 2)

= “The species present in the area will in part determine the types of hazing equipment that
can be used. Certain hazing techniques are very effective in deterring certain species, but
could be completely ineffective and sometimes counterproductive with other species.
Waterfowl, and hunted species in general, can be dispersed from an area with propane
cannons and pyrotechnics. However, diving birds such as grebes [(Podiceps sp.;
Aechmophorus sp.)] or loons [(Gavia sp.)] will dive ... surface, and dive again ... This
behavior can make it difficult to herd the birds away.” (p. 2)

= “Biosonics ... [recorded] distress or alarm calls are available for only a limited number of
species and are usually species-specific.” (p. 2)

= “The phenological status of birds may affect hazing success ... Migrants in general are
easier to disperse from most sites than are breeding birds ... [but] shorebirds may be
difficult to disperse from a traditional migratory stopover ... Molting is also a factor, as
some birds ... cannot fly at certain stages in their molt.” (p. 3).
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“Most deterrent techniques have been developed to prevent damage to a crop or structure
... auditory or sound-making devices, visual scaring devices [such a mylar tape and
lasers], exclusion, habitat modification, chemical repellants, removal (trapping), and
[hunting or] killing ... Techniques that incorporate both visual and auditory aspects, such
as firing pyrotechnics while patrolling on an ATV, are even more effective.” (p. 9)

“The key elements in any strategy to haze birds are timing, organization, variation, and
persistence ... Variation, the use of a variety of hazing techniques, whether in
combination or in rotation ... helps prevent or delay the onset of habituation ... To be
successful, the hazing operation must be diligently applied [and] dynamic.” (p. 10)

“Auditory Techniques. Pyrotechnics ... fired from a starter pistol ... shotgun ... or hand-
held flare gun ... Propane cannons ... for shore-based hazing ... Biosonics ... [recorded]
distress and alarm calls ... the Phoenix Wailer Mk III can broadcast up to 94
electronically produced noises ... [including] sixteen natural bird calls (alarm calls,
distress calls, and predator calls) ... the Breco Bird Scarer ... [is] very similar to the
Marine Phoenix Wailer ... the Canadian Wildlife Service recommends this device ... [it
represents] the only unmanned hazing device available for offshore and open-water use
... Visual Techniques. Mylar tape ... Scarecrows ... Flags ... Balloons ... Lasers ... and
Lights.” (pp. 12-41)

“Boats ... can be effective in dispersing water birds ... Typically the appearance and fast
approach of a motorboat causes ducks and geese to flush immediately ... However, the
flushing distance depends on the degree of habituation to boats ... Birds in areas
frequented by boats ... allow a closer approach before reacting ... Boats are less effective
for certain diving birds, such as grebes or loons, that are likely to dive repeatedly and not
take wing.” (p. 46)

“Bird Profiles. Diving Birds. Loons [(Gavia sp.)] ... do not respond well to hazing ...
their primary response is to repeatedly dive ... herding from a boat can be attempted, but
most likely will prove futile ... Grebes [(Podiceps sp.; Aechmophorus sp.)] typically dive
in reaction ... it may be possible to slowly herd grebes ... Diving ducks ... dive
underwater to feed on fish, crustaceans, mollusks, invertebrates, or vegetation ... surf
scoter (M. perspicillata), black scoter (M. nigra), [and] white-winged scoter (M. fusca)
... are almost exclusively found on saltwater ... [diving] ducks are hunted birds and
respond well to pyrotechnics and propane cannons ... Shorebirds ... little is known about
hazing shorebirds ... they do not damage crops or cause significant problems, thus there
has been little reason to haze them ... shorebirds take flight in response to pyrotechnics
but may not leave the immediate vicinity, instead [they may] circle and land nearby ...
Marine Birds. Alcids ... [including] common murre (Uria aalge) ... marbled murrelet ...
[and] rhinoceros auklet (Cerorhinca monocerata) ... little is known about hazing alcids
... there has been little reason to haze them.” (Gorenzel and Salmon 2008, pp. 59-80)
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Goss-Custard and Verboven (1993) report bird counts and the observed effects of human
disturbance on shorebird feeding and other behaviors:

“Activities include dog-walking, casual and commercial shell-fishing, birdwatching, and
walking ... most of the direct observations have been made while watching
oystercatchers Haematopus ostralegus on mussel beds.” (p. 59)

“Few people use the mudflats in the upper half of the estuary where the majority of most
of the shorebirds obtain their food at low water ... small numbers of shell-fishermen
maintain pots and slates ... Since the small numbers of people involved walk slowly and
are well dispersed over the flats, the disturbance seems to be minor ... birds normally fly
only a short distance and quickly resume feeding ... Unless new sports or commercial
fisheries arise that attract a much great[er] number of people to mudflats, levels of
disturbance in many of the birds’ most important feeding areas may not generally be very
significant.” However, “Two of the smallest mussel beds on the Exe are seldom used by
birds in daylight because people occur there almost continuously.” (p. 62)

“Studies ... have identified some of the effects that people have on foraging
oystercatchers ... When disturbed, most oystercatchers fly to another part of [the] bed ...
where many then rest ... More birds stop feeding as the number of people on the bed
increases ... Oystercatchers steal mussels from each other with increasing frequency as
the density of foraging birds, and thus opportunity to steal from subordinate individuals,
increases (Ens and Goss-Custard 1984) ... [Feeding or] intake rate decreases as bird
density rises ... [especially for] juveniles, which are amongst the least dominant of
oystercatchers ... The conclusion therefore, is that as the number of people increase on
the mussel bed, most birds spend less time feeding and do so at a lower rate.” (p. 63)

“When disturbance does occur, birds compensate by moving elsewhere or by feeding at a
greater rate during undisturbed periods of the day ... birds move from adjacent bed ... to
bed ... when large numbers of people occur there.” (p. 64)

“The birds feed ... all the time ... on receding and advancing spring tides in daylight,
throughout daylight neap tides, and throughout both neap and spring tides at night ...
Over the winter as a whole, at least two-thirds of their feeding is done at times when

people seldom occur on the beds.” (p. 65)

“In terms of its effects on the overall feeding opportunities for oystercatchers, disturbance
may occur for over half the effective time that the birds feed during the winter ... This
would be serious if this meant that the birds were actually prevented from feeding for
over half the time ... But this is not so ... oystercatchers can adapt to minimize the effects
of disturbance.” (p. 65)
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=  “They can ... habituate to people ... though this depends critically on the extent to which
the people move about ... Anglers and the local ... mussel pickers usually move rather
little ... having found a suitable place, they remain there for much of the tidal cycle ...
After the initial disturbance, the oystercatchers settle down and even feed nearby ...
Severe disturbance ... usually arises if ... pickers ... give the birds little chance to settle
down ... The effects on most birds might be insignificant because they can adapt their
foraging behavior.” (p. 65)

* “The most convincing demonstration would be that disturbance reduced the birds’ fitness
... their chances of surviving the winter, or to acquire energy reserves to migrate
successfully or to maintain a good enough body condition to breed well in summer ... If
increasing disturbance has significantly affected oystercatchers over the last 15 years, it
should be reflected in changes in their numbers.” However, “When different mussel beds
are compared, there is no clear association between changes in oystercatcher numbers
and disturbance levels ... The counts suggest no clear link between the increase in
disturbance over the years ... its present level, and the changes in bird numbers on the
various mussel beds of the Exe.” “There is, in fact, no evidence from counts ... that the
total numbers of oystercatchers have been affected by the increased levels of disturbance
over the last decade ... Bird numbers ... have increased roughly in line with the rise in
the British wintering population ... There may only have been some local redistribution
within the estuary ... The mere presence of people on the feeding grounds is clearly not
sufficient reason in itself for believing the disturbance is deleteriously affecting the
birds.” (pp. 63-65)

= “Being amongst the least efficient foragers and poorest competitors on the mussel beds,
young birds may suffer disproportionately from disturbance ... This difficulty would be
greatest in cold weather when energy requirements are high yet the opportunities to feed
... are least.” “This could be significant, because modelling shows that the overall
population size can be much affected by the winter mortality rates of young birds (Goss-
Custard and Durell 1990). However, the counts provide no evidence that disturbance of
young birds has actually reached the point at which the population size is being affected,
despite the marked increase in human activities that has taken place over the same
period.” “Many of the points made ... [regarding] oystercatchers apply to other species
of waders ... There is no evidence that current levels of human disturbance significantly
affect the feeding, and thus numbers, of overwintering shorebirds on this apparently
rather typical estuary.” (Goss-Custard and Verboven 1993, pp. 65, 66)

Greene et al. (2012) published a report evaluating the status of the Puget Sound’s nearshore
pelagic foodweb, a multi-trophic level assessment in six oceanographic basins:

=  “We measured over 20 potential indicators of nearshore pelagic ecosystem health at 79
sites ... These metrics included measurements of abiotic conditions and nutrient
availability, and abundance and diversity of phytoplankton, bacteria, zooplankton,
jellyfish, and pelagic fish species.” (p. 4)

59



“South Sound and Hood Canal had the most reduced dissolved oxygen and pH, highest
relative abundance of jellyfish, and lowest abundance of forage fish and fish species
richness. In contrast, the Rosario ... and Whidbey Basins were characterized by
relatively few abiotic or nutrient problems, few deviations in the abundance of different
groups of microbes and phytoplankton, relatively high densities of non-gelatinous
zooplankton (i.e., not jellyfish), high fish species richness, and relatively high forage fish
abundance. Admiralty Inlet and the Central Basin scored in between this range, although
they too exhibited high jellyfish abundance and reduced forage fish abundance.” (p. 4)

“Land use rarely explained more than 5 percent of the variation in observed data,
indicating a dominant marine influence and the potential for resilience of the Puget
Sound’s pelagic waters to anthropogenic influence. The strong spatial structure observed
in our results indicates that different pelagic food webs exist across the system.” (p. 4)

“Taxonomic composition of both vertical and surface plankton samples varied by basin
... Some of the spatial differences correspond to major environmental gradients ... the
presence of the more oceanic copepod species Acartia longiremis in the Admiralty and
Rosario Basins, and the high relative abundance of the estuarine species Acartia
hudsonica in the more river-dominated Whidbey basin.” (p. 24)

“Preliminary results suggest pelagic trophic dynamics differ spatially within Puget Sound
and that land use may be an influential factor ... Isotopes appear to show a strong signal
of shoreline land use.” (p. 37)

“The overall pattern of metrics suggests that the ‘healthiest’ basins may be the Rosario
and Whidbey Basins. These were characterized by relatively few abiotic or nutrient
extremes, few deviations in the abundance of different groups of microbes and
phytoplankton, relatively high densities of non-gelatinous zooplankton, high fish species
richness, and relatively high forage fish abundance. Rosario Basin had just a few metrics
at medium levels and no metrics in ‘poor’ condition, while the Whidbey Basin had a few
abiotic/nutrient metrics at medium levels and just one metric in ‘poor’ condition ... The
catchments supplying water to these basins are the centers of agriculture for Puget Sound,
and efforts to reduce agricultural-related impacts (e.g., nutrient loading) and improve
estuarine and nearshore habitats (e.g., reduced diking and shoreline hardening) will likely
have the biggest benefits to these basins.” (p. 41)

“In contrast, Hood Canal and South Sound were rated the lowest [or least ‘healthy’] in
our system. Hood Canal is the most different from the other five basins ... [Observed]
features suggest that Hood Canal experiences a late-season rise in primary production
from phytoplankton and cyanobacteria ... As has been summarized recently by EPA and
the Department of Ecology, Hood Canal is naturally challenged by its unique geography
and oceanography, and a recent report determined that it is premature to assign all these
problems to anthropogenic activities (Kope and Roberts 2012).” (p. 43)
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=  “South Sound also rated relatively poorly, and was distinguished by several unique
features. Water temperatures were most frequently highest at South Sound sites, and
exhibited the largest variance among all of the basins. Ammonium and silicic acid
concentrations were also most frequently highest at South Sound sites ... [Observed]
features suggest that South Sound sites experience elevated primary and heterotrophic
production, possibly fueled by ammonium and enhanced by warmer temperatures. In
turn, relative abundances of jellyfish were the highest found in Puget Sound, and fish
species richness was dominated by hatchery salmon. Forage fish were also relatively low
in abundance.” (Greene ef al. 2012, p. 43)

Gutierrez et al. (2003, pp. 79-90) have described the ecological role of molluscan shell
production in aquatic habitats:

= “Mollusk shells are abundant, persistent, ubiquitous physical structures in aquatic habitats
... [they are] substrata for attachment of epibionts, provide refuges from predation,
physical, or physiological stress, and control transport of solutes and particles in the
benthic environment ... Shell producers should not be neglected as targets for
conservation, restoration, and habitat management.” (p. 79)

* “Here we review the ecosystem engineering roles of an important, widespread group —
aquatic mollusks. These organisms have community and ecosystem-level impacts via
several mechanisms.” (p. 80)

= “Shells and shell aggregations introduce complexity and heterogeneity into benthic
environments and are important elements of habitat structure affecting population-,
community-, and ecosystem-level processes.” (p. 80)

= “The shell itself is a substratum for boring and sessile epibenthic organisms that cannot
settle on the soft bottom ... Shell production is known to control (1) the availability of
substrata for settling by fouling organisms, (2) the availability of enemy- and stress-free
space, and (3) the transport of particles and solutes in the benthic environment.” (p. 81)

= “Mussels in soft-bottomed environments provide substrata for the attachment of
invertebrates and algae that are usually unable to attach to bare mud (Albrecht and Reise
1994, Buschbaum 2000) ... on rocky shores [they] allow colonization by infaunal
organisms ... [between] interstices among shells ... organisms which otherwise cannot
live in rocky habitats (Tokeshi and Romero 1995).” (p. 85)

* “In shell habitats dominated by living mollusks, recruitment and mortality are often
influenced by the structural complexity conferred by conspecific neighbors. Adult
mussels create substrata for the attachment of settling conspecifics (Bayne 1964, Petersen
1984, Bertness and Grosholz 1985).” (Gutierrez et al. 2003, p. 86)
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Gutierrez et al. (2011) has described how physical ‘ecosystem engineers’ (seagrasses, kelps,
reef-forming bivalves, burrowing crustaceans, and infauna) participate in and contribute to the
functioning of estuaries and coastal ecosytems:

“We focus on the impacts of physical ecosystem engineers on ... key functional attributes
of estuaries and coasts — [including] sedimentary processes ... and the creation and
modification of habitat for other organisms.” (p. 5)

“Consideration of physical ecosystem engineering as a process and a consequence reveals
four general components (engineer, structure, abiotic, biotic) linked by three cause/effect
relationships ... (1) Engineer causes structural change; (2) Structural change causes
abiotic change; and (3) Abiotic change causes biotic change. The first two relationships
are processes, while the third is a consequence.” (p. 8)

“Macroalgae, grasses, epibenthic bivalves, tube-building polychaetes, reef-forming
corals, and mobile invertebrates that create habitat are all autogenic engineers.” (p. 8)

“Engineered structures deteriorate and disappear unless maintained. Their persistence —
and hence persistence of their abiotic effects — is a function of the intrinsic durability of
the structural materials and the intensity of structurally destructive forces (Jones et al.
1997), and ranges from the ephemeral ... to the highly persistent.” (p. 9)

“Abiotic variables relevant to habitat creation and modification for other organisms are
... diverse and include changes in accretion/erosion ... changes in light availability,
temperature, moisture, oxygen availability, water flow exposure, attachment substrates,
[and] enemy- or stress-free space ... The overall abiotic impact of an engineered structure
will also depend on the baseline abiotic state.” (pp. 9-11)

“While mussels have little influence on the availability of hard substrates on rocky
shores, they have a very large effect in soft-sediment systems (Gutierrez et al. 2003) ...
Initial establishment of mussels in areas dominated by soft-substrates increases the
availability of hard substrate (i.e., abiotic change) with a positive feedback effect on
subsequent mussel recruitment (Bayne 1964).” (pp. 11, 12)

“Seagrass meadows rival tropical forests and efficient crops as the most productive
ecosystems on Earth (Duarte and Chiscano 1999), and are a source of important
ecosystem services to humans, such as support for biodiversity, carbon sequestration, and
sediment stabilization and coastal protection (Duarte 2000, Hemminga and Duarte 2000,
Barbier et al. in press).” (p. 25)
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“The dampening of waves and currents by seagrass canopies leads to increased sediment
deposition (Gacia and Duarte 2001, Gacia et al. 1999, Hendriks et al. 2008) and
decreased resuspension (Lopez and Garcia 1998) ... seagrass[es] can also directly
intercept suspended sediment particles with their canopies ... However, sediment
accumulation can be seasonal.” (p. 26)

“Seagrass[es] ... affect the seafloor topography through the accretion of rhizomes and
roots in the sediments, thus exerting additional engineering influences on flow and
sedimentation patterns ... [and] can also modify environments via the export of litter and
its accumulation in adjacent ecosystems ... litter often accumulates [on] beaches.” (p. 27)

“The role of seagrass meadows in maintaining high biodiversity is supported by their
capacity to expand and diversify the habitat available for other organisms ... Seagrass
meadows and patches also serve as refuge to a range of epibenthic ... and infaunal
species that ... [benefit from] decreased risk of predation within the dense matrix of
seagrass roots and rhizomes (Hemminga and Duarte 2000, Heck and Orth 2006).” (p. 28)

“The physical influences of seagrass structure (leaves, roots, thizomes) on biotic
variables (predation risk, food availability, larval retention; Orth et al. 1984, Judge et al.
1993, Irlandi 1994, 1996) can lead to increased organismal abundance and/or species
richness in seagrass meadows relative to adjacent unvegetated habitats (Heck 1977, Heck
and Thoman 1984, Edgar et al. 1994, Jenkins et al. 1997) ... seagrass habitats are often
considered ... ‘nursery habitats’ because of their ... roles in sustaining ... enhanced
growth and survival of juveniles of commercially important species (Heck and Thoman
1984, Beck et al. 2001).” (p. 29)

“Kelp and other ... marine macroalgae ... create habitats very distinct from adjacent
waters ... surface and subsurface kelp canopies diminish light (Pearse and Hines 1979,
Reed and Foster 1984) ... [and] canopy shade may positively affect sessile invertebrates
by providing refuge from competition (Eckman and Duggins 1991, Arkema et al. 2009)
... Because understory algae and sessile invertebrates have different light requirements,
giant kelp allows for temporal and spatial coexistence of these competitors by creating
alternative niches for them to occupy (Arkema et al. 2009).” (pp. 29-31)

“The production of large kelps creates three-dimensional complexity in coastal
environments, providing habitat for numerous species of plants and animals. Fish and
invertebrates take refuge within kelp holdfasts and among stipes and canopy blades.
Often, the population size of kelp forest animals depends upon the density and structural
complexity of the kelp (Holbrook ef al. 1990).” (p. 32)

“Reef-building bivalves create spatially and topographically complex habitats that foster
unique assemblages of organisms ... The best-known examples of reef-building bivalves
are intertidal and shallow subtidal mussels and oysters ... These suspension feeders
create persistent, extensive, dense populations that are attached to each other and the
substrate.” (p. 35)
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“Mussel beds and oyster reefs can show a high degree of temporal variation in
persistence at small spatial scales, but over large spatial scales bivalves and shell material
can persist for hundreds and even thousands of years in the same general location
(Gutierrez and Iribarne 1999, Commito and Dankers 2001, Hertweck and Leibezeit 2002,
Smith et al. 2003, Stone et al. 2005) ... The patchy nature of reef and bed structure
contributes to a spatially heterogeneous variety of autogenic and allogenic effects, both
positive and negative, on the environment, other species, and the reef-builders
themselves, across scales from individual shells to large spatial aggregations.” (p. 36)

“Where wave action and tidal currents are moderate, increased deposition over beds and
reefs causes sediment to build up to form banks higher than the ambient substrate
(Meadows et al. 1998) ... Autogenic and allogenic banks create vertical relief.
Intertidally, the upper portions of banks have reduced immersion time. Banks also act
like dams to hold pools of water and increase immersion time.” (p. 37)

“Within the array of habitats and physico-chemical parameters resulting from reef and
bed complexity, benthic and demersal animals, macrophytes, and microorganisms vary
greatly. Organisms respond to individual shell traits and shell spatial arrangements,
including the provision of attachment substrate; refuges from predation, competition,
thermal stress, desiccation, and hypoxia; transport of materials and solutes; and delivery
of larvae and postlarval juveniles and adults, including recruitment of mussels and
oysters themselves (Gutierrez et al. 2003; Commito ez al. 2005, 2008, Coen et al. 2007).
Other physical ecosystem engineers such as kelps, seagrasses, and marsh grasses (e.g.,
Altieri et al. 2007) also interact with these bivalves.” (p. 38)

“Epifauna in hard- and soft-bottom habitats respond favorably to the provision of rugose,
hard substrate by mussels and oysters. Rocky shore systems generally show enhanced
species richness within bivalve assemblages (Tsuchiya 2002, Thiel and Ullrich 2002).
This pattern generally does not occur in soft-bottom systems, primarily because some
infauna have lower abundances and diversity within beds and reefs (Commito et al. 2005,
2008, Buchsbaum et al. 2009, Ysebaert ef al. 2009), while oligochaetes, nemerteans, and
opportunistic species may be enhanced ... Epifauna and infauna abundance and diversity
are strongly linked to spatial variation in live mussels and their shell material (Commito
et al. 2008), demonstrating that reef-building bivalves are an important autogenic
determinant of benthic community structure ... [However,] the effects on macrofauna are
quite variable, depending on bivalve species, geographic location, and local
environmental conditions (Thiel and Ullrich 2002, Commito et al. 2005, 2008, Coen et
al. 2007, Buchsbaum et al. 2009, Kochmann et al. 2009, Ysebaert et al. 2009).” (p. 38)

“Burrowing crustaceans ... create semi-permanent burrows, ranging from small, shallow
structures to complex systems greatly extended laterally and to sediment depths > Im
(Swinbanks and Murray 1981) ... burrows and bioturbation activities have a profound
impact on physical and biogeochemical properties and processes, with knock-on effects
for associated biota.” (p. 39)
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* “Physical habitat modifications by burrowing crustaceans occur in all sedimentary
habitats, including sandflats ... The creation of burrows extends the sediment-water
interface to considerable depth ... [and] active burrow irrigation accelerates the exchange
of burrow/interstitial water with overlying water with concomitant oxygenation of the
sediment column (Ziebis et al. 1996) ... Burrowing and feeding activities also affect
seabed stability by altering substrate particle size distribution, penetrability, and water
content (Bertness 1985, Botto and Iribarne 2000).” (pp. 39, 40)

v  “Species directly benefiting from the provision of habitat are burrow commensals,
encompassing crustaceans, bivalves, polychaetes, and fish. The favorable
microenvironment created within burrows also increases the abundance and diversity of
infaunal species, including meiofauna (MacGinitie 1934, DePatra and Levin, 1989) ...
Bioturbation substantially increases habitat suitability for species dependent on
uncompacted sediment (Tamaki ef al. 1992) ... [but] high levels of sediment disturbance
and resuspension can be detrimental for susceptible species” (p. 41)

* “Infauna are invertebrates living within the matrix of aquatic sediments and include
polychaetes, oligochaetes, bivalves, nemerteans, echiurans, sipunculids, as well as small
crustacean such as burrowing amphipods and isopods ... Despite their small size relative
to other coastal and estuarine engineers, their abundance and activity levels dramatically
impact the seascape.” (p. 42)

* “Infaunal ecosystem engineers affect three-dimensional structure and thus the diversity of
microhabitats in marine soft sediments ... when infaunal organisms recruit into soft
sediment habitats, they seek refuge by entering into the sediments and — in many cases —
by producing shells, tubes, or burrows (Marinelli and Woodin 2002) ... All these
structures generate a remarkably more diverse environment within the sediment matrix
relative to the originally smooth soft sediment ... Their effects on abiotic factors such as
porewater circulation and solute distribution have concomitant influence on
microorganisms, meiofauna, and other infauna (Aller 1988).” (Gutierrez et al. 2011, p.
44)

Hayes et al. (2011) used acoustic transmitter tags, habitat class preferences, and compositional
analysis of selection to describe bull trout movements, position, and marine habitat use in and
around the Skagit River delta:

= “Bull trout populations that display an anadromous life history are unique to the distinct
population segment of coastal Puget Sound ... More information is needed to better
understand the role of this life history type in the sustainability and adaptability of the
species.” (pp. 394, 395)
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“Recent studies in Washington State revealed anadromy in bull trout from Olympic
Peninsula rivers (Brenkman and Corbett 2005) and in streams draining into Puget Sound
(Goetz et al. 2004) ... Moreover, bull trout from these populations are thought to be
found in marine habitats at all times of the year (Beamer et al. 2004; Goetz et al. 2004).”

(p. 395)

“[In] Skagit Bay ... depths as great as 50 m are found ... [but] large intertidal areas, with
maximum depths of less than 5 m are extensive.” (p. 395)

“We captured 35 bull trout ... in the Swinomish Channel ... Acoustic transmitters ...
were used to tag 20 fish captured near the confluence of the North and South forks from
mid-March to early-April (river-tagged: RT) and 15 fish captured from the Swinomish
Channel (channel-tagged: CT) from mid-May to mid-June 2006 ... An additional nine
transmitters from fish studied (saltwater-tagged: SWT) in 2004 or 2005 ... were also
detected during our study.” (p. 395)

“Fish positions were determined by using fixed receivers or by active relocation by boat
... Additional position data were obtained from fixed receivers operated by the U.S.
Army Corps of Engineers at several bay and upriver locations.” (p. 397)

“Summaries of fish positions and habitat descriptions were based on our best estimate of
a fish’s position during each ‘event’ ... Detections separated by at least 2 hours were
considered separate ‘events’.” (pp. 398, 399)

“Habitat descriptions included shoreline, substrate, and vegetation classes (McBride ef al.
2006) ... These data were available for the majority of bay perimeter and shallow water
habitat, but not for the Swinomish Channel ... Substrate and vegetation data were
available only within the intertidal zone.” (p. 399)

“We ranked habitat class preferences (Aebischer ef al. 1993) by using a compositional
analysis of selection (Leban 1999) to compare habitat use with habitat availability.” (p.
399)

“Subsequent detections indicated 12 of the 20 RT fish continued downstream and entered
Skagit Bay ... Six of seven SWT fish that were detected with the lower river receivers in
2006 were also detected in saltwater ... Fourteen of the 21 fish were considered bay
residents; the remaining 7 fish were detected only once or were found to be moving
through the bay from other areas.” (p. 399)

“Bay residents were usually less than 0.4 km from the shoreline (83 percent of
measurements) and 28 percent of detections were less than 100 m from shore.” (p. 400)
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“Habitat class data and compositional analysis ... suggested that bull trout use of habitats
was not random ... Coastal deposits, low bank, and sediment bluff accounted for nearly
76 percent (by length) of natural shoreline classes ... Modified and unmodified shoreline
classes were used in proportion to their availability ... common modifications included
concrete bulkhead and riprap ... Green algae, eelgrass (Zostera sp.), and unvegetated
were frequent vegetation classes; combined, they made up more than 70 percent of the
area used by bull trout ... Use of spit-berm, salt marsh habitats, and green algae
vegetation classes was greater than expected, based on availability, while the unvegetated
class ranked low.” (p. 400)

“Our data suggest that the marine habitats of Skagit Bay were used for extended periods
of time (up to 133 d) by anadromous bull trout tagged in the lower Skagit River ... These
results agree with previous studies that showed marine residence from April [through]
July ... [But] the timing of marine residence could be more variable than indicated by our
data ... Some bull trout may be found in Skagit Bay during any month (Goetz et al.
2004).” (pp- 402, 403)

“The bull trout we studied appeared to travel only modest distances from the Skagit River
during their marine phase (<12 km) ... [But] we did not extensively survey distant areas,
and a few of our study fish were rarely or never contacted after tagging, so some fish may
have migrated greater distances than we recorded.” (p. 403)

“One behavior that was common among bull trout in marine waters was the use of
shallow, nearshore habitats ... In general, fish positions were within 400 m of the
shoreline and shallower than 4 m ... Although some bull trout probably crossed sections
of Skagit Bay with water depths greater than 10 m to reach the east shore of Whidbey
Island, our detections never indicated that fish maintained positions in these deeper areas
... The general pattern suggested that individual bull trout moved from the river to a
discrete section of bay shoreline or the Swinomish Channel, stayed there for much of
their marine residency, and then returned to the river ... We found no evidence of
consistently nomadic behavior for any fish.” (pp. 403, 404)

“Our descriptions of substrate, vegetation, and shoreline classes in bull trout habitats are
the first of this type and thus are valuable despite incomplete mapping ... However,
habitat preference data should be considered preliminary because the number of
detections of some fish was small, our fish location data were imprecise, and preference
may be related to other factors ... More detailed data are required to determine bull trout
selection and intensity of use for specific habitats.” (Hayes et al. 2011, p. 404)
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Heck, Hays, and Orth (2003) used meta-analytic techniques to examine whether seagrass
meadows function as effective nursey grounds:

“We reviewed more than 200 papers that were relevant to the nursery role hypothesis ...
We used both vote counting and meta-analytic techniques to evaluate whether the body
of previous studies that report seagrass meadows to be nursery grounds actually contain
data that support this proposition ... We also evaluated case histories of well-documented
large scale seagrass losses on the nursery function.” (p. 123)

“Surprisingly, few significant differences existed in abundance, growth, or survival when
seagrass meadows were compared to other structured habitats, such as oyster or cobble
reefs, or macroalgal beds ... Nor were there decreases in harvests of commercially
important species that could clearly be attributed to significant seagrass declines in 3 well
studied areas ... One important implication of these results is that structure per se, rather
than the type of structure, appears to be an important determinant of nursery value.” (p.
123)

“Valuable functions generally associated with seagrasses and cited frequently in the
literature include ... provision of optimal habitat for growth, survival, and reproduction
of a diverse array of vertebrate and invertebrate taxa ... its ‘nursery function’.” (p. 123)

“The concept of a nursery must extend beyond simply the numbers of juveniles present,
but also may entail higher survival, owing to protection from predators, and higher
specific growth rates, due to the abundance of food resources within seagrass meadows,
both of which are likely to result in more juveniles reaching the adult stage.” (p. 124)

“We sought to identify factors that create spatial variation in the nursery function of
seagrass habitats, and to use well documented declines of seagrass to address whether
loss of seagrass habitat has led to corresponding declines in species believed to use these
habitats as nurseries.” (p. 124)

“Of the total 193 comparisons, 89 (46 percent) showed greater abundance in seagrass, 50
(26 percent) showed greater abundance in other habitats, and 54 (28 percent) showed no
difference between seagrass and other habitats ... Thus, for slightly more than half of the
species studied, seagrass meadows did not support abundances that were significantly
greater than those in surrounding habitats.” (p. 126)

“When seagrass meadows were either found not to differ significantly or to contain lower
abundances than adjacent habitats, the adjacent habitats were often structurally complex
... nursery habitats themselves.” (p. 126)

“There is stronger evidence of the importance of seagrass meadows in the northern

hemisphere, where 58 of 77 comparisons (75 percent) showed significantly greater
abundances in seagrass.” (p. 127)
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“When all studies were considered together in the unlumped data set, seagrasses had a
significantly positive effect on juvenile survival when compared to other habitats ...
[But] The effect of seagrass meadows on juvenile survival clearly varied across species
... with no discernible patterns by taxonomy (fish vs decapod crustaceans) or geography
(tropical vs temperate).” (pp. 127, 129)

“When all studies were considered together, juvenile organisms had much greater growth
rates in seagrass meadows than in other habitats ... The magnitude of the difference ...
depended on the other habitat type being tested ... In comparisons with unstructured and
structured-unvegetated habitats ... the effect size was extremely large ... and statistically
significant ... However, as was the case with juvenile survival, there was no significant
difference in juvenile growth rate ... [between] seagrass meadows ... [and] vegetated
habitats such as macroalgal beds and salt marshes.” (p. 130)

“The enhanced survival of organisms in seagrass compared to that observed on
unvegetated substrates seems to be due primarily to the simple effect of structure and not
some intrinsic property of the seagrasses themselves ... [Still] Over a period of more than
20 years, virtually all studies have found significantly greater survival in the presence
than in the absence of seagrasses, whether in the laboratory (Nelson 1979, Coen et al.
1981, Main 1987, Mattila 1995) or in the field (Leber 1985, Heck and Wilson 1987, Heck
and Valentine 1995).” (p. 131)

“Growth was also significantly greater in seagrass than on unvegetated substrates,
although there was little difference between growth in seagrass and other structured
habitats ... It may well be that greater growth in structured habitats occurs because
structure provides more protection from predators and thereby allows more time for
feeding, and thus significantly greater growth rates, than is possible in unstructured
habitats ... It is also true that structure provides more substrate for food resource to grow
upon which can be an important factor influencing growth rates.” (p. 132)

“Case histories ... [provided] neither a clear test nor a verification of the nursery
hypothesis.” (p. 132)

“In aggregate, we believe that the evidence indicates that the factor most often limiting
animal populations in shallow coastal water is the shelter from predators that structured
habitats provide ... But is important to note that almost no studies have yet measured the
amount of successful movement from the purported seagrass nursery habitat to that of
adults.” (p. 133)

“Not all seagrass meadows are likely to be equal in their nursery function ... However, it
is not necessary or prudent to wait for irrefutable evidence of any given habitat‘s nursery
role before action is taken to conserve, manage or restore such habitats ... Rather, we too
believe that it is appropriate to err on the side of caution and to act on current knowledge
of the suspected nursery value of different habitats (Beck et al. 2001).” (Heck, Hays, and
Orth 2003, p. 133)
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Hosack et al. (2006) compared the fish and invertebrate communities occupying intertidal
mudflat, eelgrass, and oyster habitats in Willapa Bay:

* “The complexity of habitat structure created by aquatic vegetation is an important factor
determining the diversity and composition of soft-sediment coastal communities ... The
introduction of estuarine organisms, such as oysters or other forms of aquaculture, that
compete with existing forms of habitat structure, such as seagrass, may affect the
availability of important habitat refugia and foraging resources for mobile estuarine fish
and decapods.” (p. 1150)

= “Understanding the relative importance of different intertidal habitats for estuarine
species requires assessment of the comparative habitat value of SAV and other marine
organisms that create complex structure in estuaries ... Biotic assemblages present in
oyster beds may differ from those in seagrass (Glancy et al. 2003) ... For some
organisms the habitat value of oyster may differ substantially from that provided by the
fundamentally different architecture of seagrass.” (pp., 1150, 1151)

= “We examined whether oyster aquaculture, seagrass, and mudflat habitats support
comparable fish and invertebrate communities in ... Willapa Bay, Washington ... Habitat
types were distinct since between-habitat dissimilarities ranged 82—88 percent, but
within-habitat dissimilarities ranged 31-63 percent.” (pp. 1151, 1153)

= “Epibenthic invertebrate densities were significantly higher in oyster and eelgrass than in
mudflat, and composition was also significantly related to habitat [type].” (p. 1153)

» “Harpacticoid copepods comprised a large portion of total epibenthic invertebrates and
showed a pattern of significantly higher densities in structured habitat ... Habitat type
explained a significant amount of variation in the composition of harpacticoid copepods.”
(p- 1154)

= “Benthic invertebrate densities were significantly higher in eelgrass compared to mudflat,
but intermediate in oyster ... Although total densities of benthic invertebrates were
related to habitat type, their composition at the taxonomic level of class was not.” (pp.
1154, 1155)

= “Species richness of fish and decapods was not related to habitat [type] ... and abundance
was [also] unrelated to habitat type.” (p. 1155)
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“Results from this study ... generally support those from previous studies elsewhere
suggesting that complex habitat structure created by ecosystem engineers, such as
seagrass and oysters, increases the abundance of associated sessile organisms (Orth et al.
1984; Summerson and Peterson 1984; Schmude et al. 1998; Jenkins et al. 2002; Heck et
al. 2003) ... Densities of epibenthic invertebrates, harpacticoid copepods, and benthic
invertebrates varied significantly among habitat types and were generally higher in
structured eelgrass and oyster habitats ... The assemblage composition ... differed
between adjacent patches of low intertidal eelgrass, oyster, and unvegetated mudflat.” (p.
1156)

“Results for mobile fish and decapods were somewhat different than the generally
accepted view of greater diversity and abundance in vegetated versus unvegetated
habitats (Heck et al. 1989; Connolly 1994; Edgar and Shaw 1995) ... While the
composition of fish and decapods varied strongly across both time and space, habitat type
explained little of the variation in composition, richness, or size of this component.” (p.
1156)

“Benthic invertebrate densities were significantly higher in eelgrass ... The rhizome
structure of eelgrass beds may support high densities of benthic invertebrates by
increasing the circulation of oxygen and nutrients (Castel et al. 1989), and the root-
rhizome structure of eelgrass may also provide refugia from predation for benthic
invertebrates (Orth et al. 1984) ... Reduced diversity and density of benthic infauna on
open mudflats, particularly those adjacent to structured habitat, could be due to increased
predation (Orth et al. 1984; Summerson and Peterson 1984).” (p. 1157)

“The fish and decapod assemblage as a whole, which is highly mobile relative to
epifauna and infauna, showed little habitat association in Willapa Bay, despite the
habitat-specific associations of the invertebrate organisms that would be expected to
serve as important prey resources ... Fish and decapods frequently exhibit diel cycles in
habitat use ... Fish [and decapods] caught in this study were sufficiently mobile to forage
over much larger spatial scales than the patches of habitat we selected for sampling.”
(Hosack et al. 2006, p. 1158)

Kraan et al. (2009) provide evidence that intensive, landscape-scale shellfish activities have
caused or contributed to prey depletion, reductions in available foraging habitat, reduced
survival, and reduced numbers of red knots (Calidris canutus islandica):

“Whether intertidal areas are used to capacity by shorebirds can best be answered by
large-scale manipulation of foraging areas ... The recent overexploitation of benthic
resources in the western Dutch Wadden Sea offers such an ‘experimental’ setting ... We
review the effects of declining food abundances on red knot Calidris canutus islandica
numbers, based on a yearly large-scale benthic mapping effort, long-term colour-ringing,
and regular bird-counts from 1996 to 2005 ... We focus on the three-way relationships
between suitable foraging area, the spatial predictability of food, and red knot survival ...
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Over the 10 years, when accounting for a threshold value to meet energetic demands, red
knots lost 55 percent of their suitable foraging area ... This ran parallel to a decrease in
red knot numbers by 42 percent ... Densities of red knots per unit suitable foraging area
remained constant at 10 knots [per] ha between 1996 and 2005, which suggests that red
knots have been using the Dutch Wadden Sea to full capacity.” (p. 1259)

“Whether habitats are used to capacity by their inhabitants, i.e. ‘carrying capacity’, is a
question that has long occupied research agendas ... in intertidal areas ... Often, an area’s
carrying capacity is expressed as the maximum number of bird-days, or the maximum
numbers to survive winter, given the total food stocks available (Goss-Custard 1985;
Sutherland and Anderson 1993; Goss-Custard et al. 2002, 2003; Van Gils et al. 2004).”
(pp- 1259, 1260)

“Field studies experimenting with landscape-scale declines of food stocks are impractical
and unethical (Courchamp et al. 1999) ... However, in the Dutch Wadden Sea, as a result
of intensive exploitation of natural resources in this protected nature reserve, such an
‘experiment’ has now been carried out (e.g. Piersma et al. 2001; Lotze et al. 2005; Van
Gils et al. 2006a; Kraan et al. 2007; Swart and Van Andel 2008) ... The mechanical
harvesting of cockles Cerastoderma edule, allowed in three-quarters of the intertidal
flats, has decreased both the quality (flesh-to-shell ratio) and the abundance of available
cockles for red knots Calidris canutus (Van Gils et al. 2006a).” (p. 1260)

“The focal species, red knots of the islandica subspecies, are long-distance migrants that
socialize in large flocks outside the breeding season in the Wadden Sea (Piersma et al.
1993; Nebel et al. 2000; Piersma 2007) ... An estimated one-third to half of the
population visits the area at some stage during winter (Nebel et al. 2000; Van Gils et al.
2006a), whose total population number dropped by 25 percent between 1997 and 2003 ...
(Van Gils et al. 2006a) ... As the diet of red knots consists of a number of prey species
(e.g. Piersma et al. 1993; Van Gils et al. 2005a), we use a multiple prey species
functional response model.” (p. 1260)

“There was a significant decrease of 55 percent in the area suitable for foraging ... [and]
the number of red knots decreased by 44 percent within a decade ... When the suitable
foraging area and the number of islandica knots between both periods were compared, it
was shown that both declined by about the same amount.” (pp. 1262, 1263)

“Capitalizing on an ‘experiment’ resulting from ... shellfish overexploitation in formally
fully protected intertidal flats in the western Dutch Wadden Sea (Piersma et al. 2001;
Lotze et al. 2005; Van Gils et al. 2006a; Kraan et al. 2007; Swart and Van Andel 2008),
we examined changes in the three-way relationships between suitable foraging area,
spatial predictability of food, and red knot survival.” (p. 1264)
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“Knots, visiting the area in winter ... [over] the period 1996-2005 ... were faced with a
decline in the extent of suitable foraging area, especially from 2002 onwards ... For a
benthivorous predator, which also has to deal with tidal cycles (Van Gils et al. 2005b,
2006b, 2007), interference competition (Van Gils and Piersma 2004; Vahl et al. 2005),
and predation by raptors (Piersma et al. 1993; Van den Hout, Spaans and Piersma 2008),
these landscape-scale changes have population-level impacts.” (p. 1265)

“The decline of suitable foraging area and the decline of islandica knots ran parallel ...
and the mean density of birds remained stable ... This not only strongly indicates that the
available suitable foraging area regulates red knot numbers in the western Dutch Wadden
Sea, but also that the intertidal areas are used to full capacity by red knots (Goss-Custard
1977, 1985).” (p. 1265)

“Loss of spatial predictability of food ... means that food might be more difficult to find
(Mangel and Adler 1994) ... An increasing amount of time has to be devoted to the actual
searching of cryptic prey, reducing the daily energy intake further ... In addition, longer
foraging periods lead to higher risks (e.g. predation risk), as described elsewhere (Van
Gils et al. 2006b, 2007).” (p. 1266)

“Following the ... decline of suitable foraging area ... survival of islandica knots
decreased from 89 percent to 82 percent ... Reduced survival (with constant recruitment)
only explained ... 42 percent of the loss in numbers: more red knots ‘disappeared’ from
the Dutch Wadden Sea than could be explained by the increased mortality (e.g. Van Gils
et al. 2006a) ... Apparently, many surviving red knots emigrated permanently out of this
marine protected area ... and reduced food abundance may have indirectly lead to
reduced breeding success (Ebbinge and Spaans 1995; Baker et al. 2004; Morrison,
Davidson and Wilson 2007) ... In any case, the reduced annual survival clearly supports
the suggestion that the Wadden Sea was filled to capacity in the decade during which this
study took place (Goss-Custard 1985; Goss-Custard et al. 2002).” (Kraan et al. 2009, p.
1266)

Laist (1997) compiled a comprehensive list of species with marine debris entanglement and
ingestion records:

“Problems Associated with Collecting and Analyzing Entanglement Data. Entangling
debris is scattered over broad areas, making interactions possible almost anywhere ...
Animals that become entangled and die may quickly sink or be consumed by predators at
sea ... Those that die and float ... are often concealed within a mass of debris ... These
factors frustrate systematic attempts to detect entangled animals. As a result, most data
on entangled animals are opportunistic anecdotal records ... Most entanglement records
have been gathered by land-based observers examining animals that strand on beaches or
congregate seasonally on shorelines to nest, breed, molt, etc.” (p. 100)
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“Land-based surveys offer no measure of the number of animals that die in ... debris at
sea ... dead entangled animals that strand on shore represent an unknown proportion of
entangled animals that die ... at sea.” (p. 101)

“Overall, the lists of affected species indicate that marine debris is a broad-scale
[problem] ... affecting a significant percentage of the world’s marine species.” (p. 102)

“Coastal and Marine Birds. Reports of entangling debris were found for 56 species of
marine and coastal birds ... including 16 percent (51 of 312) of the world’s seabird
species listed by Harrison (1983), and 5 other coastal species ... The records suggest that
seabirds become entangled accidentally when seeking natural prey items associated with
entangling debris ... By far, the debris items most frequently reported in seabird
entanglement records are monofilament line and fishing net. Other entangling items
reported commonly, particularly for some species, are fishing hooks, six-pack yokes,
wire, and string.” (p. 103)

“Factors Influencing Entanglement Rates ... [The] amount and distribution of debris have
been related to probable sources (e.g., urban centers, commercial fishing areas, and
shipping corridors) and to surface currents and wind patterns ... Foraging strategies and
feeding behavior may also be related to entanglement rates among seabirds ... seabirds
that feed by scavenging (e.g., herring and black-headed gulls) and plunging (e.g., pelicans
and gannets) are among the species with the highest entanglement rates ... entanglement
records are usually least common among species that feed by pursuit diving, surface
seizing, and dipping.” (pp. 105, 106)

“Most fish and crustacean entanglements occur in lost or discarded fishing gear
specifically designed to exploit the normal behavior patterns of such species ... It seems
likely that virtually all target and nontarget species taken in commercial fisheries are also
killed in lost or discarded gear ... As animals become trapped in lost gear, they can lure
other animals that in turn become trapped in a self-perpetuating cycle (Kruse and Kimker
1993).” (p. 107)

“The effect of entangling debris is essentially the same for all species and is primarily
mechanical (Laist 1987). Animals that become entangled may exhaust themselves and
drown, have their mobility impaired to a point where they can no longer catch food or
avoid predators, become hung up on rocks or other fixed objects by trailing rope or line,
or incur wounds and infections from the abrasion or constriction of attached debris ...
[However] In many cases, animals that interact with entangling debris do not become
entangled or become entangled only briefly with little or no apparent harm ... [But]
Debris imposes added energy requirements while at the same time impairing foraging
efficiency, leading to eventual starvation and death ... While gradual starvation may be
the fate of animals entangled in relatively small pieces of debris, those that become
entangled in larger items probably die quickly ... from injury or predation ... Fish and
crustaceans caught in lost traps or immobilized in lost gillnets may die from cannibalism,
predation, starvation, and suffocation as gear is buried by sand (Muir et al. 1984; Kruse
and Kimker 1993; Paul et al. 1993) ... Entangled animals that die for reasons other than
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predation may be detectable for only short periods of time because of scavenging and
decomposition, or be concealed in ways that frustrate detection (e.g., resting on the sea
floor or floating at sea just below the sea surface)” (pp. 107-109)

“Because of the predominance of fishing related debris in entanglement incidents, source-
reduction efforts should focus on incorporating new management measures into fishery
management programs to avoid losses and to increase recovery of such items ...
[Programs should] require fishermen to report when, where, and the circumstances under
which nets or traps are lost ... [and] clean up lost fishing gear.” (Laist 1997, p. 118)

McDonald et al. (2013 In Washington Sea Grant 2013, Appendix II) looked at the effects of
geoduck aquaculture gear on resident and transient macrofaunal communities:

“Resident macroinvertebrates (infauna and epifauna) were sampled monthly (in most
cases) using coring methods at low tide ... SCUBA and shoreline transect surveys were
used to examine habitat use by transient fish and macroinvertebrates.” (p. 50)

“Here ‘resident’ describes macrofauna species that occupy intertidal beaches throughout
their entire benthic life history ... whereas ‘transient’ macrofauna make frequent (often
daily, linked to tidal fluctuations in water level) migrations between intertidal and
subtidal habitats.” (p. 51)

“The Shannon index was utilized to compare differences in diversity between plots ...
This measure is commonly used in ecological studies and combines aspects of species
richness and relative abundance ... (Shannon 1948, Shannon and Weaver 1949) ... A
higher index value indicates higher diversity.” (p. 54)

“At 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.” (p. 54)

“We collected and identified 68 taxa ... [Our] analyses illustrate differences in
community structure across months ..., plot types, and phases at each site ... Within each
site ... community data from the pre-gear phase were similar at culture and reference
plots ... Similarly, there were no significant differences ... for culture and reference plots
at any site when aquaculture structures were in place (gear-present) ... During the post-
gear phase, values ... were lower (relative to the previous phase).” (p. 54)

“Abundance of individual [resident] taxa showed marked differences across months, plot
type, [and] phases ... [But,] Taxa showed no consistent response to geoduck aquaculture
... Only two taxa experienced persistent negative effects: the polychaete Families
Spionidae ... and Orbiniidae.” (pp. 54, 55)
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Transect surveys for transient fish and macroinvertebrates found “...No significant
differences between culture plots and reference areas ... when PVC tubes and nets were
absent, either pre-gear or post-gear ... However, a significant difference was detected
between culture plots and reference areas when aquaculture gear was present ... 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 ... Of the significant functional groups,
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.” (p. 55)

“[Transient] Species diversity ... was unaffected by geoduck aquaculture operations ...
There was no significant difference in diversity between culture plots and reference areas
... Total numbers of organisms ... were similar prior to gear deployment ... and after
gear removal ... 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.” (p. 55)

“Resident invertebrate communities were characterized by strong seasonal patterns of
abundance and site-specific differences in composition ... 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) ... Several infaunal
taxa recovered to pre-gear abundance, or increased in abundance, once aquaculture gear
was removed ... Effects on resident ... infauna and epifauna may be site-specific ...
Elucidating potential mechanisms responsible for differences in the response of infauna
will require additional study.” (p. 56)

“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.” (p. 56)

“Effects of aquaculture on transient macrofauna did not persist once PVC tubes and nets
were removed ... When PVC tubes and nets were removed, the transient macrofauna
community was no different from the pre-gear condition ... These data suggest transient
macrofauna communities associated with these intertidal beaches begin to recover ...
within a few months of removal of the PVC tubes and nets.” (p. 57)
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“Aquaculture practices did not affect diversity of macrofauna ... No consistent
differences in diversity of resident macrofauna were observed in the present study ... The
similar pattern observed in both culture plots and reference areas may be attributed at
least in part to annual [or seasonal] variation in species abundance and composition.” (p.
57)

“Taken together, these results indicate that changes in habitat complexity associated with
geoduck aquaculture produce short-term effects ... [However] we caution that ...
Additional impacts might be demonstrated by considering different metrics, including
growth ... [and] It is not possible to extrapolate results to consider the cumulative effects
of multiple culture cycles in a single location ... or the landscape effects of a mosaic of
adjacent aquaculture areas interspersed with other habitat ... [Furthermore,] Our sampling
was not adequate to assess rare or patchy species, particularly salmonids.” (McDonald et
al. 2013 In Washington Sea Grant 2013, Appendix IL, pp. 57, 58)

Meseck et al. (2012, pp. 65-79) investigated the influence of a commercial FLUPSY on water
quality and sediment chemistry in a small temperate embayment:

“The output from the FLUPSY was compared to estuarine transects in the bay to
determine if any outputs from the FLUPSY could be detected within the embayment ...
Dissolved nutrient concentrations in the FLUPSY output were no higher than in the rest
of the embayment ... the FLUPSY had minimal effects on the chemical ecology of the
embayment.” (p. 65)

“Despite similar energy balances as in commonly accepted agriculture practices,
concerns remain that the environmental effects of bivalve aquaculture are not fully
understood ... Environmental models constructed by Meeuwig et al. (1998) ... suggest
that intense bivalve culturing can alter material and energy cycles in some coastal
systems, leading to concerns that bivalves could overgraze a system for other consumers
(i.e. zooplankton, fish) ... Bivalve grazing, however, may reduce the effects of
eutrophication by sequestering nutrients assimilated by the bivalves, and also stimulate
primary production” (p. 66)

“Few studies have examined potential effects on nutrient cycling, fluxes, and retention at
the coastal ecosystem scale (Newell 2004, Nizzoli et al. 2006, 2011, Cranford et al.
2007).” (p. 66)

“To determine if outputs from a nursery-culture system growing C. virginica oyster seed
could be detected within the magnitude of temporal variability in the environment, a
commercial nursery site employing a ... [FLUPSY] was studied ... Because the FLUPSY
takes water from the embayment (input) and has a known discharge pipe, we can use the
fixed-station, estuarine-transect approach commonly used in estuaries to determine
anthropogenic point and non-point sources in a watershed (Cutter and San Diego-
McGlone 1990, Maie et al. 2006, Wu et al. 2012).” (p. 66)
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“This study quantified the: (1) water column nutrient concentrations, (2) surface water
[chlorophyll] a concentrations, and (3) sediment characteristics for the entire embayment
and around the commercial nursery. By comparing the embayment’s seasonal variability
to the output of the commercial nursery, we assessed if impacts from the oyster nursery
upon the embayment can be detected within the natural temporal and spatial variability of
the embayment.” (p. 67)

“Using the area of the embayment ... we calculated the amount of total ammonia fluxing
from the sediments, and compared it to fluxes from the FLUPSY and the salt marsh.” (p.
69)

“There was no difference in salinity ... water temperature ... phosphate ... or silica ...
between the inflow and outflow of the FLUPSY ... There were, however, differences in
[total suspended material], [chlorophyll] a, total ammonia, and nitrate+nitrite ... From
June until November, there was net removal of [total suspended material] ... and
[chlorophyll] a ... The FLUPSY was a source of total ammonia ... and nitrate+nitrite ...
throughout the season ... [However,] the output of total ammonia from the FLUPSY was
within the concentration range observed in the embayment ... The FLUPSY was a very
minor source of total ammonia when compared to the salt marsh and sediments.” (pp. 70,
71, 75)

“Our results clearly show that the net effects of the FLUPSY ... on the chemistry of the
water column and the sediments were minimal compared to the temporal variability of
the system ... Overall, the chemical ecology ... was little affected by the oyster nursery
... Waste byproducts from the FLUPSY remain[ed] very localized, and intense recycling
of nitrogen [nitrate+nitrite] may have helped sustain primary production in the immediate
vicinity of the FLUPSY.” (Meseck et al. 2012, pp. 77, 78)

Mumford (2007) described the ecology of Kelp and Eelgrass in Puget Sound:

“Kelp and eelgrass are ... marine organisms of sufficient importance in Washington’s
waters to be afforded some protection by statute ... These organisms need fairly high light
levels to grow and reproduce, so they are found only in shallow waters ... Hence, they
are totally dependent on the nearshore environment.” (p. v)

“Both are highly productive, annually producing large amounts of carbon that fuel
nearshore food webs, principally through detritus pathways ... Both also provide critical
three-dimensional structure in otherwise two-dimensional environments, and many other
marine organisms use this structure [as habitat].” (p. v)

“Carbon fixed by kelp is critical in supporting nearshore food webs; in at least some
areas, it is a far more important source of carbon than is phytoplankton ... A variety of
commercially important organisms ... including sea cucumbers, crabs and other shelifish,
may thus depend directly or indirectly on the carbon produced by kelp.” (p. 1)
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“Eelgrass ... is an important primary producer, fixing carbon that then enters nearshore
food webs (Thom 1990a) ... Relatively few organisms directly consume eelgrass; the
major exceptions are brant (Wilson and Atkinson 1995; Baldwin and Lovvorn 1994) and
a few invertebrates ... Most eelgrass biomass enters the food web through detritus, as the
ends of blades slough off and whole plants break or are uprooted.” (p. 1)

“Eelgrass beds ... slow water currents and dampen waves, thereby trapping sediments
[and] detritus ... The roots of eelgrass stabilize the sediment via the matting effects of
their dense, interlocking rhizomes ... In addition, the rhizomes strongly influence
geochemical conditions in the sediments (Kendrick ez al. 2005) ... The blades, and to
some degree the rhizomes, also act as substrate for various organisms that otherwise
would not be found on soft sediments; for example microalgae and invertebrates such as
copepods, amphipods and snails ... During parts of the year, the blades are so overgrown
that they appear ragged or dirty.” (p. 2)

“Eelgrass is an important spawning substrate for Pacific herring (Penttila 2007) ... The
extensive relationship between eelgrass beds and salmonids is described in Fresh (2006)
and others (Shreffler et al. 1992; Shreffler and Thom 1993; Thom 1987; Bostrom et al.
2006) ... Other species, including shrimp, flatfishes, and at least some stage in the life
histories of most important Puget Sound fishery species, use eelgrass beds for feeding,
refuge from predators, and [as] nursery areas.” (p. 2)

“The habitat requirements for kelp include not only those conditions needed for the large
kelp plant, but also for the tiny and cryptic gametophytes, for induction of reproduction,
and for fertilization (Foster and Schiel 1985; Dayton 1985; Druehl and Wheeler 1986).”

(-4

“[Eelgrass] grows in several bed configurations or patterns (Bell ef al. 2000) ... In areas
where conditions are thought to be most suitable, beds are solid or continuous ... In other
areas there may be persistent patchy beds, often at the ends or edges of solid beds ...
Continuous beds are often found in extensive tideflats, and more fragmented beds in
areas fringing linear shorelines (Berry ef al. 2003) ... Little is known about interannual
variation in bed area, but it appears to be less than 10 percent (Berry et al. 2003; Dowty
et al. 2005).” (pp. 10, 11)

“[Eelgrass] shows ... interesting landscape distribution attributes ... First, the lack of
beds in southern Puget Sound ... At the point where tidal amplitude is enough to cause
the lower limit to be the same as the upper limit, eelgrass will not grow ... The problem
is exacerbated by the fact that the timing of extreme low tides in southern Puget Sound is
in midday, when temperatures are the highest ... in northern Puget Sound and in Hood
Canal, the most luxuriant, dense and continuous beds are distributed along the cusp at the
margins of river deltas, not along the delta face itself, nor along stretches of beach far
away from river mouths.” (p. 11)
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*  “Competitors of kelp ... include any shallow ... space-occupying organism ... The tiny
gametophytes and small sporophytes can be out-competed for space or light by a variety
of algae and sessile invertebrates ... Once grown out of these small stages, however,
kelps can outcompete most other seaweeds and sessile invertebrates because of their
rapid elongation (10 cm per day in Nereocystis) and large adult size ... Even the smaller,
non-floating kelps can overtop and shade other algae.” (p. 12)

= “Direct stressors to eelgrass include harrowing or roto-tilling for on-ground oyster culture
and damage from propellers ... Similarly, [for] kelp, if ... [cut] below the meristem, or
growing region, {this] will result in the death of the entire plant.” (Mumford 2007, p. 14)

Figure A. The eelgrass meadow; a world of microhabitats (Mumford 2007, p. 3)

Neckles et al. (2005) described disturbance of eelgrass by commercial mussel harvesting and
subsequent recovery:

* “Significant injury to roots, rhizomes, and meristems is lethal to seagrass shoots.” (p. 58).
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“The effect of physical disturbance on plant communities depends on the size, frequency,
and intensity of disruption, and on ecological, physiological, and life history
characteristics affecting ecosystem recovery (Pickett and White 1985).” (p. 58)

“The rate of seagrass recovery following disturbance ... depends on the capacity for
seedling colonization, successful establishment of new patches, and lateral patch
expansion (Duarte and Sand-Jensen 1990, Olesen and Sand-Jensen 1994a) ... Flowering
intensity and seed production are highly variable within and among seagrass species
(Marba and Walker 1999, Walker et al. 2001), but regardless of reproductive effort,
reported rates of new patch recruitment into disturbed areas are generally low (Duarte
and Sand-Jensen 1990, Vidondo et al. 1997, Bell et al. 1999, Ramage and Schiel 1999)
... Factors contributing to low patch formation rates include limited seed dispersal
capabilities (Orth et al. 1994, Luckenbach and Orth 1999), low germination rates (Orth et
al. 2003), and high seedling mortality (Duarte and Sand-Jensen 1990, Olesen and Sand-
Jensen 1994a, Ramage and Schiel 1999) ... Consequently, recovery of disturbed areas
may be strongly dependent on the lateral vegetative growth of established patches
(Duarte 1995, Marba and Duarte 1995).” (p. 58)

“Dramatic differences in the habitat characteristics of disturbed and reference sites were
seen in the areas of the most recent [mussel] dragging activity ... Detailed examination of
the ... dragged area ... one year after disturbance, revealed remnant patches of mature
plants (i.e. eelgrass patches that remained following [mussel] dragging) throughout the
scar ... [and] new patches, consisting entirely of first-year seedlings or of seedlings plus
lateral shoots, were distributed fairly uniformly throughout the dragged area.” (pp. 63,

64)

“The broadly overlapping zones of statistical similarity in measured plant characteristics
... suggest considerable variability in the actual length of time that would be required for
newly vegetated substrate to achieve reference conditions.” (p. 66)

“Fishing gear has been shown repeatedly to reduce the structural complexity of benthic
habitats by smoothing sedimentary bedforms and physically removing biota that produce
habitat structure (Auster and Langton 1999, National Research Council 2002) ... Mobile
gear has been found to affect seagrass beds similarly through removal of the vegetation
(Fonseca et al. 1984, Peterson et al. 1987, Orth et al. 2002; but see Meyer ef al. 1999) ...
Mussel dragging ... had a comparably severe impact on localized habitat structure by
eliminating large amounts of vegetation.” (pp. 67-68)

“The measured effect of disturbance ... depended on the scale of observation and the
apparent intensity of [mussel] dragging effort ... Presumably, the number, sizes, and
distribution of remnant patches of eelgrass following dragging are a function of the
dragging intensity, with patches occurring on substrate that was missed by the dredge ...
This difference in dragging intensity most likely reflects the pattern of mussel distribution
rather than any difference in gear efficiency.” (p. 68)
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“Although stable environmental conditions would ... moderate fluctuations in new patch
formation and edge expansion over time ... Given the potential for wide variability in
these controlling factors, some level of annual variation in patch dynamics would be
expected.” (p. 69)

“Our model of within-bed eelgrass recovery emphasized the importance of initial
dragging intensity.” (Neckles et al. 2005, p. 69)

New Fields Northwest (2008) evaluated a new, large floating mussel raft facility on north
Totten Inlet and potential direct and indirect effects to currents, dissolved oxygen, nutrients,
phytoplankton abundance, biomass, primary productivity, and carbon-flow:

“Current velocities around the rafts ... generate a large amount of horizontal and vertical
mixing ... [and] create a large down current eddy that mixes ambient water with raft-
influenced water.” (p. vi)

“During periods of low ambient DO (generally late August to September), DO
concentrations below 5.0 mg/L would ... persist some distance downstream from the raft

edge.” (p. vi)

Data collected at Taylor Resources, Inc.’s existing Deepwater Point raft facility and
model predictions for the proposed, new facility both indicate an approach to the
“...WDOE criteria for high concentrations of ammonium (>5 uM) ... However, once the
water passes 70 m (230 ft) beyond the raft system, the ammonium signal was no longer
detectable.” (p. vii)

“Approximately 3,400 kg N [per year] would be removed with mussel harvest and 1,083
kg N [per year] would be removed with the associated fouling community ... Nitrogen
removal ... would represent approximately 17 to 40 percent of the estimated
anthropogenic nitrogen introduced to Totten Inlet [annually].” (p. vii)

“For the purposes of food web modeling, a fall/winter and spring/summer profile was
used for phytoplankton standing stock ... Primary production by phytoplankton in Totten
Inlet was estimated to be 40,614,000 kg C/year during the spring/summer period ... Of
this total production, [just] 7.4 percent is consumed by primary consumers ... The
proposed mussel raft was predicted to consume <1 percent of the production during the
spring/summer period ... Primary production by phytoplankton in Totten Inlet was
estimated to be 3,066,000 kg C/year during the fall/winter period ... Of this total
production, [just] 15.7 percent is consumed by primary consumers ... The proposed
mussel raft was predicted to consume <1 percent of the production during the fall/winter
period ... No changes to carbon flow in the water-column food web were predicted to
occur as a result of the consumption associated with the proposed mussel rafts during the
spring/summer or fall/winter period.” (pp. vii, viii)
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“DO concentrations were generally reduced 0 to 30 percent, with 70 percent as a
maximum, as water passes through the mussel rafts ... While DO may be significantly
reduced within the raft, it will generally remain above the biological stress concentration
of 5.0 mg/L ... [Even during] periods of low ambient DO (late August and early
September), concentrations ... will likely recover to ambient DO concentration within 70
to 200 m, due to dilution from the entrainment of surrounding waters and from
turbulence.” (p. 23)

“In order to evaluate variability about the production and consumption estimates,
monthly estimates were calculated for both seasons ... For the spring/summer period,
consumption of primary production by cultivated mussels was lowest in April and July,
with phytoplankton consumption rates of approximately 55,000 kg C/year ...
Consumption in May, June, August, September, and October ranged from 115,000 to
132,000 kg C/year ... Based on the mean and UCI consumption estimates, the proposed
mussel rafts [were] predicted to remove 0.1 to 0.4 percent of the primary production for
Totten Inlet during the spring/summer period.” (p. 79)

“Phytoplankton consumption was more variable during the fall/winter season, ranging
from 3,371 to 19,796 kg C/year ... Based on the mean and UCI consumption estimates,
the proposed mussel rafts [were predicted] to remove 0.1 to 0.7 percent of the primary
production for Totten Inlet during the fall/winter period.” (p. 79)

“Because the removal of phytoplankton production by the proposed rafts occurs over a
relatively small area within Totten Inlet, the consumption of plankton was compared to
production calculated for smaller portions of the inlet ... This comparison assumes a
linear relationship between Totten Inlet production and local farm scale production ...
Average consumption for the spring/summer and fall/winter periods were compared to
primary production for a range of areas, from 100 percent of the inlet to 1 percent of the
inlet [Figure A].” (pp. 79, 80)

“Relative to 10 percent of the area of Totten Inlet, the [proposed] rafts [are] predicted to
remove 1.1 to 7.3 percent of the seasonal [phytoplankton] production ... These
comparisons were made with the upper confidence interval values and can be considered
a conservative estimate.” (New Fields Northwest 2008, pp. 83, 86)
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Figure A. Incremental increase in phytoplankton depletion predicted for the proposed north
Totten Inlet mussel rafts (New Fields Northwest 2008, p. 81).

Norris, Bannister, and Walker (1998) reported evidence of prey depletion, its relationship to
fishery exploitation, and the numbers of oystercatchers remaining on overwintering grounds
during the spring:

“The Burry Inlet estuary in South Wales supports internationally important numbers of
oystercatchers Haematopus ostralegus during the winter where they feed predominantly
on cockles Cerastoderma edule ... The cockle population has been fished commercially
for over a century.” (p. 75)

“The aim of our study was to investigate the relationship between oystercatcher numbers,
the biomass of cockles present at the start of the winter, and the biomass of cockles
landed by the fishery during the winter ... Our analyses are based on data from 11
winters, covering the period 1982/83-1992/93.” (p. 75)

“The abundance of oystercatchers during spring (measured as total bird-days during
March and April) was positively correlated with the biomass of cockles at the start of the
winter, and negatively correlated with the biomass landed by the fishery over the winter
... The most likely explanation for this is that birds disperse from the Burry Inlet earlier
in spring when the biomass of cockles at the start of the winter is small and/or the
biomass landed by the fishery is large” (p. 75)
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“The most likely causal explanation for this dispersal is that overwinter cockle losses due
to predation, fishing, and other sources of mortality cause increased prey depletion when
the biomass of cockles at the start of the winter is small ... An increase in fishery
landings during winter could therefore cause a reduction in oystercatcher abundance
during spring.” (p. 75)

“The Burry Inlet cockle fishery is a low intensity fishery, removing < 25 percent of the
available stock, and using traditional fishing methods such as hand gathering ... Even at
these low levels of fishing effort oystercatcher abundance was reduced during spring ...
The introduction of more efficient modern fishing methods, such as tractor or suction
dredging, could therefore cause a decline in the abundance of oystercatchers within the
estuary, if the level of exploitation increased as a result.” (p. 75)

“The removal of shellfish by fisheries, and disturbance to feeding birds is ... seen as a
potential source of conflict between fishery and nature conservation interests ... [but] no
studies have documented the effect of changes in food supply on bird numbers and how
fishing influences this.” (p. 76)

“The autumn food supply and its depletion by exploitation could affect oystercatcher
abundance cither by influencing the number of birds which settle on the estuary at the
beginning of winter, or the rate at which they depart between February and April, or both
... Depletion by the fishery over the winter was calculated as the sum landed each month
from October to April.” (p. 79)

“The number of oystercatchers wintering in the UK has increased over the 20 years ...
(Prys-Jones, Underhill, and Waters 1994) ... Winter bird-days on the Burry Inlet have
increased as the UK population has increased during the mid-1970s to early 1980s, but
not subsequently ... Winter landings by the fishery have increased significantly over the
time series.” (pp. 79, 80)

“Multiple regression analysis provided no evidence that winter bird-days varied
significantly in relation to either cockle biomass or winter landings ... In contrast, there
was evidence that spring bird-days varied in relation to both cockle biomass and winter
landings ... Although the number of birds arriving on the estuary during winter is
independent of cockle biomass and fishery landings, the number remaining during spring
does appear to be related to these variables.” (pp. 80, 81)

“Both autumn cockle biomass and winter cockle landings do seem to affect the number of
birds left in March and April at the end of the winter ... Thus, spring bird-days were
positively related to autumn cockle biomass and negatively related to winter cockle
landings ... Results suggest that the declining trend in spring oystercatcher abundance

has resulted from a decline in the biomass of cockles and an increase in the biomass
landed by the fishery during the winter.” (p. 82)
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“Our results suggest that when cockle biomass the preceding autumn is small and/or
when the biomass landed by the fishery over the winter is large, adults returning to their
breeding grounds disperse from the Burry Inlet earlier during the February to April
migration period ... The most likely causal explanation for this link is prey depletion.” (p.
83)

“Even at these low levels of exploitation, fishing reduced oystercatcher abundance during
spring ... Therefore, it seems likely that the introduction of more efficient modern fishing
methods ... would cause a decline in the abundance of oystercatchers within [this]
estuary in spring ... There is clearly a need to consider carefully levels of fishing effort
permitted within the Burry Inlet in the future.” (Norris, Bannister, and Walker 1998, pp.
83, 84)

Cury et al. (2011) considered global trends in seabird response to forage fish depletion:

“Substantial long-term data sets on seabird breeding success have been compiled for
many taxa in several marine ecosystems around the world ... We used data from seabird
species that have strong dietary dependencies on forage fish prey and where the time
series for both the predator and the prey have high spatial and temporal congruence.” (p.
1704)

“Seabird breeding success showed a nonlinear response to changes in prey abundance ...
The threshold at which breeding success began to decline from the asymptote was not
significantly different from the long-term mean of prey abundance ... The threshold was
34.6 percent (95% confidence interval 31 to 39%), or approximately one-third of the
maximum observed prey abundance.” (p. 1704)

“The asymptotic form of the relationship between seabird breeding success and forage
fish abundance has been reported previously ... but the common scaling across species
and ecosystems, and the consistency of threshold values, are new observations. The
global pattern shows a threshold below which the numerical response declines strongly as
food abundance decreases, and above which it reaches a plateau and does not change
even as food abundance increases.” (p. 1704)

“Periods of consistently high or low breeding success, or occasional complete breeding
failures, are normal in seabirds ... However, chronic food scarcity, as potentially defined
by prey abundance below the threshold described here for seabirds, will compromise
long-term breeding success, and this may affect the trajectory of their populations.” (p.
1704)
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“The threshold defined by our study suggests that if management objectives include
balancing predator-prey interactions to sustain healthy [upper trophic level] predator
populations and ecosystem functions, a practical indicator would be to maintain forage
fish biomass above one-third of the maximum observed long-term biomass.” (Cury et al.
2011, p. 1706)

Phillips (1984) described the Ecology of Eelgrass Meadows in the Pacific Northwest:

“The largest meadows of eelgrass in the Pacific Northwest occur in protected estuarine
areas away from the open coast ... [e.g.,] Padilla and Willapa Bays in Washington State.”

(p. xii)

“Eelgrass rhizomes are buried ... up to 20 cm (8.0 inches) deep in sediment, depending
on the sediment consistency ... In firmer substrates, rhizomes may be only half as deep as
in soft muddy substrates.” (p. 9)

“Setchell (1929) noted that eelgrass growth was seasonal ... While eelgrass activity in the
Pacific Northwest does not fit neatly into ... intervals, it does appear that eelgrass shows
distinct seasonal patterns of activity, particularly in the case of vegetative growth and
reproductive cycles.” (p. 10)

“Under most conditions eelgrass forms perennial stands. Under certain conditions of
stress, eelgrass may act as an annual plant with a very heavy production of seeds (Felger
and McRoy 1975, Mexico; Keddy and Patriquin 1978, Nova Scotia, Canada; Bayer
1979a, Oregon; Jacobs 1982, Europe; Phillips et al. 1983b, Washington) ... There
appears to be a direct relationship between the amount of physical disturbance (high or
low water temperatures, intertidal conditions) and a dependence on sexual reproduction
(degree of flower and seed production and survival of seedlings) to maintain an eelgrass
meadow in the intertidal zone ... In the subtidal zone there is a dependence on vegetative
growth to maintain the meadows (Philliips 1972; Phillips et al. 1983b).” (pp. 11, 13)

“Seagrasses affect the mean grain size, sorting, skewness, and shape of sediment
particles, parameters that influence the redox potential of the sediments and mineral
cycling processes (Swinchatt 1965; Fenchel and Riedl 1970; Burrell and Schubel 1977,
Kenworthy et al. 1982) ... Not only do the rooted plants extract and entrap fine particles
... and retain particles produced [within] the grass bed ... [they also] bind and stabilize
the substrate (Burrell and Schubel 1977) ... The sediment-microbial-nutrient seagrass
complex ... develops as a system, and physical disturbances have serious effects on the
substrate as a suitable site for seagrass growth ... Gross effects of eelgrass on sediment
stabilization have been observed. Sand banks, formerly covered by eelgrass, were
lowered by 30 cm (12 inches) almost overnight in Salcombe Harbor, Great Britain, after
the plants disappeared in 1931 (Wilson 1949) ... Many species of filter-feeding
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invertebrates, mollusks, and several flat fishes also disappeared ... Up to 29 cm (8
inches) of sediment eroded from unvegetated sand banks following a single storm in
Chesapeake Bay, while little, if any, sediment disappeared from within a nearby eelgrass
meadow (Orth 1977a).” (p. 15, 16)

“Several studies ... (Ginsburg and Lowenstam 1958; Fonseca 1981; Fonseca et al.
1982a) documented the effect of seagrass leaf canopies on reducing current flow velocity
and turbulence ... Seagrass stabilizes sediments in two ways: a. leaves slow and retard
current flow, reducing water velocity near the sediment-water interface, which promotes
sedimentation of particles and inhibits resuspension of organic and inorganic material;
and b. rhizomes and roots form an interlocking matrix, which bonds sediment and retards
erosion.” (pp. 16, 20)

“Representative densities are reported, but density can vary seasonally, with depth, and
with substrate nutrients and texture ... As with density values, biomass also varies widely
... It appears that the pattern first noted by Ostenfeld (1908) of decreased density on firm
sand and increased density on softer substrates maybe the only correlation possible ...
Most of the biomass of eelgrass is in the sediments ... Several factors are directly
correlated with eelgrass productivity: light, temperature, carbon supply, nutrient supply,
and plant density ... Thus, there are hourly, daily, and seasonal differences at local sites
as well as over a geographic gradient.” (p. 21)

“Until recently it was difficult to understand how nitrification could occur in the reduced
root zone, but lizumi et al. (1980) demonstrated that eelgrass roots excrete O, into the
anoxic sediments ... This creates oxygenated microzones around the roots, resulting in
the nitrification of ammonia (which can be readily assimilated by eelgrass roots,
rhizomes, and leaves) to nitrate for uptake by roots.” (p. 28)

“Epiphyte biomass at times equals the biomass of the leaves (Marsh 1973; Harlin 1975;
McRoy and McMillan 1977) ... The epiphytic plants, bacteria, and diatoms ... form a
brownish felt ... This felt shelters and feeds members of the epifauna, as well as many
grassbed predators (amphipods and at least four species of ducks and some shorebirds) ...
Studies [have] identified the specific animals in the epifauna and found that they were the
dominant food of fish in the seagrass systems ... It is obvious that the role of eelgrass as
a substrate for ... diatoms, bacteria, detritus, and other algae is of fundamental
importance in providing a nursery for juvenile and adult forms of recreationally and
commercially important animals ... The sessile portion of the community must adapt its
life span to the longevity of the blade upon which it grows ... The entire food web
associated with the blade ... is dependent on the development of the microphytic coating
... which attach to the blade ... Without the initial layer and its ability to colonize and
complete a life cycle in a very short time, it appears that much of the nursery and trophic
functions of an eelgrass meadow would never develop.” (pp. 36-38)
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“For commercially valuable inshore and offshore fish species, the eelgrass meadow is
most important in the juvenile stage ... [as] a nursery for their development ... Orth and
Heck (1980) reported a different fish community in eelgrass of the Chesapeake Bay (48
species), but noted similarities in seasonal abundances ... They noted that the number of
fish species associated with eelgrass was dramatically higher than nearby unvegetated
substrates.” (p. 48)

“In the Pacific Northwest, Thayer and Phillips (1977) stated that most of the nekton ...
conduct diurnal and seasonal movements into and out of the eelgrass ... [but] open-water
fishes such as Pacific herring and young salmon ... are found in eelgrass throughout the
year ... Habitat complexity, i.e., eelgrass density, its leaf canopy and rhizome-root
penetration into the substrate, and epiphyte complex ... [is] related to fish abundance and
species richness (Brown 1982) ... In northern Puget Sound, Miller et al. (1975) reported
64 fish species in eelgrass ... three spine stickleback, staghorn sculpin, shiner perch,
Pacific herring, Chinook salmon, and surf smelt were dominant ... They concluded that
the eelgrass fish fauna was the richest, most abundant pelagic fish fauna of any sampled
... The eelgrass system provides resident fish with superior shelter, food, and protection
... These fish probably spend a relatively small proportion of their energy coping with
environmental extremes, searching for food, and escaping from predators, and can use a
relatively large part of their consumed energy for growth.” (Phillips 1984, pp. 49, 50, 53)

Rhoads and Germano (1986) have described infaunal succession and disturbance, and the
influence of infaunal assemblages on biotic and abiotic conditions and processes:

“Organism-sediment relationships which accompany benthic disturbances have
predictable features ... Infaunal succession in shallow nearshore clastic sediments
commonly takes between 1 and 10 years ... (McCall and Tevesz 1983) ... [There is a]
progressive development of the infaunal community over time [(Figure A.)] ... [with]
different taxa participating in various stages of infaunalization ... This primary
succession is ... the predictable appearance of macrobenthic invertebrates belonging to
specific functional types.” (pp. 293, 294)
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Figure A. Development of organism-sediment relationships over time following disturbance
(Rhoads and Germano 1986, p. 294).

“[Disturbances that cause] long-term degradation ... frequently involve the loss of
equilibrium species ... These high-order seres are replaced by pioneering seres ...
Changes in organism-sediment relations and population dynamics accompany this change
... High-order seres ... are deeply burrowing errant or tube-dwelling infauna ... for
example, maldanid, pectinid, and orbinid polychaetes, caudate holothurians, protobranch
bivalves, infaunal ophiuroids, and irregular urchins ... [while] early or low-order
successional stages ... [include] tubiculous polychaetes or oligochaetes ... [which] feed
at, or near, the sediment surface ... A transitional stage [and sere] ... [may include] a
diverse assemblage of tubiculous amphipods, molluscs, and polychaetes.” (p. 295)

The functional groups that dominate at points along the course of succession influence
important benthic ecosystem attributes, including secondary production, nutrient cycling,
and hypoxia. “...Pioneering species have very high intrinsic rates of increase, and annual
or subannual disturbances may enhance secondary production by stimulating
repopulation of newly opened space (Odum 1969; Rhoads et al. 1978; McCall and
Tevesz 1983) ... Recent work has shown that bioturbation is a quantitatively important
process for moving water and dissolved constituents into and out of sediments ... [at]
orders-of-magnitude greater than simple diffusion rates (Lee and Schartz 1980; Aller
1980, 1982) ... Sediment irrigation ... affects primary production by controlling the flux
rate of nutrients ... from the bottom back into the water column ...[and] pore water
chemistry ... Burrows and tubes effectively increase the three-dimensional surface area
of diffusion.” (pp. 291, 298-301)
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“This geometry is best developed in [high-order] Stage III seres and can be quantitatively
important for cycling nutrients back to primary producers ... [High-order] Stage III seres
may play an important role in preventing the build-up of labile organic matter ... deep
biogenic irrigation of the sediment column increases pore water oxygen ... [which
counteracts] the potential for developing hypoxic or anoxic conditions.” (Rhoads and
Germano 1986, pp. 291, 298-301)

Rumrill and Poulton (2004) evaluated eelgrass response on experimental oyster longline plots
with variable spacing and density:

“Progressive mariculture management measures undertaken over the past several years
within Humboldt Bay include: (1) conversion of oyster aquaculture activities from
bottom to off-bottom culture; (2) elimination of shell deposition as a method to stabilize
soft-sediment growing areas; (3) elimination of depredation activities designed to reduce
losses of oysters to bat rays; and (4) the phase-out of dredging as [a] method to harvest
oysters (Chew, 2001).” (p. 2)

“It is clear ... that intensive commercial cultivation of oysters typically results in chronic
and variable levels of disturbance to eelgrass beds and their associated communities
(Simenstad and Fresh 1995; Griffin 1997; Dumbauld 1997), and that new best
management practices are needed to minimize the adverse ecological consequences ...
[however,] empirical studies are needed to investigate the ecological impacts of oyster
cultivation on long-lines suspended between stakes.” (p. 3)

“Twelve study sites were established in Arcata Bay: (a) 4 experimental Pacific oyster
long-line plots (with variable spacings of 1.5 [ft], 2.5, 5, and 10 [ft] between the
suspended lines), (b) an adjacent long-line control plot (no oyster lines), (c) an oyster
ground culture plot, and (d) six eelgrass study plots (no recent history of oyster
mariculture) that are broadly representative of eelgrass beds throughout Arcata Bay ...
We conducted additional field sampling ... to compare eelgrass presence, size, and
biomass in the experimental plots ...[with] commercial long-line plots.” (p. 6)

“[There was] no significant differences in the initial starting conditions of eelgrass beds
among the experimental oyster long-line study plots ... [but] presence in the eelgrass
reference site ... was significantly higher than at the experimental oyster long-line
spacing plots.” (p. 10)

“Lower eelgrass [percent] cover and density values were generally observed in the study
plots in the winter ... and higher eelgrass metrics were observed in the spring and
summer sample periods ... Spatial cover and plant density were ... indicative of inherent
variability among eelgrass beds.” (pp. 10, 11)
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“Spatial cover and density of eelgrass plants exhibited a ... response that was directly
related to the density of oysters in the experimental long-line study plots ... We observed
a strong trend toward decreased spatial cover and density ... with decreased distance
between suspended oyster long-lines ... Low eelgrass metrics were consistently observed
within the narrow line spacing / high-density oyster plots [1.5 and 2.5 ft], where eclgrass
cover was generally less than 15 percent ... [However,] eelgrass beds in the ‘wide’ oyster
long-line spacing plots [5 ft] were intermediate (35-45 percent cover) ... and high spatial
cover (55-65 percent cover) and density values ... were observed in the ‘very wide’
oyster longline plot [10 ft spacing] ... Eelgrass metrics in the wider oyster long-line plots
tended to have slightly lower spatial cover values than the reference plots, but were
within the range of variation exhibited by undisturbed eelgrass beds.” (p. 11)

“The intensity of incident light was measured to assess the extent to which suspended
oyster long-lines may shade the tideflat surface and impair growth ... Light intensity was
measured at the sediment surface and at an elevation of 60 cm above the sediment ...
within three experimental oyster long-line plots [2.5 and 5 ft spacing, control] ... Results
suggest that the shading effect of oyster long-lines ... is probably negligible ... [and]
factors other than light availability are probably responsible for the reduced abundance of
eelgrass in closely-spaced off-bottom oyster culture sites.” (pp. 2, 15, 16)

“Changes in sediment deposition and erosion were clearly evident in the plots with high
densities of oyster lines [1.5, 2.5, and 5 ft spacing] ... The seasonal build-up of sediments
was particularly evident ... around the PVC stakes that support the oyster lines.
Substantial and rapid sediment deposition was observed ... [but] these soft and flocculent
sediments were ... [also] eroded away ... Sediments were deposited more slowly over
time within [the 10 ft spacing] oyster long-line plot.” (Rumrill and Poulton 2004, p. 15)
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Figure A. Eelgrass metrics among oyster line plots and reference sites (Rumrill and Poulton
2004, p. 33).
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Sousa, Gutierrez, and Aldridge (2009, pp. 2367-2385) have described non-indigenous,
introduced bivalves as ‘ecosystem engineers’:

“Given the usually high densities and broad spatial distributions of bivalves, their
engineering activities can significantly alter ecosystem structure and functioning (e.g.,
changes in sediment chemistry, grain size, and organic matter content via bioturbation,
increased light penetration into the water column due to filter feeding, changes in near
bed flows and shear stress due to the presence of shells, provision of colonisable substrate
and refuges by shells).” (p. 2367)

“Epibenthic bivalves generally increase the complexity and heterogeneity of rocky and
sedimentary substrates (e.g., Commito and Rusignuolo 2000). Accordingly, many
epibenthic bivalves enhance organismal density, biomass, and/or diversity both in soft
sediments and rocky bottoms of marine and freshwater ecosystems ... Increased bottom
complexity and heterogeneity due to the presence of epibenthic bivalves usually, but not
invariably, results in increased density, biomass, and richness of associated fauna.” (p.
2368, 2369)

“The fact that many [introduced] bivalve species have positive effects ... does not
necessarily mean that they exclusively have beneficial effects on other species. Increases
in total invertebrate density and richness after bivalve [introduction] are usually
associated with decreases (and sometimes extirpation) of particular species.” (p. 2369)

“Most studies on increases in invertebrate density, biomass, and diversity associated with
epibenthic bivalve [introductions] attribute them to increased surface area for recruitment
and colonisation (Crooks and Khim 1999) ... [This] mechanism ... is expected to have
larger effects in soft sediment systems, where they can provide substrata for the
attachment of invertebrates and algae that are usually unable to attach to bare mud or
sand (Gutierrez et al. 2003).” (p. 2369, 2370)

“The introduction or addition of epibenthic bivalve shells can increase substrate
complexity by creating a diversity of new microhabitats in the form of empty shell
cavities and interstices between neighbouring shells (Gutierrez et al. 2003) ... bivalve
reefs, beds, mats, and empty shell accumulations host a myriad of organisms in these
microhabitats (Silver Botts et al. 1996; Thayer et al. 1997, Sylvester et al. 2007,
Robinson et al. 2007; Werner and Rothhaupt 2007), largely via their roles as refuges
from predators and sources of physical or physiological stress (see Stewart et al. 1998).”
(pp. 2370, 2371)

“Local increases in sedimentation are a common consequence of aggregations of invasive
bivalves that can have important effects on other organisms. For example, reefs of
introduced oysters, C. gigas, developing on rocky substrates ... trap sediments at higher
rates than bare rocky platforms, increasing the habitat available for infaunal polychaetes
(Escapa et al. 2004).” (p. 2371)
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“While filter feeding per se is not ecosystem engineering but predation, it has knock on
consequences on the physical environment that can clearly be seen as ecosystem
engineering. This is the case with increases in water clarity, and thus, light penetration
into the water column ... [which can result] in a shift in primary production away from
the phytoplankton and towards the macrophyte community (Phelps 1994; Maclsaac
1996).” (p. 2372)

“Introduction[s] of a particular species could have dramatically different consequences,
depending on local environmental conditions and community composition ... The
currently broad geographic distribution of ... C. gigas ... provides an excellent
opportunity for such spatial comparisons.’ (p. 2373)

“The impact of bivalve ecosystem engineering is not limited to its effects at the scale of
colonised patches ... it can also affect distant areas (Strayer et al. 2004b; Hastings et al.
2007) ... It would be particularly useful to determine if the impact of some engineering
processes that are spatially restricted to bivalve beds (e.g., provision of substrate for
attachment, provision of refuges, sediment reworking) can have second- or higher-order,
whole ecosystem consequences.” (p. 2373)

“While in some cases enhancement in fish stocks are likely the consequence of fish
foraging on [introduced] bivalves ... there are cases where fish density increases despite
a low incidence of mussels in the fish diet. This suggests that fish enhancement might be
occurring in response to increases in the density of other prey that uses the novel shell
habitat as substrate or shelter.” (Sousa, Gutierrez, and Aldridge 2009, p. 2374)

Speckman, Piatt, and Springer (2004) reported the following:

“In general, marbled murrelets in Auke Bay and Fritz Cove appeared to be habituated to
boat traffic, perhaps more so than murrelets in other parts of Alaska (Kuletz 1996; SGS,
pers. obs.). Both motor and sailing vessels comprising a wide range of sizes frequently
pass through Auke Bay and Fritz Cove, including 130-m ferries of the Alaska Marine
Highway system, commercial fishing vessels, numerous sport fishing charter boats,
transient pleasure boats, and hundreds of resident vessels. Of the hundreds of murrelets
we encountered with the skiff each day, only a few birds reacted to the moving skiff by
flying away; the vast majority merely paddled away, and a few dove briefly before
surfacing to paddle away.” (pp. 32, 33)

“However ... [marbled] murrelets that were holding fish for chicks appeared threatened
by our skiff when we approached them during surveys. On 8 separate occasions ...
murrelets that were holding fish crosswise in their bills, presumably for chicks,
swallowed those fish when approached closely by the skiff. Judging from their behavior,
birds that swallowed fish did so because of the approaching skiff.” (p. 33)

95



“Such disturbance could be detrimental to [marbled] murrelets in areas where prey are
relatively scarce, where birds must fly great distances inland to nesting sites, or where
boat traffic is concentrated in waters immediately adjacent to nesting areas ... The loss of
prey ... can represent a substantial energetic cost to adults if they have to repeat [the]
foraging ... to capture another fish ... it may be too late to get another prey item for
delivery to the chick, and presumably the cost to chicks is even greater than for adults. It
is not known whether adult murrelets can make up for these losses. If not, boat
disturbance could result in a decrease in food delivery to chicks.” (Speckman, Piatt, and
Springer 2004, p. 33)

Speich and Wahl (1995) described the marbled murrelet’s habitat preferences and variability of
occurrence in the inland marine waters of Washington State:

“Marbled murrelets are found throughout the Puget Sound region, although their
distribution varies spatially and temporally (Speich and others 1992; Wahl and others
1981; Wahl and Speich 1983, 1984) ... [there is a] breeding population estimated at near
5,000 ... [and] evidence of an influx of birds into ... [the] Puget Sound during the
winter.” (p. 313)

“There are only limited data from the Pacific Ocean coast of Washington ... The best
data are for the southern outer coast, the coast south of Point Grenville, including the
Grays Harbor Channel and habitats in the shelf waters off the mouth of Grays Harbor
channel to the continental shelf break (Wahl 1984), and the onshore area in the vicinity of
Point Grenville (Speich and others 1987, 1992) ... Along the north portion of the coast,
the area north of Point Grenville, only limited data are available for the nearshore and
offshore waters of the continental shelf (Speich and others 1992).” (p. 314)

“Open Water Greater than 20 m Depth. In Sequim and Discovery bays, the large
sheltered bays at the eastern end of the Strait of Juan de Fuca, marbled murrelets reach
peak abundance during the fall period ... No other habitat within this habitat group had as
high a density, 2.5 birds/km>.” (p. 314)

“Bays with Steep and Gradual Slopes ... High densities of 4 and 5 birds/km?, were found
in habitats on steep slope and sand substrate within Whatcom and Skagit Counties
(Chuckanut Bay) and within the San Juan Islands, during the winter period.” (p. 314)

“Areas of Tidal Activity. The occurrence of marbled murrelets in areas of tidal mixing is
not unexpected, as these are generally thought of as productive areas where prey
concentrate in nutrient and food-rich upwelled or mixed waters. Within Puget Sound,
such areas are normally associated with narrow passages or points where currents, and
mixing, are intensified.” (pp. 314, 317)
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“Shorelines with Narrow Shelf. This group is represented by three specific habitat types,
Kelp and Cobble, Cobble and Rock, and Sand and Mud. Within this general habitat
group, there is considerable variation in densities ... The highest density (19.98
birds/km?2) determined for any habitat in Puget Sound occurred in the fall in the Kelp and
Cobble substrate in the Whatcom County islands area ... A relatively high density (5.05
birds/km?2) was also determined for the fall period for Kelp and Cobble substrate in the
San Juan Islands. Otherwise, with a couple of additional exceptions, densities of marbled
murrelets in this habitat group were generally low.” (p. 318)

“Shorelines with Broad Shelf. This group is represented by four habitat types, Eelgrass
and Sand, Kelp and Cobble, Cobble and Rock, and Sand and Mud. Here again the
variation in densities of marbled murrelets between and within habitat types is apparent
... The highest calculated densities occurred in Eelgrass and Sand substrate in Whatcom
and Skagit Counties during the summer, Cobble and Rock substrate of “Assorted Areas”
during the winter, and in the Sand and Mud substrate in the San Juan Islands during the
fall. The last habitat type had overall the highest determined seasonal densities.” (pp.
318, 319)

“Grays Harbor Channel and Shelf Waters ... The highest densities occurred in Grays
Harbor Channel, followed by Grays Harbor Channel to 20 m depth, and 20 to 50 m
depth. Only rarely were they recorded in deeper habitat areas. The highest densities
occurred during the spring months and highest average density occurred in Grays Harbor
Channel in March ... Interestingly, over a period of 23 years, marbled murrelets were
recorded on every census in Grays Harbor Channel in February, March, November, and
December.” (pp. 319, 320)

“The overall pattern of abundance (density) and occurrence of marbled murrelets
observed in the marine habitats of Puget Sound is one of variability. Our impression of
marbled murrelets in Puget Sound before this limited analysis was of a species that
moves about a great deal on several temporal scales ... Not discounting our general
impression of variability, we have noticed that they are often found in specific areas,
while other areas are less likely to contain them.” (p. 323)

“Our field observations of marbled murrelets in Puget Sound, during the course of formal
censuses and otherwise, suggest that the foraging distribution is closely linked to tidal
patterns, in particular to specific locations when tidal flows are clearly evident.” (p. 323)

“As recognized previously, there are seasonal regional patterns in the distribution and
abundance of [marbled] murrelets in Puget Sound. Of particular note, are the nearshore
subregions along western portion of the Strait of Juan de Fuca where they are found less
often during the winter ... The densities ... suggest a shift of birds from the Strait of Juan
de Fuca during the spring and summer periods, to areas in the San Juan Islands and the
eastern bays during the fall and winter periods. In addition, as demonstrated in Speich
and others (1992), there is apparently an additional influx of marbled murrelets into the
latter areas from the north, presumably British Columbia.” (pp. 323, 325)
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“There may be several factors that could explain the observed apparent decrease in
marbled murrelet abundance in the Grays Harbor study area ... [and] continental shelf
waters. Some may suggest that the population has been reduced by the accumulative
removal of terrestrial nesting habitat areas ... [However for] the time period presented
(1971-1993), there are recent indications of changes in the marine carrying capacity of
waters over the continental shelf and slope, off Grays Harbor and beyond. This is
reflected in the recent record low abundances reported for several species of marine birds,
birds representing several different foraging techniques and positions in marine food
chains, and of various geographic affinity ... Although the marbled murrelet is not ... [a
purely] oceanic species ... the documented declines in abundance and local breeding
success suggest that fundamental changes in marine systems have occurred, likely
expressed by the reduced availability of prey.” (p. 325)

“The patterns of abundance and occurrence presented herein are descriptive in nature,
and represent the ‘what’ ... We need to address, as we have started to do here, ‘why’
marbled murrelets are found distributed as they are.” (Speich and Wahl 1995, p. 325)

Stick, Lindquist, and Lowry (2014).

“Studies indicate that it may be more meaningful to examine abundance trends of Puget
Sound herring on a larger scale than the individual spawning stock level presented in this
report. An evaluation of Puget Sound herring biomass trends ... is presented ... [later in]
this report.” (Executive Summary)

“Individual stock status classifications since the 2009 status report have exhibited a
decrease in the percentage classified as ‘healthy’ or ‘moderately healthy’ ... while
cumulative abundance of all stocks, excluding Cherry Point stock, remained relatively
stable.” (Executive Summary)

“The overall abundance of south and central Puget Sound herring stocks since the
previous stock status report has decreased, although the cumulative south/central stocks

(excluding Squaxin Pass) are still classified as ‘moderately healthy’.” (Executive
Summary)

“The Cherry Point stock shows no signs of recovery from its critically low level of
abundance. The cumulative north Puget Sound regional spawning biomass (excluding
the Cherry Point stock) is classified as ‘moderately healthy’; the Strait of Juan de Fuca
regional spawning biomass continues to be at a low level of abundance (critical status).”
(Executive Summary)
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Figure A. Estimated Puget Sound Pacific herring cumulative spawning biomass estimates by
genetic grouping, 1973-2012 (missing sample years estimated)(Executive Summary).

= “The stock assessment methodologies and criteria ... in this report are generally similar
to previous editions ... [However,] due to budget reductions ... [there was] termination of
acoustic/trawl assessment surveys following the 2009 season, which had been conducted
on selected Puget Sound herring stocks since the early 1970s. The current assessment is
based solely on spawn deposition surveys.” (p. 1)

= “Mitchell (2006) ... [evaluated] microsatellite DNA loci ... [and found] genetic
differentiation was consistent ... for the Cherry Point stock ... [and] Squaxin Pass (Case
Inlet) fish ... [but] there was a lack of biologically meaningful genetic differentiation
among the other area samples in this study.” (p. 4)

= “The observed lack of genetic differentiation among other sampled herring stocks from
Puget Sound (Quartermaster Harbor, Port Gamble, Kilisut Harbor, Skagit Bay, Fidalgo
Bay, and Semiahmoo Bay) suggests sufficient gene flow between populations,
particularly those with similar spawn timing ... With the exception of Cherry Point, and
possibly Squaxin Pass herring, Puget Sound herring stocks may be part of a
metapopulation similar to the model assumed for B.C. herring ... If Puget Sound herring
stocks ... interact as a metapopulation ... observed ‘disappearance’ and/or dramatic
decreases in abundance of individual stocks (e.g., N.-W. San Juan Island, Kilisut Harbor,
and Discovery Bay) may not be cause for major concern.” (p. 6)
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“The dramatic one-year increase in spawning biomass observed for the Discovery Bay
herring stock ... in 2006 may be an example of significant straying of adults to different
spawning grounds ... If the majority of the 2006 spawning biomass documented for this
area was strays from another stock the identity of this stock is unknown.” (p. 4)

“The Quilcene Bay herring stock is currently the largest in Puget Sound, with mean
annual spawning biomass of almost 2,400 tons in the last ten years ... This stock was
considered to be one of the largest herring stocks ... [from] the 1930s through the 1950s
(Chapman et al. 1941, Williams 1959), followed by a significant decrease in abundance
from that time to the mid-1990s ... An observed inverse abundance relationship with the
Port Gamble herring stock may indicate spawning stock linkage, with intermixing and
straying between spawning grounds probable.” (p. 28)

“Estimated spawning biomass for the Skagit Bay stock since 2009 (i.e., the last season an
acoustic/trawl survey was conducted) has dropped by over 50 percent, to less than 500
tons.” (p. 38)

“Formerly considered to be a medium-sized north Puget Sound herring stock, the Fidalgo
Bay stock has decreased substantially in recent years. Annual spawning biomass
estimates have generally decreased each year since 2001, and dropped below 100 tons
twice. Compared to the previous 25 year mean spawning biomass, the 2012 status is very
depressed.” (p. 42)

“The ... [Samish/Portage Bay herring] stock has been considered ‘moderately healthy’ or
‘healthy’ since stock status classification began in 1994, and continues to be classified as
‘healthy’ today.” (p. 44)

“The Interior San Juan Islands herring stock is small ... Significant portions of eelgrass
beds in Blind Bay previously used for spawning have disappeared.” (p. 46)

“The Northwest San Juan Island herring stock is a small ... A disappearance of extensive
eelgrass beds for unknown reasons in Westcott and Garrison Bay ... first reported in
2001, has not shown significant improvement.” (p. 48)

“The Cherry Point herring stock ... Washington’s largest herring stock from the 1970s
until the mid-1990s ... has decreased dramatically and continues to be in critical
condition, showing no signs of increased abundance ... A decrease in available spawning
habitat has not been documented for this stock.” (p. 52)

“The Discovery Bay herring stock is traditionally the major Strait of Juan de Fuca stock.
Its abundance has fluctuated dramatically since the early 1900s ... [even though] its
spawning grounds are considered to be among the most pristine in Washington.
Increased pinniped predation and/or movement to other spawning grounds with similar
spawn timing are potential causes for biomass decline.” (p. 56)
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“The Dungeness/Sequim Bay herring stock ... [uses] the westernmost documented
grounds for any Puget Sound herring stock. Despite the presence of abundant marine
vegetation preferred for spawning in Sequim Bay, only one small spawning event has
been documented there since 1994 ... A decrease in available spawning substrate has
been observed in parts of Dungeness Bay in recent years, but is not considered to be
limiting abundance.” (p. 58)

“For the 2011-12 period, there was a continued drop in Puget Sound herring stocks
classified as ‘healthy’ or ‘moderately healthy’ to 39 percent (7 of 18; 3 stocks with status
considered to be ‘unknown’). Two herring stocks, N.W. San Juan Island and Kilisut
Harbor, have not had detectable spawning activity since 2008 and have a ‘disappearance’
classification. Sampling effort will continue in these areas to determine if/'when a
‘recolonization’ of spawning herring, similar to that described in British Columbia areas
(Ware and Tovey 2004), occurs in the future ... The Cherry Point herring stock has
shown no signs of improving from its critical status and the stock’s smallest estimated
spawning biomass to date was documented in 2010 ... The other Puget Sound herring
stock that appears to be genetically differentiated, Squaxin Pass, has been assessed as
‘moderately healthy’ at this time although it has exhibited a significant decrease in
abundance in the last five years ... The Strait of Juan de Fuca region’s stock status has
been primarily classified as ‘critical” since 1994, with the exception of 2006.” (pp. 60,
61)

“Puget Sound Herring Spawning Biomass Estimates, 1973-2012. Pacific herring
abundance, as well as that of other forage fishes, has a tendency to fluctuate greatly
(Bargmann 1998), as reflected in large annual changes in spawning biomass estimates ...
As discussed in Stick and Lindquist (2009), it is likely that there is considerable gene
flow among various Puget Sound herring stocks ... Therefore, the most meaningful way
to attempt to determine abundance trends and comparisons for the Puget Sound herring
resource using spawning biomass estimates is to group stocks that have not demonstrated
genetic divergence ... Thus, the Cherry Point and Squaxin Pass stocks can be examined
individually with all others stocks grouped together or by region.” (p. 63)

“The obvious decline of the Cherry Point herring stock has been well documented in
previous herring stock status reports (Stick 2005, Stick and Lindquist 2009). Estimated
spawning biomass for this stock has ranged from a high of almost 15,000 tons in 1973 to
a low of less than 800 tons in 2008 ... Using only sampled stocks, the cumulative
spawning biomass of all other Puget Sound herring stocks combined has not exhibited a
decrease similar to the Cherry Point stock, fluctuating between about 10,000 and 16,000
tons ([Figure B])... The south/central Puget Sound region’s estimated cumulative
spawning biomass has fluctuated between about 6,000 and 11,000 tons since 1973. The
highest level for this region was in 2002 with a low estimated in 2010 ... Several other of
the south/central Puget Sound region’s stocks are at record low levels since 2010 (e.g.
Quartermaster Harbor, Port Orchard/Madison, and Port Susan).” (pp. 63, 64)
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Figure B. Estimated Puget Sound herring cumulative spawning biomass estimates
by genetic grouping, 1973-2012 (missing sample years estimated)(p. 66).

“Recent spawning biomass abundance for the north Puget Sound region, excluding the
Cherry Point stock, is lower than a cumulative peak observed in the 1990s ... (Fidalgo
Bay, Interior San Juan Islands, N.W. San Juan Islands) have been at low levels for a
number of years ... The cumulative estimated herring spawning biomass for the herring
stocks in the Strait of Juan de Fuca region (Discovery Bay, Dungeness/Sequim Bay)
continues to be very low compared to the peak period observed in the early 1980s.
Extreme fluctuation in the estimated abundance of the Discovery Bay stock ... has casted
doubt on the amount of natal homing and fidelity for this stock ... As previously
mentioned, genetic studies have suggested that the Squaxin Pass herring stock is also
genetically discrete from other populations. The estimated spawning biomass for the
Squaxin Pass stock has fluctuated drastically but has generally been between 500-1,000
tons ... The aggregate approach to evaluating herring stock status mentioned above has
been used by the Puget Sound Partnership to develop one of their Dashboard Indicators
of Puget Sound health (Puget Sound Partnership Vital Signs). The resultant three groups
based on genetic sampling are: Cherry Point; Squaxin Pass; and all other stocks
combined. Abundance trends for these groupings are essentially the same as described
above with the inescapable decline of the Cherry Point stock, the same trend for Squaxin
Pass, and a slight decline for all other stocks combined with low cumulative numbers in
2010 and 2012 ([Figure B]).” (Stick, Lindquist, and Lowry 2014, p. 64)
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Stillman et al. (2001) used a behaviour-based model to evaluate the impacts of current and
alternative shellfishery regimes on oystercatcher health, mortality, and population size:

“There has been considerable debate on the consequences of shellfishing for the survival
of shorebirds ... One long-running contentious issue has been how to manage mussel
Mytilus edulis and cockle Cerastoderma edule shellfisheries in a way that has least effect
on a co-dependent shorebird, the oystercatcher Haematopus ostralegus, which also
consumes these shellfish ... This study used a behaviour-based model to explore the
effects that the present-day management regimes of a mussel (Exe estuary, UK) and a
cockle (Burry inlet, UK) fishery have on the survival and numbers of overwintering
oystercatchers ... It also explored how alternative regimes might affect the birds.” (p.
857)

“The results suggest that, currently, neither shellfishery causes oystercatcher mortality to
be higher than it would otherwise be in the absence of shellfishing; at present intensities,
shellfishing does not significantly affect the birds ... However, they also show that
changes in management practices, such as increasing fishing effort, reducing the
minimum size of shellfish collected, or increasing the daily quota, can greatly affect
oystercatcher mortality and population size, and that the detrimental effect of shellfishing
can be greatly increased by periods of cold weather or when prey are unusually scarce.”

(p. 857)

“We built and field tested a behaviour-based model (Stillman et al. 2000a) ... This can
evaluate both current and alternative shellfishery regimes because it incorporates the
main bird responses to shellfishing, which are behavioural (Goss-Custard ef al. 2000) ...
By coupling the behaviour-based model for oystercatchers with a conventional
demographic shellfish population model, the cumulative effects of policy over many
years can also be explored for both birds and shellfish ... The behaviour-based model
predicts the changed intake rates ... forced by shellfishing ... (Goss-Custard et al. 2000)”

(p. 858)

“This study explored the impacts of the present-day management regime of the mussel
fishery on the Exe estuary, south-west England ... and of the cockle fishery on the Burry
inlet, south Wales ... on the survival and numbers of overwintering oystercatchers ... It
also explored the effect on birds of some possible alternative ways of managing these
shellfisheries.” (p. 858)

“The model can simulate any type of shellfishing, but here we consider only those that
are either currently used on the Exe estuary or Burry inlet, or could be employed were the
shellfishery regime to change ... Hand-picking and -raking are currently the main ways
of fishing for intertidal mussels on the Exe, but dredging is frequently used elsewhere ...
Currently, only hand-picking occurs on the Burry inlet, but suction-dredging is widely
employed elsewhere.” (p. 860)
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“These fishing methods influence the shellfish and oystercatcher populations in different
ways ... Both hand-raking and dredging mussels remove all mussel sizes and so also
reduce bed area ... Although usually happening at a slower rate, hand-raking mussels can
reduce bed area more than dredging ... Continued dredging fragments a bed, making
submerged mussels increasingly difficult to locate ... In contrast, hand-raking can
remove complete beds ... Both the rate of shellfish depletion and the area of disturbance
... increase as the number of fishing units increases.” (p. 860)

“Present-day methods and fishing effort did not affect the body condition of model
oystercatchers on either the Exe or Burry ... But with increased shellfishing, and the use
of dredging, a point came when many oystercatchers could not compensate by feeding for
longer or eating more smaller prey ... Unsuccessful birds then drew on their energy
reserves and so lost mass ... The model predicted that increasing fishing effort
substantially above current levels would reduce the average mass of surviving birds for
all methods, except hand-raking cockles.” (pp. 862, 863)

“The simulations above the current fishing effort and using more intensive techniques,
such as suction-dredging, showed that shellfishing can affect oystercatcher survival and
numbers, but to different degrees ... Mussel-fishing techniques that reduced bed area
(hand-raking and dredging) both reduced the food available and forced birds to feed at
higher densities, thus increasing both exploitation and interference competition.” (p. 865)

“Although the impact of fishing may often be small within a single year, subsequent
fishing may have a greater effect if the oystercatchers or shellfish, or both, do not recover
by the following year ... The data required to run multiple-year simulations of cockle
fishing were not available so long-term effects were explored for the Exe alone.” (p. 863)

“The simulations ... showed that relatively small increases in mortality due to intensive
shellfishing could indeed greatly reduce population size ... Small increases in mortality
caused by fishing should not be assumed to be of little importance.” (p. 864)

“Although within-year effects of shellfishing on oystercatcher mortality were sometimes
small, their cumulative influence over a number of years could be much larger ... In the

case of hand-raking mussels, for example, continued fishing caused extremely high bird

mortality because mussel populations were unable to recover between years.” (p. 866)

“Small changes in oystercatcher mortality caused larger changes in the long-term
population size because the oystercatcher population did not recover from the effects of
shellfishing between winters ... The model predicted that the impact of shellfishing on
oystercatchers depends not only on fishing effort but also on environmental factors such
as the weather and overall food abundance.” (p. 866)
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“The main new information needed to apply the model elsewhere is either readily
available (weather), easily obtained with minimal fieldwork (shellfish bed exposure
times), routinely surveyed anyway (shellfish abundance), or becoming much better
known (mortality rate) ... The model can be applied very rapidly to other systems to ...
[predict] the effect of a wide range of alternative shellfishery management options, and is
currently being used in England, Wales, Northern Ireland, and France.” (Stillman et al.
2001, p. 866)

Tallis et al. (2009) described measures of eelgrass growth, vigor, density, and production on
mechanically harvested, hand harvested, and longline cultured oyster beds:

“If eelgrass impact reduction, rather than avoidance, is identified as the management
goal, the degree of tradeoff between eelgrass habitat and oyster production can be
minimized by managing aquaculture methods or oyster planting densities, depending on
the eelgrass measure of interest.” (p. 251)

“Both on-bottom aquaculture methods (hand picked and dredge) had lower eelgrass
densities than uncultivated areas ... Although site differences were important,
uncultivated areas had three times more eelgrass than nearby dredged beds ... Results
were less clear for long line beds ... Long line practices were associated with eelgrass
densities higher than dredged areas, but indistinguishable from hand picked or
uncultivated areas” (p. 254)

“We found that long lines and hand-picking tend to have smaller effects on eelgrass
density than dredging. There was no clear link between oysters, aquaculture structures,
and eelgrass density in long line areas.” (p. 254)

“When all bed types were considered, our measures of eelgrass growth (2004) all varied
with site and aquaculture method ... with the interaction between these predictors being
important, but weak ... Surprisingly, eelgrass relative growth rates were faster in dredged
and hand picked beds than in uncultivated areas ... [However,] In contrast, all
aquaculture areas had smaller plants (above-ground biomass) and lower production than
uncultivated areas.” (p. 254)

“Qysters use space in direct competition with eelgrass ... Eelgrass shoots cannot grow in
areas occupied by shell, so direct ... competition [should] lower eelgrass density.” (p.
256)

“Three years of surveys in actively managed oyster aquaculture areas in Willapa Bay ...
revealed that oysters ... and aquaculture methods had identifiable and distinct impacts on
eelgrass ... density and growth ... Most of the relationships were negative, though the
direction and magnitude varied depending on the eelgrass parameter and aquaculture
method considered.” (p. 256)
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“The negative and positive effects of aquaculture on eelgrass are likely caused by the
direct disturbance of aquaculture and the indirect response of plants to that disturbance ...
Although eelgrass does grow back in the beds over time (both via rhizomes and seeds;
Wisehart et al. 2007), densities may not reach those of uncultivated beds within the
typical harvest cycle (approximately 3 years).” (p. 256)

“Higher growth rates of eelgrass in oyster beds are likely related to lower eelgrass density
rather than the direct effect of oysters per se ... Eelgrass growth is generally light limited
in this region (Thom and Albright 1990, Wisehart et al. 2007), so lower eelgrass densities
in dredged and hand picked beds ... may release individual plants from intraspecific
competition, increasing light levels, and leading to higher relative growth rates.” (p. 256)

“Eelgrass biomass and production data show that the slightly higher growth rates in
disturbed areas were largely overshadowed by lower density and plant size ... Compared
with uncultivated areas, we found 70 percent fewer eelgrass plants in dredged beds, and
30 percent fewer in hand picked beds ... In addition, aboveground biomass of individual
shoots ... was consistently 32 percent lower in all aquaculture areas, showing no
variation among aquaculture methods ... Production, the measure that integrates eelgrass
density, size (biomass) and relative growth rates, also varied strikingly and consistently
across aquaculture methods ... All aquaculture areas were [approximately] 70 percent
less productive than uncultivated areas ... In other words, when the cumulative effects of
oyster aquaculture (oysters and practices) are considered, higher growth rates in dredged,
and perhaps hand picked beds are cancelled out by lower plant densities and size in these
areas ... As a result, all current aquaculture methods have equal, and relatively large
impacts on plant size and eelgrass production.” (p. 257)

“If the best measure of habitat is eclgrass production ... we would conclude that all areas
used for aquaculture under current practices provide less habitat than uncultivated areas.”

(p. 259)

“We show that tradeoffs exist between oyster aquaculture and native eelgrass populations
... None of the existing aquaculture methods in this region can be conducted whereas
avoiding all impacts on eelgrass ... Oysters can be cultivated using long lines with the
least impact on eelgrass density, but eelgrass biomass (shoot size) and production will
decline (as will eelgrass seed recruitment, Wisehart et al. 2007) ... Similarly, growing
oysters in dredged or hand picked beds can increase eelgrass growth rates, but leads to
lower eelgrass density, shoot size, and production ... If impact reduction, rather than
avoidance, is identified as the management goal, our findings show that the degree of
tradeoff between eelgrass habitat and oyster production can be mediated by the
aquaculture method used.” (Tallis et al. 2009, p. 260)
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Therriault, Hay, and Schweigert (2009) have reported recent marine forage fish trends in the
Salish Sea and their potential significance for seabirds:

“During the spawning period, when adult herring (>50 g) move inshore and deposit their
eggs in the shallow subtidal zone, their eggs are especially vulnerable to predators. The
distributions of some waterbirds have been shown to change in response to changes in
herring spawn distribution (Sullivan et al. 2002).” (p. 3)

“Changes in spawning location are normal and would be expected if the timing of
spawning varies with age structure (Hay 1985), is temperature-dependent (Alderdice and
Velsen 1971, Hay 1985), or if variation in tidal cycles affects spawning times (Hay
1990).” (p. 4)

“Since the late 1980s, systematic changes have occurred in spawn distribution ... [and] a
reduction in spawning duration has occurred ... The implication of these changes for
seabirds preying on herring spawn is that access to spawn has been reduced spatially in
most areas and restricted temporally in all areas of the Salish Sea.” (pp. 4, 5)

“For seabirds that rely on age 0+ juvenile herring as a key food source, their prey source
was seriously diminished, perhaps virtually negligible, in 2005 and 2007. In contrast, the
abundance of age 0+ herring in other years was normal to good.” (p. 5)

“Growth of herring and other small forage species is affected by long-term cycles in
ocean productivity, as evidenced by coastwide cycles in the size-at-age of herring
(Schweigert et al. 2002). In the Salish Sea, as in other areas of the west coast of North
America, herring size-at-age has declined since the late 1980s ... The implication for
seabirds and other predators is that, while numeric abundance of herring has until
recently been high, the energy return per unit energy expended by predators may be
reduced because of the decrease in size-at-age of the prey.” (p. 6)

“Pacific sand lance is probably a key forage species in the Salish Sea (Willson et al.
1999), but quantitative data on their temporal patterns of abundance or distribution are
lacking ... The accessibility of benthic sand lance in the winter months may be especially
important for some seabird predators, because other forage species appear to move to
deeper water in winter months and become less accessible to seabirds.” (p. 6)

Northern anchovy and Pacific sardine “...would not be a dependable source of prey in the
Salish Sea, because most remain off the west coast of North America.” (p. 6)
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“The apparent collapse of the 2005 and 2007 herring cohorts most likely had negative
consequences for seabirds that depend on juvenile and older herring ... [and] has further
implications for seabird predators that prefer older (age 1+) juvenile herring, either for
self-feeding or for provisioning chicks (Davoren and Burger 1999, Suryan et al. 2000) ...
Although the specific causes of cohort failures remain unknown, they may be related to
changing climate conditions in the Salish Sea.” (Therriault, Hay, and Schweigert 2009, p.
6)

Thrush et al. (2001) have reported work that examines the often-ignored structural and
biological diversity of soft-sediment habitats:

“We investigated the habitat structure and macrofaunal diversity of relatively simple soft-
sediment habitats over a number of spatial scales to identify the role of habitat structure
in influencing macrobenthic diversity, and to assess the validity of using habitat structure
as a surrogate measure for biodiversity.” (p. 255)

“Soft-sediment habitats are not generally considered highly structured habitats, although
they can support high diversity (Etter and Grassle 1992, Coleman et al. 1997, Gray et al.
1997, Snelgrove 1999).” (p. 255)

“Perception of habitat structure is of course scale-dependent ... Complex seafloor
habitats are generally thought of as distinct features such as reefs, kelp forests, or
seagrass beds, despite the fact that organisms that modify the 3-dimensional structure
above and below the sediment surface are widely distributed ... (e.g., Rhoads et al. 1977,
Reise 1981, van Blaricom 1982, Woodin 1983, Luckenbach 1987, Dame 1993, Graf and
Rosenberg 1997, Green et al. 1998).” (p. 256)

“To reach general conclusions on the influence of habitat structure on biodiversity, it is
important to assess the role of a variety of features, not just variation in a single element
of habitat structure.” (p. 256)

“Our goal was to estimate the relationship between habitat structure and macrobenthic
diversity in a coastal environment, contrasting a variety of soft-sediment habitats ... We
employed a novel, nested sampling design that ... allowed us to sample at multiple
spatial scales, detecting locally important elements of habitat structure.” (p. 256)

“Macrobenthic diversity and habitat structure varied significantly between sites ...
Measures of habitat structure based on immobile biological features, sediment particle
characteristics, and ‘miscellaneous features’ all showed differences amongst sites.” (p.
259)
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“For all measures of biodiversity, sites with high average numbers of different habitat
structural elements had high diversity ... [and] the presence of habitat structure elements
always had a positive effect on the 4 macrobenthic diversity indices” (p. 260)

“The results support our prediction that there is a positive relationship between habitat
structure and macrobenthic diversity in coastal soft-sediment habitats.” (p. 261)

“Our analysis implies that relatively low-density features creating small-scale structure
on the seafloor (e.g., sponges; hydroids; horse mussels) can significantly influence
macrobenthic diversity on ... [larger] scales.” (p. 261)

“Across different measures of macrobenthic diversity, our results consistently suggest
that small-scale macrofaunal biodiversity is affected directly or indirectly by immobile
epifauna ... ‘miscellaneous aspects’ ... representing small-scale disturbance (e.g., ripples,
mounds, feeding pits), and dead bivalve shells.” (p. 261)

“We found local variation in surficial sediment characteristics and the presence of other
immobile features, many of which are biogenic, to be strongly related to diversity.”
(Thrush et al. 2001, p. 262)

Tucker and Hargreaves (eds. 2008, pp. 209-212) have provided information regarding lethal
and non-lethal control of depredating birds:

“All fish-eating birds are protected under the Migratory Bird Treaty Act and may not be
killed without a depredation permit or depredation order. The U.S. Fish and Wildlife
Service (USFWS) has regulatory authority for managing migratory birds. If fish-eating
birds are causing problems at an aquaculture facility, the USFWS may issue a
depredation permit that allows the producer to kill a limited number of some species to
reinforce the effectiveness of nonlethal control measures. Some fish-eating birds also are
protected by the Endangered Species Act. For example, wood storks (Mycteria
americana) found east of the Mississippi-Alabama border receive this protection. No
lethal or nonlethal control activities can be used to control any bird species using
aquaculture facilities in this region if wood storks are nearby. The Bald and Golden
Eagle Protection Act further protects eagles and prohibits all hazing activities near bald
(Haliaeetus leucocephalus) and golden eagles (Aquila chrysaetos), except with special
permission from the USFWS.”

“Most passive techniques discourage predation only for a short time because birds
quickly lose their initial fear and become habituated to the deterrent device ... Even the
most aggressive passive deterrence program rarely eliminates wildlife predation and may
quickly become ineffective in areas with heavy predation pressure. Active patrols
employing nonlethal or lethal measures to reinforce passive measures are usually
required for effective, long-term control, especially on large farms.”

109



“When all measures to disperse birds using nonlethal techniques have been exhausted,
farmers may consider ... killing birds to reinforce the fear of nonlethal measures.
Depredation permits are required from the USFWS and, in some states from the state
wildlife agency to kill almost any species of bird. For currently applicable laws, contact
the nearest USDA Wildlife Services or USFWS office.”

The U.S. Fish and Widlife Service’s Pacific Region Migratory Birds and Habitat Program
provides the following information regarding depradation permits (USFWS 2016):

“Depredation is a conflict between people and birds resulting in resource damage,
economic loss, or a threat to health and human safety ... The Depredation Regulation (50
CFR § 21.41) does not specifically define what constitutes depredation, but does require
that the “nature of the crops or other interests being injured” be included in the
application [for a Depredation Permit].”

“The Migratory Bird Treaty Act [(MBTA)] protects most native birds in the United
States ... A list of birds protected by the MBTA is maintained by the U.S. Fish and
Wildlife Service.”

“Do I need a permit to harass, haze, or herd protected birds outside of the breeding
season? No. You do not need a permit to harass, haze, or herd protected birds, with the
exception of birds that are actively breeding, eagles, and federally listed species ... If you
are sure birds are not breeding, any harassment that does not cause physical harm is legal
without a permit.”

“Do I need a permit to harass, haze, or herd protected birds during the breeding season?
Yes. If you are harassing birds that are actively breeding, you may cause abandonment
of the nest. Any activity that causes abandonment of eggs or chicks is considered “take”,
and is illegal. A Depredation Permit is required to perform these activities.”

“Do I need a permit to capture or kill protected birds? Yes. If you would like to
capture, relocate, and/or kill birds, a Depredation Permit is necessary.”

110



Vilchis et al. (2014) recently published work using winter count data collected in the Salish Sea
over the period 1994 to 2010, and epidemiological theory and data processing techniques, to
evaluate common drivers for declines witnessed in marine avian predators:

“We identified ecological traits and dietary specializations associated with species
declines in a community of marine predators that could be reflective of ecosystem change
... We propose that changes in the availability of low-trophic prey may be forcing
wintering range shifts of diving birds in the Salish Sea ... a large transboundary marine
ecosystem in North America’s Pacific Northwest.” (p. 154)

“Since the mid-1970s, fewer marine birds have been overwintering in the Salish Sea—an
important staging area for numerous marine bird species wintering in the North American
portion of the Pacific Flyway (Anderson et al. 2009; Bower 2009; Crewe et al. 2012) ...
Most marine birds are long-lived, migratory, and at upper levels of food webs, and
therefore ideal indicators of changing productivity and ecosystem structure across broad
spatial and temporal scales ... Investigating ecosystem-level drivers of species abundance
and distribution is most revealing when multiple species and broad spatial and temporal
scales are examined ... We analyzed ... longitudinal data sets and interpreted wintering
marine bird trends using an epidemiological framework—relating the incidence and
distribution of unfavorable outcomes (i.e., species with regional declines past a
meaningful threshold)}—to determine ecological correlates.” (p. 155)

“We investigated two potentially complementary hypotheses that explain seabird declines
in other ecosystems: declines in marine bird biomass are linked to changes in the
availability of their low tropic-level prey (Cury ef al. 2011; Smith et al. 2011), and
species-specific energetic costs during foraging bouts determine the type of species
assemblages most likely to respond to changes in prey availability (Ballance et al. 1997,
Hyrenbach and Veit 2003; Ainley and Hyrenbach 2010).” (p. 156)

“We assessed what types of diets, behaviors, and habitats increased the likelihood of
particular bird species to decline ... We evaluated the following ecological traits as risk
factors associated with declining species: primary foraging method, prey preference,
breeding status in the Salish Sea ... and use of particular Salish basin-depth habitats.” (p.
158)

“The hypothesis associating changes in community structure of marine birds with
bottom—up or top—down driven changes in prey availability (Ballance et al. 1997;
Hyrenbach and Veit 2003; Ainley and Hyrenbach 2010), predicts that declines in
population size due to changes in food availability are most extreme in species with
higher foraging energy expenditure, namely diving birds with high wing loadings. Our
results are consistent with this hypothesis ... Diving species accounted for 93 percent (62
of 67) of all declines, whereas 7 percent (5 of 67) of declines occurred in surface foraging
species ... Declines were most prevalent among Alcids. Other diving species such as
grebes, diving ducks, and loons also exhibited declines.” (p. 158, 159)
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“Ecological traits as risk factors ... were strongly associated with foraging strategy,
dietary specialization, and local breeding status. Specific traits associated with declines
included diving as a primary foraging strategy, diets of forage and demersal fish, and
whether species breed locally within the Salish Sea ... The full model indicated that
diving birds wintering in the Salish Sea were approximately 11 times more likely to have
undergone declines in their winter counts compared with surface-foraging species, such
as dabblers, scavengers, and surface seizing or intertidal foraging birds ... Bird species
feeding on forage fish were approximately 8 times more likely to have undergone
declines than species that do not feed on forage fish.” (p. 159)

“In the case of locally breeding piscivorous divers, species including demersal fishes in
their diet (e.g., pigeon guillemots [Cepphus columba)] and double-crested cormorants
[Phalacrocorax auritus]) had a predicted probability of undergoing regional declines of 2
percent, versus 27 percent for diving forage fish specialists (e.g., marbled murrelets
[Brachyramphus marmoratus] and rhinoceros auklets [ Cerorhinca monocerata]).” (p.
160)

“Our results reinforce previous spatially restricted research that suggests abundance of
wintering marine birds in the Salish Sea has been declining since the mid-1990s. At the
larger regional scale, our results indicate that these patterns have been consistent
throughout the entire Salish Sea ... Species with declining trends were not from random
assemblages; instead, they were correlated with specific ecological traits and dietary
specializations. In particular, pursuit divers that primarily feed on forage fish.” (p. 161)

“We propose that shifts in the availability and quality of low trophic level prey could
explain why diving forage fish specialists were less likely to overwinter in the Salish Sea
... Regarding forage fish availability, half of all Pacific herring (Clupea pallasii) stocks
in Puget Sound are either depressed or have such low abundance that recruitment failure
is likely or has already occurred (Stick and Lindquist 2009), and in British Columbia the
only herring stock within the Salish Sea is experiencing marked declines (Schweigert et
al. 2010). Large herring have also proportionally declined in the Salish Sea (Therriault et
al. 2009), which may decrease diet quality and calories per catch for diving forage fish
specialists (Norris et al. 2007; Schrimpf et al. 2012).” (p. 161)

“The eastern Pacific did revert to cool and more productive conditions in late 1998 (Bond
et al. 2003; Chavez et al. 2003), as is indicated by the change in the Pacific Decadal
Oscillation to a cold phase that mostly persisted through 2010. A change that perhaps is
drawing diving forage fish specialists to overwinter in the California Current as a result
of poor forage fish prey conditions in the Salish Sea.” (Vilchis et al. 2014, p. 162)
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Wagner et al. (2012) evaluated density-dependent effects of oyster cultivation on native
eelgrass:

“[There is] scientific uncertainty about the degree of tradeoff between sea grasses and
bivalves.” (p. 149) “We manipulated the structural and biogeochemical aspects of oysters
in a crossed experimental design ... We added oysters across a range of densities. A key
consideration for the coexistence of bivalves and eelgrass involves the functional shape
of potential tradeoffs (Koch et al. 2009) ... specifically, thresholds beyond which
eelgrass responds more strongly than expected from the effects of displacement and space
competition with bivalves alone.” (p. 150)

“Five replicate plots were designated randomly among 6 treatments: eelgrass control, 30
percent live oyster (low-density), 70 percent live oyster (high-density), 70 percent empty
shell, 70 percent empty shell plus nutrients, [and nutrient addition alone] ... [Oysters]
were spread across the plots singly and unattached.” (p. 151)

“A [second] experiment was set up to record responses of eelgrass to live oyster addition
simulating typical aquaculture densities and procedures, in which shell with juvenile
oysters (cultch) is distributed on the sediment, and the oysters increase in size over
several years prior to harvest.” (p. 152)

“Steep declines [in eelgrass shoot density and size,] indicating density-dependent space
competition, occurred at different thresholds after 1 (1.3 percent oyster cover), 2 (12.4
percent), and 3 years (21.9 percent).” (p. 149)

“Structure emerged as a likely factor underlying space competition in our experiments ...
Eelgrass responded to the presence of oysters (both live adults and empty shells) by
reducing shoot density and size.” (p. 157)

“We found that 1:1 tradeoffs in space occupancy do not describe the interactions ... One
year after treatments were established ... the decline in eelgrass shoot density exceeded
the cover of oysters even at low oyster shell cover (<5 percent) ... The superior fit ...
models relating eelgrass density to oyster cover ... [show] exponential declines in
eelgrass shoot density when oyster cover exceeded 10 to 20 percent ... This experimental
result corresponds to a negative interaction strength that changes with density.” (p. 158)

“Our results indicate that low densities of oysters can be compatible with eelgrass ... but
that tradeoffs reliably occur both after initial establishment and above 20 percent oyster
cover. Oyster cover >50 percent is essentially impenetrable by eelgrass ... Current
onground oyster culture practices in Willapa Bay typically result in oyster cover that
starts below 20 percent ... and then oysters grow and cover increases (average 20
percent, range = 5—35 percent cover) ... Cover can be 100 percent when oysters are left
to form patchy reefs or hummocks, as occurs in the southern half of Willapa Bay
(Dumbauld et al. 2006).” (p. 158)
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“Ecological consequences ... are likely to be location-specific and density dependent ...
[but] our results indicated disproportionately large tradeoffs between space occupants at
high oyster density.” (Wagner et al. 2012, p. 158)

Willner (2006) discussed the effects of geoduck dive harvest:

“This method of harvesting is considered to be the most environmentally benign method
available (Palazzi et al. 2001).” (p. 11)

“[However,] The physical disturbance associated with ... geoduck harvest has the
potential ... [to alter] the availability and distribution of physical microhabitat and
biogenic structures.” (p. 2)

“Sediment Structure. Disturbances, such as geoduck harvesting, homogenize the area by
breaking up structures and disturbing materials ... reducing the structural complexity of
the area (Hewitt ef al. 2005) ... As the water jet overturns sediments, organic material
and organisms in and adjacent to the harvesting hole are resuspended and/or buried.” (p.
3D

“Large sediment particles ... may have sinking rates of 105 centimeters/second with a
probability of settling rapidly within the area that is disturbed, whereas, clay and fine
particles resuspended at the same time settle at a slower rate ... and therefore may be
carried away from the area (Pilskaln et al. 1998) ... With larger particles settling quickly
and finer materials being carried away, the result is a larger sediment grain composition
with a lower concentration of nutrients.” (pp. 31, 32)

“The resuspended sediment settles in an unconsolidated form and is susceptible to
resuspension and erosion by currents and waves ... The State of Washington Commercial
Geoduck Fishery Supplemental Environmental Impact Statement (Palazzi et al. 2001)
reported that the silt and clay content of undisturbed substrate averaged 3.5 percent,
whereas the average found in the immediate harvested area is 2.3 percent (Palazzi ef al.
2001).” (p. 32)

“Water jet harvesting causes the sediment to lose adhesiveness by breaking the
mucilaginous bonds between particles, making the sediment more susceptible to erosion
and resuspension, which increases ... the release of nutrients ... Resuspension of 1
millimeter of surface sediment may potentially double the nutrient flux into the water
column ... (Pilskaln et al. 1998).” (p. 33)

The activity overturns anaerobic sediments, from below the oxidized top layer, into the
aerobic sediment water interface. “Artificially resuspended sediments have important
implications for nutrient cycling (Pilskaln et al. 1998) ... Resuspension can result in
higher nutrient concentrations in the water column by releasing nutrient rich pore water,
desorption or absorption of nutrients from or to particles, and stimulated remineralization

114



with oxidization in the oxygen rich water column (Tengberg et al. 2003) ... Nutrients are
naturally released from the sediment pore water through diffusion; however, a
disturbance resuspending as little as 2.4 centimeters of sediment would significantly
increase the amount of nutrients available in the water column (Tengberg et al. 2003) ...
[and] Studies have shown that resuspension can increase oxygen consumption in the
water column by 10 times ... (Tengberg et al. 2003).” (Willner 2006, pp. 34, 45, 46)

Wisehart et al. (2007) described seed production, seedling densities, natural recruitment, and
recovery of eelgrass in dredge harvested and longline cultured oyster beds:

“Dredge harvesting typically occurs during winter months, when above-ground shoot
densities are lowest; however, some above and below-ground plant structures may still be
removed during the harvest dredging operation (Simenstad and Fresh 1995).” (p. 72)

“In some areas, ‘off-bottom’ methods (e.g. longlines, stakes, and racks) are implemented
due to unsuitable conditions for ground culture (Simenstad and Fresh 1995); however, in
Willapa Bay, both on- and off-bottom culture occur intermixed on tideflats and, over
time, even on a single bed (J. Ruesink pers. obs.).” (p. 72)

“Eelgrass meadows can grow and persist by vegetative spread (Bell and Tomlinson 1980,
Hemminga and Duarte 2000), but the establishment of new meadows is controlled by
seed recruitment (Orth et al. 2006a) ... Seeds are especially important in re-establishing
meadows that are subject to seasonal perturbations or other disturbances that reduce
eelgrass biomass (Thayer et al. 1984, Plus et al. 2003) ... Dredge harvesting of oysters
reduces eelgrass biomass and shoot density, but oyster growers have reported that
eclgrass rapidly reappears in areas planted with oysters, anecdotally suggesting that
eelgrass recruitment is high into these disturbed areas ... There are two potential
mechanisms to explain high recruitment: (1) oysters influence eelgrass seed production,
seed germination, and/or seedling survival by altering the nutrient or light environment
through filter feeding and feces/pseudofeces deposition (Reusch et al. 1994) or by
trapping/protecting seeds, and (2) aquaculture disturbance affects eelgrass seed
production, seed germination, and/or seedling survival by removing neighboring adult
eelgrass plants or modifying the physical characteristics of the environment (e.g. loss of
fine sediments following dredge harvest).” (p. 72)

“Significantly fewer seedlings were observed in the longline beds compared to [both] the
dredged and reference beds, which did not significantly differ.” (p. 74)

“Flowering shoot densities were similar among dredged, longline, and eelgrass reference
areas ... However, seed production varied significantly between the aquaculture types
and reference areas ... More seeds were produced in the dredged beds than in the
reference beds, and lowest seed production occurred in the longline beds.” (p. 74)
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“Observational and experimental results showed that seedlings are most abundant and
have higher initial success in dredged beds compared to longline culture areas.” (p. 77)

“We found higher seedling densities in dredged beds that had low density of adult plants
compared to reference areas where adult density was significantly greater ...
Furthermore, when neighbors were removed, seedlings survived better ... and were
significantly larger ... Dredge harvest of oysters, which results in decreased eelgrass
density due to the removal of aboveground plant structures, may facilitate seed
germination and/or seedling growth and survival, by reducing competition for light or
other resources.” (p. 77)

“We observed very few naturally recruiting seedlings in longline areas, and survivorship
of seedlings in longline seed addition plots was zero ... The pattern of low seedling
abundance in the longline beds and higher densities in dredged areas may be due to
differences in seed supply ... Our data suggest that seed production and seed bank
densities are high in dredged areas compared to longline areas ... Low seed densities in
longline areas may be related to elevation, or other factors associated with the longline
structures ... Longlines may also act as ‘clotheslines,’ causing plants to become entwined
in the ropes at high tide resulting in severe desiccation at low tide, thus reducing the
density of both vegetative and flowering shoots (Pregnall 1993, Everett et al. 1995).” (p.
78)

“Seed dispersal and deposition in longline beds may be limited due to altered water flow
... the reduction in flow causes longline areas to accrete sediment at much greater rates
than would naturally occur (Everett ef al. 1995) and could lead to burial of seeds and
young seedlings.” (p. 78)

“More attention should be paid to the mechanisms of recovery of eelgrass and how these
mechanisms interact not only with the type of aquaculture disturbance produced but the
spatial and temporal scales over which it occurs (Simenstad and Fresh 1995, Neckles et
al. 2005).” (p. 78)

“Previous work has shown that recovery periods for eelgrass following oyster harvest
vary depending on a combination of factors, including the type of oyster culture, duration
of culture, spatial configuration of culture operations and nearby meadows, and the
frequency of oyster harvest events (Waddell 1964; Orth et al. 2002)” (p. 78)

“[For] eelgrass populations subject to disturbance from oyster harvest ... large

contiguous eelgrass meadows surrounding the impacted areas may provide a seed source
that could facilitate recovery of the disturbed beds.” (p. 79)
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“Our data have important management implications ... but we know little about how
these results vary among sites (either within or among estuaries) ... Tidelands used for
aquaculture in Willapa Bay comprise a mosaic of disturbance ... some beds may have
little to no eelgrass cover due to frequent harvest and management activities, while other
beds are left unmanipulated for long periods, enabling dense stands of eelgrass to form
and persist.” (Wisehart et al. 2007, p. 79)

Zydelis et al. (2009) have reported:

“Shellfish aquaculture typically occurs in shallow, nearshore waters, which also tend to
harbor the greatest densities and diversity of marine birds. However, only a relatively
small number of studies have evaluated the effects of shellfish aquaculture on birds. To
date, bird responses to the presence of shellfish aquaculture structures have been shown
to vary, with the abundance and density of some species increasing in association with
aquaculture and other species decreasing (Hilgerloh et al. 2001; Connolly and Colwell
2005). Most studies have described the effects of shellfish aquaculture as being neutral
(Roycroft et al. 2004; Zydelis et al. 2006) or even beneficial (Caldow et al. 2003; Kirk et
al. 2007). The nature of the relationship depends on the bird species involved, the type
and intensity of activity, and the habitats affected. Additional studies of interactions
between shellfish aquaculture and bird populations are clearly warranted, to fully
understand the degree and direction of any effects, and the underlying mechanisms by
which effects are manifested.” (p. 2)

“Sea ducks are ... particularly likely to interact with the shellfish aquaculture. These
birds are inextricably linked to ... the same areas where most shellfish aquaculture
occurs. In addition, both sea ducks and shellfish mariculturists tend to use coastal areas
that are highly productive and offer some degree of protection from open ocean wind and
waves. Finally, sea duck diets include high proportions of bivalves, making them
potential predators of farmed shellfish.” (p. 2)

“Shellfish aquaculture could negatively affect sea ducks through habitat transformation or
exclusion, or by disturbance arising from farming activities and boat traffic. Much of the
literature to date has focused on marine waterfowl depredation of cultured bivalve stocks,
which in turn sometimes leads to active disturbance or exclusion by shellfish farmers
(Vermeer and Morgan 1989; Thompson and Gillis 2001; Caldow et al. 2004; Dionne
2004).” (p. 2)

“The results of [our] study indicate that both sea duck species, surf scoter [Melanitta
perspicillata] and Barrow’s goldeneye [Bucephala islandica], were strongly attracted to
shellfish aquaculture operations ... The strong positive relationship observed between
shellfish aquaculture and sea duck densities is almost certainly explained by the
introduction of novel structures that become heavily fouled with mussels, the primary
food of both Barrow’s goldeneyes and surf scoters in wintering areas with rocky
shorelines (Vermeer 1981, 1982; Vermeer and Ydenberg 1989).” (pp. 6. 7)
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“Sea duck predation on epifauna, chiefly wild mussels fouling aquaculture structures,
was not negatively perceived by shellfish farmers ... on the contrary [they] appreciated
birds cleaning their equipment of unwanted ballast.” (p. 8)

“Positive interactions between industrial development and wildlife populations are ...
rare ... Careful consideration will be necessary to maintain this positive interaction ...
The mussel culture industry in British Columbia is increasing (Salmon and Kingzett
2002), which in turn could lead to conflict if sea ducks start consuming significant
amounts of cultured mussels.” (Zydelis et al. 2009, p. 9)

Zydelis, Small, and French (2013, p. 82) have reported:

“Common guillemot remains the species most frequently caught in coastal gillnets in
Washington State and British Columbia. Hamel et al. (2009) assessed marine bird
strandings in the Salish Sea area and found that common guillemot carcass records were
frequently associated with bycatch, and that such mortality added 0.2-2.9 percent to
annual mortality rates. In Puget Sound, 109 birds, mostly common guillemots, were
recorded caught in non-tribal salmon fishery in 1993 by monitoring 606 sets or about 1.5
percent of fishing effort (Pierce et al., 1994). Similarly, Beattie and Lutz (1994) found
that common guillemots and rhinoceros auklets (Cerorhinca monocerata) frequently
entangle in salmon nets of tribal fisheries: 128 birds were recorded in 184 observed sets.
Due to declining salmon stocks fishing effort has been decreasing in Washington State in
both tribal and non-tribal fisheries — 5 to 10-fold between the 1980s and the late-1990s
(McShane et al. 2004). The risk of bycatch of marbled murrelets (Brachyramphus
marmoratus) prompted introduction of fisheries regulations to reduce bycatch in Puget
Sound starting from 1999, but these regulations affected only state-regulated fisheries and
were not immediately adopted by tribal fisheries, nor fisheries in neighbouring British
Columbia (Harrison 2001). We found no information about levels of compliance since
then.”

“Similarly, in the assessment of seabird bycatch in British Columbia, Smith and Morgan
(2005) found that common guillemots were the most frequent victim in salmon gillnet
fisheries. The authors estimated that on average 12,085 seabirds were caught annually
during 1995-2001, 69 percent being common guillemots, 23 pecent rhinoceros auklets,
and lower numbers of marbled murrelets, sooty shearwaters (Puffinus griseus), pelagic
cormorants (Phalacrocorax pelagicus), pigeon guillemots (Cepphus columba), common
loons, pacific loons (Gavia pacifica), Brandt’s cormorants and Cassin’s auklets
(Ptychoramphus aleuticus)(Smith and Morgan, 2005).”

“The declining marbled murrelet has been extensively studied along the west coast of
North America. Due to reduced fishing effort and fisheries restrictions gillnet mortality
has decreased recently in California, Oregon, and Washington compared to bycatch in the
1980s and 1990s, and latest gillnet mortality levels are not considered responsible for the
continuing population declines (McShane et al. 2004). Through extensive review of
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population status and threats Piatt et al. (2007) concluded that annual bycatch mortality
of marbled murrelets is ‘likely in the low thousands per year’ in British Columbia and
Alaska ... Authors [have] suggested that bycatch, along with oil pollution and
competition with fisheries, is unlikely to account for the observed population decline
alone (Piatt et al. 2007).” (Zydelis, Small, and French 2013, p. 82)
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